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Abstract Technological advances play an unde-
niable role in strengthening health systems. With
regard to digital technologies, information sys-
tems and the analysis of health data are playing a
growing role in health surveillance and preparing
for and responding to disease outbreaks, the the-
me addressed by this article within the context of
the Covid-19 pandemic in the State of Rio Grande
do Norte. This study departs from the assump-
tion that digital health interventions can incre-
ase Covid-19 response capacity. We developed a
technology ecosystem that integrates different in-
formation systems to meet the needs outlined in
international regulations governing the response
to the pandemic. In addition to the main elements
of the ecosystem, this article describes the applica-
tion of this instrument by different institutional
actors. The main decision making tool used in the
state government’s Covid-19 response, the ecosys-
tem is a model for digital health interventions in
Brazil’s national health service. This experience
in Rio Grande do Norte brings together elements
that can contribute to studies investigating the
resilience of health systems and analyzing health
policies in emergency situations.

Key words Coronavirus Infections, Software,
Technology, Technological Development and In-
novation Projects, Epidemiological Surveillance,
Health Care
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Introduction

Technological advances play an undeniable role
in strengthening health systems. The discovery of
penicillin and vaccines and the use of magnetic
resonance imaging demonstrate just how much
science, research and technology have expand-
ed the boundaries of medical knowledge. With
regard to digital technologies, information sys-
tems and the analysis of health data are playing
a growing role in health surveillance and prepar-
ing for and responding to disease outbreaks, the
theme addressed by this article within the context
of the Covid-19 pandemic' in the State of Rio
Grande do Norte (RN), Brazil, in 2020. The virus
that causes Covid-19, the novel coronavirus, was
identified in Wuhan, China, after a pneumonia
outbreak at the end of December 2019'.

According to the World Health Organization
(WHO)?, countries should harness the power
of digital technologies as a means of promoting
universal health coverage and reducing inequi-
ties in access to health care, fostering synergies
to achieve global goals. However, while constant
and relentless, advances in technology can also
put strain on the health systems. Studies of the
use of digital technologies by health systems
during the response to the Covid-19 pandemic
can help to answer questions about the capacity
of systems to respond to emergencies of interna-
tional concern, while at the same time pointing to
pathways to strengthening preparedness, surveil-
lance and response to future emergencies.

On January 30, 2020, the WHO declared the
Covid-19 epidemic a Public Health Emergency of
International Concern (PHEIC), the highest level
of global health alert provided in the International
Health Regulations (IHR)**. It was the sixth time
since the approval of the ITHR at the 58% World
Health Assembly in 2005’ that the WHO had de-
clared a PHEIC. Eleven days later, it was declared
a pandemic. As a result, trading on stock markets
halted for a second time since the discovery of the
novel coronavirus, a phenomenon that had not
been witnessed since the 2007/2008 financial cri-
sis. Wiping trillions of dollars off stock across the
globe, this situation clearly demonstrated that the
new disease not only kills, but also is capable of
paralyzing the economy through mitigation mea-
sures such as social distancing, isolation, quaran-
tine and lockdown®.

In this respect, Lima et al.” suggest that the
Covid-19 epidemic raises tensions inherent in

social organizations in the contemporary world.
A world that, despite being “globalized in eco-
nomic exchanges” and “digitally interconnect-
ed”, is still quite “vulnerable to the occurrence
and global spread of novel diseases”. For these
authors, modernization and globalization have
made the world more prone to epidemics due to
the ease of circulation of people and goods be-
tween continents and the predatory exploitation
of natural resources. In March 2020, countries
began to implement the WHO recommenda-
tions and address weaknesses as Covid-19 death
rates surged. Within this context, and based on
the understanding that pandemics are multidi-
mensional phenomena (biological, environmen-
tal and social, with both political and economic
implications), Lima et al.” observed that the glob-
al response to Covid-19 is a result of the accumu-
lation of learning along the pathway to tackling
diseases, often combining technologies.

The present study departs from the assump-
tion that the development of a customized
technology ecosystem guided by integration
and interoperability protocols can increase the
Covid-19 response capacity of RN’s health sys-
tem. The creation of this enabling ecosystem is
in line with the recommendations and observa-
tions of the National Health Information Tech-
nology Policy (PNIIS, acronym in Portuguese)?,
integrating different information systems and
addressing the needs outlined in national and in-
ternational regulatory instruments. In addition,
the ecosystem seeks to promote the production,
utilization and synthesis of health information
to benefit service users, professionals, managers,
health service providers, education and research
institutions, and organized civil society®.

