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Abstract

The coronavirus pandemic that struck the world in late 2019 continues to
break records of new cases and deaths from the disease. Guidelines for clini-
cal management of infected patients and prevention of new cases focus on
measures to control symptoms, hygiene habits, social distancing, and decrease
in human crowding. This forced a change in the way health services provide
care, generating the incorporation of new health technologies. The Essay thus
aims to compile and analyze experiences in the use of digital health tech-
nologies to minimize the impacts of COVID-19. The authors identified the
development of technological solutions for clinical management of patients,
imaging diagnosis, use of artificial intelligence for risk analysis, geolocation
apps, data analysis and reports, self-diagnosis, and even orientation for deci-
sion-making. The great majority of the initiatives listed here prove effective in
minimizing the impacts of COVID-19 on health systems and aim to decrease
human crowding and thus facilitate access to services, besides contributing to
the incorporation of new health practices and modes of care.
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Introduction

The COVID-19 pandemic is a public health emergency of international concern which has received
the highest level of alert by the World Health Organization (WHO) according to the International
Health Regulation. The number of confirmed cases exceeds 44 million in the world, with more than
one million deaths 1,23, In Brazil, there have been more than five million confirmed cases and more
than 150,000 deaths from the disease 24.

To control the spread of the novel coronavirus, the Pan American Health Organization (PAHO) 2
recommends the adoption of protective measures such as hand hygiene, avoiding coughing or sneez-
ing, encouraging social distancing, and avoiding crowding, as well as only visiting health services
in case of aggravated clinical conditions such as fever (above 37.8°C) and dyspnea. In this context,
clinically monitored isolation via apps, software, cellphones, or videoconferences can help contain
the exponential growth of SARS-CoV-2 transmission 56.

The pandemic has forced a change in the traditional model of care. Healthcare organizations
had to forego in-person routine care and invest in technological solutions to provide remote clinical
follow-up of patients. Healthcare workers are facing a dual challenge, to advance their knowledge
of a new disease and to adapt to a new way of providing care 56. Progress in interactive health tech-
nologies can be an effective and safe option to facilitate virtual contact between healthcare workers
and patients.

There are many doubts concerning the development and implementation of new digital health
technologies. The pandemic marks a turning point in the health sector’s technological revolution,
requiring new strategies and the adjustment of services to social distancing. The current study’s over-
all objective is thus to compile and analyze the use of digital health technologies to fight the impacts
of COVID-19. The following specific objectives were defined for this purpose: (a) list digital technolo-
gies developed to fight the novel coronavirus in Brazil and the world; and (b) discuss the contribution
of these technologies to clinical management of patients during the pandemic.

Methodologically, this study is designed as an essay, with a presentation of the topic and the
hypotheses raised and conclusions reached after analyzing the phenomena 7.

To review international experiences on this topic, we conducted a search in the PubMed database
(https://pubmed.ncbi.nlm.nih.gov/) with the keywords “digital health technology” and “COVID-19”
in the month of July 2020, yielding 93 manuscripts. The following inclusion criteria were defined
for the studies: (1) expound on digital health technologies from the perspective of the fight against
COVID-19; (2) available as full text and free of charge; and (3) publication in Portuguese, English, or
Spanish. The study adopted a 10-year time frame. After an initial reading of the titles, abstracts, and
full texts and application of the inclusion criteria, 27 articles were selected for the sample. Besides
the articles selected in PubMed, we also conducted a convenience search in the official website of the
Brazilian Ministry of Health (https://coronavirus.saude.gov.br/) to find more information on use of
such technologies in Brazil.

The results were compiled and divided into Brazilian and international initiatives. Thus, the arti-
cle is divided in four sections: (i) Use of Digital Health Technologies to Fight COVID- 19 in Brazil; (ii) Use of
Digital Health Technologies to Fight COVID- 19 Elsewhere in the World; (iii) Discussion; e (iv) Final Remarks.

