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Abstract

As limited data was available on the effect of persisting COVID-19 symptoms, we characterised long COVID and identified key symptoms associated with
persistent disease. Using primary care data from Spain and UK, we estimated incidence rates of long COVID in the population and among COVID-19 patients
over time. Subsequently, we investigated which WHO-listed symptoms were particularly differential for long COVID by comparing their frequency in COVID-19
patients vs matched test-negative controls. Lastly, we compared persistent symptoms after first infections vs. reinfections.

Fortunately, the proportion of COVID-19 cases resulting in long COVID declined over the study period. Risk for altered smell/taste, dyspnoea, and fatigue were
consistently higher in long COVID patient vs controls [RR between 5.97-1.09]. All persistent symptoms were less common after reinfection than first infection.

More research is needed into the definition of long COVID, and the effect of interventions to minimise the risk and impact of persistent symptoms.

Introduction

Three years after the world’s first reported cases of the novel coronavirus (SARS-CoV-2 and ensuing global pandemic), COVID-19 is still a significant burden to
morbidity and mortality globally’. As early as May 20202, clinicians observed a subset of COVID-19 cases that evolved from an acute viral infection into a
long-term condition with a puzzling array of symptoms, subsequently called “long COVID"3. Many have sought to standardise how clinicians distinguish long
COVID from initial infection and ongoing symptomatic COVID-19%®. Through a Delphi consensus process’, the World Health Organization (WHO) defined long
COVID as a condition that occurs in individuals with a probable or confirmed history of SARS-CoV-2 infection who present at least 3 months from the onset of
COVID-19 with new or persisting symptoms for at least 2 months that cannot be attributed to another aetiology. Common persisting symptoms include
debilitating fatigue, shortness of breath, memory or cognitive dysfunction, and a variety of other multi-system symptoms?® that affect day-to-day living.
Symptoms can be new onset after initial recovery from first COVID-19 infection or can persist from the infection and may fluctuate or relapse over time. Recent
literature suggests significant heterogeneity in how individuals experience symptoms, including the emergence of potential clinical subgroups®. Hundreds of
single-country analyses have evaluated long COVID patterns in specific care environments, each contributing new understanding to the incompletely
understood natural history of long COVID'? ", However, few studies have attempted to compare clinical definitions across multiple countries and sources of
real-world data.

Quantifying long COVID is challenging because many public health policies combatting the initial disease spread, such as extensive lockdowns, travel bans,
and testing protocols, created significant disruption in ‘normal’ living. Many studies have examined the impact of non-pharmacological interventions on
overall population health during the pandemic, including understanding how COVID-19 shaped mental health'2 3. The result is a muddling of symptomology:
some reported long COVID symptoms are non-specific and prevalent in the general population regardless of infection status. As we aim to understand the long
COVID symptoms, we must also be critical of symptoms that may reflect pre-existing comorbidities or the wider effects of the pandemic’s disruption of day-to-
day life.

For this study, we took advantage of large primary care electronic health records datasets from two European countries, namely CPRD AURUM (England, UK)
and SIDIAP (Catalonia, Spain), to characterise long COVID and identify key symptoms associated with persistent disease. We estimated age- and sex-specific
incidence rates of long COVID in the general population and among people with confirmed COVID-19 over time. We investigated which of the 25 WHO-listed
symptoms are more specific to long COVID by comparing the occurrence of each symptom among COVID-19 patients and people who tested negative in the
same week. We also compared the occurrence of persistent symptoms after a first infection or after reinfection with SARS-CoV-2.

Results

Characterisation of people with COVID-19 and negative-test comparator cohorts

We included 469,503 and 303,835 COVID-19 infections and 1,643,589 and 1,024,256 first/earliest SARS-CoV-2 negative tests recorded during the study period
in SIDIAP and CPRD AURUM, respectively. The study inclusion process is provided in Figure 1. Baseline characteristics of both the COVID-19 infection cohort
and first COVID-19 negative test cohort are reported in Table 1. Overall, follow-up was longer in SIDIAP than in CPRD, with for example a median 358 days of
follow-up for COVID-19 infections in SIDIAP and 151 days in CPRD. Participants from both databases were mostly young adults (<50 years), female and
predominantly unvaccinated. Baseline characteristics for cohorts of first COVID-19 infections, COVID-19 re-infections, and all COVID-19 negative tests are
provided in Supplementary Table S1.

