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Persistent symptoms after the first wave of COVID-19 in relation to SARS-CoV-2 serology and experience of acute symptoms: a nested survey in a population-based cohort

Summary

Background

Many patients report persistent symptoms after COVID-19. Our aim was to determine whether some of these symptoms were more associated with past SARS-CoV-2 infection compared to other conditions.

Methods

This prospective survey was nested in CONSTANCES, a randomly selected French populationbased cohort, started in 2012. All participants being followed-up by internet completed 2 questionnaires during the first wave of the pandemic focusing on the acute symptoms of their COVID-19-like illness. Serological tests for SARS-CoV-2 were then performed (May-Nov 2020). Between December 2020 and January 2021, participants completed a third questionnaire about symptoms that had lasted more than 2 months. Participants were classified into four groups according to both European Center for Diseases Control (ECDC) criteria for COVID-19 (ECDC+ or ECDC-) and serological SARS-CoV-2 test results (Sero+ or Sero-). To compare the risk of each persistent symptom among the groups, logistic regression models were adjusted for age, sex, educational level, comorbidities, and the number of acute symptoms declared during the first wave of the epidemic. A mediation analysis was performed to estimate the direct effect of the infection on persistent symptoms and its indirect effect via the initial clinical presentation.

Findings

The analysis was performed in 25910 participants. There was a higher risk of persistent dysgeusia/anosmia, dyspnea and asthenia in the ECDC+/Sero+ group than in the ECDC+/Serogroup (OR: 6.83 [4.47-10.42], 1.69 [1.07-2.6] and 1.48 [1.05-2.07], respectively). Abdominal pain, sensory symptoms or sleep disorders were at lower risk in the ECDC+/Sero+ group than in the ECDC+/Sero-group (0.51 [0.24-0.96], 0.40 [0.16-0.85], and 0.69 [0.49-0.95], respectively). The mediation analysis revealed that the association of the serological test results with each symptom was mainly mediated by ECDC symptoms (proportion mediated range 50%-107%).

Conclusion

A greater risk of persistent dysgeusia/anosmia, dyspnea and asthenia was observed in SARS-CoV-2 infected people. The initial clinical presentation substantially drives the association of positive serological test results with persistent symptoms.

Funding: French National Research Agency

Research in context

Evidence before this study To identify existing studies on post-acute symptoms due to SARS-CoV-2 infection, we searched PubMed from January, 2020 to December 20, 2021. We used the following search These studies suggested associations between persistent symptoms and a history of COVID-19, but may have been confounded by severity of the acute illness, age, sex, or comorbidities.

In addition, there were no studies comparing individuals from the general population who received serological tests or PCR in a research context.

Added value of this study

This population-based cohort study included 25910 individuals divided in 4 groups defined by the symptoms they presented during the first wave of the pandemic and by their serological status for SARS-CoV-2 infection. All individuals received serological tests and prospectively completed questionnaires. We compared the risk of presenting with several persistent symptoms 7 to 8 months after the first wave of the pandemic in France. We used adjusted logistic regression models to compare the risk of having each of the symptoms between the groups. This showed that individuals in all groups had a similar risk of having at least one symptom. However, dysgeusia/anosmia, dyspnea, and asthenia were more frequent in individuals with a history of COVID-19. Some symptoms were more frequent in other groups (sleep disorders, abdominal pain, sensory symptoms).

Implications of all the available evidence

This study shows that persistent symptoms are common in the general population, irrespective of COVID-19 history. Individuals with a history of COVID-19 have however an increased risk of persistent dysgeusia/anosmia, dyspnea and asthenia. Acute clinical presentation is a strong determinant of these long-term symptoms. This should prompt policy makers to develop holistic management strategies for patients with post-COVID-19 conditions as well as for other patients with similar complaints. Promoting therapeutic and preventive strategies that reduce the symptoms of the acute phase of the disease could have an effect on the post-COVID symptoms.

