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Abstract

Background and Objective: After a SARS-CoV-2 infection, a Long COVID (LC) syndrome occurred
in a high proportion of patients with affecting their health. Estimating the incidence, risk and
protective factors of LC was the aim of our study. Material and Methods: We performed a prospective
population-based cohort study on the Borriana COVID-19 cohort (Castellon province, Valencia
Community, Spain) from May 2020 to August 2023 with a follow-up of 40 months, and considering
the LC definition from the World Health Organization. We used inverse probability weighted
regression. Results: With a response rate of 63.8% of a total of 722 participants, the average age was
37.7+17 4 years with 460 (62.3%) females, 644 had suffered a SARS-CoV-2 infection, and 184 suffered
LC with a cumulative incidence of 28.6%. A total of 135 patients with LC remained affected, and a
death associated with the syndrome occurred in 0.54% of them. Significant risk factors for LC were
older age, female, chronic disease, SARS-CoV-2 exposure, reinfections and severity. Asymptomatic
cases and SARS-CoV-2 vaccinations were significantly protective factors. Conclusions: A high
incidence of LC was found with low recovery rate, and several risk and protective factors. Continued
follow-up for non-recovered LC patients, surveillance of infections, and a SARS-CoV-2 vaccination
for an at-risk population can be recommended.

Keywords: COVID-19; SARS-CoV-2 infection; long COVID; cumulative incidence; prospective
cohort; population-based; risk factors; SARS-CoV-2 vaccines

1. Introduction

After the COVID-19 pandemic, a high incidence of sequelae has observed in patients who
suffered the disease, and it has been denominated post-COVID-19 syndrome or long COVID
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syndrome, a syndrome with many clinical variations and different grades of severity. The causes of
the syndrome are not well known [1-3].

In the study of long COVID, an operational definition of the syndrome has been proposed by
the World Health Organization [4], but other definitions have been presented [5,6]. In cohort studies,
the incidence of long COVID showed significant variations, between 2% and 69% in COVID-19
patients, considering different approaches [7,8], and determination of risk and protective factors of
long COVID is an essential step of the syndrome’s prevention. In addition, a follow-up for these
patients is needed to establish effective measures for recovery and prevention [9,10].

The prospective cohort study is an appropriated design for this research, considering that risk
and protective factors need to be measured before the onset of the long COVID [11,12]. In addition,
a population-based approach could be representative of the general population [13,14]. However,
prospective cohort studies on the incidence of long COVID in non-hospitalized patients are few. In
contrast, the study of long COVID in hospitalized patients is more frequent, but it could produce
selection bias, compromising the generalization of its results [15,16].

In this context, a big outbreak of the COVID-19 pandemic occurred during the Fallas festival in
Borrriana, a city of 35.052 inhabitants in Castellon province (Valencia Community, Spain) during
March 2020, allowing us to begin the study of the Borriana COVID-19 cohort in May 2020 [17]. After
6 months of the onset of COVID-19 disease, complications were studied in this cohort, considering
the symptoms of disease and risk factors [18], and it continues with two surveys in 2022, and a follow-
up until 2023 [19].

We have settled the estimation of incidence of long COVID in the Borriana COVID-19 cohort,
and their related risk and protective factors during the period 2020 to 2023 as objectives for the
present study.

2. Materials and Methods

2.1. Presentation

The study was designed as prospective population-based cohort study of the Borriana COVID-
19 cohort from May 2020 to August 2023 and a the follow-up period of about 40 months. All COVID-
19 cases had a confirmatory laboratory test of SARS-CoV-2 infection, including detection of
antibodies against SARS-CoV-2 nucleocapsid protein N by electrochemiluminescence immunoassay
(ECLIA Roche Diagnostics, Mannheim, Germany) [20], anti-SARS-CoV-2 spike IgG antibodies and
IgG and IgM anti-nucleocapsid antibodies via chemiluminescence microparticle immunoassay (CLIA
Alinityl series, Abbot, Chicago, IL, USA) [21], and SARS-CoV-2 virus detection by reverse
transcription—polymerase chain reaction (RT-PCR) as well as rapid antigen tests (RATs). In addition,
determination of blood groups of participants was implemented. All these tests were performed by
the Laboratory of Microbiology Service of the University Hospital de la Plana (Vila-real, Spain), and
RATSs by the participants at home. More detailed information about laboratory tests is indicated in
Domenech and coauthors [19].

