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Summary 

Background Long COVID is a well recognised, if heterogeneous, entity. Acute respiratory infections 

(ARIs) due to other pathogens may cause long-term symptoms, but few studies compare post-acute 

sequelae between SARS-CoV-2 and other ARIs. We aimed to compare symptom profiles between 

people with previous SARS-CoV-2 infection, people with previous non-COVID-19 ARIs, and 

contemporaneous controls, and to identify clusters of long-term symptoms. 

Methods COVIDENCE UK is a prospective, population-based UK study of ARIs in adults. We analysed 

data for 16 potential long COVID symptoms and health-related quality of life (HRQoL), reported 

between Jan 21 and Feb 15, 2021, by participants unvaccinated against SARS-CoV-2. We classified 

participants as having previous SARS-CoV-2 infection or previous non-COVID-19 ARI (≥4 weeks prior) 

or no reported ARI. We compared symptoms by infection status using logistic and fractional 

regression, and identified symptom clusters using latent class analysis (LCA). This study is registered 

with ClinicalTrials.gov, NCT04330599.   

Findings We included 10,203 participants (1343 [13.2%] with SARS-CoV-2 infection, 472 [4.6%] with 

non-COVID-19 ARI). Both types of infection were associated with increased prevalence/severity of 

most symptoms and decreased HRQoL compared with no infection. Participants with SARS-CoV-2 

infection had increased odds of taste/smell problems (odds ratio 19·74, 95% CI 10·53–37·00) and 

lightheadedness or dizziness (1·74, 1·18–2·56) compared with participants with non-COVID-19 ARIs. 

Separate LCA models identified three symptom severity groups for each infection type. In the most 

severe groups (including 23% of participants with SARS-CoV-2, and 21% with non-COVID-19 ARI), 

SARS-CoV-2 infection presented with a higher probability of taste/smell problems (probability 0·41 

vs 0·04), memory problems (0·70 vs 0·55), and hair loss (0·25 vs 0·16) than non-COVID-19 ARI. 

Interpretation Both SARS-CoV-2 and non-COVID-19 ARIs are associated with a wide range of long-

term symptoms. Research on post-acute sequelae of ARIs should extend from SARS-CoV-2 to include 

other pathogens.  

Funding Barts Charity. 
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Research in context 

Evidence before this study  

We searched PubMed and Google Scholar for studies on post-acute sequelae of COVID-19 and other 

acute respiratory infections (ARIs), published up to May 24, 2023. We used search terms relating to 

COVID-19 and other ARIs (“COVID-19”, “SARS”, “severe acute respiratory syndrome”, “Middle East 

respiratory”, “MERS”, “respiratory infection”, “influenza”, “flu”) and post-acute symptoms (“long 

COVID”, “post-acute”, “PACS”, “sequelae”, “long-term”). Previous studies have shown a wide range 

of post-acute sequelae for COVID-19, affecting people with all severities of the acute disease. The 

few studies comparing long-term symptoms between people with COVID-19 and non-COVID-19 ARIs 

have generally found a higher symptom burden among the former; however, these studies have 

been restricted to hospitalised patients or electronic health record data, and thus do not capture the 

full picture in the community.  

Added value of this study  

In this population-based study of ARIs in the community, we observed high symptom burden among 

people with previous SARS-CoV-2 infection when compared with controls, highlighting the extensive 

reach of long COVID. Our finding of a similar symptom burden among people with non-COVID-19 

ARIs suggests that post-acute sequelae of other ARIs may be going unrecognised. For both types of 

infection, latent class analyses grouped participants according to overall symptom severity, rather 

than symptom types, suggesting that overall symptom burden may best characterise the experience 

of people with post-acute sequelae.  

Implications of all the available evidence  

The long-term symptoms experienced by some people with previous ARIs, including SARS-CoV-2, 

highlights the need for improved understanding, diagnosis, and treatment of post-acute infection 

syndromes. As much-needed research into long COVID continues, we must take the opportunity to 

investigate and consider the post-acute burden of ARIs due to other pathogens. 
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Introduction 

Long COVID—the post-acute sequelae of SARS-CoV-2 infection—is a highly heterogeneous condition. 

It can be broadly defined as new or ongoing symptoms more than 4 weeks after the acute infection, 

1 with some of the most common being fatigue, dyspnoea, and cognitive impairment. 2-5 However, 

more than 200 symptoms have been investigated, 4 making it difficult to precisely characterise, 

diagnose, or treat the condition. 6 Its high heterogeneity and multisystem nature has encouraged the 

search for different long COVID phenotypes, with the aim of improving understanding of the 

condition and targeting treatment options for different phenotypes. 

Long COVID is estimated to affect at least 10% of people infected with SARS-CoV-2, with far higher 

incidence among those hospitalised. 6 With more than 670 million people infected to date, 7 the 

number of people globally affected by long COVID may be estimated at 67 million, and will almost 

certainly be higher. 6 Importantly, this high incidence of long COVID has taken place over a short 

period of time—the 3 years of the COVID-19 pandemic—meaning that awareness of these post-

acute sequelae has grown much more rapidly than for other coronavirus pandemics with smaller 

reach and a lower percentage of survivors. 8,9  

Post-acute infection syndromes are not a new phenomenon; indeed, many cases of chronic fatigue 

syndrome are reported to follow an infection-like episode. 10 Nonetheless, these syndromes often go 

undiagnosed owing to the wide range of symptoms and lack of diagnostic tests. 10 Studies into 

Middle East respiratory syndrome, SARS-CoV-1, and influenza have identified chronic pulmonary and 

extrapulmonary sequelae a year after the acute infection, 8 but research has largely been restricted 

to people with severe disease. By contrast, long COVID has been studied in people with all levels of 

severity of the acute infection, 2,6,11 and has been found to affect even those with mild initial 

symptoms. 11  

This spotlight on the long-term effects of SARS-CoV-2 infection leads to the question of whether 

there are post-acute sequelae of other acute respiratory infections (ARIs) in the community, 

including those that present with mild initial symptoms, and how these sequelae compare with long 

