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16 University of South-Eastern Norway, Department of Nursing and Health Sciences, Norway
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18 Clinical Research Unit, Instituto Investigación Sanitaria Fundación Jiménez Díaz (IIS-FJD, UAM), 
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20 Institute for Global Health and Epidemiology, Trnava University, Trnava, Slovakia

21 Instituto de Salud Tropical (ISTUN), Department of Microbiology and Parasitology, Navarra 
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22 Department of preventive Medicine, Kyung Hee University, Seoul, Republic of Korea

23 REQUIMTE/LAQV, Laboratório de Farmacognosia, Departamento de Química, Faculdade de 

Farmácia, Universidade do Porto, Portugal
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25 Department of Psychology and Pedagogic Science, St Mary's University Twickenham, London, UK

26 Servicio de Neumología, Hospital Universitario de La Princesa, Universidad Autónoma de Madrid, 

Madrid, Spain
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28 COVID-19 Clinical Management Team, WHO Health Emergency Programme, World Health 
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29 Feevale University, Novo Hamburgo, Brazil
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31 University of Medicine and Pharmacy Grigore T. Popa Iasi, Romania

32 Clinical Hospital of Pulmonary Diseases Iasi, Romania

33 Translational Medicine Operations Hub, Competence Center for Methodology and Statistics, 

Luxembourg Institute of Health, Luxembourg

34 Department of General Internal Medicine, Infectious diseases and Tropical Medicine, Antwerp 

University Hospital, Edegem, Belgium

35 Croatian Institute of Public Health, Zagreb, Croatia
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ABSTRACT

Introduction. unCoVer - Unravelling data for rapid evidence-based response to COVID-19 - is a 

HORIZON 2020-funded, network of 29 partners from 18 countries capable of collecting and utilizing 

real-world data (RWD) derived from the response and provision of care to COVID-19 patients by health 

systems across Europe and elsewhere. unCoVer aims to exploit the full potential of these information 

to rapidly address clinical and epidemiological research questions arising from the evolving pandemic. 

Methods and analysis. From the onset of COVID-19 pandemic, partners are gathering RWD from 

electronic health records currently including information from over 22,000 COVID-19 hospitalized 

patients, and national surveillance and screening data, and registries with over 1,900,000 COVID-19 

cases across Europe, with continuous updates. These heterogeneous datasets will be described, 

harmonised, and integrated into a multi-user data repository operated through Opal-DataSHIELD, an 

interoperable open-source server application. Federated data analyses, without sharing or disclosing 

any individual-level data, will be performed with the objective to reveal patients’ baseline 

characteristics, biomarkers, determinants of COVID-19 prognosis, safety and effectiveness of 

treatments and potential strategies against COVID-19, as well as epidemiological patterns. These 

analyses will complement evidence from efficacy/safety clinical trials where vulnerable, more 

complex/heterogeneous populations, and those most at risk of severe COVID-19, are often excluded.

Ethics and dissemination. After strict ethical considerations, databases will be available through a 

federated data analysis platform allows processing available COVID-19 RWD without disclosing 

identification information to analysts and limiting output to data aggregates. Dissemination of unCoVer’s 

activities will be related to the access and use of dissimilar RWD as well as the results generated by the 

pooled analyses. Dissemination will include training and educational activities, scientific publications, 

and conference communications. 
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Article Summary

- The unCoVer network includes a sizable number of partners that will exploit the full potential 

of real-world data derived from the provision of care to COVID-19 patients by health systems 

across Europe and elsewhere.

- With the availability of international harmonized RWD provided by the unCoVer network, a 

large amount of information on COVID-19 patients will be studied to better understand aspects 

of the pathophysiology, progression and treatment, and epidemiological patterns of this novel 

disease as well as to grasp the less understood, and potentially unearthed, risk factors 

associated with COVID-19 severity. 

- The development and deployment of a federated data platform for combined analysis meet 

patients’ data protection principles and comply with ethical standards, including GDPR and 

national data privacy legislation while allowing for advanced analytics.

- Continuous process evaluation will be carried out throughout the project life to identify 

limitations and barriers to the harmonised use of data and, simultaneously providing advice 

on improving data systems for rapid response to future public health crises.

.
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INTRODUCTION

The outbreak of the coronavirus disease (COVID-19), caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), was declared a Public Health Emergency of International Concern by the 

World Health Organisation on 30 January 2020, and a pandemic, on 11 March 2020. Despite the 

deployment of public health measures such as restrictions of movements, gathering, and personal 

protection as well as massive vaccination campaigns, the coronavirus is still largely affecting mortality 

and morbidity worldwide, including persisting symptoms after the infection, what has now been 

termed post-COVID condition1. Early epidemiological data of COVID-19 showed a higher risk of severe 

disease among older individuals, in particular those with chronic respiratory, cardiometabolic, and 

other chronic diseases including mental disorders and immunosuppressed individuals2-4. While the 

pathogenesis of certain chronic diseases predisposes to serious COVID-19 outcomes5, other factors 

such as common chronic medications, might also increase this risk due to interaction between SARS-

CoV-2 infection, and the complex metabolic pathways6 7. Also, common disease risk factors such as 

smoking and overweight/obesity, have been identified as key predictors of hospitalization and critical 

illness, even in young adults with no underlying conditions8 9.

While the pandemic is evolving and countries are adapting their health systems to new phases of 

preventive measures, the research community is trying to fully elucidate the transmission and 

progression of the infection, as well as the most effective ways of treating and preventing new cases 

in preparation for any new waves, particularly due to new variants of SARS-CoV-2. The multi-

dimensional and dynamic nature of the inter-related factors associated with individual responses to 

SARS-CoV-2 infection, and the diversity of long-term complications require a multidisciplinary research 

approach to unravel the natural history of this pandemic. Responding to the COVID-19 pandemic in 

real-time required a colossal effort from health systems worldwide, and across Europe where several 

countries have been severely affected. As a result, a wealth of data has been accumulated as part of 
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the health systems’ efforts to fight COVID-19. These RWD reflect the impact of COVID-19 in patient’s 

health and characterize the protocols of health care in different health system settings. These close-

to-reality data allow for studies into patients’ characteristics, determinants of disease prognosis, and 

effectiveness of potential strategies against COVID-19 in real-world settings. They also complement 

findings from ongoing efficacy/safety clinical trials where vulnerable/heterogeneous populations, 

those most at risk of severe COVID-19, are often excluded. Harmonization of data from different 

sources allows for comparison across health systems and improves patients’ characterization using the 

wider heterogeneity of the information. Still, to date, these RWD sources related to COVID-19 have 

been exploited in a limited way and for specific questions, hence there is an untapped opportunity to 

exploit the full potential of these data through identification, harmonisation, and big data analysis.

OBJECTIVES

The unCoVer network aims to provide a research platform for the expert use of RWD, by bringing 

together complementary data, medical and scientific expertise to address the still urgent questions 

regarding determinants of COVID-19 prognosis to inform more effective medical and public health 

strategies. Specifically, the network aims to facilitate access to otherwise scattered RWD sources, and 

hereby provide opportunities for enhanced risk characterisation and robust risk prediction algorithms, 

tackling the current pandemic, and eventually any future epidemics. This approach should lead to 

control measures that will eventually relieve the pressure on the health systems, improve patient 

prognosis especially among those more vulnerable (e.g., chronic patients, immunosuppressed 

individuals, and population subgroups with limited access to health care, among others), and mitigate 

the burden of COVID-19.  The specific objectives of unCoVer are:

1. To bring together European and international expertise and data to synchronize collaborative 

research efforts in addressing the ongoing COVID-19 pandemic in a common platform. 
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2. To continuously monitor, identify and facilitate the access and use of COVID-19-related RWD to 

fully exploit the potential of this routinely collected information, as a reflection of common medical 

practices.

3. To identify data gaps, and marginalized populations to proactively seek synergies with 

complementary existing and planned clinical databases related to COVID-19. 

4. To provide a platform for the use of dissimilar data sources capable of streamlining ethical and 

legal aspects and anticipating the needs for data harmonization by innovative computational 

resources and integrated information for enhanced impact.

5. To bring together expertise on the use of advanced computational, epidemiological and 

biostatistical methods to handle heterogeneous, and multi-layered information to facilitate rapid 

queries and data outputs related to SARS-CoV-2 infection, underlying drivers of COVID-19 

prognosis, the safety and effectiveness of treatments, and sequelae, as well as the impact of 

COVID-19 in health system resources.

6. To broadcast the use and results of the platform to attract new partners and to pursue 

complementarity with existing similar networks in Europe and internationally to save lives and 

optimize resources. 

METHODS AND ANALYSIS

unCoVer is conceptualized as a functional network of partners, capable of harvesting and analysing 

RWD derived from the response and provision of care to patients by the health systems across Europe, 

and other countries such as Brazil and Colombia during the COVID-19 pandemic. 

Setting

unCoVer comprises 29 partners from 25 institutions in the European Union and 4 non-EU partners 

representing 18 countries namely Belgium, Bosnia and Herzegovina, Brazil, Colombia, Croatia, Greece, 

Ireland, Italy, Luxembourg, Norway, Portugal, Romania, Slovakia, South Korea, Spain, Turkey, United 
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Kingdom, and the United States of America (Figure 1). Partners provide data mostly from front-line 

hospitals but also national health agencies, registries, and investigator-lead observational studies, and 

represent complementary scientific and medical fields, as well as expertise in research ethics, data 

management and statistical modelling. unCoVer, thus, works as a functional network bridging clinical 

expertise and data analytics, intending to exploit the full potential of the routine healthcare data 

already collected from patients during the pandemic. The set-up of the network therefore relies on a 

continuous iteration process between a) clinical partners, who will guide the development of research 

questions needed to improve patient’s care and inform public health strategies; and b) epidemiologists 

and analytical experts, who will operationalize the research questions with advanced data processing, 

analysis, and simulation tools capable of generating innovative solutions. The work of the network is 

further supported by three external advisory boards (Figure 2) that provide expert counselling 

concerning the relevance of the medical research and findings (External Advisory Board, EAB), data 

protection (Data Protection and Ethics Advisory Board, DP-EAB), and stakeholder involvement (Societal 

and Regulatory Advisory Board, SRAB). 

