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Malaria on the Guiana Shield:
a review of the situation in French Guiana
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In a climate of growing concern that Plasmodium falciparum may be developing a drug resistance to artemisinin
derivatives in the Guiana Shield, this review details our current knowledge of malaria and control strategy in one
part of the Shield, French Guiana. Local epidemiology, test-treat-track strategy, the state of parasite drug resistance
and vector control measures are summarised. Current issues in terms of mobile populations and legislative limita-

tions are also discussed.
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Geography of French Guiana - French Guiana is
a French overseas territory located in the northeast of
South America, on the Atlantic coast. It is located on
one of the oldest and richest deposits of minerals in the
world, a Precambrian geological formation, namely the
Guiana Shield. This shield underlies French Guiana,
Suriname and Guyana and some parts of Venezuela,
Colombia and Brazil. Although its 83,534 km? surface
area appears small on the South American scale, French
Guiana is the equivalent of 1/5 of the French mainland.
It consists of two main geographical regions: the coastal
strip, where 90% of the population live and the inland
region covered by dense Amazonian rainforest (Fig.
1). The climate is equatorial with a short rainy season
from mid-December to February, a short dry season in
March, a long rainy season from April to mid-July and
a long dry season from mid-July to mid-December. The
average temperature is 29°C + 1.2°C. The population
has doubled over the last 20 years and reached 240,000
inhabitants in 2012 (Insee 2012). This high population
growth could be explained by a high birth rate (3.5 to-
tal fertility rate in 2011) and by significant immigration
from surrounding Amazonian and Caribbean countries,
mainly to obtain better living conditions (30% of the
population were foreign in 2010). Consequently, the
French Guianan population is a mosaic of origins and
nationalities. The four earliest populations are the Amer-
indians (Indigenous people), the Maroons (descendants
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of slaves who escaped slavery before its abolition), the
French and the Creoles (people of mixed origin). Other
communities (listed from the most to least numerous)
include the Surinamese, the Haitians, the Brazilians,
the Hmong and the Chinese. French Guiana is part of
the European Union and its economic activity is mainly
based on the tertiary, spatial and building sectors. The
mineral wealth of its subsoil (Fig. 1) has resulted in legal,
but also illegal gold mining activities. Although this ac-
tivity has always been part of the French Guianan econ-
omy, this sector is currently increasing in proportion to
the value of gold (Hammond et al. 2007). Two thirds
of the exported gold is illegal and around 7,000 people
(90% of whom are illegal migrants) are involved in this
activity (WWF 2010). The situation is similar through-
out the Guiana Shield, with more than 20,000 Brazilian
and Maroon people working in the gold mining sector
in Suriname (de Theije & Heemskerk 2009) and around
the same number of people in Guyana (Colchester et al.
2002). Gold mining is responsible for a great amount of
illegal human migration in the rainforest, mostly involv-
ing Brazilian citizens (de Theije & Heemskerk 2009).

Epidemiology of malaria - Historical data - Along
with Mayotte Island (Mozambic Channel), French Gui-
ana is one of the two French overseas territories which
are still malaria endemic (Tarantola et al. 2011). Malaria
transmission was high throughout the territory at the be-
ginning of the XX century and eradication campaigns
began in the 50s. The association of indoor residual
spraying of DDT and mass distribution of amodiaquin
salts over a few years led to a spectacular regression of
the disease in the territory (Floch 1954). In the 70s, mean
general incidence had dropped to 6.4 cases per 1,000 in-
habitants (Juminer et al. 1981).

