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ABSTRACT
Introduction: The aim of this study was to estimate and describe the prevalence of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) specific antibodies (immunoglobulin M and/or immunoglobulin G) in Portugal in May-July 2020.
Material and Methods: A cross-sectional seroepidemiological survey was developed after the peak of the first epidemic wave on a
sample of 2301 Portuguese residents, aged 1 year or older. Survey sample was selected using a two-stage stratified non-probability
sampling design (quota sampling). SARS-CoV-2 immunoglobulin M and immunoglobulin G antibodies were measured in serum sam-
ples by enzyme-linked immunosorbent assay. Seroprevalence estimates of immunoglobulin M and/or immunoglobulin G and 95%
confidence intervals were stratified by sex, age group, health region and education.
Results: Overall, seroprevalence was 2.9% (95% confidence interval: 2.0% - 4.2%). Higher prevalence rates were observed in male
(4.1%, 95% confidence interval: 2.6% - 6.6%) and those with secondary education (6.4%, 95% confidence interval: 3.2% - 12.5%).
Differences in seroprevalence by age group and region were not statistically significant.
Discussion: The estimated seroprevalence of SARS-CoV-2 was higher than the cumulative incidence reported by the National Surveil-
lance System but far from necessary to reach herd immunity.
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Conclusion: Our results support limited extent of infection by SARS-CoV-2 in the study population possibly due to early lockdown
measures implemented in Portugal and support the need to continue monitoring of SARS-CoV-2 seroprevalence in order to increase
our knowledge about the evolution of the epidemic and to estimate the proportion of the susceptible population over time.

Keywords: Antibodies, Viral; COVID-19; COVID-19 Testing; Immunoglobulin G; Immunoglobulin M; Portugal; SARS-CoV-2; Seroepi-
demiologic Studies

RESUMO
Introducao: Este estudo tem como objetivo estimar e descrever a prevaléncia dos anticorpos especificos (imunoglobulina M e/ou
imunoglobulina G) contra o virus da sindrome respiratéria aguda grave do coronavirus 2 (SARS-CoV-2) em Portugal em maio-julho
de 2020.
Material e Métodos: Apds o pico da primeira onda epidémica foi realizado um estudo seroepidemioldgico transversal numa amostra
de 2301 pessoas residentes em Portugal, com idade igual ou superior a um ano. A amostra foi selecionada recorrendo um desenho
amostral ndo probabilistico bietapico estratificado por quotas. Procedeu-se a detecdo de anticorpos especificos contra SARS-CoV-2
(imunoglobulina M e imunoglobulina G) em amostras de soro por ensaio de imunoabsorgao enzimatica. As estimativas da seropreva-
Iéncia (imunoglobulina M e/ou imunoglobulina G) e os respetivos intervalos de confianga a 95% foram estratificadas por sexo, grupo
etario, regido de saude e escolaridade.
Resultados: A seroprevaléncia de anticorpos especificos imunoglobulina M e/ou imunoglobulina G foi de 2,9 % (intervalo de confianga
a 95%: 2,0% — 4,2%), tendo sido mais elevada em homens (4,1%, intervalo de confianca a 95%: 2,6% - 6,6%) e nos individuos com
ensino secundario (6,4%, intervalo de confianca a 95%: 3,2% - 12,5%). Nao foram identificadas diferengas estatisticamente significa-
tivas na entre os grupos etarios estudados, nem entre regides.
Discussao: A seroprevaléncia estimada foi superior a incidéncia cumulativa de infegéo reportada pelo Sistema Nacional de Vigilancia,
embora longe dos valores necessarios para atingir a imunidade de grupo.
Conclusao: Os resultados indicam uma extensao limitada da infegdo por SARS-CoV-2, na populagédo estudada compativel com uma
implementagao precoce das medidas de confinamento em Portugal e suporta a necessidade de monitorizacdo a seroprevaléncia de
SARS-CoV-2 para conhecer a evolugéo da epidemia e proporgao da populagéo suscetivel ao longo do tempo.
Palavras-chave: Anticorpos Antivirais; COVID-19; Estudos Seroepidemiolégicos; Imunoglobulina G; Imunoglobulina M; Portugal;
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INTRODUCTION

The first confirmed case of coronavirus disease 2019
(COVID-19) in Portugal was notified on the 2" March 2020.
On the 18" March 2020, a general lockdown was imple-
mented across the country, along with several public health
measures aimed at restricting the spread of the infection.
By July 8" 2020, 45 477 cases of COVID-19 and 1644 as-
sociated deaths had been reported."

