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Abstract

Objectives: To characterize asymptomatic SARS-CoV-2 infections and develop a symptom-based risk score useful in primary
healthcare.

Study design and setting: Sixty-one thousand ninty-two community-dwelling participants in a nationwide population-based serosur-
vey completed a questionnaire on COVID-19 symptoms and received an immunoassay for SARS-CoV-2 IgG antibodies between April
27 and June 22, 2020. Standardized prevalence ratios for asymptomatic infection were estimated across participant characteristics. We
constructed a symptom-based risk score and evaluated its ability to predict SARS-CoV-2 infection.

Results: Of all, 28.7% of infections were asymptomatic (95% CI 26.1-31.4%). Standardized asymptomatic prevalence ratios were
1.19 (1.02-1.40) for men vs. women, 1.82 (1.33-2.50) and 1.45 (0.96-2.18) for individuals <20 and >80 years vs. those aged 40—
59, 1.27 (1.03-1.55) for smokers vs. nonsmokers, and 1.91 (1.59-2.29) for individuals without vs. with case contact. In symptomatic
population, a symptom-based score (weights: severe tiredness = 1; absence of sore throat = 1; fever = 2; anosmia/ageusia = 5) reached
standardized seroprevalence ratio of 8.71 (7.37-10.3), discrimination index of 0.79 (0.77-0.81), and sensitivity and specificity of 71.4%
(68.1-74.4%) and 74.2% (73.1-75.2%) for a score >3.

Conclusion: The presence of anosmia/ageusia, fever with severe tiredness, or fever without sore throat
should serve to suspect COVID-19 in areas with active viral circulation. The proportion of asymptomatics
in children and adolescents challenges infection control. © 2021 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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What is new?

e Little is known about the factors associated with
asymptomatic SARS-CoV-2 infection, as most stud-
ies are based on clinical COVID-19 cases.

e Reviews highlight the need to explore the predic-
tive ability of symptoms to identify individuals with
COVID-19 in the general population, but available
prediction models lack enough quality or are not
suitable for this purpose.

e This nationwide seroepidemiological study found
that nearly 30% of SARS-CoV-2 infections in
Spain were asymptomatic, with higher prevalence
of asymptomatic infections in regions with lower
viral circulation and among men, children and ado-
lescents, old people, and smokers.

e A symptomatic risk score was constructed and val-
idated, providing an easy tool to predict COVID-19
based on three situations: a) presence of anosmia or
ageusia, b) fever with severe tiredness, or c) fever
without sore throat. It detects over 70% of cases
in the general population, with a specificity greater
than 70%.

e The proposed symptomatic risk score outperforms
other combinations of symptoms frequently used to
suspect COVID-19 and can be applied in primary
care or community settings.

1. Introduction

Infection with severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) results in a wide range of clin-
ical manifestations [1,2]. While most infected individu-
als show symptoms of coronavirus disease 2019 (COVID-
19), around one third remain asymptomatic [3,4] and, de-
spite their lower secondary attack rate [5], constitute a
serious challenge for the control of the pandemic. Little
is known about the factors associated with asymptomatic
SARS-CoV-2 infection, as most studies are based on clin-
ical COVID-19 cases [1].

Another relevant issue in SARS-CoV-2 research is the
evaluation of the predictive ability of symptoms to iden-
tify individuals with COVID-19 in primary care settings,
to allow a prompt isolation and treatment of the patient,
and to identify and quarantine his/her close contacts in or-
der to prevent the spread of infection. In this regard, the
information on COVID-19 symptoms relies largely on hos-
pital data [2], not directly applicable to the milder cases
attended in primary care [6], or in data from responders to
syndromic-surveillance tools, who may not truly represent
the general population. A recent review of COVID-19 diag-
nosis prediction models concludes that those proposed for
general population have high risk of bias [7]. Ideally, the
evaluation of symptoms of SARS-CoV-2 infection should

be ascertained in a population-based study that identifies
all individuals infected by the virus.

One such a study is the nationwide seroepidemiologi-
cal survey in Spain [3]. With more than 61,000 randomly
selected individuals, it provides an accurate picture of the
complete first pandemic wave in Spain. The study gathered
information on COVID-19 related symptoms and blood to
measure antibodies against SARS-CoV-2, so it allows to
characterize asymptomatic infections and COVID-19 cases
in the general population, overcoming the above mentioned
limitations. ENE-COVID started 1 month after the peak
of the wave, reducing the probability of infra-detection of
cases due to insufficient time to seroconvert or due to wan-
ing of antibodies in infections occurring several months
before testing. Taking advantage of this large and repre-
sentative study, we explore the characteristics of asymp-
tomatic cases, describe symptoms’ patterns, and propose
and validate a symptom-based risk score to guide COVID-
19 diagnosis in primary healthcare.

2. Methods
2.1. Study design and population

The Seroepidemiological Survey of SARS-CoV-2
Virus Infection in Spain (Estudio Nacional de Sero-
Epidemiologia de la Infeccion por SARS-CoV-2 en Es-
paita, ENE-COVID) is a nationwide population-based co-
hort study to investigate seropositivity for SARS-CoV-2 in
the community-dwelling population in Spain. The study
design has been described elsewhere [3]. Briefly, 1,500
census tracts, and up to 24 households per tract, were
randomly selected through a two-stage sampling stratified
by province and municipality size. All residents in the
35,885 selected household were invited to participate in
the study. Serial data from epidemiological questionnaires
and serology tests were collected for study participants in
three rounds between April 27 and June 22, 2020. Each
round was completed in 2 weeks, with a 1-week break
between rounds. In this report we used the questionnaire
and serology obtained in each individual’s first round of
participation.

2.2. Data collection

Field work was carried out by trained staff from the
Spanish regional health services under a common proto-
col developed and supervised by the Institute of Health
Carlos III and the Ministry of Health. Residents in se-
lected households were contacted by phone and invited to
go to their primary healthcare centers or allow a home
visit. Those who agreed to participate answered a ques-
tionnaire on sociodemographic characteristics, risk factors,
chronic conditions, contact with suspected or confirmed
COVID-19 cases, and presence and date of onset of any of
the following nine symptoms compatible with COVID-19:
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fever; chills; severe tiredness; sore throat; cough; short-
ness of breath; headache; nausea and/or vomiting and/or
diarrhea; and anosmia or ageusia (anosmia/ageusia). Par-
ticipants also received a rapid serology test and were asked
to donate blood samples, which were centrifuged, refrig-
erated, and analyzed in one of 29 selected microbiology
laboratories [3]. The study protocol and questionnaire are
available in Spanish in ENE-COVID study website [8].

