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Abstract
Multiple studies across global populations have established the primary symptoms characterising Coronavirus Disease 2019 
(COVID-19) and long COVID. However, as symptoms may also occur in the absence of COVID-19, a lack of appropriate 
controls has often meant that specificity of symptoms to acute COVID-19 or long COVID, and the extent and length of 
time for which they are elevated after COVID-19, could not be examined. We analysed individual symptom prevalences and 
characterised patterns of COVID-19 and long COVID symptoms across nine UK longitudinal studies, totalling over 42,000 
participants. Conducting latent class analyses separately in three groups (‘no COVID-19’, ‘COVID-19 in last 12 weeks’, 
‘COVID-19 > 12 weeks ago’), the data did not support the presence of more than two distinct symptom patterns, represent-
ing high and low symptom burden, in each group. Comparing the high symptom burden classes between the ‘COVID-19 
in last 12 weeks’ and ‘no COVID-19’ groups we identified symptoms characteristic of acute COVID-19, including loss of 
taste and smell, fatigue, cough, shortness of breath and muscle pains or aches. Comparing the high symptom burden classes 
between the ‘COVID-19 > 12 weeks ago’ and ‘no COVID-19’ groups we identified symptoms characteristic of long COVID, 
including fatigue, shortness of breath, muscle pain or aches, difficulty concentrating and chest tightness. The identified 
symptom patterns among individuals with COVID-19 > 12 weeks ago were strongly associated with self-reported length of 
time unable to function as normal due to COVID-19 symptoms, suggesting that the symptom pattern identified corresponds 
to long COVID. Building the evidence base regarding typical long COVID symptoms will improve diagnosis of this condi-
tion and the ability to elicit underlying biological mechanisms, leading to better patient access to treatment and services.
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Introduction

Hundreds of millions of people worldwide have now been 
infected with SARS-CoV-2, the coronavirus responsible 
for the COVID-19 (coronavirus disease 2019) pandemic 
[1, 2]. SARS-CoV-2 enters the body via the Angiotensin-
converting enzyme 2 (ACE-2) receptor; as ACE2 is located 
on cells across multiple body sites the virus has the capac-
ity to infect and damage cells within multiple organs [3, 
4]. This is reflected in the variety of symptoms associated 
with acute COVID-19 (signs and symptoms of COVID-19 

for up to 4 weeks), ongoing symptomatic COVID-19 (signs 
and symptoms of COVID-19 from 4 to 12 weeks) and in 
post-COVID-19 syndrome (where signs and symptoms 
developing during or after COVID-19 infection continue for 
more than 12 weeks and are not explained by an alternative 
diagnosis) [5]. Both ongoing symptomatic COVID-19 and 
post-COVID-19 syndrome are regarded under the umbrella 
of long COVID, as patient advocates prefer the condition 
to be termed [6]. However, for the purpose of understand-
ing difference in symptomology at various stages of illness, 
we consider only symptoms greater than 12 weeks as long 
COVID as long-term symptoms are likely to have a more 
detrimental impact on quality of life.

Whilst multiple studies across global populations have 
established the primary symptoms characterising long 
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COVID to include fatigue, shortness of breath, cough, cogni-
tive impairment and anosmia, a plethora of persistent symp-
toms have been reported by patients [7, 8]. Better under-
standing of symptoms which characterise long COVID—or 
subvariants thereof and thus whether it is meaningful to 
describe long COVID as one syndrome [1]—may improve 
diagnostic precision and help elicit underlying mechanisms 
to better target therapy via patient-centred strategies [3, 
9–14]. Further, as these symptoms often also occur in the 
absence of COVID-19, the lack of appropriate controls has 
often meant that specificity of symptoms to acute COVID-
19 or long COVID could not be examined. Inadequate con-
sideration of cohort selection biases, particularly where 
participants have been recruited via support groups, may 
undermine generalisability of findings and therefore their 
utility in guiding clinical practice [15].

We aimed to characterise patterns of symptoms in indi-
viduals who had experienced COVID-19, before and after 
twelve weeks of illness onset, as well as those who had not, 
across nine UK longitudinal studies, to shed light on specific 
symptom patterns of COVID-19 and long COVID. We then 
examined how patterns differed by key factors such as sex, 
age and (for long COVID) self-reported functional limitation 
following COVID-19.