Post-covid-19 condition is potentially an emerging issue in the Covid-19 pandemic. Months after the acute illness caused by SARS-CoV-2 infection, clinical symptoms may persist whether or not the acute phase required hospitalization. [START_REF] Nehme | COVID-19 Symptoms: Longitudinal Evolution and Persistence in Outpatient Settings[END_REF][START_REF] Petersen | Long COVID in the Faroe Islands -a longitudinal study among non-hospitalized patients[END_REF][START_REF] Huang | 1-year outcomes in hospital survivors with COVID-19: a longitudinal cohort study[END_REF][START_REF] Nehme | Prevalence of Symptoms More Than Seven Months After Diagnosis of Symptomatic COVID-19 in an Outpatient Setting[END_REF] The main persistent symptoms are asthenia, pain, dyspnea, cognitive complaints, and dysgeusia/anosmia. [START_REF] Wanga | Long-Term Symptoms Among Adults Tested for SARS-CoV-2 -United States, January 2020-April 2021[END_REF] Other symptoms such as neurological or digestive complaints have also been described. [START_REF] Tran | Development and validation of the long covid symptom and impact tools, a set of patient-reported instruments constructed from patients' lived experience[END_REF] The pathophysiology of these persistent symptoms is poorly understood. Except for dysgeusia/anosmia, these persistent symptoms are not specific to SARS-CoV-2 infection but may be related to other conditions, or the consequence of changes in behavior, wellbeing, or access to care due to the pandemic. In this context, characterizing the phenotypes represented by the association of these persistent symptoms in persons with (versus without) SARS-CoV-2 past infection has rarely been studied. Therefore, to better understand the persistent symptoms after COVID-19, it is important to determine whether some of these symptoms are more specifically associated with SARS-CoV-2 infection than with other conditions. [START_REF] Mahase | Covid-19: What do we know about 'long covid'?[END_REF] The aim of this study using extensive data from a large population-based cohort study was to compare the risk of each persistent symptom depending on serological status for SARS-CoV-2 and depending on the history of acute symptoms during the first pandemic wave.

Methods

Design and participants

This survey is nested in the French CONSTANCES population-based cohort [START_REF] Zins | The French CONSTANCES populationbased cohort: design, inclusion and follow-up[END_REF] which includes approximately 200,000 adults aged 18 to 69 at inception. Since 2012, participants have been selected from the French adult population affiliated with the National Fund for Health Insurance according to a random sampling scheme stratified for age, gender, socioeconomic status and region of France to be representative of the source population, and have been followed by repeated yearly questionnaires and linked by administrative databases. CONSTANCES is also one of the three adult cohorts that is involved in the SAPRIS-SERO ("Santé, Pratiques, Relations et Inégalités Sociales en population générale pendant la crise COVID-19" -Serology) survey, whose aim is to quantify the cumulative incidence of SARS-CoV-2 infection in the French population using the dried blood spot (DBS) test for anti-SARS-CoV-2 antibodies. [START_REF] Carrat | Antibody status and cumulative incidence of SARS-CoV-2 infection among adults in three regions of France following the first lockdown and associated risk factors: a multicohort study[END_REF] In this specific COVID-19 survey, 66,848 CONSTANCES participants being followed-up by internet were asked to complete two self-administered e-questionnaires between April 6, 2020, and June 15, 2020. Variables included socio-demographics, comorbidities, COVID-19 diagnosis, and a detailed collection of 12 acute symptoms present in the participants during the 15 days before each questionnaire. These two questionnaires were used to classify participants according to whether or not they experienced a COVID-19-like illness during the first wave of the epidemic, but also to evaluate the number of acute symptoms experienced during the initial episode. Between May 4, 2020, and November 30, 2020, DBS was also collected. Then, between December 2020 and February 2021, a third follow-up internet questionnaire including questions on clinical symptoms was completed by the participants. Overall, 35,852 participants completed the first 2 questionnaires, had a serology performed and were eligible for this survey on persistent symptoms.