COVID. Importantly, given the non-specific nature of symptoms such as fatigue, any comparison 

needs to take into account the symptom prevalence in a contemporaneous, uninfected population—

particularly given the background of a disruptive pandemic, with increased stressors, limitations on 

movements, and elevated levels of population fatigue. 12 We therefore aimed to compare symptom 

profiles between people with previous SARS-CoV-2 infection, people with previous non-COVID-19 

ARIs, and those with no reported infection, and then to identify distinct symptom clusters among 

people with previous SARS-CoV-2 infections or non-COVID-19 ARIs. 
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Methods 

Study participants 

COVIDENCE UK is a prospective, longitudinal, population-based observational study of COVID-19 in 

the UK population (https://www.qmul.ac.uk/covidence). 13 Inclusion criteria were age 16 years or 

older and UK residence at enrolment, with no exclusion criteria. Participants were invited via a 

national media campaign via print and online newspapers, radio, television, social media, and online 

advertising. Further details on the recruitment strategy can be found in the appendix (p 2). Enrolled 

participants completed an online baseline questionnaire and monthly follow-up questionnaires to 

capture information on potential symptoms of COVID-19, results of nose or throat swab tests for 

SARS-CoV-2, SARS-CoV-2 vaccine status, and details of a wide range of potential long COVID 

symptoms. The study was launched on May 1, 2020, and closed to enrolment on Oct 6, 2021. The 

final COVIDENCE UK cohort was majority female (70·2%) and White (93·7%), with under-

representation of people younger than 50 years, men, and minoritised ethnicities. 13 This study is 

registered with ClinicalTrials.gov, NCT04330599. COVIDENCE UK was approved by Leicester South 

Research Ethics Committee (ref 20/EM/0117). All participants gave informed consent to take part in 

the study before enrolment. 

For this analysis, we included all COVIDENCE UK participants responding to the January, 2021, 

follow-up questionnaire who had not been vaccinated against SARS-CoV-2. We focused on this date 

for several reasons. During this period, all COVIDENCE UK participants were asked a panel of 

questions about potential long COVID symptoms, which allowed us to assess prevalence of potential 

long COVID symptoms regardless of reported previous infections or self-reported long COVID. 

Additionally, January, 2021, was sufficiently early in the vaccine rollout that most of our participants 

were not vaccinated, and sufficiently late into the pandemic that we were able to record a 

substantial number of infections. 

Participants were categorised as having had a previous SARS-CoV-2 infection, a previous non-COVID-

19 ARI, or no previous recorded infection. Participants who reported both a previous SARS-CoV-2 

infection and a previous non-COVID-19 ARI were excluded. To minimise infection misclassification, 

we also excluded participants who reported symptom-defined non-COVID-19 ARIs that were not 

accompanied by a negative SARS-CoV-2 swab test (lateral flow or RT-PCR). Finally, we excluded any 

participants who had either infection fewer than 4 weeks before the survey date, in order to focus 

on long-term symptoms. 

Previous infections 
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We defined previous SARS-CoV-2 infection as any of the following: a positive swab test for SARS-

CoV-2, a positive antibody test for SARS-CoV-2, or symptom-defined probable COVID-19, based on 

the algorithm described by Menni et al. 14 Infection dates were defined as the date of the test, for 

swab tests, and the date of symptom onset, for participants with symptom-defined COVID-19. 

Participants reporting positive antibody tests were asked to recall a suspected infection date (based 

on symptoms, swab test results, or close proximity to a COVID-19 case); participants unable to 

provide a date who nonetheless reported probable COVID-19 symptoms14 before their antibody test 

were assigned the symptom onset date as their infection date. Participants with positive swab or 

antibody tests and no reported symptoms were defined as asymptomatic cases. 

We defined a previous non-COVID-19 ARI as self-report of a general practitioner or hospital 

diagnosis of pneumonia, influenza, bronchitis, tonsillitis, pharyngitis, ear infection, common cold, or 

other upper or lower respiratory infection not caused by SARS-CoV-2; or self-report of a symptom-

defined ARI accompanied by a negative SARS-CoV-2 swab test (lateral flow or RT-PCR). Symptom-

defined episodes of ARI were identified using modified Jackson criteria for upper respiratory 

infection, 15 modified Macfarlane criteria for lower respiratory infection, 16 and a triad of cough, 

fever, and myalgia for influenza-like illness. 17 Infection dates were defined as the date of symptom 

onset. 

Symptoms 

We assessed the prevalence or severity of 16 potential COVID-19 symptoms: coughing, problems 

with sleep, memory problems, difficulty concentrating, muscle or joint pain, problems with sense of 

taste or smell, diarrhoea, stomach problems (abdominal pains), changes to voice, hair loss, unusual 

racing of the heart, lightheadedness or dizziness, unusual sweating, breathlessness, anxiety or 

depression, and fatigue. 18 We measured breathlessness with the Medical Research Council (MRC) 

Dyspnoea Scale, 19 anxiety or depression with the Patient Health Questionnaire-4 (PHQ-4), 20 and 

fatigue with the Functional Assessment of Chronic Illness Therapy (FACIT) Fatigue Score. 21 For 

symptoms measured on a scale (dyspnoea, anxiety or depression, and fatigue), we refer to the 

severity of symptoms; for all other symptoms, we refer to the prevalence (ie, whether they were 

present or absent).  

We also assessed health-related quality of life (HRQoL) using the EQ-5D-3L, 22 which covers five 

dimensions of health—mobility, self-care, usual activities, pain or discomfort, and anxiety or 

depression—and includes a visual analogue scale (VAS) to record the respondent’s self-rated health 

status on a scale from 0 to 100.  
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Statistical analysis 

All analyses considered symptoms at a single timepoint. For our first analysis, we compared 

prevalence or severity of potential long COVID symptoms and HRQoL between participants with 

previous SARS-CoV-2 infection, those with non-COVID-19 ARIs, and those with no reported 

infections. To explore the long-term effects of COVID-19, we additionally compared symptoms 

between participants with a SARS-CoV-2 infection more than 12 weeks prior and those with no 

infection. When comparing previous SARS-CoV-2 infection with non-COVID-19 ARIs, we restricted 

the analysis to participants with symptomatic SARS-CoV-2 infection, as participants had no means of 

reporting asymptomatic non-COVID-19 ARIs. Finally, we explored how symptoms differed among 

participants with previous SARS-CoV-2 infection according to time since infection (4–12 weeks vs >12 

weeks) and self-reported severity of the initial infection, classed as either asymptomatic (no 

symptoms reported), mild (able to do most of usual activities), moderate (unable to do usual 

activities, but without requiring bedrest), severe (requiring bedrest), and hospitalised. 

