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Research in context 

Evidence before this study: 

We conducted a search in the PubMed Central database, with keywords: ("Long-COVID*" OR 

"post?covid*" OR "post?COVID*" OR postCOVID* OR postCovid*) AND (cluster* OR endotype* 

OR phenotype* OR sub?type* OR subtype).  

On 15 June 2022, 161 documents were identified, of which 24 either provided descriptions of sub-types 

or proposed phenotypes of Long-COVID or post-COVID syndrome(s). These included 16 studies 

attempting manual sub-grouping of phenotypes, 6 deployments of unsupervised methods for patient 

clustering and automatic semantic phenotyping (unsupervised k-means=2; random forest 

classification=1; other=2), and two reports of uncommon presentations of Long-COVID/post-COVID 

syndrome. Overall, two to eight symptom profiles (clusters) were identified, with three recurring 

clusters. A cardiopulmonary syndrome was the predominant observation, manifesting with exertional 

intolerance and dyspnoea (n=10), fatigue (n=8), autonomic dysfunction, tachycardia or palpitations 

(n=5), lung radiological abnormalities including fibrosis (n=2), and chest pain (n=1). A second common 

presentation consisted in persistent general autoimmune activation and proinflammatory state (n=2), 

comprising multi-organ mild sequelae (n=2), gastrointestinal symptoms (n=2), dermatological 

symptoms (n=2), and/or fever (n=1). A third syndrome was reported, with neurological or 

neuropsychiatric symptoms: brain fog or dizziness (n=2), poor memory or cognition (n=2), and other 

mental health issues including mood disorders (n=5), headache (n=2), central sensitization (n=1),  

paresthesia (n=1), autonomic dysfunction (n=1), fibromyalgia (n=2), and chronic pain or myalgias 

(n=6). Unsupervised clustering methods identified two to six different post-COVID phenotypes, 

mapping to the ones described above. 

14 further documents focused on possible causes and/or mechanisms of disease underlying one or more 

manifestations of Long-COVID or post-COVID and identifying immune response dysregulation as a 

potential common element. All the other documents were beyond the scope of this work. 

To our knowledge, there are no studies examining the symptom profile of post-COVID syndrome 

between different variants and vaccination status. Also, no studies reported the modelling of 

longitudinally collected symptoms, as time-series data, aiming at the characterisation of post-COVID 

syndrome. 

Added-value of this study: 

Our study aimed to identify symptom profiles for post-COVID syndrome across the dominant variants 

in 2020 and 2021, and across vaccination status at the time of infection, using a large sample with 

prospectively collected longitudinal self-reports of symptoms. For individuals developing 12 weeks or 
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more of symptoms, we identified three main symptom profiles which were consistent across variants 

and by vaccination status, differing only in the ratio of individuals affected by each profile and symptom 

duration overall.  

Implications of all the available evidence: 

We demonstrate the existence of different post-COVID syndromes, which share commonalities across 

SARS-CoV-2 variant types in both symptoms themselves and how they evolved through the illness. 

We describe subgroups of patients with specific post-COVID presentations which might reflect 

different underlying pathophysiological mechanisms. Given the time-series component, our study is 

relevant for post-COVID prognostication, indicating how long certain symptoms last.  These insights 

could aid in the development of personalised diagnosis and treatment, as well as helping policymakers 

plan for the delivery of care for people living with post-COVID syndrome. 
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Abstract 

Background 

Self-reported symptom studies rapidly increased our understanding of SARS-CoV-2 during the 

pandemic and enabled the monitoring of long-term effects of COVID-19 outside the hospital setting.  It 

is now evident that post-COVID syndrome presents with heterogeneous profiles, which need 

characterisation to enable personalised care among the most affected survivors. This study describes 

post-COVID profiles, and how they relate to different viral variants and vaccination status.   

Methods 

In this prospective longitudinal cohort study, we analysed data from 336,652 subjects, with regular 

health reports through the Covid Symptom Study (CSS) smartphone application. These subjects had 

reported feeling physically normal for at least 30 days before testing positive for SARS-CoV-2. 9,323 

individuals subsequently developed Long-COVID, defined as symptoms lasting longer than 28 days. 

1,459 had post-COVID syndrome, defined as more than 12 weeks of symptoms. Clustering analysis of 

the time-series data was performed to identify distinct symptom profiles for post-COVID patients, 

across variants of SARS-CoV-2 and vaccination status at the time of infection. Clusters were then 

characterised based on symptom prevalence, duration, demography, and prior conditions 

(comorbidities).  

Using an independent testing sample with additional data (n=140), we investigated the impact of post-

COVID symptom clusters on the lives of affected individuals. 

Findings 

We identified distinct profiles of symptoms for post-COVID syndrome within and across variants: four 

endotypes were identified for infections due to the wild-type variant; seven for the alpha variant; and 

five for delta. Across all variants, a cardiorespiratory cluster of symptoms was identified. A second 

cluster related to central neurological, and a third to cases with the most severe and debilitating multi-

organ symptoms. Gastrointestinal symptoms clustered in no more than two specific phenotypes per 

viral variant. The three main clusters were confirmed in an independent testing sample, and their 

functional impact was assessed.  