We selected the following guiding ques-
tions: 1) How can technology ecosystems help
the Covid-19 response in RN, Brazil? 2) What
are the criteria for customizing this tool in RN?
and 3) What contributions can this experience
make to strengthening preparedness, surveillance
and response in Brazil’s national health service,
the “Unified Health System” (SUS, acronym in
Portuguese)? The main objectives of the study
were to describe and analyze the implementa-
tion of a technology ecosystem for controlling
the Covid-19 epidemic in RN and discuss how
the contribution of digital technologies can go
beyond technological aspects and health innova-
tion, in this case resulting in digital health inter-
ventions in the SUS.



Materials and methods

This study effectively began with the publication
of the state decree creating the Government Emer-
gency Management Committee’ as part of RN’s
Covid-19 response. We used a transdisciplinary
research design, including studies, developments,
changes and improvements made during the im-
plementation of a technology ecosystem to re-
spond to the Covid-19 pandemic in RN. Given the
nature of the object of study and guiding ques-
tions and the need for a timely response to the
health crisis, we used the action research method
as proposed by Tripp*. For this author, action re-
search should be undertaken in cycles (“improve-
ment of practice”) that depend on the synthesis
of the work into two fields: “practice and inquiry
into the practice™™.

Based on the above, the technology ecosystem
was developed in four phases: planning, devel-
opment, evaluation and monitoring. The phases
were executed sequentially using cyclical and spiral
models, one cycle after the other'!. Each cycle was
executed in one or two weeks, according to needs,
which were often changeable and unpredictable,
and to urgency and the response deadline. This
model permitted the continual improvement of
solutions during the ecosystem development pro-
cess'™'2. The model was therefore suited to the
state’s needs at that time of Covid-19 response.
Also known as the iterative and incremental mod-
el in the area of health information technology®,
the ecosystem enabled the organic development of
both practices and research activities.

At the same time, the study object was a mul-
tidimensional problem requiring a transdisci-
plinary approach. It was therefore necessary to
apply an agile technology development model
that could respond more rapidly to the demands
imposed by the Covid-19 pandemic. The develop-
ment of the ecosystem was therefore centered in
the Scrum framework'*"?, which is suited to cycli-
cal and spiral models's.

In addition to this methodology, we con-
ducted a case study'”"® to analyze the ecosystem
within the context of the health crisis in RN,
comprising a cross-sectional social study in the
area of public health. For the purposes of this
analysis, we adopted the approaches proposed by
Goldenberg'” and Yin'®, which seek to capture the
characteristics of a chosen social unit (the case)
and present rigorous data collected using precise
questions focused on contemporary facts'”!8.

The case study explored and analyzed actions
that extend beyond ecosystem planning and de-

velopment articulated with the action research
design through technical cooperation between
various institutions in RN. This is because it was
necessary to develop the ecosystem and use new
technologies that promote effective changes to
work processes in the institutions involved. The
analysis of the results generated by technical co-
operation and the instruments produced during
the Covid-19 response was therefore guided by
this case study.

Data on the utilization of the ecosystem were
analyzed in the light of concepts in the fields of
health systems and services and policy analysis,
focusing on the “formation of governmental
agendas” as proposed by John Kingdon'’, which
analyzes decision-making processes and the rec-
ognition of a particular topic or problem as a pri-
ority on the public agenda’. The primary sources
were documents, meeting minutes, official state
government publications and news about the ob-
ject of study in the local news media.

Results

RN has a human development Index of 0.684.
The most recent census (2010) shows that the
state had an estimated population of 3,168,027
people. The state has 167 municipalities divided
into eight health regions. The most affected re-
gion was the seventh (or metropolitan) region,
followed by the second (or west) region, which
borders Ceard. These regions have the largest
populations and patient flows and most complex
health systems in the state.

With regard to Covid-19, the first state epi-
demiological bulletin (EB) was published by the
state health department (SESAP/RN, acronym
in Portuguese) on 28 February 2020, when there
were eight suspected cases. The EB published on 2
March, still without any confirmed cases, showed
that the suspected cases were concentrated in the
seventh region, particularly in Natal. This trend
continued throughout the course of the pandem-
ic and dictated state and municipal government
decision making. The first confirmed case and
death were registered on 13 and 29 March, re-
spectively. By the end of July, there were 58,132
confirmed cases and 2,019 deaths across the eight
health regions, with prevalence rates being high-
est in the seventh and second regions®.