For the long COVID-19 syndrome, we used the definition the World Health Organization: “The
post-COVID-19 condition 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” [4]. The definition of recovery from
long COVID syndrome was: a participant who indicated their health was completely recovered or
that no sequelae were present.

2.2. Surveys

Three surveys were performed in May 2020, in October 2020, and in June 2022. In addition, a
follow-up of participants was implemented using the register of primary health care with the
computer application outpatient care of the Valencia Health Agency (ABUCASIS) from January 2020
up to August 2023, to detect new COVID-19 cases, reinfections, clinical evolution, and long COVID
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syndromes. In these surveys, information was obtained through specific questionnaires about
participants’” demographic and education level; lifestyle, including smoking habits, alcohol
consumption, and physical exercise; SARS-CoV-2 exposure, and history priors SARS-CoV-2
infections, and medical assistance and hospitalizations. Face-to-face interviews and telephone
surveys were conducted by health staff from Primary Care of the Health Center of Vila-real, the
Emergency Service of University Hospital de la Plana, and the Public Health Center of Castellon.
Information about the SARS-COV-2 vaccination status of the participants was obtained by consulting
the population-based Valencia Region Vaccine Information System (VIS).

2.3. Statistical Analysis

Cumulative incidence of COVID-19 was estimated by dividing the number of COVID-19
patients by the number of total participants. The cumulative incidence of long COVID was estimated
by dividing the long COVID patients by the number of participants who suffered from COVID-19
disease. Prevalence of long COVID was estimated by dividing the number of patients who still
suffered from long COVID during the study period by the total of patients who suffered from long
COVID. It is assumed a binomial distribution for the estimation of 95% confidence intervals (CI). The
Chi2 and Fisher exact tests were used for the comparison of qualitative variables and the Kruskal-
Wallis test for the comparison of quantitative variables.

Unvariable and multivariable models were performed by the inverse probability weighted
regression [22]. In addition, robust Poisson regression models were used when independent variables
were quantitative. The outcome was to suffer long COVID-19 syndrome, and predictor variables
included exposures to SARS-CoV-2 infection, considering attendance mass gathering events (MGE),
and observed coughing a person at MGE, a COVID-19 case in the family, demographic factors, blood
groups, education level, lifestyle, chronic disease, onset of SARS-CoV-2 infection, severity, medical
assistance, hospitalizations, reinfections and SARS-CoV-2 vaccines administrated. Crude and
adjusted relative risk (cRR and aRR) were estimated with a 95% CI. To adjust for potential
confounding factors, the directed acyclic graphs (DAGs) method was followed [23]. Crude and
adjusted relative risk (RR and aRR) were calculated with 95% confidence intervals (CI). Stata ®
version 14 was used in the statistical analysis.

2.3. Ethical Issue

The study was approved by the Ethics Committee of University Hospital de la Plana (14 October
2021; registry number: 2961). All participants, or their parents in the case of minors, provided
informed written consent to be included in the study.

3. Results

In the survey of June 2022, 722 individuals from the initial cohort of May 2020 with confirmatory
laboratory tests of SARS-CoV-2 infection took part, with a participation rate of 63.8% (722/1132). The
average age of participants was 39.7+17.4 years (range 3-82), 450 were female (62.3%) and 272 male
(37.7%). In the total of participants, 644 COVID-19 cases occurred, three participants did not have a
laboratory confirmation test, and 75 participants had not suffered the infection. The duration of the
follow-up of the cohort was 1210 days, from May 2020 to August 2023, and the cumulative incidence
of COVID-19 was 89.6% (CI 95% 87.1-91.7) (644/719).