Methods

Data

The UK National Core Studies—Longitudinal Health and 
Wellbeing programme (https:// www. ucl. ac. uk/ covid- 19- 
longi tudin al- health- wellb eing/) combines data from multi-
ple UK population-based longitudinal studies and electronic 
health records to conduct analyses that allow researchers to 
investigate pandemic-related changes in population health. 
As symptom persistence is poorly captured in electronic 
health records, we performed co-ordinated standardised 
analyses across multiple longitudinal studies. This approach 
minimises methodological heterogeneity and maximises 
comparability, while appropriately accounting for study 
designs and characteristics of individual datasets. Meta-
analyses of key study-specific estimates were performed, 
maximising statistical power and representativeness.

We analysed data from nine UK longitudinal studies. 
Four of the studies are birth cohorts, containing participants 
of a similar age (age-homogeneous): National Child Devel-
opment Study (NCDS; born 1958, so age 62 years in 2020) 
[16, 17], British Cohort Study (BCS70; born 1970, age 50) 
[17, 18], Next Steps (NS; born 1989–90, age 29–31) [17, 
19] and Millennium Cohort Study (MCS; born 2000–02, age 
18–20) [17, 20]. The remaining five studies covered a wider 
range of ages (age-heterogeneous): Avon Longitudinal Study 

of Parents and Children (ALSPAC, age 27–81)1 [21, 22], 
TwinsUK (age 22–96) [23, 24], Born in Bradford (BiB; age 
28–55) [25, 26], Understanding Society (USoc; age 16–96) 
[27, 28] and Generation Scotland (GS; age 27–100) [29, 30]. 
Full details of the studies are provided in Table S1 (Supple-
mentary Material), with ethics and data access statements 
in Table S2 (Supplementary Material).

Information relating to COVID-19 and symptoms was 
obtained from questionnaires completed by study partici-
pants between July 2020 and September 2021 (periods dif-
fered by study).

Variables

Here we provide an overview of the variables used in the 
analysis. Further details of how information was captured 
and variables derived in each study are provided in Methods 
S1 (Supplementary Material).

Symptoms In each study, respondents reported the pres-
ence of different individual symptoms, such as fever, cough 
and sore throat, regardless of whether they attributed these 
symptoms to any specific cause. We considered a “core” set 
of symptoms which were almost all available in all studies 
to aid between-study comparability and a “maximal” set of 
symptoms to allow broader consideration of symptoms. The 
symptoms included in each set are shown in Table 1. The 
period over which the presence of symptoms was reported 
also differed by study, between two weeks and two months. 
In two studies (TwinsUK, USoc), symptoms were observed 
at multiple timepoints for each individual with the presence 
or absence of each symptom derived for each symptom 
timepoint.

Functional limitation following COVID-19 This was 
asked about in NCDS, BCS70, NS, MCS and TwinsUK only 
using the question “For how long were you unable to func-
tion as normal due to Coronavirus symptoms?” (or a subtle 
variation thereof).

COVID-19 Prior or current COVID-19 was self-reported 
in all studies. Among individuals reporting prior or cur-
rent COVID-19, time since COVID-19 onset at the point 
of symptom reporting was derived using the date of the 
symptom timepoint and the reported date of COVID-19 
onset (complete date or month and year only depending on 
study). For cohorts unable to derive time since COVID-19 
onset (USoc, GS), self-reported symptom length was instead 
used. We derived a COVID-19 status indicator (time-varying 
for studies with multiple symptom timepoints (TwinsUK, 
USoc)) using information on prior COVID-19, time since 

1 We included both the ALSPAC cohort (ALSPAC-G1; born 1991–
92, age 27–29) and their parents (ALSPAC-G0, age 45–81) as a 
pooled sample.

https://www.ucl.ac.uk/covid-19-longitudinal-health-wellbeing/
https://www.ucl.ac.uk/covid-19-longitudinal-health-wellbeing/
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COVID-19, and functional limitation at 12 weeks post-
COVID-19, with categories:

1. No COVID-19
2. COVID-19 in last 12 weeks
3. COVID-19 > 12 weeks ago + no functional limitation at 

12 weeks
4. COVID-19 > 12 weeks ago + functional limitation at 

12 weeks

In studies where data on functional limitation were not 
collected (ALSPAC, BiB, USoc, GS), categories 3 and 4 
could not be differentiated so were pooled. In studies which 
only collected symptom data for participants who reported 
prior COVID-19 (USoc, GS), category 1 was not present 
and only individuals with prior COVID-19 were analysed. 
We emphasise that these categories capture only time since 

reported COVID-19 at the point of symptom reporting and 
self-reported functional limitation at 12 weeks; they do not 
necessarily suggest that reported symptoms were due to 
COVID-19, which is why we make use of the symptoms 
reported in the 'No COVID-19’ group.

Sex Sex (male/female) was obtained from responses to the 
same or earlier questionnaires.

Age Age at each symptom timepoint was derived from the 
date of the symptom timepoint and the date of birth reported 
at the same or earlier questionnaires (age-heterogeneous 
studies) or the known common date of birth (age-homoge-
neous studies).

Statistical analysis

Individual symptom analyses: For each available symptom 
within each study, the number and percentage of participants 
reporting the symptom within each COVID-19 group were 
tabulated. Prevalences of symptoms within the core symp-
tom set were subsequently combined across studies using 
random-effects meta-analysis (restricted to studies with 
functional limitation information when considering catego-
ries where this was required). Logistic regression (for stud-
ies with a single symptom timepoint), logistic generalised 
estimation equations (GEE) with clustering by participant 
identifier and an unstructured correlation matrix (USoc) 
or fixed effects logistic regression (TwinsUK; due to non-
convergence of GEE approach) were used to estimate odds 
ratios (ORs) comparing symptom presence in the COVID-
19 groups. The ‘no COVID-19’ category was considered 
as the reference group, except in studies where symptom 
data were only available for participants who had reported 
prior COVID-19 (GS, USoc). In such cases the ‘COVID in 
last 12 weeks’ category was considered the baseline group. 
Models were adjusted for sex (male/female), age (age-het-
erogeneous studies only; continuous) and calendar time (for 
most studies, month). Survey design weights (where neces-
sary) and non-response weights (where available) were used. 
To be included in these analyses, study participants needed 
to have observed data on a given symptom (plus calendar 
time and age, though these were fully observed). ORs for 
symptoms within the core symptom set were subsequently 
combined across studies using random-effects meta-analy-
sis (restricted to studies with a ‘no COVID-19’ category to 
allow a consistent reference group and to studies with func-
tional limitation information when considering categories 
where this was required). These analyses were intended to 
be descriptive, providing an exploration of the symptom data 
prior to undertaking the clustering analyses.

Symptom clustering analyses We conducted, within each 
study, latent class analyses (LCAs) of reported symptoms 
separately within each category of the previously derived 
COVID-19 status indicator. This was undertaken separately 

Table 1  Core and maximal symptom sets

The “core” set of symptoms, almost all available in all studies, were 
chosen to aid between-study comparability. The “maximal” set of 
symptoms allow broader consideration of symptoms

Symptom Core set Maximal set

Fever x x
Cough x x
Sore throat x x
Chest tightness x x
Shortness of breath x x
Runny and/or blocked stuffy nose x x
Muscle or body aches x x
Fatigue x x
Diarrhoea x x
Loss of smell and/or taste x x
Nausea and/or vomiting x x
Raised, red, itchy areas on the skin x x
Sneezing x x
Headaches x x
Difficulty concentrating x x
Memory loss x x
Severe fatigue x
Decrease in appetite x
Abdominal pain/tummy ache x
Sore eyes x
Hoarse voice x
Dizziness x
Chest pain x
Chills x
Difficulty sleeping x
Numbness or tingling somewhere in the body x
Feeling of heaviness in arms or legs x
Sudden swelling of the face or lips x
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in primary (core symptom set) and secondary (maximal 
symptom set) analyses following an identical procedure. Due 
to small numbers in the ‘COVID-19 > 12 weeks ago + func-
tional limitation at 12 weeks’ group, this category was 
combined with the ‘COVID-19 > 12 weeks ago + no func-
tional limitation at 12 weeks’ category to form a ‘COVID-
19 > 12 weeks ago’ category. All individuals within each 
study with observed data on symptoms from at least one 
wave of data collection were included in the LCA.