When the eradication campaign ceased, the figure
promptly increased to 19.3 cases per 1,000 inhabitants
in the 80s (Juminer et al. 1981, Lepelletier et al. 1989,
Mouchet et al. 1989). During this period, transmission

online | memorias.ioc.fiocruz.br



526 Malaria in French Guiana ¢ Lise Musset et al.

Atlantic Ocean

St Georges.
de [Oyapack

B0 Km

Fig. 1: geography of French Guiana. Only the main rivers are repre-
sented. The rainforest is in green. The areas facing anthropic impact
are represented in gray (medium) and black (high) (de Thoisy at al.
2010). Gold wealth subsoil is circled in black. The entire road network
is represented in yellow. All towns and villages located in a malaria
endemic area and reporting malaria cases are represented in red. In
these latter, cares are provided only by a health centre.

occurred along the Maroni and Oyapock rivers, repre-
senting 80% and 20% of the cases, respectively. Along
the Maroni, the incidence of 360 cases per 1,000 inhab-
itants was almost exclusively linked to Plasmodium fal-
ciparum (Strobel et al. 1985, Esterre et al. 1990). Very
few Plasmodium malariae cases were observed each
year in this part of the region. This species was very
similar to Plasmodium brasilianum, transmitted by
monkeys in the wild. In fact, these two species may be
one and the same in this region (Fandeur et al. 2000,
Volney et al. 2002). Plasmodium vivax has always been
rare along the Maroni, where the population is predomi-
nantly composed of Maroon people of African descent
with a natural resistance to this parasite species; cases
only occurred in some Amerindian communities in the
upper part of the river. On the Oyapock side, the inci-
dence in the 80s was about 485 cases per 1,000, of which
30% of cases were due to P. vivax (Juminer et al. 1981).
Little transmission was observed in the coastal area (in-
cidence 9.3 cases per 1,000 inhabitants).

In the 90s, this general picture persisted with a gen-
eral incidence of 26 cases per 1,000 inhabitants and
around 3,500 symptomatic cases each year, making
French Guiana one of the worst affected American ter-
ritories (Carme & Venturin 1999, InVS 2006).

From the early 2000s, a resurgence of the disease
(+ 100% and + 390% regarding P. falciparum and P.
vivax, respectively) was observed in the inner regions
and especially in the eastern part of the territory (Carme

2005a, b, Carme et al. 2005). On the Oyapock River,
proximity to the river and to the forest was associated
with an higher risk of malaria in children (Hustache et
al. 2007, Stefani et al. 2011).

Current situation - For the last 10 years, the epide-
miology of malaria in French Guiana has changed along
with regional land use and the control strategies applied
on the Guiana Shield (Breeveld et al. 2012). An increase
in the number of P. vivax cases was observed, contrast-
ing with the decrease in the number of cases due to P. fal-
ciparum (Carme et al. 2009). P. vivax cases had outnum-
bered P. falciparum cases in 2005 and this species was
responsible for 70% of all malaria cases in 2012 (Fig. 2).
The prevalence of the disease has decreased since 2009,
with less than 1,000 cases diagnosed in 2012 (Ardillon et
al. 2012, 2013). This decrease in the number of cases oc-
curred two years after the implementation of artemisinin
derivative-based therapeutics (Carme & Meeting Group
2002) and the mass distribution of long-lasting impreg-
nated bed nets (Mansotte et al. 2010a).

More specifically, transmission is very low on the
Maroni river with an incidence of 3.1 cases per 1,000
inhabitants in 2012 that is essentially related to gold
mining activities in Suriname or in French Guiana (Ar-
dillon et al. 2013) (Fig. 3). This decrease in transmission
on the Maroni is probably linked to the strong elimina-
tion strategy conducted on the Surinamese part of the
river since 2008, namely the Looking for Gold, Finding
Malaria program, granted by the Global Fund (Breeveld
et al. 2012, Hiwat et al. 2012). However, a resurgence
of the disease was observed in the inland region (Saiil,
Cacao, Régina) and eastern French Guiana (St Georges
de I’Oyapock and Camopi), where the general incidence
reached 55.2 cases per 1,000 inhabitants in 2013 (Carme
2005b, Berger et al. 2012, Ardillon et al. 2013, Basurko
et al. 2013, Nacher et al. 2013b). Indeed, several argu-
ments establish a link between this high disease inci-
dence and human migration within the rainforest for
gold mining activities: (i) the people presenting malaria
infection are primarily a working age population (in-
cidence of 5 symptomatic malaria cases per thousand
inhabitants for people aged between 18-34 years old
comparing to an incidence of 2.4 and 2.7 for those aged
between six-17 years old and 35 and 59 years old, re-
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Fig. 2: number of malaria cases from French Guiana since 2000.
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spectively), (ii) transmission is observed to decrease in
the area during military operations which limit human
migration for gold mining (Berger et al. 2012), (iii) the
military personnel are highly infected after missions in
the deep forest to combat illegal gold mining (Verret et
al. 20006, Queyriaux et al. 2011), (iv) a large percentage
of infected people (30%) in the state of Amapa, Brazil
share the occupational activity of gold mining, (v) a high
number of the cases diagnosed in Suriname and Brazil
(3,000 cases in 2012) are reputed to have originated from
French Guiana and (vi) many patients presenting malaria
symptoms are of Brazilian origin (Carme 2005b).
Nowadays, autochthonous transmission is sporadic
on the coast, with few spots in the municipalities of
Matoury and Macouria (Fig. 3). As soon as a malaria
case is identified on the coast, epidemiological data are
collected by the vector control services of the General
Council of French Guiana in order to identify where the
contamination occurred (Chocho et al. 2011).

