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ARTICLE INFO ABSTRACT

Handling editor: Thanh Nguyen The COVID-19 pandemic placed public health measures against infectious diseases at the core of global health

challenges, especially in cities where more than half of the global population lives. SARS-CoV-2 is an exposure

Keywords: agent recently added to the network of exposures that comprise the human exposome, i.e. the totality of all
Exposome environmental exposures throughout one’s lifetime. At the same time, the application of measures to tackle
f?VID'lt? SARS-CoV-2 transmission leads to changes in the exposome components and in characteristics of urban envi-
nterventions

ronments that define the urban exposome, a complementary concept to the human exposome, which focuses on
monitoring urban health. This work highlights the use of a comprehensive systems-based approach of the
exposome for better capturing the population-wide and individual-level variability in SARS-CoV-2 spread and its
associated urban and individual exposures towards improved guidance and response. Population characteristics,
the built environment and spatiotemporal features of city infrastructure, as well as individual characteristics/
parameters, socioeconomic status, occupation and biological susceptibility need to be simultaneously considered
when deploying non-pharmacological public health measures. Integrating individual and population charac-
teristics, as well as urban-specific parameters is the prerequisite in urban exposome studies. Applications of the
exposome approach in cities/towns could facilitate assessment of health disparities and better identification of
vulnerable populations, as framed by multiple environmental, urban design and planning co-exposures. Expo-
some-based applications in epidemics control and response include the implementation of exposomic tools that
have been quite mature in non-communicable disease research, ranging from biomonitoring and surveillance to
sensors and modeling. Therefore, the exposome can be a novel tool in risk assessment and management during
epidemics and other major public health events. This is a unique opportunity for the research community to
exploit the exposome concept and its tools in upgrading and further developing site-specific public health
measures in cities.

Systems-based approach

1. Introduction

The COVID-19 pandemic is an unprecedented global health emer-
gency that clearly demonstrates the importance of timely and effective
interventions in tackling public and global health challenges. Improving
health in cities is inevitably one of the main targets of the 21st century’s
public health policy agenda as they currently host more than half of the
global population and generate over 80% of the global gross domestic
product (Urban Development Overview, n.d; Zhang, 2011). Large cities,
such as New York, Milan, Madrid, and Paris have been significantly

affected by the COVID-19 pandemic (Bouffanais and Lim, 2020; CDC
COVID-19 Response Team, 2020; Riccardo et al., 2020; Salje et al.,
2020;), suggesting that public health measures tailored to city needs
must to be considered. In the first few months of the pandemic, a suite of
public health measures notably “blanket”/population-wide non-
pharmacological measures were deployed to contain and mitigate the
spread of the severe respiratory syndrome coronavirus 2 (SARS-CoV-2)
that causes coronavirus disease 2019 (COVID-19), including wide
governmental lockdowns (Chu et al., 2020). This pandemic response
sparked numerous discussions about the timing, the extent and
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proportionality of public health measures, as well as ethical debates,
while guidelines and advice were (and still are) continuously adjusted,
as further evidence becomes available.

The deployment of public health interventions, especially in urban
settings, is challenging as cities include increasingly large, multidi-
mensional and complex networks and systems of human interactions
with distinct spatial, temporal and population characteristics. The
pandemic offers a unique opportunity for cities and urban settlements to
recognize that preparedness and response to epidemics should be
informed by the specific complexities and challenges that urban settings
face, while accounting for the pandemic unknowns/uncertainties
(WHO, 2020).