Given the limited knowledge of the epidemiological and
serological characteristics of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and the primary
focus of national surveillance systems on patients with se-
vere disease, the World Health Organization (WHO) recom-
mended that countries should perform seroepidemiological
surveys to investigate the extent of SARS-CoV-2 infection
as determined by seropositivity in the general population.?

A standardized protocol for population-based age-strat-
ified seroepidemiological investigations for SARS-CoV-2
was proposed to better understand a spread of infection,
including mild and subclinical cases that did not require
medical care, and to allow comparability of results across
countries.?

In Portugal, the first national serological survey, ISN-
COVID-19, was developed by the National Health Institute
Doutor Ricardo Jorge in partnership with the National As-
sociation of Clinical Pathology Laboratories and a network
of public hospitals, following WHO recommendations.? This
study aimed to estimate the seroprevalence of SARS-CoV-2
specific antibodies [immunoglobulin (Ig)M and/or IgG] strati-
fied by sex, age group, health region, education level and
to determine the fraction of asymptomatic infections in May-
July 2020.

MATERIAL AND METHODS
Study settings

A nationwide cross-sectional serological survey was
developed after the peak of the first epidemic wave of
COVID-19 in Portugal, while the restriction measures im-
posed during the national lockdown were starting to be
lifted. The target population of the survey included residents
in Portugal (mainland and Autonomous Regions) aged one
year old (yo) and over. Participants were recruited among
the visiting partner laboratories or public hospitals during
the study period, for reasons unrelated to COVID-19 and
with a medical prescription for a blood test that involved
venipuncture. Those unable to give their informed consent
and those with conditions that could interfere with immune
response, such as chronic liver disease, cancer in previ-
ous five years, immunodeficiency, organ transplantation or
transfusion in previous six months, were excluded.

Sampling

A two-stage non-probability sampling design (quota
sampling) stratified by age group was used. In order to es-
timate an expected seroprevalence of 2.5% in the 0 - 19 yo
and of 5% in the 20 yo and over, with an absolute precision
of 2% for 95% confidence interval and a design effect of
1.5, the required sample size was determined to be 2072
individuals.

Sampling units, namely individuals, were allocated ho-
mogeneously by health region (North, Centre, Lisbon and
Tagus Valley, Alentejo, Algarve, and the Autonomous Re-
gions of Madeira and Azores) in order to obtain estimates
with similar precision in all regions. In order to ensure sur-
vey geographical coverage in North, Centre, Lisbon and
Tagus Valley, and Alentejo regions, sample was allocated
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proportionally according to the distribution of the resident
population, by NUT Ill, while in Algarve, Autonomous Re-
gions of Madeira and Azores by smaller geographical units,
since each of these three regions consists of a single NUT
M.

Within each NUT Il or equivalent smaller geographical
unit, municipalities were selected by simple random sam-
pling. The number of municipalities to select in each NUT
Il was proportional to the geographical unit population size
within each health region (more municipalities were se-
lected in larger NUT III). The final number of municipalities
selected was 101. Within each randomly selected munici-
pality, data collection points were chosen, by convenience,
from a nationwide network of private and public pathology
laboratories. At least one data collection point was select-
ed in each regional unit (NUT Il level or equivalent). The
number of data collection points was determined taking into
consideration logistical issues, such as the number of days
for observation and capacity to recruit participants (17 - 22
individuals in each data collection point) after lockdown re-
strictions were lifted. The selected laboratories consisted of
96 clinical pathology laboratories and 18 public hospitals
located in 101 randomly selected municipalities (Fig. 1).
Survey participants were recruited according to pre-defined
sex—age group quota distributed by health region (homog-
enously), by NUT Il (proportional to population size), by
selected municipality (homogeneously within NUT Il or
equivalent). All individuals visiting data collection points for
reasons unrelated to COVID-19 were screened for eligibility
and invited to participate, until the respective quotas were
completed.

Data collection

Fieldwork took place between the 21% May and the 8"
July, 2020. Data was collected through self-administrated
survey questionnaire for sociodemographic, clinical and
epidemiological information, including information con-
cerning contact with a suspected or confirmed case of
COVID-19 and presence of signs and symptoms compat-
ible with SARS-CoV-2 infection since March 2020. Blood
samples (3 - 5 mL for adults and 1 - 2 mL for children) were
collected from each participant. All samples were transport-
ed to the National Health Institute Doutor Ricardo Jorge for
serological laboratory analysis.