2.3. Detection of SARS-CoV-2 antibodies

We used two serology tests to detect IgG antibodies
against SARS-CoV-2: a point-of-care test applied directly
to fingerprick blood (Orient Gene Biotech COVID-19
IgG/IgM Rapid Test Cassette, reference GCCOV-402a) and
a chemiluminescent microparticle immunoassay (CMIA)
using serum samples (SARS-CoV-2 IgG for use with AR-
CHITECT, Abbott Laboratories, reference 06R8620). Due
to its better performance characteristics, this report uses
serological results from the CMIA test, which has shown
a sensitivity of 90.6% and a specificity of 99.3% in a meta-
analysis of 23 diagnostic accuracy studies [9].

2.4. Statistical analysis

The seroprevalence of SARS-CoV-2 was calculated as
the proportion of participants with detectable IgG antibod-
ies against SARS-CoV-2 by the CMIA test. The prevalence
of asymptomatic SARS-CoV-2 infection was calculated as
the proportion of seropositive participants who did not re-
port any symptom compatible with COVID-19. To control
for confounding, the prevalence of asymptomatic infection
by individual characteristics was standardized to the overall
distribution of all other characteristics in the entire seropos-
itive population. To this end, we first fitted a design-based
logistic regression model adjusted for the other character-
istics, and then computed a weighted average of the pre-
dicted probabilities of being asymptomatic, assuming that
every seropositive participant was in each category of the
individual characteristic [10]. We estimated standardized
prevalence ratios and differences for asymptomatic SARS-
CoV-2 infection across categories of individual character-
istics.

In analyses restricted to symptomatic participants with
onset of symptoms at least 21 days before blood draw,
we developed a classification tree to construct relevant
combinations of symptoms based on their distinct SARS-
CoV-2 seroprevalence. The classification tree used the chi-
square automatic interaction detection algorithm to recur-
sively split clusters of participants based on symptoms with
the lowest Bonferroni-corrected P values obtained from
design-based logistic models [11]. The minimum cluster
size was set at 1% of symptomatic participants.

We evaluated the diagnostic performance of symptoms
in predicting SARS-CoV-2 seropositivity among symp-
tomatic participants. Using the same model-based stan-

dardization described above [10], we estimated standard-
ized ratios and differences for SARS-CoV-2 seroprevalence
across categories of individual symptoms, total number of
symptoms, and a symptomatic risk score. We constructed
the symptomatic risk score by assigning to each symptom
a weight proportional to its log-transformed standardized
seroprevalence ratio. The population discrimination index
of the symptomatic risk score for predicting SARS-CoV-2
seropositivity was calculated as the weighted proportion of
seropositive-negative pairs in which the seropositive case
had a higher symptomatic risk score on 1,000 design-based
bootstrap samples, obtaining an overfitting-corrected dis-
crimination index and 95% confidence interval (CI) as the
mean and the 2.5th to 97.5th percentiles of the bootstrap
replications [12]. We estimated sensitivity, specificity, and
predictive values of the symptomatic risk score for the opti-
mal threshold that minimized the overall misclassification
rate (sum of false positive and negative rates) [13]. The
predictive ability of the symptomatic risk score was com-
pared with that of the classification tree based on symptom
interactions.

In all analyses, we assigned sampling weights to study
participants to account for the different selection probabil-
ities by province, and to adjust for the distinct response
rates to provide blood for the CMIA test by sex, age,
and census tract average income. We trimmed extreme
weights (upper 0.5%) to prevent highly influential obser-
vations. All statistical analyses accounted for the stratifica-
tion by province and municipality size and the clustering of
seropositivity by household and census tract when comput-
ing standard errors and CIs [3]. Analyses were performed
using survey commands and chaid package in Stata, v16
and survey package in R, v4.

3. Results

Of 88,653 contacted individuals, 61,092 participants
(68.9%) provided blood for the CMIA test in any of the
three rounds (Supplementary Fig. 1). The proportion of
testing was lower in individuals younger than 20 years
(45.3%) and older than 80 years (58.9%), and in men aged
20-59 years compared with women (71.9% vs. 78.1%).

The seroprevalence of SARS-CoV-2 (95% CI) was 2.0%
(1.8-2.3%) in asymptomatic participants, 10.8% (10.0—
11.7%) in symptomatic participants with onset of symp-
toms at least 21 days before blood draw, 60.0% (48.9—
70.1%) in participants who reported past pneumonia, and
36.7% (31.8-41.9%) in those cohabitating with a con-
firmed COVID-19 case (Table 1). The seroprevalence also
varied by province and municipality size and was higher in
healthcare workers and nonsmokers, with no differences by
body max index, or by any of the selected chronic con-
ditions, frequently associated with higher risk of severe
disease (Table 1).
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Table 1. Seroprevalence of SARS-CoV-2 by participant characteristics, self-reported symptoms, case contact, and residential features, ENE-COVID

study, April 27-June 22, 2020, Spain

Characteristic

Overall
Sex
Men
Women
Age (years)
0-19
20-39
40-59
60-79
>80
Nationality
Spain
Other
Occupation'’
Online work
Non-healthcare on-site work
Healthcare
Unemployed
Not economically active
Smoking
No
Yes
Body mass index" (kg/m?)
<25
25-30
>30
No. of chronic conditions”!
0
1
2
>3
Chronic condition"!
Diabetes
Hypertension
Cardiovascular disease
Cancer
Chronic pulmonary disease
Asthma
Sleep apnea
Chronic kidney disease
Immunosuppressive disease
Self-reported symptoms""
Asymptomatic
Symptomatic <21 days before blood draw
Symptomatic >21 days before blood draw

No. of participants'

(%)

61,092

29,122 (48.9)
31,970 (51.1)

7,682 (19.0)
13,427 (23.1)
22,561 (32.2)
14,375 (21.2)
3,047 (4.5)

58,441 (95.2)
2,642 (4.8)

12,676 (21.2)
12,840 (18.3)
2,397 (3.4)
4,764 (7.3)
28,386 (49.7)

45,604 (76.1)
15,346 (23.9)

22,064 (42.8)
20,673 (38.0)
10,667 (19.2)

21,182 (52.9)
9,849 (24.6)
5,545 (13.7)
3,407 (8.8)

4,660 (11.5)
11,742 (29.5)
5,828 (14.4)
1,720 (4.5)
3,264 (8.4)
2,170 (5.5)
1,632 (4.3)
859 (2.3)
772 (1.9)

40,090 (64.8)
4,565 (7.5)
16,437 (27.7)

No. of
positive
cases'!