The characteristics of urban structural features, such as location of
commercial shopping zones, academic facilities, residential areas, in-
dustrial zones, green/blue space, (public) transportation, etc. and the
within-city socioeconomic gradient have properties that contribute and
shape the human exposome, which has been defined as the totality of
exposures encountered throughout one’s lifetime (Wild, 2005). The
characteristics of the urban environment also shape the urban expo-
some, a complementary concept to the human exposome, which views
the city as the unit of measurement (Andrianou and Makris, 2018). The
urban exposome has been defined as the qualitative and quantitative
assessment of environment and health indicators that describe the
framing and evolution of urban health and its interactions with urban
infrastructure, climate, and small area (neighborhood) features
(Andrianou and Makris, 2018). During the pandemic, another parameter
has been added to the network of environmental components that
comprise the human exposome and that is the pathogen itself (SARS-
CoV-2), increasing both individual and population disease risk in the
urban setting. At the same time, non-pharmacological interventions
(NPI), such as lockdowns have been widely implemented to tackle SARS-
CoV-2 transmission. Such NPI may both indirectly or directly impact and
modify the exposome profile of individuals, life in the city and popula-
tion exposures. Therefore, there is a combined effect of the pandemic on
individual, population and urban exposomes.

The description and assessment of the impact of the pandemic, and
the (in)direct impacts of public health measures taken in response to the
pandemic in each city, could likely provide the basis for comprehensive
and site-specific disease prevention and response approaches. These site-
specific approaches are needed to apply measures in a proportionate
way while allowing for quick identification of COVID-19 cases and for
limiting the risk of transmission. The choice of the most appropriate
response approach is critical, since parameters that contribute to in-
creases in cases or new outbreaks in different geographic areas may
vary, exhibiting differential impact in areas of the same urban center.
The complexities of deploying public health measures in urban settings
during the pandemic highlights and reinforces the need to reach across
borders of scientific disciplines that are traditionally considered to be
separate in research efforts. Cross- and trans-disciplinary approaches
allow the scientific community to integrate knowledge, methods, and
tools towards evaluating the complexity of the urban environment and
the societies from different disciplinary perspectives, thus allowing
public health threats to be addressed more comprehensively.

Thus, the objective of this work was to demonstrate how the expo-
some concept and the urban exposome study framework (Wild, 2012,
2005; Andrianou and Makris, 2018) could act together under an inter-
disciplinary methodological umbrella for the development and testing of
public health measures that may concomitantly lead to more effective
NPI for infectious diseases management in urban settings.

2. Discussion
2.1. Human exposome and urban exposome characteristics in epidemics

The human exposome aims to measure all exposures throughout
lifetime by systematically assessing environmental parameters
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(including lifestyle, behavioral, biological, etc.) that are classified into
the external (general and specific) and internal domains (i.e. categories
of exposures) (Wild, 2012, 2005). The broad range of parameters that
comprise the exposome have the individual as unit of reference and
include infectious diseases (initially placed in the specific external
exposome domain) (Wild, 2012). In parallel with humans, urban expo-
sures influence and are influenced by various human exposures and they
can be categorized into external (general and specific) and internal
exposome domains with reference to the city and its neighborhoods. In
the urban exposome, infectious diseases transmission influences and is
influenced by all aspects of city life and they are a parameter that is
internal to the city, while policies or public health measures/in-
terventions can be internal or external to the city (Fig. 1).

To map the extent to which exposome studies have addressed issues
of infectious diseases, we conducted a scoping review of peer-reviewed
literature published in PubMed. We searched for records with in-text
mentions of the terms “exposome” and “infectious diseases” or
“communicable”, or combinations of different keywords related to
specific infectious diseases (e.g. tuberculosis, measles, antimicrobial,
food-, water- or vector-borne) published until September 13, 2020. The
majority (40 out of 61) of studies were reviews, commentaries and ed-
itorials. Among them, only 18 were original research studies (either
observational or experimental) and three of them were protocols or
descriptions of cohorts discussing infectious diseases in the scope of
addressing other objectives. Although this was not a systematic review
of the literature on the topic, it illustrated the level of attention infec-
tious diseases have received among exposome studies. Notwithstanding,
there were two studies that included measurements of pathogens as
exposures in personal exposure monitoring schemes (Cissé et al., 2020;
Jiang et al., 2018). Moreover, infectious diseases have been described as
components of the mixture of exposures in association with physiolog-
ical aspects of infection to SARS-CoV-2 in a commentary and a review
article (Land, 2020; Naughton et al., 2020). So far, the exposome
concept has predominantly found use in exposure science and envi-
ronmental health. In this context, the exposome and its urban exposome
“extension” provide us with a theoretical framework, where infectious
diseases can be integrated within a broader urban health and environ-
mental health research niche.

