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Abstract
Background Characterizing the post-COVID health conditions is helpful to direct patients to appropriate healthcare.
Aims To describe the presence of symptoms in COVID-19 patients within 6 months after diagnosis and to investigate the 
associated factors in terms of reporting symptoms.
Methods Data of DEU-COVIMER (a telephone interview-based COVID-19 follow-up center established in a tertiary care 
hospital) was analyzed for SARS-CoV-2 RNA positive participants aged ≥ 18 years from November 1st, 2020, to May 31st, 
2021. Symptom frequencies were stratified by demographic and clinical characteristics at one, three, and 6 months after 
diagnosis. With the patients who had symptoms at baseline, generalized estimating equations were applied to identify the 
factors associated with reporting of symptoms.
Results A total of 5610 patients agreed to participate in the study. Symptom frequency was 37.2%, 21.8%, and 18.2% for 
the first, third, and sixth months. Tiredness/fatigue, muscle or body aches, and dyspnea/difficulty breathing were the most 
common symptoms in all time frames. In multivariate analysis, older age, female gender (odds ratio OR 1.74, 95% confi-
dence interval 1.57–1.93), bad economic status (OR 1.37, 1.14–1.65), current smoking (OR 1.15, 1.02–1.29), being fully 
vaccinated before COVID-19 (OR 0.53, 0.40–0.72), having more health conditions (≥ 3 conditions, OR 1.78, 1.33–2.37), 
having more symptoms (> 5 symptoms, OR 2.47, 2.19–2.78), and hospitalization (intensive care unit, OR 2.18, 1.51–3.14) 
were associated with reporting of symptoms.
Conclusions This study identifies risk factors for patients who experience post-COVID-19 symptoms. Healthcare providers 
should appropriately allocate resources prioritizing the patients who would benefit from post-COVID rehabilitation.
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Introduction

As of date, the coronavirus disease 2019 (COVID-19) pan-
demic has been going on for more than 2 years. Although 
the community mitigation strategies have been the main 
subject from the very beginning, new variants continue to 
change approaches to pandemic control. The omicron variant 
of severe acute respiratory virus 2 (SARS-CoV-2) spread 
faster than any previous variants, and as of February 2022, 
the world faces the highest daily number of new cases. Since 
the high number of people continues to be infected, efforts 
on measuring the long-term clinical impacts of the disease 
also will continue.

The long-term clinical effects of COVID-19 are referred 
to a general term conceptualized as post-COVID conditions. 
The post-COVID conditions first arose from patient-led 
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notifications in March 2020. Patients who had overwhelmed 
symptoms began to share their experiences on social media 
which attracted the attention of newspapers and researchers 
[1]. Thus, discussions around post-COVID experiences spar-
kled new terminologies such as “long-haulers” and “long-
COVID” [1, 2]. Early studies limited to post-hospitalized 
settings reported that 87% of the patients had at least one 
symptom in a mean of 60 days of monitoring [3], and at the 
sixth month, 76% of the patients were still symptomatic [4]. 
In the outpatient setting, studies revealed a range of 32 to 
53% symptom frequency for different lengths of follow-ups 
[5, 6]. Fatigue, dyspnea, body aches, and loss of taste or 
smell were the frequently reported symptoms [3–7].

In parallel with rapidly growing literature on the topic, 
post-COVID conditions were common [8, 9], but there was 
a wide range of definitions including ongoing symptoms, 
relapsing symptoms, new clinical situations, new onset of 
a disease, or delayed return to usual health [2, 8–11]. In 
response to heterogeneity in the studies and the absence of 
a single-case definition, the World Health Organization held 
a series of meetings to facilitate global discussion on the 
topic. Currently, the post-COVID condition was defined as 
persistence of symptoms or new onset of symptoms after 
recovery without another explanation for at least 2 months. 
Symptoms may have fluctuating or relapsing nature which 
affects general health and quality of life every day [12].