Of 644 COVID-19 cases, 184 participants suffered from long COVID during the study period,
with a cumulative incidence of long COVID of 28.6% (CI 95% 25.1-32.2) (184/644). Among long
COVID patients, 135 patients  remained affected by the syndrome (73.4%), and 49 patients
recovered (26.6%). At the moment of this study, the long COVID-19 prevalence was 21.0% (CI 95%
17.9-24.3) (135/644) on the total number of cases, and 73.4% (95% CI 66.4-79.6) (135/184) on long
COVID patients. When considering the first period of the pandemic before October 2020, 147
participants suffered from long COVID and 387 participants suffered from COVID-19 disease; the
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cumulative incidence of long COVID was 38.0% (95% CI 33.1-43.0) (147/387). In the second period
with the Omicron variant predominantly circulating, 37 participants suffered from long COVID and
257 suffered from COVID-19 disease; the cumulative incidence of long COVID was 14.4% (95% CI
10.3-19.2).

The duration of the long COVID without considering the first three months after the onset of the
SARS-CoV-2 infection was 433.8 days+289 days on average, and 365 days (ranks 60-950 days) as
median. The frequencies of the main sequelae of the 184 patients who suffered long COVID were as
follows:

Fatigue (25.6%); alterations in taste and smell (18.0%), hair lost (12.5%), dyspnea (9.8%), cough
(7.7%), headache (7.7%), weakness (7.1%), memory lost (7.1%), anxiety (6.5%), joint pain (4.9%), nose
and throat disorders (4.9%), eye disorders (4.4%), muscle pain (3.8%), digestive disorders (3.3%), skin
disorders (2.8%), sleep disorders (2.2%), menstrual disorders (2.2%), palpitations (1.6%), thrombosis
(1.6%), and other disorders with a frequency less than 1.5%. Highlighting a death among the patients
with long COVID, a 73-year-old woman died from myelodysplastic syndrome and chronic kidney
failure, and it can be considered associated with SARS-CoV-2 infection with a 0.5% mortality long
COVID (1/184).

We present in Table 1, the distribution and characteristics of long COVID patients, non-long
COVID cases and non-COVID-19 cases participants. Long COVID had a higher incidence during the
first period of the pandemic than the Omicron period, 79.9% versus 20.1%. Long COVID patients
were older than non-long COVID patients. Children and adolescents had the lowest cumulative
incidence of long COVID at 8.8% (6/68) with a progressive increase among older age groups: 34.7%
(87/251) for the 45-64-year-old group, and 32.3% (10/31) for 65 years old and above. Females were
more affected by long COVID than males, 31.5% versus 23.4%, respectively. Fewer family members
and smoking habit were higher in the long COVID patients. BMI, obesity, chronic disease, and B
blood group were higher in the long COVID patients. Exposures for SARS-CoV-2 infections such as
attendance at mass gathering events, observing persons with cough, and families with COVID-19
cases were higher in the long COVID patients. Three doses of SARS-CoV-2 vaccine before the onset
of the infection were protective against long COVID. With respect to COVID-19 disease, duration of
the illness (13.4+18.3 days versus 5.9+10.8 days), medical assistance (87.5% versus 64.3%),
hospitalization (7.6% versus 2.4%), and SARS-CoV-2 reinfections were higher in the long COVID
patients (33.9% versus 21.6%). Asymptomatic infections were higher in the non-long COVID patients
(23.0% versus 3.3%).

Table 1. Distribution and characteristics of incidence of long COVID cases, non-long COVID cases and non-
COVID-19 cases.

COVID-19 cases No COVID-19
Variables Long COVID No-Long COVID  No-Cases p-value
Incidence N=184 N=460 N=75
N (%) N (%) N (%)
Infection before October 2020 147 (79.9) 240(52.2) 0.000
Infection after October 2020 37 (20.1) 220 (47.8)
Age yearstSD! 43.8 +14.9 37.3+17.8 44.8+17.6 0.001
0-14 6(3.3) 62 (13.5) 6 (8.0)
15-24 18 (9.8) 83 (18.0) 7 (9.3)
25-34 26 (14.1) 53 (11.5) 9 (12.0)
35-44 37 (20.1) 77 (16.7) 4 (5.3)
45-64 87 (47.3) 164 (35.7) 42 (56.0)
65 years and above 10 (5.4) 21 (4.6) 7(9.3)
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Age-50 years and above
Male

Female

Family members
Education?

Primary

Secondary

Superior (University)
Smoking habit?