We fitted LCAs of symptoms with increasing numbers 
of classes, from 1 to 5, unless non-convergence occurred 
first. Where available, calendar time (in months for most 
studies) of symptom observation or wave of data collec-
tion was allowed to affect latent class membership. Study 
design weights (if applicable) and non-response weights (if 
available) were utilised. Sufficient different starting values 
were used to ensure that the obtained maximum likelihood 
solution was replicated. Full information maximum likeli-
hood was used to handle a small amount of missing symp-
tom data in some studies. For each obtained LCA solution, 
we noted model fit statistics (Akaike information criterion 
(AIC), Bayesian information criterion (BIC), adjusted-BIC), 
entropy (a summary measure of the certainty with which 
individuals can be allocated to classes) and the percentage 
of individuals in the smallest class. The optimal number of 
latent classes in each LCA was determined through consid-
eration of the model fit statistics. The information criteria 
were plotted against the number of classes and the optimal 
number chosen through identification of a point of inflection 
in the BIC curve [31], with the additional criterion that the 
smallest class must be > 5% of the total sample. The LCA 
outputs of primary interest were the number of classes sup-
ported by the data in each COVID-19 group and the prob-
ability of each symptom within each latent class (i.e. how the 
symptom pattern could be characterised). Formal quantita-
tive cross-study synthesis (e.g. meta-analysis) of the symp-
tom patterns was not undertaken, with a more qualitative 
approach utilised.

Associations with symptom patterns For the core symp-
tom set findings, subsequent analyses used logistic regres-
sion to examine how patterns differed by sex, age group (age-
heterogeneous studies only) and self-reported functional 
limitation post-COVID onset (individuals with COVID-19 
onset > 12 weeks ago only). Given the high entropy values 
observed, participants were allocated to their most likely 
latent class (symptom pattern) according to their posterior 
probabilities of class membership. Inclusion in each of these 
analyses had the additional requirement of complete data 
on the relevant variable. ORs were subsequently combined 
across studies using random-effects meta-analysis. Cohorts 
unable to derive time since COVID-19 onset (USoc, GS) 
were excluded from these meta-analyses due to the incom-
patibility of their variable definitions.

Results

Across the nine studies, the individual symptom analy-
ses included a total of 42,450 individuals, of whom 9,277 
reported having had COVID-19.2 The studies included infor-
mation on between 16 and 28 symptoms reported across 
15 months of the pandemic (July 2020 to September 2021).

Individual symptom analyses

For each study, the number and percentage of participants 
reporting each symptom within each COVID-19 group are 
reported in Table S4 (Supplementary Material); meta-ana-
lysed prevalences are presented in Fig. 1 with the underlying 
data in Table S5 (Supplementary Material). An important 
observation is that individuals within the ‘no COVID-19' 
group reported moderate levels of many symptoms, includ-
ing some of those commonly associated with COVID-19. 
For example, across all studies headaches were reported by 
20.7% (95% confidence interval (CI) 15.9%, 25.9%) of those 
with no reported COVID-19 in each study, fatigue by 20.0% 
(17.7%, 22.5%) and muscle or body aches or pains by 12.5% 
(9.4%, 16.0%).

