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ABSTRACT

Deforestation and high human mobility due to mining activities have been key to the increase in malaria cases in the Americas. Here, we 
review the epidemiological and control aspects of malaria in the Amazon mining areas. Epidemiological evidence shows: 1) a positive 
correlation between illegal mining activity and malaria incidence, mostly in the Amazon region; 2) most Brazilian miners are males aged 
15–29 years who move between states and even countries; 3) miners do not fear the disease and rely on medical care, diagnosis, and 
medication when they become ill; 4) illegal mining has emerged as the most reported anthropogenic activity within indigenous lands 
and is identified as a major cause of malaria outbreaks among indigenous people in the Amazon; and 5) because mining is largely illegal, 
most areas are not covered by any healthcare facilities or activities, leading to little assistance in the diagnosis and treatment of malaria. 
Our review identified five strategies for reducing the malaria incidence in areas with mining activities: 1) reviewing legislation to control 
deforestation and mining expansion, particularly in indigenous lands; 2) strengthening malaria surveillance by expanding the network of 
community health agents to support rapid diagnosis and treatment; 3) reinforcing vector control strategies, such as the use of insecticide-
treated nets; 4) integrating deforestation alerts into the national malaria control program; and 5) implementing multi-sectoral activities 
and providing prompt assistance to indigenous populations. With this roadmap, we can expect a decrease in malaria incidence in the 
Amazonian mining areas in the future. 
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INTRODUCTION 

Malaria is an infectious disease caused by Plasmodium spp. 
parasites that are transmitted by Anopheles spp. mosquito bites. 
By 2022, there were an estimated 249 million cases of malaria 
worldwide, resulting in 608,000 deaths, mostly in Africa1. The 
Amazon has the highest risk of malaria transmission in the 
Americas, particularly in Brazil, Venezuela, Peru, and Colombia2. 
Since 2000, the incidence (-72.5%) and mortality (-70%) due 
to malaria has been observed to decline in the Americas1. The 
spread of malaria is influenced by multiple factors, such as climate, 
deforestation, vector competence, population movement, and the 
organization of health services1–5. Deforestation and illegal mining 
activities are the key contributors to the increase in malaria in 
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FIGURE 1: Illegal mining activities in the Brazilian Amazon region, Garimpo do Lourenço, Calçoene-Amapá. The images show 
mining activities in the Brazilian Amazon region, displaying an excavator (A), a washing equipment (also known as Curimã) (B), a 
housing structure (C), and artisanal mining utilizing a tray (also known as bateia) (D). Photos by MORESCO, G and AMARAL, PST.

Americas2,6–9. Artisanal mining is defined as ‘individual or organized 
group work using basic instruments, manual tools, or portable 
machines’10. In this study, we use the term 'illegal mining' to refer 
to all unauthorized mining activities, including both artisanal and 
gold mining, because our research shows that approximately 90% 
of illegal mining is related to gold mining11. Mining activity modifies 
the natural landscape and results in harmful environmental impact 
(Figure 1), such as deforestation, river siltation, and mercury 
contamination of soil and water12–14.

Several studies have indicated a correlation between 
environmental changes and an increased incidence of malaria15–18. 
Furthermore, mobile populations, such as gold miners are at a 
higher risk of malaria infection. When miners return home, they 
introduce new Plasmodium spp. strains in vulnerable areas2,19–27. The 
impact of illegal mining activities has been reported in Brazil22,24,28–33, 
Colombia21,34,35, Peru36, Guyana37, and French Guiana38. Limited 
economic resources, restricted access to healthcare, and the 
association of mining with illicit activities, such as drug trafficking 
and violence, are common problems throughout the region. Illegal 
mining has a negative impact on the ecosystems and exposes 
the workers to mosquito bites, especially in the Amazon region, 
where access to healthcare is limited owing to its remoteness. 
Furthermore, the specific behaviors of gold miners (high mobility, 
no fear of malaria) and cross-border malaria (Venezuela-Guyana-
Brazil) are the major barriers to the mining areas20,28,39.