The transmission of SARS-CoV-2, the progress and outcome of
COVID-19 for each individual depends on the virus or infection char-
acteristics (e.g. viral load), existing co-morbidities and the multitude of
exposures in various settings (e.g. at school, home, work) that belong to
the specific external and internal human exposome domains (Jang et al.,
2020; Richardson et al., 2020; Wild, 2012). The public health measures
that were taken to restrict mobility and the number and duration of
contacts at home, school and work or in other social events towards
decreasing virus transmission modified also a suite of other individual
and urban exposures (general and specific external exposome domains).
For example, restrictions in public transportation and/or travel led to
less people commuting, thus affecting their exposure to outdoor air
pollution. In addition, closure of workplaces (e.g. construction) led to
workers being less exposed to potentially hazardous substances typically
experienced in the industry. Mandatory lifestyle changes, such as having
to work or study at home coupled with fewer on average contacts might
have also affected mental health outcomes, while staying more at home
(increasing exposures to indoor air), or using more cleaning/disinfection
products might have led to increased chemical exposures e.g. to disin-
fection by-products (Kim et al., 2020; Li et al., 2020). Upon school
closures, education for many moved to online platforms, thereby
adversely impacting learning opportunities for students with limited
access to such technologies. At the same time, the routine imple-
mentation of public health activities, such as vector control or immu-
nization programs might have faced interruptions, leading to possible
increase in vector-borne diseases or decreased vaccination uptake,
respectively. In cities/towns, most, if not all facilities, infrastructures,
transportation systems and networks had to adapt to the new reality of
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Fig. 1. Schematic of urban exposome and human exposome domains and examples of relevant exposome components and their groups that were modified due to

COVID-19 pandemic.

the pandemic. Together, the above examples highlight that the intro-
duction of SARS-CoV-2 and response measures to counteract viral
transmission have invoked a complex feedback loop in the system of
exposures that comprise the exposome framework (Fig. 1).

The experience of the COVID-19 pandemic is an opportunity to
describe and assess the impact of an emerging infectious disease on the
exposome of individual urban dwellers and on the urban exposome of the
place these individuals live, work and study and vice -versa (how the
exposome might influence infectious diseases spread and control). Being
exposed to any pathogen is only one step in a sequence of events that
could lead to infection and ill health. However, the risk of exposure to the
pathogen, the risks of ultimately acquiring the infection and the severity
of the infection are a function of multiple parameters that could be
grouped together, based on the three exposome domains, into the general
external domain, specific external domain, and internal domain (Fig. 1).

The parameters of the human exposome also affect the characteris-
tics of within-urban environments, maintaining an overarching role in
shaping urban health and influence COVID-19 risk differentiation and,
in general, the probable spread for any infectious disease. A study in
New York city already showed that hospitalization and death rates
associated with COVID-19 were disproportionally higher in certain
boroughs compared to other areas of the city (Wadhera et al., 2020). In
the same city, the number of residential units in each building, the mean
assessed price of each unit and the neighborhood median household
income were inversely related with the probability of infection with
SARS-CoV-2, while the neighborhood unemployment rate, the neigh-
borhood household membership and crowding rate all positively
increased the probability of infection among pregnant women (Emer-
uwa et al., 2020). In another study using data from 50 cities around the
globe, results showed that transmission in urban areas was restricted in
specific latitude, temperature and humidity windows, suggesting that
COVID-19 transmission might be partially driven by environmental
determinants (Sajadi et al., 2020). Given the accumulating evidence
from the COVID-19 pandemic, it becomes evident once more that it is
important to simultaneously integrate the effects of multiple risk factors
on public health measures and NPI strategies applied within the urban
setting.

