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Background. “Long COVID” is characterized by a variety of symptoms and an important burden for affected people. Our 
objective was to describe long COVID symptomatology according to initial coronavirus disease 2019 (COVID-19) severity.

Methods. Predi-COVID cohort study participants, recruited at the time of acute COVID-19 infection, completed a detailed 
12-month symptom and quality of life questionnaire. Frequencies and co-occurrences of symptoms were assessed.

Results. Among the 289 participants who fully completed the 12-month questionnaire, 59.5% reported at least 1 symptom, with 
a median of 6 symptoms. Participants with an initial moderate or severe acute illness declared more frequently 1 or more symptoms 
(82.6% vs 38.6%, P < .001) and had on average 6.8 more symptoms (95% confidence interval, 4.18–9.38) than initially asymptomatic 
participants who developed symptoms after the acute infection. Overall, 12.5% of the participants could not envisage coping with 
their symptoms in the long term. Frequently reported symptoms, such as neurological and cardiovascular symptoms, but also less 
frequent ones such as gastrointestinal symptoms, tended to cluster.

Conclusions. Frequencies and burden of symptoms present 12 months after acute COVID-19 infection increased with the 
severity of the acute illness. Long COVID likely consists of multiple subcategories rather than a single entity. This work will 
contribute to the better understanding of long COVID and to the definition of precision health strategies.
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Since March 2020, the coronavirus disease 2019 (COVID-19) 
pandemic has disrupted the entire world population. The severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus 
infected >315 million people and caused >5.5 million deaths 
worldwide as of January 2022 [1] and, given the current body of 
knowledge, there are major unsolved questions around the long- 
term health consequences of COVID-19, which has been termed 
as “long COVID” by patients themselves to characterize the multi
systemic, fluctuant, and debilitating symptoms [2]. Long COVID 
is defined by the World Health Organization as a post–COVID-19 
condition that “occurs in individuals with a history of probable or 
confirmed SARS-CoV-2 infection, usually 3 months from the 

onset of COVID-19 with symptoms that last for at least 2 months 
and cannot be explained by an alternative diagnosis. Common 
symptoms include fatigue, shortness of breath, cognitive dysfunc
tion but also others which generally have an impact on everyday 
functioning. Symptoms may be new onset, following initial recov
ery from an acute COVID-19 episode, or persist from the initial 
illness. Symptoms may also fluctuate or relapse over time” [3].

Indeed, a fraction of the people with COVID-19 experience 
continuing effects of the disease, with complaints such as tachy
cardia, extreme fatigue, and inability to perform daily physical 
tasks [4]. The signs and symptoms are diverse and related to mul
tiple organs [5]. Between 53 [6] and 203 [7] symptoms have been 
described in 10 organ systems such as systemic, thorax, neurolog
ical, and digestive but also ears/nose/throat, eyes, vascular, hair 
and skin, or genitourinary. A recent meta-analysis showed that 
the most prevalent symptoms vary in prevalence over time but 
the most prevalent have been shown to be fatigue, memory loss, 
and dyspnea and that the prevalence of long COVID was higher 
in people hospitalized during the acute phase [8].

Long COVID can affect adults and children and many of 
them did not return to the same level of work and quality of 
life as before COVID-19 infection [7].
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Both hospitalized and nonhospitalized persons during acute 
infection are likely to develop long COVID. However, it re
mains unclear to what extent the persistence of symptoms or 
the appearance of new symptoms is related or not related to 
the severity of acute illness [9, 10].

An increasing number of studies report long-term health 
consequences in asymptomatic or mildly symptomatic patients 
or hospitalized patients or in mixed cohorts with COVID-19 
[11–16].

For all of these reasons, the identification of predictive mark
ers and risk factors of the long-term sequelae of COVID-19 has 
been defined as a research priority [17].

