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Abstract: The environment, as a space where multifaceted drivers of collective health events occur, 

requires an interdisciplinary analytical approach. To evaluate how the monitoring of such complexity 

has been addressed, a descriptive critical review of the literature under the terms Environmental 

Surveillance and Exposome was conducted. The methodology included categorizing articles according 

to Subject, Sample, Method, and Objective. Under Subject, the Abiotic subcategory includes radiation, 

emissions, molecules, and physical events. Within Sample, the Air-Soil subcategory includes dust, 

fomites, surface analyses, and physical variables. The Epidemiological subcategory covers outbreak 

investigations, risk assessments, and program updates. The development of the concept of 

Environmental Surveillance was reviewed chronologically across representative periods, along with the 

changing health-related contexts. The results showed that most papers regarded the environment merely 

as a sampling substrate—pathogen- or noxa-specific, monocausal—and used surveillance primarily to 

design or implement effective control interventions. The discussion, based on the multidisciplinary 

framework of eco-epidemiology and the intersectoral operational One Health approach, concludes by 

proposing a strategy for Surveillance of Environment focused on critical variables, with attention to the 

lags between threshold values and their health impacts. To operationalize this Surveillance of 

Environment approach, the steps required to delimit the workspace of the landscape as a Health 

Territory are summarized, enabling timely preventive interventions at the early-warning stage. 

 

Keywords: Eco-epidemiology; one health, environmental water surveillance; risk assessment; 
preventive monitoring   

 

Introduction and Methods 

 

The title of this review paraphrases that of the article “The eco- in eco-epidemiology” (March 

& Susser, 2006), which explains the scope of the term ecology within the eco-epidemiology 

framework proposed by Susser & Susser (1996)—a broader concept than that used in works 

based on Pavlovski’s (1966) natural nidality concept. Similarly, the literature on 

Environmental Surveillance (ES) has tended to narrow the definition of environment, without 

diminishing its methodological rigor, significance, or impact on monitored health events. 
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However, just as the Sussers sought to reestablish public health as the core objective of 

epidemiology, the development of ES as a discipline has relegated Surveillance of the 

Environment (SoE)—a more comprehensive approach that integrates eco-epidemiology as its 

theoretical framework and One Health as its operational strategy. 
 

To analyze trends in ES and to propose a complementary or alternative approach through SoE, 

a descriptive review was conducted using articles retrieved from MEDLINE with the search 

term “environmental surveillance.” Only a single database was used, as the goal was not to 

produce an exhaustive review but to examine the conceptual evolution of the term. In this 

context, the retrieved publications were analyzed according to representative periods reflecting 

historical and thematic developments, contrasting their distinctive characteristics as ES in each 

period, and subsequently integrating them into the eco-epidemiological framework of SoE. 

Finally, a strategy for its operationalization was proposed through the characterization of the 

sampling health territory. 
 

From the first article in July 1964 to March 31, 2025, a total of 1,404 titles were retrieved. 

Abstracts were reviewed, and full articles were consulted when necessary to assign 

methodological categories. Three periods were distinguished in the analysis: 1964–2000, 

2001–2019, and 2020–2025. This chronological segmentation was based on contextual 

dominant research themes rather than on the quantitative distribution of publications over time. 

As a preliminary simplification, the first period (N=98) was characterized by radiological 

surveillance; the second period (N=565) focused on microbiological studies, including 

antimicrobial resistance; and the third period (N=741) emphasized virological studies in the 

context of pandemics and Type 2 Vaccine-Derived Poliovirus outbreaks. 

