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Summary

Background Long COVID is the patient-coined term for the persistent symptoms of COVID-19 illness for weeks,
months or years following the acute infection. There is a large burden of long COVID globally from self-reported
data, but the epidemiology, causes and treatments remain poorly understood. Primary care is used to help
identify and treat patients with long COVID and therefore Electronic Health Records (EHRs) of past COVID-19
patients could be used to help fill these knowledge gaps. We aimed to describe the incidence and differences in
demographic and clinical characteristics in recorded long COVID in primary care records in England.

Methods With the approval of NHS England we used routine clinical data from over 19 million adults in England
linked to SARS-COV-2 test result, hospitalisation and vaccination data to describe trends in the recording of 16
clinical codes related to long COVID between November 2020 and January 2023. Using OpenSAFELY, we
calculated rates per 100,000 person-years and plotted how these changed over time. We compared crude and
adjusted (for age, sex, 9 NHS regions of England, and the dominant variant circulating) rates of recorded long
COVID in patient records between different key demographic and vaccination characteristics using negative
binomial models.

Findings We identified a total of 55,465 people recorded to have long COVID over the study period, which included
20,025 diagnoses codes and 35,440 codes for further assessment. The incidence of new long COVID records
increased steadily over 2021, and declined over 2022. The overall rate per 100,000 person-years was 177.5 cases in
women (95% CI: 175.5-179) and 100.5 in men (99.5-102). The majority of those with a long COVID record did
not have a recorded positive SARS-COV-2 test 12 or more weeks before the long COVID record.

Interpretation In this descriptive study, EHR recorded long COVID was very low between 2020 and 2023, and
incident records of long COVID declined over 2022. Using EHR diagnostic or referral codes unfortunately has major
limitations in identifying and ascertaining true cases and timing of long COVID.

Funding This research was supported by the National Institute for Health and Care Research (NIHR) (OpenPROMPT:
COV-LT2-0073).

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
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Introduction best currently conceptualised not as a single disease
Some people experience prolonged symptoms for weeks er.lt.ity but as a classiﬁcation.designed to include all .in-
or months following acute SARS-COV-2 infection. This ~ dividuals who develop persistent symptoms following
sequelae is known as long COVID, which is probably ~ acute SARS-CoV-2 infection. This classification likely
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Research in context

Evidence before this study

We searched PubMed for research published between 1st
January 2020 and 1st November 2023, published in English,
for the Title/Abstract terms (Post COVID-19 Condition OR
PCC OR post-acute-covid-19 OR PASC OR long covid) AND
(Electronic Health Records OR routinely collected health*)
AND (prevalence OR descriptive OR describe). Of the 13
studies identified, 2 were irrelevant and misclassified, 1 was a
protocol without results, 4 described coded symptoms before
or after COVID-19 infection, 2 defined bespoke long COVID
definitions through coded symptoms, 3 used ICD-10 code to
define long COVID and 1 used the same long COVID definition
as our study, but only included data up to May 2021.

Added value of this study

We analysed the healthcare records of 19 million adults in
England using the OpenSAFELY platform to describe the
dynamics of long COVID coding in primary care. We found
55,465 records of long COVID between November 2020 and

represents multiple underlying syndromes including
cardiovascular, thrombotic and cerebrovascular disease,
myalgic encephalomyelitis/chronic fatigue syndrome
and dysautonomia,"” each with distinct pathophysiol-
ogies and prognoses’” and in some individuals these
symptoms can be long-lasting and severe.*'' The het-
erogeneity within the classification contributes to
inconsistent definitions of long COVID across studies
with resulting wide variation in estimated prevalence'>'®
and risk of developing long COVID following SARS-
COV-2 infection."~!

Given this uncertainty, more research of the causes
and consequences of long COVID is necessary.” Elec-
tronic health records (EHRs) are a possible data source
for this research and they have become critical in
healthcare research,”” therefore careful analysis of
EHRs could present an opportunity to better understand
long COVID.”*' However, common problems with
EHR data include diagnostic accuracy, inconsistent
coding, missing data and ascertainment bias.**>** In the
UK, diagnostic and referral codes for long COVID have
been available for General Practitioners (GPs) in the UK
since November 2020, along with guidelines on use of
these codes from the National Institute for Clinical
Excellence (NICE guideline [NG188]).

We have previously summarised the early clinical
coding of long COVID up to May 2021 and shown very
low recording of long COVID.” However, since then,
different SARS-COV-2 variants have emerged and many
COVID-19 vaccines administered, and there have likely
been changes in coding practices. It is vital to under-
stand any potential differences in coding before we can
use EHRs to answer more complex research questions
about long COVID. We therefore set out to

January 2023, many fewer than the number estimated by the
Office for National Statistics. We also describe which
subgroups of the population had higher incidence of recorded
long COVID, and that limiting case definitions to those with
evidence of COVID-19 infection severely restricts the potential
size of long COVID cohorts.

Implications of all the available evidence

Electronic health records are a valuable resource to study the
long-term effects of COVID-19, however the variety of
different definitions being used in research makes it hard to
generalise between studies. There are differences in use of
codes through time which affects definition of long COVID
and may have implications for future research. We have
carefully demonstrated the strengths and limitations of using
recorded long COVID in primary care to define long COVID.
Our results suggest that harmonisation of definitions of long
COVID between studies is needed.

comprehensively describe the incidence of GP-recorded
long COVID in adults in England, and stratified by de-
mographic  and  clinical  characteristics  using
OpenSAFELY.

Methods
Data source
We used a database of 19 million adults in England,
whose primary care records are managed by the GP
software provider TPP SystmOne. This is the software
platform used by approximately 40% of GP practices
across England* where information on diagnoses, re-
ferrals, prescription, and other health data are entered.
We accessed these data through the OpenSAFELY
platform, where all data were linked, stored and ana-
lysed securely (https://opensafely.org/). OpenSAFELY is
a secure analytics platform for research using patient
health records. The platform uses a new model for
enhanced security and timely access to data: data stays
in the secure environment in which it is stored for
individual care. Data, including coded diagnoses,
medications and physiological parameters, are pseudo-
nymised. No free text data are included. The following
linked data were also used for this study: patient-level
COVID-19 vaccination status via the National Immuni-
sation Management System (NIMS); in-patient hospital
spell records via NHS Digital’s Hospital Episode Sta-
tistics (HES); national coronavirus testing records via
the Second Generation Surveillance System (SGSS);
Detailed pseudonymised patient data are potentially re-
identifiable and therefore not shared.

The OpenSAFELY platform team has developed a
publicly available website https://opensafely.org/ which
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describes the platform in language suitable for a lay
audience. This specific study design was developed with
input from our patient and public advisory panel
through regular meetings, and following feedback from
two large workshops to inform the research design,
develop understanding of the lived experience of long
COVID, and to improve communication of results to
patients and the public, hosted in January and
September 2023.3°

Study population

We included all individuals aged 18-100 years and
registered (temporary registrations were excluded) with
a general practice that uses TPP SystmOne software on
or after 1 November 2020, the date that long COVID
Systemized Nomenclature of Medicine (SNOMED)
codes became available. SNOMED codes are a dictionary
of computer-readable codes relating to clinical terms.”
Participants were followed up from the beginning of
their registration plus 90 days to account for onboarding
of EHR records after registering at a new practice.
Participants were then followed until the earliest of:
EHR record of long COVID; end of registration with the
same general practice; death; or 31st January 2023
(Supplementary Figs. S1-S3%).