Our hypothesis is that long COVID symptomatology may dif
fer according to the initial COVID-19 disease severity and that 
symptoms can cluster and define subtypes of long COVID. To 
test it, we aimed to (1) provide an overview of the symptoms 
reported 12 months after the acute infection among a cohort 
of COVID-19–positive adults in Luxembourg, composed of 
study participants with various forms of disease severity during 
the acute illness; (2) perform a co-occurrence analysis of the 
symptoms; and (3) evaluate the impact of long COVID on qual
ity of life.

METHODS

Population and Study Design

Data were obtained from participants from the Predi-COVID 
study, a prospective hybrid cohort study of persons with a po
lymerase chain reaction (PCR)–confirmed diagnosis of 
COVID-19 in Luxembourg. The Predi-COVID study design 
and analysis plan has been published previously [18]. In brief, 
all people with a positive COVID-19 PCR test performed by 
one of the certified laboratories in Luxembourg were contacted 
by the Health Inspection Department to explain the measures 
to be respected and ask them if they agree to be contacted for 
research purposes. If yes, an experienced research nurse from 
the Luxembourg Institute of Health contacted the person to ex
plain the study objective and procedures and to collect the par
ticipants’ consent.

Baseline characteristics were collected at study inclusion, 
which was performed in the 5 days after the PCR test result. 
Participants were then followed digitally 12 months after inclu
sion with self-reported questionnaires on symptoms and qual
ity of life.

Patient Consent Statement

The written consent of all participants was obtained before 
inclusion in the study. Data collection in Predi-COVID 
follows the best practices guidelines from the German 
Society of Epidemiology [19]. Predi-COVID is registered at 
ClinicalTrials.gov (NCT04380987) and was approved by the 
National Research Ethics Committee of Luxembourg (study 

number 202003/07) and by the Luxembourg Ministry of 
Health as the authorizing body in April 2020.

Study Design

This study is an analysis of participants’ symptoms and health 
status 12 months after the acute infection. All participants 
included between 1 May and 8 November 2020 were eligible 
for the present study (N = 539) and were invited to complete 
a detailed 12-month questionnaire. Among them, 330 
completed the questionnaire (response rate of 61.2%). We 
further excluded 41 participants with incomplete data and 
the final study population was composed of 289 participants. 
Characteristics of the respondents were compared to those of 
the nonrespondents (Supplementary Table 1).

Symptoms and Quality of Life

The detailed 12-month questionnaire was inspired from that 
co-developed by Tran et al [6] and consisted of a list of the 
64 most common symptoms related to long COVID (full list 
available in Figure 1), classified into 8 main categories: general; 
ear, nose, and throat; cardiovascular; neurological; gastrointes
tinal; vascular; urinary; and skin symptoms.

Participants were also requested to answer the question 
“Have you noticed the following symptoms or illnesses since 
your COVID-19 diagnosis?” Response modalities were: 1, 
“Yes, and I still feel it today”; 2, “Yes, I had it but I no longer 
have it”; and 3, “No, I have never had this symptom.” A variable 
“total number of symptoms” has been created that corresponds 
to the sum of all symptoms still present at 12 months.

Sleep quality was assessed using the Pittsburgh Sleep Quality 
Index (PSQI) questionnaire. A categorical variable was gener
ated using the PSQI score: poor sleep was defined as PSQI total 
score >5 [20].

The respiratory quality of life was assessed using the VQ11 
questionnaire. One global score and 3 subscores (functional, 
psychological, and relational) were calculated as described else
where [21, 22] and categorical variables were generated 
(Table 1).

Finally participants were asked if they could manage their 
current state of health in the long run, taking into account all 
the symptoms that they have experienced in the last 30 days 
in terms of frequency, intensity, and impact on their life and 
that can be attributed to COVID-19 (yes/no).

Covariates

Our analysis took into account the following set of covariates: 
age, sex, body mass index, smoking status (never, former, 
and current smoker), and comorbidities (diabetes, asthma, car
diovascular disease, and hypertension). The disease severity at 
inclusion was also used as a potential determinant of develop
ing a more severe form of long COVID.
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Disease severity during the acute phase of the disease was de
fined in 3 categories according to an adapted version of the 
National Institutes of Health severity classification [23]: asymp
tomatic, mild illness and moderate/severe illness, as previously 
described [24]. Hospitalized patients were included in the 
moderate/severe category.