Table 1: Baseline characteristics in the COVID-19 infection and first SARS-CoV-2 negative test cohorts, by database
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N

Days of follow-up (median [IQR])
Test date period (%)
Sep-Dec 2020

Jan-Apr 2021
May-Aug 2021
Sep-Dec 2021

Age (median [IQR])
Age, categories (%)
<34

3549

50-64

65-79

>80

Sex, female (%)
Vaccination status (%)
Not vaccinated

One dose

Two doses

Three or more (booster doses
COVID-19 PCR test (%)
Comorbidities (%)
Asthma

Autoimmune disease
COPD

Dementia

Diabetes

Heart disease

Cancer

Hypertension

Renal impairment

SIDIAP

COVID-19 infection

469,503
358 (254, 365]

146,975 (31.3)
137,728 (29.3)
158,617 (33.8)
26,183 (5.6)
43 [30, 57]

157,778 (33.6)
138,907 (29.6)
100,164 (21.3)
48,249 (10.3)
24,405 (5.2)
247,262 (52.7)

376,360 (80.2)
40,062 (8.5)
52,679 (11.2)
402 (0.1)
237,014 (50.5)

35,787 (7.6)
8,513 (1.8)

12,492 (2.7)
7,371 (1.6)
40,129 (8.5)

@
52,055 (11.1)
30,472 (6.5)
82,866 (17.6)

(4.

20,081 (4.3)

First SARS-CoV-2 negative test
1,643,589
365 [275, 365]

700,640 (42.6)
527,588 (32.1)
289,618 (17.6)
125,743 (7.7)
4834, 63]
412,061 (25.1

469,681 (28.6

)
)
)
263,030 (16.0)
103,493 (6.3)

(

(
395,324 (24.1

(

(6.
872,441 (53.1)
1,357,450 (82.6)
83,652 (5.1)
199,534 (12.1)
2,953 (0.2)
1,053,223 (64.1)

124,741 (7.6)

35,566 (2.2)

62,252 (3.8)

17,482 (1.1)

157,725 (9.6)

220,466 (13.4)
©.

0)
362,131 (22.0)

147,141

84,046 (5.1)

CPRD

COVID-19 infection

303,835
151[130, 188]

244,024 (80.3)
59,811 (19.7)

41 [29, 54]

112,733 (37.1)
90,023 (29.6)
73,746 (24.3)
21,014 (6.9)
6,319 (2.1)
166,433 (54.8)

302,394 (99.5)
1,385 (0.5)

56 (0.0)

<5

283,986 (93.5)

48,279 (15.9)
6,128 (2.0)
3,876 (1.3)
2,879 (0.9)
21,161 (7.0)
19,038 (6.3)

(

(
11,977 (3.9)
39,196 (12.9)

(

10,126 (3.3)

First SARS-CoV-2 negative test
1,024,256
176 [140, 208]

926,529 (90.5)
97,727 (9.5)

40 [29, 53]

385,521 (37.6)
308,102 (30.1)
235,432 (23.0)
75,058 (7.3)
20,143 (2.0)
585,794 (57.2)

1,022,635 (99.8)
1,547 (0.2)

68 (0.0)

6 (0.0)

928,768 (90.7)

176,957 (17.3)
22,070 (2.2)
16,644 (1.6)
9,490 (0.9)
61,211 (6.0)
64,003 (6.2)
43,264 (4.2)
123,587 (12.1)
32,428 (3.2)

SIDIAP = Sistema d'Informacié per al Desenvolupament de la Investigacié en Atencié Primaria, CPRD = Clinical Practice Research Datalink,
IQR = interquartile range, with q25 and q75 provided.