Entomological knowledge - The primary vector of
malaria in French Guiana is Anopheles darlingi, the most
common and efficient malaria vector in the Americas.
Historically, this species has been known to be respon-
sible for spreading the disease throughout the territory
because of its wide distribution, its anthropophilic be-
haviour, its natural infectability, its high density during
the annual rises in malaria and its sensitivity to P. falci-
parum (Floch & Abonnenc 1951, Floch 1955, Mouchet et
al. 1989, Claustre et al. 2001). More recent studies have
clearly shown its implication in malaria transmission
within endemic villages - especially along the Maroni
River, where the species has been shown to be naturally
infected by P. falciparum, P. vivax and P. malariae (Gi-
rod et al. 2008, Fouque et al. 2010, Hiwat et al. 2010) and
along the Oyapock River, where it has been observed
to be infected with P. vivax only (Dusfour et al. 2012a).
Nevertheless, the occasional or local involvement of
other species which are known to be primary or second-
ary vectors across the Neotropics cannot be ruled out in
some areas (Floch & Abonnenc 1951, Pajot et al. 1978,
Mouchet et al. 1989, Carme et al. 2009, Girod et al. 2011,
Stefani et al. 2011). Among these species, Anopheles in-
termedius, Anopheles oswaldoi and Anopheles nunezto-
vari have recently been found to be naturally infected
with P. falciparum in different locations (Dusfour et al.
2012a). Moreover, the presence of Anopheles marajoara,
considered as a major malaria vector in Amazonia, was
confirmed in 2011 in the environmental context of an il-
legal gold mine in the deep forest (Dusfour et al. 2012b).

Control strategy and current issues - Test, treat... -
The test and treat strategy relies on a network of public
and private professionals that enables patients to be di-
agnosed and treated close to their homes (Fig. 1). The
private medical sector is composed of one hospital in
Kourou and a number of general practitioners (n = 371),
medical laboratories (n = 7) and pharmacies (n = 47).
Drug distribution is well regulated and follows French
Agency for Drug Safety directives. The public health
sector is composed of hospitals in the two main towns
of French Guiana - one in Saint Laurent du Maroni and

527

Awala-Yalimapo

Saint-Laurent-du-Maroni’

Suriname

Antecum Pa

Fig. 3: risk of malaria in French Guiana between September 2012 and
March 2013. This map represents the risk of malaria contamination at
the municipality scale. This risk is calculated from the number of reg-
istered malaria cases, the presence of Anopheles vector and gold min-
ing activities in the municipality. Municipalities with very low risk of
malaria are represented in yellow. Orange represents low risk and red,
the highest risk. Between April and August, the three municipalities
on the east, namely St Georges de I’Oyapock, Camopi and Trois Sauts,
are generally at low risk because of the seasonality of transmission.

the other in Cayenne. Cayenne Hospital also adminis-
ters 18 rural health centres, which are spread over the
entire territory. In the smallest and most remote of these
healthcare facilities, also named health posts, the health
provider team consists of just one nurse. National medi-
cal insurance, associated with complementary health in-
surance, covers medical expenses at the individual level
for diagnosis and treatment in the public health sector
and illegal migrants have free access to care when it con-
cerns children under 16, pregnancy, transmissible dis-
eases or life-threatening diseases such as malaria (circu-
lar of 16 March 2005).

