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A clonal Plasmodium falciparum population in an isolated
outbreak of malaria in the Republic of Cabo Verde
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SUMMARY

We present the first parasitological, molecular and longitudinal analysis of an isolated outbreak of malaria. This outbreak
occurred on Santiago Island (Republic of Cabo Verde), a region where malaria is hypoendemic and controlled, and thus
the population is considered non-immune. Blood samples were collected from the inhabitants over 1 month and during
cross-sectional surveys in the following year. The presence and nature of the parasites was determined by PCR. Plasmodium
falciparum was the only species detected. Genetic analysis revealed that the circulating parasites were genetically homo-
geneous, and probably clonal. Gametocytes were found throughout this period. Our data suggest that this represented a
focal outbreak, resulting in the infection of at least 40 9, of the villagers with a clonal parasite line. Thus, P. falciparum
infections can persist for at least 1 year in a substantial proportion (10 9,) of the hosts. Implications for malaria control
and the interpretation of epidemiological data are discussed.
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INTRODUCTION

The archipelago of Cabo Verde comprises 10 islands
located in the Atlantic Ocean 500 km to the west of
Senegal (Fig. 1). The climate is characterized by a
dry season (December—June) and a wet season
(July—November) with short and irregular rainfalls.
Malaria which was previously endemic has been
almost eradicated following a sustained control
programme between 1940 and 1970. Infections are
now only observed in Santiago Island (Ribeiro et al.
1980; Alves, 1994), the largest island of the archi-
pelago (991 km?). Approximately 90000 inhabitants
(half of the Cabo Verde population) reside on
Santiago island, where Praia, the capital of the
Republic, is also situated (Fig. 1). A few episodes of
resurgence were observed during the last 20 years
(Alves, 1994): in 1978 (800 cases, with 13 deaths)
and in 1988 (800 cases, with 12 deaths). These
epidemics were considered to have arisen because of
surges in the influx of immigrants, principally from
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the Republic of Guiné Bissau and the Republic of
Sdo Tomé e Principe, both endemic for malaria
(Alves, 1994). The number of recorded -cases
between 1990 and 1994, inclusive, totalled 140 with
only 2 cases for 1994 (Alves, 1994). These presumed
autochthonous cases presented mainly with
Plasmodium falciparum, usually during or immedi-
ately after the wet season. P. malariae and P. ovale
have rarely been observed. The malaria vector is
thought to be Anopheles arabiensis, the only member
of the gambiae complex recorded on the archipelago
since 1982 (Cambournac, Petrarca & Coluzzi, 1982).

An outbreak of malaria was detected in October
1995 in the village of Achada Leite (Island of
Santiago). Within 1 week of the diagnosis of the first
infection, 27 of the 31 persons who presented to the
local hospital were diagnosed positive for P. falci-
parum. Active case detection was initiated and all
persons positive for malaria or with symptoms were
treated by chloroquine. Collection of blood samples
for the analysis of parasites by PCR was also
initiated. Cross-sectional surveys were carried out
until November 1996. P. falciparum was the only
species detected by microscopy and by PCR. Mol-
ecular analysis of 3 polymorphic parasite genes,
indicated that only 1 genetically homogeneous
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Fig. 1. Geographical location of the Cabo Verde
Archipelago, and the village of Achada Leite on Santiago
Island.

parasite line was present throughout the study. One
year after the outbreak, 109, of the inhabitants still
harboured asexual and sexual stage parasites of the
same line. Parameters related to the epidemiology of
falciparum malaria and its control are discussed in
the light of this unique outbreak.