Databases

unCoVer hosts longitudinal observational secondary-level data, which are largely collected for non-

research purposes, RWD, and refer to data generated during patient encounters with the health 

system which have established information technology protocols and tools for retrieving and storing 

information about the healthcare provided. To date, the unCoVer network incorporates 16 databases 

of electronic medical records from 10 different countries, 6 national registries, 4 observational cohorts, 

and 2 databases on population screening (Table 1). The data available to unCoVer has information on 

hospitalization of COVID-19 patients with at least two-time points of data collection, at admission and 

discharge. In addition to demographics, and clinical/epidemiological data, other data types such as bio-

specimens, imaging data, social network-/contact-tracing related data, movement-related data and 

mental health data are also available but with limited access. Clinical/epidemiological data include case 
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report forms (CRF) at patient’s admission (i.e. date of symptom onset and/or admission, signs and 

symptoms at admission,  laboratory results, pre-admission medication, comorbidities & risk factors), 

during hospitalization (i.e. signs and symptoms, laboratory results, supportive treatment, admission to 

ICU) and at discharge (i.e. date of discharge, outcome, as well as medication and complications) 

(Supplementary Table 1). 

STRUCTURE AND ACTIVITIES

Three blocks of activities, grouping work packages (WPs), were designed to build a functional network, 

and aim to facilitate the flow of information for rapid assessment of research questions:

Block 1: Definition, design, and data harvesting. This first block forms the architectural foundation 

and the core of the unCoVer network. In order to provide a comprehensive repository of available data, 

WP1 ‘Data Identification’ collects and catalogues all data in a standardised way, including a common 

codebook that specifies the harmonized variables, with standardised variable names and data format 

and labels, in preparation for data harmonization processes i.e. the key for the development of a 

unified pool of data for analyses. In parallel, and acknowledging the sensitive nature of health data, 

and personal information compliance with ethical and legal aspects, a checklist for assessing the risks 

involved in data processing is implemented by WP2 ‘Ethics and Data Protection’, with due 

consideration to legal and regulatory issues concerning data protection, privacy and information 

security. The checklist includes questions on the nature of the data (e.g. clinical data, hospital records 

or publicly available data, personal data, data collected in vulnerable groups, availability of follow-up 

data), informed consent (e.g. explicit consent or assent obtained), data protection (e.g. data protection 

officer identified and data protection impact assessment completed), ethical approval (obtained or 

pending), data privacy protection (e.g. anonymisation vs pseudonymisation, data minimisation), and 

data transfer and use (data transfer agreement needed, name of the data controller, data processor, 

joint data controller if applicable, and whether international transfer outside EU). Each data provider 
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within the network populates this checklist, which is reviewed on a case-by-case basis by the unCoVer 

research ethics expert team together with the independent DP-EAB, and accordingly informed 

decisions on risk mitigation are taken. In short, WP2 ensures that GDPR or equivalent guidelines are 

adhered to during the data processing activity. Once a dataset is categorised as low risk, it will be 

available to proceed with subsequent steps (Supplemental Table 2). 

For the secure multi-party computation of unCoVer data, WP3 ‘Data Harmonization’, developed an 

infrastructure based on Opal 4.1 (OBiBa suite, Maelstrom Research, Montreal, Canada) to facilitate 

interoperability of the data, including data management, harmonization and dissemination in a 

secured environment 10. The Opal server application provides the necessary key features for data 

encryption and decryption managed through Public Key Infrastructure as well as participant identifiers 

management and user authentication/authorization for access via a rights and roles management with 

username/password. Steps to achieve data harmonisation and secured data sharing and use are: 1) 

Set-up the Opal server for each data provider and import relevant datasets, 2) Configure a harmonized 

data description in each Opal server, and 3) Run distributed queries on harmonized datasets through 

the DataSHIELD application that enables individual-level data analyses across multiple Opal servers 

without sharing and disclosing any individual-level data (Figure 3). Thus, by using computational power 

and standardising dissimilar information, while complying with ethical and legal requirements, a data 

repository of anonymized and harmonized COVID-19 RWD will be made available for secured data 

analyses. 

Block 2: Analytical development, data use, and demonstration. The broad range of medical, public 

health, and research expertise available within the unCoVer network is at the heart of the WP4 ‘Data 

analysis and Outcomes’ dedicated to unCoVer findings from the data acquired to maximize their use 

in informing COVID-19 response. Activities of this block aim to facilitate and streamline rapid response 

to identified research gaps using the unCoVer infrastructure developed in Block 1. With the availability 
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of cross-national harmonized RWD within the unCoVer network, a large amount of hospitalised and 

discharged COVID-19 patients will be studied in depth, together with complementary epidemiological 

data, to understand the pathophysiology, progression, treatment, (long-term) complications, and (less 

frequent) risk factors for early prevention of this novel disease as well as to grasp the cross-national 

heterogeneity of the COVID-19 burden. To this end, an analytical toolbox, including both traditional 

statistical methods and machine learning techniques and a Bayesian estimation framework, will be 

developed for identifying relationships between early clinical and diagnostic profiles and the future 

course of the infection, and for a detailed clinical and epidemiological characterization of COVID-19 

patients, being able to generate patients’ risk classification and risk prediction. The application of this 

toolbox in real patient data, available within the unCoVer network, will then allow uncovering real-

world insights that would support policies and protocols for optimization of health resources of the 

hospital and critical care. Therefore, the activities of this block will be related to the iterative trial use 

of the Opal server and the toolbox by end-users (i.e. data analysts) as well as the lessons learned and 

potentially preparing actions for the sustainability of the unCoVer platform, including the repository 

and toolbox. 

Block 3: Project management, communication, and exploitation. The outputs of the network 

including the scientific and technological knowledge and outcomes, provided by the previous two 

blocks, are streamlined through scientific publications, training and educational activities, organisation 

and participation in events, among others, steered by the WP5 ‘Communication, Exploitation & 

Dissemination’. This last block is also dedicated to maintaining the functional network both internally 

and externally, and with special attention to the management of intellectual property by utilizing best 

practices in project coordination, as outlined in WP6 ‘Coordination’. Concerning this, the unCoVer 

organization structure works under a Consortium Agreement signed by all partners and includes the 

following key bodies within the consortium and management structure (Figure 2). A steering 

committee formed by the principal investigators of the 29 partner institutions at the decision-making 
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level. A General Assembly (GA), involving WP leaders manages the network, and coordinates WP and 

tasks leaders, assisted also by a Management Support Team (MST) to reinforce partners' 

representation. An internal Exploitation and Dissemination Committee (EDC) also collaborates in the 

overall management of the GA. Finally, the project coordinators communicate with the sponsor, and 

facilitate crosstalk between the network and the external advisory boards. 

ETHICS AND DISSEMINATION

Ethical aspects are of utmost importance in unCoVer. Upon the project start date, the roles, and 

responsibilities of the independent DP-EAB were described, including the selection procedure of the 

board members and its final composition, and mandate. A ‘scoping exercise’ was also conducted across 

the network to ensure that all partners are aware of the common obligations in terms of data 

processing activities using health or health-related data according to European and international 

guidelines. Moreover, to be compliant with the General Data Protection Regulation (GDPR) and meet 

the ethics requirements, the unCoVer network will follow the data processing steps represented in 

Figure 4, in the following sequence:

1. The unCoVer master checklist of data processing activities in network partners’ is circulated within 

the network to be completed by the data providers, and data providers are required to provide the 

supporting documentation of each indicator of this list, such as informed consents, ethical 

approvals and Data Protection Impact Assessment (DPIA). This information is processed by the 

research ethics team, responsible for categorizing the datasets into three different categories: low, 

medium, or high data privacy risk.

2. Datasets categorized as ‘’low-risk’’ will be available to proceed with the harmonization process 

and, therefore, Opal-DataSHIELD servers will be installed. Within Opal, the patient identifiers will 

be separated from the patient study data by employing two databases: (1) the ID database that 
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stores the patient identifiers accessible by the data provider only, and (2) the study database that 

stores pseudo-anonymised patient’s data to be used for data analyses accessible, through code 

only, by data analysts. The “medium-” and “high-risk” datasets will be subject to further review 

and requirements before harmonization processes. 

3. Finally, the installation of the servers will allow the consortium to analyse the available RWD 

through an anonymisation layer to answer the pre-identified research questions. The system also 

facilitates the definition of analytical projects and the specific databases and/or variables that will 

be used for a specific project. As a rule, all output of data analytics will be restricted to the 

presentation of data aggregates or to line listing deprived of personal identifiers so that the identity 

of the study patient cannot be deduced (no backward identification).

To maximise the unCoVer network’s output, dissemination, and exploitation strategies, as planned by 

the EDC and advised the SRAB, i.e., a non-executive consulting substructure composed of several key 

stakeholders from the regulatory, governance, civil society level, and patient’s public initiatives, will be 

segmented according to the network block activities, the potential users and the most adequate 

channels of dissemination and interaction with potential users. The website (uncover-eu.net/), social 

media accounts (Twitter @uncoverEU, LinkedIn, YouTube), and the project newsletter will be the 

channels to reach all partners and stakeholders of unCoVer, both devoted to providing regular updates 

on project activities and announcing upcoming milestones and events. The website will serve as a 

repository of the project goals and activities and deliverables in an easy-to-understand language, as 

well as publications, lectures and expert documents hosted for access by the partners or stakeholders. 

Patient and Public Involvement 

The unCoVer network has been designed to facilitate interactions and enhanced outreach to COVID-

19 stakeholders included in external advisory boards, as well as a prominent work package on 

dissemination activities, that include but are not limited to:

Page 16 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 18, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-055630 on 18 N

ovem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

15

- Scientific community. To contribute to the body of knowledge in the field, two types of publications 

in peer-reviewed journals under Open Access schemes are foreseen: the unCoVer-network 

publications, i.e. for implementation and/or application of the unCoVer platform as a whole, and 

the unCoVer-partners publication, i.e. for specific collaborations between two or more unCoVer 

partners. In addition to both types of scientific publications, jointly organised workshops, virtual 

trainings, and virtual conferences, will be instrumental channels for the dissemination of the 

unCoVer activities and results to the scientific community. In such a yearly organised workshop, 

the application of the unCoVer repository and toolbox will be presented and expert feedback will 

be sought for further improvement. These activities of dissemination to the scientific community 

will result in overall awareness and international recognition of the unCoVer network, 

simultaneously strengthening the visibility and competitiveness of the institutions involved as 

centres of excellence.  