Long COVID and the distribution of ongoing symptoms across cohorts are reported in Supplementary Tables S2 and S3. Among those with a COVID-19
infection, 20.6% in SIDIAP and 7.8% in CPRD had long COVID, as defined by the presence of at least one of the 25 WHO-listed symptoms recorded =90 days
after infection (and without a history of the symptoms in the 180 days before COVID-19 infection). In comparison, 20.9% of participants in the first negative
test cohort in SIDIAP and 9.7% in CPRD had at least one symptom recorded =90 days after the test. Across all cohorts and databases more than 74% of
individuals with long COVID symptoms had only one symptom recorded. Overall, the most common symptoms were joint pain, abdominal pain, and anxiety.
Sensitivity analyses showed that “ongoing symptoms" (=28 days) were more frequent than long COVID symptoms (=90 days), with 25.4% of COVID-19
infections recording at least one symptom =28 days after COVID-19 infection or negative test in SIDIAP and 13.1% in CPRD.

Incidence of long COVID across the two databases
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Monthly incidence rates per 100,000 person-years of COVID-19 infection and long COVID symptoms =90 days after COVID-19 are shown stratified by age and
sex in Figure 2 and are shown overall in Figure S2 and Table S4. The incidence rate of COVID-19 in each database mirrored the official rate of SARS-CoV-2
infections in that country. The incidence rate of long COVID in the general population mirrored and followed waves of COVID-19. However, rates of long COVID
among individuals with COVID-19 declined over time in both databases.

Risks of long COVID symptoms following COVID-19

We matched 438,159 and 303,010 COVID-19 patients up to 1:3 to 1,059,596 and 765,331 first negative test controls in SIDIAP and CPRD, respectively. Baseline
characteristics were balanced for the matched cohorts, with standardised mean differences (SMD) <0.1 for all covariates in both databases (Supplementary
Table S5). Figure 3 and Table S6 show rate ratios for each pre-defined symptom, comparing COVID-19 to matched test negative cohorts. We found increased
risks at =90 days for altered smell and taste in both databases, with a rate ratio of 4.73 (95% ClI: 4.18 to 5.36) in SIDIAP and 5.97 (4.64 to 7.70) in CPRD.
Increased risks of dyspnoea and fatigue/malaise were also seen in both databases, with rate ratios of 1.35 (1.29 to 1.41) in SIDIAP and 1.09 (1.04 to 1.16) in
CPRD for dyspnoea and of 1.15 (1.11 to 1.18) in SIDIAP and 1.24 (1.18 to 1.32) in CPRD for fatigue/malaise. Increased risks of menstrual problems, memory
issues, chest pain, cough, tachycardia, headache, abdominal pain, pins and needles sensation, joint pain, allergy, blurred vision, dizziness and anxiety were
also seen in SIDIAR with rate ratios ranging from 1.04 (1.02 to 1.07) for anxiety to 1.22 (1.16 to 1.29) for menstrual problems. However, none of these risks
were confirmed in CPRD. In CPRD, menstrual problems, headache, joint pain, abdominal pain, neuralgia, gastrointestinal issues, sleep disorder, cough,
depression and anxiety were more common in the negative-test cohort than among COVID-19 matched cases, which was the opposite relationship to that seen
in SIDIAP.

Results from sensitivity analyses with symptoms =28 days after COVID-19 infection or negative test are provided in Supplementary Figure S3 and Table S7.
Both databases showed consistent increased risks for altered smell/taste, fatigue, and dyspnoea. In SIDIAR, in addition to the previously mentioned symptoms
after =90 days, increased risks were also seen for anxiety, dizziness, sleep disorder, and joint pain. In CPRD, increased risks of memory issues, chest pain,
tachycardia, and pins and needles sensation were also observed. Results from sensitivity analyses matching to any negative test are included in
Supplementary Tables S8 and S9 and Figures S4 and S5 and showed similar findings.

Long COVID symptoms associated with COVID-19 re-infection

We matched 39,492 and 2,126 first COVID-19 infections up to 3:1 to 13,253 and 709 reinfections in SIDIAP and CPRD, respectively. Baseline characteristics
were broadly balanced after matching, with SMD<0.1 for demographics and all co-variates except for dementia in SIDIAP (first infections: 3.4%, reinfections:
6.0%, SMD: 0.119) (Table S10). Figure 4 illustrates that the risk of long COVID symptoms was reduced for all individual symptoms after re-infection, compared
to after first infection in both databases (Table S11). Results from sensitivity analyses with symptoms assessed after =28 days showed a similar trend
(Figure S6, Table S12).