Outcomes

The primary outcome was the first GP record of long
COVID defined by 15 SNOMED codes, as used
previously?””*** which are split between two groups of
codes: diagnosis and referral (Table 1). Our definition of
recorded long COVID was therefore not exclusively
clinical diagnoses of long COVID. Records were
searched for a diagnosis code first (Any long COVID

diagnosis code), if no code existed then we searched for
a referral code (Any long COVID code). If neither code
type existed then the individual was classified as not
having long COVID.

We also included a “control outcome”, hospital-
isation with COVID-19 (Supplementary Methods), for
which we have more evidence for the expected negative
association with SARS-COV-2 vaccination,*** while this
association is more uncertain for long COVID."** To
account for the gap between SARS-CoV-2 infection and
the recording of long COVID, we only analysed COVID-
19 test results and hospitalisations >12 weeks before the
end of follow up. Data on SARS-CoV-2 test results were
available from the SGSS.

Stratifiers

COVID-19 vaccination status was the only time-updated
covariate and was categorised in two ways: i) follow-up
was divided by the number of vaccine doses received
(0, 1, 2, 3+); ii) participants were categorised as having
received an mRNA-based vaccine (Pfizer (Comirnarty),
Moderna (Spikevax)) for their first immunisation, or a
non-mRNA vaccine. Only vaccine doses greater than 14
weeks before the end of follow up were included to ac-
count for the gap between immunisation and protection
(2 weeks) and development of long COVID symptoms
(12 weeks).

All other covariates were defined at baseline, the start
of a valid registration with a GP in the study period. Age
(18-29, 30-39, 40-49, 50-59, 60-69, 70+) and sex were
defined on the registration record. NHS region (9 re-
gions in England), and index of multiple deprivation
(IMD) quintiles were based on the address of each
participant. Ethnicity (categorised as white, Black, South

SNOMED CT code Description

Diagnosis codes
1325161000000102
1325181000000106

Referral codes
1325021000000106
1325031000000108

Post-COVID-19 syndrome

Ongoing symptomatic disease caused by severe acute respiratory syndrome coronavirus 2

Signposting to Your COVID Recovery

Referral to post-COVID assessment clinic

1325041000000104
1325051000000101
1325061000000103
1325071000000105
1325081000000107
1325091000000109
1325101000000101
1325121000000105
1325131000000107
1325141000000103
1325151000000100

Referral to Your COVID Recovery rehabilitation platform

Newcastle post-COVID syndrome Follow-up Screening Questionnaire

Assessment using Newcastle post-COVID syndrome Follow-up Screening Questionnaire
COVID-19 Yorkshire Rehabilitation Screening tool

Assessment using COVID-19 Yorkshire Rehabilitation Screening tool

Post-COVID-19 Functional Status Scale patient self-report

Assessment using Post-COVID-19 Functional Status Scale patient self-report
Post-COVID-19 Functional Status Scale patient self-report final scale grade
Post-COVID-19 Functional Status Scale structured interview final scale grade
Assessment using Post-COVID-19 Functional Status Scale structured interview

Post-COVID-19 Functional Status Scale structured interview

Table 1: List of SNOMED-CT codes used to identify long COVID in the EHR record.
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Asian, mixed, Other),* and those at high-risk of com-
plications from COVID-19% were assessed from pri-
mary care records. The presence of fifteen chronic
comorbidities identified as increasing the risk of severe
COVID-19 disease from previous research” were
defined using primary care records at baseline and cat-
egorised (0, 1, 2+), the full list of comorbidities is
available in the Supplementary Methods. Finally, we
defined two binary “probable shielding” variables.
Shielding was recommended for those at risk of com-
plications from SARS-COV-2 infection to reduce the
chance of infection. One variable was defined for those
at “high-risk” of complications from SARS-CoV-2
infection, and one for those at low/moderate-risk. Both
shielding variables were based on the presence of the
corresponding SNOMED code.” We use the term
“probable” shielding as there is uncertainty about
whether presence of a code was correlated with that
individual actually following shielding guidelines.

Statistics

We estimated the crude rate of long COVID per 100,000
person years and 95% confidence intervals for each level
of each stratifier listed (Supplementary Methods). All
counts for presentation were rounded to the nearest 5
and counts lower than 10 were redacted to ensure re-
sults are non-disclosive.

To compare rates between levels of each stratifier
while partially adjusting for confounding, we developed
negative binomial models for age category, sex and
vaccination. All models were adjusted for age, sex, NHS
region and dominant SARS-CoV-2 variant period
(wildtype/alpha, 1 November 2020-16 May 2021; Delta,
16 May 2021-1 December 2021; Omicron, 1 December
2021-31 January 2023*) to estimate rate ratios.

We graphically presented the monthly incidence of
long COVID recording by specific SNOMED codes, and
SARS-COV-2 test positive results between November
2020 and January 2023. We also described the reported
SARS-CoV-2 history of people with EHR records of long
COVID in a Sankey diagram, from SARS-CoV-2 test
status, to COVID-19 hospitalisation to EHR recorded
long COVID. We then compared the characteristics of
those with and without a recorded SARS-CoV-2 positive
test before their record of long COVID.

We expanded the negative binomial models further
by running separate models for each of the three variant
periods to analyse the consistency of these associations
across the pandemic. We also conducted a sensitivity
analysis of our vaccine definition by including vaccina-
tions >14 weeks before end of follow-up (main analysis),
to results from >16 weeks to >26 weeks.

Finally, we used the Secondary Cohort and calculated
the percentage of people with either 0, 1, 2, or 3+ vac-
cine doses at the end of the study, stratified by whether
they had a long COVID record previously and by age

group.

Ethics

This research is part of the OpenPROMPT study
“Quality-of-life in patients with long COVID: harnessing
the scale of big data to quantify the health and economic
costs” which has ethical approval from HRA and Health
and Care Research Wales (HCRW) (IRAS project ID
304354). The Study Coordination Centre has obtained
approval from the LSHTM Research Ethics Committee
(ref 28030), as well as a favourable opinion from
the South Central-Berkshire B Research Ethics Com-
mittee (ref 22/SC/0198). Full ethical approval details are
available online (Supplementary Methods). The Open-
SAFELY platform was established using legal powers
that set aside the requirement for patient consent
(Appendix p 2).

Role of funding source
This work is independent research funded by the Na-
tional Institute for Health and Care Research (NIHR)
[OpenPROMPT: COV-LT2-0073]. The views expressed
in this publication are those of the author(s) and not
necessarily those of NIHR or The Department of Health
and Social Care. In addition, this research used data
assets made available as part of the Data and Connec-
tivity National Core Study, led by Health Data Research
UK in partnership with the Office for National Statistics
and funded by UK Research and Innovation (grant ref
MC_PC_20058). In addition, the OpenSAFELY Plat-
form is supported by grants from the Wellcome Trust
(222097/Z/20/Z); MRC (MR/V015737/1, MC_PC-
20059, MR/W016729/1); NIHR (NIHR135559, COV-
LT2-0073), and Health Data Research UK
(HDRUK2021.000, 2021.0157). YW was supported by a
UKRI MRC Fellowship (MC/W021358/1) and Health
Data Research UK, and received funding from the UKRI
EPSRC Impact Acceleration Account (EP/X525789/1).
The views expressed are those of the authors and not
necessarily those of the NIHR, NHS England, UK
Health Security Agency (UKHSA) or the Department of
Health and Social Care. Funders had no role in the
study design, collection, analysis, and interpretation of
data; in the writing of the report; and in the decision to
submit the article for publication.

