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Abstract
Background Updated seroprevalence estimates are important to describe the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) landscape and to guide public health decisions. The aims are to describe longitudinal changes in 
seroprevalence in children in a region in Northern Spain and to analyze factors associated with SARS-CoV-2 seropositivity.
Methods Prospective multicenter longitudinal study with subjects recruited from July to September 2020. Children (up to 
14 years old) were included and followed up until September 2021. Venous blood samples were collected every six months 
during three testing rounds and were analyzed for SARS-CoV-2 antibodies. The data regarding epidemiological features, 
contact tracing, symptoms, and virological tests were collected. The evolution of SARS-CoV-2 seroprevalence during the 
study and the differences between children with positive and negative SARS-CoV-2 antibody tests were analyzed.
Results Two hundred children were recruited (50.5% girls, median age 9.7 years). The overall seroprevalence increased from 
round 1 [1.5%, 95% confidence interval (CI) 0.3%–4.3%] to round 2 (9.1%, 95% CI 4.6%–12.7%) and round 3 (16.6%, 95% 
CI 9.5%–19.6%) (P < 0.001). Main changes occurred in children aged zero to four years (P = 0.001) who lived in urban areas 
(P < 0.001). None of the children who were previously positive became seronegative. Following multivariable analysis, three 
variables independently associated with SARS-CoV-2 seropositivity were identified: close contact with coronavirus disease 
2019 (COVID-19) confirmed or suspected cases [odds ratio (OR) = 3.9, 95% CI 1.2–12.5], previous positive virological test 
(OR = 17.1, 95% CI 3.7–78.3) and fatigue (OR = 18.1, 95% CI 1.7–193.4).
Conclusions SARS-CoV-2 seroprevalence in children has remarkably increased during the time of our study. Fatigue was 
the only COVID-19-compatible symptom that was more frequent in seropositive than in seronegative children.
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Introduction

World Health Organization (WHO) declared coronavirus 
disease 2019 (COVID-19) a Public Health Emergency of 
International Concern (PHEIC) on January 30 [1] and as a 
global pandemic on March 11 owing to the rapid increase of 
COVID-19 cases spread throughout the world [2]. On Janu-
ary 31, Spain declared the first case of COVID-19 [3], and 
on February 29 the first case in Asturias was reported [4].

On March 14, 2020, a total lockdown was declared in 
Spain [5]. Most of the nonessential activities were forbid-
den. Citizens were still permitted to travel to work and to 
buy essential items. This state of alarm initially imposed for 
14 days lasted until June 21 [6]. Schools and kindergartens 
were closed in Asturias from March 13 to September 22, 
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2020, opening after the summer holiday [7]. Some preven-
tive measures were implemented, such as masks for school 
staff and children, restriction of large group activities, as 
well as contact tracing in schools [8].

In April 2020, the Spanish Ministry of Health and the 
Institute of Health Carlos III, in collaboration with the health 
services of the Spanish regions, launched ENE-COVID, a 
nationwide, population-based, longitudinal, seroepidemio-
logical study to investigate seropositivity for severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) in the 
noninstitutionalized Spanish population. The study included 
more than 61,000 individuals from randomly selected house-
holds and three successive follow-up rounds of data collec-
tion from April to June 2020 [9]. The prevalence of SARS-
CoV-2 antibodies for the entire country was between 5.0% 
and 5.2% during the three rounds of the study. Estimates var-
ied markedly across provinces. In the central part of Spain, 
including Castilla La Mancha and Madrid, the seropreva-
lence was around 10%, whereas in Asturias, it was 1.9%, 
1.6%, and 1.9% in the three rounds of the study [10].

In the first wave, the seroprevalence in Spain was lower in 
children, especially in infants younger than one year: 1.1%, 
2.1%, 3.1%, and 4% for the following age groups: < 1 year, 
1–4  years, 5–9  years, and 10–14  years, respectively. 
Although the seroprevalence was still lower in children in 
the third round of the study, there was an important growth, 
especially for the youngest children: 3.7% for children under 
one year [10].