Regressions were carried out in all participants, adjusted for potential confounders that could 

influence both risk or severity of infection and likelihood of experiencing or reporting symptoms: 

age, sex, highest educational attainment, baseline self-reported general health, body-mass index, 

asthma or chronic obstructive pulmonary disease, and having received an influenza vaccination in 

the previous 6 months. Analyses were additionally adjusted for time since enrolment, to account for 

differential follow-up. For analyses restricted to participants with infections, we instead adjusted for 

time since infection to take into account the changing or waning of symptoms over time. Categorical 

variables were analysed using logistic regression or ordered logistic regression, as appropriate. 

Logistic regression models were checked for misspecification and goodness of fit. The proportional 

odds assumption for ordinal variables (MRC Dyspnoea, PHQ-4, EQ-5D Activities, and EQ-5D Pain) was 

assessed using the Brant test. 23 Models with significant deviations were refitted using a partial 

proportional odds model; 24 as deviations are common with large sample sizes, and proportional 

odds models are less parsimonious, model fit was compared using Lacy’s adjusted ordinal explained 

variation measure. 25 As our continuous variables (FACIT-13 and the EQ-5D Visual Analogue Scale) 

were bounded, which can create problems with linear regression, we rescaled them to the [0,1] 

interval and analysed them using fractional regression. 26 Regression results are presented as odds 

ratios for both types of logistic regression and as predicted percentage point change in outcome for 

fractional regressions, to aid interpretation. Further details on these analyses can be found in the 

appendix (pp 3–4). We adjusted for multiple testing using the Benjamini–Hochberg procedure, 27 

applying corrections to the 21 outcomes being simultaneously assessed in each subgroup. 
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We carried out four sensitivity analyses: first, we repeated the analyses in participants who had 

swab-test or antibody-test confirmed COVID-19 (ie, excluding any participants with symptom-

defined potential COVID-19). Second, to better account for baseline health differences that may 

have influenced susceptibility to infection, we repeated analyses by infection status excluding those 

whose reported infections occurred before cohort enrolment, so that the cohort baseline general 

health would represent health status before infection. Third, to compare the long-term effects of 

SARS-CoV-2 and non-COVID-19 ARIs, we repeated the comparison between participants with 

previous infections restricted to participants whose infections occurred more than 12 weeks prior. 

Finally, to better account for the longer time since infection among participants with SARS-CoV-2 

compared with non-COVID-19 ARIs, we repeated the comparison between participants with 

previous infections restricted to the period of overlap between the two groups (ie, time since 

infection between 28 and 260 days). 

For our second analysis, we carried out separate latent class analyses (LCA) in participants who had 

previous SARS-CoV-2 infection or a previous non-COVID-19 ARI, to explore whether there was any 

clustering of symptoms. LCA is a statistical method of identifying subgroups in a given population 

who share measured characteristics, such as certain symptoms. The underlying assumption is that 

different patterns of symptoms can be explained by membership to a certain group or class. With 

this approach, we hoped to identify distinct symptom phenotypes among people who had a previous 

SARS-CoV-2 infection or a non-COVID-19 ARI. 

We fitted latent class models with up to ten classes, and identified the optimal number of classes by 

considering changes in the Bayesian Information Criterion (BIC), the Vuong-Lo-Mendell-Rubin 

(VLMR) adjusted likelihood ratio test, and the bootstrapped likelihood ratio test. 28 We additionally 

considered the interpretability and separation of any identified classes, as well as examining 

classification diagnostics such as model entropy and average latent class posterior probabilities. 28 

Once the number of classes had been chosen, we attempted to improve model fit by considering 

direct effects between pairs of indicators that showed violations in the independence assumption. 

Finally, we adjusted for age, sex, and time since infection in the final model by including them as 

covariates. 29 Owing to problems with convergence, we converted responses to the five dimensions 

of the EQ-5D-3L into a weighted health state index, using EQ-5D preference weights obtained from 

the UK general population. 30 The upper bound of 1 represents full health, whereas a value of  0 

represents death. Negative values are allowed (ie, states considered to be worse than death). 

Participants with missing data were excluded from regression analyses. In LCA, missing data were 

not imputed; classifications for each individual were done with the data available. 
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Analyses were done in Stata (version 17·0) and LatentGOLD (version 6·0). 

Role of the funding source 

The funder of the study had no role in study design, data collection, data analysis, data 

interpretation, writing of the report, or the decision to submit the paper for publication. 
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Results 

15,668 (89·0%) of 17,612 participants enrolled in COVIDENCE UK completed a questionnaire 

between Jan 21 and Feb 15, 2021 (appendix p 1; appendix figure S1). 10,171 of these participants 

were included in the analysis, with a median age of 62·8 years (IQR 53·7–68·9). 6994 (68·8%) 

participants were female and the vast majority were White (table 1). 1311 (12·9%) had a previous 

SARS-CoV-2 infection and 472 (4·6%) had a previous non-COVID-19 ARI (table 1). 243 (18·5%) of 

participants with previous SARS-CoV-2 infection reported a positive swab test and 304 (23·2%) a 

positive antibody test; the remaining participants had symptom-defined infections. On average, 

participants with SARS-CoV-2 had been infected earlier than participants with non-COVID-19 ARIs, 

with the majority of participants with previous SARS-CoV-2 infection infected more than 12 weeks 

earlier (table 1). Participants with SARS-CoV-2 infection were also more likely to have been 

hospitalised with their acute infection (table 1). Participants with no infection were the least to be 

frontline workers, whereas participants with non-COVID-19 ARIs were the most likely to have 

asthma (table 1). Symptom prevalence by infection status, timing, and severity is shown in the 

appendix (figures S2–S4). 

