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Abstract 

 

Arboviral diseases represent one of the greatest challenges to public health in Brazil, with a 

pronounced impact on municipalities that face deficiencies in basic sanitation and socio-

environmental vulnerabilities. In Pinheiro, located in the lowlands of Maranhão, irregular water 

supply, the lack of adequate sanitary sewage systems, and inefficient solid waste management, 

combined with local environmental characteristics, favor the formation of breeding sites for vector 

mosquitoes, particularly Aedes aegypti and Culex sp.This study aimed to analyze the correlation 

between basic sanitation conditions and the presence of breeding sites of mosquitoes of 

epidemiological relevance in Pinheiro, using the protocols of the GLOBE Program as the central 

tool for environmental and entomological monitoring. The research adopted a qualitative and 

quantitative approach of descriptive and analytical nature, integrating citizen science, spatial 

analysis, and environmental education.The methodology involved the participation of primary and 

higher education students, who were trained to identify breeding sites, perform photographic 

records, and georeference mosquito foci using the GLOBE Observer application, specifically 

through the Mosquito Habitat Mapper protocol. The organized data enabled the creation of thematic 

and heat maps, which revealed the spatial distribution of mosquito breeding sites according to the 

sanitary conditions of the observed areas.The results indicated that the highest concentration of 

breeding sites occurs in locations with poor sanitation, inadequate water storage, and proximity to 

open sewage. These findings confirm the direct relationship between sanitation, environment, and 

public health, emphasizing that the integration of citizen science and public policies is essential for 

the control of arboviral diseases. 
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3. Introduction 

 

The transmission of diseases by mosquitoes, as occurs with arboviral diseases, is one 

of the most serious public health issues today. In Brazil, the persistent presence of diseases 

such as dengue, Zika, and chikungunya demonstrates how population health is strongly 

dependent on the way urban spaces are managed. The circulation of these viruses and the 

increase in mosquito populations are linked to the social and economic determinants that 

shape cities, where the interaction between climate and human occupation creates ideal 

conditions for the reproduction of these hematophagous insects (Costa & Natal, 1998; 

Flauzino et al., 2009). 

In this context, Aedes aegypti stands out due to its high adaptability to urban 

environments, using virtually any object that accumulates water as a site for oviposition. 

The lack of efficient basic sanitation, interruptions in water supply, and deficiencies in solid 

waste collection lead to the emergence of numerous breeding sites within and around 

households. Studies indicate that without a robust sanitation infrastructure, mosquitoes find 

optimal conditions for survival, increasing risks to communities and making disease control 

considerably more challenging in densely populated neighborhoods (Ferreira Filho, 2017; 

Valladares et al., 2019). 

This situation becomes particularly evident in Pinheiro, where the natural 

characteristics of the Maranhão lowlands directly influence vector dynamics. Intense rainfall 

and flood-prone areas, typical of the region, generate high humidity levels which, combined 

with constant heat, accelerate larval development. In addition to climatic factors, the 

infrastructure of Pinheiro is still affected by the absence of sewage networks and effective 

drainage systems, resulting in water accumulation in improvised containers and improperly 

disposed waste, thereby increasing breeding sites for Aedes aegypti and Culex species 

(Lima-Camara, 2024). 

To address this issue, the use of mapping and geolocation technologies has been 

essential for identifying breeding sites and supporting the planning of vector control teams. 

Alongside spatial mapping, citizen science emerges as a strategy that promotes community 

engagement in environmental management. In Pinheiro, the application of GLOBE Program 

protocols in schools enables the systematic collection of local data while fostering 

environmental education and encouraging community participation in risk mitigation and 

public health protection (Cavalcante et al., 2013; Baixo et al., 2021; Silva & Witt, 2024) 
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4. Materials and Methods 

 

As primary materials, mobile devices with access to the GLOBE Observer application were 

used, specifically through the Mosquito Habitat Mapper protocol, in addition to electronic 

spreadsheets for data organization. Geoprocessing tools were also employed for spatial analysis, as 

well as field materials for photographic records and environmental observation. The use of the 

application was essential to ensure that data were recorded in a standardized manner and integrated 

into the global database of the GLOBE Program (Baixo et al., 2021). 