Estimated ORs comparing symptom presence in the 
COVID-19 groups within each study are also reported in 
Table S4 (Supplementary Material); meta-analysed ORs 
are presented in Fig. 2 with the underlying data in Table S6 
(Supplementary Material). A small proportion of ORs 
were not estimable due to low symptom prevalence in one 
or more COVID-19 groups. Whilst there was considerable 
heterogeneity between studies, many symptoms had a higher 
prevalence in the ‘COVID-19 in last 12 weeks’ group than 
in the ‘no COVID-19’ group, with this being most marked 
for loss of smell (meta-analysed OR 28.6; 95% CI 16.6, 
49.2), loss of taste (20.5; 15.4, 27.4), fever (5.5; 4.3, 7.1), 
cough (3.6; 2.0, 6.3) and shortness of breath (3.1; 2.6, 3.8). 
The relative prevalence of all symptoms was lower in the 
‘COVID-19 > 12 weeks ago + no functional limitation at 
12 weeks’ group than in the ‘COVID-19 in last 12 weeks’, 
though remained particularly elevated (relative to the ‘no 
COVID-19’ group) for loss of smell (6.8; 4.4, 10.5) and 
loss of taste (4.2; 3.1, 5.8), with other ORs no greater than 
2. In the ‘COVID-19 > 12 weeks ago + functional limita-
tion at 12 weeks’ group there were again many symptoms 
with raised prevalence relative to the ‘no COVID-19’ group 
including, in addition to loss of taste (33.1; 9.8, 111.5) and 
loss of smell (26.3; 7.7, 89.2), fatigue (13.7; 6.9, 27.3), 
shortness of breath (11.9; 5.3, 26.6), muscle pain or aches 

2 We do not present COVID-19 prevalence calculated using these 
values due to the inclusion of studies which only contributed data for 
individuals who reported prior COVID-19 (USoc, GS).
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(9.7; 6.0, 15.8), chest tightness (7.3; 4.3, 12.3), memory loss 
(6.3; 3.1, 13.0) and difficulty concentrating (6.2; 1.4, 28.0).

Symptom clustering analyses

For the primary analysis using the core symptom set, the 
data did not support more than two latent classes (symp-
tom patterns) in each COVID-19 group within each study 
(LCA model fit statistics in Table S6 (Supplementary Mate-
rial)).3 The probability of each symptom within each symp-
tom pattern are shown in Fig. S1 (Supplementary Material) 
for each study. In each instance, we identified one pattern 
(‘symptom pattern 1’ in the figures) that was characterised 

by a generally low prevalence of symptoms. A second pat-
tern (‘symptom pattern 2’) was characterised by a higher 
prevalence of many symptoms, though precisely which 
symptoms had particularly high prevalence differed by 
COVID-19 group. The general similarity of symptom pat-
tern 1 across the COVID-19 groups in each study suggests 
that this pattern identifies subgroups of similar individuals 
who, although they may have non-negligible probability of 
common symptoms such as a runny nose or a headache, 
were essentially well. The higher symptom burden within 
symptom pattern 2 therefore identifies individuals who are 
unwell, either due to non-COVID-19-related reasons (in the 
case of the ‘no COVID-19' group) or due to a combination 
of COVID-19- and non-COVID-19-related reasons (as in the 
‘COVID-19 in last 12 weeks’ and ‘COVID-19 > 12 weeks 
ago’ groups). Through a comparison of symptom pattern 
2 between the two groups with COVID-19 and the no 
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Fig. 1  Meta-analysis of prevalence of each symptom for each COVID-19 group. Bars represent 95% confidence intervals. Estimates are from 
random effects meta-analyses of study-specific estimates. FL: function limitation
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Fig. 2  Meta-analysis of odds ratio of each symptom for each COVID-19 group relative to the no COVID-19 group. Bars represent 95% confi-
dence intervals. Estimates are from random effects meta-analyses of study-specific estimates. FL: function limitation

3 Analyses were not possible for either group with COVID-19 in BiB 
due to insufficient sample size.
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COVID-19 group we can explore which symptoms have the 
greatest excess probability relative to the COVID-19-free 
population, allowing us to identify symptoms that are typical 
of more acute COVID-19 and of long COVID.

Such comparisons can be more easily made using plots 
of the absolute probability differences, presented in Fig. S2 
(Supplementary Material) for each study.4 To further aid 
cross-study interpretation of these findings, we have plotted 
the symptom probability differences for all available studies 
together on a single heatmap (Fig. 3). Although there was 
variability between studies, some common features were 
observed. The symptoms most consistently observed to 
have excess probability among individuals with COVID-19 
in the last 12 weeks were loss of taste, loss of smell, fatigue, 
cough (particularly dry cough), shortness of breath, muscle 
pains or aches, fever, headaches and difficulty concentrating. 
The 95% CIs for these excess probabilities almost always 
excluded the null within each study, providing compelling 
evidence that these symptoms can be considered character-
istic of more acute COVID-19. The symptoms most consist-
ently observed to have excess probability among individuals 
with COVID-19 > 12 weeks ago were fatigue, shortness of 
breath, muscle pain or aches, difficulty concentrating, chest 
tightness, loss of smell, memory loss and loss of taste. The 
95% CIs for these excess probabilities did not always exclude 
the null within each study, but the consistency of the find-
ings across the cohorts provides strong evidence that these 
symptoms can be considered characteristic of long COVID.