From November 16 to November 29, 2020, a 4th round 
of ENE-COVID was conducted to estimate the seropreva-
lence of SARS-CoV-2 in the country after easing restriction 
measures and increasing mobility. The global seroprevalence 

in this last round was 9.9% for the country and 4.7% for 
Asturias [11].

The role of the children has been discussed since the 
beginning of the pandemic. According to the Report 
101 from Red Nacional de Vigilancia Epidemiológica 
(RENAVE), children under 10 years old represent 9.4% of 
the total COVID-19 confirmed cases in Spain [12]. It is still 
unclear what proportion of children are asymptomatic and 
which symptoms are most associated with pediatric SARS-
CoV-2 infections [13–15].

Updated seroprevalence estimates are very important to 
describe the SARS-CoV-2 landscape and to guide public 
health decisions. The aims of this study are to estimate lon-
gitudinal changes in seroprevalence in a cohort of children 
in a region in Northern Spain, with a very low seropreva-
lence of SARS-CoV-2 as compared to the national data at 
the beginning of the pandemic, and to analyze factors associ-
ated with SARS-CoV-2 seropositivity.

Methods

Study design and setting

A prospective, multicenter, longitudinal study was designed 
to analyze the evolution of SARS-CoV-2 antibodies during 
one year in children in Asturias, a region in Northern Spain 
with a total population of 1,002,097 people and 95,698 
children protected by the National Health System in 2021. 
Asturias is divided into eight health areas (Fig. 1) with a net-
work of primary care centers as well as a reference hospital 
for each of the areas. Up to 76% of the total population is 

Fig. 1  Healthcare map of Astu-
rias with total population and 
population under 14 years old. 
This map is obtained from Ser-
vicio de Salud del Principado de 
Asturias [16] and it is permitted 
to be used publicly.
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concentrated into three major urban areas (Gijón, Oviedo, 
and Avilés) [16]. A group of 20 pediatricians from the eight 
health areas in Asturias was created. Patients were recruited 
between July 1 and September 30, 2020 in public hospitals 
and primary healthcare centers.

Sample size justification

The study was designed to assess the seroprevalence of 
SARS-CoV-2 antibodies at three time points (every six 
months). To achieve this, about 200 participants were 
required (assuming a change in the seroprevalence between 
1% in the first round and 7% in the third round, alpha of 0.05, 
beta of 0.2, and a 15% dropout rate).

Participants and study timeline

Children aged between two days and 14 years that needed a 
blood sample at the time of recruitment or that voluntarily 
agreed on being part of the study, were eligible to partici-
pate. The follow up of the enrolled children was performed 
until September 2021 for monitoring the evolution of the 
pandemic. Venous blood samples were collected from par-
ticipants during three testing rounds as followings.

(1) Round 1 (July to September 2020): baseline estimate 
of seroprevalence of SARS-CoV-2 after the lockdown and 
the national seroepidemiological study ENE-COVID.

(2) Round 2 (January to March 2021): estimate of sero-
prevalence three months after the reopening of schools.

(3) Round 3 (July to September 2021): estimate of sero-
prevalence one year after the beginning of the study.

Demographic information was collected at the beginning 
of the study (age, sex, household size, place of residence). The 
participants were later contacted after every round and a tel-
ephonic questionnaire, as well as a chart review, were carried 
out for COVID-19-compatible symptoms, with a virological 
test performed and a history of close contact with COVID-19 
confirmed or suspected cases during the previous six months.

Ethical aspects

This study was conducted in accordance with the 1964 
Declaration of Helsinki and its subsequent amendments. It 

was approved by the Asturian Research Ethics Committee 
(2020–315). Written informed consent was obtained from 
parents of participating children. Children aged 12 and older 
could confirm the consent themselves. Participants were free 
to decline consent at any time.

