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Abstract 

Background Long coronavirus disease (COVID) presents a significant health challenge. Long-term monitoring is criti-
cal to support understanding of the condition, service planning and evaluation. We sought to identify and examine 
longitudinal health data collected on long COVID to inform potential decisions in England regarding the ration-
ale for data collection, the data collected, the sources from which data were collected and the methods used 
for collection.

Methods We included datasets in high-income countries that experienced similar coronavirus disease 2019 (COVID-
19) waves to England pre-vaccine rollout. Relevant datasets were identified through literature searches, the authors’ 
networks and participants’ recommendations. We undertook semi-structured interviews with individuals involved 
in the development and running of the datasets. We held a focus group discussion with representatives of three long 
COVID patient organisations to capture the perspective of those with long COVID. Emergent findings were tested 
in a workshop with country interviewees.

Results We analysed 17 datasets from nine countries (Belgium, Canada, Germany, Italy, the Netherlands, New 
Zealand, Sweden, Switzerland and the United Kingdom). Datasets sampled different populations, used different data 
collection tools and measured different outcomes, reflecting different priorities. Most data collection was research 
(rather than health care system)-funded and time-limited. For datasets linked to specialist services, there was uncer-
tainty surrounding how long these would continue. Definitions of long COVID varied. Patient representatives’ 
favoured self-identification, given challenges in accessing care and receiving a diagnosis; New Zealand’s long COVID 
registry was the only example identified using this approach. Post-exertion malaise, identified by patients as a criti-
cal outcome, was absent from all datasets. The lack of patient-reported outcome measures (PROMs) was highlighted 
as a limitation of datasets reliant on routine health data, although some had developed mechanisms to extend data 
collection using patient surveys.

Conclusions Addressing research questions related to the management of long COVID requires diverse data sources 
that capture different populations with long COVID over the long-term. No country examined has developed a com-
prehensive long-term data system for long COVID, and, in many settings, data collection is ending leaving a gap. 
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There is no obvious model for England or other countries to follow, assuming there remains sufficient policy interest 
in establishing a long-term long COVID patient registry.

Keywords Long COVID, Post COVID-19 syndrome, Health monitoring systems, Health research data and 
infrastructure, Longitudinal health data, Health registries

Background
Long coronavirus disease (COVID) is a major legacy 
issue of the coronavirus disease 2019 (COVID-19) pan-
demic [1–8]. The World Health Organization estimates 
that 17 million people in Europe alone were experienc-
ing long COVID symptoms in 2022 [7]. The term long 
COVID was created by patients early on in the pandemic 
in the absence of an internationally agreed definition of 
the condition [9–11]. Long COVID is also commonly 
referred to as post COVID-19 syndrome, post COVID-
19 condition, long-haul COVID-19, chronic COVID-19 
and post-acute sequelae of SARS-CoV-2 (PASC) in  the 
literature [12]. The National Institute for Health and 
Care Excellence (NICE) in the United Kingdom identifies 
long COVID as a multi-system condition with a range 
of debilitating symptoms that continue or develop after 
acute COVID-19 and are not explained by an alterna-
tive diagnosis [13]. It includes both ongoing symptomatic 
COVID-19 (from 4 to 12 weeks) and post-COVID-19 
syndrome (12 weeks or more). Uncertainty persists 
around the proportion who will fully recover [14].

Research has identified more than 200 symptoms with 
impacts on multiple organ systems [15]. Long COVID is 
having a significant long-term impact on the health, well-
being, daily activities and ability to work of those expe-
riencing prolonged symptoms, as well as wider effects 
on their families and society [6, 14, 16–24]. Beyond the 
devastating personal impacts, the prevalence and com-
plex nature of the condition pose considerable implica-
tions  for both the health and care systems, as well as to 
the economy [18, 20, 22, 23]. In the United Kingdom, a 
survey by the Trade Union Congress found that 20% of 
people with long COVID were on sick leave and 16% 
were working reduced hours [25], while another study 
estimated 0.3% of the total working population have left 
employment owing to long COVID [26].

Long-term monitoring and follow up of people with 
long COVID is therefore critical to support our under-
standing of the condition, including the prevalence, natu-
ral history and long term outcomes, and to understand 
which treatments, interventions and care models work 
best and for whom. Data are also needed to support ser-
vice improvement to understand demand for services, 
equity of access and potential areas of unmet need, and 
to support service planning, delivery and evaluation [3, 
27]. To support this endeavour there is a need to develop 

or adapt existing data systems to identify and follow indi-
viduals with long COVID over time. Recommendations 
have been made in a number of countries to establish a 
long COVID disease register. For example, the Bevan 
Commission in Wales recommended the Welsh Govern-
ment take steps to consolidate existing databases and 
resources held within different organisations and recruit 
a self-referred population of people with long COVID 
[28, 29].

In this study, we sought to identify and examine lon-
gitudinal health data collected on long COVID across 
high income countries to inform potential decisions on 
developing a long COVID data set for England by iden-
tifying:   the rationale for data collection, the data col-
lected, the sources from which data were collected and 
the methods used for collection.