In the secondary analysis using the maximal symptom set, 
the data again did not support more than two latent classes 
(symptom patterns) in each COVID-19 group within each 
study (Table S8 (Supplementary Material)).5 The probability 
of each symptom within each symptom pattern are shown in 
Fig. S3 (Supplementary Material) for each study, with the 
absolute probability differences plotted in Fig. S4 (Supple-
mentary Material). Additional symptoms observed to have 
excess probability among individuals with COVID-19 in the 
last 12 weeks were chills and heaviness in arms or legs. 
Among individuals with COVID-19 > 12 weeks ago, only 
heaviness in arms or legs was additionally identified.

Associations with symptom patterns

Estimated associations with symptom patterns are shown in 
Table S8 (Supplementary Material) for each study; meta-
analysed ORs are presented in Fig. 4 with the underlying 
data in Table S10 (Supplementary Material). The majority 

of individuals who had COVID-19 were unable to function 
as normal for less than two weeks (between 58.9 and 88.0% 
across the studies), with relatively few unable to function as 
normal for 12 weeks or more (1.5–7.4%). Across almost all 
studies there was consistent evidence that symptom pattern 
2 (corresponding to a higher symptom burden) was more 
common among females in each of the COVID-19 groups 
(e.g. meta-analysed OR 1.6; 95% CI 1.4, 1.9 in the COVID-
19 > 12 weeks ago group). In the age-heterogeneous stud-
ies there was evidence that symptom pattern 2 was more 
common at younger ages in the no COVID-19 group and, 
to a lesser extent, in the COVID-19 > 12 weeks ago group. 
Findings relating to functional limitation following COVID-
19 were clear and consistent: the prevalence of symptom 
pattern 2 was greater for individuals who were unable to 
function as normal for longer, being particularly high in 
those who were unable to function for 12 weeks or more 
(meta-analysed OR 8.7; 95% CI 5.4, 14.2 relative to always 
being able to function as normal).

Discussion

We have characterised patterns of COVID-19 and long 
COVID symptoms across nine UK longitudinal studies 
and examined how patterns differed by key factors such 
as sex, age and (for long COVID) self-reported functional 
limitation following COVID-19.

In analyses of individual symptoms, we found repli-
cation of known symptoms of COVID-19, in that fever, 
cough and loss of smell and taste all had high prevalence 
in the group with COVID-19 within the past 12 weeks. 
This suggests that despite using self-reported COVID, and 
asking people to recall symptoms over varying periods, 
our results have face validity. The prevalence of some 
symptoms varied across studies; this could be due to sea-
sonality, the different variants during different stages of 
the pandemic or just between-study differences in age, 
geography or other factors. The prevalence of runny nose 
and sneezing did not seem to differ between those with 
and without COVID-19, or those with COVID-19 within 
the past 12 weeks or longer ago, suggesting that these 
symptoms tend not to be COVID-19-specific.

In the symptom clustering analyses, the data did not 
support more than two symptom patterns among any of the 
COVID-19 groups in any of the studies, though relatively 
small sample sizes in these groups may have affected our 
ability to identify further symptom patterns of low preva-
lence. Other studies using differing clustering methods and 
study designs have found greater than two symptom pat-
terns annotated as distinct symptom sets when studying 
acute COVID-19 [32, 33] and long COVID [34]. However, 
some studies have similarly found two symptom patterns 

4 With the exception of GS and USoc which lack a no COVID-19 
group to act as a comparator.
5 Analyses were again not possible for either group with COVID-19 
in BiB due to insufficient sample size.
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to best fit the data: in the Norwegian Mother, Father and 
Child Cohort Study, Caspersen et al. [1] analysed 73,727 
adults followed throughout the pandemic and observed 
distinct patterns of post-acute symptoms characterised 
as ‘neurocognitive’ and ‘cardiorespiratory’. The symp-
toms were captured at 12 months post-infection, so it 
could be that symptoms become more disaggregated at 
a longer time interval since initial infection. Reflecting 
our results, Peluso et al. [35] observed patients to group 
into two clusters, one reflecting high symptom prevalence 

and the other representing low, although in their approach 
they first aggregated reported symptoms to seven domains. 
Considered with our results, this does not support the idea 
that long COVID may be multiple syndromes discernible 
by their difference in symptom pattern.