With regard to preparedness, surveillance
and response, RN was one of the first states in
the Northeast to create a State Contingency Plan
(SCP)?, aimed at organizing the care network
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and integrating surveillance and response ac-
tions. The state followed WHO recommenda-
tions, Federal Law N° 13,979%> and Ministerial
Order Ne 356 issued by the Ministry of Health?,
and created a steering committee, made up of
representatives of the state government and co-
ordinated by governor’s office, and a scientific
committee. The SCP is currently in its fourth
edition.

With regard to the main directions taken, the
first edition of the SCP allocated hospitals with
beds for Covid-19 patients in the three regions
(the seventh, fourth and second) considered
strategic hubs at a moment when RN was wit-
nessing an upward curve of cases. In parallel with
this action, the state also gradually expanded the
number of critical care and rearguard beds across
the state, focusing on locations where the epide-
miological indicators signalled the potential col-
lapse of the local health system. At the time, the
plan contemplated the possibility of interiorizing
the virus in municipalities in the state’s central
regions®. The number of SUS beds for Covid-19
patients in RN increased from a little over 100 at
the end of March, to 655 at the end of July.

At this juncture, it is important to mention
the cooperation between certain institutions that
worked together to implement the Covid-19 re-
sponse, essentially in the area of management,
transparency and public participation. It can be
said that both the ecosystem and the interven-
tions that came about as result of its implemen-
tation were outcomes of this interinstitutional
cooperation. It is worth highlighting that the
following institutions were responsible for the
technical and scientific aspects of the ecosystem
(conception, elaboration, development and im-
plementation): the Laboratory for Technological
Innovation for Health (LAIS), Federal Universi-
ty of Rio Grande do Norte (UFRN); the Center
for Public Health Studies, UFRN (NESC); the
Advanced Center for Technological Innovation
(NAVI), Federal Institute of Education, Science
and Technology of Rio Grande do Norte (IFRN);
and the executive bodies of the state health de-
partment and Natal City Council Health Depart-
ment (SMS/Natal).

This process promoted the gradual engage-
ment of state authorities (adherence to the use
of technologies) and led to an increase in the
transparency of and public participation in the
dissemination of Covid-19 statistics in the local
press media. This is because one of the aims of
the ecosystem was to improve the quality of in-
formation and mitigate the effects of the info-

demic®. In this regard, it is important to under-
line the participation and incorporation of other
institutional actors into the cooperation process,
such as the federal and state public prosecutor’s
offices (MPF/RN and MPRN, respectively).
These actors participated in the definition of rec-
ommendations for the use of technologies in the
ecosystem, while at the same time using the data
extracted from this device in their analyses and
proposals to improve the state health system in
response to the Covid-19 pandemic. This techni-
cal cooperation produced key results, including
effective collaboration in the public health re-
sponse, the promotion of engagement for the use
of the technologies made available by the ecosys-
tem, and public participation. Without this co-
operation, it would have been difficult to break
the “inertia” caused by the resistance of state and
municipal government actors to using new tech-
nologies that change work processes.

Ecosystem for the Covid-19 response
in Rio Grande do Norte

The technology ecosystem integrates SUS
management functionalities with aspects pro-
posed by the WHO, including the public health
emergency operations centers management
model” and global response to the Covid-19
pandemic®. In other words, the ecosystem brings
together and adapts the main global guidelines
in a single management tool designed to sup-
port decision making and response planning and
coordination. It is also aligned with the PNIIS,
addressing the lack of standardization, and con-
sequently integration and interoperability, in
part of Brazil’s health information systems: “It is
important to highlight that achieving interoper-
ability of health information systems is a central
element of this Policy, bearing in mind that this
integration is essential to support decision mak-
ing that is consistent with the real needs of the
population”®. In this regard, the technological
architecture of the ecosystem is based around
national and international interoperability pro-
tocols to ensure a high level of integration with
existing and future technologies in RN and Bra-
zil. Thus, in line with the specific demands and
needs of RN in relation to the Covid-19 response,
the ecosystem is integrated with the following
health Ministry of Health information systems:
e-SUS Notifica, SIVEP-Gripe, Cartdo SUS and
CNES.

The ecosystem consists of 13 subsystems or
tools, some of which already existed in the SUS



and others that were developed by the LAIS to
strengthen the integration of the state’s response
and its alignment with some of the main aspects
proposed by the WHO: intersectoral coordi-
nation; risk communication and community
engagement; case control and prevention; and
suppression of transmission and reduction of
mortality through the provision of timely quality
health services.