 

For each period, the articles were categorized according to Subject, Sample, Method, and 

Objective (Fig. 1). These categories, along with their respective subcategories, are neither 

mandatory nor mutually exclusive, meaning that a single publication could fall into none or 

multiple subcategories within the same category. Under Subject, the Abiotic subcategory 

includes radiation, emissions, molecules, and physical events such as earthquakes; while 

Eukaryota excludes Fungi, which are assigned to their own subcategory. In Sample, the Air-

Soil subcategory includes dust, fomites, surface analyses, and physical variables such as noise; 

whereas Biotic encompasses organisms such as algae and insects, together with clinical 

samples and biofilms. Within Method, Molecular Biology incorporates molecular 

epidemiology; Biological includes taxonomy, cultures, neutralization, and electrophoresis; 

Physical, in the later periods, incorporates MALDI-TOF, non-biological filtration–

concentration methods, and biosensors (when the biological molecule is used solely to capture 

the target analyte); and Social-Modeling brings together surveys, secondary data analysis, and 

modeling. Finally, within Objective, the Epidemiological subcategory covers outbreak 

investigations, risk assessments, and program updates; Strategic includes programmatic 

recommendations; and Tactical assesses new methodologies. 
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Figure 1. Proportional distribution of articles retrieved from MEDLINE under the search term 

‘environmental surveillance’ up to March 31, 2025 by period, and categories 

 
Exclusion criteria: Articles retrieved from MEDLINE but deemed unrelated to ES mainly 

concerned environmental monitoring by the nervous system and homeostatic processes 

(Freemon 1970; Kamei et al., 2023; Bischer et al., 2023). Additionally, certain publications 

were excluded from the ES analysis despite their association with so-called environmental 

surveillance agencies, as their focus was on activities such as vector control, home inspections, 

animal incidents, spatial mapping of oncological cases and vaccinations, natural disaster 

mitigation, or occupational health (Maciel, 2023; Yuan et al., 2024; Livanainen et al., 2024; 
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Chaves et al., 2004; Brazil, 2025a, b). However, these sources were considered when they 

involved ES of pathogens in vectors or reservoirs (Machado et al., 2018; da Costa et al., 2018; 

Tchuem Tchuenté et al., 2018). The number of publications identified as unrelated to ES was 

3 (3.1%) in the first period, 20 (3.5%) in the second period, and 21 (2.8%) in the third period. 

 

Results and Discussion 

 

Period 1964-2000 
 

The first article retrieved by MEDLINE under ES was by Baratta et al. (1964), focusing on 

radiological monitoring around reactors—an exclusive topic until 1972, with 11 publications. 

The first recorded expansion of ES topics appeared in 1973 with the analysis of mercury 

contamination in fish (Ball et al., 1973). Subsequent studies on mutagens, insecticides, and 

particularly occupational hazards aligned ES with the broader field of environmental health 

(Neefus, 1975; Buffer & Aase, 1982; Hunter & Lenz, 1982). Over time, ES began 

incorporating pathogen surveillance into traditional epidemiological monitoring schemes. This 

included studies on nosocomial outbreaks (Hazuka et al., 1977), cases of Aspergillus infection 

(Barst et al., 1981), and Legionella monitoring (Korvick et al., 1987). The programmatic 

approach to Wastewater Surveillance (EWS) was also introduced during this period, primarily 

for cholera detection (WHO, 1980). 
 

Between 1980 and 1990, three key methodological advances emerged, shaping the further 

development of ES: 1. Risk modeling: based on monitoring specific sources (e.g., water, air, 

food) rather than adopting an integrated environmental approach (Gallegos & Wenzel, 1989). 

2. Molecular biology: particularly PCR, applied to virological surveillance and EWS (Katz & 

Middle, 1990; Katz, 1990; Marques et al., 1993). 3. Recognition of social, cultural, and 

economic drivers: especially in risk communication (Robert et al., 1989) and occupational 

health (Yassi et al., 1991; Vézina & Saint-Arnaud, 1994). 
 

Regarding multi-stakeholder participation, proposals included participatory monitoring of air 

in schools (Hant et al., 1997) and the use of ES as a training tool for zoonosis surveillance 

within the framework of so-called ecosystem health (Ribble et al., 1997), which aligns closely 

with the interdisciplinary eco-epidemiological approach of SoE. This comprehensive 

perspective, parallel to the broader ES trend of pathogen-case surveillance, proposed 

incorporating environmental risks into health analysis. Moreover, guidelines and opinion 

articles began advocating for the quantification and modeling of environmental pressures using 

indicators such as pollution levels, deforestation, urbanization, and industrial activity 