Discussion
Statement of principal findings

This is the first multinational cohort study on the presentation of long COVID, including over 770,000 COVID-19 cases and more than 1.6 million negative-test
matched controls from Spain and the UK. We found high proportions of long COVID with persisting symptoms for =90 days after infection, of almost 21% of
infections in Spain and 8% in the UK. At the population level, waves of long COVID followed each wave of community transmission in the study period,
affecting predominantly women and young adults. However, the proportion of people infected with COVID-19 who went on to develop long COVID reassuringly
declined over time.

At the patient level, some persisting symptoms appeared more specific and differential of long COVID when compared to matched contemporaneous negative-
test controls. Altered smell and taste, fatigue, and dyspnoea were consistently more common in long COVID cases than in controls in both Spain and the UK.
Persistent menstrual issues, memory issues, and cognitive dysfunction were substantially increased after COVID-19 infection more than among controls in
Spanish data, but not among UK participants.

For the first time, we report a substantial reduction in the risk of persistent symptoms after reinfection compared to first infection. All WHO-listed symptoms of
long COVID appeared less common after a reinfection than after a first infection, after matching by age and date of infection.

Research in context

Persistent symptoms were common after COVID-19 infection but were prevalent at almost the same extent as in the general population during the same
period. In line with our results, previous studies found a substantial proportion of non-infected people with records of similar symptoms.’ This finding
highlights the challenge in identifying long COVID , which could result in misclassification and difficulties in diagnosing long COVID.

While the prevalence of long COVID remained high in both countries, our results showed a decline in the proportion of people developing persistent symptoms
after COVID-19 over time. The REACT-2 study, a representative community survey among adults in England, found a similar trend, with the prevalence of
people experiencing at least one symptom >12 weeks following COVID-19 declining from 37.7% between September 2020 and February 2021 to 21.6% in May
202175, This trend may be attributable to the effect of vaccines,'® previous immunity (i.e., reinfection), and differences in the pre-dominant variant'’. However,
shorter follow-up time available later in the pandemic, potential differences in testing practice shifting from prioritising severely ill people to wider testing for
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screening as well as non-systematically collection of symptoms carrying the risk for “reporting exhaustion”, a decreased reporting of the same persisting
symptoms, may also account for the observed reduction in long COVID prevalence over time.

Our study adds to previous research focusing on long-term complications following COVID-19 infection and frequencies of persistent symptoms. Hundreds of
different symptoms have been reported in relation to COVID-19, of which the WHO highlighted the 25 most characteristic in their Delphi consensus. Previous
studies compared some of these symptoms in people with and without COVID-19. Subramanian et al.’* determined symptoms associated with COVID-19 after
12 weeks by comparing people with confirmed COVID-19 to propensity-score-matched controls without recorded or suspected COVID-19 infection in CPRD.
They also found that symptoms with a strong association with SARS-COV-2 included anosmia, shortness of breath at rest, and fatigue. However, although we
found that only some symptoms were associated with COVID infection, Subramanian et al. found that the risk for all recorded symptoms was significantly
increased after infection.

The effect of reinfection on the severity and persistence of COVID-19 symptoms remains a topic of great interest. Our findings are reassuring, with a clear
reduction in risk of persistent symptoms after a reinfection, compared to matched participants with a first infection. Previous studies on this topic are scarce,
with ours being the first to study the effect of reinfection on the risk of long COVID symptoms as defined by the WHO. A previous study on post-acute
complications and organ system disorders in people following first or reinfection in the US Veterans Health Administration database' reported an increased
risk for at least one sequela, which was highest during the acute phase but attenuated over time. However, this previous study did not investigate long COVID
as an outcome or match or control by age or index date, and it is unclear how the authors controlled for other confounding factors.

Strengths and weaknesses

COVID-19 datasets are burdened with systemic limitations as the pandemic placed significant strain on the global healthcare system. As broad testing was
not available in most countries in early 2020, we began our study period in September 2020, excluding the first wave of the pandemic. With widespread issues
in testing capacities to meet public demand and the advent of self-administered tests, underreporting of infections is expected across all pandemic waves.
Some reinfections may therefore have been misclassified as first infections. Likewise, we expect underreporting of clinical symptoms as people might not
have been seen by a clinician, particularly for milder symptoms and during infection peaks. Aside from differences in follow-up length and time of subject
inclusions, differences in healthcare, with more virtual clinical work in the UK than in Spanish primary care practice, may explain the observed difference in
rates of long COVID between SIDIAP and CPRD. Long COVID is a new condition, with its definition developing over time. With clinical awareness still evolving,
reporting bias in recording practice of characteristic symptoms cannot be ruled out. A systematic and comprehensive collection and reporting of long-COVID
symptoms would be needed to overcome this limitation.