Following the urban exposome framework, inherent variability in
the exposome components at the individual, neighborhood, or district
levels ought to be comprehensively characterized at various time points
(prior to, during and after a pandemic), if we are to improve our

understanding of disease transmission dynamics and to better identify
high-risk groups for infection (Table 1). The variability in individual and
population risk of infection (and its severity) highlights the importance
of considering methodological frameworks and approaches that go
beyond the reductionist, one-size-fits-all approaches. The application of
exposome-based approaches requires the integration of data from
various sources and through different data flows. For example, already
established ongoing routine surveillance or environmental tracking/
monitoring systems could provide secondary data that can be combined
with primary data from ad hoc studies. It should be emphasized here that
proper harmonization of primary and secondary data sources should be
adequately practiced when used in answering specific research ques-
tions or used for hypothesis generation. Comprehensive frameworks
such as that of the exposome offer alternatives for better managing
public health crises of the future. At the individual level, the new
knowledge on COVID-19 reinforces the impact of co-morbidities in
disproportionally increasing risk of infection (Grasselli et al., 2020;
Richardson et al., 2020). At the population level, both susceptibility and
broader co-existence of environmental exposures e.g. air pollution or
different socioeconomic background could exacerbate disease risks and
access to healthcare for certain vulnerable groups and confound,
improve or affect the effectiveness of control options due to urban sys-
tems complexity (Azar et al., 2020; Khoury et al., 1989; Wu et al., 2020).
For example, individuals in unique windows of susceptibility to health
hazards, such as pregnancy, childhood, those with pre-existing illness,
or elderly, usually present with higher disease risk due to non-genetic
exogenous agents (chemicals, drugs, stress, etc.), which may further
aggravate immune function or induce immunosuppression. This may
render such individuals even more susceptible to additional downstream
end points of disease, such as, lower routine vaccine antibodies counts
following vaccination, or hormonal deficits, or occurrence of opportu-
nistic infections (Grandjean et al., 2012; Woodruff et al., 2008). The
exposome approach could find use in monitoring the phenotypic vari-
ance of the urban population characteristics before, during, and after
epidemics. This would consider the numerous individual exposome
components (e.g. unhealthy eating, smoking habits, alcohol consump-
tion, occupation, socioeconomic status, disinfectant use, anxiety, other
personal environmental exposures, etc.) and their potential clustering
into focused exposure groups (e.g., climate, natural and built environ-
ment, air pollutants, diet, infectious agents, lifestyle, behaviors) (Had-
dad et al., 2019).
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Table 1
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Examples of public health response measures and non — pharmacological interventions used to contain and mitigate COVID-19, using the exposome concept, its
domains and related tools. Their field deployment could be part of health prevention and promotion efforts, as well. Their application could take place either at

baseline, during, and/or after a pandemic crisis, or periodically.

Enhanced
contact tracing

Quarantine and
isolation

Use of personal protective  Closure of facilities (e. Physical distancing and

equipment and personal
hygiene

g. schools,
universities, green/
blue space)

confinement (lockdowns)

Internal and specific
external: e.g. facilities

Internal: e.g. intra- for quarantine and

Urban . R . . .
and inter-city isolation and services
exposome . .
disease clusters for those in
Exposome quarantine or
domainsinvolved (i. isolation
e. internal, specific
and general Specific external:
external) e.g. individuals Internal: e.g. lifestyle
Human affected and habits modified,
exposome depending on their as well as routine
habits/lifestyle/ exposures
contacts