Until 2000, malaria diagnosis using microscopy was
widespread in French Guiana. However, owing to the
difficulty of maintaining highly skilled microscopists
in the health centres located in remote rural areas and
the frequent need for the maintenance of equipment, the
Rapid Diagnosis Test (RDT) replaced this gold standard
method in some health centres from 2000 onwards, then
became the norm in all health centres after 2007 (Carme
2005a). The Optimal-IT® kit (pLDH-pan + pLDH-pf) has
been used for more than 10 years, but owing to its rela-
tively low sensitivity for the detection of P. falciparum,
it was replaced in 2011 by the SD Malaria Ag P.f/Pan®
kit (pLDH-pan + PfHRP2), which is more sensitive (as
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TABLE

Therapeutic recommendations for malaria in 2013 in French Guiana

Plasmodium falciparum

Severe cases Plasmodium vivax

Prophylaxis Uncomplicated cases
Ist line Atovaquone-proguanil Artemether-lumefantrine
2nd line Doxycycline Atovaquone-proguanil

Artesunate IV followed by Chloroquine
artemether-lumefantrine +/-
Quinine-doxycycline IV primaquine

there are no parasites lacking the pfhrp2 gene in French
Guiana), has greater stability across a wide temperature
range and is less expensive (Trouvay et al. 2013).

Less than 10 severe P. falciparum cases are regis-
tered each year and are responsible for few or no ma-
laria deaths annually thanks to the efficient health care
system implemented in French Guiana (2 cases in 2011,
none in 2012). Patients presenting severe P. vivax cases
are also rare and these cases are generally associated
with significant digestive disorders. Plasmodium vivax
infections present a pure Chesson (tropical) pattern with
a peak of relapses occurring within three months of the
primary infection and generally 28-30 days later (Ehr-
man et al. 1945, Hanf et al. 2009).

The therapeutic policy for the treatment of uncom-
plicated P. falciparum cases recommends the use of ar-
temether/lumefantrine (Riamet® in France, Coartem®
elsewhere in South America), preceded by intravenous
artesunate (Malacef®) for severe cases (Table) (Carme &
Meeting Group 2002). Although the use of artemether/
lumefantrine was recommended in 2002, lengthy admin-
istrative formalities delayed its use in medical practices
until 2007. Nowadays, it is only available in the public
health sector. The combination dihydro-artemisinin/pip-
eraquine (Eurartesim®) has been available since 2013, but
is not covered by health insurance and has therefore not
been used on a wide scale. Primaquine (PQ) single dose
cannot be used to eliminate P. falciparum gametocytes
in French Guiana, as this drug has not been officially ap-
proved in the European Union for this specific purpose.
Chloroquine (CQ) (Nivaquine®) is recommended for the
treatment of P. vivax cases, followed by PQ (15 mg/day
for 14 days until 2008 and, due to administrative con-
straints, 30 mg/day for 14 days since 2009) after screen-
ing for G6PD deficiency (HCSP 2008). In the absence
of official approval, PQ could be prescribed against
hypnozoites under a special administrative status named
“temporary authorisation for use”, which requires spe-
cific formalities to be carried out for each individual
treated. This situation, associated with the difficulty of
screening G6PD deficiency in remote areas, greatly de-
lays the administration of PQ following diagnosis of a
primary infection (Nacher et al. 2013b). The following
solutions have been suggested to reduce this time: (i) the
systematic screening of all babies for G6PD deficiencies
at birth in the hospital and (ii) the evaluation of rapid
G6PD tests to allow them to be used directly in the field
or the implementation of widescale G6PD screening in
the highest endemic areas. As previously underlined, it

is perplexing that this long-established drug still does
not have official approval in France, 61 years after Food
and Drug Administration approval (Nacher et al. 2013b).
Access to treatment is a core element of malaria control
and elimination programs, as recommended by World
Health Organization (WHO 2013). However, the numer-
ous administrative constraints in French Guiana limit
antimalarial drug usage. The fact that high authorities
are located in Paris or Bruxelles is probably detrimental
and does not help to solve the problem as the context
of this overseas territory, endemic for malaria, is often
poorly known and is not particularly seen as a priority.