Data obtained by the continuous monitoring of COVD-19 
patients can help to develop clinical management strategies 
and direct the patients who experience post-COVID condi-
tions to appropriate country-specific healthcare. Therefore, 
we aimed to characterize the presence of symptoms that 
may be associated with COVID-19 within the 6 months of 
follow-up after diagnosis and to investigate the associated 
baseline factors contributing to the reporting of symptoms.

Methods

Study design and DEU‑COVIMER protocol

This prospective cohort study was conducted by Dokuz 
Eylul University Hospital COVID-19 follow-up center 
(DEU-COVIMER). Dokuz Eylul University Hospital is in 
the southwest region of Izmir, the third-largest city in Tur-
key with approximately 4.5 million population. The hospital 
has been a designated pandemic public hospital and people 
could visit the outpatient COVID-19 policlinic or emergency 
care unit with or without a referral. DEU-COVIMER was 
established in January 2021 to gain knowledge about the 
long-term health outcomes of COVID-19 patients by moni-
toring the patients with a multidisciplinary approach.

Prior to initiating data collection, we reviewed the available 
literature on possible long-term effects of COVID-19 and data 

collection methods developed by international COVID-19 
working groups such as Respiratory and Emerging Infection 
Consortium (ISARIC) and the post-hospitalization COVID-
19 study (PHOSP-COVID) [13, 14]. The questionnaires were 
designed by public health and epidemiology experts in the 
institution.

At the 1st, 3rd, and 6th months after the first positive 
test date, pre-trained DEU-COVIMER staff interviewed 
patients by telephone. The staff made at least five attempts 
until the end of the working hour to contact all the patients. 
The measurements at the 1st, 3rd, and 6th month included 
general health information (mortality, hospital admission), 
COVID-19 like-symptom check (fatigue, body aches, 
dyspnea, loss or change of smell and taste, etc.), health-
related quality of life-EuroQol five-dimension three-level 
(EQ-5D-3L; mobility, self-care, usual activities, pain and 
discomfort, anxiety, and depression), and vaccination his-
tory. Additionally, the presence of healthcare utilization or 
newly diagnosed diseases were interviewed at the 3rd and 
6th months. All participants provided oral informed consent 
before starting the telephone interview regarding the collec-
tion of data.

Study participants and variables

We invited patients aged ≥ 18 years to participate in the study 
who had a first positive reverse transcriptase-polymerase 
chain reaction (RT-PCR) test for SARS-CoV-2 from Novem-
ber 1st, 2020, to May 31st, 2021. DEU-COVIMER became 
fully operational on January 11, 2021, so we established two 
cohorts. To catch the subsequent follow-up points in the 1st, 
3rd, and 6th months, we recruited the patients who tested 
positive for SARS-CoV-2 after November 30, 2020, as the 
main cohort in the study (December 2020–May 2021 cohort). 
Because the first-month monitoring was already missed for 
the people diagnosed before December 1st, 2020, we only 
interviewed them in the 3rd and 6th months (November 
2020 cohort). In total, 6701 people tested positive for SARS-
CoV-2 RNA between November 1st, 2020, and May 31st, 
2021. We aimed to reach all patients; therefore, sample size 
was not calculated.

In this study, having at least one symptom at the follow-
up points was determined as symptom presence. The survey 
question was as follows: “In the last 7 days, do you still have 
a symptom that was among your baseline symptoms when 
you were first diagnosed with COVID-19?” Symptoms were 
asked one by one in yes/no format and another survey item 
was available for free-text responses. Data on the symptoms 
in the acute phase of the disease were collected retrospec-
tively from the patients who were interviewed during the 
1st or 3rd month of follow-up. PCR dates, age, gender, and 
hospital admission were retrieved from the hospital informa-
tion system. Education, jobs, economic status, smoking, and 
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underlying diseases were patient-reported. Participants were 
considered fully vaccinated 2 weeks after the second dose of 
the CoronaVac (inactivated virus) or BNT162b2 (mRNA) 
vaccine.