The research involved the active participation of primary and higher education students, 

who underwent prior training. During this training, theoretical and practical activities were 

conducted addressing arboviral diseases, basic sanitation, identification of breeding sites, larval 

recognition, and guidance on the use of the GLOBE Observer application. This participation 

characterizes the study as a citizen science practice (Baixo et al., 2021). 

Field activities consisted of organized inspections in environments within and around 

households, including backyards, outdoor areas, vacant lots, public streets, and locations near open 

sewage systems. During the visits, various artificial objects capable of accumulating water were 

evaluated, such as tires, plastic bottles, assorted containers, buckets, water tanks, plant pots, and 

animal drinking containers. 

For each identified breeding site, information was recorded regarding the type of container, 

the presence of water, the observation of larvae or adult mosquitoes, and local sanitation conditions. 

Photographic records were also obtained, and geographic coordinates (GPS) were collected. After 

data collection, the information was submitted to the GLOBE Program platform and subsequently 

exported for organization and final analysis. 

Study Area 

 

The study was conducted in the municipality of Pinheiro, Maranhão, located in the Baixada 

Maranhense, a region characterized by extensive floodplains, high rainfall levels, and 

environmental dynamics strongly influenced by water bodies. The municipality comprises urban 

and peri-urban areas with heterogeneous infrastructure, including sectors with deficient drainage 

systems, irregular solid waste collection, and inadequate water storage practices. These 

characteristics make the territory favorable for the formation of artificial and natural breeding sites 

of vector mosquitoes. 
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Data Collection 

 

Data collection for this study followed the Mosquito Habitat Mapper protocol, a tool 

designed for the identification and analysis of different types of mosquito breeding sites. To define 

the sampling locations, information provided by the Municipal Health Department of Pinheiro was 

used, allowing the prioritization of areas with a higher risk of arbovirus vector presence. 

In total, 39 sampling points were analyzed in the municipality of Pinheiro between 

September 2024 and March 2025. From this overall monitoring, 16 specific points were selected 

and classified as critical areas for mosquito presence. Inspections were carried out by the students 

themselves within their communities, where they completed detailed spreadsheets containing 

information on the type of site, the nature of the breeding habitat, the material of the container, and 

the presence of larvae or adult mosquitoes. Whenever conditions allowed, the mosquito genus was 

also identified. 

The collected information was organized and categorized according to habitat type, being 

classified as artificial, natural, or capture sites. In addition, the data were grouped based on 

container type and the characteristics of each location. This organization enabled an in-depth 

analysis of how breeding sites are distributed throughout the urban environment, integrating 

Figure 2. Study area. Blue points 

correspond to the sampling locations 
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geographic data with the field reality of the Baixada Maranhense. To illustrate this spatial 

distribution within the territory of Pinheiro, the following map presents the dispersion of the 

sampling points monitored during the study. 

 

5. Results and Discussion 

 

The data collected during monitoring in Pinheiro revealed a strong connection between 

chronic deficiencies in basic sanitation and the constant presence of mosquito breeding sites. 

Through the application of the Mosquito Habitat Mapper protocol, it was observed that the 

distribution of breeding sites follows the pattern of urban precariousness within the municipality. 

Areas with the highest density of breeding sites are precisely those where infrastructure is most 

deficient, particularly in neighborhoods affected by the absence of sewage networks and irregular 

potable water supply. This scenario confirms the findings of Ferreira Filho (2017) and Valladares et 

al. (2019), who point out that inadequate sanitation is the main driver sustaining arboviral diseases 

in Brazilian cities. 

Analysis of the materials identified showed that most breeding sites were associated with 

artificial water-holding containers resulting from improper solid waste disposal. Items such as 

bottles, cans, plastic packaging, and discarded tires were identified as favorable environments for 

larval development. When exposed to the intense rainfall regime of the Baixada Maranhense, these 

objects become ideal breeding sites due to the accumulation of clean, shaded water. The structural 

characteristics of these materials favor oviposition by Aedes aegypti, allowing its life cycle to occur 

with minimal disturbance. These findings reinforce the discussions by Costa and Natal (1998) and 

Flauzino et al. (2009) regarding how urban environments, when burdened by poorly managed 

waste, provide the necessary support for the reproduction of these vectors. 