Travellers to endemic areas should protect themselves
from P. falciparum by taking a suitable prophylaxis,
namely atovaquone/proguanil (Malarone®) or doxycycline
(Doxypalu®) (Carme & Meeting Group 2002). The cost of
prophylaxis by three medications (atovaquone/proguanil
adult, mefloquine, CQ/proguanil) has been covered by
national medical insurance cover since 2009 for local
travellers living on the coast who travel to an endemic
area for less than three months, in order to limit transmis-
sion on the coast. Although this procedure is good, it does
not fully meet the regional recommendations and would
be more efficient if it included doxycycline.

..Track - Case tracking - Nowadays, the epidemio-
logical surveillance of malaria in French Guiana is based
on an extensive census of all malaria cases diagnosed
in the territory (in medical laboratories, hospitals and
health centres). This monitoring system, organised by
the epidemiologists of the National Institute for Public
Health Surveillance’s regional unit, is based on a weekly
compendium of cases in order to trigger an alert in case of
outbreaks or local transmission on the coastal area. This
system only considers infected people who have been
passively diagnosed within the framework of private and
public health sectors. Regular data exchanges are carried
out with bordering countries. The regional epidemiology
unit of French Guiana reports any cases diagnosed along
the Maroni and Oyapock rivers to Surinamese and Bra-
zilian counterparts every week, including the putative
contamination places. Data is received on a weekly ba-
sis from Suriname and once a month from Brazil. These
exchanges show a large number of cases that most prob-
ably originated in French Guiana, but were diagnosed in
Suriname or Brazil (Fig. 2). This number increases when
illegal migrants do not have easy access to the healthcare
system; this is particularly true in small villages where
French military presence pushes them to stay in the for-
est and manage with locally available means.
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Drug resistance tracking - It is of utmost importance
for public health to detect any signs of decreased drug
efficacy or greater in vitro resistance (WHO 2011, 2013).
In French Guiana, this surveillance has been performed
continuously since 1988 by the National Reference Cen-
tre for Malaria (NRC), hosted by the parasitology labora-
tory of the Pasteur Institute of French Guiana (Esterre et
al. 2009). The NRC for malaria (i) evaluates the in vitro
chemosusceptibility of parasites using the isotopic semi-
micro test method (Le Bras & Deloron 1983) in order to
quantify the concentration of drugs inhibiting 50% of the
parasite growth in vitro [inhibitory concentration of 50%
(IC,))] and (ii) performs genotyping methods to monitor
the prevalence of mutations in genes associated with drug
resistance. Since 2009, it has worked in collaboration with
the infectious diseases unit of Cayenne Hospital to evalu-
ate at the clinical level the drug efficacy of artemether/
lumefantrine for P. falciparum and CQ for P. vivax, ac-
cording to WHO recommendations (WHO 2009a).

To fulfill its mission, the NRC collects blood samples
from all the diagnosis centres throughout the territory.
The number of collected samples (48% and 39% of the
registered malaria cases in French Guiana in 2012 for
P. falciparum and P. vivax, respectively, including sam-
ples from gold miners) is considered high enough to be
a good proxy of the general situation in French Guiana
and even the Guiana Shield.