2,669

1,246
1,423

280
585
1,071
621
112

2,555
114

651
bb5
211
143
1,107

2,229
433

1,019
912
458

999
412
255
138

190
506
248
81
134
102
84
25
35

781
155
1,733

SARS-CoV-2 seroprevalence!"
(%; 95% ClI)

4.6 (4.2-4.9)

4.4 (4.1-4.8)
4.7 (4.3-5.1)

3.6 (3.1-4.3)
5.0 (4.5-5.6)
4.8 (4.4-5.3)
4.5(3.9-5.1)
4.2 (3.2-5.5)

4.5 (4.2-4.8)
5.5(4.2-7.1)

5.8 (5.2-6.4)
4.3 (3.8-4.9)
9.1(7.7-10.7)
3.3(2.7-4.2)
4.0 (3.6-4.4)

5.0 (4.7-5.4)
3.0 (2.6-3.4)

5.0 (4.5-5.5)
4.6 (4.2-5.0)
4.5 (3.9-5.2)

4.8 (4.3-5.2)
4.4 (3.9-5.1)
4.8 (4.1-5.7)
4.3 (3.5-5.4)

4.1(3.3-5.1)
4.7 (4.1-5.3)
4.5(3.8-5.4)
5.0 (3.8-6.5)
4.3 (3.4-5.3)
4.9 (3.9-6.2)
5.4 (4.1-7.1)
3.7 (2.2-6.0)
5.3 (3.5-7.9)

2.0 (1.8-2.3)
3.2 (2.6-4.0)
10.8 (10.0-11.7)

(continued on next page)
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Table 1 (continued)

Pneumonia

No 60,937 (99.7) 2,570 4.4 (4.1-4.7)

Yes 155 (0.3) 99 60.0 (48.9-70.1)
Contact with COVID-19 case"!"!

No known contact 48,882 (79.0) 1,189 2.4 (2.2-2.7)

Non-cohabitating suspected case 3,332 (5.9) 225 8.4 (7.0-10.0)

Non-cohabitating confirmed case 4,228 (6.8) 492 11.4 (10.0-12.9)

Cohabitating suspected case 3,504 (6.4) 397 10.4 (8.8-12.3)

Cohabitating confirmed case 1,011 (1.9) 360 36.7 (31.8-41.9)
Household size (residents)

1 5,306 (7.9) 225 4.4 (3.7-5.3)

2 15,170 (23.5) 667 5.0 (4.4-5.7)

3 15,858 (25.5) 644 4.1 (3.6-4.7)

4 16,458 (29.0) 806 5.0 (4.4-5.7)

>5 8,300 (14.1) 327 3.7 (3.0-4.5)
Census tract average income'*

<25th percentile 16,143 (24.8) 737 4.5 (3.8-5.3)

25-50th percentile 15,462 (25.7) 561 4.6 (3.8-5.5)

50-75th percentile 13,920 (25.0) 559 4.2 (3.5-5.0)

>75th percentile 15,567 (24.5) 812 5.0 (4.3-5.8)
Municipality size (inhabitants)

<5,000 11,159 (11.4) 511 3.8 (3.0-4.7)

5,000-20,000 12,939 (18.2) 507 3.3 (2.8-3.9)

20,000-100,000 18,066 (29.5) 720 3.6 (3.2-4.1)

>100,000 18,928 (40.9) 931 6.0 (5.4-6.6)
Province seroprevalence® (%)

<3 29,991 (48.6) 505 1.6 (1.4-1.9)

3-5 15,426 (18.2) 586 3.6 (3.1-4.1)

5-10 6,111 (14.1) 432 6.7 (5.6-7.9)

>10 9,564 (19.2) 1,146 11.3(10.2-12.6)
Entry round

First (April 27-May 11) 52,318 (84.2) 2,291 4.5 (4.2-4.9)

Second (May 18-June 1) 7,122 (12.8) 305 4.6 (3.9-5.5)

Third (June 8-June 22) 1,652 (3.0) 73 4.7 (3.3-6.6)

I Of the 61,092 participants, 9 (0.0%) had missing data for nationality, 29 (0.0%) for occupation, 142 (0.2%) for smoking, 6 (0.0%) for
body mass index, and 135 (0.2%) for contact with COVID-19 case. Data are number of participants (weighted percentage).

"' Number of seropositive participants with detectable IgG antibodies against SARS-CoV-2 by the chemiluminescent microparticle immunoas-
say.

" Population seroprevalence of SARS-CoV-2 and 95% confidence interval (Cl) accounting for sampling weights, nonresponse rates by sex,
age, and census tract average income, stratification by province and municipality size, and clustering by household and census tract.

V" Online work, non-healthcare on-site work (retail, transport, police/firefighter/public safety, cleaning, or other on-site work), healthcare (hos-
pital, primary care, nursing home, or other health/social work), unemployed, or not economically active (student, retired, permanent/temporal
disability, house person, or other unpaid work).

V' Among participants aged 20 years or older.

VI' Among participants aged 40 years or older. The number of chronic conditions was computed from those listed in the table.

VIl Including fever, chills, severe tiredness, sore throat, cough, shortness of breath, headache, nausea/vomiting/diarrhea, and anosmia/ageusia.

VIl Contact with non-cohabitating (relative, friend, co-worker, housemaid, caregiver, or client/patient) or cohabitating (household member)
suspected case (non-confirmed symptomatic person) or confirmed COVID-19 case. If multiple contacts were reported, we first considered
cohabitating cases and then confirmed cases.