Methods
Selection of long COVID datasets
We selected higher income countries, with well-devel-
oped health and social care data systems, that experi-
enced similar COVID waves to England pre-vaccine 
rollout. These countries were Austria, Belgium, Canada, 
England, France, Germany, Italy, the Netherlands, Spain, 
Sweden and Switzerland. To identify potentially relevant 
long COVID datasets, we searched PubMed for research 
outputs and commentaries, Google for news articles, and 
relevant government department and public health bod-
ies’ websites within each country, as well as the authors’ 
professional networks and the recommendations of 
country experts and individuals approached to partici-
pate. Searches varied between platforms. We used broad 
search terms such as “long COVID” and “data collec-
tion” to capture any ongoing research about long COVID. 
We ran the searches in the languages of the countries 
we were finding datasets in, but only reviewed English 
language publications. We reviewed any sources which 
referenced collecting or utilizing existing data on long 
COVID, to determine how data were collected and from 
which datasets. We undertook follow-up searches of the 
identified long COVID data collection activities to obtain 
more information and manually reviewed reference lists 
of identified journal papers and reports to find other rel-
evant sources. Relevant long COVID datasets included 
any dataset which captured individual-level data related 
to long COVID and reported repeat information on the 
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included participants. We attempted to obtain the con-
tact details of staff or authors to invite for interview.

On advice from experts, we extended our list of coun-
tries to include New Zealand, despite it not having expe-
rienced similar COVID waves pre-vaccination, on the 
grounds that it was distinctive in having established a 
national registry.

Data collection
We conducted semi-structured interviews with inform-
ants involved in the development, management, collec-
tion and analysis of the identified datasets. They were 
purposively selected on the basis of their close involve-
ment in the development and/or running of these data-
sets and had sufficient familiarity with the datasets to be 
able to respond to our questions. Further participants 
were identified through the authors’ networks and on 
the basis of recommendations from individuals who had 
already been approached to participate.

Potential informants were invited by email and pro-
vided with background information on the purpose of 
the study. Interviews were conducted on the video con-
ferencing platform Zoom between 10 October 2022 
and 9 February 2023. All interviews were conducted in 
English and, with consent, were audio-recorded, last-
ing between 1 and 1.5 h. One interview was not audio-
recorded; instead, notes were taken.

The research team designed the topic guide (Appen-
dix  1). Questions covered the objectives of data collec-
tion; how long COVID is defined and how participants 
are sampled and recruited or identified within existing 
data; how (and for how long) individuals are followed-up; 
the measures collected across the different levels of the 
health and social care system, demographic data, as well 
as service use and the outcomes captured; management 
and governance of the data; funding sources; and percep-
tion of data quality.

NHS England commissioned our work as a rapid scop-
ing exercise, so we did not have time to consult patient 
groups about topic guide questions. However, to capture 
the patient perspective on the utility of the existing data 
and implications for future data collection in England, we 
undertook a focus group discussion with representatives 
of three long COVID patient groups, one United King-
dom-based (Long COVID Support United Kingdom) 
one German (Long COVID Deutschland) and one pan-
European (Long COVID Europe). A summary of early 
findings was shared in advance of the discussion. The 
discussion focused on three questions: (1) what should 
be the aims of collecting data related to long COIVD; (2) 
who should be included in a long COVID dataset; and (3) 

which measures should be collected? The discussion took 
place over Zoom.

Analysis
Transcripts and audio recordings of the interviews 
with country informants were reviewed by two team 
members, J.E. and E.S. Data were extracted by the 
same team members into a common extraction table 
to capture information on the history and development 
of each dataset, its objectives and accomplishments, 
sampling and recruitment methods, the measures col-
lected, management and governance of data, funding, 
support from other organisations and general views 
from informants on the quality of the data. Informa-
tion from literature and any additional documentation 
shared by informants was also added to the extraction 
table. J.E. or E.S. independently populated the extrac-
tion tables for half of the interviews and reviewed each 
others’ entries against interview transcripts, highlight-
ing points of disagreement or missing information. The 
populated coding frame was shared with interviewees 
via email for their review and to clarify any points of 
uncertainty that had arisen during the coding. Extrac-
tion tables and subsequent drafts of the analysis were 
shared with senior team members, N.M. and R.W., for 
input and feedback.

Developing recommendations
All participants in the study, including patient group 
members, were invited to attend an online workshop 
on 23 May 2023. The purpose of the workshop was to 
share the key study findings and reflect on the future 
direction of data collection related to long COVID. 
Through breakout discussions, participants were 
asked to consider why data should be collected on 
long COVID, what data should (or should not) be col-
lected and how such data should be collected. Breakout 
rooms were used to enable attendees to debate these 
three points. Time was also allocated for all attendees 
to share and discuss each breakout room’s insights. 
The online workshop was recorded with the permis-
sion of attendees and notes were taken by the research 
team to capture the breakout discussions. The work-
shop both corroborated the research team’s initial find-
ings and recommendations, and generated additional 
insights that informed the development of the study 
recommendations.

Ethics
The project was approved by the London School 
of Hygiene & Tropical Medicine’s research ethics 
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committee, approval number: 28096. All informants 
gave written consent to take part in the study.

Results
We conducted interviews with individuals representing 
17 longitudinal datasets from nine countries (Table  1 
and Appendix 2). In Spain, individuals from the Span-
ish Network for Research on Long COVID (REiCOP) 
and the Spanish Society of General and Family Doc-
tors (SEMG) informed us they were in the preliminary 
stages of developing a register (REGICOVID-AP Clini-
cal Registry), but within the timeframe of this study we 
were not able to collect further details [30]. We were 
not able to identify any examples of longitudinal data 
collection in Austria or France.