MATERIALS AND METHODS
Study area and sample collection

The study was conducted in Achada Leite, 70 km
from Praia on Santiago Island. The village, with
approximately 200 inhabitants distributed in 35
houses, is located in the Santa Catarina district
(41584 inhabitants). The health care of the villagers
is exclusively provided by the hospital at Assomada,
at a distance of 24 km from the village. Finger-prick
blood collections were carried out during 5 cross-
sectional surveys: November/December 1995 (n =
60), February 1996 (n = 83), May 1996 (n = 80),
June 1996 (n = 36), August 1996 (n = 35), and
November 1996 (n=95). Whenever feasible,
collections were made from the same individuals.
Thin and thick smears were immediately made for
microscopical examination after Giemsa staining. A
drop of blood was spotted and dried on Whatman
no. 4 filter paper and was used to prepare the
template for PCR analysis. In a subset of cases,
blood was also obtained by venepuncture and used
for serological assays, or to initiate in vitro culture of
P. falciparum. Two mosquito collections were made:
one during the dry season (3—18 February 1996) and
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one during the wet season (22—-31 October 1996). For
the first collection, indoor resting captures with
mechanical aspirators and indoors/outdoors CDC
light trap captures were undertaken. For the second
collection, field capture methods were further
enhanced by pyrethroid indoor spraying, and over-
night human bait captures. For both collections,
larvae were captured by the standard methods and
reared in the local laboratory. All mosquitoes
identified as Anopheles gambiae s.1. were kept dry at
room temperature in individual silica-gel filled tubes.

In vitro chloroquine resistance

Parasites from 5 subjects which were successfully
established in in ovitro culture were tested for
susceptibility to chloroquine, using the World
Health  Organization’s standard methodology
(Rieckman et al. 1978). The 3D7 clone of P.
falciparum was used as a susceptible control
(Bayoumi, Babiker & Arnot, 1994). Assays were
performed in multi-well titre plates in candle-jars,
for 24-72 h at 37 °C. Parasites were considered to be
resistant if schizont maturation was observed in the
presence of at least 8 pmol/100 ul chloroquine.

Anti-CSP antibody detection

The humoral response against the CSP antigen of P.
falciparum was evaluated for 14 serum samples,
collected in May/June 1996, with a Sclavo (Siena,
Italy) ELISA kit based on (NANP),, repeat region
of the antigen (Habluetzel, Esposito & Lombardi,
1989). Each sample was tested twice. The cut-off
value for seropositivity (OD = 0-09) was the mean
plus 3 standard deviations of the values obtained for
8 negative Italian sera. Four human sera from
Burkina Faso patients highly to P.
falciparum circumsporozoite protein were used as
positive controls.

reactive

PCR genotyping and sequencing

DNA was prepared as previously described
(Snounou et al. 1993) from approximately 100 ul
blood samples dried on filter paper or from in wvitro
culture parasites. Briefly, erythrocytes were lysed
by incubation in PBS supplemented with 0-05 9,
saponin, and the parasites recovered by centrifuga-
tion. The material was then incubated in lysis buffer
(40 mm Tris, pH 8:0; 80 mm EDTA, pH 8:0; 29
SDS, pH 7-2), and the DNA purified by sequential
phenol and phenol-chloroform extraction followed
by an ethanol precipitation. DNA was resuspended
in 20 ul of TE buffer (10 mm Tris, pH 8:0; 0-1 mm
EDTA, pH 8:0).

Detection and speciation of parasites was achieved
by nested-PCR amplification of the small subunit
ribosomal RNA genes, as previously described
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(Snounou et al. 1993). P. falciparum parasites were
characterized by using, as genetic markers, 3 un-
linked single-copy genes (Viriyakosol et al. 1995),
thus only 1 allelic variant is observed in the haploid
genome of the malaria parasite in the human host.
These were the merozoite surface proteins 1 (mspl),
the merozoite surface protein 2 (msp2) and the
glutamate rich protein (glurp). Each of these genes
contains a highly polymorphic region composed of
repeated units: block 2 of mspl (Certa et al. 1987,
Tanabe et al. 1987), block 3 of msp2 (Smythe et al.
1990) and RII of glurp protein (Borre et al. 1991). In
addition to size differences the allelic variants of
mspl and msp2 also fall in 3 (K1, MAD20 and RO33)
or 2 families (FC27 and 3D7/IC) respectively,
defined by the sequence of the repeat units. Geno-
typing of the parasites was performed by nested
PCR amplification (Snounou et al., manuscript in
preparation). Briefly, oligonucleotides hybridizing to
conserved sequences outside the polymorphic
regions of the 3 genes were used in the first reaction.
The product of this first reaction was then used to
initiate 6 separate amplification reactions: one for the
RII region of glurp and one for each of the allelic
families of mspl and msp2. The block 17 of mspl was
amplified in further nested PCR reaction, using the
following oligonucleotide primers: M1-B170F (5'-
CCTTTTTAAAAAATATTGAGACCTTATA-
3’) and M1-B170R (5'-AATGAAACTGTATAA-
TATTAACATGAGTAT-3) in a first ampli-
fication reaction, and M1-B17NF (5-ATGTTAA-
ACATTTCACAACACCAATG-3) and M-
B17NR (5-GAATGATATTCCTAAGAAGTTA-
GAGGAACT-3) in the second.