X Quartiles from province-specific distributions of census tract average income in 2017.

X Provinces with population seroprevalence <3% (Alicante, Almeria, Badajoz, Baleares, Cadiz, Castellén, Cérdoba, A Corufia, Girona, Gipuzkoa,
Huelva, Jaén, Lleida, Lugo, Murcia, Ourense, Asturias, Las Palmas, Pontevedra, Tenerife, Sevilla, Tarragona, Teruel, Valencia, Ceuta, and Melilla),
3-5% (Alava, Burgos, Caceres, Granada, Huesca, La Rioja, Malaga, Navarra, Palencia, Cantabria, Valladolid, Bizkaia, Zamora, and Zaragoza),
5-10% (Avila, Barcelona, Ledn, and Salamanca), or >10% (Albacete, Ciudad Real, Cuenca, Guadalajara, Madrid, Segovia, Soria, and Toledo)
with 1gG antibody chemiluminescent microparticle immunoassay.
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3.1. Asymptomatic SARS-CoV-2 infection

The prevalence of asymptomatic SARS-CoV-2 infection
among 2,669 seropositive participants was 28.7% (95% CI
26.1-31.4%). Asymptomatic infections were more preva-
lent in men (31.8%), in individuals younger than 20 years
(44.9%) and older than 80 years (36.1%), in smokers
(33.0%), in those unaware of having had contact with
a COVID-19 case (41.4%), in municipalities with less
than 20,000 inhabitants (36.2-36.6%), and in provinces
with seroprevalence lower than 3% (40.3%; Table 2 and
Supplementary Table 1). The standardized prevalence ra-
tio (95% CI) of asymptomatic SARS-CoV-2 infection was
1.19 (1.02-1.40) for men vs. women, 1.82 (1.33-2.50) for
individuals younger than 20 years and 1.45 (0.96-2.18) for
individuals older than 80 years vs. those aged 40-59, 1.27
(1.03-1.55) for smokers vs. nonsmokers, and 1.91 (1.59-
2.29) for individuals without vs. those with known contact
with a COVID-19 case (Table 2).

3.2. Seroprevalence-based combination of symptoms

The classification tree (Supplementary Fig. 2) defined
15 combinations of symptoms with marked differences in
seroprevalence, which ranged from 63.7% (95% CI 57.8—
69.5%) for participants with anosmia/ageusia and fever,
but not sore throat, to 3.3% (1.4-5.2%) for those with
fever and sore throat, but not anosmia/ageusia, chills, or
tiredness. Figure 1 displays the symptoms (presence, ab-
sence, or indifference) defining each cluster, together with
the cluster distribution among all symptomatic partici-
pants and seropositive cases, as well as the SARS-CoV-2
seroprevalence in participants with these clinical presen-
tations. Clusters were mostly defined by four of the nine
symptoms considered: anosmia/ageusia, which was the less
common but most influential symptom, fever, severe tired-
ness, and absence of sore throat. None of the clusters in-
cluded headache as a relevant symptom and cough only
appeared in two of them. These two symptoms, in spite
of being the most reported complains, did not seem to
help differentiate between seropositive and seronegative
individuals.

In addition to these data-driven clusters, there are two
predefined combinations of symptoms widely used to sus-
pect COVID-19: fever, cough, and shortness of breath,
or fever and cough. These combinations were present
in 6.5% (95% CI 5.9-7.0%) and 17.7% (16.9-18.7%)
of seropositive cases, with a SARS-CoV-2 seropreva-
lence of 25.4% (21.8-29.4%) and 21.8% (19.3-24.6%),
respectively.

3.3. Predictive accuracy of symptoms for SARS-CoV-2
infection

Considering each symptom separately, severe tired-
ness (32.2% of symptomatic participants with symptom

onset >21 days), fever (30.4%), and anosmia/ageusia
(11.3%) were positively associated with SARS-CoV-2 in-
fection, whereas sore throat (42.1%) was negatively related
(Table 3 and Supplementary Table 2). Compared with
symptom absence, the standardized ratio (95% CI) of
SARS-CoV-2 seroprevalence was 1.34 (1.19-1.52) for se-
vere tiredness, 1.66 (1.46-1.89) for fever, 4.10 (3.57-4.72)
for anosmia/ageusia, and 0.75 (0.67-0.84) for sore throat.

A symptomatic risk score assigning a weight of 1 to
severe tiredness and absence of sore throat, 2 to fever,
and 5 to anosmia/ageusia showed standardized seropreva-
lence ratios (95% CIs) ranging from 2.04 (1.69-2.45) to
8.71 (7.37-10.3), substantially greater than those associ-
ated with the number of symptoms (Table 3). The dis-
crimination index (95% CI) of the number of symptoms
and the symptomatic risk score for predicting SARS-CoV-
2 seropositivity in the symptomatic population were 0.69
(0.67-0.71) and 0.79 (0.77-0.81), respectively (Fig. 2). The
discrimination of the symptomatic risk score was higher
than 0.75 in all subgroups except individuals younger than
20 years (0.68) and older than 80 years (0.73), those liv-
ing with a confirmed COVID-19 case (0.74), and those
from provinces with seroprevalence below 3% (0.74; Sup-
plementary Table 3).

The optimal diagnostic thresholds that minimized the
overall misclassification rate were 4 or more symptoms and
3 or greater symptomatic risk score (Fig. 2), the latter cor-
responding to the presence of anosmia/ageusia, fever with
severe tiredness, or fever without sore throat. The sensitiv-
ity and specificity (95% ClIs) for the presence of 4 or more
symptoms were 57.4% (54.0-60.7%) and 72.1% (71.0-
73.1%), respectively, and increased to 71.4% (68.1-74.4%)
and 74.2% (73.1-75.2%) for a symptomatic risk score
equal to or greater than 3. The sensitivity of the symp-
tomatic risk score remained higher than 65% in all sub-
groups except individuals younger than 20 years and older
than 80 years and those from low-prevalence provinces,
whereas the specificity was higher than 65% in all sub-
groups except those living with a confirmed case (Supple-
mentary Table 4). For an overall SARS-CoV-2 seropreva-
lence of 10.8% among symptomatic individuals, the posi-
tive and negative predictive values (95% Cls) were 20.0%
(18.2-22.0%) and 93.3% (92.6-94.0%) for the number of
symptoms, respectively, and reached 25.1% (23.1-27.3%)
and 95.5% (94.9-96.1%) for the symptomatic risk score
(Supplementary Table 4).