Interpretation 

Unsupervised analysis identified different post-COVID profiles, characterised by differing symptom 

combinations, durations, and functional outcomes. Phenotypes were at least partially concordant with 

individuals’ reported experiences.  
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Our classification may be useful to understand distinct mechanisms of the post-COVID syndrome, as 

well as subgroups of individuals at risk of prolonged debilitation. 
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Introduction 

SARS-CoV-2 is a highly infectious and rapidly mutating coronavirus. Since the first cases of human 

transmission in March 2020, it has infected nearly half a billion subjects worldwide1,2. Early SARS-

CoV-2 variants caused low respiratory tract and lung infections, with high morbidity and mortality3, 

and symptoms evolved with the emergence of new variants4. Many survivors report ongoing symptoms 

after acute illness, affecting their quality of life. Prevalence of long-term symptoms varies with viral 

variants5. 

In October 2020, the definitions of ongoing COVID (OCS) and post-COVID syndrome (PCS) were 

introduced in the United Kingdom (UK), for otherwise unexplained signs and symptoms lasting from 

4-12 weeks, or more than 12 weeks after SARS-CoV-2 infection, respectively6. Together OCS and PCS 

are often colloquially termed Long-COVID. 

In June 2022, the Office of National Statistics estimated there were 2.0 million individuals reporting 

Long-COVID in the United Kingdom (UK)7, with diverse manifestations, including adverse impacts 

on quality of life in two-thirds8–10 and arising healthcare needs11–13. Appropriate medical and social 

support is thus required14.Previous studies have observed different presentations of PCS, and have 

proposed PCS should not be regarded as a unique syndrome. Several phenotypes were discerned either 

empirically14–16 or with automatic methods17, in relation to the causes18–20, phases of the disease21, 

symptom manifestation 11,22, severity9,23,24, outcome17, and potential therapies12. Semi-supervised and 

unsupervised methods identified up to eight clusters of symptoms17,18,22,25,26; separating profiles of 

phenotypic abnormalities with enrichments in pulmonary, cardiovascular, neuropsychiatric, and 

constitutional symptoms such as fatigue and fever12,25. 

Here we hypothesised that, among the heterogeneous presentation of PCS, distinct phenotypes and 

symptom profiles might be identified, potentially due to differing pathophysiology. Moreover, we 

hypothesised that PCS heterogeneity may vary with SARS-CoV-2 variants and an individual’s 

vaccination status at the time of infection. Lastly, we hypothesised that identifying discrete illness 

profiles conveys clinical usefulness that could guide treatment approaches. Our work thus aims to 

inform personalised management and prognostication of PCS.   

To these ends, we conducted an unsupervised clustering analysis of symptoms from community-based 

individuals with PCS, drawn from a uniquely large population with prospective self-reported data, 

collected over the course of the pandemic in the UK.  Clustering was performed independently for three 

viral variants, and vaccination status at the time of infection; and clusters were verified against 

individual self-assessment of the impact of PCS in their daily routines. 
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Methods 

Data 

The data in this study were prospectively collected in the COVID Symptoms Study (CSS), using a 

mobile health application developed by ZOE Limited, in collaboration with scientists from King’s 

College London, Massachusetts General Hospital, Uppsala and Lund University, Sweden 27,28.   

Briefly, after providing informed consent, participants self-reported symptoms (both free text and in 

response to targeted questions) (Supplementary Table 1), SARS-CoV-2 testing and results, vaccination 

status, health care access, and demographic and co-morbidity data. The initial list of 20 explicit 

questions regarding symptoms expanded after 4 November 2020 to 34 symptoms, in response to 

evolving knowledge of COVID-19 infection (Supplementary Table 1). Although participants can also 

proxy-report for others, the current study was limited to self-reported information. 

We defined individuals with PCS as those reporting symptoms for longer than 84 days (12 weeks), as 

per the UK National Institute for Health and Care Excellence definition6. We defined Long-COVID as 

all individuals reporting symptoms for longer than 28 days (four weeks). As this study focused on PCS, 

we did not perform formal modelling regarding the profile of Long-COVID individuals, merely 

descriptive analyses of the demographic profile of those individuals. 

To study the effect of vaccination on PCS symptom clustering, we split the data into vaccinated and 

unvaccinated individuals at the time of their SARS-CoV-2 infection. Post-vaccination infection was 

defined as a positive test at least seven days after first vaccination dose. Participants reporting a positive 

test within seven days of a dose of vaccination were excluded, as they are unlikely to have protective 

effects of vaccination within this timeframe29–31. Time since vaccination (beyond seven days) and 

vaccination dose number were not considered in the analyses. 

Data were collected and analysed separately for three periods of the pandemic in the UK, defined 

according to the predominant circulating SARS-CoV-2 strain (>=80% of tested samples caused by the 

same strain), documented by the COG-UK/Mutation Explorer 32 (Supplementary Figure 1).  The period 

of wild-type predominance in the UK lasted from 24th March 2020 to 29th November 2020, alpha from 

10th January 2021 to 25th April 2021, and delta from 26th May 2021 to 8th December 2021.  