- European platforms and data-driven initiatives. Cooperation with other European projects 

dedicated to COVID-19 data sharing such Orchestra (orchestra-cohort.eu), Synchros (synchros.eu), 

Dragon (imi.europa.eu/projects-results/project-factsheets/dragon) RecodID (recodid.eu ), and EC-

COVID-19 Data Platform (covid19dataportal.org), as well as large networks such as the European 

Burden of Disease Network (burden-eu.net), and initiatives on data sharing infrastructures such as 

the Population Health Information Research Infrastructure (phiri.eu), will be established for the 

co-organisation of dissemination events along with seeking alignment and synergies to avoid 

duplication of efforts. 

- Policy makers. The accumulated prior experience and contact networks in the regulatory, 

policymaking framework of several members of the unCoVer network will be used to ensure that 

the work and output created can reach regulatory entities and policymakers, thus contributing to 

the impacts of the project in the decision-making process. This appears relevant as the UnCoVer 

network is willing to merge different sources of medical data with social, economic, mental, and 
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geographical data with the potential to identify highly tailored profiles of risk for community 

prevention programmes and educational goals in different countries

- Engagement with key stakeholders. Results from the project will be further disseminated through 

involvement with societal, regulatory, and administrative partners, as ensured by the external 

advisory boards to the network, with the goal to warrant the project’s impact according to the 

stakeholder’s needs and expectations.

- General public. To maximize awareness of unCoVer among the general public, the project activities 

and milestones will be broadcasted via social media. 

- Patient associations and clinicians. Given the foreseen impact of unCoVer’s output, patient 

associations and clinicians are identified as end-users that benefit from the data-oriented results, 

and subsequently, these can be translated to them via seminars, lecture, and infographics as made 

available on the project website, among others.

CONCLUSION

unCoVer brings a new global perspective of disease management in which protection of health requires 

not only looking at regional or national aspects but also the development of data networks; A 

worldwide outbreak needs to be tackled by a worldwide research network. The impact of the COVID-

19 pandemic in low-resource settings, and other vulnerable populations is a clear reminder of the 

importance of equity and solidarity, also in medical research. As we move forward, it is vital that we 

explore the drivers of the pandemic, learn from the global response, and become more prepared for 

the similar future situations through global networks aiming at transcontinental data integration and 

analysis. The impact of the COVID-19 pandemic in low-resource settings, and other vulnerable 

populations is a clear reminder of the importance of equity and solidarity, also in medical research. 

unCoVer wants to underpin some of the major global issues arising from the pandemic, including the 

geography of health, the role of social and lifestyle determinants, and other bases of vulnerability as 

prognostic factors of severity, and effectiveness of treatments and guidelines recommendations, 
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leveraging the use of big data within the remit of GDPR or its equivalent, for maximal benefit to 

population’s health.
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Figure 1. Geographical distribution of the unCoVer network (Belgium, Bosnia and Herzegovina, Brazil, 
Colombia, Croatia, Greece, Ireland, Italy, Luxembourg, Norway, Portugal, Romania, Slovakia, South 
Korea, Spain, Turkey, United Kingdom, and the United States of America)
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Figure 2. Management structure of the unCoVer network
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Figure 3. Secure multi-party computation of unCoVer data based on Opal/DataShield infrastructure 
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Figure 4. Data management process of the COVID-19 related data available within the unCoVer 

network
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Table 1. Overview of the COVID-19 real-world data among the unCoVer network

Variable typeCountry Institution1 Num. 
centres2

Start
date

End
date

Num. 
patients2

Study
Population3

Num. 
time 

points
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Patient data from Electronic Medical Records

BA UNSA 10 17/03/2020 20/05/2021 2,000 1, 2, 3 2 X X X
BE ITM-UZA 1 22/04/2020 Ongoing 187 1 2 X X X X
BR ASPEUR 40 26/03/2020 Ongoing 2,000 1, 3 15 X X X X X
ES FIHM 12 01/03/2020 15/02/2021 4,480 1 2 X X X
ES HULPr 1 01/01/2020 29/09/2020 2,217 1 2 X X
ES IIS-FJD 1 07/03/2020 31/05/2020 1,861 1 2 X X X
ES UNAV 2 01/04/2020 01/01/2021 100 1 1 X X
HR INANTRO 2 01/08/2020 Ongoing 200 1 1 X X X X X
IT IRCCS - DB1 1 03/03/2020 Ongoing 200 1 1 X X X
IT IRCCS - DB4 1 01/03/2020 09/05/2020 355 4 1 X X
IT ULSS6 4 01/03/2020 Ongoing 1,000 1 3 X X X

RO UMF Cluij 1 100 1 4 X X X
RO UMF IASI 1 01/03/2020 Ongoing 150 1 2 X X X
SK TU 1 01/10/2020 Ongoing 800 1 1 X X
TR BU - DB1 6 01/03/2020 Ongoing 7,000 1 4 X X

Public Health Surveillance data and Registers
SK TU 240 01/03/2020 Ongoing 776,000 2 1 X X X
BE Sciensano 98 14/03/2020 Ongoing 50,000 1 2 X X X
CO UdeA 1,314 14/03/2020 Ongoing 3,997,021 2 1 X X
HR CIPH NA 25/02/2020 Ongoing 220,000 2 1 X X
IE TUDublin 48 29/02/2020 30/11/2020 74,000 2 1 X X X X

NO USN 40 31/03/2020 Ongoing 2,313 1 10 X X X
PT UPORTO NA 03/03/2020 Ongoing 830,000 2 1 X X
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Variable typeCountry Institution1 Num. 
centres2

Start
date

End
date

Num. 
patients2

Study
Population3

Num. 
time 

points
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Observational Research data
IT IRCCS - DB3 1 22/04/2020 25/05/2020 1,515 5 1 X X
LU LIH 1 15/04/2020 01/04/2021 900 2 5 X X X
PT IPC 1 01/03/2020 01/07/2020 550 5 1 X X
UK SMUC 1 01/07/2020 01/01/2021 200 2 1 X X

Screening data
IT IRCCS - DB2 1 31/03/2020 12/05/2020 1,635 6 1 X X X
TR BU – DB2 1 01/03/2020 Ongoing 18,000 5,7 1 X X

1Institution’s acronyms: ITM-UZA, Institute of Tropical Medicine and Antwerp University Hospital; FIHM, Fundación Investigación HM Hospitales; UNAV, Universidad de Navarra; UPORTO, 
Universidade Do Porto; TUDublin, Technological University Dublin; UMF Cluij, Universitatea De Medicina Si Farmacie Iuliu Hatieganu Cluj-Napoca; UMF IASI, Universitatea De Medicina Si Farmacie 
Grigore T Popa Din Iași; LIH, Luxembourg Institute of Health; TU, Trnavska Univerzita V Trnave; IPC, Instituto Politécnico de Coimbra; HULPr, Hospital Universitario de La Princesa; IIS-FJD, Instituto 
Investigación Sanitaria Fundación Jiménez Díaz; USN, Universitetet I Sorost-Norge; IRCCS, Istituto Don Calabria; CIPH, Croatian Institute of Public Health; INANTRO, Institut Za Antropologiju; BU, 
Baskent Universitesi Vakfi; SMUC, St Mary’s University Twickenham; ULSS6, Azienda ULSS6 Euganea; UdeA, Universidad de Antioquía; ASPEUR, Associacao Pro Ensino Superior Em Novo 
Hamburgo; UNSA, Univerzitet U Sarajevu. 2 Number of centres providing information, and number of patients/individuals in the datasets could change due to the continuous update of the 
information; NA, Not available at the moment. 3 Study population refers to, 1) COVID-19 hospitalized patients, 2) COVID-19 cases, 3) COVID-19 patients attending primary care services, 4) COVID-
19 patients attending emergency services, 5) general population, 6) health care workers, and 7) tourists. 
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4

Supplemental Table 1. Clinical and epidemiological data available in unCoVer network databases containing hospitalized patient data.

Daily CFR during hospitalizationPatient admission CFR
At the ward In ICU

Patient outcome CRF
Country Institution1 
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Patient data from Electronic Medical Records
BA UNSA X X X X X X X X X X X X
BE ITM-UZA X X X X X X X X X X X X X X X X
BR ASPEUR X X X X X X X X X X X
ES FIHM X X X2 X² X2 X² X X² X X² X X
ES HULPr X X X2 X X X² X³ X X4 X
ES IIS-FJD X X X X X X X X4 X X X X X
ES UNAV X X X
HR INANTRO X X X X X X X X X X X X X X X
IT IRCCS - DB1 X X X X X X X X X³ X X X X X
IT IRCCS - DB4 X X X X X3

IT ULSS6 X X X² X X X X X X X X X X X X
RO UMFCluij X X X X X X X X4 X
RO UMFIASI X X X X X X X X X X X
SK TU X X X X X X X X X X X X X X
TR BU – DB1 X X X X X
TR BU – DB2 X X X X X X X X X X X X X

Patient data from Public Health Surveillance and National Registers
SK TU X X X X X X X X X X X X X X
BE Sciensano X X X X X X X X X X X X
CO UdeA X X X
HR CIPH X X X X X
IE TUDublin X X X
NO USN X X X X X X X X X
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PT UPORTO X X X² X³ X X
Patient data from Observational Research

IT IRCCS - DB2 X X X3

IT IRCCS - DB3 X X X3

LU LIH X X X X X X X X X X³ X X X X X X

1Acronyms: ITM-UZA, Institute of Tropical Medicine and Antwerp University Hospital; FIHM, Fundación Investigación HM Hospitales; UNAV, Universidad de Navarra; UPORTO, 
Universidade Do Porto; TUDublin, Technological University Dublin; UMF Cluij, Universitatea De Medicina Si Farmacie Iuliu Hatieganu Cluj-Napoca; UMF IASI, Universitatea De 
Medicina Si Farmacie Grigore T Popa Din Iași; LIH, Luxembourg Institute of Health; TU, Trnavska Univerzita V Trnave; IPC, Instituto Politécnico de Coimbra; HULPr, Hospital 
Universitario de La Princesa; IIS-FJD, Instituto Investigación Sanitaria Fundación Jiménez Díaz; USN, Universitetet I Sorost-Norge; IRCCS, Istituto Don Calabria; CIPH, Croatian 
Institute of Public Health; INANTRO, Institut Za Antropologiju; BU, Baskent Universitesi Vakfi; SMUC, St Mary’s University Twickenham; ULSS6, Azienda ULSS6 Euganea; UdeA, 
Universidad de Antioquía; ASPEUR, Associacao Pro Ensino Superior Em Novo Hamburgo; UNSA, Univerzitet U Sarajevu.2Data needs to be extracted from text variables; ³Coded 
as yes/no without any further specifications; 4Length of stay in days instead of exact date of admission and/or discharge from hospital and/or ICU
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6

Supplemental Table 2. Data protection Risk Assessment checklist

> Was personal data/sensitive collected?
Yes: What permissions and safeguarding are in place for the individual (evaluated through question below)?
No: What data was collected and what are the risks?