Like everywhere else in the world, the susceptibility
of P. falciparum to drugs in this area evolved following
changes in drug use. After the generalisation of CQ re-
sistance during the 90s, this drug was officially replaced
in 1995 (Dedet et al. 1988, Reynes et al. 1997). The com-
bination of quinine and doxycycline became the first line
and mefloquine or halofantrine the second line for the
treatment of uncomplicated cases although in practice,
the last two drugs were predominantly prescribed by
practitioners. This change led to a first drop in CQ IC,,
in 2000 (Legrand et al. 2008). Since 2008, around 30%
of the isolates have remained resistant to CQ. One reason
for this incomplete return to full susceptibility might be
an indirect pressure exerted on P. falciparum by CQ due
toits use in treating P. vivax infections. Susceptibilities to
mefloquine and halofantrine globally decreased through
their widespread use in French Guiana from 1995-2005
(up to 60% and 30% of isolates with decreased suscepti-
bility for each drug, respectively). This trend was inter-
rupted and reversed around 2008, when the use of ACT
was fully implemented. Globally, mean in vitro suscep-
tibilities for artemether and lumefantrine remained high
and stable over time (Legrand et al. 2008).

The prevalence of molecular markers associated with
CQ and 4-amino-quinoleine resistance, pfcrt and pfin-
drl, have been evaluated since 2000. The mutant pfmdri,
haplotype NFCDY, and the mutant pfcrt of the 7G8-type
(SVMT) actually reached fixation (> 94%) in the early
2000’s, thus preventing any association with phenotypes
(Legrand et al. 2012). Indeed, this situation markedly
differs from events in other endemic areas on other con-
tinents, where parasites with the wild-type pfcrt haplo-
type CVMNK re-emerged after CQ withdrawal (Kublin
et al. 2003, Wang et al. 2005, Mohammed et al. 2013).

The fact that a large proportion of P. falciparum para-
sites became susceptible to CQ again while keeping a
mutant genotype seems to indicate that all wild-type
pfcrt were eliminated from the effective population after
decades of CQ use and that novel polymorphisms restor-
ing fitness and also susceptibility have been acquired on
a resistant genetic background. Only the copy number
of the pfimdrl gene could be correlated with mefloquine
and halofantrine chemosusceptibilities (r = 0.64 and 0.47,
respectively, p < 0.001). The correlation with quinine, ar-
temether and lumefantrine was more moderate, although
significant (r < 0.4, p < 0.001), and suggested that this
gene could only partially explain these phenotypes.

In the 2000’s, seven isolates were found to have a
decreased in vitro susceptibility to artemether, six of
them being associated with a S769N mutation in the
pfatpase6 gene (Jambou et al. 2005). We could not con-
firm these observations and, finally, the association be-
tween this mutation and artemether resistance has not
been confirmed in either Southeast Asia (Dondorp et al.
2010) or Suriname (Adhin et al. 2012). The prevalence of
mutations in the resistant marker recently identified in
Southeast Asia (Ariey et al. 2014) should be evaluated on
previously observed isolates that exhibit decreased sus-
ceptibility in order to test its validity in French Guiana.

The atovaquone/proguanil combination is occasion-
ally used to treat uncomplicated cases on the coast. Less
than two therapeutic failures due to resistance are identi-
fied each year, systematically associated with parasites
harbouring a mutation on codon 268 of the mitochon-
drial pfcytb gene (Legrand et al. 2007). This situation
is comparable with that observed in travellers on the
France mainland (Musset et al. 2006, 2007).

Regarding P. vivax, this species has been neglected
for several years due to the epidemiology in French Gui-
ana and its relative absence in severe malaria. Prelimi-
nary data of the drug efficacy study show a small pro-
portion of P. vivax resistant to CQ (unpublished data).
The main limitation when evaluating resistance of P.
vivax is the difficulty to breed this species in culture,
even over a short period of time. Studies have therefore
focused on the P. falciparum ortholog genes previously
validated as molecular markers of resistance in P. falci-
parum. The mutant genotype of the pvdhfr and pvdhps
genes, implicated in P. falciparum resistance to sulfa-
doxine/pyrimethamine, exhibited a fixation in French
Guiana from before 2000, when there was no known di-
rect drug pressure using this combination (Barnadas et
al. 2009). The pvmdri genotype has also been analysed
in very few isolates (n = 5) (Brega et al. 2005, Picot et al.
2005). The mutation on codon 976 was not observed.