Ethical approval and written or electronic informed consent were obtained from each participant before enrolment in the original cohort. The SAPRIS-SERO study was approved by the Sud-Mediterranée III ethics committee (approval #20.04.22.74247) and electronic informed consent was obtained from all participants for DBS testing.

Classification of participants

Participants were considered "Sero+" or "Sero-" if the serological test was positive for SARS-CoV-2 infection. COVID-19-like illness during the first pandemic wave was defined according to the European Centre for Disease Prevention and Control (ECDC) case definition. Participants were considered "ECDC+" if they reported at least one of the following symptoms that lasted at least 3 days: dysgeusia/anosmia, dyspnea, fever, and cough in at least one of the two first questionnaires. [START_REF]Case definition for coronavirus disease 2019 (COVID-19)[END_REF] Other acute symptoms included headache, unusual asthenia, myalgia, joint pain, runny nose, nausea/vomiting, diarrhea and skin problems.

The seropositive and seronegative status was defined by IgG results against the spike protein of the virus (i.e., optical density ratio ≥1.1 and <0.7, respectively) using the (Euroimmun®, Lübeck, Germany) test. [START_REF] Carrat | Antibody status and cumulative incidence of SARS-CoV-2 infection among adults in three regions of France following the first lockdown and associated risk factors: a multicohort study[END_REF] In case of indeterminate results (i.e., optical density ratio ≥0.7 and <1.1), an in-house microneutralization assay to detect neutralizing anti-SARS-CoV-2 antibodies was performed. Participants with neutralizing antibody titers ≥40 were also considered to be seropositive. Most seropositive participants were assumed to have been infected during the first wave of the pandemic, between February 2020 and May 2020.

We selected all seropositive and seronegative participants who completed the follow-up questionnaire excluding participants who reported a diagnosis of COVID-19 after the serological test. There were 4 groups of participants: the ECDC+/Sero+ group defined by ECDC symptoms and seropositivity to anti-SARS-CoV-2 antibodies; the ECDC+/Sero-group defined by ECDC symptoms and seronegativity; the ECDC-/Sero+ group defined by the absence of ECDC symptoms, seropositivity and no history of COVID-19 reported on the third questionnaire; and the ECDC-/Sero-goup defined by the absence of ECDC symptoms, seronegativity and no history of COVID-19 reported on the third questionnaire (see supplementary appendix p 1).

Persistent symptoms

To identify persistent symptoms, we used symptoms reported in the third questionnaire. The list of symptoms was based on symptoms described in the literature on "post-covid-19 syndrome" and "long-covid". [START_REF] Tran | Development and validation of the long covid symptom and impact tools, a set of patient-reported instruments constructed from patients' lived experience[END_REF] It explored dysgeusia/anosmia, cardiothoracic symptoms (cough, thoracic pain, palpitations), pains (backpain, arthralgia, myalgia, headache), digestive disorders (nausea, diarrhea, constipation, abdominal pain), and others symptoms that were frequently associated with long-covid (asthenia, fever, cognitive complaints, cranial nerves abnormalities, sensory disorders, talk abnormalities, auditory disorders, dizziness, sleep disorders, skin disorders).

Persistent symptoms were defined as those that began after March 2020, lasted at least two months, and were still present at the time of the third questionnaire.

Data analysis

Because our goal was to compare persistent symptoms according to infection assessed by SARS-CoV-2 serological status and to highlight the specific association with past infection in patients with a history of acute symptoms during the first pandemic wave, the risk of presenting each persistent symptom was compared between Sero+ and Sero-groups, and between ECDC+/Sero+ and ECDC+/Sero-groups. Comparisons involving ECDC-/Sero+ and ECDC-/Sero-are presented in the supplementary appendix (ECDC-/Sero+ VS ECDC-/Sero-; ECDC+/Sero+ VS ECDC-/Sero-). Groups were compared using t-test for continuous variables and Chi-square test for qualitative variables. Univariable and multivariable logistic regression models were performed to estimate the strength of association (odds-ratio (OR)) between each persistent symptoms (the dependent variable) and the group (independent variable).