> Was Explicit Consent or Assent received (if necessary)?
Yes: Method of requesting individual consent or assuming assent must be provided to unCoVer
No: Should it have been collected?

> Is Ethical Approval necessary?
Yes: Ethical Approval must be provided to unCoVer
No: If Ethical Approval is not necessary, personal data must not be identifiable (GDPR does not apply) and the data should 
be ‘public’ to some extent

> Has the partner received Ethical Approval?
Yes: Does unCoVer need any additional information following Ethical Approval?
No: Hold until Ethical Approval is provided and assess

> Anonymisation / Pseudonymization: Is the process used to anonymise or pseudonymise the data to be shared with 
uncover known?  Who undertook this process?
Yes: Transparent and appropriate methods used were clear and acceptable. Parties with data access are identified. Still 
ensure no personal data is passed onto unCoVer
No: if these processes were undertaken, is there follow-up required?

> Is there a letter from the Data Protection Officer (DPO) confirming the standardisation of Ethical Approval?
Yes: Letter has been signed and returned by local DPO
No: Follow-up with partner is needed

Low risk Medium risk
(a combination of some of the below)

High risk 
(a combination of some of the below)

Ethical approval received or not 
applicable

Ethical approval received or pending Ethical approval not received

Explicit consent & assent received or 
not applicable

Explicit consent & assent received or 
waiting confirmation

Unclear details of consent / assent

Anonymisation and/or 
pseudonymization transparent & 

appropriate

Waiting confirmation of 
anonymization/ pseudonymization 

process(es)

Anonymization or pseudonymization 
incomplete. Or process unexplained

Data transfer agreement in place if 
necessary

Data transfer pending or in place if 
necessary

Non-EU partners without appropriate 
Data transfer agreements

DPO letter received DPO letter pending/received DPO letter pending
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The RECORD statement – checklist of items, extended from the STROBE statement, that should be reported in observational studies using routinely collected 
health data.

Item 
No.

STROBE items Location in 
manuscript where 
items are reported

RECORD items Location in 
manuscript where 
items are reported

Title and abstract
1 (a) Indicate the study’s design with 

a commonly used term in the title 
or the abstract (b) Provide in the 
abstract an informative and 
balanced summary of what was 
done and what was found

RECORD 1.1: The type of data used should 
be specified in the title or abstract. When 
possible, the name of the databases used 
should be included.

RECORD 1.2: If applicable, the geographic 
region and timeframe within which the 
study took place should be reported in the 
title or abstract.

RECORD 1.3: If linkage between databases 
was conducted for the study, this should 
be clearly stated in the title or abstract.

Abstract, page 3

Introduction
Background 
rationale

2 Explain the scientific background 
and rationale for the investigation 
being reported

Pag 5, 6

Objectives 3 State specific objectives, including 
any prespecified hypotheses

Pag 6, 7

Methods
Study Design 4 Present key elements of study 

design early in the paper
Pag 7

Setting 5 Describe the setting, locations, and 
relevant dates, including periods of 
recruitment, exposure, follow-up, 
and data collection

Pag 7, 8, and Figure 
1

Participants 6 (a) Cohort study - Give the eligibility 
criteria, and the sources and 
methods of selection of 
participants. Describe methods of 
follow-up

RECORD 6.1: The methods of study 
population selection (such as codes or 
algorithms used to identify subjects) 
should be listed in detail. If this is not 
possible, an explanation should be 
provided. 

Pag 7, 8, 9, and 
Table 1 and 
Supplemental Table 
1
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Case-control study - Give the 
eligibility criteria, and the sources 
and methods of case ascertainment 
and control selection. Give the 
rationale for the choice of cases 
and controls
Cross-sectional study - Give the 
eligibility criteria, and the sources 
and methods of selection of 
participants

(b) Cohort study - For matched 
studies, give matching criteria and 
number of exposed and unexposed
Case-control study - For matched 
studies, give matching criteria and 
the number of controls per case

RECORD 6.2: Any validation studies of the 
codes or algorithms used to select the 
population should be referenced. If 
validation was conducted for this study 
and not published elsewhere, detailed 
methods and results should be provided.

RECORD 6.3: If the study involved linkage 
of databases, consider use of a flow 
diagram or other graphical display to 
demonstrate the data linkage process, 
including the number of individuals with 
linked data at each stage.

Variables 7 Clearly define all outcomes, 
exposures, predictors, potential 
confounders, and effect modifiers. 
Give diagnostic criteria, if 
applicable.

RECORD 7.1: A complete list of codes and 
algorithms used to classify exposures, 
outcomes, confounders, and effect 
modifiers should be provided. If these 
cannot be reported, an explanation should 
be provided.

Table 1 and 
Supplemental Table 
1

Data sources/ 
measurement

8 For each variable of interest, give 
sources of data and details of 
methods of assessment 
(measurement).
Describe comparability of 
assessment methods if there is 
more than one group

Table 1 and 
Supplemental Table 
1

Bias 9 Describe any efforts to address 
potential sources of bias

Pag 9, 10, 11

Study size 10 Explain how the study size was 
arrived at

Pag 9, 10, 11

Quantitative 
variables

11 Explain how quantitative variables 
were handled in the analyses. If 
applicable, describe which 
groupings were chosen, and why

Pag 9, 10, 11, and 
Figure 3
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Statistical methods 12 (a) Describe all statistical methods, 
including those used to control for 
confounding
(b) Describe any methods used to 
examine subgroups and 
interactions
(c) Explain how missing data were 
addressed
(d) Cohort study - If applicable, 
explain how loss to follow-up was 
addressed
Case-control study - If applicable, 
explain how matching of cases and 
controls was addressed
Cross-sectional study - If applicable, 
describe analytical methods taking 
account of sampling strategy
(e) Describe any sensitivity analyses

 Pag 9, 10, 11, and 
Figure 3

Data access and 
cleaning methods

.. RECORD 12.1: Authors should describe the 
extent to which the investigators had 
access to the database population used to 
create the study population.

RECORD 12.2: Authors should provide 
information on the data cleaning methods 
used in the study.

Figure 3

Linkage .. RECORD 12.3: State whether the study 
included person-level, institutional-level, 
or other data linkage across two or more 
databases. The methods of linkage and 
methods of linkage quality evaluation 
should be provided.

Figure 3

Results
Participants 13 (a) Report the numbers of 

individuals at each stage of the 
study (e.g., numbers potentially 
eligible, examined for eligibility, 
confirmed eligible, included in the 

RECORD 13.1: Describe in detail the 
selection of the persons included in the 
study (i.e., study population selection) 
including filtering based on data quality, 
data availability and linkage. The selection 
of included persons can be described in 

NA (protocol paper 
not including 
results)
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study, completing follow-up, and 
analysed)
(b) Give reasons for non-
participation at each stage.
(c) Consider use of a flow diagram

the text and/or by means of the study 
flow diagram.

Descriptive data 14 (a) Give characteristics of study 
participants (e.g., demographic, 
clinical, social) and information on 
exposures and potential 
confounders
(b) Indicate the number of 
participants with missing data for 
each variable of interest
(c) Cohort study - summarise 
follow-up time (e.g., average and 
total amount)

NA (protocol paper 
not including 
results)

Outcome data 15 Cohort study - Report numbers of 
outcome events or summary 
measures over time
Case-control study - Report 
numbers in each exposure 
category, or summary measures of 
exposure
Cross-sectional study - Report 
numbers of outcome events or 
summary measures

NA (protocol paper 
not including 
results)

Main results 16 (a) Give unadjusted estimates and, 
if applicable, confounder-adjusted 
estimates and their precision (e.g., 
95% confidence interval). Make 
clear which confounders were 
adjusted for and why they were 
included
(b) Report category boundaries 
when continuous variables were 
categorized
(c) If relevant, consider translating 
estimates of relative risk into 
absolute risk for a meaningful time 
period

NA (protocol paper 
not including 
results)
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Other analyses 17 Report other analyses done—e.g., 
analyses of subgroups and 
interactions, and sensitivity 
analyses

NA (protocol paper 
not including 
results)

Discussion
Key results 18 Summarise key results with 

reference to study objectives
NA (protocol paper 
not including 
results)

Limitations 19 Discuss limitations of the study, 
taking into account sources of 
potential bias or imprecision. 
Discuss both direction and 
magnitude of any potential bias

RECORD 19.1: Discuss the implications of 
using data that were not created or 
collected to answer the specific research 
question(s). Include discussion of 
misclassification bias, unmeasured 
confounding, missing data, and changing 
eligibility over time, as they pertain to the 
study being reported.

Pag 15

Interpretation 20 Give a cautious overall 
interpretation of results 
considering objectives, limitations, 
multiplicity of analyses, results 
from similar studies, and other 
relevant evidence

Pag 15

Generalisability 21 Discuss the generalisability 
(external validity) of the study 
results

Pag 15

Other Information
Funding 22 Give the source of funding and the 

role of the funders for the present 
study and, if applicable, for the 
original study on which the present 
article is based

Pag 16

Accessibility of 
protocol, raw data, 
and programming 
code

.. RECORD 22.1: Authors should provide 
information on how to access any 
supplemental information such as the 
study protocol, raw data, or programming 
code.

Pag 17

*Reference: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Sørensen HT, von Elm E, Langan SM, the RECORD Working Committee.  The 
REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) Statement.  PLoS Medicine 2015; in press.
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*Checklist is protected under Creative Commons Attribution (CC BY) license.
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76 ABSTRACT

77 Introduction. unCoVer - Unravelling data for rapid evidence-based response to COVID-19 - is a 

78 HORIZON 2020-funded, network of 29 partners from 18 countries capable of collecting and utilizing 

79 real-world data (RWD) derived from the response and provision of care to COVID-19 patients by health 

80 systems across Europe and elsewhere. unCoVer aims to exploit the full potential of these information 

81 to rapidly address clinical and epidemiological research questions arising from the evolving pandemic. 