Results

Variation in incidence of long COVID recording in
England

We analysed data from 19,462,260 adults in England
between November 2020 and January 2023 with a me-
dian follow up time of 2.2 years. There was an even split
of men and women, and 70% of the cohort were
recorded as white ethnicity. Most of the cohort lived in
the East Midlands (17%), East (23%), South West (14%)
and Yorkshire & the Humber (14%) reflecting where
SystmOne is used. Over a third of the cohort had at least
one chronic comorbidity (Table 2).
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Variable Level Cohort summary
Total 19,462,080
Follow-up start 2020 17,824,820 (91.6%)
(year)
2021 884,790 (4.5%)
2022 675,120 (3.5%)
2023 77,530 (0.4%)
Sex Male 9,720,385 (49.9%)
Female 9,741,875 (50.1%)
Age (IQR) 48 (33-63)
Age category 18-29 4,078,305 (21%)
30-39 3,450,885 (17.7%)
40-49 3,129,670 (16.1%)
50-59 3,271,525 (16.8%)
60-69 2,527,420 (13%)
70+ 3,004,460 (15.4%)
Ethnicity White 13,586,060 (69.8%)
Mixed 234,525 (1.2%)
South Asian 1,356,505 (7%)
Black 470,675 (2.4%)
Other 514,690 (2.6%)
(Missing) 3,299,805 (17%)
Region London 1,559,650 (8%)
East Midlands 3,298,290 (16.9%)
East 4,403,440 (22.6%)
North East 904,835 (4.6%)
North West 1,702,730 (8.7%)
South East 1,288,965 (6.6%)
South West 2,791,195 (14.3%)
West Midlands 789,260 (4.1%)
Yorkshire and The 2,709,565 (13.9%)
Humber
(Missing) 14,340 (0.1%)
IMD (quintile) 1 (most deprived) 3,508,485 (18%)
2 3,677,465 (18.9%)
3 3,990,465 (20.5%)
4 3,761,210 (19.3%)
5 (least deprived) 3,499,345 (18%)
(Missing) 1,025,285 (5.3%)
Comorbidities 0 12,441,695 (63.9%)
1 4,966,470 (25.5%)
2+ 2,054,095 (10.6%)
Probably shielding (high risk group) 957,765 (4.9%)
Probably shielding (Low/moderate risk group) 463,750 (2.4%)
Figures shown are n (%) for binary and categorical variables, median (25%-75%
percentile) for continuous variables.
Table 2: Baseline cohort characteristics.

We identified 55,465 individuals with recorded codes
for long COVID, 20,025 of which were diagnosis codes,
with  the remaining 35,440 referral codes
(Supplementary Table S1). The number of newly
recorded (incident) long COVID cases increased steadily
over 2021, before peaking in January 2022 and declining
steadily for the following 12 months (Fig. 1). The dy-
namics of which specific codes were used has changed
over time. We used a hierarchical search to identify all

www.thelancet.com Vol 72 June, 2024

long COVID diagnosis codes initially, and then search
for referral codes if no diagnosis existed (Supplementary
Methods). This means the diagnosis code was preferred
even if there was an earlier referral code. Despite this
hierarchy, there were more referral codes recorded in
our study and this proportion increased over time. Since
mid-2022, the majority of new records have been re-
ferrals to post-COVID assessment clinics (Fig. 1B).
Initially, all long COVID records were recorded in un-
vaccinated individuals but over the course of the study
period as people received SARS-COV-2 vaccinations
more clinical codes for long COVID were recorded in
people with 1 or more vaccinations (Fig. 1C), which is
consistent when stratified by sex (Supplementary
Fig. S4).

The weekly pattern appeared to mask more marked
variation in the recording of long COVID codes and we
identified certain dates with large spikes (Fig. 2). The
main cause of these outliers in the time series appeared
to be the use of one SNOMED code (“Signposting to
Your COVID Recovery”) with three notable spikes in July
2021, December 2021 and January 2022. The pattern of
long COVID recording over time did peak at the same
time as SARS-COV-2 infections at a national level, but
did not reflect the decline in infections in early 2021 or
the waves of infections in 2022 (Supplementary Fig. S5).

Recorded long COVID rates vary between
population groups

Crude rates of long COVID coding were highest for
women, ages 40-60, white ethnicity, those with at least
one comorbidity and people who were shielding because
they were at high-risk of complications from COVID-19
(Fig. 3). The crude rate of long COVID records were
lowest in those with 3+ vaccine doses, and were lower
for those who received an mRNA-based vaccine as their
first dose. However, the raw rate of long COVID codes
was higher in those with one or two doses of the vaccine
(Fig. 1C). Finally, some patterns in the crude rates of
EHR recorded long COVID were dependent on whether
referral codes are included in the definition. Notably, we
found that long COVID codes were more likely to occur
in people living in less deprived areas, however this
association did not hold when long COVID diagnosis
codes only were analysed.

We conducted exploratory analysis of differences in
long COVID rates by age, sex and vaccination status.
These analyses show that long COVID rates were lowest
for people with 3 or more vaccine doses (103.5 per
100,000 person-years; 95% CI: 101.5-105), although these
results should not be interpreted causally (Supplementary
text, Figs. S7-S10, and Tables S1 and S2).

Differences in long COVID EHR recording routes and
relation to SARS-CoV-2 testing

Finally, we investigated the pathways to a long COVID
record. We examined the linked SARS-CoV-2 tests and
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COVID-19 hospitalisation data to calculate the propor-
tion of the 55,465 people with a long COVID record that
had previously recorded a positive SARS-CoV-2 test, and
been hospitalised with COVID-19. We found that the
majority of people with a long COVID record (59%) did
not have a recorded positive test result >12 weeks before
the long COVID record, and a small minority (6.5%)
were hospitalised with COVID-19 (Fig. 4). There were
systematic differences between those with and without a
positive test amongst all participants with a long COVID
record: those with a previous positive test result were
more likely to be female, older, from a more deprived
IMD quintile, vaccinated, and to have not been hospi-
talised with COVID-19 (Supplementary Table S3).

Discussion

We analysed the health records of over 19 million adults
in England and found very low rates of GP recorded
long COVID diagnoses and referrals for long COVID

www.thelancet.com Vol 72 June, 2024

care. We found that referral codes were increasingly
common across 2021, but the rate of newly coded pa-
tients steadily declined over the year 2022. We found
that the choice of long COVID codes used in EHR
research to define a long COVID phenotype will have a
notable impact on the number of outcomes and tem-
poral dynamics. We do not know if referral or diagnosis
codes indicate any difference in severity of symptoms,
but there are demographic differences in who received
each type of code. Therefore, future studies defining
long COVID in these ways should be aware of the
different populations represented by each type of code.
We also described wide regional variation in long
COVID coding and an increase in long COVID referrals
in less deprived areas, which may be indicative of
greater access to care in these areas.”

A major strength of our study is the size of the data
available. We analysed data on 19 million people and we
were able to safely analyse linked primary care, hospi-
talisation, and SARS-COV-2 test data due to the
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Sex

Age category

Region

Dominant SARS-COV-2 variant

No. vaccine doses

mRNA vaccine received

IMD (quintile)

Ethnicity

Comorbidities

Shielding (high risk group)

(1) All Long COVID records ¢ Long COVID diagnoses records

male
female

° )

70+ 1
60-69 1
50-59 1
40-49 4
30-39 1
18-29 1

Yorkshire and The Humber A
West Midlands

South West A

South East {

North West 4

North East {

London A

East Midlands

East A

2: omicron 1
1: delta
0: wild/alpha 4

3+
24
14
0.

non_mRNA A
No vaccine 1
mRNA 1

5 (least deprived) 1

34
2 e
1 (most deprived) A

White 1
South Asian 1
Other 1
Mixed A
Black 4
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Crude rate per 100,000 person-years (95% Cl)

Fig. 3: Rates of recorded long COVID in primary care records per 100,000 person-years. Rate of any long COVID code (red) and long COVID
diagnoses only (blue). IMD: index of multiple deprivation. Records were searched for a diagnosis code first (Any long COVID diagnosis code), if
no code existed then we searched for a referral code (Any long COVID code). If neither code type existed then the individual was classified as not

having long COVID.

