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Anopheles darlingi bionomics and transmission of Plasmodium
falciparum, Plasmodium vivax and Plasmodium malariae in Amerindian
villages of the Upper-Maroni Amazonian forest, French Guiana

Romain Girod/*, Pascal Gaborit, Romuald Carinci, Jean Issaly, Florence Fouque

Medical Entomology Unit, Institut Pasteur de la Guyane,BP 6010, 97306 Cayenne Cedex, Guyane Frangaise

French Guiana is one of the areas in South America most affected by malaria and where the disease has be-
come a serious public health problem. In spite of this situation, little recent entomological data are available from
the main localities where the disease occurs, even though they are crucial for development of an effective vector
control strategy. A longitudinal entomological survey was carried out from March 2000-February 2002 in three
Amerindian villages, namely Twenké, Taluéne and Cayodé, located in the Amazonian forest of the Upper-Maroni
area, to assess anopheline mosquitoes and malaria transmission dynamics. Anopheles darlingi (Diptera: Culicidae)
was the most abundant mosquito species caught during the study. This efficient American malaria vector was active
the entire year, but showed an evident peak of abundance during the main rainfall season, from April-June, with an
average human biting rate of 255.5 bites per person per night. Parity rates were homogeneous all year, indicating
no significant seasonal variability in female survival rates. Estimated vectorial capacity indices were higher during
the rainy season, even though the risk of transmission was present throughout the year (VCI > 1). A total of 14 An.
darlingi were found infected with Plasmodium falciparum, Plasmodium vivax or Plasmodium malariae. The annual
circumsporozoite indices were 0.15, 0.14 and 0.05, and the entomological inoculation rates were 22.8, 27.4 and 14.4
infected bites per person per year in Twenké, Taluéne and Cayodé, respectively. An. darlingi was endo-exophagic
and rather exophilic in these localities. The species was collected throughout the night but was more aggressive
between 21:30-03:30 h and after 05:30 h. Parity rates were homogeneous during the entire night. Impregnated ham-
mock and/or bed nets, coupled with the use of mosquito repellents, as well as the early treatment of malarial cases,
appear to be the most suitable tools for fighting malaria in these Amerindian villages since the spraying of residual
insecticides is inefficient because of vector biology and the housing structure.
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French Guiana is one of the areas in South America
most affected by malaria, and is also the French over-
seas province where this disease causes the most seri-
ous public health problem (Hommel et al. 1997, Carme
& Venturin 1999). The annual malaria incidence has
increased ten-fold during the last 30 years, currently
reaching approximately 3%, with 60% due to Plasmo-
dium falciparum (Carme 2005). Autochtoneous cases
are occasionally reported in the coastal area inhabited
by 80% of the population, but the main malaria-endemic
areas are located in the inland forested areas and espe-
cially along the Oyapock and Maroni rivers (Juminer et
al. 1981, Lepelletier et al. 1989).

The Maroni valley extends nearly 500 km from the
Mitaraka Mountains to the Atlantic coast and forms a
natural border with Suriname in the Western part of
French Guiana. Along the river, a diversified population
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maintains intense exchanges between the French and the
Surinamese sides. The three human malaria parasite spe-
cies found in French Guiana are P. falciparum, Plasmo-
dium vivax, and Plasmodium malariae. P. falciparum is
predominant in the Bushinenge populations on the lower
and medium parts of the Maroni, whereas both P. vivax
and P. malariae also infect the Amerindian populations
of the Upper-Maroni area, where the malaria incidence,
which is about 200 per 1000, is one of the highest in
French Guiana. In this Amazonian forested area, ma-
laria transmission is permanent, the endemic situation
is stable and the disease primarily affects children (Stro-
ebel et al. 1985, Esterre et al. 1990).

Anopheles darlingi, one of the most common and effi-
cient malaria vectors in the Americas, is widely distributed
in French Guiana, where it is considered to be the primary
malaria vector because of its anthropophilic behaviour, its
natural infectability, its higher density and its sensitivity
to P. falciparum (Floch & Abonnenc 1951, Floch 1955).
Other species, such as Anopheles aquasalis, Anopheles
braziliensis, Anopheles neivai, Anopheles oswaldoi and
Anopheles nuneztovari are also present and might be oc-
casional and local vectors. Even if these species have been
incriminated in transmission in other neighbouring coun-
tries, their role in malaria transmission in French Guiana
has never been proven (Mouchet et al. 1989).
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An. darlingi and malaria transmission dynamics have
been assessed during the 80’s in Bushinenge Surinamese
villages located in the Upper-Maroni area (Hudson 1984,
Rozendaal 1987, 1989, 1992). These authors showed that
An. darlingi was the most common anopheline mosquito
found on human baits at night in or near houses, and they
have described seasonal and geographical fluctuations
in relation with rainfall and river levels and pointed out
that the relative abundance of the vector could not be
easily related to the prevalence of human malaria.