82 Methods and analysis. From the onset of COVID-19 pandemic, partners are gathering RWD from 

83 electronic health records currently including information from over 22,000 COVID-19 hospitalized 

84 patients, and national surveillance and screening data, and registries with over 1,900,000 COVID-19 

85 cases across Europe, with continuous updates. These heterogeneous datasets will be described, 

86 harmonised, and integrated into a multi-user data repository operated through Opal-DataSHIELD, an 

87 interoperable open-source server application. Federated data analyses, without sharing or disclosing 

88 any individual-level data, will be performed with the objective to reveal patients’ baseline 

89 characteristics, biomarkers, determinants of COVID-19 prognosis, safety and effectiveness of 

90 treatments and potential strategies against COVID-19, as well as epidemiological patterns. These 

91 analyses will complement evidence from efficacy/safety clinical trials where vulnerable, more 

92 complex/heterogeneous populations, and those most at risk of severe COVID-19, are often excluded.

93 Ethics and dissemination. After strict ethical considerations, databases will be available through a 

94 federated data analysis platform allows processing available COVID-19 RWD without disclosing 

95 identification information to analysts and limiting output to data aggregates. Dissemination of unCoVer’s 

96 activities will be related to the access and use of dissimilar RWD as well as the results generated by the 

97 pooled analyses. Dissemination will include training and educational activities, scientific publications, 

98 and conference communications. 

99
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100 Article Summary

101

102 - The unCoVer network includes a sizable number of partners that will exploit the full potential 

103 of real-world data derived from the provision of care to COVID-19 patients by health systems 

104 across Europe and elsewhere.

105 - With the availability of international harmonized RWD provided by the unCoVer network, a 

106 large amount of information on COVID-19 patients will be studied to better understand aspects 

107 of the pathophysiology, progression and treatment, and epidemiological patterns of this novel 

108 disease as well as to grasp the less understood, and potentially unearthed, risk factors 

109 associated with COVID-19 severity. 

110 - The development and deployment of a federated data platform for combined analysis meet 

111 patients’ data protection principles and comply with ethical standards, including GDPR and 

112 national data privacy legislation while allowing for advanced analytics.

113 - Continuous process evaluation will be carried out throughout the project life to identify 

114 limitations and barriers to the harmonised use of data and, simultaneously providing advice 

115 on improving data systems for rapid response to future public health crises.

116 .

117

118

119

120

Page 7 of 37

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

6

121 INTRODUCTION

122

123 The outbreak of the coronavirus disease (COVID-19), caused by severe acute respiratory syndrome 

124 coronavirus 2 (SARS-CoV-2), was declared a Public Health Emergency of International Concern by the 

125 World Health Organisation on 30 January 2020, and a pandemic, on 11 March 2020. Despite the 

126 deployment of public health measures such as restrictions of movements, gathering, and personal 

127 protection as well as massive vaccination campaigns, the coronavirus is still largely affecting mortality 

128 and morbidity worldwide, including persisting symptoms after the infection, what has now been 

129 termed post-COVID condition1. Early epidemiological data of COVID-19 showed a higher risk of severe 

130 disease among older individuals, in particular those with chronic respiratory, cardiometabolic, and 

131 other chronic diseases including mental disorders and immunosuppressed individuals2-4. While the 

132 pathogenesis of certain chronic diseases predisposes to serious COVID-19 outcomes5, other factors 

133 such as common chronic medications, might also increase this risk due to interaction between SARS-

134 CoV-2 infection, and the complex metabolic pathways6 7. Also, common disease risk factors such as 

135 smoking and overweight/obesity, have been identified as key predictors of hospitalization and critical 

136 illness, even in young adults with no underlying conditions8 9.

137

138 While the pandemic is evolving and countries are adapting their health systems to new phases of 

139 preventive measures, the research community is trying to fully elucidate the transmission and 

140 progression of the infection, as well as the most effective ways of treating and preventing new cases 

141 in preparation for any new waves, particularly due to new variants of SARS-CoV-2. The multi-

142 dimensional and dynamic nature of the inter-related factors associated with individual responses to 

143 SARS-CoV-2 infection, and the diversity of long-term complications require a multidisciplinary research 

144 approach to unravel the natural history of this pandemic. Responding to the COVID-19 pandemic in 

145 real-time required a colossal effort from health systems worldwide, and across Europe where several 

146 countries have been severely affected. As a result, a wealth of data has been accumulated as part of 
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147 the health systems’ efforts to fight COVID-19. These RWD reflect the impact of COVID-19 in patient’s 

148 health and characterize the protocols of health care in different health system settings. These close-

149 to-reality data allow for studies into patients’ characteristics, determinants of disease prognosis, and 

150 effectiveness of potential strategies against COVID-19 in real-world settings. They also complement 

151 findings from ongoing efficacy/safety clinical trials where vulnerable/heterogeneous populations, 

152 those most at risk of severe COVID-19, are often excluded. Harmonization of data from different 

153 sources allows for comparison across health systems and improves patients’ characterization using the 

154 wider heterogeneity of the information. Still, to date, these RWD sources related to COVID-19 have 

155 been exploited in a limited way and for specific questions, hence there is an untapped opportunity to 

156 exploit the full potential of these data through identification, harmonisation, and big data analysis.

157

158 OBJECTIVES

159

160 The unCoVer network aims to provide a research platform for the expert use of RWD, by bringing 

161 together complementary data, medical and scientific expertise to address the still urgent questions 

162 regarding determinants of COVID-19 prognosis to inform more effective medical and public health 

163 strategies. Specifically, the network aims to facilitate access to otherwise scattered RWD sources, and 

164 hereby provide opportunities for enhanced risk characterisation and robust risk prediction algorithms, 

165 tackling the current pandemic, and eventually any future epidemics. This approach should lead to 

166 control measures that will eventually relieve the pressure on the health systems, improve patient 

167 prognosis especially among those more vulnerable (e.g., chronic patients, immunosuppressed 

168 individuals, and population subgroups with limited access to health care, among others), and mitigate 

169 the burden of COVID-19.  The specific objectives of unCoVer are:

170

171 1. To bring together European and international expertise and data to synchronize collaborative 

172 research efforts in addressing the ongoing COVID-19 pandemic in a common platform. 
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173 2. To continuously monitor, identify and facilitate the access and use of COVID-19-related RWD to 

174 fully exploit the potential of this routinely collected information, as a reflection of common medical 

175 practices.

176 3. To identify data gaps, and marginalized populations to proactively seek synergies with 

177 complementary existing and planned clinical databases related to COVID-19. 

178 4. To provide a platform for the use of dissimilar data sources capable of streamlining ethical and 

179 legal aspects and anticipating the needs for data harmonization by innovative computational 

180 resources and integrated information for enhanced impact.

181 5. To bring together expertise on the use of advanced computational, epidemiological and 

182 biostatistical methods to handle heterogeneous, and multi-layered information to facilitate rapid 

183 queries and data outputs related to SARS-CoV-2 infection, underlying drivers of COVID-19 

184 prognosis, the safety and effectiveness of treatments, and sequelae, as well as the impact of 

185 COVID-19 in health system resources.

186 6. To broadcast the use and results of the platform to attract new partners and to pursue 

187 complementarity with existing similar networks in Europe and internationally to save lives and 

188 optimize resources. 

189

190 METHODS AND ANALYSIS

191 unCoVer is conceptualized as a functional network of partners, capable of harvesting and analysing 

192 RWD derived from the response and provision of care to patients by the health systems across Europe, 

193 and other countries such as Brazil and Colombia during the COVID-19 pandemic. 

194

195 Setting

196 unCoVer comprises 29 partners from 25 institutions in the European Union and 4 non-EU partners 

197 representing 18 countries namely Belgium, Bosnia and Herzegovina, Brazil, Colombia, Croatia, Greece, 

198 Ireland, Italy, Luxembourg, Norway, Portugal, Romania, Slovakia, South Korea, Spain, Turkey, United 
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199 Kingdom, and the United States of America (Figure 1). Partners provide data mostly from front-line 

200 hospitals but also national health agencies, registries, and investigator-lead observational studies, and 

201 represent complementary scientific and medical fields, as well as expertise in research ethics, data 

202 management and statistical modelling. unCoVer, thus, works as a functional network bridging clinical 

203 expertise and data analytics, intending to exploit the full potential of the routine healthcare data 

204 already collected from patients during the pandemic. The set-up of the network therefore relies on a 

205 continuous iteration process between a) clinical partners, who will guide the development of research 

206 questions needed to improve patient’s care and inform public health strategies; and b) epidemiologists 

207 and analytical experts, who will operationalize the research questions with advanced data processing, 

208 analysis, and simulation tools capable of generating innovative solutions. The work of the network is 

209 further supported by three external advisory boards (Figure 2) that provide expert counselling 

210 concerning the relevance of the medical research and findings (External Advisory Board, EAB), data 

211 protection (Data Protection and Ethics Advisory Board, DP-EAB), and stakeholder involvement (Societal 

212 and Regulatory Advisory Board, SRAB). 

213

214 Databases

215 unCoVer facilitates access to observational data for secondary analyses. These data are largely 

216 collected for non-research purposes, RWD, and refer to data generated during patient encounters with 

217 the health system which have established information technology protocols and tools for retrieving 

218 and storing information about the healthcare provided. To date, the unCoVer network incorporates 16 

219 databases of electronic medical records from 10 different countries, 6 national registries, 4 

220 observational cohorts, and 2 databases on population screening (Table 1). The data available to 

221 unCoVer has information on hospitalization of COVID-19 patients with at least two-time points of data 

222 collection, at admission and discharge. In addition to demographics, and clinical/epidemiological data, 

223 other data types such as bio-specimens, imaging data, social network-/contact-tracing related data, 

224 movement-related data and mental health data are also available but with limited access. 

Page 11 of 37

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

10

225 Clinical/epidemiological data include case report forms (CRF) at patient’s admission (i.e. date of 

226 symptom onset and/or admission, signs and symptoms at admission,  laboratory results, pre-admission 

227 medication, comorbidities & risk factors), during hospitalization (i.e. signs and symptoms, laboratory 

228 results, supportive treatment, admission to ICU) and at discharge (i.e. date of discharge, outcome, as 

229 well as medication and complications) (Supplementary Table 1). 

230

231 STRUCTURE AND ACTIVITIES

232 Three blocks of activities, grouping work packages (WPs), were designed to build a functional network 

233 over a period of 36 months from November 2020 onwards, and aim to facilitate the flow of information 

234 for rapid assessment of research questions.

