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Abstract
Purpose of Review Following Paraguay and Argentina, several countries from the Amazon region aim to eliminate malaria. To
achieve this, all key affected and vulnerable populations by malaria, including people working on gold mining sites, must be
considered. What is the situation of malaria in these particular settings and what are the challenges? This literature review aims to
compile knowledge to answer these questions.
Recent Findings The contexts in which gold miners operate are very heterogeneous: size and localization of mines, links with
crime, administrative status of the mines and of the miners, mobility of the workers or national regulations. The number of
malaria cases has been correlated with deforestation (Brazil, Colombia), gold production (Colombia), gold prices (Guyana), or
location of the mining region (Peru, Colombia, Venezuela, Guyana). The burden of malaria in gold mines differs between
territories: significant in Guyana, French Guiana, or Venezuela; lower in Brazil. Although Plasmodium vivax causes 75% of
malaria cases in the Americas, P. falciparum is predominant in several gold mining regions, especially in the Guiana Shield.
Because of the remoteness from health facilities, self-medication with under-the-counter antimalarials is frequent. This consti-
tutes a significant risk for the emergence of new P. falciparum parasites resistant to antimalarial drugs.
Summary Because of the workers’mobility, addressing malaria transmission in gold mines is essential, not only for miners, but
also to prevent the (re-)emergence of malaria. Strategies among these populations should be tailored to the context because of the
heterogeneity of situations in different territories. The transnational environment favoring malaria transmission also requires
transborder and regional cooperation, where innovative solutions should be considered and evaluated.
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Introduction

“Aworld free of malaria”: this is the vision carried by the World
HealthOrganization (WHO) in theGlobal technical strategy and
targets for malaria 2016–2030 [1]. The targets are as follows: (i)
to reduce malaria incidence and mortality by at least 90% by
2030, (ii) to eliminate the disease in at least 35 new countries,
and (iii) to prevent its re-establishment in countries that were free
of malaria in 2015. In the Americas, the number of malaria cases
has been relatively constant over the past 10 years, from 814,000
in 2010 to 929,000 cases in 2018; but the epidemiological chang-
es have been very different from one country to another [2, 3].
While the number of cases has decreased down to 75% in several
countries, it has increased in Peru, Guyana, Nicaragua, and
Venezuela [3] (Fig. 1). Despite these challenges, malaria elimi-
nation is feasible: Paraguay was the first to be declared malaria
free in the region of theAmericas in 2018, followed byArgentina
in 2019. Worldwide, among the 21 countries contending for
elimination in 2020, seven are located in the Americas, including
Suriname [2, 4] (Fig. 2). To achieve this goal, any human popu-
lation at risk formalaria should be considered, including themost
remote and neglected ones such as gold miners. What do we
know about the situation of malaria in gold mining areas in the
Amazon region? What are the related challenges in the malaria
elimination framework in the Americas?

This review aims to provide an update of the situation of
malaria in gold mining areas and to discuss the different strat-
egies that can be implemented in each specific context.
PubMed, SciELO, and Google Scholar databases were que-
ried for any article published between January 1, 2014, and
December 31, 2019, with keywords “Malaria,” “gold,”
“mine,” “Amazon,” and “America.” This search was then
completed with data from the National Surveillance

Systems, when available (sources: WHO, PAHO, Ministries
of Health (MoH)). All countries and territories belonging to
the Amazon region that reported malaria cases in gold mining
areas over the same time period were considered, namely
Brazil, Colombia, Guyana, French Guiana, Peru, Suriname,
and Venezuela, even though the mining areas themselves
might not all be located strictly in the Amazon forest.

Gold Mines in the Amazon: Context
and Health Impact Diseases

The Amazonian subsoil is rich in gold, especially in the
Guiana Shield. While this wealth can be a factor of economic
growth, the exploitation of this subsoil generally benefits few
people and has large negative effects on the environment,
society, and health [5].