METHODS

Here, we review the epidemiological and control aspects 
of malaria in the Amazon mining areas. Our review included 
epidemiological data on malaria from special groups obtained from 
the Brazilian Amazon region using the Epidemiological Surveillance 
Information System (Sivep-Malária) and the Notifiable Diseases 

Information System (SINAN), the official Health Information System 
for malaria case investigation and notification from the Ministry 
of Health of Brazil. The Sivep-Malaria data are considered robust 
and reliable and are utilized by the government and researchers 
in the field. The National Malaria Prevention and Control Program 
(NMCP) faces challenges in accessing the mining areas, but has a 
strong capacity to detect cases in these areas. Although the system 
and case reports may be subject to errors and underreporting, the 
data used in this context are reliable despite these limitations40,41.

We analyzed the main articles published on malaria related to 
mining activity in the Amazon, indigenous areas, and associated 
control measures. Our analysis provides a critical overview of the 
subjects in the region and the prospects for further studies. We 
included all types of references related to the topic. 

MALARIA IN MINERS

Some studies have linked the incidence of malaria to mining 
activity and identified multiple factors influencing its spread, 
including housing conditions, location of mining sites, age, and 
social relations30,42. Duarte and Fontes24 observed a positive 
correlation between illegal mining activity and malaria incidence; 
an average increase in malaria incidence of 0.31 (95%CI=0.22-0.40) 
was estimated for each 100 kg increase in gold production per 
year in the state of Mato Grosso. 

Other studies have also shown a clear association between an 
increase in malaria cases and illegal mining33. An analysis of malaria 
notifications in the Brazilian Amazon region from 2011–2023 using 
the Sivep-Malária and SINAN systems indicated that the number 
of malaria cases was higher in the indigenous areas than in the 
mining areas. Additionally, historical data indicate a decrease in 
malaria cases in mining areas from 2013–2019, followed by an 
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FIGURE 2: Exported cases of mining-related malaria in Brazil, 2007 to 2023. The arrow triangle is positioned at the location 
of the probable infection and its direction indicates the flow towards the location of detection/notification of the case. The 
Qgis software plugin "Flowmaps" (version 2.18) was used to analyze the flows following Garcia et al.44. Source: Sivep-Malaria, 
Sinan - Ministry of Health.

increase from 2020 onwards43. Between 2007–2022, there were 
358,774 mining-related cases, accounting for 8.6% of the total 
cases. Of these, 268,613 cases were reported by the miners. Among 
all reported cases, 253,496 cases were identified in the mining 
areas, irrespective of occupation. In the extra-Amazon region, 992 
malaria cases have been recorded among working miners. The 
study revealed that most individuals engaged in illegal mining 
were males (81.6%) aged 15–29 years (42.1%). During the analysis 
period, 58,163 (16.2%) of all mining-related cases were of foreign 
origin, with most originating in French Guiana (N=23,932; 41.1%), 
Venezuela (N=20,876; 35.9%), and Guyana (N=11,889; 20.4%). 
These three countries accounted for 97.5% of exports of mining-
related cases to Brazil. Regarding the malaria cases associated with 
mining activities in Brazil, 113,960 cases (31.7%) were reported in 
municipalities other than those where the infection likely occurred. 
In the State of Roraima, the municipality of Alto Alegre exported 
the highest number of malaria cases related to mining activities 

to the capital, Boa Vista, totaling 20,236 cases. The highest density 
of flows between municipalities was mainly within the states of 
Roraima and Pará; however, less intense flows were also observed 
between Rondônia, Amazonas, and Mato Grosso. Furthermore, 
smaller flows spread throughout Brazil, extending from the 
Amazon region, mainly the state of Roraima, to the entire country, 
particularly to the south and southeast (Figure 2).