Descriptive Statistics

We described the continuous variables, which were normally 
distributed, as mean ± standard deviation, and categorical var
iables as numbers (percentage). We used the Student t test and 
1-way analysis of variance to determine the differences of dis
tribution for continuous variables and Fisher exact test for cat
egorical variables. Kruskal-Wallis test was used to determine 
the differences for the variable total number of symptoms.

We studied the co-occurrences of long COVID symptoms at 
12 months and clustered the symptoms using Ward’s hierarchi
cal clustering method with Euclidean distance [25].

We performed all of the analysis using the R language [26] 
and generated the figures using the ggplot2 R package [27].

RESULTS

Characteristics of Study Participants

Individual characteristics of respondents and nonrespondents 
to the 12-month questionnaire were similar except for sex, 
with women being slightly overrepresented in the study popu
lation (50.2 vs 40.4%, P = .029; Supplementary Table 1). 
Demographic and clinical characteristics of included partici
pants according to the disease severity during the acute phase 
are provided in Table 1.

Figure 1. Description of 60 persisting symptoms, 12 months after the acute infection. Symptoms are grouped by symptom category according to disease severity during 
acute infection. Four symptoms are not presented as no participants reported them: infarction, stroke, hallucinations, and necessity of dialysis.
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Description of Persisting Symptoms 12 Months After Acute Infection

Among study respondents with complete data, 172 (59.5%) 
participants presented at least 1 persisting symptom 12 months 
after acute infection. Among them, the median total number of 
persisting symptoms was 6 (IQR, 2–11) and one-third experi
enced >10 symptoms (Supplementary Table 2).

Four of the 64 symptoms were not reported by any partici
pant (infarction, stroke, hallucinations, and necessity of dialy
sis). The most frequently reported symptoms were fatigue 
(34.3%), eye tiredness (22.5%), shortness of breath (18.7%), 
and irritability (18.0%) (Figure 1).

Participants affected by a moderate or severe acute infection 
reported more frequently at least 1 symptom 12 months after 
acute infection in comparison with initially asymptomatic par
ticipants who developed symptoms during the follow-up peri
od (82.8% vs 38.6%, P < .001), and many symptom frequencies 
were increased (Supplementary Table 2).

Co-occurrences

Figure 2 shows the co-occurrence rates in the 60 persisting 
symptoms reported by at least 1 participant. The 24 most fre
quent symptoms, including mainly neurological and cardiovas
cular symptoms, tended to cluster. A first cluster was mostly 
constituted by neurological symptoms: When mental confu
sion was present, memory loss was also reported in 73.3%, 

headaches in 53.3%, eyes tiredness in 50.8%, irritability in 
46.2%, anxiety in 43.5%, shortness of breath in 40.7%, and fa
tigue in 39.4% of the cases. When balance disorders were pre
sent, tremor of the limbs was also reported in 60.9% of the 
cases. A second cluster was constituted by pain-related and car
diovascular symptoms: Muscle or joint pain in the upper limbs 
was frequently reported together with muscle or joint pain in 
the lower limbs, back pain, feeling of tightness in the chest, 
or arrhythmia (68.9%, 60.5%, 41%, and 47.4%, respectively). 
Some symptoms were less frequently reported overall, but 
tended to cluster with each other when present. In particular, 
gastrointestinal symptoms constituted 1 cluster as 50% of the 
participants with nausea reported also diarrhea, 36.4% of 
them had also stomach burns, and 47.1% of them declared oth
er abdominal pain. Finally when loss of taste was present, loss 
of smell was also reported in 67.9% of the cases.