The socioeconomic situation of goldmining in the Amazon
is heterogeneous. The administrative status—legal versus
illegal—depends on the economic policy of each country
and generally correlates with the exploitation type and with
the size of the mines. The small-scale gold mining mainly
refers to “mining that is labor intensive, makes use of simple
(including artisanal) technology and limited mechanization,
[…] mostly informal” [6]. Legal exploitation is more industri-
al. The proportion of these two mining statuses varies greatly
from one country to the other (Table 1) [7–17].

Gold mining in general is one of the most destructive indus-
tries in the world [18]. If both legal and illegal gold mining
practices have environmental consequences with ecosystem de-
struction and pollution of land and water, illegal gold mining
ignores de facto the requirements and restrictions that condition
legal exploitation and is thus even more catastrophic [19, 20].
Although prohibited in many countries, mercury is largely used
to amalgamate fine gold particles. This use of mercury, as well as
naturally occurring mercury released by mining, has dramatic
consequences such as accumulation in fish and intoxication of
fish consumers, particularly Native Americans [21]. Gold pro-
duction is linked not only to gold prices but also to political-
economic de-structuring [8]. In fact, mining activity is often re-
lated to precariousness, insecurity, and even crime, especially in
illegal contexts. In Peru andColombia, the two countries with the
largest cocaine production in the world, gold mining is used to
launder money and the value of illegal gold exports now exceeds
that of cocaine exports [22]. At the present time, most of the
illegal mines in Colombia are controlled by the Revolutionary
Armed Forces of Colombia (FARC-EP) [20]. Human rights are
often violated with activities such as child labor and sexual ex-
ploitation [18].

Fig. 1 Decrease in malaria morbidity by countries of the Americas,
2007–2017 (PAHO [3])

Curr Trop Med Rep



In this context, the disease burden is heavy for people
working in the gold mining sector. The active gold miner
population is estimated at 800,000 persons in the Amazon
(Table 1), to which must be added people who gravitate
around them such as logisticians, cooks, commercial traders,
or gold miners’ families [6, 11, 15]. Health facilities are rare or
even absent not only from illegal sites, but also in legal mines
[]. The remoteness of gold mining sites, the cost of traveling,
and the administrative situation hamper access to care. Gold
miners suffer from a wide range of ailments such as intestinal
parasitic disorders, cutaneous leishmaniasis, musculoskeletal
pains, or hypertension [11, 23]. However, malaria seems to be
the main disease linked to gold mining [11, 24, 25]. Indeed,
gold mining favors the proliferation of malaria vectors
through deforestation, although this can be reversed in the
event of massive deforestation by destroying the ecosystem
of certain vectors [20, 25–27]. Different species of Anopheles
incriminated in malaria transmission are found in gold mining
areas, mainly A. darlingi, A. marajoara, A. nuneztovari, and
A. albimanus [5, 20, 28]. Gold miners work and live outdoors,
often in camps without walls, and are thus exposed to mos-
quito bites for long periods of time, by day and at night [8, 29].
The use of mosquito net is scarce for several reasons: nets can
be unavailable or miners may find them uncomfortable or
useless [30].

All these elements—poverty, illegality, and remoteness—
added to a political burden of this issue, such as transnational

dilution of responsibility for this migrant population, making
gold miners a particularly neglected population.

Gold Miners: a Key Population for Malaria
Transmission in the Amazon

Indirect Data: Correlation Studies

Deforestation and Number of Malaria Cases

In the Amazonian part of Brazil, between 2009 and 2015, each
new square kilometer of deforestation was associated with 27
new cases of malaria [31]. A recent work that studied the
spatial spread of malaria and “economic frontier” expansion
in the Brazilian Amazon concluded that recent malaria cases
were concentrated in the most remote areas characterized by
economical projects including deforestation fronts [32]. In
Colombia, the Annual Parasitic Incidence (API) for malaria
was shown to increase according to the surface of illegally
mined area [20, 33].