Using ExeTera software33, data were extracted and curated for UK individuals meeting the following 

inclusion criteria: (1) a positive SARS-CoV-2 test (either reverse transcription-polymerase chain 

reaction (PCR) or lateral flow antigen test (LFAT)), between 24th March 2020 and 8th December 2021 

and within one of the windows with a predominant circulating SARS-CoV-2 strain; (2) with at least 

four weeks of logging as healthy (i.e. reporting “I feel physically normal”) preceding a test, excepting 

the immediate five days prior to test, (3) illness duration (i.e. symptoms reported) for at least 28 days 
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post-diagnosis (we considered up to five days before a positive test outcome to include the symptoms 

at the onset of the illness), (4) symptom logging at least once weekly until reporting feeling healthy for 

more than four weeks, as previously34.  Exclusion criteria included: (1) subjects with inconsistent non-

physiological information (e.g., body mass index (BMI) values below 10 or above 95 kg/m2); (2) proxy-

reported individuals; (3) age below 18 or above 100 years old; (4) participants reporting a positive test 

within seven days of a dose of vaccination. Figure 1 details the study design and its inclusion and 

exclusion criteria. 

In addition to data logged through the ZOE COVID Study App, further data were available on a subset 

of participants who had been recruited to a biobank (the COVID Symptom Study Biobank [CSSB] 35) 

between October 2020 and April 2021. Participants in the CSSB responded to an online questionnaire 

interrogating the impact of ongoing symptoms on daily life (considered retrospectively), as part of 

investigations regarding the effects of the pandemic on mental and physical health. Data responses from 

a subset of these questions (Supplementary Table 2) were included in the present study, to assess for an 

association between any identified clusters and the daily living of PCS individuals. 

The CSS data were split into training and testing sets for, respectively, (1) symptom cluster 

optimisation; and (2) evaluation of the clinical relevance of any observed clusters and cluster 

reproducibility in a new population. The testing set included 50% of the CSSB population and a 1:1 

matched population from the CSS app who were not recruited to the Biobank. The training set 

comprised the remaining 50% CSSB population and all remaining eligible CSS app participants (sample 

size description available in Figure 1).  

Statistical analysis 

We performed a Mann-Whitney test (alpha = 0.05, before multiple corrections) to assess whether 

differences in symptom prevalence existed between vaccinated and unvaccinated populations for alpha 

and delta variants, independently. Wild-type was not formally accessed due to the lack of data of 

vaccinated individuals infected with this variant. 
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Figure 1. Flowchart of participants satisfying the inclusion and exclusion criteria for this study. The candidates were 

included the study if reporting a positive test following logging as healthy for at least 4 weeks (*). Individuals who reported 

symptom duration for at least 28 days were then retained according to inclusion/exclusion criteria. Individuals were further 

subdivided according to the timing of SARS-CoV-2 infection relative to vaccination: vaccinated (considered from at least one 

week after the first dose) and unvaccinated (infection prior to the first dose of vaccine). Parsing of individuals by variant type 

is defined by positive testing during time periods where the prevailing UK strain was >=80 % of circulating SARS-CoV-2, 

using UK-COG data (see text for details).CSSB: COVID Symptoms Study Biobank; PCS: post-COVID syndrome. 

 

 

 

Data analysis and clustering estimation  

Prior to clustering analysis, three clinicians independently categorised symptoms, into symptom 

domains, for descriptive purposes. Discrepancies in allocation of domains were then discussed and 

resolved jointly. The symptom domains were upper respiratory, abdominal, cardiorespiratory, immune-

related/cutaneous, central neurological, and systemic/inflammatory. This grouping was then used to 

inform visualise and describe symptom cluster profiles; but was not used otherwise in the model. 

Using an unsupervised time series clustering approach, we characterised symptom profile(s) for 

individuals with PCS, for vaccinated and unvaccinated populations, and for each variant of the virus. 

We estimated the symptom time series per patient using symptom aggregation per week - i.e., we 

computed the frequency of each symptom per week as the sum of its reports during seven days. We 

treated the missing reports within a week as missing data; thus, missing symptom reports were linearly 
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interpolated independently per symptom within each week. We adopted a model, previously used on 

individuals with COVID-1934, which relies on the Multivariate time-series Clustering based on 

Principle Component Analysis (Mc2PCA) method36 to estimate symptom clusters. This method allows 

the clustering of time series with distinct duration by establishing the comparisons between the samples 

using covariance matrices, thus enabling the comparison of subjects with heterogeneous symptom 

reporting. The number of clusters was optimised through an iterative process using a K-means approach. 

For each cluster, the projection was computed using the singular value decomposition (SVD) of the 

average of the covariance matrices, where the first 6 dimensions were used. The process was repeated 

until the convergence criterion was reached: the error after projection is below 10-4. The optimal number 

of clusters, hereafter defined as optimised clusters, per variant and per population (vaccinated versus 

unvaccinated) was found through the Bayesian Information Criterion (BIC), considering the global 

minimum, or the first local minimum, alternatively, obtained across 10 random initialisations. A 

bootstrapping analysis was conducted for the wild-type variant (50 randomly selected samples for 

training and testing respectively) to assess the robustness of the number of optimised clusters. For alpha 

and delta, only 10 bootstraps were performed given the reduced sample size of their testing set (limited 

number of CSSB samples). 

Given the small numbers of unvaccinated individuals in the alpha and delta periods, we were not able 

to perform clustering of symptoms for these populations. 

Clustering assessment and phenotype profiling 

The best performing clusters across bootstrapping (i.e., the samples with the lowest BIC and error), 

were used to assess the profile of the different clusters (Supplementary Figure 2). 