We observed increased prevalence or severity of all symptoms, accompanied by decreased HRQoL, 

among participants with previous SARS-CoV-2 infection compared with those without any infection, 

regardless of whether their infection had been more than 12 weeks prior (table 2). The greatest 

difference observed was in the prevalence of problems with taste or smell, although this was slightly 

reduced among participants who had been infected more than 12 weeks prior (table 2). When 

compared with participants with no infection, those with non-COVID-19 ARIs also showed increased 

prevalence or severity of most symptoms considered, with the exception of muscle or joint pain, 

problems with sense of taste or smell, and hair loss (table 2). 

When compared with participants with non-COVID-19 ARI, those with SARS-CoV-2 infection had 

greater odds of reporting problems with sense of taste or smell and lightheadedness or dizziness, 

but few other differences were observed (table 2).  

Among participants with SARS-CoV-2 infection, those who had been infected more than 12 weeks 

prior were less likely to report coughing or problems with taste or smell, and had lower levels of 

dyspnoea, than those infected 4–12 weeks prior (table 3). Additionally, participants with a more 

severe acute infection were more likely to report increased prevalence or severity of ongoing 

symptoms (appendix table S4).  
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We obtained similar results in our sensitivity analyses, although some analyses were affected by a 

lack of power (appendix tables S5–S10). We additionally found little evidence that our findings were 

driven by more severe SARS-CoV-2 infections: an exploratory analysis comparing symptoms between 

participants with asymptomatic or mild SARS-CoV-2 infection and those with no infection continued 

to show significant differences between the two groups for all symptoms and measures, except for 

self-care and mobility (data not shown). 

For the LCA in participants with previous SARS-CoV-2 infection, our final model was a three-class 

model, with an entropy of 0·948 and a strong distinction between classes (appendix table S12); 

further details on model selection are given in the appendix (pp 14–16). The three classes can be 

interpreted as different levels of ongoing symptom severity: mild (comprising 45% of participants), 

moderate (32% of participants), and severe (22% of participants). Figure 1A shows the symptom 

profile for these three classes. The mild class presents with generally low prevalence and severity of 

the symptoms considered, with the most frequent symptom being sleep problems (figure 1). 

Participants assigned to the moderate class present with a slightly increased probability of reporting 

all symptoms, but with a larger increase in muscle or joint pain, sleep problems, difficulty 

concentrating, and PHQ-4 score (figure 1A). The final class, comprising nearly a quarter of 

participants with previous SARS-CoV-2 infection, shows a marked increase in the prevalence and 

severity of all symptoms, with the greatest increases among memory problems, difficulty 

concentrating, and lightheadedness or dizziness (figure 1A). When comparing participant 

characteristics across the three classes, we observed that with increasing symptom severity, 

participants were more likely to be female, socioeconomically deprived, frontline workers, 

overweight or obese, and to have comorbidities (appendix table S14). Ongoing symptom severity 

also appeared to be linked to the severity of the initial infection: the proportion of participants who 

were either very unwell or hospitalised with their initial infection increased from 33% in the mild 

class to 61% in the severe class (appendix table S14); notably, however, 39% of participants in the 

severe class had an initial infection of mild-to-moderate severity (appendix table S14).  

Finally, as ongoing symptom severity increased, participants were more likely to have reported 

having long COVID in the current questionnaire, ranging from 5·9% in the mild class to nearly half of 

participants in the severe class (appendix table S14). However, even in the severe class, many 

participants did not report themselves as having long COVID (appendix table S14). 

Our final model for non-COVID-19 ARIs was also a three-class model representing different levels of 

severity (40% mild, 38% moderate, and 22% severe). This model had an entropy of 0·950 and 

showed strong distinction between classes (appendix table S12). To enable visual comparisons 
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between participants by infection status, we additionally carried out an LCA in participants with no 

infection, resulting in a two-class model representing two levels of symptom severity (56% mild, 44% 

severe), and overlaid the symptom profiles of the severe class from each LCA (figure 1B). In this 

comparison, participants with non-COVID-19 ARI or SARS-CoV-2 infection showed a higher 

probability of reporting almost all symptoms than participants with no infection, particularly 

cognitive problems (figure 1B). However, symptom profiles seem to differ by ARI among those most 

severely affected: participants with SARS-CoV-2 infection showed a higher probability of reporting 

memory problems, difficulty concentrating, unusual sweating, hair loss, and problems with sense of 

taste or smell compared with non-COVID-19 ARI (figure 1B). Notably, a tenth of participants with 

previous non-COVID-19 ARI and severe symptoms attributed those symptoms to long COVID 

(appendix table S15). When comparing participant characteristics across the three groups with the 

most severe symptoms, participants with no reported infection were more likely be older than those 

with previous respiratory infections and presented with fewer symptoms overall, whereas 

participants with non-COVID-19 ARIs had a much higher prevalence of heart disease than the other 

groups (appendix table S15). Given this finding, we did an exploratory analysis comparing the 

prevalence and severity of all symptoms between participants with SARS-CoV-2 infection and those 

with non-COVID-19 ARI, additionally adjusting for heart disease, but this did not materially affect the 

results (data not shown).  
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Discussion 

In this large, observational study, we found that previous SARS-CoV-2 infection was associated with 

increased prevalence and severity of a wide range of symptoms—covering gastrointestinal, 

neurological, musculoskeletal, and cardiopulmonary problems—as well as lower HRQoL, and that 

this increased symptom burden persisted more than 12 weeks after the acute infection. Participants 

with SARS-CoV-2 infection were more likely to report problems with taste or smell and 

lightheadedness or dizziness than those with non-COVID-19 ARI, but we observed little difference in 

other symptoms or HRQoL measures. The lower burden of coughing, problems with taste or smell, 

and dyspnoea among participants who had been infected with SARS-CoV-2 more than 12 weeks 

prior compared with those with more recent infections suggests these symptoms may be the first to 

show improvement; however, other symptoms considered showed little difference between remote 

and more recent infections. A severe initial SARS-CoV-2 infection—either requiring bedrest or 

hospitalisation—was found to be associated with a greater prevalence of ongoing symptoms, and 

reduction in HRQoL. Finally, as ongoing symptom severity increased, participants were more likely to 

report having long COVID, with nearly half of participants with severe symptoms reporting suspected 

long COVID. 