Gold Production and Number of Malaria Cases

In Colombia, 69% of the variation in the number of malaria
cases between 2010 and 2013 was linked to gold production.
Two groups of mining districts were identified: those with

Fig. 2 Malaria by Annual Parasite Index (API) at the second administrative level in the Americas, 2017 (PAHO [3])
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high gold production methods, large numbers of malaria cases
and high APIs, and those with low gold production and a low
number of malaria cases [5]. A similar conclusion was found
in Madre de Dios region in Peru in 2001–2012, where the
number of malaria cases per month had a strong association
with the amount of extracted gold, but a weak association with
the average gold prices [13]. In Brazilian Amazon, the risk of
malaria differs with the type of mining: the API in 2013 in
municipalities with illegal mining activities was about 20.8 to
22.3, while that in areas with industrial legal mining was be-
tween 0.2 and 0.5 [32]. In Guyana, the number of malaria
cases is correlated with gold price and therefore the extent of
mining activities (unpublished data).

State-Level Data From Surveillance Systems

National malaria control programs monitor malaria indicators,
including cases and deaths. In Venezuela, gold miners account
for an estimated 47 [8] to 80% of malaria cases [17] (Table 1).
There, gold mining has been associated with high malaria
incidence in specific municipalities such as Sifontes (Bolivar
state) where mining activity is the most important occupation-
al risk factor [8]. In Brazil, gold miners contribute about 6 to
7.6% of the total cases, with heterogeneity between regions [8,
9]. In the specific municipality of Itaituba (Pará state), miners
represented 53.3% of the total malaria cases between 2011 and
2015 [34]. In Brazilian municipalities where mining is a cen-
tral economic activity, malaria appeared as an occupational
disease especially in young men [34]. In Colombia, 89.3%
of malaria cases originated from the six regions with the
highest goldmining activity [5, 35]. In Peru, until 2015, health
facilities located in areas of intense illegal gold mining (Madre
de Dios region) reported 30 times more malaria cases than
those in non-mining areas [13, 36]. This region, inwhich gold
mining is the main economic activity, had the third largest
number of malaria cases in Peru despite being the least pop-
ulated area [13]. In Guyana, 94% of malaria cases in 2018
were from the four regions where inhabitants participate in
gold mining and logging as their main economic activity
[37]. In French Guiana, where the government is fighting
against illegal gold mining, soldiers and gendarmes (police
officers) intervening in mining areas are often affected by
malaria and can be considered as a good sentinel group to
monitor malaria in those settings [28, 38]. In Suriname, local
transmission has almost disappeared and most of malaria
cases are imported from mining camps in Guyana and
French Guiana [14].

Specific Data From Epidemiological Studies in Gold
Miners

Using polymerase chain reaction (PCR), the best tool to detect
asymptomatic parasitemia, two studies in French Guiana

assessed Plasmodium spp. carriage by active case detection
in goldminers. In 2015, the overall prevalence ofPlasmodium
spp. was 22%; the situation was heterogeneous depending on
the mining site with prevalence figures ranging from 4% up to
48%. A large proportion were asymptomatic: from 49 to 84%
[39, 12].

Parasitological Data: Plasmodium Species in Gold
Mines

On the scale of the American continent, 75% of malaria cases
are caused by Plasmodium vivax [3, 8]. But in gold mining
areas, P. falciparum seems more prevalent. In Colombia,
P. vivax represents 68% of malaria cases recorded nationally
while P. falciparum is highly prevalent (46.7%) in the mining
districts on the Pacific coast [5]. On the Guiana Shield, the
incidence of P. falciparum has decreased in the general popu-
lation to a minority level in Suriname as well as in French
Guiana since 2005 [14, 40] but remains predominant in gold
miners, representing 58.5 to 70.7% of the identified cases [39,
12]. At the border between French Guiana and Brazil, 40% of
imported cases from French Guiana were due to P. falciparum
[41]. In Brazil, whileP. vivax is found in 90% ofmalaria cases,
P. falciparum typically predominates in newly opened settle-
ments, being then progressively replaced by P. vivax in later
stages [42]. In 2013, almost 40% of malaria cases originating
from mining areas were caused by P. falciparum, compared
with 16% of the total cases from other areas of Brazil [43]. In
Guyana, P. falciparum represents 42% of the cases [37]. In
Venezuela and Peru, the link between gold mining and
P. falciparum is less obvious: P. vivax is responsible for 75%
of malaria cases in Venezuela among which 80% are gold
miners [9]. In Peru, P. vivax causes 99% of malaria cases even
in gold mining areas [13].