Our study also has strengths. This is the first multinational database study on this topic. It included two large population-based databases from different
European regions with primary-care-based universal public healthcare. CPRD AURUM and SIDIAP provide high-quality data for research and are representative
of their respective populations’® 20, Prior research evaluated individual symptom prevalence associated with long COVID diagnosis, but no other study has
compared these estimates between different countries and care settings in a matched cohort, looking at the implications of grouping by first infection, re-
infection, and negative test. Our methodology allowed us to ascertain general population averages during pandemic times and quantify overall health status
after lockdowns or other public health policies, regardless of COVID-19 status. Despite the many challenges that long COVID patients report facing in gaining
clinical recognition of their symptoms, an increasingly consistent clinical presentation is evident in this multi-database view.

Systematic reviews have shown that data harmonisation is fundamental to improving the clinical utility of findings?'. A strength of our research is the use of
a common data model (OMOP CDM) and shared conventions in data harmonization, allowing for consistent representation of clinical information despite
heterogeneous source systems.

Conclusions

Waves of long COVID were observable following community transmission during the first two years of the pandemic, affecting predominantly women and
young adults. However, the proportion of COVID-19 cases affected by persistent symptoms declined more recently, which could be due to a mixture of growing
immunity due to vaccines and natural immunity. Our findings suggest that natural immunity plays a key role as reinfections had a much lower risk of long
COVID than first infections. We identified three key symptoms that can help to differentiate people living with long COVID: altered smell and taste, fatigue, and
dyspnoea. More work is needed to improve the existing definition of long COVID to enhance future trials into the efficacy of vaccines and antivirals to prevent
and/or manage this disease.
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Methods
Data sources, study design, and study period

We conducted a population-based descriptive cohort study using primary care electronic health records from England, UK and Catalonia, Spain.

Primary care electronic health records in England were obtained from the Clinical Practice Research Datalink (CPRD) AURUM, which comprises 20% of the

population in the UK.2% 22 Spanish data were obtained from the Information System for Research in Primary Care (SIDIAP; www.sidiap.org) database, which

captures more than 75% of the population living in Catalonia, a region in the northeast of Spain.’® SIDIAP was linked to hospital discharge records from public

and private hospitals in Catalonia (Conjunt Minim Basic de Dades d’Alta Hospitalaria, CMBD-AH).23 Both databases include information on demographics,
clinical diagnoses, and laboratory tests, including SARS-CoV-2 reverse transcription polymerase chain reaction (RT-PCR) tests. SIDIAP also captures SARS-
CoV-2 antigen tests performed at public healthcare facilities. Although information on SARS-CoV-2 antigen testing may appear in CPRD, the counts are
expected to be incomplete.
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The databases were standardised to the Observational Medical Outcomes Partnership Common Data Model (OMOP CDM),%*

code to be applied without sharing individual data.

allowing the same analytical

The study period spanned from 1 September 2020 to the end of data availability, i.e. June 2021 for CPRD and March 2022 for SIDIAR, where data was
censored to avoid misclassification due to changes in COVID testing policies.

Study population

We defined three non-mutually-exclusive COVID-19 cohorts — (1) all COVID-19 cases, (2) first SARS-CoV-2 infections, and (3) SARS-CoV-2 reinfections — and
two negative-test comparator cohorts — (1) first/earliest SARS-CoV-2 negative tests and (2) all SARS-CoV-2 negative tests.

COVID-19 cases were identified using positive SARS-CoV-2 antigen and RT-PCR tests, using the test date as the index date. COVID-19 was defined as infections
without a record of SARS-CoV-2 infections in the previous 42 days. First infections were defined as SARS-CoV-2 infections without any prior history of COVID-
19. Reinfections were defined as SARS-CoV-2 infections that were not identified as a first infection.