The scale and fast spread of the COVID-19 pandemic, alongside a lower case–fatality ratio than 

previous coronavirus pandemics, 31 has resulted in hundreds of millions of survivors globally over just 

a few years, focusing attention on their post-COVID-19 experience. While post-acute sequelae of 

other viral respiratory infections have been observed, 32 they have not been as well characterised. 

Similar to our findings for previous SARS-CoV-2 infection, we observed increased burden of many 

symptoms among participants with previous non-COVID-19 ARI when compared with no infection. 

However, long-term symptom profiles differed slightly between SARS-CoV-2 infection and non-

COVID-19 ARI, with the former showing greater increases in problems with taste or smell and 

lightheadedness or dizziness. Our findings suggest that there may be long-lasting health impacts 

from other respiratory infections that are going unrecognised, although we do not yet have evidence 

that these symptoms have a similar duration to long COVID. Our cohort of community infections will 

not represent those worst affected by long COVID, and so the elevated symptom burden seen for 

both SARS-CoV-2 infections and non-COVID-19 ARIs is likely to represent a milder phenotype of post-

acute sequelae. Indeed, retrospective cohort studies have generally found worse post-acute 

outcomes among patients with SARS-CoV-2 compared with influenza33,34 and other viral infections; 35 

these studies have largely been restricted to hospitalised patients or electronic health record data, 

thus representing people with either a severe acute infection or sufficiently severe post-acute 

symptoms to seek medical help. Given our findings of post-acute sequelae in people with milder 
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disease, longitudinal studies are needed to investigate the distinct pathogens responsible and 

trajectories of recovery. 

We found increased risk of ongoing symptoms across different levels of acute disease severity, 

highlighting the wide reach of long COVID burden. While long COVID has been well documented in 

previously hospitalised patients, 36-38 and risk of long COVID has been found to be associated with 

severe COVID-19, 3,39 an increasing number of studies have found long-term sequelae in people with 

mild or asymptomatic infections. 11,40 Importantly, less than a quarter of our participants with 

previous SARS-CoV-2 infection had ever reported long COVID—including half of participants with the 

most severe symptoms—suggesting that some people with ongoing symptoms may not be ascribing 

these symptoms to the infection, or may not consider their symptoms serious enough to qualify as 

long COVID. This could exacerbate under-reporting of the condition, 41 likely impacting the 

healthcare resources made available to people with long-term sequelae. A lack of awareness of post-

acute sequelae of other ARIs—or even the lack of a common term, like "long COVID"—is likely to 

contribute to under-reporting as well. Among participants with the most severe symptoms, 12% 

with previous non-COVID-19 ARI attributed their symptoms to long COVID compared with 48% with 

previous SARS-CoV-2 infection, despite their symptom profiles being largely similar, highlighting 

their need for an alternative diagnosis. Given the few diagnostic tests available, future research 

needs to focus on enabling diagnosis of long COVID and other post-acute sequelae, to ensure all 

people with ongoing symptoms can access the support they need. 

While exploring long COVID phenotypes, we found that people with previous SARS-CoV-2 infections 

could largely be classified into three groups representing different overall severity of ongoing 

symptoms. The most severely affected were characterised by neurocognitive symptoms such as 

memory problems and difficulty concentrating: these symptoms distinguished them not only from 

participants with milder ongoing symptoms after SARS-CoV-2 infection, but also from the most 

severely affected participants with non-COVID-19 ARI. Neurological and cognitive symptoms in long 

COVID are well documented, 2,42 and some studies have identified neurological symptom clusters as 

a potential long COVID phenotype. 3,43 However, research so far into phenotypes has been 

inconclusive, with other studies instead identifying clusters reflecting lower or higher overall 

symptom severity. 2,44-46 While our findings support the importance of neurocognitive symptoms in 

long COVID, the clearest distinction between our participants was the overall severity of their 

symptoms, rather than physiological systems affected. Such severity-based clusters may offer less 

insight into the underlying mechanisms of long COVID, but it will nonetheless be important to 

evaluate whether trajectories of recovery differ between these severity groups, in order to better 

predict outcomes for patients and support them in their recovery. 
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Our study has several strengths. By comparing symptom burden across three groups, we can paint a 

clearer picture of how post-acute sequelae differ between SARS-CoV-2 and other ARIs, and how 

these symptoms differ from those experienced by uninfected population controls. The importance 

of a control population can be seen clearly when considering muscle and joint pain and sleep 

problems: while more frequent in people with previous ARI, these symptoms are also widespread in 

the uninfected population, and so may not be the most characteristic of previous ARIs. Our large 

sample includes a mix of asymptomatic, symptomatic, and hospitalised cases, allowing us to 

examine post-acute sequelae across all severities of the acute infection. We recorded the presence 

and severity of potential long COVID symptoms from all participants in our cohort, regardless of 

previous SARS-CoV-2 infection status or long COVID reports, which reduces potential reporting bias. 

This also enabled us to compare responses across all participants at the same point in the pandemic, 

effectively allowing us to adjust for baseline levels of symptoms such as fatigue and depression, 

which were likely elevated in the general population owing to the stress of the pandemic. 12 Access 

to pre-vaccination antibody test data for more than half of our participants, both from COVIDENCE 

UK serological sub-studies47 and as reported by our participants, allowed us to more accurately 

identify previous infections and thus more robustly classify our controls. 