The classification tree did not improve the predictive
ability of the symptomatic risk score, despite its complex
symptom interactions, with an overall discrimination index
of 0.80 (95% CI 0.78-0.81) (Supplementary Fig. 3).

The date of symptom onset among seropositive cases
for SARS-CoV-2 showed a narrow distribution around the
peak of the first pandemic wave in Spain, whereas the dis-
tribution of symptom onset among seronegative individuals
was substantially wider around the same pandemic pick
(Supplementary Fig. 4).
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Table 2. Prevalence of asymptomatic SARS-CoV-2 infection by participant characteristics, case contact, and residential features, ENE-COVID
study, April 27-June 22, 2020, Spain

Characteristic

Overall
Sex
Men
Women
Age (years)
0-19
20-39
40-59
60-79
>80
Nationality
Spain
Other
Occupation
Online work
Non-healthcare on-site work
Healthcare
Unemployed
Not economically active
Smoking
No
Yes
Body mass index" (kg/m?2)
<25
25-30
>30
No. of chronic conditions!
0
1
2
>3
Contact with COVID-19 case
No known contact
Non-cohab. suspected case
Non-cohab. confirmed case
Cohab. suspected case
Cohab. confirmed case
Household size (residents)
1

v & W N

No. of positive
cases' (%)

2,669

1,246 (47.5)
1,423 (52.5)

280 (15.2)
585 (25.6)
1,071 (34.2)
621 (20.9)
112 (4.2)

2,555 (94.2)
114 (5.8)

651 (26.9)
555 (17.2)
211 (6.8)
143 (56.3)
1,107 (43.8)

2,229 (84.2)
433 (15.8)

1,019 (45.0)
912 (36.9)
458 (18.1)

999 (54.1)
412 (23.4)
255 (14.2)
138 (8.2)

1,189 (42.4)
225 (10.9)
492 (17.1)
397 (14.5)
360 (15.0)

225 (7.7)

667 (25.9)
644 (23.1)
806 (31.9)
327 (11.3)

No. of
asymptomatic
cases''

781

406
375

118
143
259
215
46

754
27

126
163
43
44
405

634
143

260
275
128

269
134
79
38

497
35
93
72
81

65
204
191
231
90

Asymptomatic
prevalence'! (%;
95% Cl)

28.7 (26.1-31.4)

31.8 (28.4-35.5)
25.8 (22.5-29.5)

44.9 (36.4-53.7)
25.0 (20.6-30.0)
21.8 (18.8-25.1)
31.1 (26.3-36.4)
36.1 (25.4-48.5)

29.3 (26.7-32.2)
17.7 (10.6-28.2)

19.6 (15.9-23.9)
27.7 (22.9-33.0)
16.9 (11.9-23.6)
31.8 (22.3-43.1)
36.1 (31.6-40.9)

27.8 (25.0-30.8)
33.0 (27.2-39.4)

25.6 (22.0-29.6)
26.9 (23.0-31.2)
23.9 (18.9-29.8)

23.5 (20.3-27.1)
27.8 (22.6-33.6)
32.3 (25.8-39.7)
27.4 (18.5-38.6)

41.4 (37.3-45.8)
15.5 (10.0-23.4)
18.8 (14.3-24.3)
18.8 (13.8-25.3)
22.9(17.1-30.0)

27.0(20.7-34.3)

28.7 (24.2-33.7)

28.4 (23.7-33.7)

30.8 (26.4-35.6)
(

24.3 (17.6-32.5)

Crude prevalence
ratio (95% Cl)

1.00 (reference)
0.81 (0.69-0.96)

2.06 (1.61-2.64)
1.15(0.91-1.44)
1.00 (reference)

1.43(1.15-1.77)
1.66 (1.16-2.37)

1.00 (reference)
0.60 (0.37-0.99)

1.00 (reference)

1.41 (1.09-1.84)
0.87 (0.59-1.27)
1.62 (1.09-2.42)
1.84 (1.46-2.33)

1.00 (reference)
1.19 (0.96-1.46)

1.00 (reference)
1.05 (0.85-1.30)
0.94 (0.72-1.21)

1.00 (reference)

1.18 (0.94-1.49)
1.37 (1.06-1.78)
1.16 (0.78-1.74)

1.00 (reference)

0.37 (0.24-0.58)
0.45 (0.34-0.59)
0.45 (0.33-0.63)
0.55(0.41-0.74)

0.87 (0.66-1.17)
0.93 (0.75-1.16)
0.92 (0.75-1.13)
1.00 (reference)

0.79 (0.56-1.12)

Standardized
prevalence ratio'"
(95% CI)

1.00 (reference)
0.84 (0.71-0.98)

1.82 (1.33-2.50)
1.18 (0.94-1.47)
1.00 (reference)

1.24 (0.94-1.64)
1.45 (0.96-2.18)

1.00 (reference)
0.69 (0.44-1.10)

1.00 (reference)

1.22 (0.96-1.55)
0.98 (0.71-1.36)
1.31 (0.92-1.87)
1.25(0.95-1.66)

1.00 (reference)
1.27 (1.03-1.55)

1.00 (reference)
0.93 (0.76-1.14)
0.86 (0.67-1.10)

1.00 (reference)

1.01 (0.80-1.28)
1.06 (0.81-1.37)
0.93 (0.62-1.41)

1.00 (reference)

0.43 (0.28-0.66)
0.58 (0.43-0.76)
0.48 (0.36-0.65)
0.58 (0.43-0.77)

0.94 (0.71-1.26)
0.93 (0.75-1.16)
0.95(0.76-1.18)
1.00 (reference)

0.85(0.63-1.14)

(continued on next page)
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Census tract average income