The included datasets sampled different populations, 
used different data collection tools and measured differ-
ent outcomes. We grouped the datasets into five types 
on the basis of the population sampled and the data col-
lection tools used: (1) population surveys (n = 3); (2) sur-
veys of individuals with a positive COVID-19 test (n = 4); 
(3) individuals with a COVID-19 test result identified 
in routine health data (n = 4); (4) datasets of individuals 
who had sought health care specifically for long COVID 
(n = 5) and (5) individuals who self-reported or self-
identified as having long COVID (n = 1). Datasets were 
managed by a mixture of local and national governmen-
tal departments, academic institutions and independ-
ent nonprofit foundations (working with the healthcare 
sector).

Most of the datasets examined in this study were time-
limited. Dataset types 1, 2 and 3 (see Table 1) had either 
ended or were winding down. Likewise, specialist long 
COVID services in all countries we examined were at 
that moment only seeing patients for a limited period – 
patients in British Columbia attended post-COVID-19 
recovery clinics for up to 18 months, after which care 
reverted to their GPs, while the Belgian care pathway cov-
ered care for up to 12 months. In all countries, there was 
uncertainty over how long these specialist services would 
continue to be funded. The Aotearoa New Zealand long 
COVID register was conducting surveys for 6 months 
post-recruitment, beyond which participants were to be 
followed up in electronic health records (EHRs).

Why collect data on long COVID?
The purpose of data collection varied across the differ-
ent types of datasets, providing insight into different 
research and policy priorities (Table  1). Type 1 and 2 
datasets aimed to establish the population prevalence of 
COVID-19 and long COVID, the risk factors for develop-
ing long COVID, disease development and prognosis and 

the impacts of long COVID on individuals. The Belgian 
COVIMPACT, Dutch RIVM Long COVID, the German 
NAPKON, the Swiss Immunitas Research Program and 
the United Kingdom ONS-CIS were set up before long 
COVID had been formally characterized, and, as such, 
long COVID was not the primary research focus these 
surveys sought to address [33, 35]. In contrast, the Cana-
dian CAHS was established specifically to determine 
the prevalence of persistent COVID-19 symptoms, con-
tact with and use of the health system and the relation-
ship with pre-existing conditions [31]. Like the Canadian 
CAHS, the Aotearoa New Zealand long COVID registry 
(type 5) was developed specifically to address research 
questions related to long COVID, to estimate the clini-
cal, quality of life and economic impacts of long COVID 
in New Zealand, as well as continually monitoring health 
outcomes and inequities [71].

Like type 2 datasets, those in type 3 also examined the 
long-term impacts of having had a COVID-19 infec-
tion. Both the Italian Long-CoViD CCM and the Swedish 
SCIFI-PEARL examined the impact of COVID-19 infec-
tion on the health care system, while the Dutch NIVEL 
combined primary care dataset (PCD) and persistent 
complaints aimed to map out the so-called care pathways 
of individuals with long COVID [47, 48, 50, 52, 53, 72].

Type 4 datasets were specifically focused on individuals 
accessing specialist services to understand the care they 
received and (in some cases) inform the development of 
care models [48, 60, 61]. Finally, several datasets aimed 
to examine the relationship between COVID-19 and 
pre-existing conditions, including the Canadian CAHS, 
the United Kingdom CVD-COVID-UK and the German 
ABC19 study [31, 56, 58, 64].

Interviewees across countries discussed the need for 
longer-term patient monitoring and follow-up to improve 
the understanding of long COVID. Interviewees and 
workshop participants commented that the heterogene-
ity in purpose across datasets reflected the limited under-
standing of the condition and its impacts. They identified 
multiple data needs including to support understanding 
of the prevalence, risk factors and progression of the con-
dition, patients’ journeys and use of health care, treat-
ment effectiveness and the study of the personal impact 
on those living with long COVID.

Who is data collected from?
An overview of the population included, and the recruit-
ment methods, is presented in Table 2.

Defining long COVID
The emergent nature of the condition and a lack of a 
clear definition was identified as a key challenge among 
interviewees. The definition used varied across datasets 
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and was based on symptoms, diagnosis, clinical assess-
ment or self-identification (see Table 2). Most commonly, 
long COVID was defined in line with the WHO’s defini-
tion, on the basis of individuals’ self-reported experience 
of symptoms beyond the acute stage of illness, although 
the time point post-infection varied. Datasets that drew 
on routine data relied on diagnostic codes. However, sev-
eral interviewees discussed concerns about the reliabil-
ity and validity of diagnostic codes, in particular, doubts 
about clinicians’ familiarity with the codes, whether they 
were using them routinely and applying them uniformly. 
Patient representatives also expressed concerns that diag-
nostic codes are not accurately capturing individuals with 
long COVID.

“Set definition is UO-8 code. But it was a new code, 
and nobody knew how to use it, so I think there’s 
been both overuse and underuse in different areas 
and in different parts of the health care system” (uni-
versity researcher, Sweden, SCIFI-PEARL).

An explicit aim of the NIVEL-PCD in the Nether-
lands and the Swedish Covid-19 Investigation for Future 
Insights – a Population Epidemiology Approach using 
Register Linkage (SCIFI-PEARL) was to characterize 
long COVID using different definitions [49, 52, 73].