This study also has some limitations. First, we focused on symptoms for each individual at a single 

timepoint, and thus could not map the change in each participant’s symptoms over time with 

repeated measures; however, our aim for this study was to provide a descriptive snapshot of the 

post-COVID-19 symptom burden, and longitudinal analyses are planned for future work. Second, we 

did not adjust for pre-COVID-19 symptom burden, as few participants had these data available, 

meaning that we cannot know whether participants with previous infections had a higher baseline 

symptom burden than those without. However, our inclusion of all participants with previous SARS-

CoV-2 infection, rather than only symptomatic or severe COVID-19, reduces the risk of baseline 

differences, as many determinants of SARS-CoV-2 infection reflect lifestyle or behavioural factors 

rather than biological ones. 47,48 Additionally, sensitivity analyses adjusting for pre-infection general 

health did not substantially affect our results. Third, we do not have details on the type of 

respiratory infections experienced by our participants reporting non-COVID-19 ARIs, as these are not 

routinely tested for in the community, preventing us from determining which ARIs are most likely to 

cause long-term symptoms. However, the fact that we consistently observed differences between 

our three infection groups, despite the grouping together of different non-COVID-19 ARIs, shows not 

only that long-term symptoms can occur after non-COVID-19 ARIs, but that these symptoms differ 

from long COVID. Importantly, our requirement of a negative SARS-CoV-2 swab test for non-COVID-

19 ARIs will reduce information bias, particularly as the timing of our study means reported tests are 
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likely to have been RT-PCR tests, reducing the risk of false negatives. 49 Additionally, a COVIDENCE UK 

serological sub-study was carried out in December, 2020, 47 meaning we had recent serology data for 

approximately 40% of our participants, helping to reduce misclassification. Fourth, as COVIDENCE UK 

questionnaires are issued monthly and completed online, the study may have limitations commonly 

found in web-based studies, 50 such as participant disinterest and recall bias. In particular, 

participants may have forgotten to report symptoms from minor ARIs that had resolved several 

weeks earlier. However, more than 60% of participants with ARIs reported being mildly unwell, 

suggesting that our findings have not been skewed towards people with the most severe infections, 

and the questionnaire response rate of 89% shows a high level of engagement among COVIDENCE 

UK participants. Fifth, the final models chosen for the clustering analysis had evidence of residual 

covariance between the included variables (appendix p 15), suggesting that the latent class 

assignments did not fully explain the symptom distribution between participants; nonetheless, the 

models showed strong distinction between classes, and our findings of clusters defined by symptom 

severity mirror those of several other studies, 44-46 lending strength to our results. Sixth, our findings 

are restricted to unvaccinated patients infected with either the wild-type or alpha strains of SARS-

CoV-2. However, 29% of people in the UK reporting long COVID were infected with the wild-type 

strain, 5 which dominated before the vaccination rollout in the UK, showing that our participants 

represent an important and substantial subgroup with long-lasting symptoms. Seventh, many of our 

symptoms were recorded as binary measures, requiring participants to classify themselves as either 

having them or not; more use of scales, such as MRC Dyspnoea or FACIT-13, would have added 

further nuance to our findings. Finally, COVIDENCE UK is a self-selected cohort, 13 and so certain 

groups—such as women, older age groups, and White ethnicity—are over-represented in our study, 

potentially limiting the generalisability of our results. 

The COVID-19 pandemic has cast a much-needed spotlight on post-acute infection syndromes, 

highlighting the need for improved understanding, diagnosis, and treatment of these conditions. 

While the high symptom burden we observed in participants with previous SARS-CoV-2 infection 

illustrates the extensive reach of long COVID, the similar burden observed among people with 

previous non-COVID-19 ARI suggests that the lasting impacts of these infections may be 

underestimated. As research into long COVID continues, we must take the opportunity to investigate 

and consider the post-acute burden of other ARIs, to ensure all people with post-acute sequelae can 

access the treatment and care they deserve.  
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Figure 1: Symptom profiles among all participant with previous SARS-CoV-2 infection (A) and 

among participants with the most severe symptoms, by infection status (B) 

Figure shows the conditional probability (left of the dashed line) or mean severity (right of the 

dashed line) for all symptoms considered, adjusted for age and sex. Parallel lines between the 

classes indicate a fairly even increase in the probability or severity of the symptoms considered; 

disproportionate changes in symptom probability or severity are shown by deviations from the 

parallel. (A) Includes all participants with previous SARS-CoV-2. Displayed probabilities or scores are 

shown in appendix table S13. (B) Symptom profiles for participants with the most severe symptoms 

from the three separate latent class analyses are overlaid. MRC=Medical Research Council. 

VAS=visual analogue scale. PHQ=Patient Health Questionnaire. *Symptom score represents 

conditional probability for binary variables and mean severity for ordinal and continuous variables. 

†Continuous variables have been reversed to aid with interpretation, so that higher values indicate 

worse severity or health state. ‡Ordinal variable.
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Previous SARS-CoV-2 
infection (N=1311) 

Previous non-COVID-19 
ARI (N=472) 

No infection 
(N=8388) 

Sociodemographics 

Age, years 59·3 (50·7–66·1) 57·2 (47·4–65·0) 63·5 (54·8–69·3) 

<30 42 (3·2%) 30 (6·4%) 242 (2·9%) 

30 to <40 84 (6·4%) 44 (9·3%) 411 (4·9%) 

40 to <50 181 (13·8%) 74 (15·7%) 792 (9·4%) 

50 to <60 380 (29·0%) 137 (29·0%) 1716 (20·5%) 

60 to <70 458 (34·9%) 136 (28·8%) 3,361 (40·1%) 

≥70 166 (12·7%) 51 (10·8%) 1866 (22·2%) 

Sex 
   

Female 908 (69·3%) 385 (81·6%) 5685 (67·8%) 

Male 403 (30·7%) 87 (18·4%) 2703 (32·2%) 

Ethnicity 
   

White 1229 (93·7%) 453 (96·0%) 8010 (95·5%) 

Mixed/multiple/other ethnic groups 44 (3·4%) 10 (2·1%) 206 (2·5%) 

South Asian 27 (2·1%) 7 (1·5%) 121 (1·4%) 

Black/African/Caribbean/Black British 11 (0·8%) 2 (0·4%) 51 (0·6%) 

Country 
   

England 1176 (89·7%) 430 (91·1%) 7400 (88·3%) 

Northern Ireland 20 (1·5%) 11 (2·3%) 144 (1·7%) 

Scotland 72 (5·5%) 23 (4·9%) 533 (6·4%) 

Wales 43 (3·3%) 8 (1·7%) 306 (3·7%) 

No. people per bedroom 
   

<1 808 (62·1%) 278 (59·1%) 5849 (70·1%) 

1 to <2 461 (35·4%) 173 (36·8%) 2341 (28·1%) 

2 to <3 30 (2·3%) 17 (3·6%) 145 (1·7%) 