In all cases 1 ul of DNA template (approximately
the equivalent of 5 ul of whole blood) was used in
the first amplification reaction. Similarly 1 xl of the
product of the first reaction was used as a template
for the second nested reaction. PCR reactions were
carried out in a total volume of 20 ul, contain-
ing 2 mm MgCl,, 50 mm KCI, 10 mm Tris, pH 83
(HCI), 0-1 mg/ml gelatine, 125 uMm of each of the 4
deoxyribonucleotide triphosphates, 125 nm of each
oligonucleotide primer and 0-4 units of AmpliTaq
Polymerase (Perkin Elmer Cetus, USA). The PCR
assays were carried out in a programmable thermal
controller (Perkin Elmer Cetus, USA), with the
following conditions: 1 cycle, denature at 95 °C for
5 min, anneal at 58 °C for 2 min (for the second
reaction 58 °C for glurp, and 61 °C for the mspl and
msp2 allelic families), extend at 72 °C for 2 min,
followed by 24 cycles (29 cycles for the nested
reactions); denature at 94 °C for 1 min; anneal at the
appropriate temperature for 2 min, and a final
extension at 72°C for 5 min. The reaction is
completed by reducing the temperature to 20 °C.
PCR products were analysed by electrophoresis on
MetaPhor® agarose gels, stained by ethidium bro-
mide staining and visualized under UV trans-
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illumination. To control for contamination, a blank
sample was included for each group of 5 field
samples throughout the DNA extraction and PCR
analysis steps.

Identification of mosquitoes of the A. gambiae
complex was achieved by PCR amplification (Scott,
Brogdon & Collins, 1993; Pinto et al. 1997). DNA
was extracted from each mosquito using potassium
acetate, precipitated with 95 9 ethanol (Collins et al.
1988), and resuspended in 50 ul of sterile water. T'wo
positive controls, A. gambiae s.s and A. arabiensis,
and a negative control were included with ampli-
fication.

Sequencing of amplified fragments

The PCR products from amplification of the poly-
morphic block 2 and conserved block 17 of msp1, and
the repeat region of msp2 were purified using the
Wizard™ PCR Preps DNA purification Systems Kit
(Promega), and cloned into the pCR2.1 plasmid
using the Original TA Cloning kit (Invitrogen).
Sequencing of positive clones (1 or 2 for each
fragment cloned) was carried out by the dideoxy
chain termination method, using the T'7 Sequenase
Quick-Denature Plasmid
(Amersham).

Sequencing kit

RESULTS
Epidemiological and parasitological observations

The possibility that malaria infections might afflict
the inhabitants of Achada Leite was first raised late
in October 1995. Inhabitants from this village had
been reporting to the closest hospital at Assomada
since early October, with symptoms of headache and
fever. The first confirmed malaria case was recorded
on 25 October 1995, and 5 positive smears were
observed by the end of October 1995. A team from
the Programa Nacional de Luta contra o Paludismo
(PNLP) was then dispatched to the village and on 31
October, 15 out of 16 febrile patients were diagnosed
by optical microscopy (OM) as having P. falciparum.
Treatment was administered : chloroquine, a total of
25 mg/kg body weight given in 4 doses (10 mg/kg
followed by 5mg/kg 6, 24 and 48 h late), and
primaquine in a single dose of 0-75 mg/kg body
weight. Active case detection was immediately
initiated, and all smear-positive persons irrespective
of clinical status, and smear negative persons with
symptoms consistent with malaria, were treated as
above. On 2 November 1995, 27 other inhabitants
were examined: the 13 who were found to harbour
parasites were all febrile, while only 3 of the 14 who
were microscopically negative had fever. The geo-
metric mean asexual parasitaemia for these 28
patients was 4550 parasites/ul (range 250-102000).
Unfortunately records were not kept for all the
patients to whom treatment was administered in the
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Fig. 2. Percentage prevalence of positive samples during
the cross-sectional surveys. The actual number of
villagers sampled in each survey (n) is indicated below
the x-axis. The number of persons found positive for
parasites by optical microscopy (OM) or by PCR
analysis are indicated above the corresponding bars.

following weeks. Nonetheless collection of blood
samples for the analysis of this outbreak was initiated
at the end of November 1995. Cross-sectional
surveys were subsequently made on 5 separate
occasions, the last in late October 1996. Blood
samples were analysed for the presence of parasites
by PCR, and smears examined by OM. In all
positive samples only P. falciparum could be
detected.