OpenSAFELY architecture.® We used a previously
defined codelist to identify those with long COVID and
to facilitate easy comparisons from research conducted
during the pandemic.”” Our analysis has also demon-
strated issues with using EHR data for further more
complex analyses of long COVID, for example target
trial estimation of vaccine efficacy which has been done
for other COVID-19 outcomes.***

The aim of EHR research is to accurately identify
people with a health condition from their medical re-
cord. This is challenging and using a single code is often
insufficient,” and may lead to bias from misclassifica-
tion.”**! We have identified several areas where this may
not be feasible for long COVID, which is why we have

been explicit throughout the report that we are
describing the coding of long COVID, rather than the
true incidence of the condition. Our study suggests that
it is likely many people who self-report long COVID in
surveys will not have a record from their GP, or will
have the diagnosis captured in the “free text” of their
medical record so will not have been captured by our
study.’>** It is also possible that people with a code for
long COVID in their GP records do not have the con-
dition, especially those with a referral code as the
referral may have concluded that they did not have long
COVID. It is also likely that some people will recover
from long COVID during this study period which we
cannot capture with routine care records. The low
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Fig. 4: Sankey diagram of the transition from the presence of a SARS-COV-2 test to a COVID-19 hospitalisation to a first long COVID record in

primary care for 55,465 participants with a long COVID record.

incidence of these codes reduces the possibility of using
multiple codes on non-consecutive days to define a more
specific long COVID population as this would reduce
sample sizes even further. Fundamentally, there is
currently no gold standard to compare recorded long
COVID with in order to assess the accuracy of these
codes, however our research demonstrates evidence that
research using these codes should proceed with caution.

Our study demonstrates limitations of using long
COVID coding to determine the presence or absence
of the condition, but these codes are even further
limited in determining the timing of disease onset.
There may be systematic differences between people’s
propensity to visit their GP with continuing COVID-19
symptoms following an acute COVID-19 infection.
There is an additional possible bias in the recording of
positive test results because there may be differences
in the rate of false test results over the pandemic,**
and because of potential systematic differences in
the propensity to record test results between those
who do and do not receive a record of long COVID in
primary care. We have shown that long COVID codes
may even be more closely aligned with acute in-
fections rather than continued symptoms, as the peak
of long COVID codes and peak of nationally reported
COVID-19 infections overlap (Supplementary Fig. S5),
where we would expect long COVID coding to peak
1-3 months after the peak of infections. These issues
combined severely limit the possibility of causal
inference using these data, as we demonstrated in the
Appendix (Supplementary Text).
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We only had access to practices using SystmOne
software in this study, whereas previous work showed
that rates of long COVID coding were higher in prac-
tices using EMIS software.” We also assumed that rates
were constant over time by using a negative binomial
model. This does not allow for changes in the rate that
may be directly influenced by the availability of
SNOMED codes, changes in clinical guidelines or the
availability of long COVID support services. These
highlighted limitations demonstrate that findings from
this study should not be generalised, in addition we
observed incomplete data for key demographic vari-
ables, notably ethnicity (17% missing), so it is unclear
what population so it is unclear how these results would
generalise to the complete population, even if capturing
long COVID records was more accurate.

Long COVID codes are rarely recorded in primary
care compared to the estimated 2.1 million cases of
long COVID self reported in the proactively sampled
ONS community infection survey.” If we assume a
crude 10% of SARS-CoV-2 infections result in long
COVID, as elsewhere,'* and with approximately 20
million recorded infections in England* the number of
recorded long COVID cases in primary care is an order
of magnitude below the estimated incidence of long
COVID in England given the number of SARS-CoV-2
infections. Our findings agree with previous work,
that there are serious limitations with simply using
EHR records as a measure of long COVID*****¢ and
alternative approaches may be preferable.”**” However,
our analysis highlights that these other methods may be
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limited as well, especially if they depend on a recorded
positive SARS-CoV-2 test result since we found sys-
tematic differences between those with long COVID
recorded, with and without a positive test result. The
severity of the initial infection may also impact long
COVID symptom presentation and potential recording
in primary care.”

The level of long COVID captured in primary care
coding is different to other studies, but the temporal
trend we found with a decline in incidence over 2022 is
consistent with work from the ONS and the USA.">*
Vaccination and increased natural immunity is a likely
contributing factor in this decline.'**¢ However, there
are methodological limitations in previous work as
several studies are small”® or in self-selecting
populations’”* and it is difficult to disentangle the
relative contribution of vaccines, variants, and re-
infections and how these affect the probability of long-
term complications.”””

As the COVID-19 situation evolves in the UK, sur-
veillance methods are changing and data collection for
the ONS COVID-19 infection survey was paused in
March 2023. This limits the possible data sources for
monitoring and understanding long COVID. We have
shown that long COVID clinical coding is limited in
comparison to nationally representative random sam-
pling such as the ONS-CIS, but EHRs have the potential
to be an important resource for long COVID research.
However, until we can better understand the reasons for
the under-reporting of cases in primary care, this po-
tential will not be realised.

One attractive solution in EHRs is to develop an
alternative algorithm of detection method from rich data
for identifying people with long COVID through iden-
tification of symptoms associated with long
COVID.*#*7¢ These methods often include a positive
SARS-CoV-2 test result as a prerequisite, however our
work shows that this would fail to detect 59% of the
recorded long COVID coded individuals in our cohort.
A combination of detection methods is therefore a ne-
cessity in future EHR long COVID research.

Data from multiple sources is needed to validate the
definitions of long COVID between studies and estab-
lish a consistent definition so that research findings are
generalisable outside of a specific study with a specific
outcome definition. Validation of outcome measures is
needed to better capture cases. Future research should
combine routinely collected data with more granular
detailed survey responses'>**”” to better understand the
differences between these data sources and triangulate
evidence.

Despite the difficulties in researching vaccine effec-
tiveness on long COVID, it is an important question to
understand. It is unclear what role vaccination had in
the protection against long COVID, beyond reduced risk
of any infection. Further analysis could expand on

research of heterogeneous vaccine mixing and different
vaccine schedules and the impact these had on
infections,”* and whether these possible benefits
confer to reduced long term COVID-19 incidence or
symptom burden.

National survey data suggests that many people in
the UK suffer with long COVID, but relatively few cases
are recorded in primary care. We have shown that using
EHR diagnostic or referral codes unfortunately has
major limitations in identifying and ascertaining true
cases and timing that severely limit its utility in shed-
ding light on causal pathways to prevent or treat Long
COVID.
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pseudonymised electronic health record data is tightly governed by
various legislative and regulatory frameworks, and restricted by best
practice. The data in the NHS England OpenSAFELY COVID-19 service
is drawn from General Practice data across England where TPP is the
data processor.

TPP developers initiate an automated process to create pseudony-
mised records in the core OpenSAFELY database, which are copies of
key structured data tables in the identifiable records. These
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pseudonymised records are linked onto key external data resources that
have also been pseudonymised via SHA-512 one-way hashing of NHS
numbers using a shared salt. University of Oxford, Bennett Institute for
Applied Data Science developers and Pls, who hold contracts with NHS
England, have access to the OpenSAFELY pseudonymised data tables to
develop the OpenSAFELY tools.