Mining in the Amazon is a multifaceted activity influenced by 
the experiences, beliefs, and cultural practices of illegal mining. 
Despite neglecting the risk of malaria, miners rely on medical 
care, diagnoses, and medications when they become ill. Access to 
medical treatment is frequently restricted and delayed, resulting 
in fatalities. The effectiveness of malaria control initiatives and 
the quality of available or illegal medications are in question33. 
Non-adherence to treatment is a significant concern, and financial 
insecurity is a major factor in treatment abandonment. The miners 
cease to earn money if they leave the mining areas for an extended 
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period, forcing them to choose between seeking proper medical 
treatment and maintaining their income. Another factor that leads 
to treatment cessation is the use of illegal drugs; the belief that 
symptoms disappear implies that they are cured45. The Malakit 
Project (see details below) has proven to be effective in reducing 
malaria transmission at illegal mining sites in French Guiana. The 
project distributes kits to the rest areas, specific neighborhoods in 
border towns, and small informal settlements along border rivers 
that miners use to rest, buy supplies, or sell gold. Participation in 
interventions has been associated with significant improvements in 
self-care practices and a reduction in the frequency and incidence 
of malaria in French Guiana and Brazil46,47.

To customize the communication approaches and educational 
resources for this group, it is crucial to understand the miners’ 
perspectives regarding malaria. Health education is essential 
for miners to understand their role in malaria elimination 
programs. Additionally, enabling them to self-diagnose and 
manage their treatment in isolated mining areas using an 
understandable language for illiterate people is fundamental. 
Empowering miners improves their health and helps control 
malaria, thereby preventing disease outbreaks in mining regions. 
By comprehending the perspectives of the miners, implementing 
interventions, such as Malakit, and empowering these laborers, 
Brazil can make substantial strides in eliminating malaria in the 
mining communities, while concurrently enhancing the health and 
welfare of these individuals45.

ILLEGAL MINING IN INDIGENOUS AREAS

Several indigenous populations live in forested and malaria-
endemic areas of the Amazon region, resulting in an increased 
exposure to malaria. Moreover, illegal mining is a key factor in the 
spread of malaria to indigenous lands20,27. In 2022, the indigenous 
areas accounted for 30% of all locally transmitted malaria cases 
in Brazil48. Braz, Duarte, and Tauil49 found that indigenous people 
in the Amazon were twice as likely to be infected with malaria 
than non-indigenous people. Lapouble et al.50 also found this in 
their analysis of malaria incidence. Each ethnic group has unique 
cultural characteristics, including dynamics that affect the mobility 
of its population28,51,52. Consequently, it has become increasingly 
difficult for healthcare teams to provide a precise diagnosis and 
adequate treatment, resulting in an increasing number of cases.

Silva-Junior et al.53 reported a 195% increase in deforestation 
in indigenous territories (ITs) during the 2019–2021 triennium 
compared to the previous period. Several deforestation and mining 
activities have occurred in the ITs. In 2021, the area of illegal mining 
in the ITs was 102.5% higher than in 201827. Illegal mining has 
emerged as the most frequently reported anthropogenic activity 
in the ITs, directly affecting Plasmodium spp. transmission6,8,54. 
The presence of infected humans and mosquito vectors in the 
receptive environments facilitates the spread of malaria in ITs. In 
addition, mining activities have created breeding sites that facilitate 
the reproduction of Anopheles spp. mosquitoes45. Wetzler et al.32 
attribute the increase in malaria cases among the indigenous 
communities of Munduruku, Yanomami, and Kayapó to illegal 
mining activities. Early childhood age groups are more susceptible 
to malarial infections in the ITs. Over the last three years, children 
between 0–9 years of age have accounted for an average of 37% 
of all malaria cases in ITs, according to SIVEP-Malária55. Moreover, 
more than 1,600 cases have been reported in children under one 
year of age in the Amazon region, based on the probable location 
of infection. Cases in this age group are particularly associated 

with recurring episodes of malaria and increased clinical severity56, 
which can have a significant impact on the health and cognitive 
development of affected children, as well as the well-being of the 
community. Indigenous communities also suffer from other health 
problems, such as respiratory diseases, malnutrition due to mercury 
contamination of water/food, neurological diseases related to 
mercury poisoning, and violence, especially in the Yanomami 
indigenous territory33, the largest in Brazil, where the third largest 
area of illegal mining in indigenous lands is located28. These 
diseases have a direct impact on malaria surveillance activities, such 
as the aggravation of cases and difficulty in accessing health teams.