All inhabitants found positive by OM were
treated, and generally only mild symptoms (headache
and fever) were verbally reported during the course
of the surveys. Only 1 person in February 1996
required admission to hospital. In view of the
proportion of positive persons in February 1996,
poor compliance with the chloroquine treatment was
suspected, and a single Fansidar dose (500 mg/kg)
was subsequently used instead of chloroquine.
Venous blood samples were also collected from 5
infected individuals in February 1996, and the
parasites established successfully in in vitro culture.
These parasites were considered to exhibit chloro-
quine resistance since schizont maturation was
observed in the presence of 16 pmol chloroquine/
100 pl. This conclusion is supported when treatment
failures are considered. Thus of the 16 people known
to have been treated in early November 1995,
parasites could still be demonstrated in the blood of
11 (OM or PCR), 1 month later. The rate of
treatment failure, ascertained 2—-3 months following
treatment, is also high, 47 %, as calculated when all
patients known to have been treated in November
and December 1995, were re-examined (OM or
PCR) in February 1996.

The parasite prevalence throughout the study is
given in Fig. 2. PCR analysis proved, as expected,
more sensitive than OM, and these results have been
used to calculate prevalence values. Approximately
half of the persons surveyed were found to have
circulating parasites in early December 1995, and
February 1996, 1 and 3 months respectively after the
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start of the outbreak. The corresponding geometric
mean asexual parasitaemias for samples found to be
microscopically positive during these 2 surveys were
2420 parasites/ul (range 1000-15000) and 2960
parasites/ul (range 200-200000). From May 1996 to
November 1996, the prevalence was only found to be
close to 109,, and asexual parasites when found by
microscopy did not exceed 10000 parasites/ul. Blood
samples containing gametocytes were found through-
out the study period, except in the August 1996
samples: 1 in November 1995, 6 in December 1995,
8 in February 1996, 1 each in May and June 1996,
and finally 2 in November 1996.

The cumulative total of persons surveyed at least
once between November 1995 and November 1996
was 203 (age range 4 months to 86 years). Thus the
whole population of the village was effectively
surveyed, although for some of the inhabitants only
1 sample could be obtained during the study period.
Parasites were found at least once in a total of 83
different people (419, of the inhabitants). No
significant differences in the distribution of
infections could be found between male and female
inhabitants (41/97 and 42/106 respectively). Simi-
larly, distribution of malaria between children and
adults was also comparable (39/89 for the 0—-14 years
old group, and 44/114 for those older than 15).

In May and November 1996 samples were also
collected from the inhabitants of Charco, the closest
village to Achada Leite (less than 1 km). Three P.
falciparum-positive samples were obtained (1 by
OM and PCR, and 2 by PCR only) from the 112
samples collected. Genotyping analysis showed the
same pattern as that obtained for all the Achada
Leite samples.

Entomological data

Anti-mosquito measures were stepped-up by PNLP
personnel as soon as malaria was found in Achada
Leite, and few adult mosquitoes could be caught in
November and December 1995. Nonetheless 2
collections were further attempted in February and
November 1996. A total of 241 A. gambiae s.1. were
captured, and all identified as A. arabiensis by PCR.
However, apart from 4 adults, the majority of insects
were identified from laboratory-reared larvae col-
lected from known breeding sites. Eggs, larvae of all
stages and pupae were found together in the breeding
sites. A. pretoriensis was the only other anopheline
identified, and Culex ethiopicus, C. pipiens s.l., C.
tigripes, Aedes aegypti and Culiseta longiareolata were
also found.