Allow timely
intervention in
case of infection

Reduce risk of

Intervention outcomes -
transmission

Resolution (“unit”) of analysis Individuals Individuals/groups

Study Designs Surveys, network analysis

Questionnaires, geocoded data travel/

Primary sample/data collection .
Y ple/ contacts history

Routine contact
tracing and
surveillance

Surveillance, geo-
tracking data from
devices/software

Secondary data collection

Internal and external: e.g.
intra-urban variable
availability of equipment,
procurement and budget
availability at national or
global level

Internal and specific
external: e.g. use of
equipment might lead to

Internal: e.g. impact on
learning opportunities,
maintenance of closed
facilities, city income
due to decreased use of
facilities

Internal and specific
external: e.g. limiting
access to facilities leads

Internal, general and
specific external domains: e.
g. intra-urban impacts due
to infrastructure/facilities/
services capacity, mobility
and availability of goods

Internal, and general
externalor specific external:
e.g. adhering to physical
distancing rules might add

differential exposure to
infectious diseases or
chemicals, as well as
change in behaviors/habits

to increased time
indoors and decreased
time outdoors

on mental health burden, if
services become
unavailable, personal and
group plans to be adjusted
Reduce risk of
transmission and protect
vulnerable groups (i.e.
children) and those
coming to contact with
them
Individual, small area (e.
g. neighborhood), group
(e.g. specific age groups)
Trials, cohorts/cross-
sectional studies,
surveys, qualitative
studies

Reduce individual risk of
infection and prevent
transmission

Reduce risk of transmission/
infection

Individuals and groups
based on occupation (e.g.
essential workers)

Individual, small area, city

Surveys, trials, qualitative
studies

Trials, surveys, qualitative
studies

Questionnaires, interviews Questionnaire, policy analysis

Procurement/orders/
imports/manufacturing of
equipment, records of
entities, distribution of
consumables (e.g. hospitals,
schools)

Surveillance, other
routinely collected
information about use of
facilities (e.g. school/
university buildings)

Routine surveillance

E-data collection, interviews or mixed methods data collection, sensors,
biomonitoring, molecular biomarkers of exposure and effect, advanced

Tools (assigned to public health
measures/intervention)

biostatistical models

Crowdsourcing, community/citizen science and social
media

Open governmental data and infrastructure databases and/or policy documents

2.2. Application of exposome tools and methods during epidemics

A suite of exposomic tools like biomonitoring, remote sensing, per-
sonal sensors, digital health, targeted/untargeted —omics platforms,
high-dimensional-based statistical learning techniques, among others
may prove useful in disentangling variation attributed to infectious
disease severity and/or spread, while accounting for the urban envi-
ronment and its characteristics in a comprehensive fashion. These tools
have been quite frequently used in environmental health studies (Ver-
meulen et al., 2020), but little use of them has been practiced in the field
of infectious disease epidemiology in relation to interactions with other
urban structural, environmental and exposome variables. Exposomic
tools can also be integrated in infectious diseases surveillance and
monitoring, as well as in public health response to epidemics (Table 1).
A few examples from the above-mentioned exposomic tools have
already been used in the COVID-19 crisis, but rather in a fragmented
mode, such as, digital contact tracing devices/wearables for tracking
people, wastewater epidemiology for virus monitoring, select bio-
markers of effect (cytokines, immunoglobulins, etc.), integration of
various data sources to estimate indicators of vulnerability (Bringing
Greater Precision to the COVID-19 Response,” 2020; Coperchini et al.,
2020; Hart and Halden, 2020; Servick et al., 2020).