Impact on Quality of Life

Poor sleep was reported by 155 (54.2%) participants and 37 
(12.9%) participants had an altered respiratory quality of life 
12 months after the acute infection. The physical autonomy, 
psychological, and relational components of the respiratory 
quality of life score were affected in 7.3%, 12.9%, and 3.9% of 
the participants, respectively. Participants with a moderate/ 
severe form of the disease during the acute phase reported 

Table 1. Study Population Characteristics of the Predi-COVID Cohort Study

Characteristic
Overall Population 

(N = 289)

Disease Severity at Inclusiona

P Value
Asymptomatic 

(n = 44)
Mild 

(n = 174)
Moderate/Severe 

(n = 58)

Age, y, mean ± SD 40.2 ± 12.5 45.4 ± 14.7 39.7 ± 12.1 37.7 ± 11 .006

Female sex 144 (50.2) 13 (29.6) 91 (52.3) 36 (62.1) .004

BMI, kg/m2, mean ± SD 25.6 ± 4.8 25.4 ± 3.5 25.5 ± 4.7 26.1 ± 6.1 .667

Former smoker 55 (19.9) 9 (20.5) 35 (20.1) 11 (19.0) .925

Current smoker 48 (17.4) 9 (20.5) 30 (17.2) 9 (15.5) .773

Diabetes 8 (2.9) 1 (2.3) 5 (2.9) 2 (3.5) 1.000

Asthma 8 (2.9) 0 (0.0) 5 (2.9) 3 (5.2) .382

Cardiovascular disease 9 (3.3) 4 (9.1) 4 (2.3) 1 (1.7) .065

Hypertension 26 (9.4) 8 (18.2) 13 (7.5) 5 (8.6) .098

Poor sleepb 155 (54.2) 17 (38.6) 93 (54.1) 37 (63.8) .040

Altered respiratory quality of lifec at 1 year 37 (12.9) 0 (0.0) 16 (9.3) 18 (31.0) <.001

Altered physical autonomyc at 1 year 21 (7.3) 0 (0.0) 7 (4.0) 12 (20.7) <.001

Altered psychological quality of lifec at 1 year 37 (12.9) 0 (0.00) 16 (9.3) 18 (31.0) <.001

Altered relational quality of lifec at 1 year 11 (3.9) 0 (0.00) 2 (1.2) 9 (15.5) <.001

Could not live in their current health status in the long run 36 (12.5) 4 (9.1) 22 (12.6) 9 (15.5) .655

Data are presented as No. (%) unless otherwise indicated. P values are determined using the analysis of variance significant difference test for continuous variables (age and BMI) and the 
Fisher exact test for categorical variables.  

Abbreviations: BMI, body mass index; SD, standard deviation.  
aInformation on disease severity at inclusion was missing for 13 participants.  
bSleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) questionnaire. A categorical variable was generated using the PSQI score; poor sleep was defined as PSQI total 
score >5.  
cThe respiratory quality of life was assessed using the VQ11 questionnaire, initially developed for patients with chronic obstructive pulmonary disease. One global score and 3 subscores 
(functional, psychological, and relational) were calculated as described elsewhere and categorical variables were generated. An altered respiratory quality of life was defined as VQ11 
global score >22, an altered physical autonomy as functional component >8, an altered psychological quality of life as psychological component >10, and an altered relational quality of 
life as relational component >10.
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Figure 2. Co-occurrence heatmap of the 60 most frequent symptoms present 12 months after acute infection. A, Co-occurrences are presented as percentage per line (eg, 
line “Depression,” we show the percentage of participants reporting depression and having the second symptom). B, Dendrogram indicates the order in which the symptoms 
were clustered. The smaller height reflects the earlier joining and the higher similarity between the clusters/symptoms.
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more frequently poor sleep (63.8% vs 38.6%, P = .04) and had a 
more altered respiratory quality of life (31% vs 0%, P < .001) 
when compared to asymptomatic participants.

