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Abstract
Malaria transmission remains poorly documented in areas of low transmission. A study has been carried out over two consecutive
years in Analamiranga, a village located at an altitude of 885 m on the western edge of the Malagasy highlands, with the aim of generating and updating malariometric indexes for both mosquitoes and schoolchildren. In this village, no vector control measures were performed during the study period nor during previous decades. Mosquitoes were collected monthly when landing on human volunteers and
in various resting-places. Blood samples were taken every 3 months from schoolchildren aged 6–12 years and microscopically examined.
Of 7,480 mosquitoes collected on human subjects, 5,790 were anophelines. Ten anopheline species were represented and three of these,
Anopheles funestus, Anopheles arabiensis and Anopheles mascarensis, accounted for 59.2% of the collection. Of these three species 4,640
were also collected in resting places. The proportion of mosquitoes fed on bovids was high; conversely, the anthropophilic rate (mosquitoes fed on human beings) was especially low: 31%, 7% and 1%, respectively, for A. funestus, A. arabiensis and A. mascarensis. The only
conﬁrmed malaria vector was A. funestus with a low sporozoite index (of 6,830 A. funestus, ﬁve were positive for Plasmodium falciparum
and four for Plasmodium vivax). The annual entomological inoculation rate (number of bites of infected anophelines per adult person)
was estimated at 2.49 with low variation over the 2 years. Overall, 909 thick blood smears were tested from blood samples taken from
schoolchildren with 30.3% being malaria-positive. The four Plasmodium species infecting human subjects were detected in the following
proportions: P. falciparum 78.9%, P. vivax 19.4%, Plasmodium malariae 1.0% and Plasmodium ovale 0.7%. The proportions of children
who were infected with any Plasmodium ranged from 10.7% in February to 51.0% in September. Parasitemic children with fever (axillary
temperature >37.5 C) accounted for 16.4% of the children sampled. This study demonstrates that there are substantial parasitological
consequences of even a relatively low entomological transmission and also recommends including exterior resting-places of mosquitoes in
future spraying campaigns in the highlands of Madagascar.
 2006 Australian Society for Parasitology Inc. Published by Elsevier Ltd. All rights reserved.
Keywords: Malaria transmission; Plasmodium falciparum; Plasmodium vivax; Anopheles funestus; Anopheles arabiensis; Schoolchildren; Prevalence;
Highlands

1. Introduction
In Madagascar, malaria remains a leading cause of morbidity and mortality. The intensity of malaria transmission
varies according to the geographical areas of the island
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(Mouchet et al., 2004). The eastern and western coastal
regions are characterised by hyperendemic malaria with a
transmission season of more than 6 months per year. In
the central highlands, the sporogonic development of the
parasite in the mosquito vector is strongly inﬂuenced by
temperature, which varies according to altitude. Malaria
is considered stable up to an altitude of 1,000 m, unstable
with seasonal transmission from November to May
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between 1,000 and 1,500 m and rare or absent over 1,500 m
(Mouchet et al., 1993). The four plasmodial species known
to infect humans are observed in Madagascar. In the highlands, the main vector is Anopheles funestus, with lower
endophily and anthropophily than in mainland Africa;
Anopheles arabiensis and Anopheles mascarensis, which
are zoophylic, are secondary vectors (Grejbine, 1966; Fontenille et al., 1990; Marrama et al., 1995; Laventure et al.,
1996; Brutus et al., 2001; Le Goﬀ et al., 2003; Leong Pock
Tsy et al., 2003; Rajaonarivelo et al., 2004). The role of rice
ﬁelds as breeding places for these anophelines has already
been established in the highlands of Madagascar (Marrama
et al., 1995; Laventure et al., 1996; Robert et al., 2002).
The national malaria control campaigns carried out in
the 1950s and 1960s were successful and led to the disappearance of A. funestus from the central highlands (Fontenille and Rakotoarivony, 1988). When antivectorial
measures stopped, A. funestus progressively recolonised
the central highlands and from 1985 to 1990 the Madagascar highlands underwent an epidemic of falciparum malaria, which caused the deaths of 40,000 inhabitants according
to the Ministry of Health (Lepers et al., 1991; Blanchy
et al., 1993; Mouchet et al., 1997).
House spraying with dichloro-diphenyl-trichloromethane (DDT) was performed annually by the Ministry of
Health in these highlands, between altitudes of 1,000 and
1,500 m, from 1993 to 1998 (Romi et al., 2002). From
1999 until 2005 these general campaigns were replaced by
more selective operations in restricted areas of the western
part of the highlands. Pyrethroid insecticides have replaced
DDT since 2005.
Malaria transmission remains poorly documented in
Madagascar. This study was carried out to document the
malaria parasites manifested in both mosquitoes and schoolchildren. The present article describes results obtained for a
period of two consecutive years in a village typical of the western edge of the Malagasy highlands. In this village, no vector
control measures were performed during the study period
nor during the three previous decades. This provided an
opportunity to document the natural history of human
malaria, bearing in mind that what is observed constitutes
a baseline in the absence of implemented antivectorial measures. This combined entomological and parasitological
study demonstrates that there are substantial parasitological
consequences of even a relatively low entomological transmission. It also emphasises the need for an accurate programme of entomological and parasitological surveillance
in the Malagasy highlands where dramatic pluri-annual
malaria epidemics already occur, placing a heavy burden
on public health and public health services.
2. Materials and methods
2.1. Study site
The central Malagasy highlands represent about 20% of
the whole of Madagascar. They constitute an area located