Field observations have been made during the 90’s
in French Bushinenge villages and also in French Am-
erindian villages upstream of the river, but no data have
been published.

Malaria control on the French side of the Upper-Maro-
ni area is based on curative treatment of cases and regular
deltamethrin spraying of houses. However, the disease is
still endemic in the area, despite of the efforts deployed
by the sanitary services for many years. The main limit-
ing factors for successful control are the absence of pre-
ventative measures at the individual or community level
and the inadequacy of vector control measures which are
not adapted to the vector bionomics and socio-cultural
habits (Cochet et al. 1996, Raccurt 1997).

Entomological studies are crucial for assessment
and improvement of vector control activities. Fluctua-
tions in malaria incidences are not well understood on
the French side of the Upper-Maroni area and prediction
of vector densities and transmission levels could lead to
more effective and less costly operations. For these rea-
sons, a longitudinal survey was carried out, from March
2000-February 2002, to study malaria vectors and trans-
mission dynamics in three Amerindian villages located
on the Amazonian forest of the Upper-Maroni area.

MATERIALS AND METHODS

Study site - This study was implemented in three Am-
erindian villages, namely Twenké (3°23’N, 54°03’W),
Taluéne (3°22°N, 54°02°W) and Cayodé (3°23’N,
53°55’W), located in the Amazonian forest, in the Up-
per-Maroni basin, about 35 km south of the main town
of Maripasoula. The villages were selected for their rela-
tive population stability and easy access: each village,
situated about an hour and a half from Maripasoula by
boat, was inhabited by around a hundred Amerindians
belonging to the Wayanas ethnic group. Twenké and Ta-
luéne are two neighbouring hamlets located on the Lawa
River, whereas Cayodé is located on the Tampok River
(Fig. 1). The climate in this area is hot and humid, with
an annual average temperature of 27°C and an annual
relative humidity of 85%. According to the French me-
teorological services in French Guiana, average rainfall
during the two years of the study was 192.7 mm per
month in Maripasoula, with maximum rainfall from
April-June. Times of sunset and sunrise were 18:30 h
and 06:30 h, respectively, with little variation during the
year. We classified Wayanas’ housings as either “mod-
ern housing”, with walls and relatively well-enclosed
or “traditional housing,” largely open, without walls or
with incomplete walls.
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Fig. 1: localization of the three Amerindian villages of Twenkeé, Ta-
luéne and Cayodé¢ (Upper-Maroni, French Guiana).

Field mosquito processing - Standard sampling
methods were used: (i) human landing mosquito col-
lections and (ii) resting mosquito collections. In each
village, landing catches were performed monthly on
two successive nights from 18:30-06:30 h by a team
of two adults legally employed by the Pasteur Institute
of French Guiana and working in pairs (the first team
working from 18:30-00:30 h and the second team from
00:30-06:30 h) and rotating every night. The collectors
were local residents that have already been exposed to
the circulating Plasmodium parasites. They were super-
vised during the captures by technical and/or scientific
staff. Landing collections were performed outdoors from
March 2000-February 2002 and completed by mosquito
catches inside the two categories of housing described
above from May-October 2001, with houses being ran-
domly selected each night. The human landing catches
were approved by the Ethical Committee of the Direc-
tion de la Santé et du Développement Social of French
Guiana, representing the French Ministry of Health in
the territory.

In each village, resting mosquito collections consist-
ed of two methods: (i) outdoor checking of pit-shelters
or other peridomestic shaded areas carried out during
two consecutive mornings each month from January-
December 2000 and (ii) indoor pyrethroid spray sheet
collections performed during two consecutive mornings
in April, May and June 2000.
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Individual mosquitoes were labeled according to the
catching sites, modes and time of capture. They were
sorted by genera, and anopheline mosquitoes were
identified morphologically following the keys of Floch
& Abonnenc (1951), Faran (1980), Faran & Linthicum
(1981) and Linthicum (1988). Parous rates of anopheline
females were determined by dissecting ovaries and ob-
serving the traqueolar skeins (Detinova 1962). At least
10 specimens were dissected per hour when the density
of mosquitoes was higher. All mosquitoes were stored
individually in numbered vials with desiccant, brought
to the Medical Entomology Unit of the Pasteur Institute
in Cayenne, French Guiana, and preserved at -20°C until
laboratory processing.