In addition to improperly discarded waste, the dynamics of water supply in Pinheiro directly 

influence the availability of breeding sites. Intermittent water services force residents to store water 

in tanks, buckets, and improvised containers that often lack adequate sealing, turning essential 

reservoirs into mosquito breeding sites. Conversely, the lack of adequate sanitary sewage systems 

creates conditions in which the genus Culex finds ideal environments in areas with open sewage 

and high organic matter content. This demonstrates that inadequate sanitation in Pinheiro sustains 

different biological risks, as observed by Lima-Camara (2024), requiring an integrated approach 

that connects urban infrastructure and public health. 

The persistence of these breeding sites indicates that traditional control measures are 

insufficient without continuous structural investment. In this regard, the citizen science strategy 

adopted in this study proved valuable, as it enabled students to act as active observers in areas that 

formal surveillance often cannot adequately cover. By documenting sanitation deficiencies near 

their residences, students produced a realistic diagnosis of local vulnerabilities. This participation 
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generated robust data for the GLOBE Program platform and promoted critical awareness of the 

relationship between the environment and community health, serving as a foundation for more 

effective future public policies in the region (Baixo et al., 2021; Silva & Witt, 2024; Nascimento et 

al., 2023). 

 

Figure 3. Types of containers and their respective indication regarding the presence of larvae and/or 

 adult mosquito vectors of arboviral diseases. 
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5. Conclusion 

The study on the relationship between basic sanitation and the presence of mosquito breeding 

sites in Pinheiro clearly demonstrated that the lack of sanitary infrastructure is the primary factor 

influencing the reproduction of these vectors. The large number of artificial breeding sites 

identified—resulting from improvised water storage, waste accumulation, and the absence of sewage 

networks—reinforces that sanitation is the main pillar of public health in the region, as highlighted by 

Costa and Natal (1998), Flauzino et al. (2009), and Ferreira Filho (2017). 

The use of thematic and heat maps was essential in demonstrating that the problem is not 

randomly distributed throughout the city but rather concentrated in specific areas of greater 

vulnerability. These geoprocessing tools proved to be powerful allies for planning more efficient and 

targeted interventions, enabling authorities to identify where actions are most urgently needed to 

control disease risks (Cavalcante et al., 2013; Bastos et al., 2019). 

Furthermore, the application of the GLOBE Program protocols demonstrated that it is possible 

to conduct high-quality scientific research by integrating technology with a global database. In this 

process, citizen science emerged as the core of the study, as it actively engaged students, transforming 

data collection into a moment of learning and environmental awareness (Baixo et al., 2021; Silva & 

Witt, 2024). 

Finally, the results indicate that controlling mosquito populations alone is insufficient; it is 

necessary to address the underlying causes of their reproduction. Pinheiro requires public policies that 

integrate environmental education, health surveillance, and, above all, substantial investments in basic 

sanitation. Continuing initiatives that bring the community closer to science and technology represents 

the most promising path to confronting the challenges of arboviral diseases in vulnerable contexts, as 

emphasized by the Ministry of Health (Brazil, 2025) and Vasconcelos and Luna (2020) 
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I Am a GLOBE Researcher 

 

Students from participating schools were actively engaged throughout the study, collecting 

data in their neighborhoods and documenting detailed information on the surveyed sites. The 

research support team was responsible for conducting field surveys, data analysis, and the 

preparation of the results and discussion sections. 

 

I Am an Earth System Scientist 

 

During the execution of field activities, the climate–mosquito relationship was addressed, 

highlighting the climatic variables that optimize the vectors’ life cycle and examining their 

interaction with the local geography of the study area. 

 

 

   I Make an Impact 

 

   The study had a significant societal impact, as students—through data collection, the          

exchange of information provided by the Municipal Health Department, which collaborated in 

selected field activities, and learning about disease-vector mosquitoes—shared this knowledge with 

their families. These family members reported changes in behaviors that could otherwise favor the 

proliferation of these insects. As a result, a positive impact on the community can be observed. 