at more than 800 m above sea level with high human density in the provinces of Antananarivo and Fianarantsoa.
The climate is tropical, at altitude, with two contrasting
seasons. The dry season covers 6 months, from May to
October, with relatively low temperatures. The rainy season, which lasts from November to April, with maximum
rainfall in February, is unique to this area, because one
long and one short rainy season with a short dry season
in between is more typical for tropical Africa.
The study was carried out from October, 2002 to September, 2004 in Analamiranga, a village at the western edge
of the Malagasy highlands in the commune of Maroharona, district of Tsiroanomandidy, province of Antananarivo, Madagascar. This village is located 2 km from the
western bank of the Sakay River, 134 km directly west of
Antananarivo, and 18 km south-west of Mahasolo. The
nearest tarred road is the Antananarivo-Tsiroanomandidy
axis, 45 km away by hard-packed track, which is in especially poor condition during the rainy season. The village
is located at an altitude of 885 m, at 1914 0 3500 S,
4616 0 2200 E. The mean annual rainfall is 1,500 mm, with
less than 20 mm in the dry season. The mean annual temperature is 23 C and the mean temperature of the coldest
months, July and August, ranges between 16 and 19 C.
The village is on the top of a small hill, surrounded by
small valleys which have been developed into rice ﬁelds.
Two rounds of rice production occur, with crops in April
to May during the rainy season and in December to January, the dry season, when irrigation is required. However,
the latter represents only 2% of local rice production.
The village has 900 inhabitants. Most are farmers with
rice as their main activity/resource and maize, manioc
and peanuts as their secondary crop. The habitat is composed of 158 houses that are made of bricks or cob and
are either on one level or have one upper ﬂoor (50% each),
with roofs which are covered with thatch (91% of houses),
tiles or sheet metal. Most inhabitants do not use any special
measures to protect themselves from mosquito bites. Only
three couples stated that they slept under mosquito nets.
The village also has 390 zebus that spend the night in several enclosures spread throughout the village or at its nearby periphery. Other domestic animals, such as pigs, dogs,
cats and poultry, are also found in the village.
2.2. Entomological study
The entomological study was conducted each month
without interruption, with two well-tried methods. The ﬁrst
method involved all-night human landing catches with volunteers staying indoors or outdoors (WHO, 1992). Female
mosquitoes, which are supposed to be aggressive towards
human subjects, were collected as they landed on the bare
legs of volunteers who simultaneously acted as bait and
trappers. Two teams of eight volunteers worked from
18:00 to 06:00 h, each team on duty for six consecutive
hours, with a changeover at midnight. These collections
were performed over two consecutive nights each month.
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Four houses plus four outdoor sites within the village were
used the ﬁrst night and four other houses plus four other
outdoor sites were used the second night. The total of
human-nights was 384 for the whole study.
The second method involved the collection of resting
mosquitoes. Endophilic resting mosquitoes were collected
mornings from 10 bedrooms where the sheets had been
sprayed with non-remanent pyrethroid insecticide. The
total of bedrooms was 240 for the whole study. Exophilic
resting mosquitoes were collected in three to ﬁve Muirhead-Thomson pit shelters examined early after sunrise
(Muirhead-Thomson, 1958) and in various resting places
such as animal shelters and cart sheds, examined early after
sunrise. Any exophilic mosquitoes that were found were
drawn up with a sucking tube. Ninety-four pits and a
non-registered number of other resting places were visited
during the whole study.
Diagnosis of anopheline mosquitoes was performed
using the determination keys of Gillies and Coetzee
(1987) and Grejbine (1966). Mosquitoes from the Anopheles gambiae complex were determined using PCR (Scott
et al., 1993). Since A. funestus, A. arabiensis and A. mascarensis are the only known mosquitoes to be potential vectors
of malaria in this area, these species were examined for parity, anthropophily and infectivity. Parity was estimated
using the technique based on microscopic observation for