Laboratory analysis

Venous blood samples were collected from participants 
every six months. Serum was tested for antibodies to SARS-
CoV-2 in the Microbiology Laboratory of Hospital Univer-
sitario Central de Asturias using the following assays: spike 
protein assays (DiaSorin LIAISON SARS-CoV-2 TrimericS 
IgG assay) and nucleocapsid assays (Roche Elecsys anti-
SARS-CoV-2) [17, 18].

A summary of the tests used is represented in Table 1. 
SARS-CoV-2 seropositivity was defined as a positive anti-
body test using the manufacturer’s advised positivity cutoff 
in at least one of the assays.

Statistical analysis

Descriptive analysis was performed using frequencies and 
proportions for categorical variables and medians and inter-
quartile ranges (IQR) for continuous variables. Crude and 
adjusted seroprevalence for test sensitivity and specificity 
(Rogan−Gladen formula) [19] were calculated as a propor-
tion with 95% confidence interval (95% CI). The prevalence 
of antibodies against SARS-CoV-2 was later compared in 
every round, globally and according to age, household size, 
and place of residence. When considering the dependence 
between repeated observations of the same population 
through time, a Cochran's Q and McNemar's tests were per-
formed for multiple and double pairwise comparisons. This 
analysis was carried out using R software Version 4.1 (R. 
Foundation, Vienna, Austria).

Because there was no case of seroreversion during the 
follow up, the seropositive patients at the end of the study 
were compared with the negative ones to identify factors 
associated with SARS-CoV-2 seropositivity. The following 
variables were analyzed: sex, age, health area, place of resi-
dence, household size, contact with a confirmed or suspected 
COVID-case, previous COVID-19-compatible symptoms, 

Table 1  Summary of antibody tests used

IgG immunogloblin G, CI confidence interval, BAU binding antibody unit, COI cutoff index, SARS-CoV-2 severe acute respiratory syndrome 
coronavirus 2

Names Targets Units Cut-off Specificity Sensitivity

DiaSorin LIAISON SARS-Cov-2 
TrimericS IgG assay

Spike protein BAU/mL 33.8 BAU/mL 1.00 (95% CI 0.99–1) 0.85 (95% CI 0.72–0.93)

Roche Elecsys anti-SARS-CoV-2 Nucleocapsid COI 1.0 COI 1.00 (95% CI 0.99–1) 0.84 (95% CI 0.75–0.91)
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and virological test status (never done, positive or negative) 
along the time of the study. Chi-square or Fisher's exact test, 
as appropriate (for categorical variables) and Mann-Whitney 
U test (for continuous quantitative variables) were carried 
out for the comparative analysis. To identify factors asso-
ciated with SARS-CoV-2 seropositivity, each variable was 
first assessed using a univariate analysis and those with a P 
value below the cut off of 0.05 was entered later into a binary 
logistic regression multivariable analysis. This analysis was 
performed using IBM SPSS Statistics Version 25 statistical 
package.

Results

Baseline characteristics

In total, 204 children were recruited between June and Sep-
tember 2020, of whom four were excluded because they 
did not sign the informed consent. Out of the 200 partici-
pants, 120 (60%) were enrolled in hospitals and 80 (40%) 
in primary healthcare centers. Table 2 shows the baseline 
characteristics of the participants. The median age of the 
children was 9.7 years (IQR: 6.1–11.9), and 50.5% of them 
were female. A total of 99 participants (49.5%) reported a 
chronic condition. Among the participants, 149 children 
(74.5%) lived in urban, 14 (7%) in peri-urban and 37 (18.5%) 
in rural areas, and most of them (60.5%) had four to five 
household members. The sample represented the age and 
demographic distribution of the children in the region.

Of the 200 children, 195 participated in the first round, 
176 in the second and 169 in the last round (dropout rate of 
13.3% between the beginning and the end of the follow up).

