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DISPATCHES

Severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) has spread rapidly worldwide 

during 2020–2021, but incidence has been highly 
variable in different countries and is diffi cult to 
estimate. In Portugal, which has ≈10.3 million in-
habitants, the burden of disease, cases, and deaths 
was similar to or less than that for neighboring 
countries during the fi rst wave of the coronavirus 
disease (COVID-19) pandemic, through September 
2020 (Appendix Figure, https://wwwnc.cdc.gov/
EID/article/27/11/21-0636-App1.pdf). However, 
it is diffi cult to estimate the true extent of SARS-
CoV-2 infections in Portugal, although a previous 
study of clinical patients indicated a seropositiv-
ity <2.9% (1). We report a national, cross-sectional, 
epidemiologic survey that used quota sampling to 
quantify more accurately the cumulative number of 
infected persons in Portugal.

The Study
We used a convenience quota sampling, quasi-pro-
portional to the population of Portugal in 9 strata: age 
group (<18, 18–54, and >55 years of age), each sub-
divided by population density of place of residence 
(<60, 60–500, and >500 persons/km2) (Appendix). Af-
ter a widespread media campaign, we recruited par-
ticipants by using voluntary registration on a website 
specifi cally designed for this study. We obtained in-
formed consent from all participants >16 years of age 
and from legal guardians for participants <18 years of 
age. The study was approved by the Ethics Commit-
tee of the Centro Académico de Medicina de Lisboa 
(#350/20, July 30, 2020).

Blood collections and serologic tests were per-
formed by Centro de Medicina Laboratorial Ger-
mano de Sousa (Lisbon, Portugal) by using standard 
procedures. We determined total antibodies against 
SARS-CoV-2 by using a chemiluminescent immuno-
assay test (COV2T; Advia Centaur Siemens, https://
www.siemens-healthineers.com), which targets the 
spike protein. This antibody test has a sensitivity of 
98.1% and a specifi city of 99.9% (2), which we used to 
correct the seroprevalence estimates by using the Ro-
gan–Gladen estimator (3). We used sample weights 
and poststratifi ed by sex to adjust the seroprevalence, 
extrapolating from the strata to the whole popula-
tion (Appendix Tables 1–4). Participants completed a 
questionnaire with demographic, clinical, and epide-
miologic questions regarding SARS-CoV-2 exposure 
(Appendix). We use standard statistical analyses to 
compare results at an α = 0.05 signifi cance.

We enrolled 13,398 participants (55.3% women, 
age range 1–92 years) (Appendix Figure 2). Our sam-
ple refl ected approximately the characteristics of the 
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In	September	2020,	we	tested	13,398	persons	in	Portugal	
for antibodies against severe acute respiratory syndrome 
coronavirus	2	by	using	a	quota	sample	stratifi	ed	by	age	
and population density. We found a seroprevalence of 
2.2%,	3–4	times	larger	than	the	offi		cial	number	of	cases	
at	the	end	of	the	fi	rst	wave	of	the	pandemic.
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population in Portugal, except for overrepresentation 
of women, persons who had higher levels of educa-
tion, persons living in households that had >1 person, 
and workers in the education and health sectors (Ap-
pendix Tables 5–7).

We obtained blood samples during September 
8–October 14, 2020; a total of ≈90% were obtained by 
September 19. Overall seroprevalence was 2.2% (95% 
CI 2.0%–2.5%; n = 296 positive participants) (Table 
1). The differences seen among age groups did not 
reach statistical significance. We found a higher se-
roprevalence in regions of high population density 
(2.9%, 95% CI 2.5%–3.4%) versus regions of medium 
population density (1.6%, 95% CI 1.4%–2.1%) and 
low population density (1.4%, 95% CI 1.1%–2.2%) 
(Appendix Figure 3).

Comparing the seroprevalence (2.2% corre-
sponds to ≈226,000 persons in Portugal) with the 
number of official cumulative confirmed cases 
(55,720 on August 24 and 76,396 on October 1) 
(4), we found a 3–4-fold larger number of persons 
who had antibodies than those reported infected. 
This factor varied across age groups; we found an 
≈9-fold difference for young participants versus 
a 2–5-fold difference (depending on sex and age) 
in middle-age and older participants (Figure 1). 
With our estimate of cumulative cases, we calcu-
lated that the infection-fatality rate varied from 
<0.2% in younger persons to up to 9.0% in men >80 
years of age (Figure 2). The estimated proportion of  

asymptomatic persons among seropositive persons 
was 17.4% (95% CI 14.1%–22.9%); this proportion 
was much higher for persons <18 years of age (Ap-
pendix Table 8).

We found no difference between seropositivity 
levels in men and women (2.3% vs. 2.1%) (Table 2; 
Appendix Table 9). There were small differences in 
seroprevalence by occupation and professional sec-
tor; and teleworkers had a lower seroprevalence 
(1.4%) than nonteleworkers (2.4%) (Table 2). We also 
did not find differences in seroprevalence for persons 
who had chronic conditions versus persons who did 
not (Appendix Table 10). One of the largest differ-
ences was between nonsmokers and smokers (2.4% 
vs. 1.0%) (Table 2).