Use of digital health technologies to fight COVID-19 in Brazil

The Brazilian scenario features a tool that contributes to practice in primary healthcare (PHC): the
e-SUS APS (https://aps.saude.gov.br/ape/esus), a strategy by the Department of Family Health to
organize healthcare information in PHC in the country 8 and to allow access to information and use
of the citizen’s electronic file 9. The e-SUS APS features an online scheduling functionality by which
patients can remotely schedule appointments at health units. The online agenda is linked to the
Conecte SUS Cidadao (https://conectesus-paciente.saude.gov.br/), the purpose of which is to allow
the population to access available personal and clinical data in the databases, permitting access to
ample health data, including COVID-19 test results.
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The Brazilian Ministry of Health developed preclinical services with four types of care for the
population through the Corona Virus App, which aims to orient the population on COVID-19 pre-
vention, collect data from individuals on their health status, and based on the answer, indicate the
patient’s clinical referral. The Brazilian Ministry of Health also provides an online chat (https://coro
navirus.saude.gov.br/), a hotline number (136), and a WhatsApp channel to facilitate communication
between patients and health services, minimizing risks of exposure and contagion 10.

Since the COVID-19 pandemic struck Brazil, various initiatives in telehealth/telemedicine have
been identified, as part of contingency plans for the epidemic drafted by state governments, acting
in patient care, communications, and training of healthcare workers 11,12,13,14,15, The development of
self-evaluation technological tools has also been identified, functioning in integrated mode to iden-
tify patients infected with the novel coronavirus. These technologies aim to reduce exposure to (and
contact with) infected patients, thereby decreasing spread of the virus 16.

Some local initiatives have also been identified, such as by the municipal government of Curitiba
in the State of Parana, which implemented telemedicine consultations in primary care. The service
is structured as a telephone call center operated by physicians who perform triage and evaluation
of symptoms. Information from the consultation is later transferred to the patient’s electronic file,
and the respective health unit continue the patient’s clinical follow-up via daily calls to assess the
symptoms and orient the patient 17. Another example is the program called “Hello Health” (Al6Satide
Floripa — https://alosaudefloripa.com.br/), in the city of Florian6polis, Santa Catarina State, which is
also a preclinical service that provides health orientation to citizens and communication via free calls,
videocalls, or WhatsApp. The municipal government of Recife, Pernambuco State, together with the
State Government, launched an internet app that provides virtual orientation on COVID-19, allows
classifying the patient’s risk, and, if necessary, conducts videocalls with nurses or physicians. The tool
can be accessed by cellphone or computer (http://www.atendeemcasa.pe.gov.br) 18.

Initiatives were also identified that stimulated technological development in the governments of
Sao Paulo and Minas Gerais, which issued calls for projects to finance e-Health startups, aimed at
strengthening technological tools in the fight against the COVID-19 pandemic 19,20,

Use of digital health technologies to fight COVID-19 elsewhere in the world

China developed a tool linked to the WeChat app that analyzes users’ data and traces close contacts
of all patients, which allows tracing and early isolation of possible sources of infection. The data
from this analysis can also be mixed with other data to predict trends in the epidemic and calculate
individual and collective risks 21. China also made strides in the development of imaging diagnosis
and telemedicine strategies. Researchers in e-Health and clinical information technology in China
developed computer-assisted diagnostic solutions for COVID-19 treatment. The Chinese experience
shows that digital health technologies play a fundamental role in the response to the COVID-19 pan-
demic 22. Artificial intelligence and database resources collaborated with case tracing and logistics in
the country, related to distribution of medical supplies 23.

In the United Kingdom, the National Health Service (NHS) provided telephone services for
information and answers to the population’s questions and doubts. The NHS also provides an online
symptom check and other virtual resources, through NHS 111 online (https://111.nhs.uk/). Patients
with mild symptoms and without complications can undergo consultations at home, and more seri-
ous cases are referred to the appropriate health service. Medical certificates can also be obtained
directly from NHS 111 online 5. With social isolation caused by the pandemic, researchers in the
United Kingdom developed an app based on streamlined requirements, using voice-based artifi-
cial intelligence, which aims to connect persons, especially the elderly and their family and friends,
thereby decreasing the social, physical, and mental harms from isolation 24.

In the United States, telehealth played a significant role in the provision of services during the
three phases of the COVID-19 pandemic: (1) outpatient care with home hospitalization; (2) initial
hospital outbreak of COVID-19; and (3) recovery and treatment of cases 25,26

In addition, at the global level, a technology was developed that uses twitter posts to allow tracing
individuals who had some experience with the virus or symptoms caused by it. This analysis is done
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via a search for keywords, and 4,492,954 tweets were found with terms related to COVID-19, 63% of
which in the United States 27.