Public Health Challenges

From Difficult Access to Care to the Risk of Selection
for Resistance

Mining areas are most often remote, especially illegal sites.
Access to health facilities is difficult and leads gold miners to
use antimalarial treatment as self-medication. In French
Guiana in 2015, despite possible access to regular care, self-
medication was used by 52 to 59% of gold miners during their
last malaria episode [30, 12]. Treatment was directly bought
on mining sites (80.7%) or given by friends or family (6.1%).
The treatment course was with artemisinin-based combination
therapies (ACT), but incomplete in 40% [30, 12]. Self-
medication is also very frequent in Suriname [44] and in
Guyana [37], where the quality of antimalarials (in public,
private, and informal sectors) is substandard [45, 46].
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Socioeconomic crisis in Venezuela led to a deterioration of
health facilities with shortages experienced in 88% of the hos-
pitals. Those shortages also concern antimalarial drugs, which
in turn give rise to the development of a black market [47]. In
Peru, the MoH supervises access to antimalarial drugs, but
controls in remote areas like gold mining areas are insufficient
because of logistical challenges. Miners then have easy access
to antimalarials in the private sector [13].

ACTs are the standard treatment in the whole Amazon
region within the health care system or even the side market,
with some variations in the partner drug. The frequent use of
antimalarials bought from the private sector or black market,
with poor adherence, raises the fear that drug resistance may
emerge, especially artemisinin-resistant P. falciparum.
National surveillance systems monitor Plasmodium spp. sen-
sitivity in the region using different tools. ACT sensitivity can
be detected in vivo with the persistence of parasites more than
3 days after treatment, or with a delayed parasite clearance
time, as an indicator. In vitro, the survival rate of ring-stage
parasites that have been exposed for 6 h to dihydroartemisinin
is the best phenotyping method to identify decreased parasite
susceptibility to dihydroartemisinin [48]. Finally, in 2013,
some mutations in the pfK13 gene were shown to be associ-
ated with increased parasite clearance time in isolates from
Southeast Asia [49]. However, surveillance of antimalarial
drug efficacy in these mobile migrant populations is very
challenging: getting blood samples from gold mining areas
is not easy, and documenting associated clinical data even
less. As a result, it is likely that an emergence of resistant
parasites in the Amazonwill remain undetected for some time.
Proactive studies therefore seem necessary to document the
susceptibility of parasites in these neglected populations.

In Guyana, a study in 2014 observed 2% (95%CI = 1–11)
of day 3 positivity rate in patients from mining areas, without
mutation in the propeller domain of the pfk13 gene [37]. In
2016–2017, the mutation pfk13 C580Y was observed in the
mining regions [50]. These mutant parasites were of the same
genetic profile as the first five pfk13 C580Y samples identi-
fied, in 2010, in the same region [50, 51]. In 2018–2019, the
country conducted a new therapeutic efficacy study at two
sites, Port Kaituma Region 1 and Georgetown Region 4, to
evaluate the clinical impact of this mutation on therapeutic
efficacy. However, no patient carrying mutant parasites was
included. Nevertheless, introducing the pfk13 C580Y muta-
tion in parasites from French Guiana, genetically close to
those in Guyana, generated in vitro artemisinin resistance
[50]. Currently, the status of this country is “suspected
artemisinin resistance” [51]. In Suriname, despite a warning
signal in 2011 in a study showing 31% of positive parasitemia
at day 3 after artemether-lumefantrine treatment, no pfk13
mutations have been observed [52, 53]. In French Guiana, in
2015, none of the 32 samples collected from gold miners
revealed mutations in the pfk13 gene although one of the

samples shows a slightly above-threshold survival rate with
the ring-stage assay method [30, 48].