We computed the profile of the optimised clusters, per variant, as the average interpolated frequency of 

the symptoms during illness. Additionally, we assessed the proportion of subjects presenting with each 

symptom per week. To differentiate the symptom profile per cluster, we conducted a significance 

analysis: we computed the z-score between the mean symptom profile across all subjects, independently 

of the cluster, and the average profile of subjects belonging to a given cluster. The symptoms above the 

3rd quartile of the median z-scores during the illness were identified as the most relevant within each 

cluster. As a result, we characterised each cluster using the set of symptoms identified by the 

significance analysis as a proxy for the distinctive illness phenotype within each cluster.  

To assess if the average profile per cluster was affected by intra-cluster variability, we compared the 

average profiles to an example subject, selected as the individual with the minimum distance to the 

centroid of the cluster, among a sub-population with age and BMI within mean ± one standard deviation 

of the cluster population. 
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Lastly, we assessed differences in demographic profiles of subjects (age, BMI, and number of 

comorbidities (Supplementary Table 1)) across clusters for the same variant and population, using the 

Mann-Whitney test. 

 

Long-lasting effects and clinical validation 

To assess the clusters’ generalisation to different populations, we computed the cluster prediction for 

an independent sample of individuals infected during the wild-type period who had additional data 

(CSSB Long-COVID questionnaire retrospective data), retrospectively collected between May and 

June 2021 (Supplementary Table 2).  Additionally, to assess the clinical relevance of optimised clusters 

and any impact on daily living, we included information on the impact of symptoms on daily life, health 

care usage (both acutely and >12 weeks from infection) and re-infection prior to May-June 2021.   

We applied a multivariate generalised linear regression model (GLM), here a logistic regression, to 

study the effect of each cluster on participants' outcomes, assessed through the follow-up questionnaire. 

We considered age, gender, BMI, and cluster classification as covariates of the model. Odds ratios were 

calculated between the predictor, which consisted of questionnaire answers binarised as reported impact 

(1) and no impact (0), and the clusters (one-hot-encoded). Note that different models were optimised 

for the different questions. 

Role of the funding source  

ZOE Limited developed the app for data collection as a not-for-profit endeavour. ZOE authors 

contributed to the initial data collection. Neither Zoe Limited nor any of the other funders had a role in 

study design, data analysis or data interpretation. 

Ethical approval 

The app and CSS were approved in the UK by KCL’s ethics committee (REMAS no. 18210, review 

reference LRS-19/20–18210). All app users provided informed consent for use of their data for COVID-

19 research. The CSSB was approved by the NHS Health Research Authority (reference 20/YH/0298) 

and licensed under the Human Tissue Authority (reference 12522). CSSB participants were invited to 

join from the app user base and provided informed consent to participate in the additional questionnaire 

and sample collection studies, and for linkage to app-collected data. Furthermore, this project was 

discussed with individuals with lived experience of PCS and their families through the CSSB volunteer 

advisory panel at the beginning of the project and during the analysis phase.  All research was conducted 

in full compliance with the Declaration of Helsinki and its updates. 



12 

 

Results 

Cohort description  

The dataset comprised a total of 9,323 subjects overall from CSS, (Figure 1). Among the overall CSS 

population, 584 also belonged to the CSSB, of which 140 reported PCS (Figure 1, Table 1). 

We assessed differences in symptom prevalence and duration for individuals reporting PCS before and 

after vaccination (Figure 2, Supplementary Table 3). Vaccination was not available to the general 

community during the wild-type variant period; consequently, wild-type was not considered in this 

particular analysis. There were no significant differences across populations, suggesting that symptom 

prevalence among individuals developing PCS does not depend on the timing of infection relative to 

vaccination status (Supplementary Table 3). 

Table 1. Demographic information of the study population. Median values and interquartile range [IQR] are presented for 

age, body mass index (BMI), duration, and time since vaccination. Gender, individuals with more than one comorbidity, and 

hospitalisation (§ during this period of illness) are presented as proportions.   

 

  Unvaccinated subjects Vaccinated subjects 

  Wild-type variant Alpha 

variant 

Delta variant Alpha 

variant 

Delta 

variant 

A
ll

 p
er

io
d

s 

Number 2562 1076 132 203 5350 

Age (years) 56  

[47; 64] 

57  

[50; 64] 

46  

[26; 59] 

59  

[52; 66] 

57  

[49; 65] 
BMI (kg/m2) 

26.3  

[23.4; 31.4] 

26.2  

[23.4; 

30.1] 

24.6  

[21.1; 28.0] 

26.1  

[23.1; 32.7] 

26.0  

[23.1; 

29.9] 
Gender (proportion Male) 

681 (0.27) 326 (0.30) 49 (0.37) 51 (0.25) 
1762 

(0.33) 
One or more comorbidity (%)  456 (0.21) 184 (0.20) 19 (0.18) 45 (0.26) 916 (0.20) 

Duration (days) 79  

[40; 348] 

71  

[41; 307] 

61  

[39; 115] 

74  

[42; 359] 

61  

[39; 133] 
Time since vaccination (days) -136  

[-194; -100] 

-47  

[-67; -35] 

-43  

[-93; -31] 

18  

[11; 40] 

210  

[168; 243] 
Hospitalisation§ (proportion) 16 (0.006) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