Multivariable OR estimates were adjusted for sex, age, educational level, comorbidities lasting more than 6 months and the number of symptoms reported during the first wave of the pandemic (aOR). Indeed, persistent symptoms seem to be epidemiologically associated with the number of acute symptoms in hospitalized patients and in outpatients with COVID-19. [START_REF] Ghosn | Persistent COVID-19 symptoms are highly prevalent 6 months after hospitalization: results from a large prospective cohort[END_REF][START_REF] Sudre | Attributes and predictors of long COVID[END_REF] All tests were two-sided and P< 0.05 was considered statistically significant.

We also used longitudinal data for the 10 symptoms that were collected in all questionnaires to compare the persistence of each of these symptoms between Sero-and Sero+ participants.

We finally conducted a mediation analysis for all persistent symptoms associated with the serological status in univariable analysis. In this analysis, we assumed that a part of the association of the serological status on persistent symptoms was mediated by the acute symptoms caused by the infection; in other words, the acute symptoms are supposed to be in the causal pathway between the infection and the persistent symptoms and cannot be considered as a confounding factor (figure 1).

Mediation analysis has been widely used in social and medical sciences. [START_REF] Robins | Identifiability and exchangeability for direct and indirect effects[END_REF][START_REF] Robins | Estimating exposure effects by modelling the expectation of exposure conditional on confounders[END_REF][START_REF] Pearl | Direct and indirect effects[END_REF][START_REF] Valeri | Mediation analysis allowing for exposure-mediator interactions and causal interpretation: theoretical assumptions and implementation with SAS and SPSS macros[END_REF][START_REF] Vanderweele | Odds ratios for mediation analysis for a dichotomous outcome[END_REF] It relies on a set of regression equations to model the relationships between the dependent variable, the mediator and the independent variable, while allowing adjustments for confounding factors.

We analyzed the association of past infection (defined by the SARS-CoV-2 serology result) on persistent symptoms, mediated by the initial clinical presentation, defined by ECDC status. The "effect" of past infection status can thus be direct, not passing through the initial symptoms, or indirect, passing through the initial clinical presentation.

We estimated the direct and indirect effect by calculating the following parameters: [START_REF] Valeri | Mediation analysis allowing for exposure-mediator interactions and causal interpretation: theoretical assumptions and implementation with SAS and SPSS macros[END_REF][START_REF] Vanderweele | Odds ratios for mediation analysis for a dichotomous outcome[END_REF] -the natural direct effect (NDE), defined as the effect of a positive serology versus a negative serology on the probability of persistent symptoms when the ECDC status is negative. The NDE includes an interaction effect of serology with ECDC status which is not mediated ; -the natural indirect effect (NIE), defined as the effect of ECDC positive versus ECDC negative on the probability of persistent symptoms when the serological status is positive. The NIE includes an interaction effect of serology with ECDC status which is mediated ; -The total effect (TE) defined as the overall effect of serology on persistent symptoms, which is the product of NDE and NIE, when they are calculated as adjusted OR (aORTE=aORNDEx aORNIE).

-The proportion of the total effect that was mediated using the formula on the risk difference scale, (100xaORNDE x(aORNIE -1)/(aORTE -1)) -The proportion of the effect due to interaction (see Figure 1).

For each persistent symptom, the estimation of direct and indirect effects was based on two logistic models. A first logistic model predicted the probability of persistent symptom according to serological status, ECDC status, an interaction term between these two covariates, and the confounding factors. The second model predicted the probability of ECDC status according to serological status and the confounding factors. Direct and indirect aOR estimates were deduced from these two logistic models (formulas can be found in ref 16). All the mediation models were adjusted on age, sex, and comorbidities. Confidence intervals for estimates were calculated using bootstrap with 10 000 replicates.

Statistical analyses were performed using R software 4.0.5. Mediation analysis was performed using the CAUSALMED procedure in SAS 9.4.