3 to <4 3 (0·2%) 2 (0·4%) 4 (<0·1%) 

Quartiles of IMD decile 
   

Q4 (least deprived) 420 (32·1%) 145 (30·7%) 2737 (32·7%) 

Q3 289 (22·1%) 103 (21·8%) 2259 (27·0%) 

Q2 271 (20·7%) 122 (25·8%) 1699 (20·3%) 

Q1 (most deprived) 330 (25·2%) 102 (21·6%) 1683 (20·1%) 

Frontline worker 
   

No 1067 (81·4%) 374 (79·2%) 7367 (87·9%) 

Non-health 185 (14·1%) 84 (17·8%) 838 (10·0%) 

Health 59 (4·5%) 14 (3·0%) 173 (2·1%) 

Highest educational level attained 
   

Primary or secondary 152 (11·6%) 54 (11·5%) 950 (11·3%) 

Higher or further (A levels) 184 (14·0%) 71 (15·1%) 1279 (15·3%) 

College or university 589 (44·9%) 190 (40·3%) 3682 (43·9%) 

Post-graduate 386 (29·4%) 156 (33·1%) 2467 (29·4%) 

Clinical characteristics 

BMI, kg/m2 25·5 (22·9–29·2) 25·5 (23·3–29·3) 24·9 (22·5–28·3) 

<25 590 (45·0%) 213 (45·3%) 4256 (50·8%) 
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25 to <30 443 (33·8%) 155 (33·0%) 2632 (31·4%) 

≥30 277 (21·1%) 102 (21·7%) 1487 (17·8%) 

Asthma 263 (20·1%) 114 (24·2%) 1239 (14·8%) 

Atopy 351 (26·8%) 136 (28·8%) 1958 (23·3%) 

Autoimmune disease 110 (8·4%) 48 (10·2%) 708 (8·4%) 

Cancer 
   

Past (cured or in remission) 106 (8·1%) 34 (7·2%) 739 (8·8%) 

Active treatment 10 (0·8%) 5 (1·1%) 73 (0·9%) 

COPD 37 (2·8%) 8 (1·7%) 156 (1·9%) 

Diabetes 39 (3·0%) 21 (4·4%) 393 (4·7%) 

Heart disease 33 (2·5%) 22 (4·7%) 293 (3·5%) 

Hypertension 252 (19·2%) 73 (15·5%) 1803 (21·5%) 

Immunodeficiency 12 (0·9%) 2 (0·4%) 43 (0·5%) 

Kidney disease 24 (1·8%) 12 (2·5%) 142 (1·7%) 

Major neurological conditions 40 (3·1%) 9 (1·9%) 202 (2·4%) 

Infections 

SARS-CoV-2 infection type    

Swab test 243 (18·5%) ·· ·· 

Antibody test 304 (23·2%) ·· ·· 

Symptom defined 764 (58·3%) ·· ·· 

Non-COVID-19 ARI infection type    

Influenza-like illness* ·· 24 (5·4%) ·· 

Upper respiratory infection* ·· 146 (32·6%) ·· 

Lower respiratory infection* ·· 361 (80·6%) ·· 

Diagnosis    

Hospital or GP diagnosis ·· 55 (11·7%) ·· 

Symptom defined ·· 417 (88·3%) ·· 

Weeks since infection 44 (34–47) 11 (7–17) 
 

4–12 weeks 165 (12·6%) 274 (58·1%) ·· 

>12 weeks 1146 (87·4%) 198 (41·9%) ·· 

Infection severity† 
  

 

Asymptomatic 89/752 (11·8%) ·· ·· 

Mildly unwell 160/752 (21·3%) 317 (67·2%) ·· 

Moderately unwell 178/752 (23·7%) 89 (18·9%) ·· 

Very unwell 285/752 (37·9%) 58 (12·3%) ·· 

Hospitalised 40/752 (5·3%) 8 (1·7%) ·· 

 

ARI=acute respiratory infection. BMI=body-mass index. COPD=chronic obstructive pulmonary disease. IMD=Index of 

Multiple Deprivation. *Participants could have more than one non-COVID-19 ARI infection type. †For symptomatic and 

non-hospitalised participants, severity was self-reported with the following statements: “Mildly unwell – I could do most of 

my usual activities”, “Moderately unwell – I couldn’t do usual activities but didn’t need to go to bed in the daytime”, and 

“Very unwell – I had to go to bed in the daytime”. 

Table 1: Participant characteristics 
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Comparison between non-COVID-19 ARI and no infection is shown in the main paper. ARI=acute respiratory infection. PHQ=Patient Health Questionnaire. MRC=Medical Research Council. 

VAS=visual analogue scale. *Estimates are odds ratios for binary and ordinal outcomes, and predicted percentage point changes for continuous outcomes.  †After adjustment for multiple 

corrections, p<0·045 is the threshold for statistical significance. ‡After adjustment for multiple corrections, p<0·005 is the threshold for statistical significance. §After adjustment for multiple 

testing, p<0·036 is the threshold for statistical significance. ||Ordinal outcome. ¶Continuous outcome. Raw coefficients are available in the appendix (table S1). 

Table 2: Symptom associations among participants with previous SARS-CoV-2 infection vs no infection or non-COVID-19 ARI

 Previous SARS-CoV-2 infection vs  
no infection 

SARS-CoV-2 infection >12 weeks 
prior vs no infection 

Previous SARS-CoV-2 infection vs 
previous non-COVID-19 ARI 

Previous non-COVID-19 ARI vs  
no infection 

  Estimate* (95% CI) p value† Estimate* (95% CI) p value† Estimate* (95% CI) p value‡ Estimate* (95% CI) p value§ 

Coughing 2·02 (1·70–2·40) <0·001 1·80 (1·49–2·17) <0·001 1·30 (0·90–1·88) 0·169 2·91 (2·28–3·72) <0·001 

Problems with sleep 1·27 (1·13–1·44) <0·001 1·27 (1·12–1·45) <0·001 0·91 (0·67–1·24) 0·568 1·53 (1·26–1·86) <0·001 

Memory problems 2·11 (1·82–2·46) <0·001 2·08 (1·78–2·44) <0·001 1·60 (1·12–2·30) 0·011 1·69 (1·33–2·15) <0·001 