Up to date methodological assessments of population susceptibility
to both chemical or biological agents have been largely focused on
characterizing the genetic variation, for example in genome-wide asso-
ciation studies and using tools such as off-the-shelf chip technologies, or
single-molecule real-time sequencing technologies. The variance of
external exposome components (e.g. air or water quality, green space
availability) is also usually assessed independently while routinely
collected data (e.g. from registries or surveillance systems) or data from
environmental monitoring (e.g. for air and water quality) add to the data
sources used in population health studies. The above methods and data
sources shall be concomitantly employed in an urban health monitoring
study, provided there is proper stratification to include small area fea-
tures of the city, allowing for scaling to larger administrative city units.
Different study designs e.g. (multi) cross-sectional surveys or (nested in)
cohorts or experimental trials, with qualitative and quantitative meth-
odologies could be considered, integrating data on multi-level city
stressors (environmental, behavioral/lifestyle, climatic or other, distal
or proximal parameters) with data from secondary data sources (e.g.
routine surveillance, crowdsourcing, citizen science, open governmental
data, infrastructure databases) on infectious disease risk or determinants
of disease incidence and control (Table 1). Exposome-based urban
studies could be articulated to exploit infectious diseases surveillance
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data, while benefiting from the comprehensive spatiotemporal assess-
ment of pathogen/microbial, environmental (e.g. chemical), and life-
style/behavioral exposures, using novel exposomic tools at the small
area (neighborhood) level. Therefore, the application of the exposome
approach based on the integration of tools and methods, can address
both the probability of exposures and their impact based on fragility and
vulnerability of populations in urban settings (Operational tool on rapid
risk assessment methodology - ECDC 2019,” 2019). Then, operationally,
the exposome could aid in risk assessment, preparedness and response to
events that have a public health impact.

The prospective benefits of applying the exposome concept to
contain or mitigate infectious diseases in urban settings are expected to
be high. Most of the tools of the human exposome, as depicted in
Table 1, have been extensively used in research, e.g. in chronic diseases
or exposure assessment/exposome studies. Tools for proper classifica-
tion of continuous measurement of exposures (e.g. using wearables) in
indoor or outdoor environments, location activity trackers, modeling of
environmental exposures and population dynamics, and the use of early
biomarkers of response to infection and non-invasive biomarkers of
exposure (skin or urine or exhaled breath condensates) are among the
tools used in exposome research that can be considered mature (with
extensive application in different contexts). As such, these tools can be
used in the study of infectious diseases under the exposome umbrella not
only in urban settings, but also in rural settings and, in general, in oc-
casions that call for a comprehensive approach.

Some of the benefits of the aforementioned applications of the
exposome or the use of “exposome tools” to address public health
challenges related to infectious diseases can be summarized in the
following points:

(i) An exposomic approach that integrates multiple data sources in a
concise and timely manner will allow for the better understand-
ing of the variability in exposures related to each city’s de-
mographic, infrastructure, climate, built and natural
environment characteristics, as these relate to disease spread
patterns.

(ii) Monitoring both infectious disease dynamics and the burden of
chronic diseases in smaller areas of urban settings will provide
information of greater granularity and allow for hypotheses
generation towards the identification of urban networks or clus-
ters of determinants and indicators of higher disease risk and/or
higher vulnerability.

(iii) Research on subsets of exposome variables with larger impact on
public health will be prioritized and then aid the development of
site-specific public health measures and their evaluation when
they are deployed either in terms of a response to an epidemic or
in tackling underlying chronic disease burden (either communi-
cable or non-communicable diseases).

(iv) Research findings of the application of wider exposomic ap-
proaches that integrate the study of infectious diseases dynamics
could feed into current guidance measures or model trajectories
and risk assessment efforts, further refining or informing pre-
paredness and response to epidemics.