Statistical analysis

Categorical variables were summarized as numbers and 
percentages (n, %). The total number of respondents who 
completed 1st-, 3rd-, or 6th-month follow-up was used as 
the denominator for reported symptoms. Percentages of 
symptom presence at 1st, 3rd, or 6th months were calcu-
lated for respondents who reported complaints at the time of 
diagnosis (clinical infection). Cough and dyspnea/difficulty 
breathing were categorized as respiratory symptoms. Other 
symptoms were categorized as mild symptoms. Transitions 
between no symptom group, respiratory symptom group, 
and mild symptom group with time were visualized with 
Sankey plots. Taking account of longitudinal data structure, 
we fitted generalized estimating equation (GEE) regression 
models in patients who had baseline symptoms to further 
evaluate the factors associated with reporting symptoms one, 
three, and 6 months after diagnosis. We selected a first-order 
autoregressive AR-1 as the working correlation structure, 
which allows the correlations of measurements taken far-
ther apart to be less than those taken closer to one another. 
Model 1 included time and explanatory variables. Model 2 
included all explanatory variables. Estimates were presented 
as odds ratios with 95% confidence intervals. Missing data 
on baseline explanatory variables of the participants were 
less than 1.2%, so we made complete case analysis. Data 
management, analysis, and visualizations were performed 
with R version 4.0.2 (packages: tidyverse, compareGroups, 
geepack, sjPlot, ggsankey).

Results

Among a total of 6701 people who tested positive for SARS-
CoV-2 RNA, 5610 respondents from two cohorts completed 
their first interview corresponding either in the 1st month or 
the 3rd month (response rate for the first interview: 83.7%) 
(Fig. 1). The total number of dropouts was 1618 (24.1%) for 
the 3rd month and 2063 (30.8%) for the 6th month. A total 
of 233 (3.5%) patients have died within 6 months.

In total, 5610 respondents (female 51.8%, age 43.1 ± 15.1) 
were followed for a mean of 168.3 ± 46.8 days after PCR 
positivity. Among them, 89.3% (n = 5009) had baseline 
symptoms (Table 1). The most common symptoms reported 
were tiredness/fatigue (52.5%), muscle/body aches (52.4%), 
and loss/change of smell (42.5%). The most common three 
underlying health conditions were hypertension (15.4%), 

diabetes (10.5%), and coronary artery disease (6.2%). A total 
of 8.2% of the patients received inpatient care.

Of the 3727 respondents who completed the 1st-month 
interview, 37.2% (n = 1387) reported at least one symptom 
(Table 2). For the 3rd month and 6th months, symptom pres-
ence was 21.8% (1108/5083) and 18.2% (844/4638), respec-
tively. Tiredness/fatigue, muscle or body aches, and dysp-
nea/difficulty breathing were the most common symptoms 
for the 1st, 3rd, and 6th months of follow-up.

Table 3 shows percentages of reporting symptoms at the 
1st, 3rd, and 6th months among the patients who had base-
line complaints. Considering the age, symptom presence was 
most common in the 35–54 years group during the 6 months 
monitoring. Females reported more symptoms than males 
(3rd month 28.5 versus 16.8%). Those with bad economical 
status (45.2%, 26.8%, and 22.8% for time points, respec-
tively) reported more symptoms than those with moderate 
or good status. There was a positive relationship between 
the increase in the number of underlying health conditions at 
baseline, total number of symptoms at baseline, and report-
ing of symptoms. In asthma patients, symptom presence at 
the 3rd month was 38.5%, while in patients with chronic 
renal failure and chronic pulmonary disease, it was 34.2% 
and 33.8%, respectively. Fully vaccinated people were less 
likely to report symptoms, especially in the 3rd and the 6th 
month (9.7 vs. 23.3% and 3.3 vs. 19.5%, respectively).

The transition of symptoms in the patients with initial res-
piratory symptoms or mild symptoms is illustrated in Fig. 2. 
For December 2020–May 2021 cohort, 69.6% of the patients 
with mild symptoms transitioned to no symptom within 
the first month; while among the patients with respiratory 

Fig. 1  Flowchart showing the number of patients who agreed to par-
ticipate in the study at the first, third, and sixth-month follow-up after 
diagnosis
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symptoms, 63.3% of the patients transitioned to no symptom 
within the first month.