(Corvalan et al., 1997). However, these insights were rarely translated into operational 

strategies, which required defining the spatio-temporal scales involved, as well as the recording 

designs and agents at each scale and variable, as highlighted in studies on birth defect clustering 

(Dolk, 1999). 
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Period 2001-2019 

 

Comparing the relative distribution of subcategories between this period and the previous one 

(Fig. 1), in the category Object, Virus increased, driven by polio eradication initiatives and 

outbreaks of Ebola and influenza; Eukaryota (e.g., Legionella, antimicrobial resistance) and 

Fungi (Aspergillus, Candida) also increased, although not proportionally to the total; while 

Abiotic noxae continued to be monitored mainly due to nuclear accidents (e.g., Chernobyl) and 

the potential adverse effects of emerging technologies (e.g., mobile phones). 
 

The relative increase in microbiological studies was accompanied by a greater emphasis on the 

Water and Biotic subcategories of Sample, while Food declined after having been boosted in 

the first period by systematic activities of the Environmental Surveillance Unit, Public Health 

Laboratory Service of London, UK. In the Method category, Molecular Biology and Modeling 

expanded in response to new epidemic scenarios, while physical methods declined due to 

reduced emphasis on emissions monitoring. In line with studies of emerging outbreaks, within 

the Objective category, a slight increase was observed in the Epidemiology subcategory, using 

traditional epidemiological and risk factor modeling approaches. 

 

Regarding conceptual development from ES to SoE during this period, the need to establish 

broad, generic environmental monitoring was advocated. Such surveillance should include 

socio-demographic, economic, and ecosystem well-being indicators alongside acute and 

chronic exposure assessments. However, when concrete drivers and factors to be monitored 

were described, social and environmental determinants were often omitted or imprecisely 

addressed, replaced instead by individual health and broad socio-demographic indicators 

(Hodge et al., 2002; Castro et al., 2018). In these articles, ecology was used in the sense applied 

in epidemiology and eco-epidemiology, for instance, relating asthma or birth weight to air 

pollutants, socio-economic status, or practices (Ito et al., 2015; Shmool et al., 2015). 
 

Technological advancements in this period introduced new methodological approaches that 

incorporated climatic and environmental variables, including remote sensing and geospatial 

statistics for modeling natural nidality and risk factors in order to prioritize sampling sites. 

Applications included epidemiological corridors of non-human primates for yellow fever; 

cutaneous leishmaniasis and deforestation; Ehrlichia and Anaplasma nidality; leptospirosis and 

flooding; algal blooms; insecticides in surface waters; and indicators of environmental quality 

(Correia et al., 2004; Coops et al., 2004; Fritz et al., 2005; Schiller et al., 2007; Menezes & 

Heller, 2008; Zeichnaer & Adams, 2010; Ortega-García et al., 2016; Veiga Gonçalves et al., 

2019). However, while these studies successfully identified spatial patterns, they often 

presented dynamic environmental processes as static datasets, revealing the limitations of 

relying on single spatio-temporal scales. From an eco-epidemiological perspective, 

overlooking the dynamic, interconnected complexity of a multiscale environment results in 

missed opportunities for designing concrete intervention strategies. The steps for longitudinal, 

multiscale monitoring of explanatory direct variables and socio-environmental causal factors 

in areas defined by geographical, epidemiological, environmental, and social criteria will be 

outlined in the development of the SoE concept. 
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Implementing multi-stakeholder risk factor surveillance that accounts for the complexity of the 

social environment requires appropriate health system structures, interdisciplinary 

collaboration, and integrated information systems for timely decision-making, with special 

attention to vulnerable populations (Barcellos & Quinteros, 2006; Maree et al., 2025). Despite 

this, surveillance methodologies remained primarily pathogen-centric and based on traditional 

epidemiology, even within the integrated One Health framework, focusing on vector–

reservoir–individual human cases or climate and vegetation indices, rather than broader 

environmental determinants (Patnaik et al., 2007; Monge-Corella et al., 2008; Bellini et al., 

2014; Jutlta et al., 2015; Leifels et al., 2022; Tsali et al., 2024). 
 

