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 34 
Reports of “Long-COVID”, are rising but little is known about prevalence, risk factors, or 35 

whether it is possible to predict a protracted course early in the disease.  We analysed data 36 

from 4182 incident cases of COVID-19 who logged their symptoms prospectively in the COVID 37 

Symptom Study app. 558 (13.3%) had symptoms lasting >28 days, 189 (4.5%) for >8 weeks 38 

and 95 (2.3%) for >12 weeks.  Long-COVID was characterised by symptoms of fatigue, 39 
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headache, dyspnoea and anosmia and was more likely with increasing age, BMI and female 40 

sex. Experiencing more than five symptoms during the first week of illness was associated 41 

with Long-COVID, OR=3.53 [2.76;4.50]. A simple model to distinguish between short and long-42 

COVID at 7 days, which gained a ROC-AUC of 76%, was replicated in an independent sample 43 

of 2472 antibody positive individuals.  This model could be used to identify individuals for 44 

clinical trials to reduce long-term symptoms and target education and rehabilitation services.  45 

 46 

COVID-19 can manifest a wide severity spectrum from asymptomatic to fatal forms 1. A further 47 

source of heterogeneity is the duration of symptoms after the acute stage which could have 48 

considerable impact due to the huge scale of the pandemic. Hospitalised patients are well 49 

recognised to have lasting dyspnoea and fatigue in particular 2, yet such patients constitute the 50 

‘tip of the iceberg’ of symptomatic SARS CoV2 disease 3. Few studies capture symptoms 51 

prospectively in the general population to ascertain with accuracy the duration of illness and 52 

the prevalence of long-lasting symptoms.  53 

 54 

Here we report a prospective observational cohort study of COVID-19 symptoms in a subset of 55 

4182 users of the COVID Symptom Study app meeting inclusion criteria (see online methods) 4,5. 56 

Briefly, the subset comprised individuals who had tested positive for SARS-CoV2 by PCR swab 57 

testing who logged as “feeling physically normal” before the start of illness (up to 14 days 58 

before testing) so that we could determine onset.  We compare cases of long (reporting 59 

symptoms lasting more than 28 days, LC28) and short duration (reporting symptoms lasting less 60 

than 10 days, short-COVID).  Our previous findings that clusters of symptoms predicted the 61 
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need for acute care 6 led us to hypothesize that persistent symptomatology in COVID-19 (Long-62 

COVID) is associated with a particular symptom pattern early in the disease which could be 63 

used to predict who might be affected. In particular, dyspnoea has been shown to be a 64 

significant predictor of long-term symptoms in an unselected population7. 65 

 66 

Figure 1 shows the duration of symptoms reported in COVID+ cases (orange) over-laid on age, 67 

sex and BMI matched negative testing symptomatic controls (blue), depicting lines for the 68 

definitions of short-COVID, LC28 and LC56 (symptoms for more than 56 days) used in this study. 69 

The duration of COVID-19 symptoms followed an approximately log-normal distribution (sigma 70 

= 0.97, location =0.78, scale = 10.07), with an overall median symptom duration of 11 days 71 

(IQR[6;19]). 72 

 73 
Figure 1. a) Distribution of duration of symptoms in COVID-19 – The coloured bars indicate the limits to define 74 
short, LC28 and LC56. b) OR and 95% CI of LC28 with each successive decile compared to 20-30-year-olds 75 
 76 

 77 
 78 
 79 
Of the 4182 COVID-19 swab positive users, 558 (13.3%) met the LC28 definition with a median 80 

duration of 41 days (IQR[33,63] of whom 189 (4.5%) met LC-56, and 95 (2.3%) LC94.  In contrast 81 
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1591 (38.0%) had short disease duration (median 6, IQR[4-8]).  The proportion with LC28 were 82 

comparable in all three separate countries (GB 13.3%, USA 16.1%, Sweden 12.1% p=0.35) and 83 

for LC56 (GB 4.7%, USA 5.5%, Sweden 2.5% p=0.07). 84 

 85 

Table 1 summarises the descriptive characteristics of the study population overall and 86 

stratifying by symptom/disease duration. Age was significantly associated with Long-COVID 87 

(LC28) rising from 9.9% in 18-49 year olds to 21.9% in those aged >=70 (p < 0.0005), with a clear 88 

escalation in OR by age decile (Figure 1b), although females aged 50-60 had the highest odds. 89 