Population captured
The population captured also varied across datasets. 
Type 1 datasets recruited a representative sample of the 
general population irrespective of participants’ COVID-
19 or long COVID status. Type 2 datasets sampled 
individuals who had tested positive for COVID-19; in 
general, individuals were recruited when they received 
their test results from their national or regional testing 
programme. In most contexts, research access to testing 
data had been made available under special legislative 
powers to tackle COVID-19. A Swiss interviewee com-
mented that:

“[T]his setup is far from common in Switzerland, 
so it’s really rare to establish such a collabora-
tion between the research group and a governmen-
tal body because of all the privacy issues, etcetera” 
(university researcher and physician, Switzerland, 
Zurich Coronavirus Cohort).

Type 3 datasets tracked all individuals with a positive 
COVID-19 test or a long COVID diagnosis in national or 
regional EHRs. Like type 2 datasets, the respondent from 
the Dutch NIVEL-PCD reported that access to testing 
data in medical records was only made available under 
special legislation, and access was granted for a period of 
about one year. The Italian Long COVID dataset intended 
to collect data from all individuals with a positive test 

result in regional administrative data, but, during acute 
phases of the pandemic, the Department of Prevention 
“encountered considerable difficulties in monitoring all 
the positives over time” (senior director, National Insti-
tute of Health).

The five type 4 datasets captured individuals who had 
sought health care specifically for long COVID. The 
examples from Canada, England and Italy captured indi-
viduals who had been referred to specialist services, while 
those in Belgium and Germany included individuals 
receiving care in primary care settings. Patient represent-
atives voiced concerns that only examining individuals 
accessing services (type 3 and 4) would fail to capture 
a representative sample of individuals living with long 
COVID, given the challenges that individuals with long 
COVID have experienced in accessing care and receiv-
ing a diagnosis. Workshop participants also highlighted 
the inherent biases in collecting data only from individu-
als accessing specialist clinics and the impact this is likely 
to have on understanding of the epidemiology. They told 
us that data collected from individuals accessing spe-
cialist services are not likely to be generalizable beyond 
those settings. For example, the Canadian PC-ICCN 
interviewee commented on the inequitable access to the 
clinic, noting the “higher rates of hospitalization with 
COVID among non-Caucasian individuals, but those in 
post-recovery clinics are mainly Caucasian”(manager, 
Provincial Health Research Services Authority).

Patient representatives’ preferred method of recruit-
ment was self-referral, as used by the Aotearoa New 
Zealand long COVID registry (type 5), which allows 
any individual self-identifying with long COVID to sign 
up online. However, some interviewees voiced concerns 
related to the representativeness of data where individu-
als self-refer. Only 8.4% of participants in the Aotearoa 
New Zealand registry are Māori (compared with 19.6% 
of the general population), hence active recruitment in 
Māori and Pasifika communities to increase registration 
among these groups [74]. The lack of representation of 
minoritized ethnic groups and those from lower socio-
economic groups was also noted among the other dataset 
types. For example, the German NAPKON study received 
almost no non-German consent forms, suggesting the 
non-German speaking population are underrepresented, 
while the Dutch Long COVID study only captured “5 to 
6 per cent of people with migration background whereas 
population-wide this proportion is very different” (inter-
view with two non-university researchers, National Insti-
tute for Public Health).

Control group
To characterize the condition and identify risk factors 
associated with developing long COVID, the interviewees 
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highlighted the importance of including a comparison 
group given that many of the long COVID symptoms 
reported are nonspecific and prevalent in the general 
population. Only type 1, 2 and 3 datasets included a con-
trol group. The interviewee from New Zealand told us 
that whilst there is no control group “linkage with the 
IDI [Integrated Data Infrastructure, a large research data-
base that holds data about life events, such as education, 
income, benefits, migration, justice and health] will allow 
for us to undertake some matching”. Control groups dif-
fered by data source and comprised individuals with and 
without self-reported symptoms, matched controls from 
those who had never tested positive for COVID-19 or 
who had other respiratory illnesses and random samples 
of the general population. Datasets using EHRs were also 
able to compare against pre-pandemic trends.

Which data were collected and how?
Survey versus use of routine health records
Type 1, 2 and 5 datasets collected primary data using 
self-reported surveys. In addition, the Dutch NIVEL-
PCD (type 3) and the Canadian PC-ICCN (type 4) under-
took patient surveys for a sub-set of individuals and type 
4 datasets included surveys completed with a clinician. 
A reported advantage of surveys over EHRs was the 
flexibility to add questions and the ability to capture the 
fluctuating and episodic nature of the condition. These 
attributes were cited as particularly valuable in captur-
ing long COVID considering that the condition and its 
impacts have been poorly described.

“[W]hen we set up the study, we did not know that 
long COVID is going to be a thing. We only wanted 
to track health status over time. [...] The studies 
did prove to be a very flexible tool in a way, and we 
were able to adapt questionnaires to emerging ques-
tions, add questions that may have been important” 
(university researcher and physician, Switzerland, 
Corona Immunitas Research Programme).

Another reported advantage of surveys over EHRs was 
the ability to collect patient-reported outcome measures 
(PROMs).

“When it comes to policy making these impact on 
your life questions, if you can work, what is the qual-
ity of your life, you don’t really get from a registry, 
an electronic health record, these are all very impor-

tant” (interview with two university researchers, 
Netherlands, Long COVID study).
“I think the best data is coming from the patient side. 
Maybe this is, we should build it, shift the focus more 
on the patient side, so that the workload is a little bit 
more on the patient’s side and less on the physician 
side, and we try to simplify our CRF” (manager, Ger-
many, ABC19).