Laboratory analysis

Presence of IgM against SARS-CoV-2 in serum samples
was determined using the Wantai SARS-CoV-2 enzyme-
linked immunosorbent assay (ELISA) on the Dynex DS2
processor. According to the manufacturer’s information, as-
say sensitivity was 86.1% and specificity was 99.4%.

IgG against SARS-CoV-2 was determined by ELISA
using the EUROIMMUN anti-SARS-CoV-2 assay on a fully
automated |-2P analyzer. According to the manufacturer’s
information, assay sensitivity was 94.4% from day 10 after
onset of symptoms, while specificity was 99.6%.

Case definitions

Seroprevalence was estimated as the proportion of indi-
viduals who had a positive result for IgM and/or IgG.

Participants were classified as: a) symptomatic if they
presented anosmia and/or three or more of the following
symptoms: fever, chills, asthenia, odynophagia, cough,
dyspnea, headache, nausea/vomiting, diarrhea; b) pau-
cisymptomatic if they presented at least one of the previous
symptoms without anosmia; or ¢) asymptomatic.?

Statistical analysis

Counts and percentages were used to describe survey
participants. Seroprevalence and respective 95% confi-
dence intervals (CI95) were estimated at national level
and stratified by sex, age group (0 - 9, 10 - 19, 20 - 39,
40 - 59 and 60+), health region, education level and previ-
ous contact with a confirmed or suspected COVID-19 case.
The design-adjusted chi-square test was used to compare
estimates among population subgroups.* Estimates were
weighted to match the Portuguese population distribution
by health region, age group and sex in 2019. More details
on the weighting methodology can be found elsewhere.® In
brief, to correct sample structure for design features (alloca-
tion by health region and age group), for each participant in
age group i, sex k and region /, sampling weight (%, ) was
computed as following:

Nigg 1

Wi = Ny N

where N stands for overall population size, n for overall
sample size, n,, for sample size in age group i, sex k and
region / and N, for population size in age group i, sex k and
region /.

The data was analyzed using Stata 15.1® software.®
Cases with missing data were excluded from the analysis,
and no imputations were performed. Significance level was
set at 5%.

A sensitivity analysis was performed adjusting overall
seroprevalence for serological assays characteristics using
Rogan-Gladen formula ” which relates observed seropreva-
lence (p) with true population seroprevalence (z) and assay
sensitivity and specificity:

p + Specificity—1

" Sensitivity+Specificity—1"

Due to the small sample sizes of the studies on the per-
formance of the serologic assays used, we opted to perform
adjustment using sensitivity (96.0%, CI195: 90.6% — 98.3%)
and specificity (98.7%, CI95: 97.2% — 99.4%) estimates
from a meta-analysis by Deeks et al.® Monte Carlo simula-
tions were used to propagate uncertainty around estimates.

Ethical considerations

ISNCOVID-19 received ethical approval from the Ethics
Commission of the National Health Institute Doutor Ricardo
Jorge. All study participants or their legal representatives
provided written informed consent.
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RESULTS
Participant characteristics

Participant characteristics are shown in Table 1. Overall,
2301 participants were recruited, 1467 through a network
of clinical pathology laboratories and 834 through public
hospitals. Of all participants, 52.8% were females. About
5.1% reported contact with a suspected or confirmed case
of COVID-19 and 11.1% experienced symptoms compatible
with SARS-CoV-2 infection. Of 2301 recruited participants,
12 reported previous positive tests for SARS-CoV-2.

Seroprevalence

From the 2301 participants, 30 (1.9%, CI95: 1.1% —
3.1%) were positive for IgM and 33 (1.9%, CI95: 1.2% —
3.1%) for IgG against SARS-CoV-2 (Table 2). Overall, the
seroprevalence of SARS-Cov-2 infection (positive for IgM

Table 1 — ISNCOVID-19 participants characteristics

and/or 1gG) was 2.9% (CI95: 2.0% — 4.2%), significantly
higher among males (4.1%, CI95: 2.6% — 6.6%) compared
to females (1.8%, CI95: 0.9% — 3.4%) (p = 0.03).

No statistically significant differences in seroprevalence
were observed by age group (p = 0.98) or region (p = 0.71).
Seroprevalence varied by education level, and was higher
among individuals with secondary school education (6%, p
<0.01).