Nowadays, P. falciparum parasites are almost fully
susceptible to drugs recommended in therapeutics and
cases of confirmed clinical resistance are exceptions
(Demar & Carme 2004, Bertaux et al. 2011). No indisput-
able molecular markers have been yet validated for CQ,
quinine, artemether or lumefantrine. This highlights the
necessity to identify and validate new molecular markers
for this part of the world, where parasite drug resistance
can appear de novo and in situ. In addition, the diver-
sity, structure and recombination dynamics of parasite
populations must be taken into account when looking for
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molecular markers and validating them, as these factors
are poorly known for both species in this region (Ariey
et al. 1999, 2001, Veron et al. 2009).

In addition to molecular markers, it will also be neces-
sary to implement an in vitro test for P. vivax and new in
vitro methods for P. falciparum that can detect any change
in artemisinin susceptibility better than the regular semi
micro tests (Witkowski et al. 2013), then attempt to corre-
late these results with the recent clinical observation that
at least 5% (n = 3/53) of artemether/lumefantrine treated
patients are still parasitaemic at day 3 (unpublished data).

Vector control - Vector control in French Guiana is
carried out both by local (Mosquito Control and Health
Activities of the General Council) and national (Re-
gional Health Agency) health authorities. It is based on
indoor spraying operations with residual pyrethroids
(Cislin® 25.VO at the dose of 25 mg/m? of deltamethrin)
and, more recently, on the distribution of bed nets im-
pregnated with pyrethroids (Permanet® 2.0 impregnated
with 55 mg/m? of deltamethrin) (InVS 2006, Mansotte et
al. 2010b). They are complemented by larviciding opera-
tions carried out with different formulations of Bacillus
thuringiensis israelensis serotype H14 (VectoBac® G at
the dose of 2.5-10 kg/ha depending on the configuration
of the breeding places).

In endemic areas, nets are systematically distributed
and spraying operations are implemented two or three
times a year according to a pre-established program.
Thus, current vector control strategy is not guided by
entomological surveillance. At best, larval surveys
help identify positive Anopheles breeding places. In the
coastal region, when a malaria case is reported, an ento-
mological investigation is carried out, including a search
for larvae in breeding places close to the patient’s home.
In this case, vector control operations are implemented
accordingly to the results obtained.

An improvement of the vector control program in
French Guiana can no doubt be achieved through the
necessary monitoring of Anopheles populations to ac-
quire data on insecticide susceptibility, population dy-
namics and malaria transmission levels. This could
help optimise the use of insecticides and enable local
authorities to anticipate epidemic risk and therefore set
priorities for vector control interventions according to
the entomological situation. Two further points require
discussion. Firstly, the relevance of implementing indoor
residual spraying and distributing long-lasting impreg-
nated nets should be discussed, as both measures use the
same active molecule without any previous evaluation
of the benefit/risk regarding human and environmen-
tal toxicity and the emergence of insecticide resistance
(WHO 2009b, 2010). Secondly, decision-makers should
consider the interest and feasibility of implementing
wide-scale educational campaigns to encourage the use
of skin repellents in a context where Anopheles vectors
also bite at times and places when/where residents are
not protected by their nets.

Nevertheless, it is not easy to implement the monitor-
ing of Anopheles populations in the Amazonian Region
because the conventional methods for the collection of
adult Anopheles (human landing catches) and the mea-
surement of malaria transmission indices (identifying

Anopheles species, determining the longevity of popula-
tions by dissecting females, assessing of infection rates
etc.) are difficult to deploy on a large scale in the field.
However, these issues could be dealt by developing new
and efficient methods that can easily be implemented
in the field and in the lab (i.e., the use of effective at-
tractants and trapping techniques and molecular tools
to identify Anopheles species and determine the age of
females, their infection rates etc.) (James et al. 2014).
The limited knowledge of the biology and the ecology
of suspected vector species (exophily/endophily, ex-
ophagy/endophagy, circadian biting rhythm etc.) is also
a drawback, especially in a context where the behaviour
of a species could change according to meteorological
and environmental factors (Tadei et al. 1998, Girod et
al. 2011, Hiwat & Bretas 2011, Dusfour et al. 2013). Fi-
nally, the difficulties of rearing An. darlingi and other
potential vector species from South America in an in-
sectary also limit the acquisition of data regarding their
susceptibility to insecticides.