Role of the funding source

The sponsor of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all data in the study and had final responsibility for the decision to submit for publication.

Results

Overall, 29,438 of 35,852 (82%) eligible participants completed the follow-up questionnaire.

After excluding those whose serology was indeterminate or who reported a diagnosis of COVID-19 after serology, 25,910 (72%) participants were classified into one of the four groups of interest (see supplementary appendix p 1).

Participant characteristics according to the presence of at least one persistent symptom reported through the follow-up questionnaire are summarized in Table 1. All variables were statistically different between the groups declaring no persistent symptom and the group declaring at least one persistent symptom. However, the most important difference was in the number of acute symptoms presented during the acute phase of the epidemic (70.1% and 50.2% declared no acute symptoms in the group having no persistent symptoms and in the group having at least one persistent symptom, respectively). The median time between completion of the first The association between SARS-CoV-2 serological status and each persistent symptom is presented in Table 2. At least one persistent symptom was present in 318 (31.1%) and 5926 (24.7%) participants in the Sero+ and the Sero-groups, respectively (P<0.0001). Dysgeusia/anosmia, dyspnea, palpitations, asthenia, and cognitive complaints were positively associated with a positive serology in multivariable adjusted models, while abdominal pain or skin disorders were negatively associated. The association was strong for persistent dysgeusia/anosmia (with an aOR of 8.98 (95%CI 6.03 -13.28)), while it was weak for other symptoms with aOR ranging from 1.82 (95%CI 1.20 -2.68) for dyspnea to 0.42 (95%CI 0.21 -0.74) for abdominal pain.

At least one persistent symptom was reported in 213/494 (43.1%) ECDC+/Sero+ participants, 1334/3534 (37.7%) ECDC+/Sero-participants, 105/528 (19.9%) ECDC-/Sero+ participants and 4961/21,354 (23.2%), ECDC-/Sero-participants (p<0.0001).

More than 80% of the symptoms reported during the first wave of the pandemic disappeared before the follow-up questionnaire, regardless of the serological result, with the exception of dysgeusia/anosmia and asthenia in the seropositive group (59/246 (24%) and 75/354 (20.3%), respectively -Supplementary Appendix p 5). Dysgeusia/anosmia, asthenia and persistent thoracic pain were still more frequent at the follow-up in seropositive participants than in seronegative participants who experienced these symptoms during the first wave.

Table 3 presents the association between serological status and each persistent symptom in participants who reported a COVID-19-like illness during the first wave of the pandemic (ECDC+). Dysgeusia/anosmia, dyspnea, and asthenia were positively associated with a positive serology while abdominal pain, sensory complaints, and sleep disorders were negatively associated. The association appeared strong only with dysgeusia/anosmia (aOR= 6.83 (95%CI 4.47 -10.42)).

Other comparisons between groups defined according to a COVID-19-like illness during the first wave and serological status are presented in supplementary appendix (p 6). Of note, there was no difference in any of the persistent symptoms between ECDC-/Sero+ and ECDC-/Seroparticipants except for palpitations which appear to be more frequent in seropositive than in seronegative participants (aOR: 2.67 (95%CI 1.15, 6.22), p=0.02).

The mediation analysis is presented on table 4 and was performed for dysgeusia/anosmia, cough, dyspnea, thoracic pain, palpitations, headache, asthenia, and cognitive complaints.

The aOR for NDE were in the range of those found in previous analyses with an aOR of 6.87 (95%CI 4.72-9.70) for dysgeusia/anosmia (aOR) and lower aORs > 1 for dyspnea and asthenia.

All aOR for NIE were > 1, meaning that the experience of ECDC symptoms was associated with persistent symptoms in those with positive serology. The effect of positive serology on each symptom was mainly mediated by ECDC symptoms (proportion mediated range 50%-107%) with a high proportion of the effect due to a positive interaction between serology and ECDC symptoms in all symptoms except cough.