(ST2). Individuals with Long-COVID were more likely to have required hospital assessment in the 90 

acute period. LC28 disproportionately affected women (14.9%) compared to men (9.5%), 91 

although this sex effect was not significant in the older age-group. Long-COVID affected all 92 

socio-economic groups (assessed using Index of Multiple Deprivation), (Supplementary Figure 93 

2).   Asthma was the only/unique pre-existing condition providing significant association with 94 

long-COVID-19 (OR = 2.14 [1.55-2.96]). 95 

 96 
 97 
Table 1. Characteristics of COVID-19 by duration of symptoms. 98 
 99 

 Overall Short LC28 (including 
LC56) LC56 

Number  4182 1591 558 189 

GB/SE/US 3491 / 473 / 218 1365 / 139 / 87 466/57/35 165/12/12 

Male (%) 28.5 32.7 20.3*** 16.9* 

Age (years) 42.8 (13.4) 40.1 (13.6) 48.9 (12.7)*** 50.9 (12.5)*** 

Age group 2627/1195/96 1122/331/38 259/262/24 69/96/11 
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Obese (%) 26.3 23.8 27.6* 26.5 

BMI 27.3 (5.9) 26.8 (5.7) 27.5 (5.7) 27.5 (5.8) 

Asthma (%) 10.0 7.7 15.8*** 18.0*** 

Lung (%) 13.6 12.8 16.5** 15.9 

Diabetes (%) 2.9 3.0 3.9 5.8* 

Heart (%) 1.9 1.7 3.2** 4.8** 

Kidney (%) 0.6 0.5 0.9 0.5 

IMD (average 
decile)  6.4 (2.7) 6.3 (2.7) 6.7 (2.8) 6.6 (2.9) 

IMD quintiles830/363/ 194 / 158 א 
/1653 64/75/334/132/634 23/23/86/49/240 10/9/26/18/88 

 Visit to 
hospital (%) 13.9 7.0 31.5*** 43.9*** 

Number of 
symptoms 5.9 (2.83) 5.0(2.7) 6.9 (2.9)*** 7.0 (3.1)*** 

* indicates p <0.1 ** <0.05 ***<0.01 when comparing to short covid. Comparison are performed with respect to 100 
the “short duration” group. Oneway ANOVA test are performed for continuous variables and chi square tests are 101 
performed when comparing proportions.  102 
 IMD information is only available for app users from the UK who have entered a complete post code 103 א
Acronyms: GB – Great Britain / SE – Sweden / US – United States / IMD – Index of multiple deprivation 104 
  105 
Fatigue (97.7%) and headache (91.2%) were the most reported symptoms in those with Long-106 

COVID, followed by anosmia and lower respiratory symptoms. Notably, while fatigue was 107 

reported continuously, other symptoms such as headache are reported intermittently (Figure 2, 108 

supplementary Table s1). To get better insight into the reported symptoms, we additionally 109 

analysed free text responses which were more common in Long-COVID cases (81%) than Short-110 

COVID (45%).  Cardiac symptoms (palpitations, tachycardia) were over-represented in the LC28 111 

group (6.1%) compared to in short-COVID (0.5%) (p<0.0005) as were concentration or memory 112 

issues (4.1% vs 0.2%) (p<0.0005), tinnitus and earache (3.6% vs 0.2% p<0.0005) and peripheral 113 
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neuropathy symptoms (pins and needles and numbness) (2% vs 0.5%) (p=0.004). Most of these 114 

symptoms were reported for the first time 3-4 weeks post symptom onset.  115 

 116 

We examined whether there were different types of symptomatology within Long-COVID.  We 117 

found two main patterns: those reporting exclusively fatigue, headache and upper respiratory 118 

complaints (shortness of breath, sore throat, persistent cough and loss of smell) and those with 119 

multi-system complaints including ongoing fever and gastroenterological symptoms 120 

(Supplementary figure 3).  In the individuals with long duration (LC28), ongoing fever OR 2.16 121 