Figure 1 is a graphical representation of the
ecosystem. A mandala was chosen to illustrate
the ecosystem because it best represents the dy-
namics of the coordination and mobility of the
subsystems (internal part of the diagram divid-
ed into slices) and the global dimensions oper-
ationalized by state Covid-19 response policies
(represented on the borders). It is important to
highlight that these dimensions are cross-cutting
and therefore may be permeated by various tech-
nologies and/or processes presented in the man-
dala. The symbology adopted in Figure 1 can also
be seen in the colors defined for each dimension,
which are arranged at the base of each respec-
tive technology and/or process, emphasizing the
cross-cutting nature of and intersection between
these stereotypes (dimensions and technologies).

The dimensions of the ecosystem can be de-
scribed as follows:

Communication and community participa-
tion: proactive presentation of information to
the public to reduce confusion, prevent an info-
demic?, build more intersectoral confidence, and
promote community engagement.

Education: health training for preparedness,
surveillance, the state health system Covid-19 re-
sponse, and to promote resilience.

Comprehensive surveillance: production of
data through the integration of different existing
systems and health services to promote monitor-
ing, transparency and disease prevention.

Monitoring: indicator panels and integrated
analysis of epidemiological and socioeconomic
contexts and health service management to sup-
port decision making.

Comprehensive health care: strengthening of
care networks through technological support for
continuity of care, especially primary care, in-
cluding the hospital network and intensive care.

Contact tracing and management: monitoring
of cases and contact, including risk assessment
and guidance on public health measures and
physical distancing.

Maintenance of essential services: support
to health professionals as a measure to prevent
spread and risk exposure, recruitment of volun-

teers, and preservation of essential primary care
services.

Planning: strengthening of plans and proto-
cols for managing the state’s response to the pan-
demic.

Regulation: organization of access to technol-
ogy-mediated intensive care services to increase
transparency, improve efficiency, strengthen
public participation, and enhance the state re-
sponse to oversight by control bodies.

Management and coordination: available at
the operational, managerial and strategic levels.

Data and information: availability, accessibil-
ity and quality, guided by the principles of trans-
parency and quality of data and information at
all levels of management.

The systems and/or processes presented in
the inner part of the mandala are described in
Chart 1. Some of these systems and/or processes
are highlighted as anchor technologies.

It can therefore be seen that the ecosystem
establishes an organic synergistic process of
feedback between the technologies and dimen-
sions set out in the mandala (input and output
processes), allowing municipal and state health
authorities to activate dynamically fed points. At
the same time, the data and information, made
available to the public in real time, also allow so-
ciety, managers and control agencies to act more
effectively on more urgent issues.

The multidimensionality of the ecosystem
differentiates it from other similar initiatives
around the world, because the latter are more
centered on monitoring panels or specific care or
service applications. Unlike other ecosystems, the
development of the ecosystem for the response
to Covid-19 in RN and its application with-
in the scope of the SUS adopted an integrated
cross-cutting approach?-?’.

Covid-19 Agency

At the beginning of the pandemic, one of the
points of agreement in the scientific committee
set up by the SESAP was communication®**. In
this respect, it was necessary to define a flow of
communication to improve the quality of infor-
mation provided to the public and government
in order to avoid an infodemic, which had been
witnessed nationally, disarticulating the branch-
es of the government and being used to confuse
the population. It was necessary to create a sys-
tematic schedule of official government commu-
nication strategies and influence the local news
agenda.
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Figure 1. Ecosystem for the response to Covid-19 in Rio Grande do Norte.

Source: Elaborated by authors.

A number of examples in this field gained
notoriety in the national and international news
media, including: denialism, where the novel
coronavirus was depicted as “a little flu”; “mira-
cles” solutions, such as the use of ivermectin or
chloroquine; and negligence in relation to the use
of face masks, where it was common to see po-
litical leaders promoting gatherings and failing
to use a mask in various places, including closed
commercial spaces.

However, the governor of RN did not man-
age to hire an advertising agency that was able to
execute a communications plan capable of reach-
ing all levels of society®. It was within this con-
text that the LAIS and state government created
the Covid-19 Agency, made up of more than 20
communicators from RN, including journalists,

researchers, PhD and master’s media students,
and journalism, publicity and audiovisual un-
dergraduates. This action was coordinated by the
LAIS and researchers from UFRN’s Department
of Communication and the Hyperlab at the Rio
Grande do Norte State University. The objective
of the Covid-19 Agency is to influence the local
media agenda in the search for quality content
about issues related to the pandemic that are of
real public concern and mitigate the effects of
fake news.