Discussion

This population-based study quantifies the prevalence of persistent symptoms and examine symptoms according to ECDC COVID-19-like illness criteria and SARS-CoV-2 serological status. The results confirm the high prevalence of persistent symptoms in this population, especially in participants who experienced ECDC symptoms during the first pandemic wave.

The mediation analysis showed that persistent symptoms associated with a seropositive status are mainly driven by the acute symptoms during the first pandemic wave. Some of these persistent symptoms were more frequent in participants with ECDC+/Sero+ than in the other groups, independently of the number of acute symptoms. It confirmed the importance of dysgeusia/anosmia, dyspnea, and asthenia in persistent symptoms. [START_REF] Sudre | Attributes and predictors of long COVID[END_REF][START_REF] Lund | Post-acute effects of SARS-CoV-2 infection in individuals not requiring hospital admission: a Danish population-based cohort study[END_REF][START_REF] Blomberg | Long COVID in a prospective cohort of home-isolated patients[END_REF] The risk of having the other symptoms that have been suggested as related to "long covid " were similar or higher in ECDC+/Sero-than in ECDC+/Sero+. This suggest that these persistent symptoms are common and are often not specific to the causative agent. During the first wave of the epidemic in France in 2020, viruses other than SARS-CoV-2 were circulating. [START_REF] Hingrat | Viral epidemiology and SARS-CoV-2 co-infections with other respiratory viruses during the first COVID-19 wave in Paris, France[END_REF] Furthermore, the lack of specificity of most symptoms or their combinations to the post-covid condition emphasizes the importance of studying post-infectious states. Chronic post-viral fatigue (CMV, EBV, HIV) is a known but poorly explained phenomenon related to a persistent inflammatory state, a latent infection, a particular psychological context, or functional disorders. It has been suggested that persistent symptoms are driven by the initial intensity of the disease as well as other multidimensional and indirect factors. [START_REF] Figueroa | Distinguishing between direct and indirect consequences of covid-19[END_REF] This is in line with another study based on the CONSTANCES cohort which shows that, except for dysgeusia/anosmia, a self-reported infection of SARS-CoV-2 was associated with persistent physical symptoms regardless of the result of serological tests. [START_REF] Matta | Association of Self-reported COVID-19 Infection and SARS-CoV-2 Serology Test Results With Persistent Physical Symptoms Among French Adults During the COVID-19 Pandemic[END_REF] Our results are complementary to these, by classifying individuals according to their symptoms in the acute phase rather than a classification according to the diagnosis, which may be affected by the beliefs of the patient and/or the doctor. Here we demonstrated that some symptoms are more associated with SARS-COV-2 infection, especially in case of symptomatic acute symptoms. However, it is interesting to note that the individuals with asymptomatic SARS-CoV-2 infection were like ECDC-/Sero-, except for having a higher risk of palpitations. These results should be considered with caution, although cardiac consequences in asymptomatic or mild infections have been suggested. [START_REF] Rajpal | Cardiovascular Magnetic Resonance Findings in Competitive Athletes Recovering From COVID-19 Infection[END_REF] Unlike in other results in the literature evaluating outpatients with covid-19, the median number of persistent symptoms was low. This could be due to the population-based design of the present study. Most of the studies published in the literature were performed in specific populations (e.g. population with access to a PCR test during the first wave, healthcare workers) or in individuals who used the healthcare system for symptoms. [START_REF] Sudre | Attributes and predictors of long COVID[END_REF][START_REF] Blomberg | Long COVID in a prospective cohort of home-isolated patients[END_REF][START_REF] Nehme | COVID-19 Symptoms: Longitudinal Evolution and Persistence in Outpatient Settings[END_REF][START_REF] Havervall | Symptoms and Functional Impairment Assessed 8 Months After Mild COVID-19 Among Health Care Workers[END_REF][START_REF] Al-Aly | High-dimensional characterization of post-acute sequalae of COVID-19[END_REF] This suggests that the intensity and the number of acute symptoms, which are associated with persistent symptoms, might have been higher in these previous studies than in the general population. [START_REF] Ghosn | Persistent COVID-19 symptoms are highly prevalent 6 months after hospitalization: results from a large prospective cohort[END_REF][START_REF] Sudre | Attributes and predictors of long COVID[END_REF] The followup in the present survey was also longer. Thus, certain symptoms might have disappeared over time.