the degree of tracheolar coiling, immediately after collection (Detinova, 1962). Anthropophily was estimated using
blood-fed resting mosquitoes. Abdomens were squashed on
ﬁlter paper, then dried and conserved at 4 C with silica gel.
Blood spots were tested with an ELISA with several antibodies speciﬁc for primate, bovid, pig and dog (Beier
et al., 1988b). Infectivity was estimated using the head
and thorax, kept individually in waterproof vials containing silica gel and placed at 20 C. The head and thorax
were tested by an ELISA-CSP (Circum Sprorozoite Protein) to detect the presence of a plasmodial infection and,
in a second step, the species Plasmodium falciparum, Plasmodium malariae or Plasmodium vivax (Beier et al.,
1988a; Wirtz et al., 1987).
The daily biting rate was calculated as the ratio of the
number of mosquitoes caught landing on human subjects
to the number of human-nights. The endophagic rate was
estimated from mosquitoes sampled by human landing collection (indoor/indoor + outdoor). Anthropophily and
percentage of zebu blood-fed mosquitoes were estimated
from samples of resting mosquitoes. The endophilic rate
was calculated as the ratio of the mean number of female
mosquitoes fed with human blood to the mean endophilic
density in the same houses on the same days. Since dwellers
spend all nights in their houses, the entomological inoculation rate was calculated from the product of the indoor
human biting rate and the mean infectivity of anopheline
vectors. The daily survival rate (p) was calculated from
the 2.5th root of the parous rate (based on a trophogonic
cycle of 2.5 days). The malaria stability index (s) was calculated as a/Ln p (with a = daily biting rate = anthro-
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pophily/trophogonic cycle of 2.5 days) (Macdonald,
1957). The vectorial capacity (C) was calculated as
ma2pn/Ln p (with ma = biting rate per human and with
a duration of sporogonic development (n) of 15 days) (Garret-Jones and Shidrawi, 1969).
2.3. Schoolchildren study
In the village, the two primary schools, Ecole Primaire
Publique and Sainte Thérèse, were visited every 3 months.
The Malagasy Health and Education Authorities approved
the entire protocol. Informed consent for the participation
of the schoolchildren was obtained from their legal guardians. Surveys were performed in October 2002, January,
May, September and December 2003 and in March, May
and September 2004. In classes 11eme to 8eme , any child present at school was questioned for symptoms related to
malaria. If the presence of malaria was suspected, the child
was treated in agreement with the national health policy.
Axillary temperature and weight were systematically
recorded. A drop of blood was collected from the ﬁngertip
and blood smears were prepared. Thick smears were Giemsa-stained and microscopically examined by experienced
microscopists at the Institut Pasteur de Madagascar. Thick
blood ﬁlm readings were standardized and quality control
was performed. Parasite densities were determined by
counting the number of asexual parasites per 200 white
blood cells (WBCs) or per 500 WBCs if the count was less
than 10 parasites/200 WBCs, assuming a WBC count of
8,000/ll. Thus, a sensitivity threshold was estimated at
one parasite per 0.125/ll or eight parasites/ll. The proportion of people who are infected with any Plasmodium was
expressed as the total parasite ratio. Fever was deﬁned as
an axillary temperature P37 C.
2.4. Statistical analysis
Qualitative data were compared between groups using
Fisher’s Exact Test. Quantitative means were compared
using the non-parametric Mann–Whitney U test. P values
<0.05 were considered to be statistically signiﬁcant.
3. Results
3.1. Mosquitoes and malaria transmission
Using human landing catches, 7,480 mosquitoes were
collected and the anopheline was the most abundant mosquito collected with 5,790 (77.4%) as against 1,359 Culex
(18.2%), 33 Aedes (0.4%), 294 Mansonia (3.9%) and four
Coquilletidia (0.5%). Table 1 provides data for these mosquitoes by species. Three species of Anopheles already
established as potential malaria vectors accounted for
59.2% of the collection: A. funestus, A. arabiensis and A.
mascarensis. Using the method for collection of resting
mosquitoes, 4,640 of these three anopheline species were
collected (Table 2).
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Table 1
Mosquitoes collected by human landings, with human subjects placed indoors or outdoors, in the village Analamiranga, Madagascar
Species