No smoking

Ex-smoker

Current smoking

Alcohol consumption*
Physical exercise®

Body mass index (BMI)¢
Obesity (BMI230.0)¢
Chronic disease’

Blood groups®

o

A

B

AB

SARS-CoV-2 exposure
Mass gathering events > 2
Observations persons with
cough’

Family COVID-19 case
Number of family members
Family member 1-2'
SARS-CoV-2 vaccination
status

0 doses (Not vaccinated)

1 doses

2 doses

3 doses

4 doses

SARS-Vaccines before 214
days of onset of infection
No vaccinated or 1dose

2 doses

3 doses

SARS-CoV-2 vaccines

69 (37.8)
55 (29.9)
129 (70.1)
3.121.1

30 (16.7)
83 (46.1)
67 (37.2)

99 (54.1)
48 (26.2)
36 (19.7)
43 (23.4)
102(55.4)
26.045.0

39 (21.3)
80 (43.5)

70 (38.3)
83 (45.4)
25 (13.7)
5(2.7)

119 (64.7)
95 (52.2)

166 (92.7)
3.1+1.1
55 (30.4)

3 (1.6)
9 (4.9)

63 (34.2)
108 (58.7)
1(0.5)
N=32

21

128 (27.8)
180 (39.1)
280 (60.9)
3.421.1

94 (21.1)
178 (40.0)
173 (38.9)

294 (64.4)
77 (17.0)
82 (18.1)
81 (17.9)
265 (58.4)
247453
77 (16.9)
139(30.4)

213 (46.6)
195 (42.7)
34 (7.4)
15 (3.3)

210 (45.7)
156 (34.6)

401 (90.3)
34111
87 (19.3)

15 (3.2)
28 (6.1)
126 (27.4)
290 (63.0)
1(0.2)
N=207

31
77
99

41 (54.7)
37 (49.3)
38 (50.7)
2.9+1.1

19 (26.4)
33 (45.8)
20 (26.4)

30 (40.5)
13 (17.6)
31 (41.9)
15 (20.3)
34(47.2)
24.8+4.9
11(14.9)
23 (31.5)

34(45.3)
33 (44.0)
5(6.7)
3 (4.0)

22 (29.3)
17 (23.0)

57 (80.3)
2.9+1.1
25 (35.7)

0 (0.0)
0 (0.0)
12 (16.0)
63 (84.0)
0 (0.0)
N=75

12
63

0.000
0.009

0.004

0.192
0,303
0.198

0.000

0.278
0.199
0.016
0.342
0.006

0.155
0.825
0.045
0.808

0.000
0.000

0.020
0.002
0.001

0.004

0.000
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No vaccinated, or 1,2 doses 32 (87.5) 108 (52.2) 12 (16.0) 0.000
Vaccinated 3,4 doses 4 (12.5) 99 (47.8) 63 (84.0)
COVID-19 disease
Duration illness (days)*? 13.4+18.3 5.9+10.8 - 0.000

Median (rank) 7(0-122) 3 (0-110) - 0.000
Medical assistance 161 (87.5) 268 (64.3) 0.000
Hospitalized 14 (7.6) 11 (2.4) - 0.005
Asymptomatic infection 6(3.3) 106 (23.0) 0.000
SARS-CoV-2 reinfections™ 59 (33.9) 106 (21.6) 0.002

1 SD= standard deviation.? Missing information 22 participants.> Missing information 9 participants.* Missing
information 8 participants.’ Missing information 9 participants. ¢ Missing information 7 participants. 7 Missing
information 4 participants.® Missing information 4 participants. ° Missing information 12 participants. 1° Missing
information 25 participants. ' Missing information 17 participants.'> Missing information 18 participants.'®

Missing information 18 participants.'* Missing information 10 participants.