In addition to press conferences, the agen-
cy produced various materials, including inter-
views, story suggestions, reports, infographics,
podcasts, video broadcasts, and social media
cards. Up to July, the Covid-19 Agency had de-
veloped more than 50 communication actions in



Chart 1. Description of the technologies and/or processes that make up the ecosystem.

Title

Description

Covid-19 Agency*

Work process instituted by communicators to strengthen health sector communication during

the response to the pandemic. Core actions: tackling the infodemic, informing the population,
producing special reports, organizing press conferences, influencing press agendas to include topics
of public concern, and strengthening autonomous and crosscutting public and governmental
communication.

Situation Room

Intelligence room implemented in the SESAP in partnership with the LAIS to monitor data and

https://avasus.ufrn.br/

https://portalcovid19. | produce analyses and information from the ecosystem to support state management and decision
saude.rn.gov.br/ making.
AVASUS* Part of a cooperation effort between the LAIS and Ministry of Health, AVASUS is an online

platform that was added to the ecosystem to rapidly scale up and increase the capillarity of the
training process in RN. This process was applied to both health workers (workforce training) and
the general population, which needs quality information on the SARS-Cov 2 virus and Covid-19.

Telehealth RN
http://www.telessaude.
ufrn.br/

State platform that joined forces with the Covid-19 response. The platform focuses on primary care
in the following core areas: clinical management of patients, care, diagnosis, welcoming and care
networks.

Coronavirus Guidance
RN
https://orientacorona.
saude.rn.gov.br/

Teleappointment system aimed primarily at providing guidance and information on Covid-19 to
promote self-care and avoid overburdening health services.

Facepoint Quarantine
https://quarentena.
faceponto.com.br/

Information system integrated into the Coronavirus Guidance platform aimed at monitoring
adherence to physical distancing measures.

Salus
https://salus.lais.ufrn.
br

System developed to enhance integration between epidemiological surveillance and health care.
Implemented by the Natal City Council Department of Health Surveillance, the objective of the
system is to address and correct errors generated by Ministry of Health notification systems such as
the e-SUS VE. The system supports monitoring and care delivery in primary care services and care
networks in Natal. It is important to highlight that Natal accounts for more than 48% of Covid-19
cases in the state. The system is essential for promoting the automation of previously manual work,
increasing the time teams have to dedicate to comprehensive surveillance actions.

Vaccination of older
persons
https://natalvaci-
nacaoidosos.lais.huol.
ufrn.br/

The platform was developed to strengthen the Natal City Council Health Department’s older
person protection policy. It registers older persons living in vertical condominiums for home flu
vaccination, enabling the vaccination of more than 6,034 older people living in 384 condominiums.

Volunteer system

Information system for health workforce recruitment in response to the pandemic.

https://regulacao.lais.
ufrn.br/sala-situacao/
sala_publica/

https://covid19.imd.

ufrn.br/voluntarios/

Acolhe RN Project implemented in partnership with the Rio Grande do Norte Federation of Trade in Goods,

https://acolhe.saude. | Services and Tourism (FECOMERCIO). The Hotel Barreira Roxa was used to provide accommo-

rn.gov.br/ dation for health staff who live with people in risk groups or infected persons. The system was
developed to manage triage and the amount of time spent by staff in the project.

RegulaRN* Fully integrated into the e-SUS Notifica, this platform was developed to manage the regulation of

beds for Covid-19 patients in the state. This platform resolved the problem of reworking, improving
the quality of information and maintaining data integrity. Totally transparent, the platform
increased public participation, strengthens oversight, disciplines the state regulation process, and
played a decisive role in decision making about the number of beds for Covid-19 patients.

https://covid.lais.ufrn.
br/

Oversight RN Platform developed jointly by the LAIS and Federal Prosecutor’s Office (Covid-19 Working Group)
https://fiscalizarn.lais. |to oversee state and municipal government spending on Covid-19.

ufrn.br/login

CoronavirusRN* Platform developed to work as an online monitoring panel for 149 Covid-19 indicators in RN; the

indicators are updated at least three-times a day.

*Anchor technologies or processes.