Laboratory mosquito processing - The head and
thorax of anopheline females were tested by enzyme-
linked immunosorbent assay (ELISA) for P. falciparum,
P. vivax (VK210 and VK247 variant epitopes) and P.
malariae circumsporozoite protein (CSP) detection ac-
cording to Burkot et al. (1984) and modified by Wirtz et
al. (1987, 1992).

Data analysis - The human biting rate (HBR) was
expressed as the number of female anopheline bites per
person per night. The CSP index was calculated as the
proportion of mosquitoes found to be positive for CSP.
The entomological inoculation rate (EIR) was calculated
as the product of the HBR and the CSP index of mos-
quitoes collected on humans. Vectorial capacity indi-
ces (VCI) were estimated according to the formula of
Garrett-Jones (1964) for P. falciparum. Considering the
lack of previous data concerning An. darlingi, the dura-
tion of the gonotrophic cycle was assumed to be three
days (Charlwood & Wilkes 1979) and the human blood
index to be 0.5 (Rachou 1958, WHO 1960, Zimmer-
man et al. 2006). The duration of the sporogonic cycle
of P. falciparum was assumed to be 11 days, based on
the temperatures recorded at the study site (WHO 1975).
VCI values were estimated only when at least 10 females
were dissected to estimate female parity/survival rates.

RESULTS

Outdoor human landing mosquito collections -
From March 2000-February 2002, 236 human-night
outdoor captures in the three villages yielded 13,536
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mosquitoes, of which 13,309 (98.3%) were An. dar-
lingi. The other anopheline species identified were A4n.
nuneztovari and Anopheles intermedius. The average
An. darlingi HBRs were 41.5, 52.9 and 75.8 bites per
human per night in the villages of Twenké, Taluéne and
Cayodé¢, respectively (Table I).

An. darlingi was present throughout the year in all
three villages, with the most specimens caught in April,
May and June. After the rainy season, monthly densities
dropped and remained at a lower level for the following
months (Fig. 2).

Indoor human landing mosquito collections - From
May-October 2001, 72 human-night indoor captures in
the three villages yielded 6,013 An. darlingi. No other
anopheline species was caught inside houses. The average
An. darlingi HBRs were 84.9 and 82.1 bites per human per
night in traditional housing and modern housing, respec-
tively. During the same period, the outdoor HBR of An.
darlingi was 141.8 bites per human per night (Table II).

Outdoor and indoor resting mosquito collections -
No anopheline was found in the pit-shelters in the three
villages. Furthermore, no anopheline was collected ei-
ther resting indoors or in shaded areas in the villages in
the morning.

TABLE I

Collecting effort, mosquitoes collected outdoor and
Anopheles darlingi human biting rate (HBR) in Twenké,
Taluene and Cayodé (Upper-Maroni, French Guiana) from
March 2000-February 2002

Villages Twenké Taluene Cayodé  Global
Human-night 80 80 76 236
Culicidae 3,439 4,310 5,787 13,536
Anophelinae 3,326 4,234 5,768 13,328
An. darlingi 3,319 4,228 5,762 13,309
An. nuneztovari 0 0 3 3
An. intermedius 0 0 1 1
An. spp* 7 6 2 15
An. darlingi HBR ~ 41.5 52.9 75.8 56.4

a: not identified due to the absence of legs and/or wings.
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Fig. 2: outdoor Anopheles darlingi human biting rates in Twenké, Taluéne and Cayod¢ in relation with rainfall (Maripasoula) (Upper-Maroni,

French Guiana) from March 2000-February 2002.



Outdoor biting behaviour of An. darlingi - The bit-
ing activity cycles were quite similar in the three vil-
lages when calculated from the outdoor collections from
March 2000 -February 2002. The maximum activity was
reached between 21:30-23:30 h and remained constant
throughout the night, with another maximum of activity
between 01:30-03:30 h. A slight peak was observed both
in Twenké and Cayodé before sunrise (Fig. 3).