Knowledge, attitude, and practices (KAP) studies per-
formed on the Guiana Shield showed that malaria symptoms
and transmission modes are well known by gold miners. But
even with good knowledge, only 16 to 36% of them declared
having slept under a mosquito net the last night on the mining
camp [30, 44]. In Guyana, the KAP study showed that behav-
iors were more influenced by knowledge than by risk percep-
tion, contrary to that found in Suriname [44].

The Mobility of Gold Miners as an Obstacle to Malaria
Elimination

In South-America, as well as in Southeast Asia, population
movements across borders present a real challenge for malaria
control and elimination. Several issues may be identified in a
transborder context: delays in receiving diagnosis and treat-
ment, improper health-seeking behavior and self-medication,
lower levels of surveillance, and difficulties in coordinating
malaria care and surveillance between countries [17, 54, 55].
This also leads to a major challenge in countries in the process
of eliminating malaria or in those that already eliminated ma-
laria: the prevention or reintroduction of cases through border
areas or migrant populations [5, 55]. Gold miners in the
Amazon typically represent such a population: economic mi-
grants, often with undocumented status, and highly mobile
within the mining sites and across the borders [11].

The situation in Venezuela is a good illustration of the role
of mining regions in the resurgence of malaria. This country is
suffering a complex humanitarian emergency affecting all sec-
tors. The economic crisis with hyperinflation (estimated at 10
million percent [56]) has been affecting the majority of the
Venezuelan population. Emigration has increased significant-
ly in recent years, reaching 4.6 million people from 2014 to
2019 [57]. Internally, population movements have been con-
centrated in illegal mining areas in Southern Venezuela, spe-
cifically in the Bolivar state where 60 to 70% of Venezuelan
malaria cases originate. Venezuela experiences the biggest
malaria epidemic of the twenty-first century in the region of
the Americas, with the highest number of malaria cases and
deaths. In 2018, civil society organizations have estimated the
burden of malaria to be about 1.2 million cases [16].
Consequently, malaria cases imported from Venezuela have
been increasingly reported in Colombia, Guyana, Brazil,
Suriname, Trinidad and Tobago, Chile, Argentina, Ecuador,
and Peru, and represent the biggest spillover of malaria on the
Western hemisphere [16].

Another example, even though it concerns relatively few
people, documents the need to take these mobile people into
account in public health strategies. In French Guiana, about
ten thousand undocumented Brazilians from Maranhão and
Para states have moved to work in gold mines directly

Curr Trop Med Rep



overland from either Brazil or via Suriname. Among them,
68% reported having traveled from the mining site to one of
the bigger cities of the Guiana Shield during the past year, and
about 35% having worked in another country than French
Guiana in the past 3 years [11]. As many get infected at the
mining camps in the French Guianese forest, they then are
very likely to transmit malaria along their journey. Data of
neighboring countries about imported cases speak for them-
selves: between 2004 and 2016, 90% of malaria cases diag-
nosed in Suriname originated from French Guiana, which
poses a major threat in its objective of eliminating malaria
by 2020 [14]; and in Brazil, French Guiana represents the third
country of origin of imported cases at the national scale after
Venezuela and Guyana in 2019 [58]. In the Brazilian munic-
ipality of Oiapoque on the border with French Guiana, 32.9%
of malaria cases between 2008 and 2015 were imported from
French Guiana [41].

Gaps in the Literature

The literature on malaria and gold mining in the Amazon is
relatively scarce: on PubMed, “Malaria + gold + Amazon”
yields 33 results, among which only eight were published in
the past 5 years; “Malaria + gold mine + America” returns 55
results, among which 13 in the past 5 years. Most studies used
data from surveillance systems but do not always include in-
formation about the occupation of the patients and the putative
contamination place. In parallel, insightful “gray” information
remains difficult to access. Most of these publications origi-
nate from the Guiana Shield, probably because in this region,
other than elsewhere on the continent, malaria is almost ex-
clusively linked to gold mining.