Moreover, 36 participants (12.5% of the respondents) an
swered “No” to the question on whether they could manage 
their current health status in the long run (Table 1). This rep
resents 20.9% of the 172 symptomatic participants at 12 
months. These participants had similar individual characteris
tics to participants who answered yes to this question (see 
Supplementary Table 3). All symptom frequencies were in
creased in participants who declared not being able to cope 
with their symptoms in the long run compared to the overall 
study population (Supplementary Table 4).

DISCUSSION

Our study provides a comprehensive overview of the symptoms 
reported by people with long COVID 12 months after an acute 
SARS-CoV-2 infection. We found that almost 60% of the par
ticipants experienced at least 1 symptom, with a predominance 
of fatigue, dyspnea, and anxiety. The presence of symptoms at 
12 months was associated with a moderate or severe form of the 
acute infection. We also observed clusters of symptoms fre
quently co-occurring and showed that long-term symptoms 
had a high impact on quality of life.

Comparison With Literature

In our cohort 59.5% of the participants who fully completed the 
12-month questionnaire declared at least 1 symptom 1 year af
ter the acute infection. This proportion was higher for partici
pants with moderate/severe form of acute illness (82.8%) than 
for participants with mild or asymptomatic initial form of the 
illness (56.3% and 38.6%, respectively). Other prospective co
hort studies report similar frequencies of participants experi
encing symptoms 12 months after acute infection [28, 29].

We obtained similar patterns as reported in other studies, 
with a variety of symptoms and a predominance of fatigue, 
dyspnea, and anxiety [12, 30–32]. The individual frequencies 
of these frequent symptoms were similar to their pooled prev
alence described in a recent meta-analysis of 12-months follow- 
up cohort studies; however, those of less frequent symptoms 
such as loss of taste, loss of smell, or gastrointestinal symptoms 
were higher in our study [33].

Several mechanisms can explain this wide panel of 
symptoms: SARS-CoV-2 virus can enter cells of many organs 
via the ACE2 receptors and thus provoke multiorgan damage. 
Chronic fatigue can be explained by a dysfunction in 
inflammatory response pathways, but other factors may be in
volved too. Neurological and cognitive impairments may be 
explained by chronic neuronal inflammation and damage since 
SARS-CoV-2 is able to pass the blood-brain barrier [5]. An 
acute infection can also induce chronic disturbance in immune 

subsets or an activation of an autoimmune response, which is in 
line with the relapses observed in long COVID [34]. In partic
ular autoimmunity can be induced by SARS-CoV-2 virus and is 
dependent on the initial viral load [32] and the severity of the 
disease [24].

The total number of symptoms present 12 months after acute 
infection is difficult to compare with existing studies as the co
hort types, the timepoints, and the way to collect symptoms are 
different [6, 10, 35]. However, it was striking that one-third of 
the participants of the Predi-COVID cohort who were sympto
matic 12 months after the acute infection were experiencing 
>10 symptoms.

Participants with a moderate or severe form of acute ill
ness had a significantly higher propensity to declare symp
toms 12 months later and had a more altered quality of 
life than those with asymptomatic or mild form of acute ill
ness. Previous studies reported contradictory findings as 
some studies did not find an association between long 
COVID and initial disease severity during acute COVID-19 
[9, 36], but other studies showed that the severity of the 
acute COVID-19 illness was associated with an increase in 
long COVID features [37, 38]. In contrast, we also showed 
that an initial mild or asymptomatic form of acute disease 
did not prevent from experiencing long COVID–associated 
symptoms at 12 months, in particular fatigue, and limited 
studies are proposing potential mechanisms to explain it 
[39, 40]. This finding is consistent with a review stating 
that 30%–60% of patients with an initial asymptomatic or 
mild form of COVID-19 developed a long COVID [41].

We observed several clusters of symptoms that often co- 
occurred. Among frequently reported symptoms, we observed 
a distinct cluster mainly constituted by neurological symptoms 
and another by pain-related symptoms. Cardiovascular symp
toms were present in both clusters but did not constitute a sep
arate cluster. In less frequently reported symptoms, we have 
seen that gastrointestinal symptoms (nausea, diarrhea, stomach 
burn, and other abdominal pain) on one hand and loss of taste 
and loss of smell on the other hand usually co-occurred. This is 
consistent with findings from other studies confirming that dif
ferent clusters of long COVID can be described and could ben
efit from adapted treatments and diagnosis [37, 42].