2
8

-8
3

 d
a
y

s 

Number 2192 917 109 172 4501 

Age (median [IQR]) 
54 [45; 62] 56 [49; 63] 49 [31; 58] 58 [49; 64] 

55 [48; 

64] 
BMI (kg/m2) 

26.5  

[23.4; 31.1] 

26.1  

[23.5; 

29.9] 

23.5  

[21.2; 27.9] 

26.2  

[23.4; 31.6] 

26.0  

[23.2; 

29.9] 
Gender (proportion Male) 

586 (0.27) 280 (0.31) 40 (0.37) 41 (0.24) 
1475 

(0.33) 
One or more comorbidity 

(proportion)  
456 (0.21) 184 (0.20) 19 (0.17) 45 (0.26) 916 (0.20) 

Duration (days) 
41 [33; 55] 43 [33; 55] 41 [33; 55] 43 [34; 57] 

42 [34; 

55] 
Time since vaccination (days) -137  

[-197; -103] 

-48  

[-71; -34] 

-45  

[-87; -32] 

18  

[11; 29] 

209  

[167; 242] 
Hospitalisation§ (proportion) 13 (0.006) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
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>
=

 8
4

 d
a

y
s 

Number 405 159 23 31 895 

Age (median [IQR]) 
58 [50; 65] 58 [52; 65] 41 [25; 60] 60 [55; 71] 

59 [52; 

66] 
BMI (kg/m2) 

26.3  

[23.5; 31.8] 

26.5  

[23.1; 

30.3] 

26.4  

[20.4; 28.0] 

26.0  

[23.1; 34.9] 

26.0  

[23.1; 

29.9] 
Gender (% Male) 107 (0.26) 46 (0.29) 9 (0.39) 10 (0.32) 300 (0.34) 

One or more comorbidity 

(proportion)  
106 (0.26) 39 (0.25) 5 (0.22) 9 (0.29) 217 (0.24) 

Duration (days) 355  

[175; 517] 

343  

[133; 431] 

157  

[103; 206] 

359  

[143; 419] 

152  

[119; 196] 
Time since vaccination (days) -136  

[-192; -98] 

-46  

[-64; -36] 

-37  

[-93; -30] 

17  

[10; 47] 

211  

[168; 244] 
Hospitalisation§ (proportion) 

3 (0.007) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

 

Figure 2. Symptom prevalence and duration for subjects reporting PCS. Median duration of symptoms, in weeks, for 

subjects reporting infection before vaccination (unvaccinated – hollowed bars; subsequently vaccinated – filled bars; 

interquartile range (IQR) represented by the black lines; green:  wild-type variant; yellow: alpha variant; red: delta variant).  

 

Clustering assessment and phenotype profiling 

We assessed the symptom profile per variant and per population (vaccinated vs unvaccinated) in 

individuals with PCS illness. For individuals infected with wild-type variant, we only considered twenty 

symptoms (reflecting the twenty direct questions in the CSS app during this period); for both alpha and 

delta variants, we considered all thirty-four symptoms available (Supplementary Table 1). 

Overall, we found differing numbers of clusters per variant (Figures 3, 5 and 7), each with specific 

illness duration and symptom profile (both prevalence and duration). The optimised number of clusters 

was determined via BIC minimisation (Supplementary Figure 2). A detailed description of cluster sizes 
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and their symptom profiles and duration, per variant, is presented in Supplementary Table 4. These 

results suggest that PCS may be heterogeneous, depending on SARS-CoV-2 variant.  

Nonetheless, based on symptom relevance (highest ranked z-score symptoms - Figures 4, 6 and 8, 

Supplementary Figures 3, 6 and 9), we also found three common patterns across variants: (1) a central 

neurological cluster, often without a great impact of other symptoms (alpha and delta variants), (2) a 

cardiorespiratory cluster, typically linked to severe symptoms, such as severe dyspnoea (nb.: only mild 

to moderate dyspnoea for the  wild-type variant), and (3) a systemic/inflammatory cluster also often 

manifesting other immune-related symptoms. Additionally, abdominal symptoms were often 

predominantly isolated within a single (smallest) cluster, evident across the three variants. Lastly, the 

immune-related and cutaneous symptoms predominantly manifest within a single cluster, with some 

minor occurrences of these symptoms within other clusters.  When present, immune-related symptoms 

showed a high relevance, contributing for cluster uniqueness, but a low prevalence among the 

individuals, and often co-occurred with systemic and inflammatory symptoms. 

PCS clusters from infection with wild-type variant 

We identified four symptom clusters for subjects infected by the wild-type variant (Figure 3). The 

largest cluster, cluster wild-A (n=138, 51%) was characterised by upper respiratory and central 

neurological symptoms. The next largest, cluster wild-B (n=60, 22%), was heterogeneous and included 

symptoms relating to immune, central neurological, and respiratory, systemic/inflammatory systems. 