Parous rates and VCI - A total of 4,812 An. darlingi
females collected outdoors from March 2000-February
2002 have been dissected. The overall parity rates were
0.621, 0.661 and 0.573 in Twenké, Taluéne and Cayodé,
respectively (Table III). In each village, the monthly
values did not vary significantly throughout the sea-
son, indicating no evidence for seasonal variability in
female survival rates (data not shown). Parity rates were
also homogeneous throughout the night, indicating no
evidence for nocturnal variability in female survival
rates (data not shown). From May-October 2001, 1,137
and 1,149 An. darlingi collected indoors in traditional
houses and modern houses, respectively, were dissected.
Parous female percentages were respectively 59.4% and
59.5%. 1,476 An. darlingi collected outdoors were dis-
sected during the same period, and the parous female
percentage was 57.7%, showing that there was no dif-
ference between the place of collection and the type of
house. Mean annual VCI were 7.6, 14.0 and 8.8, respec-

TABLE II

Anopheles darlingi bites per human per night indoor (tradi-
tional and modern housings) in Twenké, Taluéne and Cayodé
(Upper-Maroni, French Guiana) from May-October 2001,
compared to the outdoor human biting rates observed at the
same period

Indoor
Traditional Modern
houses houses Total Outdoor
Twenké 34.1 253 29.7 84.7
Taluéne 40.3 48.8 44.5 83.1
Cayodé 181.4 172.3 176.3 2577
Global 84.9 82.1 83.5 141.8
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tively, in Twenké, Taluéne and Cayodé. Monthly VCI,
when calculated, indicated that the malaria transmission
risk (VCI > 1) was always present, except during Janu-
ary and September in Cayodé. The highest values (VCI
> 10) were observed from April-June in the three vil-
lages, and also during January in Taluéne and December
in Twenké (Fig. 4).

CSP index and EIR - All 13,328 anopheline mosqui-
toes collected outdoors by human landing collections
were processed by ELISA for P. falciparum, P. vivax
VK210 and VK247, and P. malariae antigen detection.
Fourteen An. darlingi specimens were found positive.
The global annual CSP index for this species was 0.15%,
0.14% and 0.05%, and the annual EIR was 22.8, 27.4 and
14.4 infected bites per human per year in Twenké, Taluéne
and Cayodé, respectively. All four Plasmodium species
and variants were detected. Details are given in Tables
IV and V. Positive An. darlingi specimens were found in
the three villages during April, June and September. In
Taluene, mosquitoes were also found positive in January.

DISCUSSION

In the Amerindian villages of Twenké, Taluéne and
Cayodé, An. darlingi was almost the only anopheline
mosquito species collected in nocturnal human landing
catches from March 2000-February 2002, represent-
ing 99.9% of all anopheline mosquitoes and 98.3% of
all mosquitoes collected. These results confirm similar
observations made in the eighties in Bushinenge villages

TABLE III

Dissecting effort, Anopheles darlingi parous females percent-
ages, survival rates and vectorial capacity index in Twenké,
Taluéne and Cayodé (Upper-Maroni, French Guiana) from
March 2000-February 2002

Villages Twenké Taluéne Cayodé Global
Number of dissected females 1,364 1,778 1,670 4,812
Number of parous females 847 1,175 957 2,979
Parous percentages (%) 62.1 66.1 573 619
Daily survival rates 0.853  0.871 0.831 0.852
Vectorial capacity index 7.6 14.0 8.8 10.1
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Fig. 3: distribution by hours of Anopheles darlingi bites outdoors in Twenké¢, Taluéne and Cayodé (Upper-Maroni, French Guiana) from March

2000-February 2002.
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Fig. 4: monthly Anopheles darlingi vectorial capacity index in Twenké, Taluéne and Cayodé in relation with monthly malaria cases reported in
Maripasoula Health Center (Upper-Maroni, French Guiana) from March 2000-February 2002.

situated downstream from our study sites (Hudson 1984,
Rozendaal 1987) and further demonstrate that An. darlin-
gi is the most anthropophilic mosquito species collected
at night in the peridomestic environment of this Amazo-
nian region. Considering all three villages together, the
mean An. darlingi HBR was 56.4 bites per human per
night, i.e. in one year a person might receive 20,586 An.
darlingi bites. Similar observations have been reported
recently in some Amerindian villages of the Upper-Ori-
noco area in Southern Venezuela (Magris et al. 2007b).
Our survey shows a clear seasonal fluctuation of
An. darlingi biting densities, the peak of abundance be-
ing observed from April-June with an average HBR of
255.5 bites per human per night during this period. The
peak of An. darlingi density is reached during the main
rainy season, when the village surroundings are flood-