Outcome measures
The most important outcome to assess, according to 
the patient representatives, was post-exertion malaise 
(PEM). This is one of 12 core outcomes that researchers 
have recommended should be evaluated in all research 
studies and in clinical care for people with long COVID 
[79–81]. PEM was not included in any of the datasets 
examined. Table  3 presents the included measures 
mapped against the PC-COS (an international consen-
sus study developing a standardized set of outcomes for 
people with long COVID) and demonstrates the hetero-
geneity between datasets in terms of both the outcomes 
measured and the measurement instruments used. The 
most frequently collected outcomes relate to the impact 
of symptoms on daily life, health-related quality of life, 
respiratory functioning and mental health.

The lack of PROMs was a notable gap in those data-
sets that rely solely on EHRs (type 3 datasets and Bel-
gium Post-COVID care pathway and NHS England 
Long COVID registry). The Dutch NIVEL-PCD (type 
3) has captured PROMs by making use of software pre-
viously developed to automatically flag patients with a 
COVID-19 diagnosis (see Panel 1) [51, 75]. The data-
set includes EHRs for everyone attending primary 
care and extensive PROMs on a subset of individuals 
who tested positive for COVID-19, including services 
not captured in the EHR such as mental health care 
received, self-care and data on quality of life, lifestyle 
and employment. At present, PROMs are not routinely 
collected across services by the English NHS Long 
COVID registry, although there is ongoing work to 
enable the reporting of EQ-5D-5L [68, 76]. Addition-
ally, a digital platform completed on a smartphone web 
application has been developed to collect PROMs in 40 
post-COVID clinics across the country, although the 
PROMs collected varies between clinics [77, 78].
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Panel 1 NIVEL research primary care data set and corona 
cohort

The NIVEL Primary Care Database (PCD) and Corona Cohort 
in the Netherlands is an example that allows the long-term follow 
up of patients in electronic health records (EHRs), supplemented 
by the patients’ perspective through a short-term study.
The NIVEL-PCD includes the EHRs of roughly 1.7 million individuals 
who have sought care at one of the 500 GP practices inside the NIVEL 
network. NIVEL’s data platform links EHR records from general 
practitioners, out-of-hours general practitioners and hospitals. The 
database is updated annually for all practices and weekly for 350 
practices.
The team at NIVEL had previously developed infrastructure 
to automatically flag individuals within the database with particular 
characteristics, which they were able to use early in the pandemic 
to identify individuals who had had COVID-19 [51, 75]. The EHR 
of participating practices (n = 18) was scanned to flag individuals 
aged 16 years and older with a positive COVID-19 result. Follow-
ing review of identified patients by their GP, all eligible patients 
were invited by post to participate in the “persistent complaints 
after COVID-19 project”. Consent was sought to participate in surveys 
at baseline and after 3, 6 and 12 months and to link their survey 
data to the PCD. In total, 442 respondents participated in the NIVEL 
Corona Cohort, of whom 421 (95%) consented to have their survey 
data linked to their EHR.

Burden of data collection
While surveys were reported to offer flexibility, issues 
were raised in relation to the burden that they can place 
on both patients and clinicians. For example, the sur-
vey used by the Italian National surveillance system was 
developed from the WHO’s Global COVID-19 Clinical 
Platform Case Report Form (CRF) for Post-COVID Con-
dition [82], but it was considered overly burdensome for 
clinicians to complete. The process of refining the survey 
was reported by the interviewee to be challenging given 
the lack of consensus on many aspects of long COVID.

"It was very debated what to collect because clini-
cians had very different opinions [...] some wanted a 
lot of data collected, others would focus on some core 
data. In the end, we collect three kinds of data. We 
collect symptoms as defined by the patients. Then 
we collect new diagnoses, which is what the physi-
cians believe the patient had or have. And then we 
collect some, but not too many data on tests [...] we 
decided that, diving into laboratory tests was very 
complicated and we decided to simplify and not col-
lect, for example, blood tests. We put more interest 
in collecting data on quality of life, on anxiety and 
depression and on diagnoses” (senior director, Italy, 
National surveillance).

The German NAPKON study (type 2) captured the 
largest volume of primary data of any of the datasets 
examined, with over 3000 data items collected [40], 
which the interviewee considers contributed to drop out. 
Likewise, the Belgium post-COVID care pathway and the 

German ABC-19 interviewees reported that there was a 
lot of pressure on primary care and GPs during the pan-
demic, and it was challenging for them to engage with 
data collection on top of their already heavy workload.

“When the registry was ready to go the second 
wave came in, and nobody had time to think about 
research. And the next thing was, when the wave was 
gone, we started to vaccinate people, the same doc-
tors that they are focused on COVID had to vacci-
nate all people. So we had a lot of obstacles to get 
our registry running” (manager, Germany, ABC-19).