[1.50 - 3.13] and skipped meals OR 2.52 [1.74; 3.65] were strong predictors of a subsequent 122 

hospital visit. Details of the frequency of symptoms persisting beyond 28 and 56 days after 123 

disease onset are provided in Supplementary table 3.  124 

  125 

 126 
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127 
Figure 2 : Symptoms by duration. For each symptom (ordered from top to bottom by increasing frequency of 128 
occurrence) the median duration of report is presented by the total (hollowed) bar height, with associated 129 
interquartile range represented by the black line, for the short, LC28 and LC56 durations. The filled bars represent 130 
the number of times a report has been given. This highlights the differences in the symptoms in terms of their 131 
intermittence throughout the course of the disease. (Abbreviations DE – delirium, AP – Abdominal Pain, HV – 132 
Hoarse Voice, DI – Diarrhoea, CP – Chest Pain, SM – skipped meals, UMP – Unusual Muscle pains, FV – Fever, ST – 133 
Sore Throat, PC – Persistent Cough, LOS – Loss of smell, SOB – Shortness of breath, HA – Headache, FA – Fatigue) 134 
 135 
 136 

Individuals with long-COVID were more likely to report relapses (16.0%), compared to those not 137 

reporting long symptom duration (8.4%) (p<0.0005).  In comparison, in the matched group of 138 

SARS-CoV2 negative tested individuals, a new bout of illness was reported in 11.5% of cases.  139 
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Relapse in the context of long-COVID was longer than in the matched controls (median = 9 [5-140 

18] vs 6 [4-10] days).    141 

 142 

We explored how to predict risk of Long-COVID from data available early in the disease course.  143 

Individuals reporting more than 5 symptoms in the first week (the median number reported) 144 

were significantly more likely to go on to experience LC28, (OR=3.95 [3.10;5.04]). This strongest 145 

risk factor was predictive in both sexes and all age groups (supplementary Figures 4, a-e).  146 

 147 

When analysed individually after adjusting for age and sex, every symptom in isolation was 148 

positively predictive of longer illness duration. The five symptoms experienced during the first 149 

week most predictive of Long-COVID were: fatigue OR=2.83 [2.09; 3.83], headache OR=2.62 150 

[2.04;3.37], dyspnoea OR=2.36 [1.91;2.91], hoarse voice OR=2.33 [1.88 - 2.90] and myalgia 151 

OR=2.22 [1.80;2.73] (Figure 3). Similar patterns were observed in men and women. In adults 152 

aged over 70, loss of smell (which is less common) was the most predictive of long-COVID 153 

OR=7.35 [1.58 - 34.22] before fever OR=5.51 [1.75 - 17.36] and hoarse voice 154 

OR=4.03[1.21,13.42] (Supplementary figures 4).  Plotting frequency of co-occurrence of 155 

symptoms in short-COVID versus long-COVID further illustrates the importance of early multi-156 

symptom involvement (Figure 3c). 157 

 158 
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 159 
 160 
 161 
Figure 3: Symptom correlates of long-COVID for LC28 (a) and LC56 (b) with correction for age and gender. c) Co-162 
occurrence network of symptom pairs with the frequency of symptom report as the size of the node and the 163 
likelihood of symptom pair co-occurrence by the weight of the edge linking them. Edges representing a co-164 
occurrence of less than 10% were removed. d) – Receiver Operating Characteristic (ROC) curve of the cross-165 
validated full and reduced models on the PCR cohort. e)– ROC curve when training on the whole PCR cohort and 166 
testing on the antibody-positive cohort for the full (blue) and reduced (magenta) model.  Random predictive 167 
probability is indicated in both panels as a dashed red line. (Abbreviations DE – delirium, AP – Abdominal Pain, HV 168 
– Hoarse Voice, DI – Diarrhoea, CP – Chest Pain, SM – skipped meals, UMP – Unusual Muscle pains, FV – Fever, ST – 169 
Sore Throat, PC – Persistent Cough, LOS – Loss of smell, SOB – Shortness of breath, HA – Headache, FA – Fatigue) 170 
 171 
We further created Random Forest Prediction models using a combination of the first week’s 172 

symptom reporting, personal characteristics and comorbidities.  Using all features, the average 173 
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ROC AUC was 76.7% (SD=2.5) (Figure 3d) in the classification between short-COVID and LC28. 174 

The strongest predictor was age (29.2 %) followed by the number of symptoms during the first 175 

week (16.3%) and BMI (10.8%) while gender (3.7%) was ranked 6th shortly after hoarse voice 176 