TABLE V

Annual entomological inoculation rates in Twenké¢, Taluene
and Cayodé (Upper-Maroni, French Guiana)
from March 2000-February 2002

ed. During the dry season, An. darlingi populations are
present at lower densities, when the level of the river
falls, but may provide secondary larval habitats on its
banks. However, An. darlingi biting activity differs in
each village, with the situation being very different in
Cayodé, which is located close to Twenké and Taluéne,
but on a different river (Fig. 1). In Cayodé, from May-Ju-
ly 2001, the contact between man and vector was about
three times higher than in the other villages, suggest-
ing that larval habitats were exceptionally productive
in this locality during this period. Hudson (1984) and
Rozendaal (1987) previously showed positive correla-
tions between An. darlingi densities and rainfall and/or
river levels in the Maroni valley, and such situations are
common in the Amazonian region (Aramburu Guarda
et al. 1999, Monteiro de Barros & Honorio 2007) even
if the situation is far from clear in many areas (Soares
Gil et al. 2003, Magris et al. 2007b). In our case, con-
sidering all three villages together and the rainfall re-
ported during the period of the study, there was a sig-
nificant positive correlation between HBR and rainfall
(r=0.79, p = 0.002), with a one month lag, meaning that
the abundance of 4n. darlingi peaked one month after
maximum rainfall. A similar analysis also shows a posi-

Villages Twenké  Taluéne Cayodé  Global ;00 o elation between HBR and river levels (r=0.64,

P. falciparum 4.6 4.6 9.6 6.6 p = 0.024). Positive correlation between HBR and rain-

P. vivax 13.6 13.7 4.8 10.0 fall and HBR and river levels were also significant

P. malariae 4.6 9.1 0.0 5.0  considering contemporary data (r = 0.75, p = 0.005 and

Global 22.8 274 14.4 216 r=0.78, p=0.003, respectively). Seasonal and regional
TABLE IV

Anopheles darlingi circumsporozoite protein index in Twenké, Taluéne and Cayodé (Upper-Maroni, French Guiana) from

March 2000-February 2002.

Villages

An. darlingi circumsporozoite index (CI 95%¢)

Twenké

Taluéne

Cayodé

Global

P. falciparum
P. vivax

P. malariae
Global

0.03 (0.00-0.17)
0.09 (0.02-0.26)
0.03 (0.00-0.17)
0.15 (0.05-0.35)

0.02 (0.00-0.13)
0.07 (0.01-0.21)
0.05 (0.00-0.17)
0.14 (0.05-0.31)

0.03 (0.00-0.13)
0.02 (0.00-0.10)
0.00 (0.00-0.06)
0.05 (0.01-0.15)

0.03 (0.00-0.08)
0.05 (0.02-0.11)
0.02 (0.00-0.07)
0.10 (0.06-0.18)

a: exact binomial method.



fluctuations in the abundance of 4n. darlingi reflect lo-
cal differences in the availability of various types of lar-
val habitats (creeks, strips of flooded forest, river edges
and pools in river beds), in relation with both rainfall and
river levels. In accordance with Klein & Lima (1990), we
think that the effect of rainfall may be immediately ap-
parent or have a lag time, depending on the type of lar-
val habitat, and thus, the variations in adult abundance
of An. darlingi are probably affected by a combination
of biotic (quality of aquatic vegetation and fauna) and
physical factors, such as temperature and humidity.