Symptoms present at 12 months had an important impact on 
participants’ quality of life, with sleep disturbances, altered re
spiratory quality of life, and discouragement concerning their 
state of health. People who experienced a moderate or severe 
form of initial COVID-19 were the most impacted in terms 
of sleep and respiratory quality of life. Participants who de
clared not being able to cope with their symptoms in the long 
run had similar individual characteristics than those who de
clared the opposite, and had reported higher symptom frequen
cies. This further underlines the impact of long-term symptoms 
on quality of life.
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Strengths and Limitations

Our study has several strengths. First, it is a prospective cohort 
study including COVID-19 positive persons combining vari
ous acute illness stages and followed 12 months after acute in
fection compared to other studies [12, 43]. All study 
participants had a PCR-based COVID-19 diagnosis, which 
avoided the risk of false negatives in the asymptomatic group 
of participants. Women were slightly overrepresented in the re
spondent group, which was expected since it has already been 
shown that women are more frequently affected by long 
COVID compared with men [44]. We focused our analysis 
on symptoms present at the time of questionnaire completion 
to limit the risk of recall bias; as such, it was not possible to 
clearly describe the dynamics of the various symptoms during 
the year of follow-up.

This study also has several limitations. The response rate to 
the long COVID questionnaire was 61.2%, which could lead to 
an overestimation of symptoms since people without any 
symptoms might have been less inclined to complete the ques
tionnaire. Participants who responded to the questionnaire had 
the same individual characteristics as participants who did not 
respond, which limits but does not completely rule out the risk 
of selection bias, which could then lead to an overestimation of 
some symptom frequencies.

We cannot fully state that all symptoms reported in the 
12-month questionnaire are associated with COVID-19, in par
ticular for newly appeared symptoms in participants asymp
tomatic during the acute phase of the infection. However the 
wording of the question “Have you noticed the following symp
toms or illnesses since your COVID-19 diagnosis?” limits the 
risk of reporting symptoms not related to COVID-19. 
Moreover, the appearance of symptoms in asymptomatic pa
tients or after recovery of the acute illness has been reported 
by other studies [41, 45]. It can be questionable whether gastro
intestinal symptoms could be associated with COVID-19 1 year 
after infection. A “gastrointestinal post–acute COVID-19 syn
drome” has been recently characterized with putative physio
logical mechanisms including persistent viral antigen in the 
gut, persistent abnormalities in the mucosa and blood, and/or 
increase in organ-specific autoantibodies [46].

Symptom intensity was not assessed, except for sleep quality 
and respiratory quality of life, for which we used validated 
scales. We did not have the information on potential medica
tion taken by the participants to reduce their symptoms, and 
this could lead to an underestimation of some symptoms.

Study participants were included before the COVID-19 vac
cination campaign started in Luxembourg and thus were not 
vaccinated at inclusion, with unknown vaccination status after 
12 months of follow-up. Therefore, we could not assess the im
pact of COVID-19 vaccination on the development of long 
COVID. This would be of high interest to replicate our study 
as some studies show an association between vaccination and 

a lower long COVID risk, whereas others have shown no asso
ciation [47, 48].

CONCLUSIONS

Our study provides an extensive description of symptoms pre
sent 12 months after COVID-19 infection and their impact on 
the quality of life of COVID-19 patients in a well-characterized 
prospective cohort. We highlighted a significant burden for 
people living with long COVID 12 months after the initial in
fection. An initial moderate or severe illness was associated 
with an increase in long-term consequences of COVID-19. 
Finally, our study helps to define long COVID and confirms 
that it is multisystemic and presents different clusters of symp
toms. These results will ultimately help to better identify long 
COVID in clinical settings and contribute to the definition of 
precision health strategies.
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