(4.1) and shortness of breath (3.8). All individual symptoms, except abdominal pain and 177 

confusion, surpassed the comorbidity features. The ranking of feature importance was 178 

relatively similar across specific age group models. However, in the over 70s group it appeared 179 

that early features such as fever, loss of smell and comorbidities (especially heart and lung 180 

disease) were important, and thus could be considered ‘red flags’ in older adults 181 

(supplementary figure 6). 182 

 183 

We simplified the prediction model to include only symptom number in the first week with age, 184 

and sex in a logistic regression model and we obtained ROC AUC of 76.7% (SD 2.5) (Figure 3d). 185 

When optimising the balance between false positives and false negatives, we obtained a 186 

specificity of 73.4% (SD 9.7) and a sensitivity of 68.7% (SD 9.9). 187 

 188 

Key predictive findings of our analysis were validated in an independent dataset of 2472 189 

individuals who reported testing antibody positive for SARS-CoV2 from 2 weeks after symptom 190 

onset where, again, the number of symptoms in the first week of illness was the strongest 191 

predictor of long-COVID, OR=5.12 [95% CI 3.65; 7.19].  The simple prediction model for Long-192 

COVID, trained on the PCR positive cohort and including number of distinct symptoms 193 

experienced during the first week, age, and sex was similarly predictive of LC28, with a ROC 194 

AUC of 76.3% (SD=3.7%) (Figure 5 - b).   195 
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 196 

While this study provides important insights into the disease presentation, any generalisation 197 

should be considered carefully. Our study was limited by being confined to app users who were 198 

disproportionately female and under-represented those >70years which could increase or 199 

decrease our estimate of the extent of Long-COVID respectively.  Applying a weighting following 200 

the UK population (see Supplementary Methods) the estimated proportion of people 201 

experiencing symptomatic COVID-19 going on to suffer long-COVID were similar: 14.5%, 5.1% 202 

and 2.2% for 4, 8- and 12-weeks duration respectively. These estimates may still be 203 

conservative: whilst estimates could be inflated due to PCR testing in the first wave being 204 

restricted to those more severely unwell, or if regular logging may have encouraged more 205 

symptoms to be noticed, Long-COVID may here be underestimated if individuals with 206 

prolonged symptoms were more likely to stop logging symptoms on the app.  We had 207 

insufficient numbers to explore risk factors for disease over 2 months and were unable to 208 

analyse the impact of ethnicity due to incomplete data in this subset. In addition, while the list 209 

of symptoms on the app is necessarily non-exhaustive, the analysis of the free-text responses 210 

allowed us to highlight other symptoms present in long-COVID, such as cardiac and neurological 211 

manifestations starting generally a few weeks after the symptom onset. With emerging 212 

evidence of ongoing myocardial inflammation and change in neurological markers 8,9 associated 213 

with COVID-19, this calls for specific studies of cardiac and neurological longer-term sequelae of 214 

COVID-19.  215 

 216 
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At the population level, it is critical to quantify the burden of Long-COVID to better assess its 217 

impact on the healthcare system and appropriately distribute resources.  In our study, 218 

prospective logging of a wide range of symptoms allowed us to conclude that the proportion of 219 

people with symptomatic COVID-19 who experience prolonged symptoms is considerable, and 220 

relatively stable across three countries with different cultures.  Whether looking at a four-week 221 

or an eight-week threshold for defining long duration, those experiencing Long-COVID were 222 

consistently older, more female and were more likely to require hospital assessment than in the 223 

group reporting symptoms for a short period of time.  The multi-system nature of the initial 224 

disease in Long-COVID was illustrated by the importance of the number of symptoms, and co-225 

occurrence networks showing that those going on to experience long-COVID had greater 226 

number of concurrent symptoms, therefore supporting the need for holistic support 10. While 227 

asthma was not reported as a factor of risk for hospitalisation in 11, its association with Long-228 

COVID warrants further investigation. 229 

 230 

We found early disease features were predictive of duration. With only three features - number 231 

of symptoms in the first week, age and sex, a simple scoring derived from a logistic regression 232 

was able to accurately distinguish individuals with Long-COVID from those with short duration. 233 