Variation of seroprevalence

Table 3 represents the distribution of serological results at 
the three rounds of the study. The overall crude seropreva-
lence significantly increased during the study from round 1 
[3/195; 1.5% (95% CI 0.3%–4.3%)] to round 2 [16/176; 9.1% 
(95% CI 4.6%–12.7%)] and round 3 [28/169; 16.6% (95% CI 
9.5%–19.6%)] (P < 0.001). The adjustments for sensitivity 
and specificity of the antibody test moved the final estimates 
upwards, for a final adjusted seroprevalence of 1.8% (95% 
CI 0.4%–5.1%) in round 1, 10.7% (95% CI 5.4%–14.9%) 
in round 2 and 19.5% (95% CI 11.2%–23.1%) in round 3. 
None of the children who were previously positive became 
seronegative during the time of the study.

Significant differences have been found among seroposi-
tivity in all the age groups, with a substantial rise in the 
group from zero to four years old: from round 1 (0%, 95% CI 

0.0%–9.3%) to round 2 (12.5%, 95% CI 2.9%–24.8%), and 
round 3 (31.0%, 95% CI 11.4%–40.2%) (P = 0.001).

Seroprevalence was the highest in the urban areas along 
the study (round 3: 20.5%, 95% CI 11.2%–23.8%) vs. in the 

Table 2  Baseline characteristics of study participants

F female, M male, IQR interquartile range

Categories Number (%)

Sex
 M
 F

99 (49.5%)
101 (50.5%)

Comorbidities
 No
 Pulmonary disease
 Cardiologic disease
 Diabetes mellitus
 Prematurity
 Neurologic disease
 Immunologic disease
 Others

101 (50.5%)
25 (12.5%)
2 (1%)
5 (2.5%)
2 (1%)
5 (2.5%)
2 (1%)
58 (29%)

Age, y
 Median (IQR)
 0–4 
 5–9 
 10–14 

9.7 (6.1–11.9)
38 (19%)
63 (31.5%)
99 (49.5%)

Area
 Area I
 Area II
 Area III
 Area IV
 Area V
 Area VI
 Area VII
 Area VIII

4 (2%)
5 (2.5%)
41 (20.5%)
54 (27%)
64 (32%)
4 (2%)
12 (6%)
16 (8%)

Place of recruitment
 Hospital
 Primary healthcare centers

120 (60%)
80 (40%)

Living area
 Urban
 Peri-urban
 Rural

149 (74.5%)
14 (7%)
37 (18.5%)

Household size (members)
 Median (IQR)
 ≤ 3
 4–5
  > 5

4 (3–4)
68 (34%)
121 (60.5%)
11 (5.5%)

Parents occupation sector (n = 369)
 Retail
 Transport
 Cleaning
 Health care
 Nursing home or other social work
 Home caregiver
 Telecommuting
 Others

23 (6.2%)
8 (2.1%)
5 (1.3%)
30 (8.1%)
3 (0.8%)
5 (1.6%)
84 (22.8%)
211 (57.1%)
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rural areas (round 3: 3%, 95% CI 0.1%–14.2%), with a sig-
nificant difference between periods (P < 0.001).

Significant differences in seropositivity rate have also 
been detected among periods for children with three or less 
household members: round 1 (3%, 95% CI 0.4%–10.2%), 
round 2 (9.8%, 95% CI 3.3%–18.2%) and round 3 (16.7%, 
95% CI 7.3%–25.4%) (P = 0.005) and for those with 
four to five household members: round 1 (0.9%, 95% CI 
0.0%–4.5%), round 2 (8.7%, 95% CI 3.5%–13.7%), and 
round 3 (17.3%, 95% CI 8.4%–21.5%) (P < 0.001).

The highest variation of global seroprevalence, as well as 
the specific estimates occurred between the first (July–Sep-
tember 2020) and the second rounds (January–March 2021) 
of the study.