In Table 2, crude and adjusted relative risks of several factors of incidence of long COVID
comparing patients who suffered the syndrome with non-long COVID patients are presented. Risk
of long COVID was significantly higher when the infection onset occurred before October 2020 (aRR=
2.57; 95% CI1.85-3.55). Long COVID risk increased with age; children up to fifteen years of age have
the lowest incidence, and there was a significant increase in older age groups. Patients 50 years old
and above had more risk than those under 50 years old (aRR=1.41; 95% CI 1.11-1.81). Males presented
a lower risk than females (aRR= 0.68; 95% CI 0.52-0.89). Education levels, smoking habit, physical
exercise, alcohol consumption, and obesity were not significant risk factors of long COVID. However,
chronic disease and B blood group were risk factors of long COVID (aRR=1.33; 95% CI1.03-1.75), and
(aRR= 1.77; 95% CI 1.24-2.53), respectively. Exposures to SARS-CoV-2 increased the risk of long
COVID, such as attendance at mass gathering events (aRR = 1.53; 95% CI 1.18-2.00) and observing
people with cough (aRR =1.59; 95% CI 1.23-2.04). Families with a COVID-19 case did not increase
significantly the risk (aRR= 1.41; 95% CI 0.85-2.36), and only one or two family members wer a risk
factor (aRR = 1.35; 95% CI1.04-1.77).

Regarding the SARS-CoV-2 vaccination 14 or more days before the onset of SARS-CoV-2
infection: three doses were protective of long COVID (aRR= 0.16; 95% CI 0.04-0.37), and three or four
doses versus unvaccinated or vaccinated with one or two doses (aRR= 0.15; 95% CI 0.05-0.45).
Considering the COVID-19 disease, duration of illness ((aRR=1.01; 95% CI 1.01-1.01), duration of
illness above the median (aRR=1.62; 95% CI 1.24-2.12), hospitalization (aRR= 2.10; 95% CI 1.68-2.61),
and SARS-CoV-2 reinfections (aRR=1.38; 95% CI 1.07-1.69) were significant risk factors of long
COVID. Asymptomatic infections were protective factors (aRR= 0.18; 95% CI 0.08-0.40).

Table 2. Risk and protective factors of incidence of long COVID (n=184) compared with COVID-19 cases who
have not suffered from long COVID (n=460). Crude and adjusted relative risk (RR) 95% Confidence interval

(CD).
Variables Crude RR95% CI p-value Adjusted RR95% CI p-value
Infection onset before 2.64(1.91-3.65) 0.000 2.57 (1.85-3.55) 0.000
October 2020
Age (years) 23 1.02 (1.01-1.02) 0.000 1.02 (1.01-1.02) 0.000
0-14 1.00 1.00
15-24 1.83 (0.76-4.44) 0.181 1.54 (0.63-3.77) 0.341
24-34 3.92 (1.72-8.90) 0.001 3.35 (1.47-7.64) 0.004
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35-44 3.68 (1.64-8.26) 0.002 3.35. (1.50-7.51) 0.003
45-64 3.93 (1.80-8.59) 0.001 3.69 (1.69-8.07) 0.001
65 and above 3.66 (1.46-9.16) 0.006 3.40 (1.36-8.53) 0.009
Age years 50 and above 1.36 (1.06-1.74) 0.014 1.41 (1.11-1.81) 0.006
Malet* 0.74 (0.57-0.97) 0.031 0.68 (0.52-0.89) 0.006
Education®
Low 1.00
Mean 1.31 (0.92-1.88) 0.135 1.40 (0.99-2.00) 0.060
University 1.15 (0.80-1.67) 0.451 1.14 (0.79-1.66) 0.479
Smoking®
No 1.00 1.00
Ex-smoker 1.52 (1.15-2.02) 0.003 1.34 (0.94-1.91) 0.107
Current smoking 1.21 (0.88-1.67) 0.243 1.11 (0.80-1.55) 0.524
Alcohol consumption’ 1.26 (0.95-1.67) 0.102 1.30 (0.97-1.76) 0.081
Physical exercise? 0.92 (0.72-1.17) 0.496 0.97 (0.76-1.24) 0.832
Body Mass Index (BMI)#3  1.03 (1.01-1.05 0.004 1.01 (0.98-1.04) 0.383
Obesity (BMI1=30.0)* 1.22 (0.91-1.62) 0.183 1.19 (0.88-1.60) 0.262
Chronic disease!® 1.49 (1.17-1.89) 0.001 1.33 (1.03-1.75) 0.032
Blood groups*
(0) 1.00 1.00
A 1.20 (0.92-1.58) 0.174 1.20 (0.92-1.56) 0.186
B 1.71 (1.19-2.46) 0.003 1.77 (1.24-2.53) 0.002
AB 1.01 (0.46-2.22) 0.979 1.06 (0.48-2.35) 0.890
SARS-CoV-2 exposure
Mass gathering events 2211 1.75 (1.35-2.27) 0.000 1.53 (1.18-2.00) 0.002
Observations persons with 1.66 (1.30-2.12) 0.000 1.59 (1.23-2.04) 0.000
cough™
Family COVID-19 case® 1.26 (0.77-2.07) 0.298 1.41 (0.85-2.36) 0.184
Family members 1-214 1.51 (1.17-1.95) 0.002 1.35 (1.04-1.77) 0.026
SARS-Vaccination before
214 days of onset of
infection?®
No vaccinated or 1dose 1.00 1.00
2 doses 1.16 (0.54-2.51) 0.700 0.79 (0.46-1.35) 0.336
3 doses 0.21 (0.07-0.68) 0.009 0.16 (0.04-0.37) 0.000
No vaccinated, or 1,2 doses 1.00 1.00
Vaccinated 3,4 doses 0.19 (0.07-0.52) 0.001 0.15 (0.05-0.45) 0.001
COVID-19 disease
Duration illness (days)¢?  1.02 (1.01-1.02) 0.000 1.01(1.01-1.01) 0.000
Duration illness above 1.77(1.37-2.29) 0.000 1.62 (1.24-2.12) 0.001
median’®
Medical assistance 17 3.21 (2.10-4.89) 0.000 1.68 (0.94-2.99) 0.078
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Hospitalized?® 2.04 (1.41-2.95) 0.001 2.10 (1.68-2.61) 0.000
Asymptomatic infection?®  0.16 (0.07-0.35) 0.000 0.18 (0.08-0.40) 0.000
SARS-CoV-2 reinfections?® 1.53 (1.19-1.97) 0.001 1.38 (1.07-1.69) 0.014