<25th percentile 737 (24.3) 232
25-50th percentile 561 (25.9) 183
50-75th percentile 559 (23.0) 168
>75th percentile 812 (26.8) 198
Municipality size (inhabitants)
<5,000 511 (9.4) 203
5,000-20,000 507 (13.3) 170
20,000-100,000 720 (23.7) 183
>100,000 931 (53.7) 225
Province seroprevalence (%)
<3 505 (17.5) 205
3-5 586 (14.2) 177
5-10 432 (20.6) 126
>10 1,146 (47.7) 273
Entry round
First (April 27-May 11) 2,291 (83.8) 674
Second (May 18-June 1) 305 (13.0) 83
Third (June 8-June 22) 73 (3.2) 24

29.0 (24.2-34.4)
30.7 (25.1-36.9)
27.4 (22.4-33.0)
27.5 (22.6-33.0)

36.6 (30.8-42.9)
36.2 (31.2-41.5)
27.5(22.3-33.3)
26.0 (22.1-30.2)

40.3 (35.0-45.9)
30.0 (25.2-35.4)
26.9 (21.9-32.7)
24.7 (20.6-29.4)

28.5 (25.7-31.4)
28.0 (21.5-35.7)
37.3 (22.1-55.5)

1.00 (reference)

1.06 (0.82-1.37)
0.94 (0.73-1.23)
0.95 (0.73-1.23)

1.00 (reference)

0.99 (0.79-1.23)
0.75 (0.58-0.97)
0.71 (0.56-0.89)

1.00 (reference)

0.74 (0.60-0.93)
0.67 (0.52-0.85)
0.61 (0.49-0.77)

1.00 (reference)
0.98 (0.75-1.30)
1.31 (0.82-2.09)

1.00 (reference)

1.11 (0.88-1.41)
1.02 (0.82-1.29)
1.02 (0.79-1.31)

1.00 (reference)

0.94 (0.75-1.17)
0.77 (0.61-0.98)
0.80 (0.64-1.00)

1.00 (reference)

0.76 (0.61-0.94)
0.77 (0.61-0.97)
0.73 (0.59-0.90)

1.00 (reference)
1.02 (0.79-1.33)
1.05 (0.66-1.67)

I Analyses restricted to 2,669 seropositive participants with detectable 1gG antibodies against SARS-CoV-2 by the chemiluminescent micropar-
ticle immunoassay. Data are number of seropositive participants (weighted percentage).

' Number of seropositive participants without previous self-reported symptoms, including fever, chills, severe tiredness, sore throat, cough,
shortness of breath, headache, nausea/vomiting/diarrhea, and anosmia/ageusia.

' Population prevalence of asymptomatic SARS-CoV-2 infection and 95% confidence interval (Cl) accounting for sampling weights, nonre-
sponse rates by sex, age, and census tract average income, stratification by province and municipality size, and clustering by household and

census tract.

IV Prevalence ratio of asymptomatic SARS-CoV-2 infection and 95% confidence interval (Cl) standardized to the overall distribution of all other
characteristics presented in the table in the entire seropositive population in Spain.

V' Among seropositive participants aged 20 years or older.
VI Among seropositive participants aged 40 years or older.

4. Discussion

We estimated the proportion of SARS-CoV-2 infections
and of asymptomatic cases in the general population ac-
cording to age, sex, presence of chronic conditions and
COVID-19 risk factors in a large nationwide representa-
tive population-based seroprevalence survey. Additionally,
symptomatic participants served to characterize the usual
clinical presentation of COVID-19 in the population and
to propose an easy-to-use symptomatic risk score, based
on anosmia/ageusia, fever, severe tiredness and absence of
sore throat, with acceptable sensitivity and specificity, in-
tended to be useful as a first tool to suspect COVID-19 in
primary health-care centers.

To our knowledge, this is the first attempt in a large
population-based study to characterize asymptomatic cases,
which, according to our results, represent nearly 30% of
SARS-CoV-2 infections. This estimation, based on people
with IgG antibodies, minimizes the possibility of includ-
ing pre-symptomatic cases [14]. Identification of asymp-
tomatic infections through serology has also its drawbacks.
Apart from the exclusion of PCR+ cases who do not se-

roconvert, very recent infections and those occurring many
months ago may not be detected due to insufficient time
to develop a humoral response or to the waning of anti-
bodies. While the exclusion of the low proportion of never
seroconverters is unavoidable, the timing of our study al-
lows minimizing the other two situations. As shown by the
epidemiological information available, most ENE-COVID
participants would have been infected one month before
their first participation, and it is known that IgG antibodies
are detected 2-3 weeks after symptom onset in more than
90% of COVID-19 cases [15] and decrease 2—3 months
after infection [16].

The relevance of asymptomatic infections is undeniable.
Available data suggest that they have a similar viral load
[17,18], with conflicting reports about comparative dura-
tion of viral shedding [16,18,19]. However, even though
their infectivity might be lower [5], asymptomatics prob-
ably account for a substantial fraction of new infections,
still not well quantified [20], constituting a challenge in
the prevention of transmission. In addition, the effect of
SARS-CoV-2 vaccines on asymptomatic infections is still
under study [21].
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Table 3. Seroprevalence of SARS-CoV-2 among participants with self-reported symptoms compatible with COVID-19, ENE-COVID study, April
27-June 22, 2020, Spain

Symptom No. of symptomatic No. of positive SARS-CoV-2 Crude seroprevalence Standardized
participants' (%) cases'! seroprevalence'! (%; ratio (95% CI) seroprevalence ratio'"
95% CI) (95% CI)

Overall 16,437 1,733 10.8 (10.0-11.7)
Fever

No 11,890 (69.6) 797 6.8 (6.1-7.5) 1.00 (reference) 1.00 (reference)

Yes 4,547 (30.4) 936 20.1 (18.2-22.2) 2.97 (2.61-3.37) 1.66 (1.46-1.89)
Chills

No 12,232 (74.2) 1,006 8.5 (7.8-9.4) 1.00 (reference) 1.00 (reference)

Yes 4,205 (25.8) 727 17.5 (15.6-19.5) 2.04 (1.81-2.31) 1.02 (0.89-1.16)
Severe tiredness

No 11,127 (67.8) 774 6.9 (6.2-7.7) 1.00 (reference) 1.00 (reference)

Yes 5,310 (32.2) 959 19.1 (17.3-20.9) 2.75 (2.43-3.12) 1.34 (1.19-1.52)
Sore throat