Factors associated with seropositivity

At the end of the study (round 3) there were 28/169 sero-
positive participants (53.6% girls, median age 8.8 years). Of 
those with positive SARS-CoV-2 antibodies, 10/28 (35.7%) 
reported no symptoms during the study. The most common 
symptoms associated with SARS-CoV-2 seropositivity were 
fever 12/28 (42.9%), cough 6/28 (21.4%), sore throat 4/28 
(14.3%), and fatigue (10.7%). No children reported ageusia 
or anosmia (Fig. 2). Out of the 28 children, 16/28 (57.1%) 
were previously undetected COVID-19 cases by having 
either no virological test performed (8/28, 28.6%) or a nega-
tive result (8/28, 28.6%); in conclusion, only 12/28 (42.9%) 

children had a positive virological test. None of the children 
had severe disease requiring hospital admission.

The univariate analysis of variables associated with SARS-
CoV-2 seropositivity is shown in Table 4. Younger age (zero to 
four years), place of residence (urban area), and previous viro-
logical tests showed a significant association in the univariate 
analysis, but this was no longer significant in the multivari-
able analysis. The multivariable analysis (Table 5) identified 
three variables independently associated with SARS-CoV-2 

Table 3  Variation of seroprevalence during the three rounds of the study

*Values that are statistically significant. CI confidence interval, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, "–" not available

Variables Seropositive children, n/total (%), 95% CI

Period 1 (n = 195) Period 2 (n = 176) Period 3 (n = 169) P value P (1 vs. 2) P (2 vs. 3) P (1 vs. 3)

Crude seroprevalence of SARS-
CoV-2 antibodies

3/195 (1.5%), 
0.3%–4.3%

16/176 (9.1%), 
4.6%–12.7%

28/169 (16.6%), 
9.5%–19.6%

 < 0.001* 0.001* 0.001*  < 0.001*

Age, y 0–4 0/37 (0%), 
0.0%–9.3%

4/32 (12.5%), 
2.9%–24.8%

9/29 (31.0%), 
11.4%–40.2%

0.001* 0.134 0.074 0.008*

5–9 0/63 (0%), 
0.0%–5.7%

4/53 (7.6%), 
1.8%–15.5%

7/52 (13.5%), 
4.6%–21.6%

0.005* 0.134 0.248 0.023*

10–14 3/95 (3.2%), 
0.6%–8.6%

8/91 (8.8%), 
3.6%–15.3%

12/88 (13.6%), 
6.4%–20.2%

0.002* 0.074 0.134 0.013*

Place of residence Urban 3/147 (2.0%), 
0.4%–5.8%

15/131 (11.5%), 
5.7%–16.1%

25/122 (20.5%), 
11.2%–23.8%

 < 0.001* 0.001* 0.004*  < 0.001*

Peri-urban 0/14 (0%), 
0.0%–23.2%

0/14 (0%), 
0.0%–23.2%

2/14 (14.3%), 
1.8%–42.8%

0.135 – 0.480 0.480

Rural 0/34 (0%), 
0.0%–9.5%

1/31 (3.2%), 
0.1%–14.2%

1/33 (3%), 
0.1%–14.2%

0.368  > 0.999 –  > 0.999

Household size 
(members)

 ≤ 3 2/67 (3.0%), 
0.4%–10.2%

6/61 (9.8%), 
3.3%–18.2%

10/60 (16.7%), 
7.3%–25.4%

0.005* 0.134 0.134 0.023*

4–5 1/117 (0.9%), 
0.0%–4.5%

9/104 (8.7%), 
3.5%–13.7%

17/98 (17.3%), 
8.4%–21.5%

 < 0.001* 0.013* 0.013*  < 0.001*

 > 5 0/11 (0%), 
0.0%–28.5%

1/11 (9.1%), 
0.2%–41.3%

1/11 (9.1%), 
0.2%–41.3%

0.368  > 0.999 –  > 0.999

Fig. 2  Prevalence of symptoms (% and number) in 141 seronegative 
and 28 seropositive participants
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Table 4  Univariate analysis 
of factors associated with 
seropositivity (IgG)

*Values that are statistically significant. IgG immunoglobulin G, OR odds ratio, CI confidence interval, F 
female

 Variables Seronegative (n = 141) Seropositive (n = 28) P value OR (95% CI)

Sex
 F 72 (51.1%) 15 (53.6%) 0.810 1.1 (0.5–2.5)