On the other hand, the results obtained through ES could be adapted and modeled to develop 

preventive strategies within SoE, depending on whether they were recorded at the appropriate 

scales and whether field interventions could be validated. In this sense, many datasets could be 

used as baselines or modeling inputs for preventive designs, such as the multifactorial nidality 

described for influenza A subtypes (climate, demographics, migratory birds, wetlands, 

markets, and poultry processing industries) (Xu et al., 2016; Henning et al., 2019); the 

dynamics of environmental changes in rare health events (Prospero et al., 2008; Okezie et al., 

2010); the temporal lags between recorded variables and cases of leptospirosis or influenza 

(Guimarães et al., 2014; Lau et al., 2019); and the proactive surveillance of antimicrobial 

resistance and Legionella (Alexandropoulou et al., 2019). 
 

Modeling began to show substantial analytical development starting in 2001, for example in 

optimizing the selection of monitoring sites in EWS based on pathogen-independent variables 

(Takane et al., 2016). Other developments toward the end of this period that would gain 

importance in the following one included the use of artificial intelligence for monitoring dam 

leaks (Cheng et al., 2018) and the integration of Geographic Information Systems (GIS) into 

functional surveillance programs (Dixit et al., 2018). 
 

Period 2020-2025 (up to 03/31/2025)  

 

Between the second and third periods, publications on the Virus subject continued to increase 

proportionally (Fig. 1), driven by COVID-19 since its first recorded mention in this search and 

by the consequent movement restrictions analyzed as a natural experiment (Cheng et al., 2020; 

Chakraborty et al., 2021). Additional contributing events to this increase included the 

emergence of monkeypox (de Jonge et al., 2022), outbreaks of Type 2 Vaccine-Derived 

Poliovirus, and the persistence of pandemic influenza. Other subject subcategories also 

reported emergent events, such as sporotrichosis in Fungi (Eudes et al., 2020), while in the 

Abiotic subcategory, EWS applications expanded to include illicit drug monitoring (Carnevale 

Miino et al., 2023). 
 

The increase in Water and Air within the Sample category aligns with responses to the COVID-

19 pandemic. In the Methods category, Molecular Biology techniques for viral detection and 

antimicrobial resistance became well-established, whereas in the Physical subcategory, the 
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adoption of MALDI-TOF, biosensors, and filtration–concentration systems gained traction. 

Similarly, in Modeling, there was a growing focus on EWS risk factor analysis. The Objective 

category remained largely unchanged across periods, as new transmission scenarios further 

stimulated studies on foci, strategic recommendations, and the evaluation of new tools. 
 

Efforts to standardize EWS terminology resulted in distinctions such as ‘wastewater-based 

epidemiology,’ which links wastewater analytes and pathogens to public health outcomes; 

‘wastewater tracking/tracing,’ which focuses on targeted searches of analytes and pathogens; 

‘wastewater surveillance,’ referring to continuous monitoring; and ‘wastewater monitoring,’ 

which assesses discharge quality (Larsen et al., 2021). Other authors, particularly in relation to 

COVID-19, differentiated between ‘community-based passive wastewater surveillance’ and 

‘surface-environmental surveillance’ (Fielding-Miller et al., 2023), or distinguished between 

EWS and ES using surface swabs for antimicrobial resistance surveillance in abattoirs 

(Heljanko et al., 2024). 
 

These refinements in terminology enhance instrumental specificity but simultaneously narrow 

the conceptualization of the environment. Articles retrieved under ES typically examine few 

isolated environmental variables rather than conceptualizing the environment as a complex 

space, where interconnected biological, physical, and social dynamic relationships occur. 

Numerous publications and ES guidelines emphasize the need for systematic data collection, 

analysis, and interpretation to inform the planning, implementation, and evaluation of public 

health measures. Moreover, handbooks, when referring to sources of information, include 

determinants of population health status, environmental variables (climate, topography, 

vegetation cover, water availability), human intervention on the environment (air quality, waste 

disposal), and socio-economic, political, health system, and individual susceptibility indicators 

(Parrish & MacDonell, 2000). However, these sources are often compartmentalized according 

to the structure of surveillance systems, complicating efforts to achieve synergies across 

different scales and between variables. 
 