Year 1

Year 2

Total

Indoor

Outdoor

Indoor

Anopheles funestus
Anopheles arabiensis
Anopheles mascarensis
Anopheles coustani
Anopheles squamosus-cydippis
Anopheles ruﬁpes
Anopheles maculipalpis
Anopheles pharoensis
Anopheles ﬂavicosta
Anopheles pretoriensis
Culex antennatus
Culex univittatus/neavei
Culex quinquefasciatus
Culex decens
Culex bitaeniorhynchus
Culex tritaeniorhynchus
Culex sitiens
Culex giganteus
Culex poicilipes
Aedes albopictus
Aedes tiptoni
Aedes aegypti
Aedes fowleri
Aedes vittatus
Aedes circumluteolus
Mansonia uniformis
Coquillettidia grandidieri

492
23
30
51
10
1
3
0
1
2
69
14
60
3
0
0
0
6
0
1
3
0
0
1
0
29
0

1,264
115
579
552
63
13
84
3
6
6
356
54
110
26
3
1
4
57
3
2
7
1
12
1
0
181
0

503
18
23
28
13
2
7
0
2
1
47
6
34
0
0
0
1
4
0
0
0
0
0
2
0
17
1

Outdoor
946
95
344
365
85
15
33
1
8
3
274
38
137
12
0
0
3
37
0
0
0
0
1
2
0
67
3

3,205
251
976
996
171
31
127
4
17
12
746
112
341
41
3
1
8
104
3
3
10
1
13
6
0
294
4

Total

799

3,503

709

2,469

7,480

Table 2
Number of anophelines, potential vector of malaria, collected in the whole study in the village Analamiranga, Madagascar
Human landing
indoors

Human landing
outdoors

Muirhead-Thomson’s
pit

Outdoor
resting

Bedroom
resting

Total

Anopheles funestus (%)
Anopheles arabiensis (%)
Anopheles mascarensis (%)

995 (14.9)
41 (3.7)
53 (4.1)

2,210 (33.2)
210 (19.0)
923 (71.0)

1,416 (21.2)
682 (61.9)
290 (22.3)

672 (10.1)
127 (11.5)
23 (1.8)

1,376 (20.6)
43 (3.9)
11 (0.8)

6,669 (100)
1,103 (100)
1,300 (100)

Total

1,089

3,343

2,388

822

1,430

9,072

3.1.1. Anopheles funestus
This was the most abundant mosquito. There was a
monthly variation in indoor catches on human subjects,
with an inordinate maximum in April (Fig. 1A and Supplementary Table S1), although the period of high abundance
outdoors lasted much longer during the ﬁrst year of the
study, from January to June (Fig. 1B). Collections of resting mosquitoes showed the same pattern of monthly variation (Figs. 1C–E). Hourly variation of aggressiveness
showed a maximum indoors at 0–1:00 h and outdoors at
01:00–02:00 h (Fig. 2). The mean parous rate was 88.5%
without a signiﬁcant diﬀerence between human landing
vs. resting catches (Fisher’s Exact P = 0.09) and human
landing indoors vs. outdoors (Fisher’s Exact P = 0.14)
(Table 3 and Supplementary Table S2). The proportion
of bloodmeal taken from human subjects (i.e. anthropoph-