This cluster had the most severe symptoms including prolonged fever, and 20% of individuals had 

dyspnoea affecting their ability to function normally eight weeks post-infection. Cluster wild-C (n=38, 

14%) contained predominantly upper respiratory symptoms, particularly hoarse voice, as well as 

anosmia and low appetite. Lastly, cluster wild-D (n=37, 14%) exhibited abdominal symptoms as well 

as central neurological (headache and anosmia), and upper respiratory (sore throat) symptoms also 

common to other clusters. Together with cluster wild-B, this cluster had a longer duration and greater 

symptom severity. Age, gender, and BMI were not different between wild-type clusters (Supplementary 

Figure 4). Supplementary Figure 5 presents the individual symptom profile for the optimised clusters. 
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Figure 3. Symptom prevalence profile for PCS clusters for the wild-type variant, for subjects with a symptomatic illness 

longer than 84 days. The proportion of subjects reporting each symptom (ratio) per week is encoded by the colourmap (darker 

represents a higher ratio).   
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Figure 4. Relative contribution of symptoms per cluster for PCS in individuals with the wild-type variant. Symptoms 

are selected based on the 3rd quartile of the z-scores (only positive z-scores are shown), aiming to highlight the contributing 

most symptoms in each cluster. A: relative contributions of symptoms per cluster. The width of shadow connections encodes 

the symptom prevalence (median number of individuals reporting the symptom within the cluster), while colour intensity 

encodes the relevance of symptoms (z-score) per cluster. B: Ranking of symptoms based on z-scores, per cluster. 
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PCS Clusters from infection with the alpha variant 

We identified seven clusters among unvaccinated PCS subjects infected with the alpha variant (Figure 

5). The largest cluster, cluster alpha-A (n=47, 30%), was dominated by anosmia, whereas the smallest, 

cluster alpha-G (n=13, 8%),  was highly heterogeneous and polysymptomatic (Figure 6, Supplementary 

Figure 6). The individualised patterns reflected again consistency, matching the average symptom 

profiles within each alpha cluster (Supplementary Figure 7).  Similar to the results for the wild-type 

variant, abdominal symptoms were mainly present within a single cluster, cluster alpha-F. The clusters 

differed in median illness duration (Supplementary Table 4), with the shortest duration for cluster alpha-

B (16.5 [14; 28.75] weeks, predominantly upper respiratory symptoms) and the longest in cluster alpha-

E (23 [13.75; 41] weeks, predominantly central neurological symptoms). We did not find differences 

in demographic features (age, BMI) within or across clusters, after correction for multiple comparisons 

(Supplementary Figure 8). 
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Figure 5. Symptom prevalence profile for PCS clusters for unvaccinated subjects infected with the alpha variant. The 

proportion of subjects reporting each symptom (ratio) per week is encoded by the colourmap (darker represents a higher ratio). 
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Figure 6. Relative contribution of symptoms per cluster for PCS in unvaccinated individuals infected with the alpha 

variant. Symptoms are selected based on the 3rd quartile of the z-scores (only positive z-scores shown), aiming to highlight 

the most influential symptoms in each cluster. A: relative contributions of symptoms per cluster. The width of shadow 

connections encodes the symptom prevalence (median number of individuals reporting the symptom within the cluster), while 

colour intensity encodes the relevance of symptoms (z-score) per cluster. B: Ranking of symptoms based on z-scores, per 

cluster. 
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PCS Clusters from infection with the delta variant 

We identified five clusters of symptoms for vaccinated subjects infected by the delta variant (Figure 7). 

The largest cluster, cluster delta-A (n=431, 49%) included mainly central neurological symptoms, 

similar to alpha (Figure 8, Supplementary Figure 9); the smallest cluster, cluster delta-E (80 subjects, 

9%), contained predominantly abdominal symptoms.  Symptom duration was similar across all clusters 

(approximately 18-20 weeks after onset – Supplementary Table 4), which was longest with cluster 

delta-E (median 20 weeks (IQR [16.8; 28.3]), and shortest with cluster delta-C (median 18.0 weeks 

[14.0; 23.0]). Significant differences were found in BMI between genders for cluster delta-A 

(Supplementary Figure 11), with a p-value < 0.002, after correction for multiple comparisons. No 

further demographic differences were found across clusters.  
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Figure 7. Symptom prevalence profile for PCS clusters for vaccinated individuals infected with the delta variant. The 

proportion of subjects reporting each symptom (ratio) per week is encoded by the colourmap (darker represents a higher ratio). 
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Figure 8. Relative contribution of symptoms per PCS cluster for vaccinated subjects infected with the delta variant. 

Symptoms are selected based on the 3rd quartile of the z-scores (shown are only positive z-scores), highlighting the most 

influential symptoms in each cluster. A: relative contributions of symptoms per cluster. The width of shadow connections 

encodes the symptom prevalence (median number of individuals reporting the symptom within the cluster), while colour 

intensity encodes the relevance of symptoms (z-score) per cluster. B: Ranking of symptoms based on z-scores, per cluster. 
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Long-lasting effects and clinical validation 

We assessed: 1) robustness of the model in predicting the correct cluster for new individuals and (2) 

relevance of the clusters on clinical outcome of individuals reporting PCS,  

Using an independent testing sample, we predicted classification of individuals infected by wild-type 

SARS-CoV-2. Figure 9 shows symptom prevalence for individuals in the testing sample. Overall, the 

model correctly classified individuals based on their main symptom profile, according to the clusters 

found for the wild-type variant (Supplementary Figure 13). Particularly, individuals labelled with 

cluster wild-test-B showed a similar symptom profile to the population in the training set (high 

prevalence of mild fatigue, headache, dizziness, dyspnoea and myalgias). We obtained similar results 

for clusters wild-test-C and wild-test-D, where symptom profiles followed the average profile per 

cluster derived from the training population. In contrast, the testing cluster wild—test-A appeared 

qualitatively different from the training cluster wild-A but the error was higher (median error intra-

cluster for clusters wild-test-A: 645.99, wild-test-B:448.89, wild-test-C:389.74, wild-test-D:401.03, 

respectively) and it had the smallest sample size (n = 7), precluding further conclusions. 