As previously noted, the limitations identified in this review do not imply a critique of the 

quality or significance of the publications. For instance, the inclusion of social components in 

ES has improved the efficiency and sustainability of even basic technologies, such as providing 

hygiene kits to cohabitants of cholera cases (D'Mello-Guyet et al., 2021), promoting social 

justice in rural and disadvantaged communities (Medina et al., 2022), and defining a limited 

set of climatic risk factors to contribute to real-time monitoring algorithms (Lin et al., 2022). 
 

Many original articles, reviews, and strategic proposals continue to emphasize the cost-

effectiveness of ES and EWS without conducting comparative cost analyses (Molejon et al., 

2023; Uzzell et al., 2024; Khan et al., 2025), or by modeling costs for highly specific pilot 

areas, such as EWS at military installations (Sanjak et al., 2024). The cost-benefits of ES have 

been highlighted as an adaptive, continuous-use multi-platform approach versus on-demand 

clinical diagnosis (Ngwira et al., 2022), or in prioritization for vaccination programs versus 

whole-population immunization (Hagedorn et al., 2024). On the other hand, the cost-

effectiveness of new sampling, isolation, and concentration tools and technologies is evident 
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whether in biosensors, filtration systems of electrostatic fabrics (Brown et al., 2021; 2024; 

Viegas et al., 2022; Balash et al., 2023). The latter had already been proposed in the previous 

period as an electrostatic dust cloth for community participation (Cozen et al., 2008). 

 

Exposome 

 

Since its introduction, the exposome concept has advanced significantly (Wild, 2005, 2011; 

Miller & Jones, 2014; Jones, 2015; Uppal, 2016). Although the term warrants a dedicated 

review, here we focus solely on its convergence with ES and SoE concepts. In this context, the 

exposome encompasses the cumulative temporal monitoring of environmental impacts on 

health, primarily from a mechanistic perspective centered on individual health and chronic 

pathologies, with disease as the ultimate endpoint. 

 

The environment is defined as the “non-genetic” component and the “nature of nurture,” 

according to the cited authors. This conceptualization stems from the exposome's origins in 

toxicology and oncology, later influenced by the rise of omics sciences and epigenetics. 

Consequently, the detection of physico-chemical analytes and biomarkers (signatures, 

fingerprints) has been interpreted as a “complement to the genome.” This definition of the 

environment aligns closely with traditional occupational and environmental health 

frameworks. Individual factors such as lifestyle behaviors related to tobacco and alcohol 

consumption, socio-economic indicators (e.g., education, financial status), and mental stress 

are readily incorporated into such analyses. 
 

While interdisciplinary studies integrating ecology and social sciences are recommended, they 

are often included only as theoretical premises, analyzing select physical and biological 

variables independently rather than as integrated socio-environmental factors. For example, 

when modeling the long-term cumulative effect on lung function (pre-bronchodilation FEV1) 

based on residence, the environmental variables considered include air pollution, vegetation, 

and ambient temperature (Jeong et al., 2025). This mechanistic linearity has been reinforced 

by the incorporation of high-resolution metabolomics, bioinformatics, and AI in efforts to 

“sequence the exposome.” Additional emerging technologies proposed to monitor lifestyle 

components of the exposome must avoid evolving into tools for social control, such as real-

time recording of electronic diaries or videos and mobile phone usage, which have been 

suggested as indicators of psychosocial stress or social interaction. 
 

Considering the limitations of this approach, some authors highlight the socio-spatial 

component, acknowledging the existence of vulnerable subpopulations and disadvantaged 

neighborhoods with differing levels of exposure and healthcare access (Jang et al., 2025; Ma 

et al., 2025). Geographic and occupational disparities have been observed in relation to 

Alzheimer’s disease and residential or military service history in biobanked samples (Powell 

et al., 2023; Melcher et al., 2024), while the use of data from social networks has been proposed 

again (Peters et al., 2011). The Area Deprivation Index, as an indicator of spatial differences 

in the social exposome, has been related to a lack of understanding of swallowing care 

recommendations for people with dementia (Robinson et al., 2024), while social trajectories 
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and inequity have been connected to adolescent health outcomes (Wang et al., 2024). 

