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Mosquito surveillance is a crucial process for understanding the population dynamics

of mosquitoes, as well as implementing interventional programs for controlling

and preventing the spread of mosquito-borne diseases. Environmental surveillance

agents who performing routine entomological surveys at properties in areas where

mosquito-borne diseases are endemic play a critical role in vector surveillance

by searching and destroying mosquito hotspots as well as collate information on

locations with increased infestation. Currently, the process of recording information

on paper-based forms is time-consuming and painstaking due to manual effort. The

introduction of mobile surveillance applications will therefore improve the process of data

collection, timely reporting, and field worker performance. Digital-based surveillance is

critical in reporting real-time data; indeed, the real-time capture of data with phones

could be used for predictive analytical models to predict mosquito population dynamics,

enabling early warning detection of hotspots and thus alerting fieldworker agents into

immediate action. This paper describes the development of a cross-platform digital

system for improving mosquito surveillance in Brazil. It comprises of two components: a

dashboard for managers and a mobile application for health agents. The former enables

managers to assign properties to health workers who then survey them for mosquitoes

and to monitor the progress of inspection visits in real-time. The latter, which is primarily

designed as a data collection tool, enables the environmental surveillance agents to act

on their assigned tasks of recording the details of the properties at inspections by filling

out digital forms built into the mobile application, as well as details relating to mosquito

infestation. The system presented in this paper was co-developed with significant input

with environmental agents in two Brazilian cities where it is currently being piloted.

Keywords: mobile technology, real-time, surveillance, mosquito, environmental surveillance agents,

environmental health agents

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.754072
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.754072&domain=pdf&date_stamp=2021-10-27
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:a.aldosery@ucl.ac.uk
https://doi.org/10.3389/fpubh.2021.754072
https://www.frontiersin.org/articles/10.3389/fpubh.2021.754072/full














Aldosery et al. MEWAR: Mosquito Surveillance System

FIGURE 5 | Home page of the managers dashboard showing the interface

used by managers for selecting and viewing agent details, and for allocating

and assigning tasks to agents (right).

completion of the assigned tasks; (7) defining new geographical
areas and associated neighborhoods. The manager dashboard
contains all the information required to assign an inspection
visit task, such as geographical data (areas name, neighborhood
ID) and a list of all registered agents. Moreover, the dashboard
provides real-time progress reports by showing the number of
completed visit forms for each assigned task. Hence, it assists the
managers in monitoring the progress and assessing the situation
on the field in real-time and rapidly making any required
decisions (i.e., allocating or reallocating agents for blocks with
slower progress and so on). The overarching goal of manager
dashboard is to integrate both mosquito surveillance and risk
modeling data to understand and predict the areas at high risk
of mosquito infestation. Thus, the collected data (through the
app) and predictive models will in the long run be able to inform
policymakers how to improve surveillance and operations in the
field, have evidence for staffing the environmental agencies with
agents, and also evidence for investing in better water sanitation
in areas where mosquito infestations seem to be a major issue.

Mobile Application for Health Agents: Data
Collection Tool
The second component of the MEWAR system is a mobile
application for the surveillance of mosquito vectors. The main
operators of this application are health agents, and its principal
functionality regards in-field data entry using built-in digital
forms. Another notable feature is the flexibility that allows agents
to edit property addresses and add missing ones. Agents who
register and log into the app have access to all application

functionalities. They receive the tasks assigned to them by
their managers and a list of assigned inspection visits is
displayed on their home page. The tasks are defined by area
name, neighborhood, the number of properties that need to be
inspected, and the cycle, which represents the months of the
year during which the task is to be carried out (for example,
January and February are Cycle 1) (Figure 6). The agent then
selects a specific task and starts filling out the surveillance forms.
The forms are designed to collect the same data as that collected
through the standard paper-based forms currently used by health
agents in both Recife and Campina Grande. The forms are
classified according to four main categories of data: descriptive,
logistical, entomological, and environmental.