Importantly, the model generalised well to the population reporting antibody testing. This 234 

important information could feature in highly needed targeted education material for both 235 

patients and healthcare providers. Moreover, the method could help determine at-risk groups 236 

and could be used to target early intervention trials of treatment (for example, of 237 
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dexamethasone12 and remdesivir 13) and clinical service developments to support rehabilitation 238 

in primary and specialist care 14 to alleviate Long-COVID and facilitate timely recovery.  239 

 240 
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 322 
Online methods 323 
 324 

Methods  325 

Dataset:   326 

Data used in this study were acquired through the COVID 19 Symptom Study app, a mobile 327 

health application developed by Zoe Global Limited with input from physicians and scientists at 328 

King’s College London, Massachusetts General Hospital, Lund and Uppsala Universities15. The 329 

app, which collects data on personal characteristics and through prospective logging of 330 

symptoms, was launched in the UK, the US and Sweden between 24th March (UK) and 30th April 331 

(Sweden), and rapidly reached over 4 million users. This study focuses on 4182 users who 332 

reported testing positive to SARS-CoV2 by PCR swab test and had a disease onset between 25th 333 

March 2020 and 30th June 2020, for whom onset date matched with date of test and duration 334 

of symptoms could be estimated (Supplementary figure 1 presents a flowchart of study 335 

inclusion).  We repeated analyses in an independent subgroup of 2472 app users who reported 336 

positive testing for antibodies against SARS-CoV2 more than 2 weeks after symptom onset, but 337 

without swab test results (Supplementary Figure 1). 338 

 339 

To understand how the relapse rate compared to a comparable population not suffering from 340 

COVID-19, we selected an additional matched sample from all app users meeting study 341 

inclusion criteria but testing negative by PCR swab test, choosing for each COVID+ case the 342 

individual from the negative group with the smallest Euclidean distance based on sex, age and 343 

BMI 16. 344 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 21, 2020. ; https://doi.org/10.1101/2020.10.19.20214494doi: medRxiv preprint 

https://doi.org/10.1101/2020.10.19.20214494
http://creativecommons.org/licenses/by-nc-nd/4.0/


 345 

 346 

Definitions 347 

Onset of disease was defined as the first day of reporting at least one symptom lasting more 348 

than one day.  349 

Disease end was defined as the last day of unhealthy reporting before reporting healthy for 350 

more than one week or the last day of reporting with less than 5 symptoms before ceasing 351 

using the app. For the participants included who ceased using the app with a cumulative 352 

number of symptoms of less than 5, disease end was considered as the last log. 353 

Relapse was defined as 2 or more days of symptoms within a 7-day window after one week of 354 

healthy logging, given initial symptoms close to a positive swab test. 355 

 356 

Long-COVID was defined as symptoms persisting for a period of more than 4 weeks (28 days 357 

LC28), more than 8 weeks (56 days, LC56) or more than 12 weeks (LC94) between symptom 358 

onset and end, while short duration was defined as the interval between symptom onset and 359 

end of less than 10 days, without a subsequent relapse (Short-COVID).   360 

 361 

Inclusion/Exclusion criteria  362 

To be included in the subsequent analysis, users of the COVID Symptoms Study app were 363 

selected based on the following criteria: 364 
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Inclusion criteria: Age >=18 yrs; reporting a positive SARS-CoV-2 swab test (PCR) confirming the 365 

diagnosis of COVID-19; disease onset between 14 days before and 7 days after the test date, 366 

and before the 30th June 2020 (to limit right censoring).  367 

Exclusion criteria: individuals who started app reporting when already unwell; users reporting 368 

exclusively healthy throughout the study period; users with gaps of more than 7 days after an 369 

unhealthy report and not reporting any hospital visit (to account for gaps due to 370 

hospitalisation). In addition, individuals reporting for less than 28 days but reporting more than 371 

5 symptoms at their last log were excluded, as duration could not be ascertained. 372 

 373 

 374 

Statistical testing and modelling 375 

Data collected prospectively until 02 September were included to allow sufficient time to 376 

ascertain duration. Univariate and multivariate logistic regression was used to assess symptoms 377 

associated with short- and long-COVID respectively, adjusting for sex and age, using 378 