Benefits of data linkage
Large scale data systems that link data from different 
parts of the health and care system have been devel-
oped in several countries (type 3). For example, the 
CVD-COVID-UK dataset and the Swedish-SCFI-PEARL 
datasets are highly comprehensive datasets that use indi-
vidual identity numbers to link a diverse range of routine 
health data, including primary and secondary care data 
and existing disease registers. The Swedish SCIFI-PEARL 
links 20 different registers/EHRs to identify patients 
diagnosed with COVID-19 across Sweden. The database 
includes all individuals with a positive polymerase chain 
reaction (PCR) test identified in SmiNet (the national reg-
ister of notifiable communicable diseases managed by the 
Public Health Agency of Sweden), as well as patients with 
relevant COVID-19 ICD-10 and procedure codes in rou-
tine health records and individuals whose cause of death 
was recorded as being due to COVID-19. Health care 
contacts for COVID-19 in primary care are only captured 
in two regions, which cover roughly 40% of the Swedish 
population [52]. The National Register of the Total Popu-
lation from Statistics Sweden, a representative sample of 
the general population, has been used to construct differ-
ent comparison groups as required for different statistical 
analyses. The CVD-COVID-UK/COVID-IMPACT Con-
sortium includes 57 million patient records across Eng-
land, 5.5 million across Scotland and 3.2 million across 
Wales. CVD-COVID-UK links primary care data, hos-
pital episodes (covering inpatient, outpatient, emergency 
department and critical care episodes), registered deaths 
(including causes of death), COVID-19 laboratory tests, 
community dispensed medicines, specialist intensive 
care, cardiovascular audit, hospital electronic prescribing 
and COVID-19 vaccination data [54].

Access to data compiled in the CVD-COVID-UK/
COVID-IMPACT dataset had been enabled under time-
limited control of patient information (COPI) notices, 
issued by the Secretary of State for Health and Social 
Care to require organisations to share confidential 
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patient information with approved users for COVID-19 
research purposes without requiring patients’ consent. A 
challenge raised by the interviewee was that “until such 
time as there are equivalent datasets available under dif-
ferent provision notices, if we broaden our scope at the 
moment, we would lose access to certain datasets includ-
ing primary care” (project manager/university researcher, 
HDR UK).

Likewise, some type 4 datasets have made use of link-
ing to reduce the burden of primary data collection. For 
example, the Canadian PC-ICCN originally captured a 
larger number of diagnostic tests and extensive blood-
work, such as computed tomography, echocardiogram, 
pulmonary function tests and 6-min walking tests, but 
like the Italian example, these were dropped following an 
evaluation of their utility for clinical decision-making to 
reduce the burden of testing on patients and the health 
care system. Instead, patients were invited to participate 
in the provincial biobank network, which collects blood 
samples that can be linked to the registry. A total of four 
other datasets collected biosamples (two type 1 datasets 
[Canadian CHAS, UK ONS-CIS] and two type 2 datasets 
[German NAPKON, Zurich Coronavirus Cohort]). The 
Dutch NIVEL-PCD (type 3) had planned to collect biosa-
mples, but because of resource constraints this was not 
possible.

“We only administered questionnaire data. Prob-
ably it would be very useful to also have some meas-
urements like immunological parameters for stuff 
you could measure in the laboratory. We didn’t do 
that, also because of pragmatic reasons especially at 
the scale we are including people. There was really 
an infrastructure problem setting up a study during 
a pandemic where everyone is stretched to their lim-
its, so this was the most pragmatic solution” (non-
university researcher, Netherlands, NIVEL-PCD).

Length of patient follow‑up versus data completeness
Length of follow-up varied across datasets (see Appen-
dix  2). Like recruitment, interviewees noted higher 
loss to follow-up among some population groups. For 
example, the Belgium COVIMPACT study found men 
and individuals with lower education levels were more 
likely to be lost to follow-up. Some datasets, such as 
the Aotearoa New Zealand long COVID registry, have 
requested participants’ consent for their data to be linked 
to Statistics NZ’s Integrated Data Infrastructure using 
their National Health Index number, to enable follow-up 
in routine data after surveys end. However, patient repre-
sentatives expressed concerns that datasets that rely on 
routine health system data for long term follow-up could 
miss the episodic nature of long COVID, potentially 

mischaracterizing individuals who are self-managing as 
having recovered.

“You’ve got to be really careful to ensure that people 
aren’t knocked off the register because nothing’s been 
logged for a matter of maybe weeks” (patient repre-
sentative).

Interviewees from the Italian National Surveillance 
and the German ABC-19 studies echoed these con-
cerns. Follow-up was reliant on patients returning to the 
clinic (only relevant to the GP follow-up component of 
the study), regardless of whether they were still experi-
encing symptoms; they voiced concerns that this might 
have led to higher loss to follow-up among individuals 
who recover, feel able to self-manage or no longer wish to 
attend the service.

Discussion
Long COVID is having a long-lasting impact on the 
health, wellbeing, daily activities and livelihoods of those 
experiencing prolonged symptoms, as well as their fami-
lies [83]. Even on the basis of conservative estimates, the 
burden of illness represents a challenge to the health 
and care system and the economy [5, 84]. Many gaps 
in the understanding of long COVID exist, and inter-
viewees in this current study identified multiple out-
standing research questions [13]. To address these gaps 
requires long-term monitoring of individuals with long 
COVID using data from different sources. In this study 
we examined 17 examples of longitudinal long COVID 
health datasets established in nine countries. The exam-
ples identified ranged from population surveys which 
captured individuals’ symptoms and experience of long 
COVID to a national register of individuals self-identify-
ing as having long COVID.

The long COVID datasets examined in this study high-
light the heterogeneity of approaches taken between 
countries to data collection, using different definitions 
of long COVID, populations and controls, outcomes and 
outcome measures [4, 12, 85]. The heterogeneity between 
datasets likely reflects the emergent nature of long 
COVID, the diverse interests of researchers and funders, 
differences in aims and the data sources available, as well 
as the different time points at which they were developed. 
For example, several of the patient surveys were estab-
lished before long COVID had been characterized and 
were adapted to include questions related to long COVID 
once the research need had emerged, while others were 
designed to specifically examine long COVID.