From this perspective, some governments such as Alberta Province in Canada, Australia, France,
Germany, and United States have implemented or expressed interest in digital contact tracing. The
majority of these COVID-19 contact screening apps use the strength of the Bluetooth signal to calcu-
late the distance between smartphones and to define exposure status based on distance and duration
of proximity to an individual later identified as infected. Bluetooth-based apps were launched in
Alberta, Australia, and Singapore, using a structure developed by the Singapore government’s Tech-
nology Agency 28.

Some countries like Singapore, United States, Indonesia, Poland, and Israel also invested in mobile
apps to trace cases and notify authorities, using Bluetooth technology 26. To screen travelers that pres-
ent COVID-19 symptoms, Taiwan integrated its national health insurance database with immigration
and customs data, aimed at creating a big data resource for analysis. The information has been used to
classify travelers at risk and generate warnings in real time during clinical visits 29.

India also developed an app that can detect other smartphones to measure risk of infection
based on other novel coronavirus test-positive cases. The basis for this calculation was Bluetooth,
algorithms, and artificial intelligence. The Indian government also developed a chatbot to help users
obtain answers on COVID-19 and analyze risk of infection in relation to their symptoms 26.

Digital technologies have also been developed for psychiatry/mental health in the United States
and Croatia. American researchers concluded that mental health apps are more effective when they
can be personalized according to each patient’s needs for care. The Croatian experience points to
strides in the development of tools and methods for measuring emotions, the inoculation of stress,
and the prevention of stress-related disorders 30,31.

The Autonomous Community of Catalonia, considered a hub for development and reference
in e-Health in Spain, developed various digital initiatives to fight COVID-19. The first was the cre-
ation of a call center to facilitate registering the population in health services. This was followed by
improvement of the virtual appointments system, known as eConsult, allowing healthcare person-
nel to schedule videoconferences with patients, both in primary care and in specialized services.
An app was also developed for self-evaluation of symptoms, called Stop COVID Cat https://www.
intelligentcitieschallenge.eu/stop-covid19-cat), which helps users understand their health status and
includes a geolocation function 32.

The Spanish government also implemented a web portal (https://www.mscbs.gob.es/sanidad/
portada/home.htm) for the population’s emotional management and established daily reports to
monitor health status of patients in rest homes (public and private). Data analysis techniques were also
developed to predict the necessary number of ICU beds, as well as methods for the automatic analysis
of emergency and hospitalization reports, aimed at exploring predisposing factors and uncoded posi-
tive cases 32.

The Catalonia also reduced bureaucratic barriers in healthcare processes, allowing patients to
access their data, facilitating access by pharmacies to patients’ medical plans via an electronic pre-
scription system in order to reduce the burden on citizens and primary care centers and allowed
automatic extension of treatment plans for chronic diseases 32.

Another example of a technological solution to fight COVID-19 was developed in Israel, called
TeleICU (https://www.soctelemed.com/resources/telemedicine-glossary/what-is-teleicu/), a tool
that uses predictive analyses based on artificial intelligence to exponentially expand the capacity
and resources in intensive care units. Its algorithms are trained to identify respiratory deterioration
in advance, allowing early interventions that can alter the clinical result, mainly in patients with
COVID-19. This allows healthcare personnel to identify the severity of the disease from a remote
command center. Health units use telemedicine technologies to furnish remote patient monitoring
based on centralized command and control installations 26.

Some Latin American countries like Ecuador, Argentina, Peru, Uruguay, Colombia, and Mexico
also invested in technological solutions to fight the pandemic, including apps for communication and
orientation for users’ decision-making, self-diagnosis apps, patient care guidelines, service guides that
be used in case of aggravation of the patient’s clinical status, geolocation of active cases, and structur-
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ing of the telehealth network to supply free real-time medical orientation (AloSaude Floripa - https://
alosaudefloripa.com.br/).

Box 1 summarizes the tools created to fight COVID-19 in Brazil and the world.

Box 2 also displays a summary of the types of tools implemented and their functionalities for the
fight against COVID-19.