These tools in turn enable researchers with OpenSAFELY data ac-
cess agreements to write and execute code for data management and
data analysis without direct access to the underlying raw pseudonymised
patient data, and to review the outputs of this code. All code for the full
data management pipeline — from raw data to completed results for
this analysis — and for the OpenSAFELY platform as a whole is avail-
able for review at github. com/OpenSAFELY.

Declaration of interests

All authors have completed the ICMJE uniform disclosure form at www.
icmje.org/coi_disclosure.pdf and declare the following: LAT reports
grants from MRC, Wellcome, NIHR in the past 3 years. M] reports
funding from BMGF, Gavi, RCUK, BMGF, WHO, Gavi, Wellcome
Trust, European Commission, InnoHK, TFGH, CDC to their institution
over the past 3 years. AB has received consultancy fees within the past 3
years from AstraZeneca, Takeda, Daiichi-Sankyo, Eisai, Roche, Novartis,
Idorsia & Rythmn. CB & JP are employees of TPP (Leeds) Ltd who
provide SystmOne and process data for OpenSafely under the instruc-
tion of NHS England. REC holds personal shares in AstraZeneca un-
related to this work. BG has received research funding from the Bennett
Foundation, the Laura and John Arnold Foundation, the NHS National
Institute for Health Research (NIHR), the NIHR School of Primary Care
Research, NHS England, the NIHR Oxford Biomedical Research
Centre, the Mohn-Westlake Foundation, NIHR Applied Research
Collaboration Oxford and Thames Valley, the Wellcome Trust, the Good
Thinking Foundation, Health Data Research UK, the Health Founda-
tion, the World Health Organisation, UKRI MRC, Asthma UK, the
British Lung Foundation, and the Longitudinal Health and Wellbeing
strand of the National Core Studies programme; he has previously been
a Non-Executive Director at NHS Digital; he also receives personal in-
come from speaking and writing for lay audiences on the misuse of
science. AM has represented the RCGP in the health informatics group
and the Profession Advisory Group that advises on access to GP Data for
Pandemic Planning and Research (GDPPR); the latter was a paid role.
AM is a former employee and interim Chief Medical Officer of NHS
Digital. AM has consulted for health care vendors, the last time in 2022;
the companies consulted in the last 3 years have no relationship to
OpenSAFELY. BMK is also employed by NHS England working on
medicines policy and clinical lead for primary care medicines data. All
other authors declare no competing interests.

Acknowledgements

We are very grateful for all the support received from the TPP Technical
Operations team throughout this work, and for generous assistance
from the information governance and database teams at NHS England
and the NHS England Transformation Directorate.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.eclinm.2024.102638.

References

1  Davis HE, McCorkell L, Vogel JM, Topol E]J. Long COVID: major
findings, mechanisms and recommendations. Nat Rev Microbiol.
2023;13:1-14.

2 Caspersen IH, Magnus P, Trogstad L. Excess risk and clusters of
symptoms after COVID-19 in a large Norwegian cohort. Eur ]
Epidemiol. 2022;37(5):539-548.

3 Iwasaki A, Putrino D. Why we need a deeper understanding of the
pathophysiology of long COVID. Lancet Infect Dis. 2023;23(4):393-395.

4 Altmann DM, Whettlock EM, Liu S, Arachchillage DJ, Boyton R].
The immunology of long COVID. Nat Rev Immunol. 2023;23:618—
634.

www.thelancet.com Vol 72 June, 2024

10

11

12

13

14

15

16

17

18

19

20

21

22

24

25

26

27

28

Cui L, Fang Z, De Souza CM, et al. Innate immune cell activation
causes lung fibrosis in a humanized model of long COVID. Proc
Natl Acad Sci USA. 2023;120(10):e2217199120.

Serafini RA, Frere JJ, Zimering J, et al. SARS-CoV-2 airway infec-
tion results in the development of somatosensory abnormalities in
a hamster model. Sci Signal. 2023;16(784):eade4984.

Chen B, Julg B, Mohandas S, Bradfute SB, RECOVER Mechanistic
Pathways Task Force. Viral persistence, reactivation, and mecha-
nisms of long COVID. Iqbal ], Zaidi M eLife. 2023;12:¢86015.
Owens B. How “long covid” is shedding light on postviral syn-
dromes. BM]J. 2022;378:02188.

Pantelic M, Ziauddeen N, Boyes M, O’Hara ME, Hastie C,
Alwan NA. The prevalence of stigma in a UK community survey
of people with lived experience of long COVID. Lancet. 2022;400:
S84.

Williamson AE, Tydeman F, Miners A, Pyper K, Martineau AR.
Short-term and long-term impacts of COVID-19 on economic
vulnerability: a population-based longitudinal study (COVIDENCE
UK). BMJ Open. 2022;12(8):€065083.

O’Brien KK, Brown DA, McDuff K, et al. Conceptualising the
episodic nature of disability among adults living with Long
COVID: a qualitative study. BMJ] Glob Health. 2023;8(3):
e011276.

Prevalence of ongoing symptoms following coronavirus (COVID-
19) infection in the UK - Office for National Statistics [cited
2023 Jan 11]. Available from: https://www.ons.gov.uk/peoplepopu
lationandcommunity/healthandsocialcare/conditionsanddiseases/bu
lletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19in
fectionintheuk/5january2023.

Sudre CH, Murray B, Varsavsky T, et al. Attributes and predictors
of long COVID. Nat Med. 2021;27(4):626-631.

Whitaker M, Elliott ], Chadeau-Hyam M, et al. Persistent COVID-19
symptoms in a community study of 606,434 people in England. Nat
Commun. 2022;13(1):1957.

Thompson EJ, Williams DM, Walker AJ, et al. Long COVID burden
and risk factors in 10 UK longitudinal studies and electronic health
records. Nat Commun. 2022;13(1):3528.

Warren-Gash C, Lacey A, Cook S, et al. Post-COVID-19 condition
and persisting symptoms in English schoolchildren: repeated sur-
veys to March 2022. BMC Infect Dis. 2023;23(1):201.

O’Mahoney LL, Routen A, Gillies C, et al. The prevalence and long-
term health effects of Long Covid among hospitalised and non-
hospitalised populations: a systematic review and meta-analysis.
eClinicalMedicine. 2023;55:101762.

Hastie CE, Lowe DJ, McAuley A, et al. Outcomes among confirmed
cases and a matched comparison group in the Long-COVID in
Scotland study. Nat Commun. 2022;13(1):5663.

Mizrahi B, Sudry T, Flaks-Manov N, et al. Long covid outcomes at
one year after mild SARS-CoV-2 infection: nationwide cohort study.
BM]J. 2023;380:€072529.

Ballering AV, van Zon SKR, Olde Hartman TC, Rosmalen JGM.
Persistence of somatic symptoms after COVID-19 in The
Netherlands:  an  observational = cohort study.  Lancet.
2022;400(10350):452—461.

Lund LC, Hallas J, Nielsen H, et al. Post-acute effects of SARS-CoV-
2 infection in individuals not requiring hospital admission: a
Danish population-based cohort study. Lancet Infect Dis.
2021;21(10):1373-1382.

Lancet T. Long COVID: 3 years in. Lancet. 2023;401(10379):795.
Herrett E, Gallagher AM, Bhaskaran K, et al. Data resource profile:
clinical practice research datalink (CPRD). Int ] Epidemiol.
2015;44(3):827-836.

Farmer R, Mathur R, Bhaskaran K, Eastwood SV, Chaturvedi N,
Smeeth L. Promises and pitfalls of electronic health record analysis.
Diabetologia. 2018;61(6):1241-1248.