This list of benefits may not be exhaustive, but it provides the basis
for a broader scientific dialogue and exchange of information and tools
between disciplines. The ample availability of tools and methods and the
benefit of integrated exposome approaches come along with a great
responsibility for researchers and stakeholders as they are in charge of
identifying opportunities, performing operational and basic research,
communicating limitations and uncertainty and translating results to
public health practices. It might not be feasible to deploy all available
technological and methodological innovations due to data availability
or the lack of technical capacity in different settings. When tools and
methods are not available to build capacity or to develop the necessary
tools and foster innovation for new methods, prioritization and
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hierarchy of needs should be warranted depending on the local/regional
needs. Using a case by case scenario, the cost and logistics of organizing
and coordinating such efforts need to be balanced against anticipated
benefits. Additionally, all new technologies that seem promising in
terms of data collection efficiency, e.g. (geo)tracking technologies and
personal identification systems or digital contact tracing could bring
forward sensitive issues with respect to privacy, data protection and
ethical risks that must not be neglected. A cost-benefit analysis was out
of scope for this article, however, it is obvious that when the wider use of
such exposomic tools and technologies is practiced, then their cost is
expected to decrease. Lastly, communication and interpretation of data
and results with various stakeholders needs to be done in a timely and
trustful manner that fosters further collaborations and efficient imple-
mentation of outputs in practice.

3. Conclusion and recommendations

The dynamically evolving and perplexed urban environment of the
21st century will be the key setting dealing with the COVID-19
pandemic repercussions, as well as likely/possible future epidemics.
The unprecedented crisis of the COVID-19 pandemic brought up
changes in the way we live our lives, the way we work/study, and the
way we socialize, thus, impacting on the human exposome and the
resilience of cities to manage epidemics of high magnitude. New
epidemic waves of COVID-19 are anticipated along with the emergence
of other new infectious diseases that threaten global health and security,
particularly in urban settings.

Public health measures and response interventions, such as enhanced
contact tracing, personal protective equipment usage, quarantine, and
lockdowns will most likely continue to be deployed but perhaps at
different scales, depending on the epidemiology of COVID-19, available
resources, and technical capacity. Given the experiences acquired so far
and the capacity built while responding to COVID-19, large scale,
population-wide measures may not be practical or necessary, while
more site-specific approaches will be considered based on the so far
generated knowledge. The COVID-19 pandemic emphasized the need to
better understand the risk variation and the cost-efficacy of measures
and interventions against the disease spread that might present with
area-stratified or socioeconomic status-stratified population risk of
infection within urban settings. In order for the interventions to become
more effective and efficient in protecting susceptible/high risk groups
(e.g., elderly), all exposome components that shape the urban environ-
ment and define public health response within a city need to be inte-
grated to offer science-based guidance for risk assessment and site-
specific decision making and to provide tailored responses that can
quickly become operational. Therefore, the application of a compre-
hensive framework, such as that of the exposome, could lead to better
tailoring and evaluating the effectiveness of public health measures.
This may be achieved via the integrated description and evaluation of a
suite of exposome components in various areas of a city where health
disparities and other risk factors (e.g. co-exposure to chemicals, pollu-
tion etc.) often prevail.

Anticipated changes in public health systems and in the organization
of disease and health surveillance systems at the urban community level
will require the design and (re)testing of existing or novel public health
measures. Such efforts will inevitably be proven useful to accompany
already established prevention and control measures for infectious dis-
eases. To aid response in urban settings and understand the dynamics
that shape health in cities, the environmental features of small areas (e.
g. at neighborhood level) need to be fully characterized using the urban
exposome framework. The interactions of risk factors of the urban
community with the local determinants of infectious disease spread and
containment should be better delineated to establish improved response
programs for high-risk and vulnerable subpopulation groups. The
exposome framework is the featured concept that could simultaneously
integrate both environmental and (epi)genetic variants and other health
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determinants in the same urban study. Such approaches could entail the
spatiotemporal integration of hierarchically important clusters of in-
fectious disease risk factors and their linked networks of urban param-
eters, feeding into preparedness and response measures. The exposome
utility and its tools may also find use in the formulation of site-specific
public health measures in urban communities of varying risk and
exposure profiles.

A great opportunity emerges for the public health research com-
munity to exploit the exposome tools in upgrading site-specific public
health measures in urban communities. More research efforts in testing
and developing specific NPI using the exposome concept are warranted,
to efficiently prepare and respond to future epidemics without dis-
proportionally affecting health disparities and equity efforts in urban
settings.
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