Source: Elaborated by the author.

o
o
=
—_

(9)9T “©ADd[0D) SpNES X BIDUID

1202 ‘2S02-S€0T:



)
o
~
I\S)

Valentim RAM et al.

the following core areas: vaccination and protec-
tion of older persons; physical distancing; use of
medicines with no scientific evidence to support
their use; epidemiological data; clarifications
about the virus; presentation of the technology
ecosystem and its respective applications and
platforms; and organization of press conferences
focused on science journalism. Part of the ma-
terial produced is available at: https://lais.huol.
ufrn.br/categoria/noticias/coronavirus/.

AVASUS: SUS’s Virtual Learning
Environment

AVASUS, a product of ongoing technical
cooperation between the LAIS and Ministry of
Health since 2015, was included in the ecosys-
tem to mediate health training and drive the re-
sponse process in the state. The use of AVASUS
meant that the Covid-19 training process was
completely technology-mediated, improving the
scalability of training and reducing the exposure
of course participants to the virus. Twenty cours-
es were offered in the specific Covid-19 training
pathway: https://avasus.ufrn.br/local/avasplugin/
cursos/covid.php. All courses were developed ac-
cording to the specific needs in the region, except
for the first course, which was developed by the
Pan American Health Organization (PAHO) in
partnership with the Ministry of Health.

A number of milestones were reached during
this period, not only in RN, but also nationally
and in other parts of the world. The indicators
shown in Chart 2 show the scalability of tech-
nological mediation (AVASUS) for promoting
health training. It is worth mentioning that the
scalability achieved by the AVASUS, which is part
of the ecosystem, would have been practically
impossible with face-to-face training. The results
shown in Chart 2 demonstrate the importance of
this training model during health crises such as
the Covid-19 pandemic.

RegulaRN

At the beginning of the pandemic, strains
on intensive care beds for patients infected with
Covid-19 were common in health systems around
the world and in some states in Brazil. In RN, an
urgent review of planning and the logistics of bed
distribution across the state was needed.

The RegulaRN platform was developed to
manage the operationalization of the previously
manual State Regulation Complex (CER/RN). At
the time, data — such as bed needs and availabil-

ity, including forecasting the availability of new
beds — were essential.

The first version of the platform began to
operate at the end of April with the support of
the federal and state public prosecutor’s offices,
which recommended that the state and munic-
ipal governments and service providers used the
platform, promoting data integration. This rec-
ommendation resulted in the engagement of all
actors and speeded up the subsystem implemen-
tation process.

One of the most important functionalities of
the RegulaRN platform is the Situation Room.
[lustrated in Figure 2, the aim of the Situation
Room is to give wide publicity to and ensure the
transparency of the regulatory process*. The
data area presented and updated in real time
throughout the day.

In a little over 60 days, the platform enabled
the CER/RN to refer more than 3,700 Covid-19
patients to critical or clinical care beds. Of the
regulated patients up to 22 July 2020, 1,932 were
cured and discharged. The platform also records
the implementation and monitoring of SUS
Covid-19 beds in RN, including 301 intensive
care beds and 343 clinical care beds, and enables
the management of ventilator use.

CoronavirusRN

The CoronavirusRN platform (available at:
https://covid.lais.ufrn.br/) is an integrated in-
tersectoral smart environment designed in ac-
cordance with SUS guidelines and the principles
set out in the PNIIS*. The information manage-
ment panel consists of 149 indicators presented
in graphs, tables, maps, scenarios and forecasts,
as shown in Figure 3.

The CoronavirusRN platform collects infor-
mation from various municipal, state and na-
tional sources*, and social media, providing data
on indicators to the government, public, press
and control agencies in an agile, centralized,
targeted and open manner. The tool helped RN
obtain second place in the national ranking of
transparency in the Covid-19 response, with 98
points (see Open Knowledge Brasil and the web-
site Transparéncia Covid-19*).

Salus

Salus is a primary care epidemiological sur-
veillance and monitoring platform. Developed in
partnership with the Natal City Council Health
Department, its aim is to improve data quality,


https://avasus.ufrn.br/local/avasplugin/cursos/covid.php
https://covid.lais.ufrn.br/

Chart 2. Number of AVASUS training processes in
response to Covid-19.

Number of students reached* 121,193
Number of subscriptions* 241,238
Average number of students per course 12,064
Number of municipalities reached in RN 111
Number of students reached in RN 24,315
Number of states reached in Brazil 27
Number of students reached in Brazil 131,396
Number of countries reached 55
Number of foreign students reached 2,014
Number of Covid-19 response courses

offered 20

Notes: *The difference between the number of students
reached (AVASUS Covid-19 users) and subscriptions
(number of subscriptions to AVASUS courses in the
Covid-19 training pathway) is due to the fact that
students can do more than one course, meaning the
number of subscriptions is higher than the number of
students.