Schmidt M, Pedersen L, Serensen HT. The Danish civil registra-
tion system as a tool in epidemiology. Eur | Epidemiol. 2014;29(8):
541-549.

Hemingway H, Asselbergs FW, Danesh J, et al. Big data from
electronic health records for early and late translational cardiovas-
cular research: challenges and potential. Eur Heart J.
2018;39(16):1481-1495.

Walker AJ, MacKenna B, Inglesby P, et al. Clinical coding of long
COVID in English primary care: a federated analysis of 58 million
patient records in situ using OpenSAFELY. Br | Gen Pract.
2021;71(712):e806—e814.

Strasser ZH, Dagliati A, Abad ZSH, et al. A retrospective cohort
analysis leveraging augmented intelligence to characterize long

11


http://www.icmje.org/coi_disclosure.pdf
http://www.icmje.org/coi_disclosure.pdf
https://doi.org/10.1016/j.eclinm.2024.102638
https://doi.org/10.1016/j.eclinm.2024.102638
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref1
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref1
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref1
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref2
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref2
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref2
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref3
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref3
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref4
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref4
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref4
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref5
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref5
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref5
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref6
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref6
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref6
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref7
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref7
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref7
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref8
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref8
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref9
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref9
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref9
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref9
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref10
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref10
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref10
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref10
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref11
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref11
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref11
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref11
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk/5january2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk/5january2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk/5january2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk/5january2023
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref13
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref13
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref14
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref14
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref14
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref15
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref15
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref15
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref16
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref16
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref16
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref17
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref17
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref17
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref17
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref18
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref18
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref18
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref19
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref19
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref19
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref20
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref20
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref20
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref20
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref21
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref21
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref21
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref21
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref22
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref23
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref23
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref23
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref24
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref24
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref24
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref25
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref25
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref25
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref26
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref26
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref26
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref26
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref27
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref27
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref27
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref27
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref28
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref28
http://www.thelancet.com

Articles

12

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

45

46

47

48

49

50

COVID in the electronic health record: a precision medicine
framework. PLoS Digit Health. 2023;2(7):¢0000301.

Pfaff ER, Girvin AT, Bennett TD, et al. Identifying who has long
COVID in the USA: a machine learning approach using N3C data.
Lancet Digit Health. 2022;4(7):e532—e541.

Pfaff ER, Madlock-Brown C, Baratta JM, et al. Coding long COVID:
characterizing a new disease through an ICD-10 lens. BMC Med.
2023;21(1):58.

Zang C, Zhang Y, Xu J, et al. Data-driven analysis to understand
long COVID using electronic health records from the RECOVER
initiative. Nat Commun. 2023;14(1):1948.

Hripcsak G, Albers DJ. Next-generation phenotyping of electronic
health records. ] Am Med Inform Assoc. 2013;20(1):117-121.
Dickerman BA, Garcia-Albéniz X, Logan RW, Denaxas S,
Hernin MA. Avoidable flaws in observational analyses: an appli-
cation to statins and cancer. Nat Med. 2019;25(10):1601-1606.
NHS Digital. Patient online management information (POMI)
[cited 2024 Feb 16)]. Available from: https://digital.nhs.uk/data-and-
information/publications/statistical /mi-patient-online-pomi/current.
Routen A, O’Mahoney L, Aiyegbusi OL, et al. Patient and public
involvement within epidemiological studies of long COVID in the
UK. Nat Med. 2023;29(4):771-773.

Herrett E, Tomlin K, Lin LY, et al. Protocol for an OpenSAFELY
cohort study collecting patient-reported outcome measures using
the TPP Airmid smartphone application and linked big data to
quantify the health and economic costs of long COVID (Open-
PROMPT). BM] Open. 2023;13(2):¢071261.

NHS Digital. SNOMED CT [cited 2024 Feb 12]. Available from:
https://digital.nhs.uk/services/terminology-and-classifications/
snomed-ct.

Schneeweiss S, Rassen JA, Brown JS, et al. Graphical depiction of
longitudinal study designs in health care databases. Ann Intern
Med. 2019;170(6):398-406.

OpenCodelists: NICE managing the long-term effects of COVID-19
[cited 2023 Feb 15]. Available from: https://www.opencodelists.org/
codelist/opensafely/nice-managing-the-long-term-effects-of-covid-
19/64f1ae69/.

OpenCodelists: referral and signposting for long COVID [cited
2023 Feb 15]. Available from: https://www.opencodelists.org/
codelist/opensafely/referral-and-signposting-for-long-covid/12d06dc0/
#full-list.

OpenCodelists: assessment instruments and outcome measures for
long covid. Available from: https://www.opencodelists.org/codelist/
opensafely/assessment-instruments-and-outcome-measures-for-long-
covid/79c0fa8a/#full-list.

Parker EPK, Horne EMF, Hulme WJ, et al. Comparative effec-
tiveness of two- and three-dose COVID-19 vaccination schedules
involving AZD1222 and BNT162b2 in people with kidney disease: a
linked OpenSAFELY and UK Renal Registry cohort study. Lancet
Reg Health Eur. 2023;30:100636 [cited 2023 May 19];0(0). Available
from: https://www.thelancet.com/journals/lanepe/article/
PI1S2666-7762(23)00055-8/fulltext.

Hulme WJ, Horne EMF, Parker EPK, et al. Comparative effec-
tiveness of BNT162b2 versus mRNA-1273 covid-19 vaccine boost-
ing in England: matched cohort study in OpenSAFELY-TPP. BM].
2023;380:€072808.

OpenCodelists: ethnicity (SNOMED) [cited 2023 Feb 15]. Available
from: https://www.opencodelists.org/codelist/opensafely/ethnicity-
snomed-Oremoved/2e641{61/.

OpenCodelists: high risk from COVID-19 code [cited 2023 Feb 15].
Available from: https://www.opencodelists.org/codelist/primis-
covid19-vacc-uptake/shield/v1/#full-list.

Cases in England | coronavirus in the UK; 2023 [cited 2023 Apr 27].
Available  from:  https://coronavirus.data.gov.uk/details/cases?
areaType=nation&areaName=England.

Tudor Hart J. The inverse care law. Lancet. 1971;297(7696):405—412.
The ‘five safes’ framework and applying it to OpenSAFELY | Ben-
nett Institute for applied data science [cited 2023 Aug 29]. Available
from:  https://www.bennett.ox.ac.uk/blog/2023/03 /the-five-safes-
framework-and-applying-it-to-opensafely/.

Abuabara K, Magyari AM, Hoffstad O, et al. Development and
validation of an algorithm to accurately identify atopic eczema pa-
tients in primary care electronic health records from the UK.
J Invest Dermatol. 2017;137(8):1655-1662.

Kotecha D, Asselbergs FW, Achenbach S, et al. CODE-EHR best-
practice framework for the use of structured electronic health-
care records in clinical research. Lancet Digit Health. 2022;4(10):
e757-e764.

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Manuel DG, Rosella LC, Stukel TA. Importance of accurately
identifying disease in studies using electronic health records. BM].
2010;341:c4226.

Knuppel A, Boyd A, Macleod ], Chaturvedi N, Williams DM. The
long COVID evidence gap: comparing self-reporting and clinical
coding of long COVID using longitudinal study data linked to
healthcare records. medRxiv; 2023 [cited 2023 Aug 17]. p. 2023.02.
10.23285717. Available from: https://www.medrxiv.org/content/10.
1101/2023.02.10.23285717v1.