Symptom pattern 2 (characterised by higher symp-
tom burden) was generally more common among indi-
viduals with COVID-19 in the last 12 weeks or COVID-
19 > 12 weeks ago than among those with no COVID-19, 
suggesting that, whilst there is a significant symptom 

Fig. 3  Heatmap of symptom 
probability differences compar-
ing the two COVID-19 groups 
with the no COVID-19 group 
across all studies. NCDS: 
1958 National Child Develop-
ment Study; BCS1970: 1970 
British Cohort Study; NS: 
Next Steps; MCS: Millennium 
Cohort Study; ALSPAC: Avon 
Longitudinal Study of Parents 
and Children. Notes: White 
cells indicate that the symptom 
was not asked about in in that 
study; ALSPAC results for “loss 
of smell or taste” are duplicated 
in the “loss of smell” and “loss 
of taste” cells; TwinsUK results 
for “confusion” are duplicated 
in the “difficulty concentrating” 
and “memory loss” cells
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burden among those who have never had COVID-19, this 
is greater in those who have had COVID-19. The presence 
of a substantial group of individuals without COVID-19 
reporting a relatively high symptom burden emphasises 
the importance of a control group in analyses of COVID-
19 symptoms.

Although symptom pattern 2 corresponded to a generally 
higher symptom burden, the precise symptom profile dif-
fered between COVID-19 groups. Although there was some 
between-study variability, the symptoms identified through 
comparison of the ‘COVID-19 in last 12 weeks’ and ‘no 
COVID-19' groups as being characteristics of acute COVID-
19 and ongoing symptomatic COVID-19 were loss of taste, 
loss of smell, fatigue, cough (particularly dry cough), short-
ness of breath, muscle pains or aches, fever, headaches and 
difficulty concentrating. Several meta-analyses have reported 
similarly, with fatigue, cough and alterations to taste and 
smell being characteristic of acute COVID-19 [36–38].

Symptoms identified through comparison of the ‘COVID-
19 > 12 weeks ago’ and ‘no COVID-19' groups as being 
characteristic of long COVID were fatigue, shortness of 
breath, muscle pain or aches, difficulty concentrating, chest 
tightness, loss of smell, memory loss and loss of taste. These 
symptoms are comparable to those identified in the existing 
literature. A clinical review by Crook and colleagues simi-
larly found shortness of breath, impaired cognition, chest 
pain and in particular fatigue to characterise long COVID 
[3]. Similarly, a meta-analysis by Martimbianco et al. [14] 
observed chest pain, fatigue, shortness of breath and cough 
as the symptoms characterising long COVID. However, 
these studies were not able to incorporate a ‘no COVID-19’ 
group to account for baseline population symptoms which 
may account for the differences observed.

Symptom pattern 2 (characterised by higher symptom 
burden) was found to be more common in females in all 
the COVID-19 groups. While this could be interpreted as 
females having a higher (true) underlying symptom burden 
than males in each of these groups, an alternative explana-
tion could be differential reporting of (ostensibly similar) 
symptoms between males and females. Unlike in studies 
of health care use, differential health-seeking behaviour is 
unlikely to provide an explanation as symptom information 
was requested of all participants in each study. Decrease 
in symptom burden has been previously observed in older 
age groups compared with younger (e.g. [32]), reflecting 
our results here. The identified symptom patterns among 
individuals with COVID-19 > 12 weeks ago were found to 
be strongly associated with length of time unable to function 
as normal due to COVID-19 symptoms. This shows that the 
symptom pattern identified by the LCA relates closely to 
long COVID.