The patient surveys in datasets type 1 and 2, and those 
associated with the Dutch NIVEL-PCD (type 3), had 
either ended or were about to end, leaving a gap in many 
data systems. Patient surveys were reported to be key to 
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answer questions related to the prevalence, risk factors 
and evolution of the condition, as well as examination of 
the impacts of long COVID on individuals and their fam-
ilies. Patient surveys were seen to be particularly impor-
tant to measure outcomes not captured in routine data, 
in particular, PROMs, and to characterize the fluctuat-
ing and episodic nature of long COVID. The challenge 
is how to sustain patient surveys in the long-term given 
the short-term nature of most research funding. A recent 
study of disease registers in the United Kingdom identi-
fied lack of long-term funding as the key threat to their 
sustainability [86]. For these disease registers, charities 
associated with the disease play a central role in provid-
ing some continuity of funding and running registers.

Patient representatives raised concerns, echoed by 
interviewees, that datasets that included only individu-
als with a positive COVID-19 test result recorded in 
routine data (type 2 and 3) or captured only individuals 
in EHRs (type 3) or only individuals accessing specialist 
services (type 4) will not provide a representative sam-
ple of individuals with long COVID. Not all individuals 
with long COVID had been tested for SARS-CoV-2, par-
ticularly at the start of the pandemic when many coun-
tries stopped or reduced testing in the community or, as 
highlighted by one of the Italian interviewees, when sur-
veillance systems failed to record all test results as they 
became overwhelmed during peaks in infection. Further, 
in many countries, testing data were only made available 
to researchers for a limited time.

Patients in several countries have faced challenges in 
receiving a diagnosis and accessing care [87–90]; 36–42% 
of individuals included in the Aotearoa New Zealand 
Long COVID registry had not received a clinical diag-
nosis [74]. The lack of a standardized definition of long 
COVID, no diagnostic tests and low level of awareness 
of the existence of ICD codes for long COVID were 
reported to have resulted in heterogeneity in the use 
of ICD codes and underreporting of the condition. An 
analysis of OpenSAFELY data in England and ten United 
Kingdom longitudinal studies found the use of diagnos-
tic codes to be low compared with survey data based on 
self-reported long COVID [91, 92]. Questions therefore 
remain about the reliance on ICD codes for long COVID, 
which is likely to limit what can be done using EHRs at 
present.

For conditions that are poorly characterized and/or 
where patients do not always receive a clinical diagnosis, 
it can be hard to accurately capture and track the affected 
population. Registries for conditions other than long 
COVID have faced similar challenges. For example, the 
lack of a consistent approach to diagnosis and misclas-
sification of myalgic encephalomyelitis/chronic fatigue 
syndrome (ME/CFS) has led to the under-reporting of 

cases and insufficient research, medical care and treat-
ment [93]. Similarly, for complex regional pain syndrome 
(CRPS), there is currently no clinically recognized diag-
nostic test. The CRPS Network has developed a broad 
definition and collects information that allows partici-
pants to be divided into further subgroups on the basis 
of different definitions of the condition [94]. Such an 
approach would enable researchers to continue to exam-
ine the accuracy of diagnostic coding, as with the Swed-
ish SCIFI-PEARL study and the Dutch NIVEL-PCD (see 
Table  2), and it reflects the preference of long COVID 
patient representatives whom we consulted. They ques-
tioned the accuracy of coding in patients’ health records 
given the complex presentation of symptoms and the 
reported challenges experienced in receiving a diagnosis 
[9, 95].

Self-referral was the patient representatives’ preferred 
method of recruitment, to ensure data are captured from 
individuals accessing all types of health services, plus 
those who have not accessed any health services. Simi-
larly, the Bevan Commission in Wales and the Inquiry 
into Long COVID and Repeated COVID Infections in 
Australia recommended that any future long-COVID 
registry should include a self-referred population along 
with routine data sources to adjust for recruitment bias 
and promote equitable access [28, 29, 96]. The Aotearoa 
New Zealand registry is the only example included in this 
study that is recruiting participants in this way. Research-
ers at Martin Luther University Halle-Wittenberg, TU 
Munich and Otto von Guericke University Magdeburg in 
Germany have established a long COVID register, which 
anyone over 18 years of age with self-reported symptoms 
can join [97]. Participants complete a questionnaire every 
6 months and, at present, the funding is open-ended.

The pandemic was reported to have served as a cata-
lyst for data sharing. Special legislation was introduced 
in several countries to provide time-limited access to 
data and to expedite consent and data linkage processes 
to support research on COVID-19. This was reported 
by several interviewees to have facilitated research that 
would not otherwise have been possible or would have 
taken much longer to set up. There is a need to review 
existing data access, including understanding the benefits 
and whether there have been any serious data breaches or 
patient harm as a result of providing so-called emergency 
access, as these arrangements raise questions around 
whether data should be made more readily available rou-
tinely for research purposes, including for long COVID.

Strengths and limitations
The strengths of this study are that we conducted thor-
ough searches for long COVID data sets in higher 
income countries, conducted interviews with informants 
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involved in the development or running of these data 
sets, held a focus group discussion with long COVID 
patient representatives on the emerging findings and held 
an online workshop with the study participants to test 
the draft recommendations.