Shah AD, Subramanian A, Lewis J, et al. Long Covid symptoms and
diagnosis in primary care: a cohort study using structured and
unstructured data in the Health Improvement Network primary
care database. PLoS One. 2023;18(9):¢0290583.

Zhang HG, Honerlaw JP, Maripuri M, et al. Potential pitfalls in the
use of real-world data for studying long COVID. Nat Med.
2023;29:1040-1043.

Lloyd-Evans PHI, Baldwin MM, Daynes E, et al. Early experiences
of the Your COVID Recovery® digital programme for individuals
with long COVID. BM] Open Respir Res. 2022;9(1):e001237.
Baldwin MM, Daynes E, Chaplin E, et al. Public use of the “Your
COVID Recovery” website designed to help individuals manage
their COVID-19 Recovery: observational study. JMIR Form Res.
2023;7(1):e37811.

Daines L, Mulholland RH, Vasileiou E, et al. Deriving and vali-
dating a risk prediction model for long COVID-19: protocol for an
observational cohort study using linked Scottish data. BMJ Open.
2022;12(7):¢059385.

Meza-Torres B, Delanerolle G, Okusi C, et al. Differences in clinical
presentation with long COVID after community and hospital
infection and associations with all-cause mortality: English sentinel
network database study. JMIR Public Health Surveill. 2022;8(8):
€37668.

Ford ND. Long COVID and significant activity limitation among
adults, by age — United States, june 1-13, 2022, to June 7-19,
2023. MMWR Morb Mortal Wkly Rep. 2023;72(32):866-870 [cited
2023 Aug 15];72. Available from: https://www.cdc.gov/mmwr/
volumes/72/wr/mm7232a3.htm.

Ayoubkhani D, Bermingham C, Pouwels KB, et al. Trajectory of
long covid symptoms after covid-19 vaccination: community based
cohort study. BMJ. 2022;377:¢069676.

Watanabe A, Iwagami M, Yasuhara J, Takagi H, Kuno T. Protective
effect of COVID-19 vaccination against long COVID syndrome: a
systematic review and meta-analysis. Vaccine. 2023;41(11):1783-
1790 [cited 2023 Feb 13]; Available from: https://www.
sciencedirect.com/science/article/pii/S0264410X23001342.
UKHSA COVID-19 Evidence Team. The effectiveness of vaccination
against long COVID: a rapid evidence briefing. UKHSA COVID-19
Evidence Team; 2022. Available from: https://ukhsa.koha-ptfs.co.
uk/cgi-bin/koha/opac-retrieve-file.pl?id=fe4f10cd3cd509fe045ad4{7
2ae0dfff.

Tsampasian V, Elghazaly H, Chattopadhyay R, et al. Risk factors
associated with Post-COVID-19 condition: a systematic review and
meta-analysis. JAMA Intern Med. 2023;183(6):566-580. [cited 2023
Mar 29]. https://doi.org/10.1001/jamainternmed.2023.0750.
Byambasuren O, Stehlik P, Clark J, Alcorn K, Glasziou P. Effect of
covid-19 vaccination on long covid: systematic review. BM] Med.
2023;2(1):000385 [cited 2023 Mar 13]; Available from: https://
bmjmedicine.bmj.com/content/2/1/e000385.

Woldegiorgis M, Cadby G, Ngeh S, et al. Long COVID in a highly
vaccinated population infected during a SARS-CoV-2 Omicron
wave — Australia, 2022. medRxiv; 2023 [cited 2023 Aug 18]. p. 2023.
08.06.23293706. Available from: https://www.medrxiv.org/content/
10.1101/2023.08.06.23293706v1.

Catala M, Mercadé-Besora N, Kolde R, et al. The effectiveness of
COVID-19 vaccines to prevent long COVID symptoms: staggered
cohort study of data from the UK, Spain, and Estonia. Lancet Respir
Med. 2024;12(3):225-236 [cited 2024 Feb 16]; Available from: https://
www.sciencedirect.com/science/article/pii/S2213260023004149.
Tran VT, Perrodeau E, Saldanha ], Pane I, Ravaud P. Efficacy of
first dose of covid-19 vaccine versus no vaccination on symptoms of
patients with long covid: target trial emulation based on ComPaRe
e-cohort. BMJ Med. 2023;2(1):e000229 [cited 2023 Mar 13]; Avail-
able from: https://bmjmedicine.bmj.com/content/2/1/e000229.
Abu Hamdh B, Nazzal Z. A prospective cohort study assessing the
relationship between long-COVID symptom incidence in COVID-
19 patients and COVID-19 vaccination. Sci Rep. 2023;13(1):4896.
Kuodi P, Gorelik Y, Zayyad H, et al. Association between
BNT162b2 vaccination and reported incidence of post-COVID-19

www.thelancet.com Vol 72 June, 2024


http://refhub.elsevier.com/S2589-5370(24)00217-7/sref28
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref28
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref29
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref29
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref29
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref30
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref30
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref30
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref31
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref31
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref31
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref32
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref32
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref33
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref33
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref33
https://digital.nhs.uk/data-and-information/publications/statistical/mi-patient-online-pomi/current
https://digital.nhs.uk/data-and-information/publications/statistical/mi-patient-online-pomi/current
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref35
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref35
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref35
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref36
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref36
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref36
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref36
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref36
https://digital.nhs.uk/services/terminology-and-classifications/snomed-ct
https://digital.nhs.uk/services/terminology-and-classifications/snomed-ct
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref38
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref38
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref38
https://www.opencodelists.org/codelist/opensafely/nice-managing-the-long-term-effects-of-covid-19/64f1ae69/
https://www.opencodelists.org/codelist/opensafely/nice-managing-the-long-term-effects-of-covid-19/64f1ae69/
https://www.opencodelists.org/codelist/opensafely/nice-managing-the-long-term-effects-of-covid-19/64f1ae69/
https://www.opencodelists.org/codelist/opensafely/referral-and-signposting-for-long-covid/12d06dc0/#full-list
https://www.opencodelists.org/codelist/opensafely/referral-and-signposting-for-long-covid/12d06dc0/#full-list
https://www.opencodelists.org/codelist/opensafely/referral-and-signposting-for-long-covid/12d06dc0/#full-list
https://www.opencodelists.org/codelist/opensafely/assessment-instruments-and-outcome-measures-for-long-covid/79c0fa8a/#full-list
https://www.opencodelists.org/codelist/opensafely/assessment-instruments-and-outcome-measures-for-long-covid/79c0fa8a/#full-list
https://www.opencodelists.org/codelist/opensafely/assessment-instruments-and-outcome-measures-for-long-covid/79c0fa8a/#full-list
https://www.thelancet.com/journals/lanepe/article/PIIS2666-7762(23)00055-8/fulltext
https://www.thelancet.com/journals/lanepe/article/PIIS2666-7762(23)00055-8/fulltext
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref43
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref43
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref43
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref43
https://www.opencodelists.org/codelist/opensafely/ethnicity-snomed-0removed/2e641f61/
https://www.opencodelists.org/codelist/opensafely/ethnicity-snomed-0removed/2e641f61/
https://www.opencodelists.org/codelist/primis-covid19-vacc-uptake/shield/v1/#full-list
https://www.opencodelists.org/codelist/primis-covid19-vacc-uptake/shield/v1/#full-list
https://coronavirus.data.gov.uk/details/cases?areaType=nation&amp;areaName=England
https://coronavirus.data.gov.uk/details/cases?areaType=nation&amp;areaName=England
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref47
https://www.bennett.ox.ac.uk/blog/2023/03/the-five-safes-framework-and-applying-it-to-opensafely/
https://www.bennett.ox.ac.uk/blog/2023/03/the-five-safes-framework-and-applying-it-to-opensafely/
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref49
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref49
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref49
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref49
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref50
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref50
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref50
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref50
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref51
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref51
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref51
https://www.medrxiv.org/content/10.1101/2023.02.10.23285717v1
https://www.medrxiv.org/content/10.1101/2023.02.10.23285717v1
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref53
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref53
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref53
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref53
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref54
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref54
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref54
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref55
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref55
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref55
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref56
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref56
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref56
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref56
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref57
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref57
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref57
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref57
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref58
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref58
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref58
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref58
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref58
https://www.cdc.gov/mmwr/volumes/72/wr/mm7232a3.htm
https://www.cdc.gov/mmwr/volumes/72/wr/mm7232a3.htm
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref60
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref60
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref60
https://www.sciencedirect.com/science/article/pii/S0264410X23001342
https://www.sciencedirect.com/science/article/pii/S0264410X23001342
https://ukhsa.koha-ptfs.co.uk/cgi-bin/koha/opac-retrieve-file.pl?id=fe4f10cd3cd509fe045ad4f72ae0dfff
https://ukhsa.koha-ptfs.co.uk/cgi-bin/koha/opac-retrieve-file.pl?id=fe4f10cd3cd509fe045ad4f72ae0dfff
https://ukhsa.koha-ptfs.co.uk/cgi-bin/koha/opac-retrieve-file.pl?id=fe4f10cd3cd509fe045ad4f72ae0dfff
https://doi.org/10.1001/jamainternmed.2023.0750
https://bmjmedicine.bmj.com/content/2/1/e000385
https://bmjmedicine.bmj.com/content/2/1/e000385
https://www.medrxiv.org/content/10.1101/2023.08.06.23293706v1
https://www.medrxiv.org/content/10.1101/2023.08.06.23293706v1
https://www.sciencedirect.com/science/article/pii/S2213260023004149
https://www.sciencedirect.com/science/article/pii/S2213260023004149
https://bmjmedicine.bmj.com/content/2/1/e000229
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref68
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref68
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref68
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref69
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref69
http://www.thelancet.com