The two negative-test comparator cohorts were identified using negative SARS-CoV-2 antigen and RT-PCR tests, using the test date as the index date.
Individuals included in these cohorts were required to have a SARS-CoV-2 negative test result without a clinical COVID-19 diagnosis or positive SARS-CoV-2
test result before the index date and up to 120 days after the index date. First SARS-CoV-2 negative tests were defined as SARS-CoV-2 negative tests without
any prior history of a negative test. SARS-CoV-2 negative tests were defined as records of a negative test without a record of a prior negative test 42 days
before the index date. Concept lists used to define the COVID-19 and test-negative cohorts are available from https://github.com/oxford-
pharmacoepi/LongCOVIDWP1A.

All cohorts included individuals aged =18 years with =180 days of data visibility available before the index date. Individuals with an influenza clinical
diagnosis or positive test result for influenza 42 days before or on the index date were excluded. To ensure sufficient follow-up to develop long-COVID-related
symptoms, we only included individuals with =120 days of follow-up, i.e., with an index date =120 days before the end of data availability. All cohorts were
followed until the occurrence of the first of the event of interest, death, new COVID-19 infection, or a record of a COVID-19 clinical diagnosis, influenza infection
(positive test result or clinical diagnosis), one year of follow-up, or end of data availability. In SIDIAP, cohorts were also censored on 28 March 2022, as
national guidelines no longer recommended testing all suspected COVID-19 cases after that date.

Long COVID symptoms

We identified long COVID symptoms defined by the WHO clinical case definition of “post COVID-19 syndrome”’ based on SNOMED codes in the OMOP CDM
mapped respective datasets. Twenty-five symptoms were included: abdominal pain, allergy, altered smell and/or taste, anxiety, blurred vision, chest pain,
cognitive dysfunction, cough, depression, dizziness, dyspnoea, fatigue or malaise, gastrointestinal issues (acid reflux, constipation, or diarrhoea), headache,
intermittent fever, joint pain, memory issues, menstrual problems, muscle spasms or pain, neuralgia, pins and needles sensation, post-exertional fatigue, sleep
disorder, tachycardia, and tinnitus and hearing problems. Separate code lists were developed for each symptom and reviewed independently by three
clinicians (https://github.com/oxford-pharmacoepi/LongCOVIDWP1A). Quality checks were conducted to systematically identify missing codes
(CohortDiagnostics R package)?°.

The WHO definition was then operationalised to identify long COVID in primary care data. Long COVID was defined as having at least one record of any of the
pre-defined symptoms between 90 and 365 days after the date of COVID-19 infection and no record of that symptom 180 days before the index date. Figure
S1. illustrates this definition.

For the negative-test cohorts, we anchored the algorithm at the date of the negative test to compare the proportion of people with symptoms. In sensitivity
analyses, we also reported “ongoing symptomatic COVID-19"2%, defined as having at least one record of one of the symptoms =28 days after the index date.

Statistical analyses

We developed a common analytical code, which was run locally in OMOP CDM mapped CPRD AURUM and SIDIAP. All results are reported separately by
database. We described and compared baseline characteristics (age groups [<34, 35-49, 50-64, 65-79 and =>80], sex, calendar time [trimester], COVID-19
vaccine status [unvaccinated and number of vaccine doses received], and co-morbidities) for people with COVID-19 infection and negative-test comparator
cohorts. We compared the proportion of people with long and ongoing COVID-19 symptoms (=90 and =28 days) across the five cohorts. We calculated
monthly incidence rates per 100,000 person-years for COVID-19 and long COVID in the general population and among people with COVID-19.

To understand which of the pre-specified symptoms would be more differential for long COVID, we matched people with COVID-19 infections and negative
controls (first negative tests, and any negative test, respectively) by 5-year age group, SARS-CoV-2 test (antigen or PCR), and index week (ratio 1:3). Rate ratios
with 95% confidence intervals for each symptom are presented in forest plots. We similarly matched people with first and re-infections (ratio 1:3) and
compared rate ratios for long and ongoing COVID symptoms.