An. darlingi indoor HBRs observed in Twenké, Ta-
luéne and Cayodé from May- October 2001, compared to
outdoor HBRs observed during the same period, showed
that the species is endo-exophagous, with a clear predi-
lection for biting outdoors, confirming the results previ-
ously obtained in the Maroni valley (Rozendaal 1989).
No females were found resting either indoors or out-
doors during day, suggesting that An. darlingi is strictly
exophilic in this area. Furthermore, no anopheline mos-
quitoes were found in pit-shelters or shaded areas in the
village, indicating that the peridomestic environment
in the villages is probably not appropriate for An. dar-
lingi resting sites, with the temperature being too high
and/or the humidity rate being too low during the day.
On the contrary, there are probably many more suitable
resting sites in the rainforest close to the villages. An-
other hypothesis is that insecticide spraying operations
carried out in these villages, even if not regular, might
have repellent effects against mosquitoes or may induce
changes in their behaviour leading to exophagic and ex-
ophilic preferences (Rozendaal et al. 1989). Important
geographical variations in resting and biting behaviours
of An. darlingi are described in the literature (Roberts
et al. 1987, Charlwood 1996, Tadei & Dutary Thatcher
2000). Indeed, intensive use of insecticides on the inside
walls of houses to control An. darlingi is known to cause
behavioural changes from endophagy/endophily to ex-
ophagy/exophily in the Amazonian basin (Giglioli et al.
1956, Lourenco-de-Oliveira et al. 1989). Because resting
and biting behaviours are of considerable importance in
terms of vector control implementation, more research
is needed concerning this question in the Maroni valley,
where it is difficult to assert whether An. darlingi endo/
exophagous and exophilic behaviour is a result of insec-
ticide pressure or is due to unknown ecological reasons.

An. darlingi night-biting activity showed no signifi-
cant peak in the three villages studied. The maximum
number of bites was observed from 21:30-03:30 h, with
a slight decrease around midnight. The number of An.
darlingi bites recorded at sunset was low, but a slight
peak of abundance occurs at sunrise. Great differences
in biting activity patterns have been reported throughout
the An. darlingi geographic distribution, from very pro-
nounced crepuscular to almost exclusively nocturnal ac-
tivity (Forattini 1987, Lourenco-de-Oliveira et al. 1989,
da Silva-Vasconcelos et al. 2002, Moreno et al. 2007).
In the coastal areas of French Guiana, Pajot et al. (1977)
showed that An. darlingi presents a biting activity with
peaks at dusk, in the middle of the night, and at dawn,
but females were also caught in daytime. In Suriname,

Malaria transmission in French Guiana * Romain Girod et al. 707

Hudson (1984) and later Rozendaal (1987, 1989) found a
biting peak around midnight. On the Maroni River, these
authors showed that the peak number of bites at dusk was
essentially due to An. nuneztovari and/or An. oswaldoi,
even if An. darlingi was the most represented anopheline
species in human landing collections at night around the
houses. All these results must be compared with cau-
tion because population density causes variations, and
differences also exist in habitat typology, location and
the period of collection (Elliott 1972, Roberts et al. 1987,
Voorham 2002). Variations in biting times will affect the
efficiency of personal protection measures, and conse-
quently, the biting rhythms must be documented in eve-
ry situation in order to define efficient tools for vector
control strategies.

The An. darlingi parity rates show an overall mean
of 0.619 in the three villages studied. Hudson (1984) also
obtained low An. darlingi parity rates in villages situ-
ated downstream of our study sites. There was no evi-
dence for any relation between parity rates and seasons.
In this area of the Amazonian region, the vectorial ca-
pacity seems to be regulated essentially by the mosquito
density. Such a phenomenon has already been observed
(Charlwood 1980, Moreno et al. 2007), even though the
situation could be very different in some other areas
(Monteiro de Barros et al. 2007). Low parity rates prob-
ably limited malaria transmission in the three villages,
except in April, May and June, when densities were at
their maximum.