Persistent symptoms are known to be associated with the acute disease. [START_REF] Sudre | Attributes and predictors of long COVID[END_REF] Here, we take the analysis a step further by quantifying the direct impact of SARS-CoV-2 infection on symptom persistence and its indirect effect, mediated by the symptoms present at the initial phase of infection. Interestingly, it appears that the effect is mainly indirect for all symptoms, even for those that are not included in the ECDC's definition. This strong mediation effect underlines the importance of symptoms developed during the initial episode on the risk of presenting persistent symptoms. In addition, the association of persistent symptoms with serology was higher in case of initial ECDC symptoms except for cough. Thus, it can be speculated that all interventions reducing the intensity and/or the number of symptoms of the acute phase of the disease might have an impact on the incidence of post-covid persistent complaints. If this is the case, the individual benefit of vaccination could be enhanced even in people at low risk of severe COVID-19, as already suggested. [START_REF] Antonelli | Risk factors and disease profile of post-vaccination SARS-CoV-2 infection in UK users of the COVID Symptom Study app: a prospective, community-based, nested, case-control study[END_REF] The strength of this study relies in its design, which was based on a large sample from the general population followed prospectively, thus allowing comparison of different groups of individuals. SARS-CoV-2 infection was evaluated by serological tests in all individuals. Data were not collected through the healthcare system, making the reported symptoms more representative of those perceived by the general population than in previous studies using healthcare databases. [START_REF] Lund | Post-acute effects of SARS-CoV-2 infection in individuals not requiring hospital admission: a Danish population-based cohort study[END_REF][START_REF] Al-Aly | High-dimensional characterization of post-acute sequalae of COVID-19[END_REF] This work has certain limitations. First, symptoms were self-declared and were not evaluated with specific scales. Also the declarations may have differed depending on the recent medical history, especially during the pandemic where participants were more apt to believe that they had had COVID-19. [START_REF] Matta | Association of Self-reported COVID-19 Infection and SARS-CoV-2 Serology Test Results With Persistent Physical Symptoms Among French Adults During the COVID-19 Pandemic[END_REF] In addition, we could not separate persistent symptoms related to an infection (COVID-19 or other) from those related to otherwise poor health or a change in access to health care. Moreover, the possibility of serology misclassifications cannot be excluded. [START_REF] Carrat | Antibody status and cumulative incidence of SARS-CoV-2 infection among adults in three regions of France following the first lockdown and associated risk factors: a multicohort study[END_REF][START_REF] Matta | Association of Self-reported COVID-19 Infection and SARS-CoV-2 Serology Test Results With Persistent Physical Symptoms Among French Adults During the COVID-19 Pandemic[END_REF] However, the fact that difference in the risk of anosmia is high between ECDC+/Sero+ and ECDC+/Sero-suggest that the prevalence for SARS-COV-2 infection is likely to be highest in participants with both positive serology results and ECDC symptoms declared during the first phase of the pandemic. Although this is one of the largest surveys on persistent symptoms after Covid-19 first pandemic wave, the number of individuals with this condition remained low in relation to the marked heterogeneity of the number and types of symptoms. Thus, we might have been unable to detect associations between the less frequent symptoms and COVID-19.

We compared COVID-19 (ECDC+/Sero+) consequences to those of COVID-Like illness (ECDC+/Sero-). We assumed that this latter group was heterogenous. The consequences of COVID-19 need to be compared with other upper respiratory infection. A recent survey compared the consequences of COVID-19 and influenza in hospitalized patients. [START_REF] Al-Aly | High-dimensional characterization of post-acute sequalae of COVID-19[END_REF] Although it showed that the burden of COVID-19 was greater, the comparison was performed between two different periods, and did not take into account the possible influence of the pandemic on other factors that could affect health and the health system. Finally, some symptoms following acute infection may not have been reported by participants -particularly if they appeared late after the initial two questionnaires were collected. In any case, this will only reinforce the fact that most of the effect of infection on persistent symptoms is mediated by the symptoms experienced in the acute phase.