ily) was 32.9%, which is in line with a high zoophily for
zebus (67.6%); very few had taken their blood from pigs,
dogs or several hosts (Table 3 and Supplementary Table
S3). The endophagic rate for biting activity was 31.0%
(Table 3). The endophilic rate for resting behaviour was
8.9%. Nine A. funestus were ELISA-CSP positive from
December to August with a mean sporozoitic index of 9/
6,830 = 0.13% and with ﬁve and four positive for P. falciparum and P. vivax, respectively (Supplementary Table S4).
With this mean sporozoitic index the annual entomological
inoculation rate (number of bites of infected anophelines
per adult person sleeping indoors) was estimated at 2.46
(0.0013 · 492/96 · 365) during year 1 and 2.52 (0.0013 ·
503/96 · 365) during year 2, i.e. 2.49 on average. The daily
survival rate was 0.952, the stability index 2.69 and the vectorial capacity 6.66 (Table 3).
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Fig. 2. Hourly variations of densities of the anopheline vectors (total
9,197 mosquitoes for the three species) presented in percentages of total
aggressiveness. Results are presented: (A) with all night human landing
catches indoors; (B) with all night human landing catches outdoors. The
sample of indoor Anopheles mascarensis caught is too low to permit
establishment of percentages.
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ters in relation to their potential role in human malaria
transmission were much lower than those obtained for
A. funestus (Table 3). No A. arabiensis or A. mascarensis
were shown to be infected with any Plasmodium.
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10 12 1

year

2002

12 1
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9
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Fig. 1. Monthly variations in the densities of the anophelines, potential
vectors of malaria in the village of Analamiranga, Madagascar, from
October, 2002 to September, 2004 (total 9,197 mosquitoes for the three
anopheline species). Results are presented: (A) per human indoors with all
night human landing catches with indoor human subjects; (B) per human
outdoors with all night human landing catches with outdoor human
subjects; (C) per pit with Muirhead-Thomson pit shelters examined early
after sunrise; (D) outdoor resting mosquitoes found in animal shelters and
cart sheds, examined early after sunrise; (E) per room with pyrethrum
spray catches in bedrooms, examined during the morning.

3.1.2. Anopheles arabiensis and Anopheles mascarensis
Mosquitoes from the A. gambiae complex were analysed
to identify cryptic species. Of 264 mosquitoes sampled during the whole study with various methods of collection, all
were unambiguously assigned to A. arabiensis. This species
and A. mascarensis were less numerous than A. funestus,
especially for indoor human landing catches. Maximum
aggressivity indoors was observed at 22:00–23:00 h and
outdoors at 21:00–22:00 h for A. arabiensis and at 01:00–
02:00 h outdoor for A. mascarensis (Fig. 2). Any parame-

3.2. Schoolchildren and blood parasites
The 909 thick smears were obtained from 473 children
ranging from 6 to 12 years of age, among which 56% were
involved in one cross-survey, 21% in two, and 23% in three
to eight (Supplementary Table S5). Their mean axillary
temperature and weight were 37.02 C and 21.57 kg,
respectively (Supplementary Table S6).
Overall, 275 thick smears (30.2%) presented at least one
parasite belonging to the genus Plasmodium (Table 4). The
four Plasmodium species infecting humans were encountered in the following proportion: P. falciparum 77.8%, P.
vivax 16.0%, P. malariae 1.1% and P. ovale 0.4% and mixed
infections 4.7%, always involving P. falciparum (total =
100.0%). No mixed infection with more than two Plasmodium species was observed. The relative percentage of the
four species was P. falciparum 78.8%, P. vivax 19.5%, P.
malariae 1.0% and P. ovale 0.7% (total = 100.0%). Among
the 275 children with blood parasites, fever was present in
149 (54.2%) (Supplementary Table S6). The mean temperature was 36.99 C in children without parasites versus
37.08 C in children with parasites (P = 0.21 by the
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88.5% (n = 3293)
68.6% (n = 433)
88.7% (n = 996)
36.4% (n/n 0 = 1376/240/5.18)
0.6% (n/n 0 = 43/240/2.21)
0.1% (n/n 0 = 11/240/0.28)
67.6% (n = 1088)
92.2% (n = 294)
96.0% (n = 125)