Only An. darlingi specimens were shown to be CSP
positive. Due to the predominance of this species in noc-
turnal human landing catches, we believe that malaria is
exclusively transmitted by An. darlingi in the peridomes-
tic environment of the villages of this area of the Maroni
valley. All Plasmodium species present in the Americas
were detected. Such a situation has already been reported
recently by Galardo et al. (2007) in the state of Amapa,
Northern Brazil, and by Magris et al. (2007b) in the
Upper-Orinoco area, Southern Venezuela. In our study,
the CSP indices for the three Plasmodium species were
not significantly different whatever the village was. The
dominance of P. vivax and the presence of P. malariae
in Twenké and Taluéne were unexpected results since P.
Jfalciparum was the cause of 85-90% of the malaria cases
in this area during the period of our study, according to
the Maripasoula Health Center. The unexpected CSP in-
dex for P. malariae may be due to an underestimation of
the real prevalence of this parasite in the human popula-
tion. P. malariae usually exhibits low parasitaemia and
is not easily detected by microscopists. Another hypoth-
esis is supported by the possible existence of the simian
parasite P. brasilianum in the Upper-Maroni area (Fan-
deur et al. 2000). The monoclonal antibodies used in our
ELISA to identify P. malariae also detect P. brasilianum
sporozoites (Cochrane et al. 1984). An explanation for
the unexpected CSP index for P. vivax could be that the
Bushinenge people, who are not receptive to P. vivax,
frequent the health center more often than the Amerin-
dian people. Indeed, the global EIR was 21.6 infected
bites per human per year, suggesting that a person might
receive one to two infected bites every month. Such an
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EIR appears to be quite low, considering that the Upper-
Maroni region is one of the most affected malaria areas
in South America. Malaria data obtained from the Mari-
pasoula Health Center showed that during our study,
malaria cases generally occurred all year long, with an
increase in July and a peak in August, at the beginning
of the dry season. Therefore, clinical cases follow a par-
allel curve, with a delay of two to three months after the
peak of abundance of An. darlingi. However, statistical
analysis showed no significant correlation between HBR
and malaria incidence. Furthermore, the clinical cases
still remain abundant even when few mosquitoes are
caught, and detection of infected mosquitoes both dur-
ing the rainy season and the dry season indicate that 4n.
darlingi population can maintain malaria transmission
rates even when present at low densities in the perido-
mestic environment. Additionally, malaria transmission
may also occur in the forest, implicating selvatic An.
darlingi or other anopheline species. In particular, An.
nuneztovari has widely been suspected to be an effec-
tive malaria vector in Suriname (Panday 1979). Many
other additional neotropical species have been proposed
as potentially important local or regional vectors based
on malaria parasite detection using ELISA or dissecting
techniques (Lounibos & Conn 2000, Povoa et al. 2001,
Galardo et al. 2007).

Malaria is still endemic in the Upper-Maroni area,
despite of sanitary service commitments for many years.
Disease control in the villages of Twenké, Taluéne and
Cayod¢ is actually based on curative treatment of sus-
pected and confirmed cases and quarterly house spray-
ing operations with deltamethrin insecticide. Attempts
to control malaria transmitted by An. darlingi by spray-
ing houses with residual insecticides have been unsuc-
cessful in many areas for a combination of entomologi-
cal, environmental and sociological reasons (Rozendaal
et al. 1989, Roberts & Alecrim 1991). The main limiting
factor for successful control in Amerindian villages is
the difficulty of implementing a strategy adapted to the
culture of the local populations. In the villages of Twen-
ké, Taluéne and Cayodé, construction practices probably
contribute to the persistence of malaria. In the tradition-
al Amerindian houses, residual insecticide house spray-
ing is expected to be ineffective, due in part to repel-
lency. Discontinuing insecticide spraying in houses and
instead supporting the use of personal protection and,
in particular, promoting the use of insecticide impreg-
nated materials could improve malaria control in such a
situation. Amerindian people in the villages of Twenke,
Taluéne and Cayodé¢ use hammock nets which are gener-
ally not impregnated with insecticides, allowing feed-
ing of mosquitoes on people through the net during the
night; in other cases, the nets have holes or are inade-
quately tucked in around the edges. The protective effect
would probably be greatly improved by net impregnation
with a pyrethroid insecticide. Demonstrations of a reduc-
tion in mosquito biting and resting densities in villages
where all inhabitants sleep under impregnated nets are
numerous in the literature. The use of impregnated nets,
coupled with the use of repellents and the early treatment

of all fever cases, may be an efficient tool for fighting
malaria in this area. The use of long lasting impregnated
nets should also render this control method not as costly
when compared to regular spraying operations. Zimmer-
man & Voorham (1997) pointed out the great difficulty
of measuring the impact of insecticide-treated materials
on malaria incidence in the context of American malaria
vectors, in particular because 4n. darlingi biting patterns
are related to human activities. However, recently, a com-
munity-level epidemiological trial, carried out in an indig-
enous ethnic group of the Amazonian region in Southern
Venezuela, showed that lambda-cyhalothrin-treated ham-
mock nets were highly effective against malaria transmit-
ted by 4An. darlingi (Magris et al. 2007a). It is clear that the
use of impregnated mosquito nets or other impregnated
materials as a major component of an integrated malaria
control program need to be evaluated if implemented in
the Amerindian villages of the Upper-Maroni area.
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