In addition to environmental issues, malaria remains a major 
problem in IT because of its remoteness and fragile healthcare 
system. Illegal mining in indigenous areas poses a significant risk 
because of the potential for malaria transmission. It is important 
to note that mining in these areas can have severe consequences 
on the health and well-being of indigenous communities. 
Therefore, it is crucial to map these areas to enable government 
agencies, including those responsible for environmental, health, 
and indigenous issues, to take more intensive and effective 
action28,31,33,43.

CONTROL MEASURES IN MINING AREAS

DIAGNOSIS AND TREATMENT 

As mining is largely illegal, most areas are not covered by 
healthcare facilities or activities, leading to fewer means of 
assistance for malaria diagnosis and treatment. This situation leads 
to extended delays in diagnosis, circulation of counterfeit drugs, 
use of antimalarials without confirmation of infection, and reduced 
adherence to treatment. The miners at mining sites frequently 
turn to presumptive treatment with antimalarials whenever they 
have fever because they lack access to a diagnosis. However, 
the high cost of antimalarials in the black market may cause 
individuals to discontinue treatment once their fever subsides 
and save medication for future episodes. This behavior can 
result in poor adherence and erratic drug exposure, increasing 
the risk of antimalarial resistance emergence57. This situation is 
illustrated by the high proportion of P. falciparum in Roraima, 
where a high number of mining-related cases contribute to the 
local epidemiology, in contrast to the rest of the country. It is 
known that P. falciparum gametocytemia is detectable only five 
days after symptom onset41,58,59, deeming it highly responsive to 
prompt diagnosis and treatment, with increases being observed 
when a delayed diagnosis occurs. The state has observed a high 
number of deaths owing to the combination of a high proportion 
of P. falciparum and a delay in antimalarial treatment. For instance, 
the average number of malaria-related deaths in Roraima differed 
significantly between the periods of 2013–2017 (3.2 deaths) and 
2018–2022 (20), according to the Mortality Information System, 
Ministry of Health, Brazil.

Strategies to promote wide testing and treatment in areas with 
mining activity are fundamental to malaria control28 considering that 
the estimated incidence of asymptomatic infections in mining areas 
is approximately 20%22,23,60. Asymptomatic malaria is commonly 
observed among young adult men residing in highly endemic 
areas who have experienced multiple episodes of malaria61–63. 
Individuals appear to develop clinical immunity64,65, which 
prevents symptom onset, despite parasitemia. In the American 
continent, individuals generally exhibit low parasite burdens61,62,66–68.
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The diagnosis of asymptomatic Plasmodium infections presents 
a challenge for healthcare systems69,70. Despite being commonly 
acknowledged as the gold standard for detecting malaria, thick 
blood smears have poor sensitivity for identifying individuals with a 
low parasite load. Less than 20% of these infections can be detected 
by blood smears61,62,69,71,72. Therefore, molecular techniques can 
serve as alternative tools for detecting low parasitemia73,74. Whole 
blood samples are required to use these techniques; however, 
the accurate collection and preservation of samples under 
mining conditions remains a challenge. The development of DNA 
extraction kits from filter paper samples has overcome the challenge 
of collecting biological samples from remote areas and facilitated 
diagnostic polymerase chain reaction (PCR) analysis in advanced 
laboratories75. The use of PCR testing in mining areas, whether 
legal or illicit, is not an optimal approach for epidemiological 
surveillance teams, given the time and instrumentation required 
for the procedure. Consequently, the use of rapid diagnostic 
tests (RDTs) and blood smear analyses is a more efficacious and 
suitable methodology. The World Health Organization (WHO) 
has been advocating the use of malaria RDTs for the clinical 
diagnosis of malaria. These tests have been demonstrated to 
have high sensitivity and specificity for symptomatic cases76 and 
are important tools for improving case management, particularly 
in areas with limited access77. One caveat is that tests may 
remain positive for up to one month after treatment78; therefore, 
accurate history should be taken at the time of evaluation.