The multivariate GEE model indicated that the 
35–44  years age group (adjusted OR aOR 1.48, 95% 
CI 1.22–1.79), 45–54  years group (aOR 1.41, 95% CI 
1.16–1.72), and 55–64 years group (aOR 1.34, 95% CI 
1.07–1.68) had a higher risk for reporting symptoms com-
pared to 18–24 age group. Female gender (aOR 1.74, 95% 
CI 1.57–1.93), bad economic status (vs. good economic sta-
tus) (aOR 1.37, 95% CI 1.14–1.65), current smoking status 
(vs. non-smokers) (aOR 1.15, 95% CI 1.02–1.29), increas-
ing number of underlying health conditions (≥ 3 conditions, 
aOR 1.78, 95% CI 1.33–2.37), increasing number of baseline 
symptoms (> 5 symptoms, aOR 2.47, 95% CI 2.19–2.78), 
and ICU care (vs. no hospitalization) (aOR 2.18, 95% CI 
1.51–3.14) were positively associated with reporting symp-
toms within 6 months (Table 4). Those fully vaccinated were 
less likely than unvaccinated individuals to report symptoms 
(aOR 0.53, 95% CI 0.40–0.72).

Discussion

Using data collected through telephone interviews in DEU-
COVIMER, we evaluated the self-reporting of at least one 
symptom in 6 months with three cross-sectional time frames. 
We found that 37.2%, 21.8%, and 18.2% of the respondents 
had at least one symptom for the 1st, 3rd, and 6th months, 
respectively. At least seven studies investigated the same 
outcome as in our study: reporting at least one symptom 
[3–7, 15, 16]. According to these studies, reporting of symp-
toms preceding ≥ 12 weeks was found to be low as 2.3% [15] 
or as high as 37.7% [17]. A preprint study combined the 
results of ten longitudinal study samples and their electronic 
results in the UK and reported that the percentage of symp-
toms lasting ≥ 12 weeks was between 7.8 and 17% (Thomp-
son et al., 2021, preprint). Estimates for the post-COVID 
situations vary widely in the studies because of differences 
in sample size, different definitions for the outcome, differ-
ences in disease severity, and different list of symptoms that 
were surveyed.

We observed a total of 233 deaths during 6 months of 
monitoring. Death counts in this study were only based on 
all-cause mortalities among PCR-positive patients. There 
is abundant evidence that the risk of developing severe 
COVID-19 was highly related to old age and comorbidity-
specific [18–20]. Moreover, the severity of the acute illness 
had a positive association with reporting of symptoms post-
SARS-CoV-2 infection [15], although a study on patients 
with COVID-19 pneumonia stated otherwise and suggested 
the biopsychosocial effects of COVID-19 [21]. In our study, 
female gender, increasing age (except ≥ 75 age group), 
increase in the number of underlying health conditions, 

Table 1  General characteristics of the patients who completed at least 
one interview during 6-month follow-up (n = 5610)

n (%) n (total)