Analyses were conducted in R (version 4.3.1). All analytical code is available at https://github.com/oxford-pharmacoepi/LongCOVIDWP1A.
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Patient and Public Involvement

A patient and public representative was involved in planning the overarching project and helped to contextualise the study results using their patient

perspective.

Figures

Figure 1

COVID-19 infections, COVID-19 negative tests,
initial records initial records
Magus = 2,176,294 Nogus = 12,673,771
Merap = 671,697 Moo = 7,520,399
Aged <18 years Aged <18 years
Mg = 391733 ‘—[ I—' Magp = 2,357,912
Moo = 77,853 Remaining Remaining Weme = TH0AZ3
Mg = 1,784,561 Mgy = 10,315,859
=180days of prior history Niyan = 594,063 Neswy = 6,740,270 <130days of prior history
Ny = 2,355 . . Mgy = 14,011
Meao = 32,081 Neras = 335,946
o= Remaining Remaining -
Ny = 1,782,206 Nagup = 10,301,848
With a COVID-19 infection Mleya = 561,583 Nepar = 6,354,324 With a COVID-19 infection
42days before 42days before
Nuguur = 283,608 ‘ g Naguns = 3,155,070
Merpo = 58345 Remaining Remaining Nepao = 483,793
My = 1,538,602 Nycws = 7,146,778
Negnp = 503,638 Nepyo = 5,870,531 =
With influenza 42days before i = T i With influenza 42days before
Ny = 2,151 T | | Mg = 11,614
Nerwa =23 Remaining Remaining Neren =230
Ny = 1,536,451 Mg = 7,135,164
Nesns = 505,615 Newws = 5,870,301 With a negative test 42days before
_ Nyous = 502,059
Remaining B = WIGT0
Moo = 4,633,105
Tests prior o 1¢ Seplermber 2020 Morns = 2:823,601 Tests prior to 1 September 2020
Migers = 90,121 < — Marous = 545,095
Hormo = 12504 Remaining Remaining Nopwo = 566,24
Mg = 1,846,330 Nycew = 4,088,010
<120days of follow-up Plérna= SHAOT, Morao = 2,257,357 <120days of follow-up
Muguas = 976,827 <—¢ l—. gy = 1,302,123
= 187,17 Nepao = 991,818
Mo Lo COVID-9 infections, COVID-18 negative tests, i
records included records included
Mges = 469,503 MNupes = 2,785,887
Negao = 303,835 Negpp = 1,265,539
First infection Reinfection Earliest test
Myewe = 456,236 Magp ® 13,267 Mayous = 1,643,589
Nepao = 303,324 Megan =TEL MNeppp = 1L024,256

Selection of participants from the SIDIAP and CPRD databases

Page 9/12




A.SIDIAP

Age group 1834 == 3549 == 5064 == 6579 == 280

Female Male

suonasul 61-0INOD

NOOD‘-.'_-; % _-M_,-
0

2

3

=

'8 5000

g 200 M—
%

L

50000 -

40000

luoneindod jesaush suy|
Buowe ainQD Buo

20000

PajoRju| asayy
Buowe Qinoo Buel

10000

Oct20 Dec 20 Feb21 Apr21 Jun21 Aug21 Oct21 Oct20 Dec 20 Feb21 Apr21 Jun21 Aug21 Oct21
Date of COVID-19 infection

B.CPRD

Age group 1834 = 3549 — 5064 — 6579 =— 280

15000

10000

5000

o

o
&
=3

%

luoneindod |esauab auy| N
Buowe QIACD Buoy | | SUOHPA61-IN0O |

IR per 100,000 p-y
-
8 8

30000

20000

10000 x

Oct20 Nov 20 Dec 20 Oct20 Nov 20 Dec 20
Date of COVID-19 infection

e
X

PRja3jUl 350

Buowe qin00 Buo |

Figure 2

Incidence rates of COVID-19 and long COVID symptoms =90 days after infection in the general population and among infected people over time, stratified by
sex and age group. IR: incidence rate, p-y: person-years.
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Figure 3

Rate ratios (RRs) for pre-defined long COVID symptoms, comparing 1:3 matched COVID-19 infections to first SARS-CoV-2 negative tests
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Figure 4
Rate ratios (RRs) for pre-defined long COVID symptoms comparing 1:3 matched re-infections to first infections.
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