Figure 9. Symptom prevalence profile for the cluster prediction for the independent sample composed unvaccinated 

individuals infected by the wild-type variant with symptomatic illness for longer than 12 weeks. The proportion of 

subjects reporting each symptom (ratio) per week is encoded by the colourmap (darker represents a higher ratio).  
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For the CSSB sample, we assessed the relation between cluster classification and retrospective self-

assessments of PCS. Figure 10 shows the odds ratio obtained by a multivariate GLM model (logistic 

regression), with cluster classification used as a covariate in the model testing associations with 

healthcare use, re-infection, and impact.  

Individuals labelled with cluster wild-B had increased odds for illness severity, for both acute and long-

lasting symptoms (OR=1.54 [0.91; 2.45], OR=1.75 [1.06; 2.76], for acute and long respectively). 

Cluster wild-test-C, showed no detectable relation significant (OR= 1.17 [0.75; 1.52], OR=1.37 [0.89; 

1.77]). Both clusters wild-B and wild-C contributed significantly to the long severity of symptoms for 

patients reporting PCS, even after FDR correction. These findings suggest that the presence of 

respiratory symptoms (severe dyspnoea, hoarse voice), immune-related symptoms (fever), and 

neurological symptoms (fatigue, delirium, anosmia, and headache) can lead to prolonged severe 

symptoms in individuals with PCS.  

Individuals in clusters wild-test-C and wild-test-D had an increased odds of severe impact on daily life 

(OR= 1.42 [1.10; 1.67] and OR = 1.29 [0.81; 1.51], respectively), noting that both these clusters are 

strongly influenced by abdominal and central neurological symptoms, particularly during the first 

weeks of illness.  

Overall, cluster wild-B had the most impactful effect on lives, with an increased likelihood for five out 

of the six outcomes modelled.  
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Figure 10. Relation between predicted cluster and live impact of PCS for wild-type variant. Odds ratios (dots) and 95% 

confidence interval (CI) (error bars) for each variable of the multivariate model are shown. Red encodes significance after 

false discovery rate (FDR) correction, for alpha = 0.05. Questions reflect the need for acute (< 4weeks), or delayed  (>4 weeks) 

medical help after infection, hospitalisation, reinfection, severe impact on daily life and prolonged impact on daily activities, 

as summarised in Supplementary Table 2. 

 

 

Discussion 

This study profiled phenotypes of PCS for different variants of SARS-CoV-2, using a longitudinal 

sample of self-reported symptoms. We identified distinct symptom profiles (or clusters) which varied 

in number and precise symptom combinations between variants, suggesting the existence of 

heterogeneous profiles of PCS caused by the different SARS-CoV-2 strains. Nevertheless, across 
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variants, there were three groups of symptoms that clustered consistently and reproduced in a hold-out 

dataset with additional outcome data. Outcome data also demonstrated the association between 

symptom profile of the optimised clusters and specific daily life difficulties reported by individuals with 

PCS.  These three main clusters of PCS were detectable in all variants of SARS-CoV-2, and included a 

primary cluster dominated by central neurological symptoms, a second cluster dominated by 

cardiorespiratory symptoms, and a third more heterogeneous cluster showing systemic and 

inflammatory symptoms.   

Our study is among the first large-scale studies to define in an unsupervised fashion symptom cluster 

in PCS in adults. Notable previous manuscripts include the Post-hospitalisation COVID-19 (PHOSP) 

study, which evaluated long-term symptoms in hospitalised patients.  This study, like ours, identified 

several (four) symptom clusters though this was more a gradation of impact: mild physical health 

impairment; moderate physical health impairment; severe mental and physical health impairment; and 

very severe mental and physical health impairment.  Another study, from the National Core Study for 

Health and Wellbeing, like our study, incorporated individuals from the general population.  This study 

identified two clusters in individuals more than 12 weeks post infection: high and low symptom burden 

clusters37
. This study had many methodological differences to our study.  Firstly, all individuals with 

and without COVID-19 were included in the modelling, of whom few (n=135) reported functional 

limitation after COVID-19 illness for more than 12 weeks, limiting power to identify different clusters 

of PCS.  Lastly, a different study38, focusing the characterization of post-acute sequelae of COVID-19 

on hospitalised patients, identified central neurological, cardiorespiratory and systemic/inflammatory, 

including gastrointestinal disorders, malaise, fatigue, musculoskeletal pain and anaemia. 

In the current study, the central neurological cluster was characterised by symptoms such as 

anosmia/dysosmia, fatigue, brain-fog, depression, delirium and headache. This profile of symptoms 

corresponded to the largest cluster in both alpha and delta variants, and the second largest for the wild-

type variant.  Other studies have pointed to neurological involvement in PCS. Notably, UK Biobank 

(UKBB)39 identified significant longitudinal effects when analysing individuals with PCS and 

comparing their brain imaging data pre and post-infection. The UKBB study demonstrated that 

individuals developing PCS had a reduction in grey matter thickness, tissue damage in regions 

functionally connected to the primary olfactory cortex, and a reduction in global brain size. 