Study designs and methods are heterogeneous, which does
not facilitate comparisons. Gold miners being mobile and liv-
ing in remote—and sometimes unsecured—areas means that
specific epidemiological studies are not easy to conduct, and
malaria cases may not be recorded by the national surveillance
systems [8]. These issues may lead to an underestimation of
malaria cases associated with mining activity [8].

Malaria and Gold Mining: What Strategies
to Adopt?

A Need for Tailored Responses

The contexts of malaria in gold mines are very heterogeneous,
especially with regard to the administrative status of gold
mines and gold miners (legal vs. illegal); the remoteness and
accessibility of the mining camps; the political, economic, and
security contexts; the robustness of the care system; the

national regulatory issues; and the environmental protection
strategy.

It is therefore important to tailor responses to the different
epidemiological scenarios. According toWHO global techni-
cal strategy 2016–2030 [1], the first pillar of a malaria control
plan is the access to diagnosis and treatment within 48 h after
the beginning of symptoms. This must be supported by the
surveillance of malaria cases and Plasmodium spp. resis-
tances, vector control, and prevention—which implies im-
proving knowledge on malaria and its means of prevention.
In addition, change in health care-seeking behavior is crucial
considering the widespread use of self-medication with under-
the-counter antimalarials. Strategies among gold miners can-
not be implemented uniformly in the different territories but
must be adapted to each specific context.

In Peru, the local MoH in the Madre de Dios region con-
ducted mass drug administration (MDA) campaigns in illegal
mining camps from 2011 to 2015: 1287 people received the
standard treatment for P. vivax malaria infection (chloroquine
3 days + primaquine 7 days) in 122mining camps [59]. Due to
10% of reported adverse events, the second phase of the in-
tervention only focused on people who reported fever in the
past 2 weeks. This strategy reduced dramatically the number
of malaria cases, and was therefore discontinued when no
longer needed. In addition, the MoH increased the activity
of the Health Care for Excluded and Dispersed Populations
(AISPED) in gold mining areas: these groups of health per-
sonnel visit communities in very remote areas, even those that
are complicated and dangerous, and only accessible by foot
(they walk for 20 to 25 days every month). During these trips,
they conduct health assessments, malaria diagnosis, and treat-
ment [60].

Suriname implemented a successful Global Fund-
supported program called “Looking for Gold, Finding
Malaria,” targeting specifically gold mining areas with the
training of “malaria service deliverers,” which are the equiv-
alent of community health workers, to test and treat malaria,
free of charge, in all gold mining and logging communities.
Combined with intensified control and surveillance activities
in the Surinamese populations, this effort resulted in a 95%
decrease of malaria cases in the country over the last 15 years
[4, 14, 61].

In French Guiana, the public health response faces many
challenges. Regulations in this French department do not al-
low non-medical professionals to diagnose malaria and deliv-
er treatment to any suspected malaria case. Additional bar-
riers, such as the remoteness of mining camps and concomi-
tant police operations against illegal gold mining, preclude the
implementation of a program similar to the one successful in
Suriname. Following the acknowledgment of these limitations
by all partners, a tri-national operational research project,
called Malakit, was developed by French Guianese,
Surinamese, and Brazilian partners as a pilot to evaluate the
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efficacy of training and distribution of kits for self-diagnosis
and self-treatment of malaria cases with the objectives to in-
crease diagnosis and treatment coverage as well as treatment
adherence [62, 63]. These kits—containing three rapid diag-
nosis tests and one full course treatment of artemether-
lumefantrine—are currently being delivered by health facili-
tators after a deep training session to gold miners working in
French Guiana at border-crossing points in Suriname
and Brazil [62].