Articles

70

71

72

73

74

75

76

symptoms: cross-sectional study 2020-21, Israel. NPJ Vaccines.
2022;7(1):101.

Nascimento TCDC, do Valle Costa L, Ruiz AD, et al. Vaccination
status and long COVID symptoms in patients discharged from
hospital. Sci Rep. 2023;13(1):2481.

Strain WD, Sherwood O, Banerjee A, Van der Togt V, Hishmeh L,
Rossman J. The impact of COVID vaccination on symptoms of long
COVID: an international survey of people with lived experience of
long COVID. Vaccines. 2022;10(5):652.

Antonelli M, Penfold RS, Merino J, et al. Risk factors and disease
profile of post-vaccination SARS-CoV-2 infection in UK users of
the COVID Symptom Study app: a prospective, community-
based, nested, case-control study. Lancet Infect Dis. 2022;22(1):
43-55.

Taquet M, Dercon Q, Harrison PJ. Six-month sequelae of post-
vaccination SARS-CoV-2 infection: a retrospective cohort study of
10,024 breakthrough infections. Brain Behav Immun. 2022;103:
154-162.

Kahlert CR, Strahm C, Giisewell S, et al. Post-acute sequelae after
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection by viral variant and vaccination status: a multicenter cross-
sectional study. Clin Infect Dis. 2023;11:ciad143.

Gottlieb M, Wang R, Yu H, et al. Severe fatigue and persistent
symptoms at three months following SARS-CoV-2 infections dur-
ing the pre-delta, delta, and omicron time periods: a multicenter
prospective cohort study. Clin Infect Dis. 2023;27:ciad045.
Reynolds CJ, Gibbons JM, Pade C, et al. Heterologous infection and
vaccination shapes immunity against SARS-CoV-2 variants. Science.
2022;375(6577):183-192.

www.thelancet.com Vol 72 June, 2024

77

78

79

80

81

82

83

84

85

Antonelli M, Pujol JC, Spector TD, Ourselin S, Steves CJ. Risk of
long COVID associated with delta versus omicron variants of
SARS-CoV-2. Lancet Lond Engl. 2022;399(10343):2263-2264.
Jeffrey K, Woolford L, Maini R, et al. Prevalence and risk factors for
long COVID among adults in Scotland using electronic health re-
cords: a national, retrospective, observational cohort study. EClini-
calMedicine. 2024;71:102590.

Parker EPK, Desai S, Marti M, et al. Emerging evidence on heter-
ologous COVID-19 vaccine schedules—to mix or not to mix? Lancet
Infect Dis. 2022;22(4):438-440.

Atmar RL, Lyke KE, Deming ME, et al. Homologous and heterol-
ogous covid-19 booster vaccinations. N Engl | Med. 2022;386(11):
1046-1057.

Au WY, Cheung PPH. Effectiveness of heterologous and homolo-
gous covid-19 vaccine regimens: living systematic review with
network meta-analysis. BMJ. 2022;377:e069989.

Andrews N, Stowe |, Kirsebom F, et al. Effectiveness of COVID-19
booster vaccines against COVID-19-related symptoms, hospitaliza-
tion and death in England. Nat Med. 2022;28(4):831-837.

R Development Core Team R. R: a language and environment for
statistical computing. Vol. 1; 2011:409. Available from: http://www.r-
project.org.

Curtis HJ, Inglesby P, Morton CE, et al. Trends and clinical char-
acteristics of COVID-19 vaccine recipients: a federated analysis of
57.9 million patients’ primary care records in situ using Open-
SAFELY. Br J Gen Pract. 2022;72(714):e51-e62.

Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associated
with COVID-19-related death using OpenSAFELY. Nature.
2020;584(7821):430-436.

13


http://refhub.elsevier.com/S2589-5370(24)00217-7/sref69
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref69
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref70
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref70
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref70
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref71
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref71
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref71
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref71
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref72
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref72
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref72
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref72
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref72
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref73
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref73
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref73
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref73
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref74
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref74
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref74
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref74
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref75
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref75
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref75
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref75
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref76
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref76
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref76
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref77
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref77
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref77
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref78
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref78
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref78
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref78
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref79
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref79
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref79
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref80
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref80
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref80
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref81
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref81
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref81
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref82
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref82
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref82
http://www.r-project.org
http://www.r-project.org
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref84
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref84
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref84
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref84
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref85
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref85
http://refhub.elsevier.com/S2589-5370(24)00217-7/sref85
http://www.thelancet.com

	Clinical coding of long COVID in primary care 2020–2023 in a cohort of 19 million adults: an OpenSAFELY analysis
	Introduction
	Methods
	Data source
	Study population
	Outcomes
	Stratifiers
	Statistics
	Ethics
	Role of funding source

	Results
	Variation in incidence of long COVID recording in England
	Recorded long COVID rates vary between population groups
	Differences in long COVID EHR recording routes and relation to SARS-CoV-2 testing

	Discussion
	ContributorsAuthor contributions were as follows: Conceptualisation (ADH, LAT, MM, MJ, AB, L-YL, OC, EH, RME), data curatio ...
	Data sharing statementAll data management and analysis code is available on GitHub (https://github.com/opensafely/openpromp ...
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