Box 1

Types of technology implemented in Brazil and the world in the fight against COVID-19.

COUNTRIES TECHNOLOGICAL TOOLS
Brazil Online e-SUS APS Scheduling
Coronavirus app

Chatbot for answering questions and doubts
Telephone hotline (136) and WhatsApp channel
Telemedicine
Self-evaluation software

China Geolocation software
Telemedicine
Imaging diagnosis

England Telephone hotline (111)
Telemedicine
Online symptom check
Geolocation software

United States and India Geolocation software

Chatbot for answering questions and doubts
Telemedicine
Telepsychiatry

Croatia Chatbot for answering questions and doubts
Telepsychiatry

Canada, Australia, France, Germany, Singapore, Indonesia, Geolocation software
Poland, and Taiwan

Israel Geolocation software
Software for management of health services
resources
Telemedicine

Spain Call center
Telemedicine
Self-evaluation software
Geolocation software
Electronic patient file

Ecuador, Argentina, Peru, Uruguay, Colombia, and Mexico Telemedicine
Self-evaluation software
Geolocation software

Source: prepared by the authors.
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Box 2

Principal functionalities of technologies implemented in Brazil and the world in the fight against COVID-19.

TECHNOLOGICAL TOOL

FUNCTIONALITY IN THE FIGHT AGAINST COVID-19

Self-evaluation of app/site and online symptom check

Assists users in understanding their health status and
facilitates management of non-serious cases, which decreases
unnecessary visits.

Online service for scheduling appointments Allows remote scheduling of appointments in primary healthcare
services.
Computer-assisted imaging diagnosis Adds reliability to medical diagnosis.
Telephone service, call center, and WhatsApp Allows population’s access with and without internet to a reliable
information channel.
Chatbot for answering doubts Assists recognition of first symptoms, orients preventive methods,
analysis infection risk based on symptoms, and referral to health
services.
Management of health services' resources Assists management of beds and guarantees resources in health

services for follow-up of persons infected with coronavirus.

Electronic patient file

Allows virtual access to patient’s clinical information.

Telemedicine

Allows remote consultations and patient monitoring via video calls,
telephone calls, or use of specific software.

Geolocation

Allows viewing spatial distribution of positive cases and measurement

of risk burden in locations.

Source: prepared by the authors.

Discussion

Primary healthcare assumes increased relevance during the novel coronavirus pandemic, requiring
recognition of its peculiarities and operational needs. The model for organization of PHC in Brazil
allows the management of suspected flu syndrome cases, with compulsory notification and prescrip-
tion of home isolation 33,3435, In this scenario, digital health technologies such as the electronic patient
file (e-SUS APS) and its online scheduling functionality have taken a leading role as tools that facilitate
the process of care, during reorganization of services to meet the demand created by the pandemic.

The new practices of care that have emerged with the pandemic produced a revolution in the
form of “making health”, which highlights some challenges. The international experiences feature
orientation for the implementation of non-face-to-face technologies of care, with a focus on training
and supervision of healthcare personnel, national-level professional licensing, digital security mecha-
nisms, protection of privacy, and continuous assessment of interventions in this new model of care 36.

Until 2019, telemedicine was defined and regulated in Brazil by the Federal Council of Medicine
(Conselho Federal de Medicina, CFM) as the use of interactive audio and video communication meth-
ods, but only with the objective of healthcare, research, and education. The CFM allowed health
professionals to conduct teleconsultations, telesurgeries, and telediagnosis. In 2020, the COVID-19
pandemic demanded expanding the possibilities for online care of patients in isolation 37 and thus
required a command of technological tools, aimed at adopting more flexible routines and increasing
productivity, which is inherent to the services’ quality.

Digital tools that promote virtual interaction between healthcare workers and patients allow
remote assessment of users’ health status. Healthcare workers are thus able to define strategies for
questioning and raising clinical hypotheses, aimed at understanding patients” health conditions. A
plan of care is defined, or other procedures are performed, remotely 22.
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This initiative demonstrates that the inclusion of interactive and diagnostic technologies in the
health sector takes an outstanding position and has been an allied source in the fight against the
COVID-19 pandemic. Non-face-to-face methods of care also facilitate access to health services, all of
which in a chaotic scenario in global public health. The implementation of interactive technologies
requires human resources training and logistics for access 6.38,39.