The difficult issue of gold mining activities - As de-
scribed throughout this review, the gold mining activity
is the main factor responsible for high levels of illegal hu-
man migration throughout the entire Guiana Shield and
has an impact on the malaria situation in this region. How-
ever, national policies towards gold mining differ accord-
ing to the country concerned. In Suriname and Guyana,
there are several legal mining contracts associated with
public incomes and taxes. In Suriname, the authorities
take the transmission of malaria within these populations
into account and have adapted their malaria elimination
program to diagnose and treat people on site, in the mines
or in a special laboratory located in Paramaribo, specifi-
cally adapted to the workers’ needs. In French Guiana,
legal contracts are rare and gold mining activities are
frowned upon. In fact, the French government who are
in line with public opinion wish to curb mining activities,
notably because of their disastrous environmental impact
on biodiversity hotspots. The French government has
been tracking illegal gold miners since 2002. After a first
deployment of police operations, this struggle has intensi-
fied and now relies on three approaches. The first one is
an observatory of mining activities. Created in 2009, this
organisation aims to follow the mining activities and their
impact on the environment based on the information col-
lected by different structures, namely the national offices
for the forest (Office National des Foréts) and the Amazo-
nian natural reserve of French Guiana (Parc Amazonien
de Guyane), the army and other partners. Secondly, this
struggle now involves the French Army through the Har-
pie military operation. This operation aims to paralyse
the illegal gold mining sites throughout the territory by
systematically destroying their equipment and policing
the movement of suppliers on the rivers. Lastly, a trans-
border collaboration with Brazil has led to the ratification
of an agreement by the House of Representatives (Decree
1055/2013) which aims to strengthen the fight against
illegal gold mining in national parks and border areas
through the confiscation and destruction of property used
in illegal gold mining, within a range of 150 km on either
side of the border between the state of Amapa and French
Guiana. To be effective, this agreement still needs the ap-
proval of the Brazilian Senate.
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In this context, it is difficult for France to implement a
regional malaria control program that takes these putative
hotspots of transmission directly into account. Neverthe-
less, reaching these populations to prevent, diagnose and
treat malaria in the forest is a major challenge that has
already been underlined and discussed with pragmatism
(Nacher et al. 2013a). Moreover, this hidden face of ma-
laria transmission is characterised by erratic self-medi-
cation using illegally imported antimalarial drugs of un-
known quality by mining workers (Evans et al. 2012). In
this situation, all the conditions for the emergence of drug
resistance are met and they have already been described
for artemether/lumefantrine in Suriname and Guyana
(Vreden et al. 2013). Nowadays, the artemisinin deriva-
tives are the only effective combination to treat malaria
and it is essential to preserve their efficacy as long as
possible if malaria elimination is to be achieved.

Concluding remarks - French Guiana is a piece of
the European Union in Amazonia and is the only non-
insular overseas territory of France facing malaria. Its
malaria control program has several strengths which are
both perennial and independent of external funding: (i)
the general diagnosis and free treatment for the inhabit-
ants with diagnostic tools and drugs of quality, (ii) the
epidemiological surveillance of malaria cases, (iii) the
constant monitoring of drug resistance for over 25 years
and (iv) the vector control and prevention, including the
distribution of long-lasting impregnated bed nets.

In a current context where local health authorities are
committed to move torwards a malaria elimination in
French Guiana, this small part of Europe should build
a strong and integrated local malaria elimination pro-
gram that is led by a program manager with sufficient
resources to implement his duty (Fischer 2012) and takes
all the components of the issue into consideration. This
is dependent upon a clear interest of the central French
authorities, whose involvement is crucial in order to
overcome legal difficulties and allocate additional re-
sources. The governments of the Guiana Shield coun-
tries also need to set up policies to attain the same goal.
International funders are therefore of paramount impor-
tance to facilitate the continuation of a transborder coop-
eration which takes innovative, coherent, integrative and
coordinated control measures adapted to the aspects and
specificities of each country concerned.
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