Moreover, social stress and behavior have been correlated with genetic aging or delirium (Arias 

et al., 2021; Nielsen et al., 2024), with delirium also associated with parental blue- or white-

collar background (Shift et al., 2022). 
 

Thus, when applied to specific cases, the social aspects of the exposome risk losing the broader, 

theoretical framework of integrated multiple exposures. As in ES, “the social” enables the 

incorporation of perspectives on equity, vulnerability, and justice (Jackson & Arah, 2020; 

Nwanaji-Enwerem et al., 2021; Deguen et al., 2022; Gudi et al., 2023), while once again raising 

the issue of appropriate analytical scales (Buckingham et al., 2024). 

 

Towards a theoretical eco-epidemiological approach  

 

Let us return to Susser's approach mentioned at the beginning of this review, in which they 

points out that epidemiology has lost the collective health objective outlined by John Snow. To 

address this, they proposed a multi-scale and interdisciplinary eco-epidemiology to overcome 

the problems of atomism and mechanistic thinking (Susser & Susser, 1996). Similarly, 

applying the eco-epidemiological framework to SoE will restore the environment as a multi-

causal, comprehensive factor and as a temporal and spatial landscape where many 

simultaneous health events occur. While the ES approach developed since the 1960s has 

contributed to generating ex post mitigation and control actions, SoE allows for the generation 

of ex ante preventive strategies using the time lags of critical variables. 
 

As noted above, a MEDLINE search using the terms “environmental surveillance” retrieved 

about 1,800 articles in March 2025, whereas a search using “environmental AND surveillance” 

yielded approximately 363,000. In this broader category of papers, the concept of environment 

is more comprehensive than in ES works and aligns more closely with the SoE approach, from 

early articles on apple scab control (Keitt, 1926) to river pollution related to schistosomiasis 

(Cawston, 1946). However, the temporal and spatial scales used are often fixed, independent 

of variable dynamics and recording agents, and usually constrained by political and sanitary 

jurisdictional boundaries (Rosenbaum, 1945; Sallstrom, 1945). This trend has persisted for a 

century, even as new technologies associated with microbiota and metagenomics have emerged 

as surveillance topics (Ast et al., 2025; Fumagalli et al., 2025; Teigen et al., 2026; You et al., 

2025; Zhu et al., 2025). Even with participatory construction methodologies, the jurisdictional 

conception of space remains dominant (Bezerra & Bitoun, 2017). 
 

Regarding the interdisciplinary approach in articles retrieved using environment and 

surveillance, the social sciences have become increasingly relevant, particularly concerning 

mental health, health behavior, and lifestyles (Eriksson et al., 2025; Hao et al., 2025; 

Kounnavong et al., 2025; Ugai et al., 2025). Studies examining the relationship between 

psychosocial stress, immunological competence, vector-borne diseases, and anthropogenic 

changes—such as forced migration, droughts, or disasters—reflect this broader 

conceptualization of the environment (Espinoza et al., 2025; Straight et al., 2025; Wilke et al., 

2025; Yetim et al., 2025). 
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A multiscale approach, as in eco-epidemiology, has been proposed for addressing Influenza A 

virus across humans, domestic animals, feral animals, and wild bird interfaces (Goel et al., 

2025). Models of foot-and-mouth disease nidality incorporate interconnected climatic, 

topographical, and land-use risk factors, as well as population density and road density (An et 

al., 2025). Multi-sectoral agents have also been integrated, utilizing expert-curated information 

from the Program for Monitoring Emerging Diseases (ProMED); however, 98% of the reports 

pertain to events in humans or animals, with none referencing environmental factors (Rocha et 

al., 2025). Another approach to managing diverse stakeholders has been to restrict their 

involvement to specific health promotion and communication topics (Oliveira et al., 2019), 

community participation (Howard et al., 2018; Carvalho et al., 2021), or risk assessments 

related to land use (Duong et al., 2021). 
 