!Adjusted for age sex.? Adjusted for sex.> Robust Poisson regression models.* Adjusted for age.> Adjusted for
age sex.°Adjusted for age, sex, education, obesity, alcohol consumption, physical exercise.” Adjusted for age, sex,
education, obesity, smoking habit, physical exercise.® Adjusted for age, sex, education, smoking habit, obesity,
alcohol consumption.” Adjusted for age, sex, education, smoking habit, physical exercise, alcohol
consumption.'’Adjusted for age, sex, blood groups, education, smoking habit, physical exercise, alcohol
consumption, obesity.""Adjusted for age, sex, chronic disease, education, smoking habit, physical exercise,
alcohol consumption, obesity, family members, family COVID-19 case, observation person cough.'?Adjusted for
age, sex, chronic disease, education, smoking habit, physical exercise, alcohol consumption, obesity, family
members, family COVID-19 case, mass gathering events.’*Adjusted for age, sex, chronic disease, education,
smoking habit. physical exercise, alcohol consumption, obesity, family members, observation person cough,
mass gathering events.'*Adjusted for age, sex, chronic disease, education, smoking habit, physical exercise,
alcohol consumption, obesity, family COVID-19 case, observation person cough, mass gathering
events.>Adjusted for age, sex, chronic disease, smoking habit, physical exercise, alcohol consumption,
obesity.'*Adjusted for age, sex. blood groups, reinfection, smoking habit, physical exercise, alcohol consumption,
obesity, education, chronic disease, medical assistance.”” Adjusted for age, sex, blood groups, reinfection,
smoking habit, physical exercise, alcohol consumption obesity, education, chronic disease, duration
illness.’®Adjusted for age, sex, blood groups, reinfection, smoking habit, physical exercise, alcohol consumption,
obesity, education, chronic disease, medical assistance.’?’Adjusted for age, sex, blood groups, smoking habit,
physical exercise, alcohol consumption, obesity, education, chronic disease.?’Adjusted for age, sex, smoking
habit, physical exercise, alcohol consumption, obesity, mass gathering events, family members family COVID-

19 case, observation person cough.