235

236 Block 1: Definition, design, and data harvesting. 

237 This first block forms the architectural foundation and the core of the unCoVer network. In order to 

238 provide a comprehensive repository of available data, WP1 ‘Data Identification’ collects and catalogues 

239 all data in a standardised way, including a common codebook that specifies the harmonized variables, 

240 with standardised variable names and data format and labels, and range of plausible values, in 

241 preparation for data harmonization and validation processes i.e. the key for the development of a 

242 unified pool of data for analyses. In parallel, and acknowledging the sensitive nature of health data, 

243 and personal information compliance with ethical and legal aspects, a checklist for assessing the risks 

244 involved in data processing is implemented by WP2 ‘Ethics and Data Protection’, with due 

245 consideration to legal and regulatory issues concerning data protection, privacy and information 

246 security. The checklist includes questions on the nature of the data (e.g. clinical data, hospital records 

247 or publicly available data, personal data, data collected in vulnerable groups, availability of follow-up 

248 data), informed consent (e.g. explicit consent or assent obtained), data protection (e.g. data protection 

249 officer identified and data protection impact assessment completed), ethical approval (obtained or 

250 pending), data privacy protection (e.g. anonymisation vs pseudonymisation, data minimisation), and 
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251 data transfer and use (data transfer agreement needed, name of the data controller, data processor, 

252 joint data controller if applicable, and whether international transfer outside EU). Each data provider 

253 within the network populates this checklist, which is reviewed on a case-by-case basis by the unCoVer 

254 research ethics expert team together with the independent DP-EAB, and accordingly informed 

255 decisions on risk mitigation are taken. In short, WP2 ensures that GDPR or equivalent guidelines are 

256 adhered to during the data processing activity. Once a dataset is categorised as low risk, it will be 

257 available to proceed with subsequent steps (Supplemental Table 2). 

258 For the secure multi-party computation of unCoVer data, WP3 ‘Data Harmonization’, developed an 

259 infrastructure based on Opal 4.1 (OBiBa suite, Maelstrom Research, Montreal, Canada) to facilitate 

260 interoperability of the data, including data management, harmonization and dissemination in a 

261 secured environment 10. The Opal server application provides the necessary key features for data 

262 encryption and decryption managed through Public Key Infrastructure as well as participant identifiers 

263 management and user authentication/authorization for access via a rights and roles management with 

264 username/password. Steps to achieve data harmonisation and secured data sharing and use are: 1) 

265 Set-up the Opal server for each data provider and import relevant datasets, 2) Configure a harmonized 

266 data description in each Opal server, and 3) Run distributed queries on harmonized datasets through 

267 the DataSHIELD application that enables individual-level data analyses across multiple Opal servers 

268 without sharing and disclosing any individual-level data (Figure 3). Thus, by using computational power 

269 and standardising dissimilar information, while complying with ethical and legal requirements, a data 

270 repository of anonymized and harmonized COVID-19 RWD will be made available for secured data 

271 analyses. 

272

273 Block 2: Analytical development, data use, and demonstration. 

274 The broad range of medical, public health, and research expertise available within the unCoVer 

275 network is at the heart of the WP4 ‘Data analysis and Outcomes’ dedicated to unCoVer findings from 

276 the data acquired to maximize their use in informing COVID-19 response. Activities of this block aim to 
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277 facilitate and streamline rapid response to identified research gaps using the unCoVer infrastructure 

278 developed in Block 1. With the availability of cross-national harmonized RWD within the unCoVer 

279 network, a large amount of hospitalised and discharged COVID-19 patients will be studied in depth, 

280 together with complementary epidemiological data, to understand the pathophysiology, progression, 

281 treatment, (long-term) complications, and (less frequent) risk factors for early prevention of this novel 

282 disease as well as to grasp the cross-national heterogeneity of the COVID-19 burden. To this end, an 

283 analytical toolbox, including both traditional statistical methods and machine learning techniques and 

284 a Bayesian estimation framework, will be developed for identifying relationships between early clinical 

285 and diagnostic profiles and the future course of the infection, and for a detailed clinical and 

286 epidemiological characterization of COVID-19 patients, being able to generate patients’ risk 

287 classification and risk prediction. The application of this toolbox in real patient data, available within 

288 the unCoVer network, will then allow uncovering real-world insights that would support policies and 

289 protocols for optimization of health resources of the hospital and critical care. Therefore, the activities 

290 of this block will be related to the iterative trial use of the Opal server and the toolbox by end-users 

291 (i.e. data analysts) as well as the lessons learned and potentially preparing actions for the sustainability 

292 of the unCoVer platform, including the repository and toolbox. 

293

294 Block 3: Project management, communication, and exploitation. 

295 The outputs of the network including the scientific and technological knowledge and outcomes, 

296 provided by the previous two blocks, are streamlined through scientific publications, training and 

297 educational activities, organisation and participation in events, among others, steered by the WP5 

298 ‘Communication, Exploitation & Dissemination’. This last block is also dedicated to maintaining the 

299 functional network both internally and externally, and with special attention to the management of 

300 intellectual property by utilizing best practices in project coordination, as outlined in WP6 

301 ‘Coordination’. Concerning this, the unCoVer organization structure works under a Consortium 

302 Agreement signed by all partners and includes the following key bodies within the consortium and 
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303 management structure (Figure 2). A steering committee formed by the principal investigators of the 

304 29 partner institutions at the decision-making level. A General Assembly (GA), involving WP leaders 

305 manages the network, and coordinates WP and tasks leaders, assisted also by a Management Support 

306 Team (MST) to reinforce partners' representation. An internal Exploitation and Dissemination 

307 Committee (EDC) also collaborates in the overall management of the GA. Finally, the project 

308 coordinators communicate with the sponsor, and facilitate crosstalk between the network and the 

309 external advisory boards. 

310

311 ETHICS AND DISSEMINATION

312 The unCoVer study has been approved by the Institutional Review Board of the Institute of Tropical 

313 Medicine in Antwerp (IRB/RR/ac/151, protocol number 1524/21). Ethical aspects are of utmost 

314 importance in unCoVer. Upon the project start date, the roles, and responsibilities of the independent 

315 DP-EAB were described, including the selection procedure of the board members and its final 

316 composition, and mandate. A ‘scoping exercise’ was also conducted across the network to ensure that 

317 all partners are aware of the common obligations in terms of data processing activities using health or 

318 health-related data according to European and international guidelines. Moreover, to be compliant 

319 with the General Data Protection Regulation (GDPR) and meet the ethics requirements, the unCoVer 

320 network will follow the data processing steps represented in Figure 4, in the following sequence:

321

322 1. The unCoVer master checklist of data processing activities in network partners’ is circulated within 

323 the network to be completed by the data providers, and data providers are required to provide the 

324 supporting documentation of each indicator of this list, such as informed consents, ethical 

325 approvals, and Data Protection Impact Assessment (DPIA). This information is processed by the 

326 research ethics team, responsible for categorizing the datasets into three different categories: low, 

327 medium, or high data privacy risk.
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328 2. Datasets categorized as ‘’low-risk’’ will be available to proceed with the harmonization process 

329 and, therefore, Opal-DataSHIELD servers will be installed. Within Opal, the patient identifiers will 

330 be separated from the patient study data by employing two databases: (1) the ID database that 

331 stores the patient identifiers accessible by the data provider only, and (2) the study database that 

332 stores pseudo-anonymised patient’s data to be used for data analyses accessible, through code 

333 only, by data analysts. The “medium-” and “high-risk” datasets will be subject to further review 

334 and requirements before harmonization processes. 

335 3. Finally, the installation of the servers will allow the consortium to analyse the available RWD 

336 through an anonymisation layer to answer the pre-identified research questions. The system also 

337 facilitates the definition of analytical projects and the specific databases and/or variables that will 

338 be used for a specific project. As a rule, all output of data analytics will be restricted to the 

339 presentation of data aggregates or to line listing deprived of personal identifiers so that the identity 

340 of the study patient cannot be deduced (no backward identification).

341

342 To maximise the unCoVer network’s output, dissemination, and exploitation strategies, as planned by 

343 the EDC and advised the SRAB, i.e., a non-executive consulting substructure composed of several key 

344 stakeholders from the regulatory, governance, civil society level, and patient’s public initiatives, will be 

345 segmented according to the network block activities, the potential users and the most adequate 

346 channels of dissemination and interaction with potential users. The website (uncover-eu.net/), social 

347 media accounts (Twitter @uncoverEU, LinkedIn, YouTube), and the project newsletter will be the 

348 channels to reach all partners and stakeholders of unCoVer, both devoted to providing regular updates 

349 on project activities and announcing upcoming milestones and events. The website will serve as a 

350 repository of the project goals and activities and deliverables in an easy-to-understand language, as 

351 well as publications, lectures and expert documents hosted for access by the partners or stakeholders. 

352

353 Patient and Public Involvement 

Page 16 of 37

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

15

354 The unCoVer network has been designed to facilitate interactions and enhanced outreach to COVID-

355 19 stakeholders included in external advisory boards, as well as a prominent work package on 

356 dissemination activities, that include but are not limited to:

357

358 - Scientific community. To contribute to the body of knowledge in the field, two types of publications 

359 in peer-reviewed journals under Open Access schemes are foreseen: the unCoVer-network 

360 publications, i.e. for implementation and/or application of the unCoVer platform as a whole, and 

361 the unCoVer-partners publication, i.e. for specific collaborations between two or more unCoVer 

362 partners. In addition to both types of scientific publications, jointly organised workshops, virtual 

363 trainings, and virtual conferences, will be instrumental channels for the dissemination of the 

364 unCoVer activities and results to the scientific community. In such a yearly organised workshop, 

365 the application of the unCoVer repository and toolbox will be presented and expert feedback will 

366 be sought for further improvement. These activities of dissemination to the scientific community 

367 will result in overall awareness and international recognition of the unCoVer network, 

368 simultaneously strengthening the visibility and competitiveness of the institutions involved as 

369 centres of excellence.  

370 - European platforms and data-driven initiatives. Cooperation with other European projects 

371 dedicated to COVID-19 data sharing such Orchestra (orchestra-cohort.eu), Synchros (synchros.eu), 

372 Dragon (imi.europa.eu/projects-results/project-factsheets/dragon) RecodID (recodid.eu ), and EC-

373 COVID-19 Data Platform (covid19dataportal.org), as well as large networks such as the European 

374 Burden of Disease Network (burden-eu.net), and initiatives on data sharing infrastructures such as 

375 the Population Health Information Research Infrastructure (phiri.eu), will be established for the 

376 co-organisation of dissemination events along with seeking alignment and synergies to avoid 

377 duplication of efforts. 