Age (median) 10.2 (6.6–12.2) 8.8 (4.2–11.8) 0.223
 0–4 y
 5–9 y
 10–14 y

20 (14.2%)
45 (31.9%)
76 (53.9%)

9 (32.1%)
7 (25%)
12 (42.9%)

0.029*
0.469
0.285

2.9 (1.1–7.2)
0.7 (0.3–1.8)
0.6 (0.3–1.5)

Area
 Area I
 Area II
 Area III
 Area IV
 Area V
 Area VI
 Area VII
 Area VIII

4 (2.8%)
5 (3.5%)
30 (21.3%)
37 (26.2%)
43 (30.5%)
2 (1.4%)
7 (5.0%)
13 (9.2%)

1 (3.6%)
0
4 (14.3%)
8 (28.6%)
10 (35.7%)
2 (7.1%)
1 (3.6%)
2 (7.1%)

 > 0.999
0.592
0.399
0.799
0.587
0.128
 > 0.999
 > 0.999

1.3 (0.1–11.8)
0.6 (0.2–1.9)
1.1 (0.5–2.8)
1.3 (0.5–2.9)
5.4 (0.7–39.6)
0.7 (0.1–6.0)
0.8 (0.2–3.6)

Place of residence
 Urban
 Peri-urban
 Rural

97 (68.8%)
13 (9.2%)
31 (22%)

25 (89.3%)
2 (7.1%)
1 (3.6%)

0.027*
 > 0.999
0.023*

3.8 (1.1–13.2)
0.8 (0.2–3.6)
0.1 (0.0–1.0)

Household size (median) 4 (3–4.75) 4 (3–4) 0.785
  ≤ 3
 4–5
  > 5

51 (36.2%)
81 (57.4%)
9 (6.4%)

10 (35.7%)
17 (60.7%)
1 (3.6%)

0.963
0.749
0.565

1.0 (0.4–2.3)
1.1 (0.5–2.6)
0.5 (0.1–4.5)

Close contact with COVID-19 confirmed or suspected case
 Yes
 Number (median)

61 (43.3%)
0 (0–1)

23 (82.1%)
1 (1–2)

 < 0.001*
 < 0.001*

6.0 (2.2–16.8)

Previous virological tests performed
 Yes
 Median

67 (47.5%)
1 (0–2)

20 (71.4%)
0 (0–1)

0.021*
0.008*

2.8 (1.1–6.7)

Previously diagnosed with COVID-19 by virological test
 Yes 4 (2.8%) 12 (42.9%)  < 0.001* 25.7 (7.4–89.2)

Reporting at least one COVID-19-compatible symptoms
 Yes 65 (46.1%) 18 (64.3%) 0.079 2.1 (0.9–4.9)

COVID-19-compatible symptoms
 Fever
 Cough
 Shortness of breath
 Fatigue
 Headache
 Diarrhea
 Ageusia or anosmia
 Sore throat
 Asymptomatic

41 (29.1%)
26 (18.4%)
2 (1.4%)
2 (1.4%)
3 (2.1%)
10 (7.1%)
0
12 (8.5%)
76 (53.9%)

12 (42.9%)
6 (21.4%)
0
3 (10.7%)
2 (7.1%)
2 (7.1%)
0
4 (14.3%)
10 (35.7%)

0.151
0.712
0.526
0.033*
0.192
 > 0.999
 > 0.999
0.308
0.079

1.8 (0.8–4.2)
1.2 (0.4–3.3)
8.3 (1.3–52.5)
3.5 (0.6–22.2)
1.0 (0.2–4.9)
1.8 (0.5–6.0)
2.1 (0.9–4.9)

Table 5  Logistic regression 
analysis of factors associated 
with seropositivity (IgG)

*Values that are statistically significant. IgG immunoglobulin G, OR odds ratio, CI confidence interval

 Factors OR (95% CI) P value

Age 0–4 y 1.9 (0.6–6.6) 0.266
Residence in an urban area 2.1 (0.5–9.1) 0.310
Close contact with COVID-19 confirmed or suspected case 3.9 (1.2–12.5) 0.022*
Previous virological tests performed 0.8 (0.2–2.6) 0.647
Previously diagnosed with COVID-19 by virological test 17.1 (3.7–78.3)  < 0.001*
Fatigue 18.1 (1.7–193.4) 0.017*
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seropositivity: close contact with COVID-19 confirmed or 
suspected, previous positive virological test, and fatigue.