Statsmodels v0.11.1 Python3.7.  Separate models were fitted to subgroups stratified by sex and 379 

age (18-49; 50-69; >70). For analysis of relapse, results were compared for the long-COVID 380 

group to the whole sample using Mann Whitney U test. 381 

 382 

We used a K-mode clustering analysis to investigate whether there was evidence of different 383 

sub-types of long-COVID, using the kmode package v0.10.2. Number of ideal symptom clusters 384 

was obtained via a silhouette analysis with dice distance metrics.  Differences between long-385 
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COVID and short-COVID were visualised using a co-occurrence network (networkx for 386 

visualisation), applying a 10% threshold to remove rare edges to aid visualisation.  387 

 388 

Finally, to create a predictive model for long-COVID, we used sklearn v0.22.2.post1 package, 389 

training random forest classifiers with stratified repeated cross-validation (10 times, 5 folds) 390 

with hyperparameter grid search including, as features, information available during the first 391 

week of illness, reported comorbidities (asthma, lung disease, heart disease, kidney disease and 392 

diabetes) and personal characteristics (BMI, age, sex). In addition to a global consideration of 393 

the studied sample population, separate models stratified by age were also entrained using a 394 

similar cross-validation setting (hyperparameter search and stratified sampling). After running 395 

the cross-validation for each model structure (50 times), the feature importance was averaged 396 

across the different repeated folds. A final simplistic model using the key personal 397 

characteristics and number of first week symptoms was further tested. 398 

Using only 3 features, a logistic regression model was then assessed using the same 399 

stratification and cross-validation. 400 

 401 

To assess performance on the test dataset (antibody positive), cross-validation was also 402 

performed to obtain an indication of the variability in performance using models that were 403 

trained on the whole PCR positive sample. 404 

For the reduced logistic regression model, the score was given by the following formula: 405 

 406 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 21, 2020. ; https://doi.org/10.1101/2020.10.19.20214494doi: medRxiv preprint 

https://doi.org/10.1101/2020.10.19.20214494
http://creativecommons.org/licenses/by-nc-nd/4.0/


S = 0.259503 * NumberSymptoms     +       0.055457 * Age     -0.633310 * Sex where sex is 407 

encoded as 1 – Female / 2 – Male 408 

 409 

Matching with negative sample:  410 

The negative cases selected for matching followed the same inclusion rules and were matched 411 

to the positive samples using the minimum Euclidean distance between the vectors of features 412 

created by age, BMI and sex. Sex feature was multiplied by 100 to ensure balance between 413 

feature strength. 414 

 415 

Rebalancing to UK population demographics 416 

Lastly, the rebalancing with respect to the UK population was performed by reweighting the 417 

age/sex proportions of LC28 in the studied sample by the one of the UK population based on 418 

census data from 2018. The weighting per age group is described in the table below 419 

 420 

 Female Male 

18-49 0.263 0.264 

50-69 0.156 0.150 

>=70 0.093 0.075 

 421 

 422 

 423 

 424 
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Supplementary tables and figures  455 
 456 
Supplementary Figure 1 presents a flowchart of the study inclusion. Individuals reporting 457 
symptoms for at most 1 day are considered for the purpose of this analysis to be asymptomatic.  458 
We further excluded users who joined the app already unhealthy, for which the onset of 459 
disease was not calculable. Of the remainder, we further excluded those who only reported 460 
intermittent unhealthy report and restricted to individuals reporting prospective symptoms at 461 
least once a week over the course of the disease. The left part of the diagram represents the 462 
inclusion flowchart for the individuals reporting a positive swab test while the right side reflects 463 
the inclusion pathway for individuals with antibody positive test only. 464 
  465 

 466 
 467 
 468 
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 469 
 470 
Supplementary Table 1 Compares the frequency (over the whole disease course), existence in 471 
the first week, duration (difference between first and last day at which a symptom is reported) 472 
and number of reports of a given symptom for Short-COVID, LC28 and LC56. Symptoms are 473 
ordered by overall frequency in the LC28 group. Duration and number of reports are presented 474 
as median [IQR] while the frequencies are presented as percentages 475 
 476 
 477 
 478 

 
Occurrence overall Occurrence first week Duration Number of reports 

 
Short L28 L56 Short L28 L56 Short L28 L56 Short L28 L56 

FA 76.1% 97.7% 96.8% 75.9% 89.1% 87.8% 
4 [2 ; 6] 33 [25 ; 

56] 