4. Discussion

With a considerable follow-up time, up to 40 months, the cumulative incidence of long COVID
in our cohort was 28.6%. However, the evolution of the COVID-19 pandemic is clearly reflected in
the difference between the cumulative incidences of 38.0% in the pre-Omicron, March 2020 to October
2021, and 14.4% in Omicron wave, November 2021 to August 2023. Recovery of long COVID was low
with only a third of patients recovered. Persistent symptoms such as fatigue, alterations in taste and
smell alterations, loss of hair, dyspnea, and neurologic symptoms are consistent with other studies
[8,13,14]. The rate of death was lower compared with the acute phase of the pandemic [24].

Several significant risk factors of long COVID were found in our cohort, including female sex,
older age, chronic disease, B blood group, SARS-CoV-2 exposure, COVID-19 severity, SARS-CoV-2
reinfections, and SARS-CoV-2 infection during the first period of the pandemic. Asymptomatic
infections and vaccination against SARS-CoV-2 were significantly protective factors.

The estimated cumulative incidence of long COVID is consistent with other cohort studies and
its decrease in the Omicron period [25,26]. However, large variations of cumulative incidence of long
COVID have been reported due to differences between methods, time of follow-ups, and populations
of study[7,8,27-33]. Also, the incidence in children and adolescents was low in consistency with other
studies [34,35].

In our cohort, the reduction of susceptible participants, lower SARS-CoV-2 exposures associated
with preventive measures, vaccination against SARS-CoV-2, and changes in virulence of the Omicron
variant could explain this pattern. The low recovery rate of the cohort is consistent with other studies
[36—40].

In line with other studies of long COVID incidence, these risk factors include female sex, older
age, chronic diseases, severity of COVID-19 infection, onset of infection in the period of pre-Omicron,
SARS-CoV-2 reinfections and hospitalizations [41-43]. Exposures of SARS- CoV-2 during the first
wave of the pandemic virus incremented the risk of long COVID, consistent with studies on
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professions with high exposure of this infection which had a higher incidence of long COVID [44,45].
Asymptomatic cases presented less risk of long COVID with a probable innate immunity. In addition,
patients with B blood group and two or one family member had more risk of long COVID than O
group and families with 3 or more members, respectively. These risks are not found in other studies
[41,46,47].

In contrast to some studies, low education level, obesity, and smoking were not risk factors in
our cohort [48-50]. Current smoking was a risk factor in our first study of COVID-19 complications
but not in this study [18].

In accordance with our previous study of prevalence of long COVID [51],
vaccination against SARS-CoV-2 was a protective factor of long COVID in patients vaccinated before
the onset of SARS-CoV-2 infection, and it corresponds with the Omicron variant period, in line with
several studies [52-54].The exact mechanism of this effect is not well understood, but it could be
associated with a lower incidence of severe SARS-CoV-2 infection in the vaccinated population, and
an increase in immune response and a decrease in autoantibodies[55,56].

Strengths of this study include its prospective population-based cohort design, a long follow-up
time of the cohort, measured exposures before the syndrome occurred, and a control of potential
confounding factors by the inverse probability weighted regression.

Thus the study has some limitations, including a self-reported of long COVID and its persistence
with potential information bias, losses from the initial cohort, a definition of long COVID without
laboratory confirmation, residual confounding could be presented, no information about SARS-CoV-
2 variants, and as a new syndrome some aspects could be not considered in the study.

Maintaining the follow-up of this cohort with medical care for non-recovery long COVID
patients is needed to obtain a completed recovery of the syndrome. In addition, continuing the
research of long COVID to understand the biologic mechanisms of production is important
considering the high prevalence and the low recovery rate of patients [57,58]. Research of new SARS-
CoV-2 vaccines with few side effects deserves attention. In addition, epidemiological surveillance of
SARS-CoV-2 infections in the population with detection and control of outbreaks, measures for
infection’s prevention, including health education, and SARS-CoV-2 vaccination at-risk population
are recommended.

5. Conclusions

A high incidence of long COVID syndrome was found in the Borriana COVID-19 cohort after 40
months of follow-up with a low recovery rate, and several risk and protective factors were found.
Continued follow-up of non-recovery long COVID patients, surveillance of the SARS-CoV-2
infections, and SARS-CoV-2 vaccination at risk population can are recommended.
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