Age group 5610
 18–49 years 3798 (67.7)
 50–64 years 1257 (22.4)
 ≥ 65 years 555 (9.9)
Female gender 2908 (51.8) 5610
Education 5572
 University 2050 (36.8)
 High school 1566 (28.1)
 Secondary school 632 (11.3)
 Primary school 1104 (19.8)
 Less than primary school 220 (4.0)
Healthcare worker 586 (10.4) 5610
Perceived economical status 5545
 Bad 707 (12.8)
 Moderate 3734 (67.3)
 Good 1104 (19.9)
Smoking status 5596
 None 3701 (66.1)
 Former 455 (8.2)
 Current 1440 (25.7)
Fully vaccinated before COVID-19 207 (3.7) 5610
Number of underlying health conditions 5605
None 3928 (70.1)
1–2 1482 (26.4)
 ≥ 3 195 (3.5)
Number of symptoms at diagnosis 5610
None 601 (10.7)
1–3 2363 (42.1)
4–5 1312 (23.4)
 > 5 1334 (23.8)
COVID-19 symptoms 5610
Tiredness/fatigue 2948 (52.5)
Muscle/body aches 2937 (52.4)
Loss/change of smell 2383 (42.5)
Fever 2241 (39.9)
Loss/change of taste 2225 (39.7)
Headache 2132 (38.0)
Cough 1831 (32.6)
Sore throat 1141 (20.3)
Dyspnea/difficulty breathing 852 (15.2)
Vomiting/diarrhea 664 (11.8)
Blocked or runny nose 492 (8.8)
Appetite loss 353 (6.3)
Abdominal pain 276 (4.9)
Sore/red eyes 90 (1.6)
Hospitalization 5610
 No 5151 (91.8)
 Inpatient care service 391 (7.0)
 Intensive care unit 68 (1.2)
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increase in the number of baseline symptoms, and hospitali-
zation were identified as independent risk factors for report-
ing post-COVID-19 symptoms. These findings were con-
sistent with current literature [15, 21, 22]. Non-association 
for ≥ 75 age group could be explained by the difficulties in 
older people expressing their symptoms, misclassification 
due to information obtained from their relatives, and com-
peting risk of mortality.

Smokers have been found to have a higher risk for 
COVID-19 progression [23, 24]. A multicenter study from 
Malaysia found that ever smokers had a higher risk of devel-
oping acute respiratory distress syndrome, renal injury, and 
liver injury [25]. We found an association between reporting 
symptoms with current smoking. Knowledge of the smok-
ing effect for post-COVID symptoms remains limited in the 
literature. We could only find one study that indicated persis-
tent symptoms were associated with smoking or vaping [17]. 
We thought that the respiratory system already damaged by 
smoking may facilitate severe SARS-CoV-2 infection and, 
thus, post-COVID symptoms.

The influence of socioeconomic determinants of health on 
lasting symptoms was not studied widely. We found that per-
ceived bad economical status was associated with increased 
reporting of symptoms. One preprint study consisting of 
1584 patients found that patients with a low perception of 

socioeconomic status were at greater risk (Thomason et al., 
2021, preprint). Additionally, as a more objective indicator, 
people living in more deprived areas were reported to have a 
higher burden of persistent symptoms [26]. It seems that dis-
advantaged people with economic stress and discrimination, 
as well as those experiencing inequalities in healthcare uti-
lization, were vulnerable populations for lasting symptoms.

The burden of patients experiencing symptoms could 
overwhelm existing health capacity as the lingering post-
COVID effects may cause patients to seek healthcare. It is 
expected that many of the patients recover spontaneously 
and there may be no need to investigate a patient with a 
nonspecific mild clinic if the patient is well. We found that 
tiredness/fatigue, muscle or body aches, and dyspnea/dif-
ficulty breathing were the most common symptoms in all 
time frames. Patients with rheumatologic disease, chronic 
renal failure, asthma, and chronic pulmonary disease were 
more affected patient groups for post-COVID conditions. 
These risk groups could benefit from planned rehabilitation 
in conjunction with the clinical decision-making process for 
differential diagnosis.

During the study period, there were two types of vac-
cines available in Turkey: CoronaVac and BNT162b2. 
Vaccination of healthcare workers and older age groups 
was rolled out on January 14, 2021, with CoronaVac. 

Table 2  Reported symptoms 
in COVID-19 patients on first, 
three, and 6-month follow-up

Symptoms, n (%) 1st month (n = 3727) 3rd month (n = 5083) 6th month (n = 4638)