One example more aligned with the SoE proposal is the Georeferenced Wildlife Health 

Information System (SISS-Geo, Sistema de Informação em Saúde Silvestre Georreferenciado) 

developed in Brazil. This system involves the collaborative participation of citizens, health and 

environmental agents, researchers, diagnostic laboratories, and expert networks. The 

spatiotemporal predictive models generated by SISS-Geo have proven effective for spatial 

prioritization and decision-making in yellow fever epizootics. However, this system also 

highlights governance challenges and the complexities of multiscale modeling (Chame et al., 

2019; Brazil, 2025c). The difficulty of achieving interoperable information systems from 

various sources has been discussed by Oltean et al. (2025) concerning One Health, primarily 

in genomic surveillance, without identifying variables in the environmental data compartment. 
 

The complexity of eco-epidemiological factors has been explored in studies analyzing the 

relationship between landscape structure and bacterial exposure in animals (Dos Santos et al., 

2023), socio-demographic and vector variables associated with Chikungunya fever (Aguiar-

Santos et al., 2023), human behavior and household structure variables in antimicrobial 

resistance interventions (Sammarro et al., 2023), and sea temperature and marine wildlife 

pathology (Maynard et al., 2016). These studies reinforce the importance of accurately defining 

operational scales to implement effective preventive actions (Alvarez Valdés et al., 2007). 

 

Even at the focal level, it is often necessary to distinguish between micro- and macro-habitat 

environmental variables when modeling risk factors (Santini et al., 2015). This issue 

underscores that each variable has an optimal scale or scales for monitoring, and that each scale 

requires specific collection methodologies. Similarly, different time scales and capture 

frequencies are necessary for each variable, along with a sustainable and continuous 

monitoring design for potential emergent events, akin to “archival science” in climate change 

and conservation studies (Raby, 2015). 
 

Regarding the actors involved in surveillance, each variable at each spatiotemporal scale also 

implies different monitoring media and agents, with varying levels of responsibility. For 

fieldwork at the focal level, it is essential to incorporate communities, which requires 

understanding their social structure and fostering prior relationships of trust, valid for both 
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monitoring and emergencies (Sharma et al., 2023). This inclusion must respect individual and 

collective rights, as already proposed for ES and exposome studies (Bonefille et al., 2023), and 

consider the Open Science framework (UNESCO, 2021). In this sense, when incorporating 

technological advances, such as open-source dashboards or Artificial Intelligence (Naughton 

et al., 2023; Hill et al., 2023; Irrgang et al., 2023), special attention must be paid to the ethical 

issues involved. 

 

From Environmental Surveillance to an operative Surveillance of the Environment  

 

To operationalize the SoE, the Health Territory to be monitored should be defined based on 

socio-environmental criteria. In this context, “territory” refers to the spatial, ecological, social, 

and political locus where dynamic health events of interest are monitored. The SoE approach, 

therefore, entails monitoring the critical physical and biological variables within a Health 

Territory characterized by landscape vulnerability and heterogeneity. At each spatial scale, 

recording quantitative thresholds or qualitative risk events of these critical variables, with an 

appropriate time lag, enables effective preventive interventions. 
 

From this perspective, the concept of Eco-epidemiological Momentum was developed to 

describe the convergence of multiscale biological, physical, and social drivers, where 

biological drivers determine epidemic potential, while social and physical drivers trigger 

epidemic probabilities (Salomon, 2019). Consistently, a preventive surveillance strategy at 

various scales was proposed for leishmaniasis outbreaks in Argentina. For Cutaneous 

Leishmaniasis, monitoring is based on the knowledge that outbreaks occur in domestic-wild 

ecotones due to environmental modifications and human settlements. For urban Visceral 

Leishmaniasis, monitoring sites are prioritized based on vector habitat suitability and socio-

environmental risk, utilizing satellite imagery, secondary sources, and community-generated 

data at different spatial scales (Salomon & Quintana, 2022). 
 

The methodology for defining Health Territory and SoE variables follows a structured 

chronological sequence outlined in Box 1. This process involves characterizing the 

Geographical Area based on epidemiological criteria (similar to ES) and further refining it to 

define the Health Territory by incorporating eco-epidemiological variables. 