Furthermore, their results focussing on the imaging of the limbic system demonstrated the degenerative 

spread of the disease via olfactory pathways, which may explain the presence of anosmia/dysosmia as 

one of the main symptoms of PCS, as identified in our analysis. 

The second common cluster was associated with cardiorespiratory symptoms and was the largest cluster 

in the wild-type period when all individuals were unvaccinated. This cluster may reflect lung damage, 

identified in other studies and reflected here as dyspnoea and chest pain. Previous studies had also 
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identified cardiorespiratory syndrome with a high prevalence of dyspnoea, fatigue, palpitations, and 

chest pain40. Some studies41–43 have demonstrated respiratory damage in some individuals with PCS, 

explaining these ongoing symptoms44.  

Lastly, a third common cluster, present in all variants, was distinguished by systemic/inflammatory and 

abdominal symptoms, and myalgias, as have been reported in previous studies focused on PCS. Other 

symptoms, reported less frequently distinguished further clusters which differed across variants and 

vaccination status.  While our inability to qualitatively replicate these clusters across variants may 

indicate our own power limitations, they may also reflect differences in underlying processes related to 

the variants’ properties.  Some of these rarer symptoms have previously been reported in relation to 

Long COVID phenotypes40,45. 

Previous work demonstrated that vaccination reduces severe COVID-19 and hospitalisation46 and also 

the risk of Long COVID 7,47. However, we did not observe evidence of qualitatively different symptom 

clustering in vaccinated vs. unvaccinated individuals, with either alpha or delta variants.  Our data 

suggested that vaccination status, i.e., pre- or post-vaccination infection, had a marginal effect on the 

subsequent duration of symptoms, for individuals with PCS. Note that further analyses regarding the 

time of vaccination, dose and vaccine type were not conducted in this study, preventing additional 

conclusions regarding vaccination and post-COVID effects. 

The clinical relevance of this clustering approach was supported by integration of the clustering results 

with retrospective questionnaire data about the lived experience of COVID-19. The main result from 

this analysis demonstrated that the PCS clusters differed in their relation to individuals’ daily activities. 

Therefore, such clusters could be clinically useful in the future, by providing information to individuals 

with PCS about their prognosis (including timescale) and likelihood of needing long-term support37. 

Individuals with lived experience of PCS and their families (the CSSB volunteer advisory panel) 

broadly recognised the characteristics of the clusters presented here, further adding face validity.  

Strengths and Limitations 

The primary strength of this work is its uniqueness as the first study aiming to profile PCS, across 

different SARS-CoV-2 variants, and varying vaccination status. Secondly, the model presented in this 

study was trained on a large population and subsequently validated with an independent testing sample. 

Our large sample size also supports the generalizability and robustness of our approach, as do the 

diverse demographics in our population and the broad spectrum of symptoms, also promote 

generalisability to other populations. 

Our direct discussions with affected individuals were extremely helpful in improving our methodology 

and enabling us to check whether our findings resonated with real life. Lastly, we also consider that our 
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results may provide meaningful insights to individuals with PCS and enhance their understanding of 

their illness.  

However, we also acknowledge our study’s limitations.  CSS app users are not fully representative of 

the UK population (more middle-aged, more likely to be female, of higher educational status, and over-

representative of healthcare workers)28,34,48. We considered the implications of this concerning the 

likelihood of an infected person presenting for testing49; however, the current work does not address that 

limitation, given that is focused on PCS and not only on acute COVID-19, which might go under 

detected when testing is not done. We also acknowledge that different economic and cultural 

experiences may influence the presentation of COVID-19 and reporting of symptoms48. Extending this 

point, our analyses are UK-based, limiting international generalisability. PCS phenotypes may differ 

genetically, environmentally and socially and further samples in different populations are needed. We 

did not conduct any specific analysis considering the ethnicity of the participants as a possible covariate 

in the model and/or confounding effect. Future work should focus on the validation of the proposed 

approach in different populations with different demographic features. Comprehensive analyses 

regarding of vaccination (including timing, doses, and vaccine type) and infection with Omicron variant 

were not conducted in this study, preventing additional conclusions regarding vaccination and 

subsequent variant behaviour5. Lastly, our model only used the symptoms assessed by direct 

questioning in the CSS app and we did not consider symptoms reported as free text; thus, we might 

ignore other symptoms that could modify the clusters. 

Conclusion 

We identified distinct self-reported symptom evolutions, or clusters, in individuals with more than 12 

weeks of persisting symptoms after SARS CoV-2 infection, using a data-driven approach.  Although 

multiple clusters were found across the three variants assessed, common features emerged for three 

clusters dominated by certain symptom groups: central neurological, cardiorespiratory, and 

systemic/inflammatory (Supplementary Table 1).  Our findings may have relevance to individuals 

living with PCS, their health practitioners, and healthcare services, providing data to validate their 

illness and manage their expectations during its course.  This work adds to the emerging evidence that 

PCS may have sub-types, possibly with differing pathophysiology.  For any given individual, their 

condition may relate to a specific central/neurological process, to respiratory damage, or to a systemic 

inflammatory cause.  Our study suggests that further investigation into mechanisms underlying PCS 

should consider subdividing affected individuals into different subgroups, which may increase the 

ability to identify distinct processes underlying these symptom clusters.   
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