Reporting at least one symptom 1387 (37.2) 1108 (21.8) 844 (18.2)
Tiredness/fatigue 707 (19.0) 518 (10.2) 419 (9.03)
Muscle or body aches 370 (9.93) 370 (7.28) 238 (5.13)
Dyspnea/difficulty breathing 253 (6.79) 246 (4.84) 142 (3.06)
Loss/change of smell 193 (5.18) 169 (3.32) 116 (2.50)
Sleep problems 183 (4.91) 102 (2.01) 42 (0.91)
Cough 181 (4.86) 94 (1.85) 34 (0.73)
Heart palpitations 161 (4.32) 134 (2.64) 59 (1.27)
Chest pain 155 (4.16) 109 (2.14) 105 (2.26)
Loss/change of taste 145 (3.89) 105 (2.07) 61 (1.32)
Chest tightness 141 (3.78) 90 (1.77) 53 (1.14)
Headache 122 (3.27) 119 (2.34) 63 (1.36)
Difficulty concentrating 73 (1.96) 41 (0.81) 21 (0.45)
Sore throat 60 (1.61) 33 (0.65) 16 (0.34)
Night sweats 58 (1.56) 28 (0.55) 10 (0.22)
Blocked or runny nose 53 (1.42) 21 (0.41) 18 (0.39)
Appetite loss 38 (1.02) 16 (0.31) 11 (0.24)
Vomiting/diarrhea 34 (0.91) 23 (0.45) 10 (0.22)
Sore/red eyes 29 (0.78) 32 (0.63) 10 (0.22)
Abdominal pain 25 (0.67) 25 (0.49) 7 (0.15)
Rashes 24 (0.64) 19 (0.37) 12 (0.26)
Forgetfulness 14 (0.38) 20 (0.39) 43 (0.93)
Dizziness 9 (0.24) 8 (0.16) 5 (0.11)
Anxiety/depression symptoms 2 (0.05) 6 (0.12) 6 (0.13)
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Table 3  Number and percentages for reporting symptoms at the first, third, and sixth months among the patients who had symptoms at diagnosis 
(clinical infection, n = 5009) stratified by baseline characteristics

Clinical infection
n (%)

The presence of symptoms in the patients with clinical 
infection

At 1st month
(n = 3317)

At 3rd month
(n = 4551)

At 6th month
(n = 4161)