No 9,726 (57.9) 1,079 11.2 (10.2-12.3) 1.00 (reference) 1.00 (reference)

Yes 6,711 (42.1) 654 10.3 (9.2-11.6) 0.92 (0.81-1.05) 0.75 (0.67-0.84)
Cough

No 8,320 (49.8) 799 9.6 (8.6-10.6) 1.00 (reference) 1.00 (reference)

Yes 8,117 (50.2) 934 12.1 (11.0-13.4) 1.27 (1.12-1.44) 1.01 (0.91-1.13)
Shortness of breath

No 13,213 (80.3) 1,266 9.7 (8.9-10.6) 1.00 (reference) 1.00 (reference)

Yes 3,224 (19.7) 467 15.5 (13.7-17.6) 1.60 (1.40-1.83) 0.99 (0.87-1.12)
Headache

No 8,008 (48.3) 768 9.6 (8.7-10.6) 1.00 (reference) 1.00 (reference)

Yes 8,429 (51.7) 965 12.0 (10.8-13.2) 1.25 (1.10-1.41) 0.92 (0.83-1.02)
Nausea/vomiting/diarrhea

No 12,533 (75.6) 1,136 9.4 (8.6-10.3) 1.00 (reference) 1.00 (reference)

Yes 3,904 (24.4) 597 15.3 (13.6-17.1) 1.63 (1.44-1.84) 1.06 (0.95-1.17)
Anosmia/ageusia

No 14,589 (88.7) 884 6.3 (5.7-7.0) 1.00 (reference) 1.00 (reference)

Yes 1,848 (11.3) 849 46.2 (42.8-49.7) 7.29 (6.49-8.19) 4.10 (3.57-4.72)
No. of symptoms

1-2 9,157 (54.2) 547 5.8 (5.2-6.5) 1.00 (reference) 1.00 (reference)

34 4,115 (25.5) 446 11.7 (10.2-13.3) 2.00 (1.71-2.35) 1.72 (1.48-1.99)
5-6 2,124 (13.5) 432 19.4 (17.0-21.9) 3.32 (2.83-3.89) 2.53 (2.18-2.95)

7-9 1,041 (6.7) 308 31.0 (26.9-35.4) 5.30 (4.49-6.27) 3.58 (3.05-4.21)
Symptomatic risk score"

0-1 9,574 (56.7) 352 3.9 (3.4-4.5) 1.00 (reference) 1.00 (reference)

2-3 4,211 (26.7) 380 9.2 (8.0-10.7) 2.38 (1.95-2.90) 2.04 (1.69-2.45)

4-5 964 (6.2) 195 19.4 (16.2-23.2) 5.00 (3.95-6.33) 3.76 (3.02-4.68)

6-7 845 (4.9) 344 40.8 (36.2-45.5) 10.5 (8.75-12.6) 6.61 (5.46-8.00)

89 843 (5.5) 462 54.4 (49.5-59.2) 14.0 (11.9-16.5) 8.71 (7.37-10.3)

I Analyses restricted to 16,437 symptomatic participants with onset of any of the nine symptoms at least 21 days before blood draw. Data are
number of symptomatic participants (weighted percentage).

" Number of symptomatic participants with detectable IgG antibodies against SARS-CoV-2 by the immunoassay.

' Population seroprevalence of SARS-CoV-2 and 95% confidence interval (Cl) accounting for sampling weights, nonresponse rates, stratifica-
tion by province and municipality size, and clustering by household and census tract.

V' Ratio of SARS-CoV-2 seroprevalence and 95% confidence interval (Cl) standardized to the overall distribution of sex, age group, nationality,
occupation, smoking, body mass index, number of chronic conditions, contact with COVID-19 case, household size, census tract average income,
municipality size, province seroprevalence, and entry round in the entire symptomatic population in Spain. Seroprevalence ratios for individual
symptoms were further standardized to the overall distribution of all other symptoms.

V' Symptomatic risk score assigning a weight of 1 to severe tiredness, 2 to fever, and 5 to anosmia/ageusia, together with a weight of 1 to
absence of sore throat, which were proportional to their individual log-transformed standardized ratios and rounded to the nearest integer.
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COVID study, April 27-June 22, 2020, Spain. Analyses restricted to
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Seroprevalence of SARS-CoV-2 by clusters of symptoms among participants with self-reported symptoms compatible with COVID-19, ENE-

16,437 symptomatic participants with onset of symptoms at least 21 days

before blood draw. Clusters were obtained from a classification tree algorithm and are defined by the presence (black circle) or absence (white
circle) of specific symptoms, irrespective of the other symptoms without a circle.

The prevalence of asymptomatic cases was higher in
men, in people younger than 20 years and in the elders.
These differences, also observed in large hospital-based
series [22] and in other studies [23], may reflect either
a distinct clinical presentation or different sensitivity to
notice and report common unspecific symptoms. Interest-
ingly, in general population studies, the number of symp-

toms reported is higher in women [24,25] and tends to
increase with age [25], although with a slight decline in
elder groups [24]. The less severe infection in children and
teenagers [26] and their high proportion of asymptomatic
infections (44.9%) pose a problem to control strategies,
given their higher mobility, as they are also involved in
SARS-CoV-2 transmission [27,28], with similar viral loads
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Fig. 2. Distribution of number of symptoms (A), distribution of symptomatic risk score (B), and ROC curves for predicting SARS-CoV-2 seropositivity
(C) among participants with self-reported symptoms compatible with COVID-19, ENE-COVID study, April 27-June 22, 2020, Spain. Analyses
restricted to 16,437 symptomatic participants with onset of any of the nine symptoms at least 21 days before blood draw. The symptomatic risk
score assigned a weight of 1 to severe tiredness and absence of sore throat, 2 to fever, and 5 to anosmia/ageusia. Probability mass functions
and sensitivities and specificities were estimated accounting for sampling weights and nonresponse rates. The outlined point on the ROC curves
corresponded to the optimal threshold that minimized the overall misclassification rate (number of symptoms >4 and symptomatic risk score >3).
The area under the ROC curves and its 95% confidence interval (Cl) were calculated as the mean and the 2.5th to 97.5th percentiles of 1,000

design-based bootstrap replications.
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than adults [29]. Finally, the higher proportion of asymp-
tomatics in areas with lower seroprevalence, particularly
among people without close contact with a COVID-19
case, may be explained by the reported association be-
tween viral load and symptomatic COVID-19 [30], since
lower viral circulation at population level implies lower
probability of contact with a heavily loaded viral carrier.