Patients may need services with different levels of complexity. The adequate use of technological
tools can contribute to correct referral of citizens to the most adequate services. This prevents contact
between a possibly infected patient and various healthcare workers. Telemedicine is a widespread
technology in health systems in the world and is currently in the process of regulation in Brazil. On
March 23, 2020, the Brazilian Ministry of Health published Ruling n. 467/2020 40, on an exceptional
and temporary basis, which rules on telemedicine activities in Brazil, in both the SUS and private
health plans.

The study by Caetano et al. 37 cites challenges for the effective implementation of telehealth/
telemedicine in Brazil, especially given the resistance from the Regional Medical Boards (Conselhos
Regionais de Medicina, CRM), who claim that this practice violates Article 37 of the Code of Medical
Ethics: “to prescribe treatment and other procedures without direct examination of the patient”. Also high-
lighted are the low degree of integration of telemedicine with the national public health guidelines,
lack of regulation and financial incentives, need for the development of clinical guidelines, standard-
ization of questionnaires and algorithms for patient care. and the establishment of health data-sharing
mechanisms, aimed at integrating telemedicine databases with epidemiological surveillance.

Despite the challenges cited by Caetano et al. 37, telemedicine has become a bridge for integration
of care, making it more accessible, more convenient, with greater confidentiality, and with lower risk
of contagion, which are called the “five Cs” 41 and will shape the future of telemedicine. However, it is
known that the implementation of telemedicine in a non-pandemic scenario will face numerous chal-
lenges. The juridical and legal proposals for standardization of telemedicine practices are essential for
further developing the sector, besides feasibility issues according to the various realities across the
country. In keeping with the above, India launched its The Telemedicine Practice Guidelines, 2020, aimed
at advancing the construction of a modern medical system 26.

The development of chatbots helps patients identify initial symptoms, in education on preventive
methods, as well as referring patients to health services. In this scenario, the use of artificial intel-
ligence by hospitals in China, which provides a large database on positive COVID-19 cases, useful
for structuring algorithms, can be used for screening suspected cases, for example, analyzing the
history of travels to China, Iran, or South Korea, or exposure to confirmed cases and subsequently in
the isolation of these cases 42. Thus, the use of screening systems based on artificial intelligence can
attenuate the clinical burden of healthcare personnel working on the frontline against COVID-19.
Thus, telephone apps that detect and record patients’ data such as daily temperature and symptoms
can prevent unnecessary consultations 642. An example is Israel, which uses an artificial intelligence
tool to adapt and improve the management of ICUs with algorithms trained to speedily identify a
possible respiratory decompensation, allowing better intervention by the healthcare team.

The traditional telephone call can be used as a safe tool and displays benefits for holding consulta-
tions related to COVID-19, mainly when dealing with orientation and reports of symptoms, among
other less serious scenarios. Video calls can be an alternative for more reliable clinical follow-up,
providing additional visual information, diagnostic clues, and therapeutic impressions that can be
observed by the healthcare professional. Thus, videos can be more appropriate for cases with intense
symptoms, association with other comorbidities, and analysis of social circumstances that influence
the course of the disease 5.

The path to digital health plays out through the transformation of the traditional form of health-
care, encompassing various resources such as ample access to electronic health records, remote
monitoring solutions, creation of portals for access to patients, development of mobile health apps,
data analysis methods, and other technologies 6.32.

This emphasizes the importance of consolidating the e-Health sector in the current Brazilian
and global scenario, as a strategy to improve quality of care and expand access to health services.
Countries are rebuilding their health sectors with the incorporation of new technologies, aimed at
simplifying care and improving the flow of health information.
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Final remarks

The implementation of the technological solutions presented in this study contributes to reducing
people’s crowding in health services and provides speed and ease of access to services. The interna-
tional experiences feature those in countries that already enjoyed considerable technological progress
in e-Health, with the implementation of technological solutions for patients’ clinical management,
imaging diagnosis, use of artificial intelligence for analyzing risks and proposing interventions,
case and contact tracing, development of geolocation apps, tools for data analysis and reports, self-
diagnosis tools, and orientation for decision-making, among others.