Age group, n (%)
18–24 years 547 (91.9) 135 (36.2) 80 (16.7) 69 (16.0)
25–34 years 1144 (89.6) 246 (34.1) 217 (20.8) 163 (17.5)
35–44 years 1201 (91.4) 343 (42.8) 285 (25.8) 210 (20.8)
45–54 years 968 (87.8) 279 (43.2) 215 (24.4) 168 (20.6)
55–64 years 672 (87.6) 190 (39.9) 152 (24.5) 114 (19.6)
65–74 years 337 (88.2) 84 (41.0) 72 (23.9) 55 (19.9)
 ≥ 75 years 140 (80.9) 37 (38.9) 22 (18.5) 15 (13.8)
Gender, n (%)
Female 2636 (90.6) 788 (44.6) 680 (28.5) 515 (23.6)
Male 2373 (87.8) 526 (33.9) 363 (16.8) 279 (14.1)
Education, n (%)
University 1859 (90.7) 503 (41.2) 361 (21.3) 295 (19.0)
High school 1410 (90.0) 359 (37.8) 282 (22.0) 206 (17.6)
Secondary school 550 (87.0) 137 (37.6) 134 (27.3) 91 (20.5)
Primary school 958 (86.8) 255 (40.5) 208 (23.9) 160 (20.0)
Less than primary school 201 (91.4) 54 (41.2) 55 (29.6) 38 (21.6)
Healthcare worker, n (%)
Yes 536 (91.5) 125 (40.1) 124 (25.1) 93 (20.5)
No 4473 (89.0) 1189 (39.6) 919 (22.7) 701 (18.9)
Perceived economic status, n (%)
Bad 620 (87.7) 182 (45.2) 153 (26.8) 118 (22.8)
Moderate 3355 (89.9) 849 (38.6) 700 (23.0) 522 (18.8)
Good 982 (88.9) 268 (39.8) 182 (20.3) 147 (17.9)
Smoking status, n (%)
None 3348 (90.5) 873 (39.8) 689 (22.6) 537 (19.2)
Former 397 (87.3) 96 (37.9) 90 (24.3) 63 (18.4)
Current 1255 (87.2) 342 (39.5) 263 (23.4) 193 (19.1)
Fully vaccinated before COVID-19
Yes 162 (78.3) 55 (34.0) 13 (9.7) 4 (3.3)
No 4847 (89.7) 1259 (39.9) 1030 (23.3) 790 (19.5)
Number of underlying health conditions, n (%)
None 3528 (89.8) 853 (36.8) 686 (21.4) 524 (18.0)
1–2 1306 (88.1) 402 (45.7) 304 (25.7) 226 (20.7)
 ≥ 3 174 (89.2) 59 (50.0) 52 (33.1) 44 (29.1)
Underlying health conditions, n (%)
Hypertension 768 (88.8) 230 (43.5) 161 (23.2) 139 (21.7)
Diabetes mellitus 527 (89.2) 166 (47.0) 152 (31.9) 100 (22.3)
Coronary artery disease 306 (88.7) 112 (50.0) 71 (26.0) 56 (21.5)
Asthma 221 (91.7) 73 (53.7) 79 (38.5) 61 (32.1)
Rheumatologic disease 113 (93.4) 46 (59.0) 36 (33.3) 20 (19.6)
Malignancy 84 (77.8) 27 (43.5) 14 (18.4) 15 (22.1)
Chronic pulmonary disease 78 (86.7) 34 (59.6) 24 (33.8) 16 (24.2)
Congestive heart failure 51 (82.3) 12 (50.0) 11 (22.4) 8 (16.7)
Chronic renal failure 43 (89.6) 12 (40.0) 13 (34.2) 9 (26.5)
Cerebrovascular disease 22 (75.9) 4 (28.6) 4 (21.1) 3 (18.8)
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BNT162b2 was in use as of April 2, 2021. Considering the 
patient inclusion period from November 1, 2020, to May 
31, 2021, we observed 207 vaccine breakthrough infec-
tions. We found that being fully vaccinated before having 
COVID-19 was associated with a decrease in the likeli-
hood of self-reporting symptoms. In a study conducted 
on mobile phone app users, the odds of having symptoms 
for 28 days or more after COVID-19 was approximately 
halved in those who were vaccinated with two doses before 
infection when compared with unvaccinated controls [27]. 
This may be due to a reduced risk of developing severe ill-
ness among patients with vaccine breakthrough infection 
[28–31]. Not every participant in this study had access to 

vaccines due to the stepwise vaccination strategy. Priority-
use groups within the study period were mostly ≥ 55 aged 
people and healthcare workers. True vaccine effect on 
post-COVID situations should be evaluated in the studies 
with more representative of general population.

Our study has several strengths. The study has a large sam-
ple size; data from over 5000 patients diagnosed in a public 
hospital were analyzed. The population-based prospective 
design increases the generability of our findings while repeated 
measurements allowed the investigation of changes over time. 
However, the study has some limitations. Firstly, we had no 
control group in the study. Although symptom inquiry was 
conceptualized to COVID-19, the symptoms reported may 
be due to other respiratory viruses or accompanying diseases 
themselves. Secondly, DEU-COVIMER survey had 20 items 
inquiring about symptoms the participants had. Symptoms that 
were not structured in the questionnaire may have been missed 
and also may not be declared due to recall bias which is always 
a limitation in patient-self-report interviews. Thirdly, due to 
the study period covered, we could not fully evaluate the effect 
of different SARS-CoV-2 variants. Fourthly, missingness in 
our data was mostly caused by monotone dropouts which the 
subjects were fully observed up to a given time but had no 
monitoring at subsequent times. Dropouts due to mortality, 
non-responsiveness, and non-participation may lead to biased 
parameter estimates.

To conclude, this study identifies risk factors for patients 
who experience post-COVID-19 symptoms. Healthcare 
providers should appropriately allocate resources prior-
itizing the patients who would benefit from post-COVID 
rehabilitation.