In Guyana, the Ministry of Public Health has adopted a
community-based approach for malaria case management.
This initiative, piloted in 2016, involves capacity training of
key persons at mining and logging sites to test and treat their
pairs for malaria. It is currently being implemented at a large
scale in the regions where malaria continues to be a public
health concern. However, the high turnover of the resource-
persons and the remoteness of the mines complicate the sus-
tainability and monitoring of the approach.

In Brazil, one important strategy to control malaria in re-
mote areas is also to provide diagnosis and treatment by health
workers in the closest mining community, or by trained people
from the mining sites when feasible. Proactive case detection
is performed where no professional routine diagnosis and
treatment are available, with frequencies ranging from every
month to every 3 months. Populations from areas situated in
high-priority municipalities receive bed nets for malaria
prevention.

In Colombia, there is no specific action currently targeting
malaria in illegal gold mines. As most of them are controlled
by the FARCs, political, military, and health issues are strong-
ly intertwined, making the answer very difficult. Venezuela
also illustrates the impact of the political, economic, and social
contexts on malaria transmission and related responses. The
presence of paramilitary groups (Colombian or Venezuelan) in
regions impacted by illegal gold mines hampers the imple-
mentation of cost-effective interventions to key and affected
populations [15].

Importance of Cooperative Regional Monitoring
and Response

Malaria transmission and migration across borders also lead to
diplomatic issues especially when addressing health concerns
in populations otherwise subject to police prosecution. But
malaria elimination will only be achieved with an effective
collaboration and cooperation between countries. This coop-
eration should start with an efficient sharing of surveillance
data on malaria cases and also resistance to antimalarial drugs,
followed by bilateral coordination of the public health re-
sponse in border areas. These data could be generated through
programs to assess and monitor the malaria epidemiology in
this target population, and through an overall improvement of
national surveillance systems. For the Guiana Shield, sub-

regional platforms could be created to address each one of
the two malaria foci in the region: Venezuela-Guyana-Brazil
and Suriname-French Guiana-Brazil. This regional, or sub-
regional, surveillance system may provide a timely alert on
variations of malaria epidemiology or emergence of antima-
larial drug resistance. Although the risk of emergence of re-
sistant P. falciparum has been the main concern until now, the
increasing proportion of P. vivax cases leads to other chal-
lenges: the control of hypnozoites with the prevention of re-
lapses and the emergence of choloroquine-resistant P. vivax [,
64–66]. The role of tafenoquine for hard-to-reach populations
could be discussed for future strategies [67, 68].

Funding should therefore be made available to develop
regional and national responses adapted to epidemiological
scenarios and targeting key and vulnerable populations. In this
endeavor, the importance of transnational support such as that
provided by the Global Fund and European Union, as well as
coordination and technical support from PAHO, must be
underlined.

Conclusion

Mobile migrant populations mainly working in small-
scale gold mining are a key population for the transmis-
sion of malaria in the Amazon. Targeting these popula-
tions is pivotal to prevent the (re-)emergence of (resistant)
malaria in stable populations that are currently free of
malaria. They deserve better malaria prevention, diagno-
sis, and treatment, and better provision of health care in
general. Malaria elimination in the Amazon will be
achieved only if no population is neglected. While
implementing specific strategies, political and diplomatic
aspects must not be underestimated. Indeed, policies that
favor (or hamper) legal mining have an influence on ma-
laria transmission and subsequent health responses. In
many settings, gold miners do not have a good public
image, especially because of ecosystem destruction, or
conflicts with autochthonous populations. This hampers
the funding and implementation of targeted health
interventions.

The price of gold is still increasing and economic crises
have worsened the situation in some countries like in
Venezuela, pushing people to enroll in gold mining activities
in the hope of a better future. Gold mining will continue, and
with it, malaria transmission. To quote the WHO Director,
“The choice before us is clear. If we continue with a ‘business
as usual’ approach – employing the same level of resources
and the same interventions – we will face near-certain in-
creases in malaria cases and deaths” [69]. Innovative and
targeted, context-specific strategies among gold miners are
thus needed to fight malaria in the Amazon Region.
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