Serum samples were also obtained from 14
individuals during May or June 1996. These samples
were tested by ELISA for the presence of antibodies
to the circumsporozoite protein (CSP) of P.
falciparum. All 14 individuals had been found to be
positive for P. falciparum at least once in previous
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Y
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Fig. 3. Amino acid sequence of regions of mspl and msp2, amplified from selected samples (see text). Underlined
sequences indicate regions which correspond to the oligonucleotide primers. An asterisk (*) below the corresponding
amino acid indicates codons where synonymous mutations were found. The alternate amino acid when non-

synonymous mutations were found is placed below its corresponding position.

surveys. The optical density (OD) values of the
positive controls from Burkina Faso ranged from
0-556 to 0-897. Six of the sera from Achada Leite
were found to be positive with OD values ranging
from 0-223 to 1-459. T'wo of the persons who tested
positive had parasites in May or June 1996, as did 3
of those who gave a negative ELISA results.

Genetic analysis of the P. falciparum parasites

PCR genotyping was carried out for all samples
found to contain P. falciparum. Three highly
polymorphic genetic markers have been used to
characterize P. falciparum parasites. Variable re-
petitive regions of the single copy genes mspl, msp2
and glurp were targeted by PCR. Amplification
could not be obtained using 15 of the samples, most
of which had very low parasitaemia undetected by
microscopy. A single allelic variant identical for all
samples was found for each of the 3 genetic markers.
The size of each variant was estimated from its
electrophoretic mobility: 1100 bp for glurp, 150 bp
for block 2 of mspl belonging to the MAD?20 family,
and 430 bp for the block 3 of msp2 belonging to the
3D7/IC family. PCR analysis of parasites which
were successfully established in in vitro culture was
also carried out (both at the start and after 5-12
erythrocytic cycles), and revealed the same pattern.
Since blood-stage parasites are haploid, the presence
of only 1 allelic variant indicates a parasite population
of very limited diversity. However, alleles of the
same size but which differ in sequence are known to
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occur. Thus, the sequences of 2 of the amplified
fragments, mspl, block 2 and msp2 block 3, were
determined for samples obtained from 5 different
persons: No. 1-December 1995 and February 1996
samples, as well as 2 samples (day 0 and day 22 from
the in wvivo sample of parasites obtained from the
blood collected in February 1996; No. 2-December
1995 and November 1996 samples; No. 3-May 1996
sample; No. 4-August 1996 sample; No. 5-
November 1996 sample collected from a person
residing in Charco, the neighbouring village. A
relatively conserved region of mspl (block 17) was
similarly analysed for all samples, in order to
provide an internal control. Sequence analysis con-
firmed that for each marker, the fragments analysed
were of the same size (151 bp and 313 bp for mspl
block 2 and block 17 respectively, and 428 bp for
msp2 block 3). The allelic family and the number of
arrangements of the repeat units of the mspl and
msp2 regions sequenced were practically the same for
all samples (Fig. 3). Therefore the results strongly
suggest that the P. falciparum parasites circulating in
Achada Leite from November 1995 to November
1996 are genetically homogeneous.

A few point mutations were noted between the
different bacterial clones (Fig. 3): a single syn-
onymous point mutation in the block 2 of mspl; 6
point mutations (5 of which were non-synonymous)
in the block 17 of mspl; 4 point mutations (2 non-
synonymous) in the block 3 region of msp2. Since
some of these point mutations were observed in
different bacterial clones obtained from the same
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PCR reaction of a given sample, they were thought
to result from amplification artefacts. This is con-
sistent with the low fidelity of the Taq polymerase
used, and the fact that the products cloned were
obtained following a total of 55 amplification cycles.

DISCUSSION

We present in this article the first parasitological,
molecular and longitudinal analysis of an isolated
malaria outbreak. Three notable facts characterize
this outbreak. The population affected was non-
immune, a single parasite line was responsible for all
the infections observed, and parasites could still be
detected in the inhabitants 1 year after the start of
the outbreak.