0.952
0.860
0.953

2.69
0.20
0.07

6.662
0.046
0.010

Mann–Whitney U test). The mean temperature was
37.06 C in children with asexual P. falciparum at densities
lower than 1,000/ll versus 37.22 C at densities P1,000/ll
(P = 0.32 by the Mann–Whitney U test where n = 158 and
60, respectively). Children with both blood parasites and
fever represented 16.4% of those present at school.
To determine if infection status (uninfected, single or
mixed infections) deviates from an independent random
distribution, observed versus expected frequencies of various combinations of Plasmodium species infections or
assemblages were compared (Table 4). In practice, low
numbers of P. malariae- and P. ovale-positive smears did
not allow this examination. However, P. falciparum and
P. vivax were randomly distributed, suggesting these infections appear to develop independently of one another
(Fisher’s Exact P = 0.63) (Janovy et al., 1995).
The total parasite ratio reached a maximum in
September, 2003 and May, 2004 (Table 4). The prevalence of the sexual stages of P. falciparum follows a pattern similar to that of the gametocytes of P. falciparum
with, on average, a density 8.4 times higher (Fig. 3A
and Supplementary Table S7). Variations in density of
the asexual stages and gametocytes followed similar
patterns, except in January, 2003 (Fig. 3B). For the asexual stages, a maximum in prevalence corresponds to a
minimum in density and vice-versa (Figs. 3A and B);
in other words, at a period of high prevalence the mean
positive densities were low and at a period of low prevalence the mean densities were high.
4. Discussion

See methods for explanations.

31.0% (n = 3205)
16.3% (n = 251)
54.4% (n = 976)
Anopheles funestus
Anopheles arabiensis
Anopheles mascarensis

5.18 (n/n 0 = 995/192)
2.21 (n/n 0 = 41/192)
0.28 (n/n 0 = 53/192)

32.9% (n = 1088)
7.5% (n = 294)
0.8% (n = 125)

Parous rate
Endophilic rate
Positive bovid
(%) (zebus)
Anthropophily
Endophagy
Mean daily indoor
biting rate (ma)

Table 3
Entomological parameters for potential vectors of malaria, in the village of Analamiranga, Madagascar

Daily
survival (p)

Stability
index (s)

Vectorial
capacity (C)
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The bioecology of the three potential vectors of human
malaria at the western edge of the Malagasy highlands, A.
funestus, A. arabiensis and A. mascarensis demonstrated a
strong tendency to exophily, both for biting and resting
behaviour, and zoophily for bloodmeals. For these reasons, the vectorial capacity was low for A. funestus, and
very low for A. arabiensis and A. mascarensis. According
to our results, A. funestus is the main malaria vector. A.
arabiensis and A. mascarensis were previously found infected in the highlands but with a minor role in malaria transmission in the presence of A. funestus as reported by
diﬀerent authors (Grejbine, 1966; Brutus et al., 2001; Le
Goﬀ et al., 2003; Leong Pock Tsy et al., 2003). Relatively
high longevity, especially for A. mascarensis, was not suﬃcient in itself to allow one to draw an alternative conclusion. The zoophily of A. funestus is a striking feature. In
the whole of continental Africa, this species appears as fully anthropophilic. One hypothetical explanation would
reside in DDT house spraying campaigns performed in
the Malagasy highlands that had selected for behavioural
change on a genetic background including zoophily in the
behavioural repertoire (Duchemin et al., 2001). Even if
the village in this study has not been sprayed during recent
years (see Section 1), one may speculate about the possible
impact of any large insecticide campaign that occurred
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Table 4
Presence of Plasmodium sp. in the peripheral blood of schoolchildren (range 6–12 years) in the village of Analamiranga, Madagascar
Number of children

P. falciparum

Nov 2002
Jan 2003
May 2003
Sept 2003
Dec 2003
Mar 2004
May 2004
Sept 2004

175
112
111
104
104
100
101
102

24
12
33
36
25
31
36
17

Total or Mean
%

909

214
77.8

a

P. vivax

P. malariae

P. ovale

8
0
14
12
1
5
2
2

2
0
0
0
0
0
1
0

0
0
0
1
0
0
0
0

44
16.0

3
1.1

1
0.4

Mixed
infections

Total
Plasmodium

Total parasite
ratio (%)

1
0
4
4
0
1
3
0

35
12
51
53
26
37
42
19

20.0
10.7
46.0
51.0
25.0
37.0
41.6
18.6

13a
4.7

275
100.0

30.2

The 13 mixed infections implicate Plasmodium falciparum with 12 Plasmodium vivax, zero Plasmodium malariae and one Plasmodium ovale.
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Fig. 3. Dynamics of the prevalence and density of Plasmodium falciparum
at asexual stages and gametocyte stages in schoolchildren in the village of
Analamiranga, Madagascar. Bars in prevalence indicate the conﬁdence
interval 90%. Densities of asexual stages (arithmetic means) need to be
100· as indicated in the scale to obtain the density per microliter of blood
but densities of gametocytes must not (for instance the mean of
gametocyte density observed in March 2004 is 87/ll).

within 20–50 km of the village. Hourly variation of aggressiveness, showing a maximum for A. funestus at 00:00–
01:00 h for indoor human landing and at 23:00–24:00 h
outdoors, appeared in relation to diﬀerentials in temperature that permit indoor biting activity for a longer period
of time.