In conclusion, there is an increased risk of persistent anosmia/dysgeusia, dyspnea, and asthenia in individuals with a history of COVID-19. Persistent symptoms are mainly driven by the acute phase of the disease. Further studies are needed to determine the origin of these persistent symptoms which could be associated with various pathophysiological causes that could also interact, from an inappropriate inflammatory response to a persistent functional disorder. The mediation analysis allows us to evaluate the part of the direct and indirect effect (2) in the total effect (1).

The full model (3) took also into account the interaction between the exposure and the mediator (b and d) and was adjusted on confounding factors. We calculated the total effect (TE= a+b+c+d), the direct effect of the exposure (a+b: natural direct effect, NDE) and the indirect effect mediated by the ECDC symptoms (c+d: natural indirect effect, NIE). The proportion mediated is represented by NIE/TE. The proportion due to interaction is NDE/TE. 

  string: (COVID-19[title/abstract] OR SARS-CoV-2[title/abstract]) AND ((longterm[title/abstract] AND complications[title/abstract]) OR ((persistent[title/abstract] OR persistence[title/abstract]) AND symptoms[title/abstract])) OR (long-covid [title/abstract]) OR (long-hauler [title/abstract]) OR (post-covid condition [title/abstract])). We took into account observational studies that described cohorts of outpatients or studies that compared persistent symptoms between individuals with COVID-19 and with other conditions. Most of the literature described cohorts of patients with no comparison groups. Other studies comparing patients with COVID-19 and uninfected individuals were performed in populations that had access to testing during the first wave of the pandemic, thus creating a selection bias.

  questionnaire and the third follow-up questionnaire was 242 days [IQR:238-251]. Overall, 4028 (15.5%) participants experienced COVID-19-like illness during the first wave and 1022 (3.9%) participants had a positive SARS-CoV-2 serology. Overall, 6643 (25.6%) reported having at least one persistent symptom in the follow-up questionnaire (in those participants, the median number (IQR) of persistent symptoms was 1 (1-2)).

Figure 1 :

 1 Figure 1: Concept and design of the mediation analysis for the association of SARS-COV-2 infection with persistent symptoms. 1) Total effect model 2) Basic mediation model 3) Full mediation model used in the study.

Table 1 : Main characteristics of participants, serological status (Sero) and experience of COVID-19-like illness during the first wave (ECDC) according to the presentation of at least one persistent symptom in the follow-up questionnaire.

 1 

	1)				3)		Confounding
							factors
							Age, Gender,
	Exposure SARS-Cov-2		Total effect		Outcome Persistent		Comorbidities
	infection				symptoms	
	2)				Exposure SARS-Cov-2 infection	c	Mediator ECDC symptoms	c	symptoms Outcome Persistent
						d	d
	Exposure SARS-Cov-2 infection	Indirect	ECDC symptoms Mediator	Indirect	symptoms Persistent Outcome	
			Direct				b
							a

Table 2 : Persistent symptoms lasting more than 2 months according to serological results. 514

 2 aOR were adjusted for sex, age, educational level, comorbidities lasting more than 6 months and the number of symptoms 515 declared during the first wave of the pandemic. OR odds-ratio; aOR: Adjusted odds-ratio; CI: confidence interval.
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Table 3 : Persistent symptoms lasting more than 2 months according to the presence of ECDC symptoms during the first 520 wave of the pandemic and to the serological results. 521

 3 aOR were adjusted for sex, age, educational level, comorbidities, and the number of symptoms at the acute phase. OR 522 odds-ratio; aOR: Adjusted odds-ratio; CI: confidence interval.
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