Undertaking a thorough search of longitudinal studies 
within countries was challenging, as many of the datasets 
had not started producing published outputs that could 
be identified through bibliographic database searching. 
We relied heavily on snowball sampling, recruiting ini-
tial interviewees through the authors’ own networks and 
then via the recommendations of individuals approached 
to participate in the study. Given these challenges, we are 
likely to have missed examples from countries within the 
scope of this study. A recent mapping of long COVID 
surveillance systems across the EU identified many of the 
same datasets as this study, but additionally identified an 
example in Germany we did not pick up and the Spanish 
REGICOVID-AP Registry. In the time available for data 
collection, we were not able to obtain sufficient informa-
tion to confidently characterize these two datasets for 
inclusion in the study [98]. Further, the search was delib-
erately limited to countries with a similar healthcare sys-
tem to England and which experienced similar COVID 
waves prior to the vaccine rollout; New Zealand was 
added once we found out about its distinctive approach 
to long COVID data collection, even though its pandemic 
experience was very different from England’s. There may 
have been equally interesting examples from countries 
other than New Zealand that we were unaware of.

Of the datasets examined, not all of them have pub-
lished protocols or made their data collection tools pub-
licly available. As a result, the amount of information 
available on each dataset varied. Interviews aimed to pro-
vided additional insight and fill the gaps in information, 
providing a more comprehensive overview of the datasets 
examined but varied in the level of detail that interview-
ees could provide.

Recommendations
This study was commissioned to inform the further 
development of data systems for long COVID in Eng-
land. The recommendations are informed by the findings 
of our interviews and workshop and, while they relate to 
the English context, they are likely to be generalizable to 
other settings.

First, there is a need to decide which questions the 
dataset should address. Determining the research priori-
ties and the outcomes to be measured will require con-
sultation with health authorities, patient organisations, 
clinicians and the research community, and it should be 
codesigned with people with lived experience of long 

COVID to ensure data are relevant and useful to those 
who will be using the data or may be affected by the find-
ings. For example, the James Lind Alliance is an expert 
in helping patients, carers and clinicians work together 
to prioritize evidence needs through its Priority Setting 
Partnerships (https:// www. jla. nihr. ac. uk/ about- prior ity- 
setti ng- partn ershi ps).

Given the definitional issues and the fact many indi-
viduals with long COVID are not (routinely) in contact 
with health care services, datasets should take an inclu-
sive approach to capture a broad population using dif-
ferent definitions such as self-report, positive COVID 
test, recorded diagnosis and others, with a variable to 
indicate the basis of the individual’s inclusion. Such 
an approach would provide a deeper understanding of 
how long COVID is being experienced and enable data 
users to select subpopulations to examine particular 
questions. As part of efforts to improve the validity and 
completeness of data being collected, it will be impor-
tant to keep clinicians, especially GPs, up-to-date on 
the clinical diagnostic coding of long COVID.

Different objectives will require different measures to 
be collected. For example, if the goal of research is to 
assess the impact of long COVID on people’s lives, then 
collecting employment and income data will likely be 
extremely useful alongside quality-of-life measures; this 
could be done either by linking data to employment 
records (if possible) or by collecting measures directly 
from people with long COVID about how their work 
has been affected. Alternatively, if establishing the risk 
factors and comorbidities for long COVID were the pri-
mary objective, then longitudinal diagnostic, symptom 
and healthcare usage data would need to be extracted 
from patient records, augmented, if possible, from 
patient surveys.

Datasets should include a range of outcomes meas-
ures, in particular PROMs, to shed light on quality of 
life and ability to function day-to-day. Since there is 
evidence that long COVID has significantly impacted 
individuals’ ability to work, data systems should aim to 
look beyond the clinical and health impacts to include 
labour market outcomes. There is a need to appraise 
the most effective and efficient way to collect the data, 
maintain the data set and make data available to health 
care providers, researchers, patients and others with an 
interest.

There is a strong case to build a population-based 
cohort study to follow individuals over longer time 
periods than many of the datasets identified here. For 
any data collection to achieve its objectives, there is 
a need to ensure that it has adequate funding for an 
extended period [86]. As COVID-19 and long COVID 
become lower priorities for governments, alternative 

https://www.jla.nihr.ac.uk/about-priority-setting-partnerships
https://www.jla.nihr.ac.uk/about-priority-setting-partnerships
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funders are likely to be needed. Exploring the possi-
bility and suitability of greater collaboration with ME/
CFS organisations, as has been done in Australia, which 
expanded its ME/CFS Registry to include individuals 
with long COVID in October 2023, could be one route 
to maximize what can be achieved [99, 100].

Conclusions
Long COVID affects the health and quality of life of mil-
lions of people and represents a significant long-term 
health challenge. There is a demand for data to support 
a greater understanding of the natural history of the con-
dition, the long-term effects on individuals with long 
COVID and the effectiveness of the range of treatments 
and services to support those living with long COVID. 
Addressing these needs will require a mix of data sources 
that capture different populations with long COVID over 
the longer term. None of the countries examined have 
implemented a comprehensive dataset for long COVID. 
Many of the datasets examined have only been funded 
in the short-term. As a result, there is no obvious model 
for England or other countries to follow, assuming there 
remains sufficient policy interest in establishing a long-
term long COVID patient registry. Reliance on routine 
health care data alone would leave a gap in data impor-
tant for understanding long COVID. It is important that 
the development of a longitudinal health data set on long 
COVID should be based on careful consideration of the 
priority questions to be addressed, the views of stake-
holders, including people with lived experience, and the 
importance of sustainability of the data collection and 
management.
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