The Ministry of Health recommends treating all individuals with 
parasitic infections with specified treatments79. Although there 
is currently no consensus on whether patients with low parasite 
counts, detected exclusively through molecular tests80 should be 
treated, mass drug administration is a possible intervention to 
combat infections81.

VECTOR CONTROL

Several Anopheles spp. are vectors of malaria in the Americas2. 
Nyssorhynchus (Ny., formerly Anopheles) darlingi82 is a highly efficient 
anthropophilic species that bites indoors and transmits both 
Plasmodium falciparum and P. vivax making it the main malaria vector 
in the Brazilian Amazon region83–85. Deforestation and stagnant water 
have facilitated the spread of Ny. darlingi mosquitoes in the mining 
areas2. Vector control plays a vital role in the prevention, control, and 
elimination of malaria in transmission-prone regions86–89.

In 2009, the Ministry of Health in Brazil published the Guide 
for Local Management of Malaria Control - Vector Control90, which 
offers essential recommendations on methodologies for controlling 
malaria vectors in the country. The guidelines support the principles 
of selective and integrated control to manage vectors, community 
participation, and adjusted measures depending on the unique 
eco-epidemiological situation in each municipality.

The key aspect of selective and integrated control hinges 
on the timely incorporation of epidemiological data and the 
establishment of a consistent entomology work routine that 
employs comprehensive monitoring parameters to facilitate 
decision-making. The Brazilian Ministry of Health recommends 
four strategies for controlling malaria vectors in Brazil. These 
include management of the breeding sites through environmental 
control or the application of biolarvicides, intradomiciliary residual 
spraying, thermonebulization, and the utilization of long-lasting 
impregnated mosquito nets90. Insecticide products for vector 
control were provided free of charge to each state. However, 

few studies have determined that the effectiveness of these 
interventions in suppressing mosquito vector populations and 
reducing parasite transmission is insufficient2. Notably, owing to 
the difficulties in access, housing conditions, and violence in these 
areas, vector control strategies have not been fully applied, making 
it difficult to control the disease. However, when these measures 
are implemented and the affected communities cooperate, positive 
results are observed91.

MALAKIT

The Malakit project is an international initiative for malaria 
control in illegal mining in French Guiana, which includes training 
people associated with mining to self-diagnose and self-treat the 
disease, report cases, and distributing bed nets46,92. The training of 
miners does not include reporting cases because this population 
lives in isolated conditions in the Amazon rainforest, with a lack 
of electricity supply and Internet connections.

The main objective of the Malakit project was to increase the 
appropriate use of antimalarials, which should only be administered 
after a positive test, for P. falciparum. The intervention accelerated 
the decline in the incidence of malaria by 42.9%93. Improvements 
in attitudes and practices have been observed as the incidence 
of malaria has declined93. The results of the Malakit project have 
been very promising; the intervention has been integrated into 
the Suriname national program, and its scale-up as a strategy for 
malaria control is currently being evaluated94. The project initially 
targeted miners with clinical malaria, with a focus on effective 
treatment against P. falciparum, which is the parasite associated 
with the most severe clinical symptoms. In 2022, the CUREMA 
project (Radical CURE for Malaria among highly mobile and hard-
to-reach populations in the Guiana Shield) was implemented, with 
one arm aimed at reaching the P. vivax reservoir in these areas, 
and another arm that continued the Malakit project. The Malakit 
Project has not yet been integrated into the local malaria control 
program in Brazil.

ENVIRONMENTAL LICENSING

In 2022, 92% of the area mined in Brazil was concentrated 
in the Amazon region, and illegal mining was the major mining 
activity in the country (85.4 %). The number of mining activities 
in Brazil has recently increased. Within the period 1985–2022, 
40.7% of the mined area has been mined in the past five years. 
Additionally, within the same timeframe, 62.3% of the indigenous 
mined land area was created. The mining area reached 442,000 ha 
in 2020, of which 59% were illegal mining areas. Over the period 
ranging from 2010 to 2022, the illegal mining areas increased 
by 173.96%, whereas legal mining increased by a percentage of 
40.63%11,28 (Figure 3).