378 - Policy makers. The accumulated prior experience and contact networks in the regulatory, 

379 policymaking framework of several members of the unCoVer network will be used to ensure that 
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380 the work and output created can reach regulatory entities and policymakers, thus contributing to 

381 the impacts of the project in the decision-making process. This appears relevant as the UnCoVer 

382 network is willing to merge different sources of medical data with social, economic, mental, and 

383 geographical data with the potential to identify highly tailored profiles of risk for community 

384 prevention programmes and educational goals in different countries

385 - Engagement with key stakeholders. Results from the project will be further disseminated through 

386 involvement with societal, regulatory, and administrative partners, as ensured by the external 

387 advisory boards to the network, with the goal to warrant the project’s impact according to the 

388 stakeholder’s needs and expectations.

389 - General public. To maximize awareness of unCoVer among the general public, the project activities 

390 and milestones will be broadcasted via social media. 

391 - Patient associations and clinicians. Given the foreseen impact of unCoVer’s output, patient 

392 associations and clinicians are identified as end-users that benefit from the data-oriented results, 

393 and subsequently, these can be translated to them via seminars, lecture, and infographics as made 

394 available on the project website, among others.

395

396 DISCUSSION

397 During the early phases of the pandemic, the unCoVer network  grew organically from initial 

398 partnerships accessing individual databases to answer pressing COVID-19 questions. These initial 

399 collaborations soon recognized the need for accessing extended information to develop more robust 

400 analytical models and outputs. To this end, the concept of unCoVer originates in the shared interest of 

401 its partners to synchronize the research efforts needed for exploiting and valorising the underutilised 

402 and inexpensive RWD in addressing the ongoing COVID-19 pandemic. Within a limited duration of two 

403 years, efforts of the first year were mainly focussed on the organisation of the network and the set-up 

404 of a collaborative federated data infrastructure, accounting for local, national and international ethical 

405 and data protection guidelines and streamlining procedures for data processing activities, including 
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406 data identification, sharing, harmonisation, validation and analytics. Entering the second year, the 

407 unCoVer network aims to demonstrate the usability of the developed infrastructure on the combined 

408 use of RWD to address clinical and epidemiological research questions related to the COVID-19 

409 pandemic, both revising questions answered with limited datasets and new questions arising from the 

410 evolving pandemic. The unCoVer network, therefore, serves as a proof of concept for building a 

411 federated data infrastructure facilitating data interoperability in a secured environment, while 

412 complying with ethical and data protection guidelines. Moving forward, the established framework of 

413 unCoVer provide valuable input for the use of complementary RWD with robust methodologies at hand 

414 for the still ongoing current pandemic and future pandemics. 

415

416

417

418

419

420
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Table 1. Overview of the COVID-19 real-world data among the unCoVer network

Variable typeCountry Institution1 Num. 
centres2

Start
date

End
date

Num. 
patients2
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Num. 
time 
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g

Patient data from Electronic Medical Records

BA UNSA 10 17/03/2020 20/05/2021 2,000 1, 2, 3 2 X X X
BE ITM-UZA 1 22/04/2020 Ongoing 187 1 2 X X X X
BR ASPEUR 40 26/03/2020 Ongoing 2,000 1, 3 15 X X X X X
ES FIHM 12 01/03/2020 15/02/2021 4,480 1 2 X X X
ES HULPr 1 01/01/2020 29/09/2020 2,217 1 2 X X
ES IIS-FJD 1 07/03/2020 31/05/2020 1,861 1 2 X X X
ES UNAV 2 01/04/2020 01/01/2021 100 1 1 X X
HR INANTRO 2 01/08/2020 Ongoing 200 1 1 X X X X X
IT IRCCS - DB1 1 03/03/2020 Ongoing 200 1 1 X X X
IT IRCCS - DB4 1 01/03/2020 09/05/2020 355 4 1 X X
IT ULSS6 4 01/03/2020 Ongoing 1,000 1 3 X X X

RO UMF Cluij 1 100 1 4 X X X
RO UMF IASI 1 01/03/2020 Ongoing 150 1 2 X X X
SK TU 1 01/10/2020 Ongoing 800 1 1 X X
TR BU - DB1 6 01/03/2020 Ongoing 7,000 1 4 X X

Public Health Surveillance data and Registers
SK TU 240 01/03/2020 Ongoing 776,000 2 1 X X X
BE Sciensano 98 14/03/2020 Ongoing 50,000 1 2 X X X
CO UdeA 1,314 14/03/2020 Ongoing 3,997,021 2 1 X X
HR CIPH NA 25/02/2020 Ongoing 220,000 2 1 X X
IE TUDublin 48 29/02/2020 30/11/2020 74,000 2 1 X X X X

NO USN 40 31/03/2020 Ongoing 2,313 1 10 X X X
PT UPORTO NA 03/03/2020 Ongoing 830,000 2 1 X X
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Variable typeCountry Institution1 Num. 
centres2

Start
date

End
date

Num. 
patients2

Study
Population3

Num. 
time 

points
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Observational Research data
IT IRCCS - DB3 1 22/04/2020 25/05/2020 1,515 5 1 X X
LU LIH 1 15/04/2020 01/04/2021 900 2 5 X X X
PT IPC 1 01/03/2020 01/07/2020 550 5 1 X X
UK SMUC 1 01/07/2020 01/01/2021 200 2 1 X X

Screening data
IT IRCCS - DB2 1 31/03/2020 12/05/2020 1,635 6 1 X X X
TR BU – DB2 1 01/03/2020 Ongoing 18,000 5,7 1 X X

1Institution’s acronyms: ITM-UZA, Institute of Tropical Medicine and Antwerp University Hospital; FIHM, Fundación Investigación HM Hospitales; UNAV, Universidad de Navarra; UPORTO, 
Universidade Do Porto; TUDublin, Technological University Dublin; UMF Cluij, Universitatea De Medicina Si Farmacie Iuliu Hatieganu Cluj-Napoca; UMF IASI, Universitatea De Medicina Si Farmacie 
Grigore T Popa Din Iași; LIH, Luxembourg Institute of Health; TU, Trnavska Univerzita V Trnave; IPC, Instituto Politécnico de Coimbra; HULPr, Hospital Universitario de La Princesa; IIS-FJD, Instituto 
Investigación Sanitaria Fundación Jiménez Díaz; USN, Universitetet I Sorost-Norge; IRCCS, Istituto Don Calabria; CIPH, Croatian Institute of Public Health; INANTRO, Institut Za Antropologiju; BU, 
Baskent Universitesi Vakfi; SMUC, St Mary’s University Twickenham; ULSS6, Azienda ULSS6 Euganea; UdeA, Universidad de Antioquía; ASPEUR, Associacao Pro Ensino Superior Em Novo 
Hamburgo; UNSA, Univerzitet U Sarajevu. 2 Number of centres providing information, and number of patients/individuals in the datasets could change due to the continuous update of the 
information; NA, Not available at the moment. 3 Study population refers to, 1) COVID-19 hospitalized patients, 2) COVID-19 cases, 3) COVID-19 patients attending primary care services, 4) COVID-
19 patients attending emergency services, 5) general population, 6) health care workers, and 7) tourists. 
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Figure legend

Figure 1. Geographical distribution of the unCoVer network (Belgium, Bosnia and Herzegovina, Brazil, 
Colombia, Croatia, Greece, Ireland, Italy, Luxembourg, Norway, Portugal, Romania, Slovakia, South 
Korea, Spain, Turkey, United Kingdom, and the United States of America)

Figure 2. Management structure of the unCoVer network

Figure 3. Secure multi-party computation of unCoVer data based on Opal/DataShield infrastructure 

Figure 4. Data management process of the COVID-19 related data available within the unCoVer 
network
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Geographical distribution of the unCoVer network (Belgium, Bosnia and Herzegovina, Brazil, Colombia, 
Croatia, Greece, Ireland, Italy, Luxembourg, Norway, Portugal, Romania, Slovakia, South Korea, Spain, 

Turkey, United Kingdom, and the United States of America) 
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Management structure of the unCoVer network 
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Secure multi-party computation of unCoVer data based on Opal/DataShield infrastructure 
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Data management process of the COVID-19 related data available within the unCoVer network 
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Supplemental Table 1. Clinical and epidemiological data available in unCoVer network databases containing hospitalized patient data. 

Country Institution1   
Patient admission CFR Daily CFR during hospitalization Patient outcome CRF 

At the ward In ICU 
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 Patient data from Electronic Medical Records   
BA UNSA X X X X X X   X X  X X  X X 
BE ITM-UZA X X X X X X X X X X X X X X X X 
BR ASPEUR X X X X X X X X  X X     X 
ES FIHM X X X2 X² X2 X² X  X² X   X²  X X 
ES HULPr X X X2   X  X X² X³   X  X4 X 
ES IIS-FJD X X X X X X  X  X4 X  X X X X 
ES UNAV X X  X             
HR INANTRO X X X X X X X  X X X X X X X X 
IT IRCCS - DB1 X X X X X X X  X X³ X  X X X X 
IT IRCCS - DB4 X X X X  X3           
IT ULSS6 X X X² X X X X X X X X X X  X X 
RO UMFCluij X X X   X  X X    X  X4 X 
RO UMFIASI X X X  X X  X X X   X  X X 
SK TU X X X X X X X X X X  X X  X X 
TR BU – DB1 X X X   X       X    
TR BU – DB2 X X X  X X X X X X X  X  X X 

 Patient data from Public Health Surveillance and National Registers  
SK TU X X X X X X X X X X  X X  X X 
BE Sciensano X X X X  X   X X X  X X X X 
CO UdeA X              X X 
HR CIPH X X    X         X X 
IE TUDublin X X    X           
NO USN X X X X  X       X X X X 
PT UPORTO X X    X²   X³ X      X 
 Patient data from Observational Research 
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IT IRCCS - DB2 X  X   X3           
IT IRCCS - DB3 X  X   X3           
LU LIH X X X X X X X X X X³ X X X X X X 

 

1Acronyms: ITM-UZA, Institute of Tropical Medicine and Antwerp University Hospital; FIHM, Fundación Investigación HM Hospitales; UNAV, Universidad de Navarra; UPORTO, 
Universidade Do Porto; TUDublin, Technological University Dublin; UMF Cluij, Universitatea De Medicina Si Farmacie Iuliu Hatieganu Cluj-Napoca; UMF IASI, Universitatea De 
Medicina Si Farmacie Grigore T Popa Din Iași; LIH, Luxembourg Institute of Health; TU, Trnavska Univerzita V Trnave; IPC, Instituto Politécnico de Coimbra; HULPr, Hospital 
Universitario de La Princesa; IIS-FJD, Instituto Investigación Sanitaria Fundación Jiménez Díaz; USN, Universitetet I Sorost-Norge; IRCCS, Istituto Don Calabria; CIPH, Croatian 
Institute of Public Health; INANTRO, Institut Za Antropologiju; BU, Baskent Universitesi Vakfi; SMUC, St Mary’s University Twickenham; ULSS6, Azienda ULSS6 Euganea; UdeA, 
Universidad de Antioquía; ASPEUR, Associacao Pro Ensino Superior Em Novo Hamburgo; UNSA, Univerzitet U Sarajevu.2Data needs to be extracted from text variables; ³Coded 
as yes/no without any further specifications; 4Length of stay in days instead of exact date of admission and/or discharge from hospital and/or ICU 
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Supplemental Table 2. Data protection Risk Assessment checklist 
 
 

> Was personal data/sensitive collected? 
Yes: What permissions and safeguarding are in place for the individual (evaluated through question below)? 
No: What data was collected and what are the risks? 
 