Seroprevalence rates were higher among individuals
who reported contact with a suspected or confirmed case
of COVID-19 (22.3% vs 2.0%, p < 0.01) and in symptomatic
individuals (6.5% vs 2.0%). Among participants positive for
IgM and/or IgG antibodies, 44.0% (C195: 26.9% — 63.5%)
did not report any symptoms.

Characteristic

%

(Weighted)
Sex, (n =2301)
Male 1057 47.2
Female 1244 52.8
Age group, (n =2301)
1-9yo 404 7.9
10-19yo 377 10.3
20-39 yo 377 23.1
40 - 59 yo 479 29.8
260 yo 664 29.0
Health region, (n =2301)
North 327 34.8
Centre 335 16.0
Lisbon and Tagus Valley 343 35.6
Alentejo 266 4.5
Algarve 351 4.3
Madeira 329 2.5
Azores 350 24
Education level*, (n = 1512)
Cannot read or write / Elementary school 426 211
Middle school 352 22.6
Secondary school 340 23.5
Higher education 394 329
Previous contact with suspected or confirmed COVID-19 case, (n = 2294)
No 1909 75.9
Yes 81 5.1
Unknown 304 19.1
Self-reported symptoms** , (n = 2231)
Asymptomatic 1428 64.2
Paucisymptomatic 557 24.6
Symptomatic 246 111

*only for participants aged 20 yo or above
** definition proposed by Pdllan et al
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Table 2 — Anti-SARS-CoV-2 IgM, IgG seroprevalence in Portugal, May - July 2020

IgM IgG IgM and/or IgG
%* (95% Cl) p %* (95% Cl) P %* (95% Cl) P
Overall sample 1.9(1.1-3.1) 1.9(1.2-3.1) 2.9(2.0-4.2)
Sex 0.09 0.10 0.03
Male 2.7(1.5-5.0) 2.8(1.5-4.9) 4.1(2.6-6.6)
Female 1.1(04-27) 1.2(0.5-2.7) 1.8(0.9-34)
Age group 0.20 0.61 0.98
1-9yo 1.6 (0.5-5.1) 2.1(0.8-54) 29(1.3-6.2)
10-19yo 0.6 (0.1-3.6) 2.1(0.8-5.5) 2.2(0.8-5.5)
20-39yo 2.2(0.8-5.9) 0.7 (0.1-4.8) 2.9(1.2-7.0)
40 - 59 yo 31(14-6.7) 24 (0.9-5.9) 3.2(1.5-6.7)
260 yo 0.9 (0.3-2.5) 24 (1.1-4.9) 2.9(1.5-5.3)
Health region 0.84 0.27 0.71
North 2.1(0.8-54) 2.1(0.9-5.0) 2.8(1.3-6.0)
Centre 2.2(1.0-5.0) 0.9 (0.3-3.1) 2.7 (1.3-5.5)
Lisbon and Tagus Valley 1.6 (0.6 -4.1) 27(1.4-52) 3.5(1.9-6.3)
Alentejo 1.0(0.2-4.1) 0.8 (0.2-3.9) 1.2(0.3-4.0)
Algarve 2.1(0.9-4.9) 0.1 (0.0-1.0) 2.2(1.0-5.0)
Madeira 1.0(0.3-2.9) 0.6 (0.1-2.9) 1.6 (0.6 - 3.9)
Azores 0.7 (0.1-3.1) 24 (1.1-5.0) 26 (1.3-5.2)
Education level 0.01 <0.01 0.01
g;rr‘:g;tr:;dsg[“‘;";:te ! 15 (0.4 -5.4) 15 (0.5 - 4.6) 3.0(1.3-7.0)
Middle school 1.5(0.5-4.5) 0.7 (0.2-2.3) 1.7 (0.6 - 4.5)
Secondary school 5.0(2.2-10.9) 5.0(2.2-10.7) 6.4 (3.2-125)
Higher education 0.7 (0.2-2.0) 0.8 (0.2-2.9) 1.4 (0.6 -34)
T e aapeeted
No 1.2 (0.6 -2.4) 0.9(0.5-1.7) 2.0(1.2-3.3)
Yes 16.3 (7.3 -32.3) 20.5(10.2- 36.9) 22.3 (11.7 - 38.5)
Unknown 0.7 (0.2-3.5) 1.1(0.3-4.3) 1.3(04-42)
Self-reported symptoms** <0.01 <0.01 0.06
Asymptomatic 0.8(0.4-1.8) 1.5(0.8-2.8) 2.0(1.2-34)
Paucisymptomatic 28(1.2-64) 1.2(0.5-2.9) 3.7(1.8-7.2)
Symptomatic 6.3 (2.4 -15.3) 6.3 (2.5-15.3) 6.5 (2.6 - 15.3)