One way to combat the growth of illegal mining is to increase 
the monitoring and legalization of mining projects, which are 
already in place and robust in Brazilian legislation. However, there 
is a lack of political will to apply it, and these actions can no longer 
be delayed28,95,96. In the recent years, there have been no specific 
changes in the laws regarding environmental licensing for mining 
in the country. However, there has been a lenient attitude towards 
illegal mining, and the lack of investment and funding for policing 
and regulation between 2019 and 2022 has resulted in an increase 
in such activities. This is evident in studies that have monitored 
mining activities in the Amazon17,20,28,43,97.
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The environmental licensing processes must include measures 
to prevent and mitigate the environmental impact of mining. In 
the Amazon region, targeted research is required to manage the 
increase in malaria cases and spread of Ny. darlingi98,99. It is essential 
to assess the malaria incidence in mining regions because the 
decision-makers are accountable for taking appropriate measures. 
Understanding the impact of environmental licensing of malaria in 
the mining areas of the Amazon region is crucial. These findings 
highlight the correlation between environmental policies and 
public health in this area.

PERSPECTIVES AND STRATEGIES FOR MALARIA  
CONTROL IN THE MINING AREAS 

The number of malaria cases is declining in Brazil; however, this 
trend is not homogeneous across the states. The number of cases 
increased in Mato Grosso and Roraima between 2017 and 2021, 
mainly in illegal mining and indigenous localities28. The strategies 
for malaria prevention and control in mining areas should consider 
epidemiological data and local specificities and involve affected 
communities in the development process. Understanding the 
viewpoints of miners facilitates interventions, such as Malakit. By 
empowering these workers, Brazil can make significant strides in 
eliminating malaria in the mining communities while improving 
the health and well-being of these individuals. Moreover, it is 
important to conduct appropriate tests to detect asymptomatic 
individuals and screen all the individuals present in a mining area 
whenever a case of malaria is diagnosed. 

Controlling malaria in the mining areas can contribute to 
achieving Sustainable Development Goal (SDG) 3.3, which aims 
to end communicable diseases, such as malaria by 2030 and 
improve the health and well-being of the affected communities. 
Furthermore, successful control measures can hinder the spread of 

FIGURE 3: Legal mining and illegal mining areas in Brazil between 1985 and 2022. Source: MapBiomas11.

malaria to other areas, supporting the achievement of sustainable 
and healthy communities as directed by the SDGs. There are five 
key actions for controlling malaria in the mining areas in Brazil: 
1) reviewing the legislation to control deforestation and mining 
expansion, particularly in the indigenous lands; 2) strengthening 
malaria surveillance by expanding the network of community health 
agents to support rapid diagnosis and treatment; 3) reinforcing 
vector control strategies, such as the use of insecticide-treated 
nets; 4) integrating deforestation alerts into the national malaria 
control program28; and 5) implementing multi-sectoral activities 
and providing prompt assistance to indigenous populations. The 
mining areas require specific approaches tailored to the patterns 
of movement, health-seeking behaviors, and environmental 
characteristics of the location where the exposure occurs. An 
integrated approach consisting of both qualitative and quantitative 
research is necessary to identify where control actions are required. 
Garcia et al.43 demonstrated that malaria is a significant challenge 
in the states of Amazonas and Roraima owing to the expansion of 
illegal mining and deforestation activities. Coordinated collaboration 
between the Environmental Health Surveillance, Health Surveillance, 
Public Health Emergencies Surveillance, Environmental Ministry, 
and Mining and Energy Ministry can play a fundamental role in 
strengthening malaria control in these states. We believe that, if 
Brazil follows this roadmap, the number of malaria cases in the 
mining areas of the Amazon will decrease in the coming years.
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