Discussion

This is the first SARS-CoV-2 seroprevalence study con-
ducted in children in our region, where the prevalence of 
SARS-CoV-2 antibodies at the beginning of the pandemic 
was very different compared with the rest of Spain [9]. The 
seroprevalence is a dynamic parameter and the longitudi-
nal design of the study allowed us to describe its variation 
between July 2020 and September 2021, a period where 
important epidemiological changes in the development 
of the pandemic occurred everywhere. Furthermore, this 
study enabled us to learn about the behavior of SARS-
CoV-2 in children and to guide public health decisions for 
this population.

In this study, we found that by September 2021, 19.5% 
(adjusted seroprevalence) of the children had developed 
antibodies against SARS-CoV-2 after infection, almost two 
times more than the seroprevalence of 10.7% estimated 
between January and March 2021 and eleven times more 
than between January and March 2020 (1.8%). All seroposi-
tivity was due to previous infection because the study was 
carried out before the start of vaccination in children. We 
must consider that some of the events that happened in Spain 
between the different rounds of our study could influence 
this increase of seroprevalence, such as the lockdown on 
March 14, 2020 or the school reopening on September 21, 
2020 [5, 7]. The second wave of COVID-19 that occurred 
between September and December 2020, right before the 
second period of our study, was very important in the region. 
The infection incidence strongly increased in Asturias dur-
ing this wave. On November 13, 2020, 808 COVID-19 cases 
were reported (seven-day incidence: 360.7 per 100,000 
inhabitants), reaching the highest daily caseload since the 
start of the pandemic [20]. This is consistent with our data 
and with the remarkable increase of seroprevalence between 
the first and second rounds of our study.

Although some SARS-CoV-2 seroprevalence studies 
have included children, there are not many conducted 
studies specifically in this group. All of them reported 
a very variable seropositivity depending on the country, 
but mostly on the time of the study [15, 21–30]. The esti-
mated seroprevalence in children in the Spanish, popu-
lation-based, seroepidemiological study increased along 
the different rounds of the survey being 3.5%, 2.9%, and 
4.1% for the age groups of 0–4  years, 5–9  years, and 
10–14 years, respectively in the third round (8–22 June 
2020) [10]. In Asturias, the situation was quite different if 
we look at our data. After the first round of our study, the 

seroprevalence was much lower: 0%, 0%, and 3.2% for the 
same age groups.

Interestingly, according to our data the increase in 
SARS-CoV-2 seroprevalence within a 12-month period 
was the largest among young children aged zero to four 
years, changing from 0% in round 1 to 31% in round 3. 
Between July and September 2021, the seroprevalence in 
this group was around two times higher than in all the 
other age groups. This age group may have been more 
affected by SARS-CoV-2 because these children were 
under no obligation to wear masks in combination with 
the constant need of close care from adults. This may be 
related to the close care that this group of age requires, 
as well as the exceptions. Nevertheless, age was later not 
identified as a variable independently associated with 
SARS-CoV-2 seropositivity. There are few studies where 
higher seropositivity in younger age is described [15, 
30, 31]. On the contrary, a lower seroprevalence is often 
reported in younger children [9, 24, 26, 32].