Santiago Island can be considered as being in the
consolidation phase of malaria eradication. No cases
of malaria infections had been reported in the village
of Achada Leite since 1990. The lack of previous
exposure to malaria in the villagers is further
supported by the number of persons infected (at
least 419,), and the fact that all age groups were
infected. Although most infected persons developed
clinical symptoms, the morbidity associated with the
outbreak was low presumably due to the speedy
deployment of active case detection and the dis-
tribution of anti-malarial drugs. It is unlikely that
any significant transmission took place in the months
following the start of the outbreak in October 1995
since very few new clinical cases were recorded
after December 1995, and anti-larval measures
were immediately instigated. Detection of ELISA-
positive (against CSP) inhabitants in May and June
1996, is not inconsistent with the above conclusion
since it is known that antibodies against the CSP can
persist long after exposure to the bite of infected
mosquitoes (Druilhe et al. 1986; Wijesundera et al.
1990).

The most remarkable feature of the outbreak is
that only 1 line of P. falciparum parasites could be
detected in the inhabitants over the following year.
The extent of diversity of the mspl, msp2 and glurp
genes of P. falciparum is such that in endemic areas
it is rare to find 2 persons with the same parasite
populations (Mercereau-Puijalon et al. 1991;
Babiker et al. 1994, 1995, Viriyakosol et al. 1994,
Contamin et al. 1995; Fiarnert et al. 1997). The same
allelic variants were, however, observed for all the
samples analysed from Achada Leite. Sequencing of
DNA amplified from a subset of samples obtained
from the same or different persons during the study,
confirmed that the same sequence is present in the
repetitive polymorphic regions of the mspl and msp2
genes of the P. falciparum parasites. It is therefore
highly likely that the parasites circulating in Achada
Leite represent a clonal population. To our know-
ledge, a similar situation has not been previously
recorded. P. falciparum populations exhibiting very
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low diversity have been observed in malaria endemic
areas which are usually characterized by low trans-
mission levels or irregular resurgence of the in-
fection. This type of situation was observed in an
epidemic among a
amerinds in the Venezuelan Amazonian region
(Laserson et al. unpublished observations, Tami et
al. personal communication) or in Honduras
(Haddad et al. 1999). Nonetheless, in these and other
observations in endemic areas, some heterogeneity in
the diversity of the P. falciparum parasites is
invariably detected.

According to personnel from the PNLP, the
outbreak followed an exceptionally wet season. This

community of Yanomani

may have caused an increase of mosquito densities
and longevity, and consequently a substantial in-
crease in vectorial capacity (Ribeiro et al. 1980;
Molineaux, 1988). In order for transmission to occur
persons with circulating infectious gametocytes must
be also present. It is unlikely that many such carriers
were present on the island, since Achada Leite was
the only village where malaria cases have been
recorded during this period. As all the infections in
this village were probably due to a clonal parasite
population, it can be concluded with confidence that
the outbreak originated from a single asymptomatic
gametocyte-carrier (index case). The vectorial ca-
pacity in Achada Leite must have been exceptionally
high in October 1995, since a large number of
villagers became infected during this short period.
The villagers were not aware of any recent immi-
grants or visitors to the village. However, the index
case might have acquired a malaria infection a
considerable time before the outbreak, and a gameto-
cytaemia long after the initial infection would then
be responsible for the outbreak. This possibility is
supported by the observation in November 1996 of
gametocytes in some of the villagers of Achada Leite.
The persistence of the infection in the community
(44 % of the population surveyed in February 1996)
might have resulted from poor compliance to
chloroquine treatment (4 doses). Despite switching
to Fansidar treatment (single dose) in February
1996, villages with circulating parasites could still be
detected in later surveys albeit in decreasing pro-
portions. A more likely explanation is the resistance
to chloroquine demonstrated using in vitro-cultured
parasites. Resistance to chloroquine and Fansidar is
common in parasites circulating in West Africa,
where the index case most probably acquired the
infection.
Knowledge
falciparum infections in nature is of some importance