* weighted proportion
** definition proposed by Péllan et al

Sensitivity analysis

Statistical adjustment for the assay characteristics re-
sulted in an overall seroprevalence of 1.7% (CI95: 0.0% —
3.3%).

DISCUSSION

The seroprevalence of specific IgM and/or IgG against
SARS-CoV-2 estimated by the ISNCOVID-19 (2.9%) was
similar to that reported for the Spanish provinces bordering
Portugal® and compatible with a limited extent of this infec-
tion in the Portuguese population between March and July
2020. However, this estimate is far from values required to
reach herd immunity (43% — 67%).%1°

The estimated SARS-CoV-2 seroprevalence was higher
than the attack rate reported by the national surveillance
system (0.44 per 100 inhabitants)," which is consistent with
the evidence of lower capacity of surveillance systems to
capture mild or asymptomatic cases.>'"-3

About 44% of seropositive participants did not report
any symptom, indicating that they may have been asymp-
tomatic or had overlooked mild symptoms during the acute
phase of the infection. However, the possibility of recall bias
regarding the occurrence of symptoms cannot be excluded.

The higher seroprevalence observed among male
and among those with secondary education requires fur-
ther investigation as literature is not consensual regarding
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gender differential risk of infection, and most studies report
no differences.>'*-'® Our results regarding gender and edu-
cation level may reflect differences in occupational expo-
sure during the lockdown as during this period certain eco-
nomic activities continued.

The differences in seroprevalence observed by health
region were of reduced magnitude and not statistically sig-
nificant. Since the survey sample size was calculated ac-
cording to its main objective of estimating a seroprevalence
but not to compare groups, this result may reflect lack of
power to detect the differences of a small magnitude with
negligible public health importance.

Among limitations that could have affected the study re-
sults, we should mention the lack of a representative sam-
ple of the Portuguese general population because research
has shown that SARS-CoV-2 seroprevalence surveys may
be seriously affected by self-selection or volunteer bias'”
as individuals with previous diagnosis of COVID-19 volun-
teered more frequently to participate.”” In order to reduce
this self-selection bias in the ISNCOVID-19 survey par-
ticipants were recruited among those who already were
in a laboratory with the objective to perform routine blood
tests prescribed by a physician for reasons unrelated to
COVID-19. This methodological option, on the other hand,
may have resulted in sampling of individuals with higher
proportion of chronic conditions than in general popula-
tion,'® particularly among children, and this could have con-
tributed to a lower seroprevalence resulting from a higher
awareness and adoption of protection measures by these
high-risk groups. Moreover, selecting participants among
users of clinical pathology laboratories may have resulted
in bias due to the documented educational gradient in ac-
cess to diagnostic tests.'® However, the Portuguese Sero-
logical Survey for Vaccine Preventable Disease developed
in 2015 — 2016, using similar sampling strategy among
clinical pathology laboratories and public hospital users,
did not demonstrate bias in the educational distribution of
participants.® Exclusion of institutionalized individuals from
the present survey may have contributed to underestima-
tion of SARS-CoV-2 seroprevalence since, according to the
national surveillance system, several institutional facilities
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for the elderly were affected by COVID-19 during the first
wave. Despite possible bias, the adopted methodology al-
lowed easy and rapid survey planning and implementation
resulting in rapid data collection, analysis, and communica-
tion of updated information for public health decision.

CONCLUSION

In May-July 2020 the observed prevalence of anti-SARS-
CoV-2 specific antibodies was low in a survey population
(2.9%, CI95: 2.0% — 4.2%) and comparable to other stud-
ies developed in similar settings with low incidence rates of
COVID-19. Given the low sensitivity of the National Surveil-
lance System to detect asymptomatic cases we emphasize
the need of monitoring the distribution of specific antibodies
against SARS-CoV-2 during the forthcoming months, espe-
cially after the second pandemic wave, in order to estimate
the fraction of SARS-CoV-2 susceptible population and to
inform vaccination strategy.
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