Difficulty concentrating 1·94 (1·67–2·25) <0·001 1·91 (1·63–2·23) <0·001 1·46 (1·03–2·07) 0·032 1·59 (1·26–2·00) <0·001 

Muscle or joint pain 1·38 (1·21–1·57) <0·001 1·37 (1·20–1·57) <0·001 1·16 (0·84–1·61) 0·357 1·24 (1·01–1·53) 0·038 

Problems with sense of smell / taste 9·35 (7·51–11·63) <0·001 8·23 (6·54–10·37) <0·001 19·74 (10·53–37·00) <0·001 1·30 (0·72–2·33) 0·382 

Diarrhoea 1·75 (1·42–2·15) <0·001 1·61 (1·29–2·01) <0·001 1·27 (0·82–1·97) 0·284 2·12 (1·59–2·84) <0·001 

Stomach (abdominal pains) 1·72 (1·42–2·08) <0·001 1·72 (1·41–2·09) <0·001 0·96 (0·63–1·45) 0·835 2·14 (1·64–2·80) <0·001 

Changes to voice 2·68 (2·05–3·50) <0·001 2·46 (1·85–3·26) <0·001 1·34 (0·77–2·31) 0·296 3·26 (2·25–4·72) <0·001 

Hair loss 2·09 (1·70–2·57) <0·001 2·10 (1·69–2·61) <0·001 2·07 (1·20–3·60) 0·009 1·08 (0·73–1·58) 0·712 

Unusual racing of the heart 2·23 (1·84–2·69) <0·001 2·14 (1·75–2·62) <0·001 1·51 (0·98–2·33) 0·064 1·81 (1·35–2·43) <0·001 

Lightheadedness or dizziness 2·17 (1·85–2·56) <0·001 2·12 (1·79–2·52) <0·001 1·74 (1·18–2·56) 0·005 1·59 (1·22–2·08) <0·001 

Unusual sweating 2·46 (2·02–3·00) <0·001 2·42 (1·96–2·98) <0·001 1·45 (0·91–2·31) 0·115 1·92 (1·40–2·63) <0·001 

MRC Dyspnoea|| 1·29 (1·12–1·47) <0·001 1·18 (1·02–1·37) 0·027 1·47 (1·07–2·03) 0·017 1·40 (1·13–1·72) 0·002 

PHQ-4 grade|| 1·29 (1·12–1·48) <0·001 1·24 (1·07–1·44) 0·004 0·97 (0·70–1·34) 0·851 1·34 (1·09–1·66) 0·006 

FACIT-13 score (reversed)¶ 3·4% (2·5–4·3) <0·001 2·9% (2·0–3·8) <0·001 16·5% (–1·6–34·6) 0·074 3·6% (2·3–4·9) <0·001 

EQ-5D Activities|| 2·02 (1·69–2·43) <0·001 1·90 (1·57–2·31) <0·001 1·48 (0·99–2·21) 0·054 1·88 (1·42–2·48) <0·001 

EQ-5D Pain|| 1·40 (1·22–1·60) <0·001 1·39 (1·21–1·61) <0·001 0·95 (0·68–1·32) 0·752 1·39 (1·12–1·72) 0·003 

EQ-5D Self-care (two groups) 1·15 (0·81–1·61) 0·433 1·24 (0·87–1·75) 0·236 0·97 (0·41–2·27) 0·936 0·97 (0·57–1·63) 0·896 

EQ-5D Mobility (two groups) 1·07 (0·87–1·32) 0·495 1·02 (0·82–1·26) 0·884 1·05 (0·66–1·69) 0·826 1·21 (0·88–1·64) 0·238 

EQ-5D VAS¶ –1·9% (–2·9 to –1·0) <0·001 –1·6% (–2·7 to –0·6) 0·001 –8·7% (–21·7 to 4·2) 0·187 –1·5% (–3·1 to 0·0) 0·047 
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 SARS-CoV-2 infection >12 weeks prior vs  
4–12 weeks prior 

  Estimate* (95% CI) p value† 

Coughing 0·44 (0·29–0·67) <0·001 

Problems with sleep 1·02 (0·72–1·44) 0·925 

Memory problems 0·91 (0·61–1·36) 0·652 

Difficulty concentrating 0·90 (0·60–1·34) 0·597 

Muscle or joint pain 0·97 (0·68–1·40) 0·886 

Problems with sense of smell / taste 0·41 (0·28–0·62) <0·001 

Diarrhoea 0·56 (0·34–0·92) 0·021 

Stomach (abdominal pains) 1·05 (0·62–1·78) 0·851 

Changes to voice 0·50 (0·27–0·93) 0·029 

Hair loss 1·03 (0·58–1·83) 0·919 

Unusual racing of the heart 0·74 (0·45–1·19) 0·215 

Lightheadedness or dizziness 0·83 (0·54–1·27) 0·396 

Unusual sweating 0·82 (0·49–1·37) 0·452 

MRC Dyspnoea‡ 0·57 (0·40–0·82) 0·002 

PHQ-4 grade‡ 0·81 (0·56–1·17) 0·263 

FACIT-13 score (reversed)§ –4·1% (–7·2 to –1·0) 0·009 

EQ-5D Activities‡ 0·72 (0·46–1·13) 0·157 

EQ-5D Pain‡ 1·03 (0·71–1·50) 0·867 

EQ-5D Self-care (two groups) 3·13 (0·72–13·69) 0·130 

EQ-5D Mobility (two groups) 0·72 (0·42–1·23) 0·226 

EQ-5D VAS§ 1·9% (–1·0 to 4·9) 0·192 

PHQ=Patient Health Questionnaire. MRC=Medical Research Council. VAS=visual analogue scale. *Estimates are odds ratios 

for binary and ordinal outcomes, and predicted percentage point changes for continuous outcomes.  †After adjustment for 

multiple corrections, p<0·007 is the threshold for statistical significance. ‡Ordinal outcome. §Continuous outcome. Raw 

coefficients are available in the appendix (table S1). 

Table 3: Symptom associations by time since infection, among participants with previous SARS-CoV-2 

infection 

 

 

 