As mentioned previously, the adjusted seroprevalence 
at the end of our study was found to be 19.5%, implying 
that around 18,700 children in Asturias had been infected 
by September 30, 2021. By this date, only 6041 pediatric 
cases had officially been reported in the region [33]. Our 
estimated seroprevalence was three times greater compared 
with the cumulative incidence of SARS-CoV-2 infections in 
children in Asturias. The underreporting of COVID-19 cases 
has also been described in other publications. Chen et al. 
described that the ratio of serologically detected infections to 
virologically confirmed cases varied across locations, with a 
pooled ratio of 11.1 (95% CI 8.3–14.9), suggesting that for 
each virologically confirmed COVID-19 case, there were at 
least ten undetected infections [34]. Ulyte et al. reported that 
the ratio of children (four to five years old) diagnosed with 
SARS-CoV-2 infection to those who were seropositive was 
as high as 1 to 13 [23].

The presence of COVID-19-compatible symptoms was 
not definite to the seropositive children. Fever and cough 
are considered to be more specific symptoms [35], but in 
our study there were no differences between seropositive and 
seronegative children. Fatigue was the only COVID-19-com-
patible symptom that was associated with SARS-CoV-2 
antibody positivity. Anosmia was not reported by any of 
the seropositive children. This is consistent with the reports 
from other studies [15, 22], even though the proportion of 
asymptomatic infections described in different studies var-
ies greatly ranging from 21.9% to 50% [9, 15, 22]. We must 
consider that most of the viral upper respiratory infections 
in children can produce any of the COVID-19-compatible 
symptoms. On top of that, fatigue is a very unspecific and 
difficult to measure symptom that could potentially be over-
estimated by the parents. These mild, unspecific symptoms 
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could explain the high proportion of seropositive children 
who were not previously diagnosed with a virological test.

A close contact with a COVID-19 confirmed or sus-
pected case was found to be a variable associated with 
SARS-CoV-2 seropositivity, as well as having a previous 
positive virological test. This can justify the importance of 
contact tracing in children, that have more mild, unspecific 
symptoms and are in lower proportion fully vaccinated. 
The place of residence was not shown to be associated with 
SARS-CoV-2 seropositivity in our study, in contrast to the 
most surveys that reflect a higher incidence of COVID-19 in 
urban, more populated areas, like estimates from the Spanish 
seroepidemiological study [10]. We must be careful while 
interpreting these results, which could be affected by some 
bias that will be detailed here below.

Some of the limitations of this study are as follows: first, 
there is a selection bias in terms of who is being tested for 
SARS-CoV-2 antibodies because we used convenience sam-
pling, which is not completely representative of the popu-
lation. Patients who have accessed health care or required 
blood testing for other reasons were included. About 50% 
of the sample were children with comorbidities. Therefore, 
seropositivity rates rather than true population prevalence 
has been calculated; second, the absolute sample size of 
seropositive participants is relatively small and could bias 
the multivariable analysis; third, there is a risk of recall bias 
due to the retrospective nature of data collection relating to 
symptomatology. Although we attempted to mitigate this 
problem by the chart review, this bias cannot be ignored, and 
fourth this study was carried out before the Omicron wave 
occurred and changed the SARS-CoV-2 scenery. Seropreva-
lence estimates in children at this moment should certainly 
be higher.

Our study has several major strengths: first, it is a pro-
spective, multicenter study that includes children from all 
the different health areas in Asturias; second, the investi-
gation of seroprevalence better estimates the real extent of 
the infection revealing asymptomatic cases; third, the lon-
gitudinal sample allowed us to see the dynamic changes of 
SARS-CoV-2 antibodies, and fourth the dropout rate during 
the study was not very high, and all the seropositive patients 
completed the follow-up.

In conclusion, our study provides seroprevalence esti-
mates of SARS-CoV-2 antibodies in a sample of children in 
a region in Northern Spain. Our findings highlight how the 
seroprevalence in children has increased remarkably dur-
ing the first year of the pandemic. COVID-19-compatible 
symptoms are very unspecific in children, which could 
partly explain the high proportion of seropositive children 
who were not previously diagnosed. The only factors inde-
pendently associated with SARS-CoV-2 seropositivity were 
close contact with COVID-19 confirmed or suspected case, 
previous positive virological test, and fatigue.
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