73 
[55.5 ; 
110] 

4 [2 ; 6] 31.5 [19.5 ; 
54.5] 

68 [39 ; 118.5] 

HA 65.6% 91.2% 93.7% 65.4% 80.6% 81.5% 3 [1 ; 5] 22 [10 ; 
42] 

56 [22 ; 
93] 

2.5 [1.5 
; 4] 

10 [4.5 ; 
19.5] 15 [7 ; 34.5] 

SOB 29.4% 70.8% 75.7% 29.2% 48.4% 51.3% 2 [1 ; 5] 24 [8 ; 45] 
59 [37 ; 

98] 
2.5 [1.5 

; 4.5] 
15 [5.5 ; 

34.5] 41 [15.75 ; 80.25] 

LOS 49.2% 72.0% 75.1% 49.0% 56.8% 58.2% 
3 [2 ; 5] 24 [11 ; 

42.75] 

53 
[17.5 ; 
84.75] 

3.5 [2 ; 
5] 

19.5 [9 ; 34] 35.75 [11.63 ; 
68.88] 

PC 40.5% 68.6% 62.4% 40.4% 57.0% 52.9% 3 [1 ; 5] 20 [7.5 ; 
32] 

34 [14 ; 
59] 

3 [1.5 ; 
4.5] 

11.5 [4.5 ; 
22.5] 

19 [7 ; 40.5] 

ST 41.2% 67.0% 72.5% 41.2% 53.6% 54.0% 2 [1 ; 4] 
15 [3.25 ; 

33.75] 
33 [4 ; 

63] 
2.5 [1.5 

; 4] 6 [3 ; 12] 8 [3 ; 17] 

FV 36.1% 62.9% 58.7% 36.1% 50.5% 45.5% 2 [1 ; 3] 6 [2 ; 14] 11 [2 ; 
51.5] 

2 [1.5 ; 
3] 4 [2 ; 7.75] 4.5 [2 ; 11.5] 

UMP 29.2% 64.0% 64.6% 29.2% 47.5% 43.4% 2 [1 ; 4] 7 [2 ; 25] 
30 [4 ; 
76.75] 

2.5 [1.5 
; 3.5] 5 [2 ; 11] 9.5 [3 ; 30.63] 

SM 29.9% 59.5% 66.7% 29.9% 46.6% 52.4% 2 [1 ; 4] 9 [3.75 ; 
20] 

13 [4 ; 
44] 

2.5 [1.5 
; 4] 6 [3 ; 14] 8 [3.5 ; 18.88] 

CP 28.2% 60.0% 63.0% 28.1% 42.5% 45.0% 2 [1 ; 4] 13 [3 ; 35] 
46 [17 ; 

78] 
2 [1.5 ; 

4] 
7.5 [2.5 ; 

16.5] 16.5 [7.25 ; 42] 

DI 20.4% 51.1% 54.5% 20.1% 34.6% 33.3% 2 [1 ; 3] 9 [2 ; 22] 15 [2 ; 
46.5] 2 [1 ; 3] 4.5 [2 ; 9] 5 [2 ; 12.25] 

HV 23.0% 53.0% 61.4% 22.9% 41.4% 47.6% 2 [1 ; 4] 9 [3 ; 29] 21 [4 ; 
61.5] 

2.5 [1.5 
; 4] 

6 [3 ; 14.5] 7.5 [3.5 ; 20.625] 

AP 17.2% 44.1% 49.2% 17.0% 26.0% 22.2% 1 [1 ; 3] 7 [1 ; 23] 13 [1 ; 
56] 2 [1 ; 3] 3.5 [1.5 ; 

8.5] 4.5 [2 ; 9.5] 

DE 11.8% 30.3% 38.6% 11.7% 19.0% 24.3% 2 [1 ; 3] 8 [1 ; 23] 14 [2 ; 
56] 

2 [1 ; 
3.5] 

3.5 [1.5 ; 9] 6.5 [2 ; 16.5] 

 479 
 480 
Supplementary Table 2 – Odd ratio of LC28 and LC56 per decade when compared to 18-30 481 
category separating male and females 482 
 483 
 Female Male 
 LC28 LC56 LC28 LC56 

30-40 2.11 [1.38 ; 3.23] 2.19 [1.02 ; 4.73] 2.62 [1.09 ; 6.27] 4.12 [0.49 ; 
34.67] 