There are many strengths to our work. Working across 
multiple studies with different geographic and demographic 
characteristics allowed us to compare findings and draw 
more robust conclusions. Co-ordinated standardised analy-
ses minimised methodological heterogeneity and maxim-
ised comparability, while appropriately accounting for study 
designs and characteristics of individual datasets. Meta-
analyses of key study-specific estimates maximised statisti-
cal power and representativeness. Focussing on functional 
limitation due to COVID-19 symptoms in order to identify 
long COVID led to small numbers which caused analyti-
cal problems, but we successfully overcame this through 
a novel application of LCA which allowed us to identify 
symptoms characteristic of long COVID (as well as acute 
COVID-19). This was only possible due to the inclusion of 
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Fig. 4  Meta-analysis of associations with symptom pattern 2 (vs. 
symptom pattern 1) across studies. ‘Symptom pattern 1’ was char-
acterised by a generally low prevalence of symptoms; ‘symptom pat-
tern 2’ was characterised by a higher prevalence of many symptoms, 

though precisely which symptoms had particularly high prevalence 
differed by COVID-19 group. Bars represent 95% confidence inter-
vals. Estimates are from random effects meta-analyses of study-spe-
cific estimates
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a control group of COVID-19-free individuals, which has 
been a limitation of previous research [15].

There are also some limitations. Although working across 
multiple studies has its benefits, between-study variability 
in structure and data availability (for example, which symp-
toms were reported, how and when) added considerable 
complexity to the analysis. In particular, studies which only 
collected symptom data for participants who reported prior 
COVID-19 or were unable to derive time since COVID-
19 onset (GS and USoc) were unable to contribute to the 
absolute probability differences analyses or the association 
with symptom pattern meta-analyses. While each study had 
a reasonable total analytic sample size, as analyses were 
conducted separately in COVID-19 groups, small sam-
ple sizes, particularly in the groups with COVID-19, may 
have affected analyses, in particular our ability to identify 
symptom patterns of low prevalence. This may have been 
exacerbated by the relatively limited number of symptoms 
enquired about in some studies, reflected in the core symp-
tom set considered, though analyses using additional symp-
toms were possible in a smaller number of studies. Further 
partitioning of the ‘COVID-19 in last 12 weeks’ group 
into those who had had COVID-19 in the last 4 weeks and 
those who had had COVID-19 4–11 weeks ago would have 
allowed separate analyses relating to acute COVID-19 and 
ongoing symptomatic COVID-19, but this was not possible 
due to low numbers of relevant participants. Because we 
relied on self-reported COVID-19 status, individuals who 
had asymptomatic COVID-19 or who had COVID-19 which 
was misattributed to another cause may have been incor-
rectly classified as never having had COVID-19. If these 
misclassified true COVID-19 cases had COVID-19-related 
symptoms when we observed them, this could attenuate 
the differences in symptoms between the COVID-19 and 
no COVID-19 groups, making our findings conservative. 
We carried out complete-case analyses and were only able 
to apply non-response weights in studies where these were 
available. In the remaining studies (and potentially to some 
extent even in studies with non-response weights due to 
residual bias), if individuals with more debilitating symp-
toms were more/less likely to respond to a questionnaire, 
we would over/under-estimate the prevalence of symptoms. 
However, unless this happened differentially with respect to 
COVID-19 status, this would not bias our estimates of dif-
ferences between COVID-19 groups. Vaccination status was 
not considered—and given the timing of symptom data col-
lection relative to the vaccination programme rollout would 
not have been relevant for many studies—but could be of 
interest in future research. Finally, because data were col-
lected prior to the emergence and dominance of the Omicron 
variant in the UK, findings may not be generalisable to the 
current UK circumstances [39].

Conclusions

Across nine UK longitudinal studies we identified patterns 
of symptoms in individuals with and without COVID-19 
which allowed us to discern symptoms characteristic of 
acute COVID-19 and long COVID. The symptoms we iden-
tified largely replicated those previously identified in the 
literature. Building the evidence base regarding typical long 
COVID symptoms will improve diagnosis of this condition 
and the ability to elicit underlying biological mechanisms, 
leading to better patient access to treatment and services.
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