On opening a digital form, the agent selects a property from
the list then adds or edits relevant details such as property
type (residential, industrial, etc.), the presence (or otherwise) of
gutters, and whether the property is infected (Figures 7A,B). If
an address is not on the list, the user has the option to add the
details of the new address and geographical coordinates using
the in-built GPS feature. When the visit is completed, the agent
records details such as the time, date, and visit status (completed
or not) (Figure 7C), followed by information regarding any of
the 13 known types of water container or breeding habitat that
are typically located inside or outside dwellings and whether they
are contaminated with the larvae of the Aedes or Culex mosquito
(the two types of mosquito responsible for the transmission
of zika, chikungunya, and dengue), and whether the infected
containers have been treated with the appropriate larvicide
(Figure 8). Finally, the nature of any environmental waste and
waste disposal practices are documented (Figure 7D). Data are
transmitted in real time to the cloud-based database. When all
properties assigned to an agent have been visited and the forms
have been submitted, a task is complete. The manager can then
approve (confirm) this completion.

Best practice for the design of mobile forms has been followed
to make the process of filling out the forms as straightforward
as possible. The more complex a form, the more likely an
agent will be to find the process demanding (possibly too
demanding) of time and effort. The form is composed of four
shorter forms, filled out in a logical order. The amount of typing
required has been designed to minimize data entry and so reduce
typographical errors. Pre-defined dropdown menus and radio
buttons are integrated wherever possible instead of free text.
All fields have a validator to help and guide the user if they
make an error (such as inputting text when the expected value
is a number). All mandatory fields are marked. Finally, because
surveillance activities are usually conducted during the summer
months when sunlight is at its strongest, a light background with
black text has been chosen to improve readability and visibility.

MEWAR SURVEILLANCE SYSTEM
IMPLEMENTATION

The system architecture consists of two main components:
the application server and the system client. The server is
responsible for providing services to users, while the client
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FIGURE 6 | Surveillance agents’ mobile application: login page and the three main pages of the application. (A) Login page, (B) home page, (C) past visits, and (D)

profile page.

FIGURE 7 | Surveillance agents’ mobile application: descriptive and logistical sections of the form. (A) List of properties, (B) add new property, (C) visit form, and (D)

waste form.

side is the interface between the system services and the users.
The system has been implemented and developed by applying
standard software engineering practices to ensure fewer defects
and bugs and to create a high-quality product. These practices
include making use of software design patterns to manage

the project, using version control to manage multiple system
versions and to track changes over time, and using peer code
reviews to enhance the code quality (20). The developed system
leverages existing technologies such as GitHub, CircleCI, and
Heroku for automatic building, testing, and archiving the system.
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FIGURE 8 | Surveillance agents’ mobile application: entomological section of the form. (A) Aedes form, (B) infected container A1, (C) Culex form, and (D) infected

puddle.

The continuous integration service is essential for improving
reliability by minimizing human errors.

Application Server
The application server is the back end and backbone of the
system. The server responds to Hyper Text Transfer Protocol
Secure (HTTPS) requests and processes the received data and
user authentications. The Node.js with an ExpressJS framework
has been used as a server for our system to define the Application
Programming Interface (API) endpoints for communication
with the database. The advantage of Node.js over other options
is the support of asynchronous call-backs, which in turn
enhance the response times and smooth the user experience
(21). The server is hosted on Heroku with a cloud-based
NoSQL unstructured database for data storage. The selection
of a database system is crucial to any data-driven software
solution. Because the surveillance system and paper forms used
in Brazil can differ slightly from city to city and across time,
it was reasonable to choose the NoSQL unstructured database
(e.g., MongoDB) to avoid restrictions on any future changes
to the database models (22). In other words, a structured
database would not in practice provide greater flexibility and
would enforce the data type in the models (23). It should be
noted that the current MEWAR surveillance system service
is dedicated only to Recife and Campina Grande surveillance
agencies, and data is collected for research purposes only.
However, the system is envisioned to support the system’s
adoption by the two cities for their daily surveillance, scale up
to other cities and states, and make it interoperable with state

environmental agencies’ servers, which require manual report
data entries (24).