Source: Coronavirus RN Platform (accessed on 29
November 2020. Available at: https://covid.lais.ufrn.
br/#capacitados-em-covid19).

correcting inconsistencies using smart algo-
rithms, and integrate surveillance and primary
care actions.

The platform was adapted to local needs,
such as the division of the state into health dis-
tricts, so that primary care facilities are able to
directly monitor notified patients living within
their sphere of operation. With regard to surveil-
lance, the platform generates local indicators and
automates the consolidation of epidemiological
bulletins. Figure 4 shows part of the Salus indi-
cators, including heat maps in neighborhoods in
Natal. In addition to being an important decision
making tool, Salus promotes the integration of
surveillance and primary care, a unique innova-
tion in health given that these are traditionally
separate areas in Brazil*.

Vaccination of older persons

The vaccination of older people against the
HINI virus was managed using a system de-
veloped by the UFRN and Natal City Council
Health Department. Considering that this group
is high-risk, it was necessary to plan the vacci-
nation in a way that prevented gatherings, thus
ensuring the protection of older persons against

Covid-19. The solution consisted of mapping
and registering older persons living in residential
condominiums, permitting the implementation
of a home vaccination campaign®*: “The flu
vaccination campaign in condominiums in Na-
tal, the capital of Rio Grande do Norte, ended on
Friday (24 March). According to the Natal City
Council Health Department, a total of 3,439 old-
er persons in 390 condominiums were vaccinated
against flu. The initiative [...] was developed to
avoid older people gathering in vaccination cen-
ters”*.

However, the vaccination system records
show that 607 condominiums and 7,344 older
adults were registered. These data differ from
those cited by the health department* because
condominiums and individuals from other mu-
nicipalities in the metropolitan region outside
the Natal vaccination area were also registered.

Coronavirus Guidance RN

The Coronavirus Guidance RN system is a
tool designed to promote self-care, multiplying
individual and collective preventive actions in
homes, neighborhoods and communities, and
reducing the burden on health services. This tool
provides two levels of service: self-care and tele-
appointments®. Service users can also be moni-
tored when recommended by health teams, using
the Facepoint Quarantine or Salus monitoring
module. A total of 7,000 appointments were pro-
vided through the Coronavirus Guidance RN
system across the state. However, 15,000 patients
were monitored using the Salus monitoring
module because the module has been incorpo-
rated into health service work processes, result-
ing in an increased preference for and adherence
to this technology.

Use and application of the ecosystem in the
Covid-19 response in RN

The results of the use of the ecosystem related
to preparedness, surveillance and the Covid-19
response, particularly in relation to government
decision making, were already evident at the end
of May. The repository of the CoronavirusRN
platform (https://covid.lais.ufrn.br/#documen-
tos) synthesizes some technical documents pro-
vided by the ecosystem and documents related
to decisions taken by the state government orga-
nized by date of publication, topic, and the in-
stitutions and departments that participated in
decision making.
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Figure 2. RegulaRN’s Situation Room.

Source: Elaborated by authors.



Figure 3. Data from the Situation Room shown on the CoronavirusRN platform.

Source: Elaborated by authors.
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New confirmed COVID-19 cases by epidemiological week and by neighborhood - last 6 weeks
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Discussion

The study shows that the technology ecosystem
for the Covid-19 response in Rio Grande guid-
ed local and state government decision making
and recommendations made by other authorities
such as the judiciary and public prosecutor’s of-
fices to other sectors involved in the response in
a transparent manner. This is best shown by the
use of technical reports produced by the ecosys-
tem to inform recommendations made by public
prosecutor’s offices, state policy directives and
government decrees governing the gradual re-
sumption of economic and school activities.

The transdisciplinarity inherent in the eco-
system meant that its impact went beyond the
technological dimension. The ecosystem served
as a tool to articulate and bring together synergies
for decision making in the field of management,
health work processes, engagement of social ac-
tors and public participation, and technical co-
operation. In addition, the use of this technology
reinforces the importance of digital health inter-
ventions for advancing responses to public health
emergencies, especially in relation to timely ac-
cess to information and quality health services.