Compared to the international experiences, the Brazilian initiatives also adopted innovations in
healthcare impelled by the pandemic, with the implementation of technologies for non-face-to-face
preclinical care, online scheduling, telemedicine, self-assessment of symptoms, chat channels, tele-
phone lines, and recruitment and training of human resources.

Although the COVID-19 pandemic is a critical and unwanted situation, the experiences stemming
from this period may provide an opportunity for improving processes and flows in the use of infor-
mation and telecommunication technologies in health. In current and future health services, digital
technologies can facilitate and improve access and quality of care. It is thus crucial to promote reflec-
tion and encourage studies on the implementation of new technologies, as well to seek to use them
better and assess the impact of their implementation on health systems’ practices.

This study corroborates the new technologies” academic, political, and social relevance by pre-
senting and contextualizing some technological initiatives in health in the public and private spheres
in Brazil and other countries. The study also presents strategies adapted in scenarios in which the
fight against the pandemic has made more progress.
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Resumo

A pandemia de coronavirus que atingiu o mundo
no final de 2019 segue batendo recordes de novos
casos e 6bitos relacionados a doenca. As orienta-
¢oes para o manejo clinico dos pacientes infectados
e a prevengdo de novos casos estao centradas nas
medidas de controle dos sintomas, hdbitos de higie-
ne, isolamento social e diminuicdo da aglomeragcdo
de pessoas. Tal fato forcou uma mudanga no modo
como os servigos de saiide prestam cuidados, pro-
tagonizando a incorporagdo de novas tecnologias
em saude. Assim, este Ensaio objetiva compilar e
analisar algumas experiéncias de uso das tecno-
logias digitais em satide, para minimizar os im-
pactos da COVID-19. Identificou-se o desenvolvi-
mento de solucoes tecnolégicas de manejo clinico
do paciente, diagnéstico por imagem, uso de inte-
ligéncia artificial para andlise de riscos, aplicati-
vos de geolocalizacdo, ferramentas para andlise de
dados e relatérios, autodiagndstico e, inclusive, de
orientacdo a tomada de decisdo. A grande maioria
das iniciativas listadas tem sido eficaz na minimi-
zagdo dos impactos da COVID-19 nos sistemas de
satide, de modo que visa a diminuicdo da aglome-
racdo de pessoas e assim facilita o acesso aos ser-
vigos, bem como contribui para a incorporacdo de
novas prdticas e modos de cuidar, em satde.

Tecnologia da Informagao; Infeccoes por
Coronavirus; Pandemias; Telemedicina; Politicas
de eSatde

DIGITAL HEALTH TECHNOLOGIES TO FIGHT COVID-19

Resumen

La pandemia de coronavirus que afecté al mundo
al final de 2019 sigue batiendo récords de nuevos
casos y obitos relacionados con la enfermedad. Las
orientaciones para el manejo clinico de los pa-
cientes infectados y la prevencion de nuevos casos
estdn centradas en las medidas de control de los
sintomas, hdbitos de higiene, aislamiento social y
disminucion de la aglomeracion de personas. Tal
hecho forzé un cambio en el modo en el que los ser-
vicios de salud prestan cuidados, protagonizando
la incorporacion de nuevas tecnologias en salud.
Asi, este Ensayo tiene como objetivo compilar y
analizar algunas experiencias en el uso de tecno-
logias digitales en salud, para minimizar los im-
pactos de la COVID- 19, Se identifico el desarrollo
de soluciones tecnoligicas de manejo clinico del
paciente, diagndstico por imagen, uso de inteligen-
cia artificial para andlisis de riesgos, aplicaciones
de geolocalizacion, herramientas para el andlisis
de datos e informes, auto diagndstico e, inclusive,
de orientacion para la toma de decisiones. La gran
mayoria de las iniciativas listadas se demuestran
eficaces en la minimizacion de los impactos de la
COVID-19 en los sistemas de salud, de modo que,
tienen como objetivo la disminucion de la aglo-
meracion de personas, asi facilitan el acceso a los
servicios, del mismo modo que contribuyen a la in-
corporacion de nuevas prdcticas y modos de cuidar
en salud.

Tecnologia de la Informacion; Infecciones por
Coronavirus; Pandemias; Telemedicine;
Politicas de eSalud
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