Smokers had also higher presence of asymptomatic in-
fections and lower seroprevalence. A certain underdetec-
tion of cases among smokers could not be ruled out, since
they may develop lower antibody levels [31]. However,
a recent review concluded that smokers have lower risk
of infection [32], although the mechanisms are not well
understood [33]. A lower probability of participation of
infected smokers in our study due to their higher risk of
hospitalization is unlikely, as we contacted each person up
to 3 times —one per round-, so they had several chances
to participate. Furthermore, in a later contact, we asked
about previous hospitalization and the seroprevalence
among hospitalized participants was again lower among
smokers.

COVID-19 is a multifaceted illness. Clinical presenta-
tion is highly variable, with most cases reporting common
unspecific symptoms. A recent review highlights the urgent
need to explore the syndromic presentation at population
level [6], and a review of predictive models to suspect
COVID-19 in the population concludes that those avail-
able do not have enough quality [7]. Our study contributes
to fill this gap [6,7,34]. Since the beginning of the pan-
demic, the paradigmatic triad of symptoms observed in
hospitalized patients [22], fever, cough, and shortness of
breath, was used to suspect COVID-19 [1,2,34]. However,
in our study only 6.5% of symptomatic cases experienced
this triad, while 18% reported fever and cough. The up-
dated WHO definition for suspected COVID-19 [35] in-
cludes fever and cough, or three or more symptoms from
a list similar to ours, while the presence of anosmia/ageusia
classifies the patient as possible COVID-19.

From a population-based study, we propose an easy-to-
use symptoms score that might help to suspect COVID-19
and guide subsequent epidemiological and clinical deci-
sions. Three situations serve to suspect COVID-19 among
symptomatic patients: sudden loss of smell/taste, the com-
bination of fever and severe tiredness and the presence
of fever without sore throat. In our study, 71% of symp-
tomatic infected cases had scores equal to or greater than
3, compared to 24% of non-infected symptomatic people,
which supports the utility of this score. We corroborate
that loss of smell and/or taste, present in 49% of symp-
tomatic infections, is the best predictor of COVID-19 [36—
38], while fever and severe tiredness were present in more
than half of them. However, we do not have information
on the day of onset of each symptom or the order in which
they appear, so the validity of our tool for early detection
is unknown. Our score has poorer performance in the old-
est age groups. COVID-19 might be harder to suspect in

the elders, whose symptoms can be masked, so the thresh-
old for testing should be lowered in their case, given their
greater risk of serious complications and higher lethality
[1,9].

A recent study in the UK general population identified
four symptoms from a list of 26 —new persistent cough,
anosmia, ageusia and fever- as the most discriminant be-
tween PCR positive and negative participants [39]. Us-
ing the information provided by UK and US individuals
through an smartphone app, Menni et al built up a regres-
sion model to predict COVID-19, adjusting for age, sex
and body mass index [36]. Their model included ‘“persis-
tent cough,” “loss of appetite” and two of the symptoms
considered in ours: anosmia/ageusia and tiredness. This
model had lower sensitivity (65% vs. 71%) and slightly
higher specificity (78% vs. 74%) than ours [36]. We col-
lected digestive symptoms other than loss of appetite and
cough was not specifically required to be persistent, which
may explain in part why they did not add any discrimina-
tion. However, cough did not help to predict COVID-19
in a smaller study from Singapore [40]. Interestingly, in
our data sore throat, a symptom that usually accompanies
many respiratory infections, was less prevalent among the
infected symptomatic participants, compared to their unin-
fected counterparts (37% vs 59%), and the score included
the absence of this symptom. Most studies define infec-
tions based on PCR tests, while ours is based on IgG an-
tibodies, so results are not fully comparable. PCR is the
gold-standard to detect early infections, but it has a nar-
row window of positivity and may misclassify COVID-19
patients tested outside it. In contrast, antibodies serve to
explore infections in a retrospective way.

Among the strengths of this study is the use of a CMIA
test with good characteristics of sensitivity and specificity
[9]. Specificity is a crucial requirement to avoid false-
positives in a context of low prevalence, such as ours.
In fact, in a recent review by the UK National SARS-
CoV-2 Serology Assay Evaluation Group, our test was the
one with the highest specificity (99.9%) [41]. IgG antibod-
ies are detected in more than 90% of COVID-19 cases 2
weeks after symptom onset [15], something we confirmed
in participants reporting a positive PCR [3]. Antibodies
seem to decrease after 3 months from infection, particu-
larly those against the N protein, that often become un-
detectable by 5—7 months [42], more notably among mild
and asymptomatic cases [16,42]. However, according to the
first epidemic wave in Spain [43], most of our seroposi-
tive participants would have been infected around 1 or 2
months before being tested, being unlikely that antibodies
had already waned to undetectable levels. One unavoidable
limitation is the reliance on self-reported information -or
in that provided by proxies in children and mentally dis-
abled people-, heavily depending on personal and contex-
tual factors [44]. Symptoms are, by definition, subjective
and prone to recall bias, and symptom awareness may be
different in areas of high and low viral circulation. How-
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ever, in our case the date of interview was close (weeks)
to symptoms onset, and probably memory was good, while
most participants were interviewed during a very strict
lockdown, with the pandemic being the first concern of
a society that was constantly informed and reminded by
the media. Finally, even though most frequent symptoms
were included in the questionnaire, it did not cover the
whole range communicated by COVID-19 patients [1,34].

5. Conclusion

The presence of sudden anosmia/ageusia, or a combi-
nation of fever with severe tiredness or fever without sore
throat can be useful markers of SARS-CoV-2 infection in
areas with active viral circulation that may help guide epi-
demiological and clinical actions. However, any symptom
associated with COVID-19 should be an indication for test-
ing in the elderly, given the high lethality of SARS-CoV-2
infection among them [9]. The high prevalence of asymp-
tomatic infections in children and teenagers poses a chal-
lenge to stop SARS-CoV-2 dissemination.
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