of the average duration of P.
to understanding the epidemiology of this parasite.
There are serious obstacles to deriving such data
from the study of malaria in endemic regions. The
diversity of circulating parasites and frequent con-
current infections with multiple parasite lines, does
not allow unequivocal identification and longitudinal
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follow-up of infections with a single parasite line.
This is exacerbated by possible reinfections, which
are difficult to distinguish from persistent parasi-
taemias. Data have been gathered from experimental
P. falciparum infections in man, carried out for the
treatment of neurosyphilis. In these infections,
which were generally allowed to run their natural
course with minimal subcurative treatment, clinical
recurrences were most frequently observed in the
first 6 months following the primary parasitaemia:
with extended observation, parasites could some-
times be found up to 1 year following inoculation,
and in exceptional cases for longer (Eyles & Young,
1951; Garnham, 1966). These observations were
nonetheless limited to adults, and the parasite lines
used in malariatherapy were not necessarily
genetically homogeneous. From the observations in
Achada Leite, where reinfection beyond the period
around October 1995 was unlikely, it is possible to
conclude that P. falciparum infections can persist for
up to 1 year in the natural host. The proportion of
the population (around 109,) with parasitaemia
persisting beyond 6 months following the initial
outbreak, is likely to be an underestimate. Indeed
parasite levels often fall below the threshold of
detection between recrudescences, which also tend
to be of short duration (Kitchen, 1949). Thus, more
frequent sampling from a large number of the
inhabitants might have provided a higher number of
villagers with persistent parasitaemia. Antigenic
variation in malaria (Brown & Brown, 1965) is
thought to underlie the chronicity of the infection.
The genome of P. falciparum is thought to contain
up to 50 different var genes, which code for an
antigenically variant surface protein (Baruch et al.
1995; Smith et al. 1995; Su et al. 1995), and a 29,
switch rate was obtained in wvitro (Roberts et al.
1992). Duration of clonal infections for a year or
more implies that the switch rate might be lower in
21v0, immunity to variants might be short lived or
that other proteins are involved in maintaining
chronicity.

The potential of chronic malaria carriers to
transmit malaria long after the initial infection is
demonstrated by finding gametocytes in the blood of
some of the villagers 1 year after the outbreak in
October 1995. It is likely that the initial outbreak in
Achada Leite resulted from an exceptional set of
circumstances where the presence of infectious
gametocytes in 1 person coincided with a short
period when climatic conditions allowed the mos-
quito population to thrive. It is possible that a few
chronic parasite carriers might be found in other
areas of Santiago Island, where anopheline mos-
quitoes are widespread. The confinement of such an
outbreak to only 1 village illustrates the importance
of local factors in the epidemiology of malaria. It is
reasonable to assume that a single person introduced
falciparum malaria in Achada Leite, and that no
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further transmission took place after the initial
outbreak. As at least 83 inhabitants of Achada Leite
acquired the infection it would appear that the basic
reproductive rate of the parasite was high (R, = the
average number of secondary infections derived
from a single primary case in a susceptible popu-
lation). The sudden declaration of the infection in a
high proportion of the villagers would be consistent
with a single round of transmission, although the
data do not actually allow an unequivocal con-
clusion. Although high in the non-immune popu-
lation of Achada Leite, R, might prove to be
substantially lower if the parasites were to infect an
immune population in a highly endemic area, as
calculated in an elegant model of malaria popu-
lations, the Strain Theory, which has been recently
elaborated (Gupta & Day, 1994; Gupta et al. 1994).
Clearly the value of R, will also vary according to
local parameters such as the vectorial capacity and
the susceptibility of the host population.

The outbreak we describe illustrates graphically
the potential dangers associated with the reintro-
duction of malaria in areas where climatic and socio-
economic conditions allow for the presence of
significant vector populations in close proximity of
susceptible host populations. It will therefore be
important that vigilance and the public health
infrastructure associated with malaria control, are
maintained for considerable periods in regions where
the potential for the reintroduction of malaria is
high.

In conclusion, observations of this outbreak due to
a homogeneous P. falciparum population in an
isolated malaria-free community have provided the
opportunity to derive conclusions of parasitological
significance. The duration of an infection due to a
single line of P. falciparum in a non-immune host,
can extend up to 1 year after the inoculation.
Moreover, the observation of gametocytes at this
stage of the infection implies that the parasite retains
its potential for transmission despite a lengthy period
of asexual multiplication in an immunocompetent
host. These facts are pertinent to the elaboration and
interpretation of epidemiological models of malaria.
Furthermore, the observed lengthy chronicity of the
infection is of some relevance to the nature of
acquired immunity, in particular with respect to
antigenic variation and its influence on clinical
manifestations, and the maintenance of the para-
sitaemia. The rapid declaration of the outbreak and
the extent of its spread in the community should be
taken into account in the design and monitoring of
long-term malaria control programmes.
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