Database Configuration
Having a robust geographical backbone is crucial for the
accuracy of any vector surveillance system usually carried out
at the household level (10). The database has therefore been
initialized with the geographical information concerning both
cities, including areas, neighborhoods, and properties. The data
regarding areas and neighborhoods was provided by the local
Brazilian communities in map format. To ensure compatibility
with our system, we turned this data into a JavaScript Object
Notation (JSON) format using Geographic Information System
(GIS) tools. For the properties, we compiled a list of home
addresses from the Brazilian Institute of Geography and Statistics
(https://www.ibge.gov.br) and used the Google Geolocation API
to find the coordinates of those properties. TheMongoose library
has been integrated tomanage the relationships between data and
to create MongoDB validation as it offers type casting and query
building as a built-in solution (25).

System Client
The system client is the front end of the system where users
interact with the system. The client side communicates with
the server side through the API calls. The system provides two
forms of access: the web interface and the mobile interface.
The former is for the managers and supervisors responsible
for allocating agents, coordinating their tasks, and monitoring
their progress. The mobile application provides health agents
with digital forms for recording data during routine surveillance
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inspection visits matching the precious paper-based forms. Both
platforms support the two languages, Portuguese and English.

• The manager dashboard has been built with React Native for
the web, which is one of the JavaScript libraries that splits UI
elements into components which have their own local state.
Material-UI, a React UI framework, has been used to provide
rich User Interface (UI) functionalities with inbuilt styling.
The manager dashboard web page can be accessed through a
web browser on any device (desktop, laptop, tablets, mobile,
etc.) regardless of platform (Android, iOS, Windows, etc.).

• The mobile application for agents has been built in Ionic,
a mobile toolkit that compiles code written in either plain
JavaScript or any JavaScript framework, such as React (which
is used in this system), Angular, or Vue, into Android and
iOS apps. The utility of Ionic in relation to the project is
the ability to write code once and compile it for both major
platforms, iOS and Android. The mobile application also
captures spatial data during the fieldwork using the device’s
Global Positioning System (GPS). The minimum requirement
for using the mobile application is a smartphone or tablet
supported by either Android or iOS operating systems with
access to Wi-Fi or mobile network connectivity.

Authentication and Security
The API endpoints of our system need to be protected. This
implies that there needs to be a way to authenticate a user
and ensure that they are only accessing objects linked to their
account. For example, an agent should not have access to view
other agents’ submitted forms, as well as not submit forms for
properties that are not assigned to them. Toward this end, a
token-based authentication system with two tokens has been
implemented: a short-lived authentication token to authenticate
the user at every request and a long-lived refresh token to keep
users logged in. The tokens are JSON Web Token (JWT) which
is defined as an open standard (RFC 7519) used for securely
transmitting information between nodes using JSON object (26).

DISCUSSION AND FUTURE WORK

The system we have developed is designed to support
environmental surveillance agencies in two Brazilian cities, but
the underlying conceptual solution and technical infrastructure
can be expanded to mosquito surveillance in a wide range of
regions. The system enables data to be captured at the finest
spatial scale (the household level) on a mobile phone, which in
turn yields several other potential advantages such as a reduction
in data transcription and transferal errors, real-time quality
review, analysis for decision-making, and using the dataset to
develop or calibrate models for predicting risk areas.

In addition to the advantages and undoubted operational
value the MEWAR system provides to environmental
surveillance agents, this study provides valuable insights
and knowledge that are essential to the development of similar
systems in other settings. What makes this study unique is
that it provides a framework for co-design, development, and
evaluation based on feedback provided by end users with

knowledge gained from a real-world case. Furthermore, the
research has brought together experts in computer science,
epidemiology, medical entomology, and public health to ensure
that the final product boosts the production of target users
and minimizes the effects of their limitations. This variety of
expertise has helped to address several project challenges and
to understand the diverse range of client requirements. The
development method presented here is therefore considered
generic and transferable to the building of any vector surveillance
tool aimed at combating disease by controlling vector in either
high or low endemic setting. Moreover, the underlying
conceptual solution and technical infrastructure of the system
can be easily adapted and localized for other study areas
and countries.