Of the seropositive participants, 50.0% had never 
been given a diagnosis as being a case or a suspect-
ed case of infection (Appendix Table 11). However, 
5% (n = 669) of participants were considered as hav-
ing a suspected case of COVID-19 before the study 
(Table 2). This number is consistent with the number 
of suspected cases, which the national health authori-
ties reported until August 16, 2020, two weeks before 
the start of our study, when there were a cumulative 
468,937 suspected cases (only 54,102 confirmed), cor-
responding to 4.6% of the population of Portugal.

Conclusions
We found a seroprevalence of 2.2% for antibodies 
against SARS-CoV-2 in the population of Portugal, 

 
Table 1. Prevalence of antibodies against severe acute respiratory syndrome coronavirus 2, by person age, adjusted for sensitivity 
and specificity, Portugal, September 8‒October 14, 2020 

Population density 
Seroprevalence,	%	(95%	CI),	by	age,	y 

<18, n = 2,108 18–54,	n	=	6,495 >55,	n	=	4,795 Overall,	n	=	13,398 
Low,	n	=	2,298 0.6 (0.2‒2.8) 1.5	(0.9‒2.6) 1.7 (1.0‒2.9) 1.4 (1.1‒2.2) 
Medium,	n	=	5,006 1.4 (0.8‒2.7) 1.7	(1.3‒2.4) 1.7 (1.2‒2.5) 1.6 (1.4‒2.1) 
High,	n	=	6,094 3.5	(2.5‒5.0) 3.1	(2.6‒3.9) 2.2 (1.7‒3.1) 2.9	(2.5‒3.4) 
Overall 2.4	(1.9‒3.3) 2.3	(2.0‒2.8) 1.9	(1.6‒2.4) 2.2 (2.0‒2.5) 

 

Figure 1.	Seroprevalence	
of antibodies against severe 
acute respiratory syndrome 
coronavirus 2, Portugal, 
compared	with	official	reported	
confirmed	cases,	by	sex	and	
age.	A)	Female;	B)	male.	
Adjusted seroprevalence 
measured in this study 
(numbers	above	light	gray	bars)	
is	compared	with	confirmed	
cases (numbers above dark 
gray	bars)	as	a	fraction	of	
the corresponding population 
group	(on	September	1,	2020).	
Error	bars	indicate	95%	CIs	for	
estimates.	This	figure	includes	different	age	ranges	for	consistency	with	the	official	data	on	number	of	cases	by	age.
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which was lower than that in a previous smaller 
study (1). Our results suggest that 3–4-fold as many 
persons were infected by SARS-CoV-2 than was of-
ficially reported by health authorities. This factor is 
consistent with, albeit somewhat smaller than, results 
reported in other national seroprevalence studies (5–
7) and varied across age groups.

The higher seroprevalence in younger partici-
pants is in contrast to the official number of confirmed 
cases in Portugal, where there is a higher prevalence 
in older persons (4), possibly because younger per-
sons tend to have milder disease, often asymptomatic 
(8,9). We found that ≈40% of infections were asymp-
tomatic in persons <18 years of age, whereas this pro-
portion was much lower in older persons. Overall, if 
only ≈20% of cases are asymptomatic, a question is 
why so many cases go undetected even with higher 
testing rates, as in Portugal before our study (10). This 
discrepancy highlights the public health relevance of 
conducting seroprevalence studies.

Despite a similar prevalence, we found that 
the infection-fatality rate for men was higher than 
that for women, particularly in persons >40 years 
of age. The rate was more than twice as large for 
persons 60–79 years of age (2.16%) than for the 
overall group (0.81%). These values are consistent 
with those reported in Spain (11) and include only 
confirmed COVID-19 deaths, not all excess deaths 
during this period (12).

A limitation of our study is that we used quota 
sampling, relying on volunteers for the study. We 
chose our method of recruitment to achieve a fast 
enrollment process because, during a pandemic, the 
number of persons positive for antibodies is chang-
ing continuously. We reasoned that such changes 
could bias the study more than the method of re-
cruitment. In addition, even studies with a fully ran-
dom sample often have a large fraction of persons 
refusing to participate or unable to be contacted 
(6,13). Another limitation is that we used relatively 
large intervals for age groups. A more fine-grained 
stratification, along with other variables (e.g., sex), 
would be more representative of epidemiologic and 
clinical aspects of SARS-CoV-2, but would require 
a larger sample. We also did not correct for poten-
tial seroreversion (14), which reduces the fraction of 
seropositive results in relation to the actual number 
of infections and lowers the estimated infection-fa-
tality rate. However, we expect seroreversion over 
the short 6-month period covered by our study to 
be minimal (15). These potential limitations are com-
mon to most seroprevalence studies but do not limit 
the need for conducting these studies during the 
evolving pandemic.

Overall, our results demonstrate a low incidence 
of SARS-CoV-2 during the first wave (spring and 
summer 2020) of the pandemic in Portugal. This in-
cidence probably resulted from control measures that 
were relatively successful, in comparison with other 
countries with higher seroprevalence over similar (or 
shorter) periods (6).
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Figure 2.	Inferred	infection-fatality	rate	from	seroprevalence	
estimates for antibodies against severe acute respiratory 
syndrome coronavirus 2, Portugal. We used the registered 
number	of	deaths	(on	September	21,	2020)	by	age	and	sex	and	
our prevalence estimates based on seropositivity to infer the 
infection-fatality	rate	(Appendix,	https://wwwnc.cdc.gov/EID/
article/27/11/21-0636-App1.pdf)	for	more	details.	Numbers	above	
bars indicate deaths per 1,000 persons.
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