The area is endemic for malaria. Examination of blood
samples taken from children demonstrated unambiguously that, despite a relatively low level of malaria transmission, positive parasitaemia is current. It must be
underlined that the annual entomological inoculation rate
(EIR), estimated to about 2.5 bites of infected anophelines, was usually obtained from adults. The application
of the correction that children are bitten half as much
as adults (Carnevale et al., 1978), would halve this EIR
value. However, as suggested by the observed 30.3% as
total parasite ratio and the 16.4% of children present at
school with both blood parasites and fever, the clinical
burden of malaria is particularly heavy within this age
class. Such association between low-level transmission
and high malaria parasite prevalence have been found
previously in other countries of Africa (Mbogo et al.,
1995; Beier et al., 1999; Hay et al., 2005). Because the
present study intentionally focused on children present
at school, the percentage of truancies due to malaria
attacks remains unknown. It must be stressed that the
total parasite ratio in this study village is in line with
those previously published from areas of the western part
of the highlands at similar altitudes (Albonico et al., 1999;
Jambou et al., 2001; Cot et al., 2001). Interestingly, the
maximum prevalence associated to minimum density
and vice-versa (Fig. 3) would suggest that only recent
infections develop higher parasitaemia and consequently,
the oldest infections have lower parasite density. Many
febrile episodes in Madagascar are diagnosed as malaria
attacks on a clinical basis only and, consequently, uncertainties taint the precise evaluation of the part of malaria
in general morbidity (Groupe de Recherche sur le Paludisme, 2002). However, in this area subject to low transmission and with imperfect immunity, when the blood
parasite plus fever are in evidence, the presumption of
malaria attack is high (Boisier et al., 2002).
This study provides an opportunity to compare inter-annual variations. Globally, the similarities appear more
noticeable than the diﬀerences. Reproductive patterns were
actually similar for densities of mosquitoes and transmis-
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sion estimation. The transmission season for P. falciparum
starts at the beginning of the rainy/hot season (December–
January) and lasts until the middle of the dry/cold season
(up to August). The transmission season for P. vivax starts
later, at the end of the rainy/hot season, but it also lasts
until the middle of the dry/cold season (June in this study).
The transmission for P. vivax appears to be more hectic
from an entomological point of view than that of P.
falciparum because zero infected mosquitoes were detected
during year 2, an observation not conﬁrmed with parasitological data, perhaps due to the small sample size of infected mosquitoes. Among the diﬀerences between years, the
lower parasite ratio in September of year 2 remains partly
unexplained, but it is possible the drugs provided by the
medical team for treatment in cases of suspected malaria,
in agreement with the national health policy, had some
eﬀect.
The period of high transmission for P. falciparum starts
at the beginning of the hot and rainy season. This indicates
that insecticide spray campaigns should be scheduled in
December, i.e. 1 or 2 months in advance of the present
spraying calendar.
Infected mosquitoes (both P. falciparum and P. vivax)
were collected in outside shelters, demonstrating endo-exophilic vector behaviours which negatively aﬀect any antivectorial measures. This is important to consider for the
insecticide spray campaign in the Malagasy highlands
which ordinarily focuses on indoor spraying. It would be
advantageous to include outside resting places suitable
for mosquitoes, such as animal shelters, cart sheds and
house ruins, especially during epidemic episodes in the
campaign.
Finally, this study provides basic data for a typical village at the western edge of the Madagascar highlands,
which highlights the huge parasitological consequences of
relatively low entomological transmission. It emphasises
the need for an accurate surveillance programme in the
Malagasy highlands where dramatic pluri-annual malaria
epidemics recently occurred. It also emphasises that no
level of malaria transmission is acceptable in terms of public health.
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