The key element of this project research success was the
continued equitable involvement of health surveillance agents
throughout the project phase and iteratively co-authoring in
each research and development phase. However, marrying
the research needs and surveillance agents requirements was
a challenge on occasion as collecting additional data and
variables for the early-warning system modeling had to be
scaled down due to the busy schedule of agents who did not
have the flexibility to spend extra time collecting data on each
property during their allocative scheduled visits. Our prioritized
functional requirements were to reduce any discrepancies in
data collection by systematically entering the data into the
system and having real-time data to support any further
analysis. For the agents, rapid entry, and minimizing data entry
errors were their priorities. For managers, the ability of the
system to facilitate inspection task management and reporting,
as well as enhanced decision support, were their prioritized
requirements. By reviewing the functional requirements, this
work was carried out in a way including of diverse viewpoints
yet facilitated consensus.

Because the Covid-19 pandemic temporarily stalled in-field
testing activities, the 6-week pilot for data collection is scheduled
for mid-August 2021. Once the pilot is running, a qualitative
assessment study will be followed in order to evaluate how
well the agents adopt the mobile application. However, the
result of the first phase of in-house testing demonstrated the
engagement of health agents and their willingness to adopt
the system for field testing on a large scale where longitudinal
surveillance data are collected for training the early warning
system, which is the ultimate aim of the MEWAR project. We
collaborated from the outset with Brazilian researchers and local
surveillance agents and involved them in all phases of product
development in order to ensure that health agents will have
access to required tech training on using the system. Brazilians
currently control the operational use of the system, including the
training of health agents, while we at UCL provide engineering
and technical support.

Looking forward, in the future version of the system, we
aim to improve consistency checks, such as alerts for duplicated
visit tasks or assigning more than one agent to the same task.
Moreover, we will focus on expanding the main functionalities
currently supported on the manager platform, such as allowing
the manager to comment on the forms submitted by the agents
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before issuing an approval or response. Other functionalities
include the incorporation of a map linked to a predictive
model, enabling the identification of high-risk areas for decision
making, and the dynamic allocation of tasks to agents based on
risk maps using a built-in allocation algorithm. Any changes
to the process of task assignment and data collection might
require some redevelopment of the interface. The proliferation
of mobile devices makes their use as surveillance tool much
easier, however, the network and internet access remain an
obstacle indeed, especially in low-income countries (developing
countries). Therefore, one way to mitigate this issue is the
integration of some caching functionality into the mobile
application, which will enable it to operate in areas where there
is no internet connection. The caching functionality will allow
the mobile application to work in offline mode or when the
connection is lost during the process of filling out the forms.
Finally, the overarching objective of developing this system is
to combine the dataset collected by the mobile application with
climate data and larval index data to develop predictive models
which can be calibrated to predict the areas most vulnerable
to mosquito infestation. The results could be integrated into
the manager dashboard as risk map for policymaking, which
will result in better decision making regarding the priority of
in-field surveillance.

CONCLUSION

Mobile technology has enabled the development of significant
intervention tools that can enhance the effectiveness of mosquito
control campaigns performed by environmental surveillance
agencies by switching from the traditional paper-based system to
digital forms. Here, we have described the process of designing,
developing, and implementing a mosquito surveillance system
(MEWAR). The proposed system has the potential to strengthen
the entomological surveillance of the mosquito, which is
responsible for transmitting several deadly arboviruses in
Brazil. The system provides several critical functions that allow
workflows to be tracked through a manager platform and
provide real-time geolocated reports using a mobile application.
Moreover, such a system can be a useful tool for integrating
and calibrating models into mosquito surveillance at a fine
scale. The proposed system has been developed by following
appropriate software design and development practices to
improve the quality of the system and reduce maintenance
issues. Although the system was designed for environmental
surveillance agents in Brazil and is based on that local setting,
it could be scaled up to any country, and the knowledge

acquired from the developmental process could be transferable
to other intervention tools. The system could also be integrated
into existing government public health programs that use
digital interventions.
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