In the field of health information and com-
munications, it is known that “against a back-
drop of exponential growth of doubt, uncer-
tainty and anxiety, combined with conflicting
narratives that lead to misgovernment and the
lack of central references, the problem of con-
trolling epidemics and fake news is exacerbat-
ed”®". In this regard, the ecosystem promoted im-
portant initiatives to mitigate the harmful effects
of disinformation, including the production of
quality information and development of strate-
gies to disseminate scientifically validated con-
tent using language that is accessible to opinion
makers, particularly the general public. In other
words, the ecosystem combined technological
innovation and communication and informa-
tion processes to control both the pandemic and
infodemic at local level, with repercussions at the
national and international level.

Health crises like the Covid-19 pandemic test
health system resilience because they put a strain
on services* (provision and distribution of key
supplies and hospital beds) and the capacity for
dialogue and negotiation between government
entities, including the private sector. The studies
and forecasts conducted at the beginning of the
pandemic in Brazil were pessimistic for a state
like RN, especially in relation to the capacity of
the SUS. However, the use of the ecosystem high-

lights the potential role digital health technolo-
gies can play in decision making and strength-
ening the response to the pandemic in the state.
Examples include the expansion of the number
of beds for Covid-19 patients and growth in the
fleet of medical vehicles. The ecosystem strength-
ened responsiveness and resilience to the strains
placed on health services by the pandemic by
mobilizing different resources and promoting
institutional elasticity. These concepts are rein-
forced in studies undertaken by Barlach et al.*,
Massuda et al.>*, Nuzzo et al.’>, and Ammar et al.>
about health system resilience.

In the field of innovation in health, the eco-
system enabled the government to develop anal-
yses and make decisions based on an integrated
view of surveillance and primary care, which are
often treated separately in Brazil”. In addition,
the ecosystem’s global view of surveillance and
care and emphasis on information technology
helped integrate decision making with the par-
ticipation of representatives from different areas.
This possibility articulated dialogue between the
actors involved, albeit not without conflict, and
improved decision making in the response to the
public health emergency.

Furthermore, the technologies developed
and applied in the ecosystem formed a health
care value chain consisting of products and pro-
cesses for RN and all the institutions involved.
In addition to the technologies, the ecosystem
promoted interinstitutional cooperation in deci-
sion making, becoming a driver of equity, social
justice and the democratization of access health
services. This cooperation was therefore a major
driver the state’s pandemic response policy. This
factor is of major relevance for future analyses
of what is called the “post-pandemic legacy” in
Brazil.

The coverage and intensity of use of health
technologies by countries suggest that industrial
capacity, wealth, social adaptability and capacity
for political management are important assets
that need to be mobilized in the face of multi-di-
mensional global shocks®®. In the case of a PHE-
IC, it may be assumed that these assets influence
to a greater or lesser extent the capacity of health
systems to respond to the demands of the IHR
(2005)?, such as mobilizing resources to this end’.

National, state and municipal governments
and organizations that have the capacity to mo-
bilize human, technological and biological re-
sources around the same cause tend to be more
effective in tackling diseases. In this respect, this
study shows that technical solutions that help
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analyze scenarios have a double effect during
adversity: 1) providing a prompt response to the
problem; and 2) renewing the skills and compe-
tences that are needed for personal development;
a factor that provides new momentum and mo-
tivation to cope with the everyday activities in
health services, which have become that much
harder during the crisis.

The pandemic has shown the world that the
availability of digital health solutions may be in-
versely related to the real health needs of popula-
tions; perhaps that is why the virus has caused so
much damage to global health. Even in rich coun-
tries, where the use of technologies is widespread,
the virus has been contained “organically”. This
aspect is aggravated in poorer countries, which
lack medicines and basic equipment. Therefore,
“a combined global effort is needed to encourage
the development and use of health technologies
that can benefit the world’s poorest people”.

Aligned with the concept of democratization
of access to health services and the promotion of

equity and social justice, the technology ecosys-
tem for the response to the Covid-19 “enlight-
ened” decision making in RN, ensuring that the
government did not “fly blind” and permitting
the rational expansion of care integrated with a
health surveillance model and informed by the
provision of transparent data and information
to the entire population, thus facilitating public
participation.

With regard to the democratization of access
to health and production of new knowledge, the
technology ecosystem provided a significant set
of open data, ensuring greater transparency and
serving as a valuable source of research for the
scientific community**-®.

Finally, considering that it “is the most hu-
man aspect of man”'¢, technology should serve
humanity, particularly in the face of such a vi-
tal present day issue: tackling pandemics and
strengthening health systems to respond in a re-
silient, agile, ethical and transparent manner.
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