 

Box 1 Steps for Surveillance of the Environment (SoE) strategy 

 

1 Definition of Geographical Area: History of risk endemics and epidemics 

2  Definition of Health Territory within the Geographical Area 

  2.1     Landscape structure  

2.1.1  Ecological landscape units where events of interest occur 

2.1.2  Socio-demographic, domestic and wild animal distribution  

2.1.3  Interfaces and their dynamics 

2.1.4  Risk of potential environmental modification 

2.1.5  Geopolitical and socio-economic risk 
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2.2      Prioritised events to monitor 

2.2.1   Sub-populations vulnerability and capacity of agency. 

2.2.3   Feasibility of surveillance and integrated surveillance 

 

2.3      Variables according to risk and event 

2.3.1   Critical. physical, social and biological variables 

2.3.2   Measurement method, lags for intervention. 

2.3.3   Design, implementation, governance feasibility  

3 Preventive Intervention: One Health Risk Management 

 

The potential environmental risk refers to planned infrastructure or urbanization projects, as 

well as unplanned but highly probable events such as land encroachment on interfaces or 

increased extreme weather events. The geopolitical and socioeconomic perspective 

incorporates an additional risk factor for spatial prioritization within the landscape study unit: 

the existence of jurisdictional borders, which may imply different health systems, health 

policies, biodiversity conservation and extractive laws, the presence of migratory routes, and 

differential social disturbances. 
 

Regarding prioritized events for monitoring, in addition to the classic epidemiological criteria 

of incidence, prevalence, and number of people affected, vulnerable subpopulations that could 

experience different impacts on their quality of life due to various events should be identified. 

The feasibility of integrating other events into the same SoE initiative should also be 

considered, even if they do not carry priority epidemiological weight. For example, rainfall and 

hydrological data, from regional records to local and peri-domiciliary flooding at the 

microscale, can be used to integrate surveillance for leptospirosis, enteroviruses and 

waterborne bacterial infections, vector-borne diseases transmitted by mosquitoes and mollusks, 

and accidents involving poisonous animals. 
 

The selection of variables to monitor involves a literature review and risk factor modeling to 

define critical variables and their threshold or triggering events, representing the “perfect 

storm” or Eco-epidemiological Momentum of an epidemic. However, the variable selection 

criteria must also consider the feasibility of recording and whether there are time lags between 

the threshold or event and the peak of transmission that would allow for effective preventive 

interventions. For this selection, it is also necessary to define who will conduct surveillance, 

how, and how frequently, taking into account, as indicated above, that each variable for the 

same event may differ in monitoring methods depending on the scale. 
 

The preventive SoE strategy for leishmaniasis cited above (Salomon & Quintana, 2022) 

proposed monitoring environmental modifications that generate risk with the participation of 

the community, environmental NGOs and rangers, municipal urban development areas, the 

federal meteorological and forestry services, and national and international agencies that 

finance the construction of dams or roads, each at its scale and level of responsibility. The 
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capacity to implement multiscale monitoring implies a large number of additional activities, 

such as management, analysis, discussion, and periodic review-feedback, again adapted to the 

actors and the scale. 
 

Similarly, it is necessary to identify strategies and timelines for anticipatory interventions when 

alert thresholds or risk events are reported by a functional SoE. These interventions can range 

from the micro-target level, involving an informed and participatory community, to the entire 

Health Territory, including programmatic actors from more than one country when borders are 

present. Interventions must be designed in advance, discussed, and agreed upon by the 

stakeholders involved, described in accessible sources, feasible to implement, and include 

process and impact indicators that can be evaluated. 
 

Designing concrete, effective, and efficient prevention or mitigation strategies and 

implementing them on the ground constitutes a crucial step in the eco-epidemiological 

framework of SoE. In addition to defining the Health Territory and the eco-epidemiological 

momentum, the One Health Risk Management concept—still under development—could serve 

as a theoretical and practical guide for this final step, leveraging existing One Health 

coordination tools. The Risk Management methodology, in turn, will help structure flowcharts, 

analyses, assessments, planning, and evaluation of preventive activities. Furthermore, this 

approach could mirror risk analysis in production chains, identifying weak links as targets for 

intervention within the One Health–SoE framework. 
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