40-50 4.35 [2.9 ; 6.53] 4.14 [2.02 ; 8.52] 2.24 [0.9 ; 5.62] 3.52 [0.39 ; 
31.91] 
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50-60 8.03 [5.37 ; 12] 8.61 [4.33 ; 17.1] 6.65 [2.8 ; 15.8] 11.49 [1.44 ; 
91.29] 

60-70 6.53 [4.02 ; 10.6] 7.2 [3.31 ; 15.69] 7.5 [2.98 ; 18.9] 14 [1.68 ; 
116.51] 

>=70 5.46 [2.51 ; 
11.85] 

7.71 [2.6 ; 22.83] 8.27 [2.8 ; 24.39] 18.56 [1.99 ; 
173.3] 

 484 
 485 
Supplementary Table 3 – Indication of the frequency of report of symptoms beyond 28 days 486 
and beyond 56 days in the LC28 and the LC56 groups. 487 
 488 

  Reported beyond 28 days in 
LC28 

Reported beyond 56 days in 
LC56 

FA 0.68 0.73 

HA 0.40 0.53 

SOB 0.37 0.48 

LOS 0.39 0.39 

PC 0.27 0.22 

ST 0.27 0.27 

FV 0.12 0.16 

UMP 0.20 0.30 

SM 0.13 0.19 

CP 0.23 0.31 

DI 0.15 0.20 

HV 0.17 0.22 

AP 0.15 0.23 

DE 0.11 0.15 

 489 
 490 
Supplementary Figure 2: Ratio of LC28 and LC56 vs short-COVID by IMD quintile 491 
 492 
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 493 
Supplementary Figure 3 – clustering of symptoms in the Long-COVID group indicating a 494 
common strong higher airways component with fatigue, headache and loss of smell for both 495 
groups and a more multi system presentation for the second group. Colouring presents the 496 
frequency of reporting of a given symptom. Abbreviations: DE – delirium, AP – Abdominal Pain, 497 
HV – Hoarse Voice, DI – Diarrhoea, CP – Chest Pain, SM – skipped meals, UMP – Unusual Muscle 498 
pains, FV – Fever, ST – Sore Throat, PC – Persistent Cough, LOS – Loss of smell, SOB – Shortness 499 
of breath, HA – Headache, FA – Fatigue 500 
 501 

 502 
 503 

 504 
 505 
 506 
 507 
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Supplementary Figure 4. Odd ratios of continuing into long Covid 28 when presenting a given 508 
symptom during the first week correcting for age and gender (if necessary) in different 509 
subgroups female(a), male (b), 18-49 (c), 50-69 (d), >=70 (e). Abbreviations: DE – delirium, AP – 510 
Abdominal Pain, HV – Hoarse Voice, DI – Diarrhoea, CP – Chest Pain, SM – skipped meals, UMP 511 
– Unusual Muscle pains, FV – Fever, ST – Sore Throat, PC – Persistent Cough, LOS – Loss of 512 
smell, SOB – Shortness of breath, HA – Headache, FA – Fatigue 513 
 514 
 515 

 516 

 517 
Supplementary Figure 5 – Odd ratio for the risk of developing Long Covid 28 for each 518 
comorbidity or risk factors correcting for age and gender in each age group, 519 
 520 

 521 
 522 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 21, 2020. ; https://doi.org/10.1101/2020.10.19.20214494doi: medRxiv preprint 

https://doi.org/10.1101/2020.10.19.20214494
http://creativecommons.org/licenses/by-nc-nd/4.0/


Supplementary Figure 6: Comparison of mean feature importance (proportion ranging from 0 523 

to 1) for the cross-validated random forest models across the different age groups when 524 

considering personal characteristics and presented symptoms during the first week of the 525 

disease. Abbreviations - (Abbreviations DE – delirium, AP – Abdominal Pain, HV – Hoarse Voice, 526 

DI – Diarrhoea, CP – Chest Pain, SM – skipped meals, UMP – Unusual Muscle pains, FV – Fever, 527 

ST – Sore Throat, PC – Persistent Cough, LOS – Loss of smell, SOB – Shortness of breath, HA – 528 

Headache, FA – Fatigue) 529 

 530 

 531 

532 

 533 
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