> Was Explicit Consent or Assent received (if necessary)? 
Yes: Method of requesting individual consent or assuming assent must be provided to unCoVer 
No: Should it have been collected? 
 
> Is Ethical Approval necessary? 
Yes: Ethical Approval must be provided to unCoVer 
No: If Ethical Approval is not necessary, personal data must not be identifiable (GDPR does not apply) and the data should 
be ‘public’ to some extent 
 
> Has the partner received Ethical Approval? 
Yes: Does unCoVer need any additional information following Ethical Approval? 
No: Hold until Ethical Approval is provided and assess 
 
> Anonymisation / Pseudonymization: Is the process used to anonymise or pseudonymise the data to be shared with 
uncover known?  Who undertook this process? 
Yes: Transparent and appropriate methods used were clear and acceptable. Parties with data access are identified. Still 
ensure no personal data is passed onto unCoVer 
No: if these processes were undertaken, is there follow-up required? 
 
> Is there a letter from the Data Protection Officer (DPO) confirming the standardisation of Ethical Approval? 
Yes: Letter has been signed and returned by local DPO 
No: Follow-up with partner is needed 
 

 
Low risk Medium risk 

(a combination of some of the below) 
 

High risk  
(a combination of some of the below) 

Ethical approval received or not 
applicable 

Ethical approval received or pending Ethical approval not received 

Explicit consent & assent received or 
not applicable 

Explicit consent & assent received or 
waiting confirmation 

Unclear details of consent / assent 

Anonymisation and/or 
pseudonymization transparent & 

appropriate 

Waiting confirmation of 
anonymization/ pseudonymization 

process(es) 

Anonymization or pseudonymization 
incomplete. Or process unexplained 

Data transfer agreement in place if 
necessary 

Data transfer pending or in place if 
necessary 

Non-EU partners without appropriate 
Data transfer agreements 

DPO letter received 
 

DPO letter pending/received DPO letter pending 
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The RECORD statement – checklist of items, extended from the STROBE statement, that should be reported in observational studies using routinely collected 
health data.

Item 
No.

STROBE items Location in 
manuscript where 
items are reported

RECORD items Location in 
manuscript where 
items are reported

Title and abstract
1 (a) Indicate the study’s design with 

a commonly used term in the title 
or the abstract (b) Provide in the 
abstract an informative and 
balanced summary of what was 
done and what was found

RECORD 1.1: The type of data used should 
be specified in the title or abstract. When 
possible, the name of the databases used 
should be included.

RECORD 1.2: If applicable, the geographic 
region and timeframe within which the 
study took place should be reported in the 
title or abstract.

RECORD 1.3: If linkage between databases 
was conducted for the study, this should 
be clearly stated in the title or abstract.

Abstract, page 4

Introduction
Background 
rationale

2 Explain the scientific background 
and rationale for the investigation 
being reported

Pag 6, 7

Objectives 3 State specific objectives, including 
any prespecified hypotheses

Pag 7, 8

Methods
Study Design 4 Present key elements of study 

design early in the paper
Pag 8

Setting 5 Describe the setting, locations, and 
relevant dates, including periods of 
recruitment, exposure, follow-up, 
and data collection

Pag 8, 9, and Figure 
1

Participants 6 (a) Cohort study - Give the eligibility 
criteria, and the sources and 
methods of selection of 
participants. Describe methods of 
follow-up

RECORD 6.1: The methods of study 
population selection (such as codes or 
algorithms used to identify subjects) 
should be listed in detail. If this is not 
possible, an explanation should be 
provided. 

Pag 8, 9, 10, Table 
1 and 
Supplemental Table 
1
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Case-control study - Give the 
eligibility criteria, and the sources 
and methods of case ascertainment 
and control selection. Give the 
rationale for the choice of cases 
and controls
Cross-sectional study - Give the 
eligibility criteria, and the sources 
and methods of selection of 
participants

(b) Cohort study - For matched 
studies, give matching criteria and 
number of exposed and unexposed
Case-control study - For matched 
studies, give matching criteria and 
the number of controls per case

RECORD 6.2: Any validation studies of the 
codes or algorithms used to select the 
population should be referenced. If 
validation was conducted for this study 
and not published elsewhere, detailed 
methods and results should be provided.

RECORD 6.3: If the study involved linkage 
of databases, consider use of a flow 
diagram or other graphical display to 
demonstrate the data linkage process, 
including the number of individuals with 
linked data at each stage.

Variables 7 Clearly define all outcomes, 
exposures, predictors, potential 
confounders, and effect modifiers. 
Give diagnostic criteria, if 
applicable.

RECORD 7.1: A complete list of codes and 
algorithms used to classify exposures, 
outcomes, confounders, and effect 
modifiers should be provided. If these 
cannot be reported, an explanation should 
be provided.

Table 1 and 
Supplemental Table 
1

Data sources/ 
measurement

8 For each variable of interest, give 
sources of data and details of 
methods of assessment 
(measurement).
Describe comparability of 
assessment methods if there is 
more than one group

Table 1 and 
Supplemental Table 
1

Bias 9 Describe any efforts to address 
potential sources of bias

Pag 10, 11, 12

Study size 10 Explain how the study size was 
arrived at

Pag 10, 11, 12

Quantitative 
variables

11 Explain how quantitative variables 
were handled in the analyses. If 
applicable, describe which 
groupings were chosen, and why

Pag 10, 11, 12, and 
Figure 3
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Statistical methods 12 (a) Describe all statistical methods, 
including those used to control for 
confounding
(b) Describe any methods used to 
examine subgroups and 
interactions
(c) Explain how missing data were 
addressed
(d) Cohort study - If applicable, 
explain how loss to follow-up was 
addressed
Case-control study - If applicable, 
explain how matching of cases and 
controls was addressed
Cross-sectional study - If applicable, 
describe analytical methods taking 
account of sampling strategy
(e) Describe any sensitivity analyses

 Pag 10, 11, 12, and 
Figure 3

Data access and 
cleaning methods

.. RECORD 12.1: Authors should describe the 
extent to which the investigators had 
access to the database population used to 
create the study population.

RECORD 12.2: Authors should provide 
information on the data cleaning methods 
used in the study.

Figure 3

Linkage .. RECORD 12.3: State whether the study 
included person-level, institutional-level, 
or other data linkage across two or more 
databases. The methods of linkage and 
methods of linkage quality evaluation 
should be provided.

Figure 3

Results
Participants 13 (a) Report the numbers of 

individuals at each stage of the 
study (e.g., numbers potentially 
eligible, examined for eligibility, 
confirmed eligible, included in the 

RECORD 13.1: Describe in detail the 
selection of the persons included in the 
study (i.e., study population selection) 
including filtering based on data quality, 
data availability and linkage. The selection 
of included persons can be described in 

NA (protocol paper 
not including 
results)
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study, completing follow-up, and 
analysed)
(b) Give reasons for non-
participation at each stage.
(c) Consider use of a flow diagram

the text and/or by means of the study 
flow diagram.

Descriptive data 14 (a) Give characteristics of study 
participants (e.g., demographic, 
clinical, social) and information on 
exposures and potential 
confounders
(b) Indicate the number of 
participants with missing data for 
each variable of interest
(c) Cohort study - summarise 
follow-up time (e.g., average and 
total amount)

NA (protocol paper 
not including 
results)

Outcome data 15 Cohort study - Report numbers of 
outcome events or summary 
measures over time
Case-control study - Report 
numbers in each exposure 
category, or summary measures of 
exposure
Cross-sectional study - Report 
numbers of outcome events or 
summary measures

NA (protocol paper 
not including 
results)

Main results 16 (a) Give unadjusted estimates and, 
if applicable, confounder-adjusted 
estimates and their precision (e.g., 
95% confidence interval). Make 
clear which confounders were 
adjusted for and why they were 
included
(b) Report category boundaries 
when continuous variables were 
categorized
(c) If relevant, consider translating 
estimates of relative risk into 
absolute risk for a meaningful time 
period

NA (protocol paper 
not including 
results)
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Other analyses 17 Report other analyses done—e.g., 
analyses of subgroups and 
interactions, and sensitivity 
analyses

NA (protocol paper 
not including 
results)

Discussion
Key results 18 Summarise key results with 

reference to study objectives
NA (protocol paper 
not including 
results)

Limitations 19 Discuss limitations of the study, 
taking into account sources of 
potential bias or imprecision. 
Discuss both direction and 
magnitude of any potential bias

RECORD 19.1: Discuss the implications of 
using data that were not created or 
collected to answer the specific research 
question(s). Include discussion of 
misclassification bias, unmeasured 
confounding, missing data, and changing 
eligibility over time, as they pertain to the 
study being reported.

Pag 16, 17

Interpretation 20 Give a cautious overall 
interpretation of results 
considering objectives, limitations, 
multiplicity of analyses, results 
from similar studies, and other 
relevant evidence

Pag 16, 17

Generalisability 21 Discuss the generalisability 
(external validity) of the study 
results

Pag 16, 17

Other Information
Funding 22 Give the source of funding and the 

role of the funders for the present 
study and, if applicable, for the 
original study on which the present 
article is based

Pag 18

Accessibility of 
protocol, raw data, 
and programming 
code

.. RECORD 22.1: Authors should provide 
information on how to access any 
supplemental information such as the 
study protocol, raw data, or programming 
code.

Pag 18

*Reference: Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Sørensen HT, von Elm E, Langan SM, the RECORD Working Committee.  The 
REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) Statement.  PLoS Medicine 2015; in press.
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