Data were presented as row percentages

Table 3  (continued)

Clinical infection
n (%)

The presence of symptoms in the patients with clinical 
infection

At 1st month
(n = 3317)

At 3rd month
(n = 4551)

At 6th month
(n = 4161)

Dementia 20 (90.9) 7 (43.8) 3 (18.8) 3 (20.0)
Epilepsy 16 (76.2) 3 (33.3) 3 (20.0) 2 (14.3)
Cirrhosis 17 (89.5) 5 (50.0) 3 (21.4) 3 (23.1)
Arrhythmia 14 (100) 2 (40.0) 3 (27.3) 3 (33.3)
Parkinson disease 6 (100) 3 (60.0) 3 (50.0) 1 (25.0)
Number of symptoms at diagnosis, n (%)
1–3 2363 (100) 427 (27.9) 333 (15.6) 298 (15.2)
4–5 1312 (100) 368 (42.6) 311 (26.2) 214 (19.7)
 > 5 1334 (100) 519 (56.4) 399 (32.4) 282 (25.5)
Hospitalization, n (%)
No 4581 (88.9) 1168 (38.7) 928 (22.3) 708 (18.6)
Inpatient care service 362 (92.6) 120 (48.4) 94 (28.7) 71 (23.3)
Intensive care unit 66 (97.1) 26 (52.0) 21 (36.2) 15 (28.3)

Fig. 2  Sankey plot for patients with mild symptoms and respiratory 
symptoms (December 2020–May 2021 cohort). Cough and dyspnea/
difficulty breathing were categorized as respiratory symptoms. Other 
symptoms were categorized as mild symptoms
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Table 4  Results of GEE 
models showing the adjusted 
odds ratios of baseline 
explanatory variables for 
reporting symptoms (n = 5009 
symptomatic patients at 
baseline)

In model 1, explanatory variables were adjusted with time. The multivariate final model (model 2) included 
all explanatory variables and time

Model 1 Model 2

aOR (95% CI) aOR (95% CI)
Age group
 18–24 years ref ref
 25–34 years 1.07 (0.89–1.28) 1.06 (0.87–1.28)
 35–44 years 1.45 (1.21–1.73) 1.48 (1.22–1.79)
 45–54 years 1.41 (1.17–1.70) 1.41 (1.16–1.72)
 55–64 years 1.32 (1.09–1.61) 1.34 (1.07–1.68)
 65–74 years 1.32 (1.05–1.68) 1.20 (0.91–1.59)
 ≥ 75 years 1.09 (0.79–1.49) 0.90 (0.61–1.34)
Female gender 1.77 (1.60–1.95) 1.74 (1.57–1.93)
Education
 University ref ref
 High school 0.93 (0.83–1.05) 0.95 (0.84–1.08)
 Secondary school 1.08 (0.91–1.28) 1.06 (0.89–1.26)
 Primary school 1.06 (0.92–1.21) 0.86 (0.73–1.00)
 Less than primary school 1.20 (0.94–1.53) 0.81 (0.61–1.07)
Healthcare worker 1.09 (0.92–1.27) 1.18 (0.99–1.42)
Perceived economic status
 Good ref ref
 Moderate 1.04 (0.92–1.18) 1.06 (0.93–1.21)
 Bad 1.31 (1.11–1.56) 1.37 (1.14–1.65)
Smoking status
 None ref ref
 Former 1.00 (0.83–1.20) 1.05 (0.87–1.27)
 Current 1.01 (0.90–1.13) 1.15 (1.02–1.29)
Fully vaccinated before COVID-19 0.56 (0.43–0.74) 0.53 (0.40–0.72)
Number of underlying health conditions
None ref ref
1–2 1.30 (1.17–1.45) 1.22 (1.08–1.39)
 ≥ 3 1.83 (1.42–2.35) 1.78 (1.33–2.37)
Number of symptoms
1–3 ref ref
4–5 1.76 (1.56–1.99) 1.67 (1.47–1.89)
 > 5 2.60 (2.32–2.92) 2.47 (2.19–2.78)
Hospitalization
No ref ref
Inpatient care service 1.41 (1.18–1.67) 1.44 (1.19–1.75)
Intensive care unit 1.77 (1.23–2.54) 2.18 (1.51–3.14)
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