
297

O R I G I N A L  P A P E R

Nofer Institute of Occupational Medicine, Łódź, Poland

International Journal of Occupational Medicine and Environmental Health 2022;35(3):297 – 307
https://doi.org/10.13075/ijomeh.1896.01878

SEROPREVALENCE OF SARS-CoV-2  
AND ASSESSMENT OF EPIDEMIOLOGIC DETERMINANTS 
IN PORTUGUESE MUNICIPAL WORKERS
NUNO BARROS FERREIRA1, HELENA PEREIRA1, ANA MARGARIDA PEREIRA2,3, LUÍS FILIPE AZEVEDO2,3, 
MARIANA SANTOS2,3, PRISCILA MARANHÃO2,3, RICARDO CORREIA2,3, JOÃO ALMEIDA FONSECA2,3, 
PAULO CANEDO4, ALTAMIRO DA COSTA PEREIRA1,2,3, and BERNARDO SOUSA-PINTO1,2,3,5

1 University of Porto, Porto, Portugal
Faculty of Medicine
2 University of Porto, Porto, Portugal
MEDCIDS – Department of Community Medicine, Information and Health Decision Sciences, Faculty of Medicine
3 CINTESIS – Center for Health Technology and Services Research, Porto, Portugal
4 University of Porto, Porto, Portugal
IPATIMUP, Institute of Molecular Pathology and Immunology
5 University of Porto, Porto, Portugal
Basic and Clinical Immunology Unit, Department of Pathology, Faculty of Medicine

Abstract
Objectives: To assess the seroprevalence of SARS-CoV-2 antibodies in municipal employees of Northern Portugal during the first pandemic wave 
(May–June 2020) and its association with potentially related risk factors for infection. Material and Methods: The authors assessed municipal em-
ployees of 2 cities in Northern Portugal, in whom serological tests to SARS-CoV-2 and an epidemiological survey were applied. The authors assessed 
the proportion of individuals presenting IgM and/or IgG antibodies to SARS-CoV-2, and evaluated the association between having positive serologi-
cal test results, epidemiologic variables and clinical presentations. Reported symptoms were evaluated on their sensitivity, specificity, and predictive 
values. Results: The authors assessed 1696 employees, of whom 22.0% were firefighters, 10.4% were police officers, 10.3% were maintenance work-
ers, and 8.1% were administrative assistants. The seroprevalence of SARS-CoV-2 infection was 2.9% (95% CI: 2.1–3.7%). Administrative assistants 
comprised the professional group with highest seroprevalence of SARS-CoV-2 (OR = 1.9 in the comparison with other occupational groups, 95% CI: 
0.8–4.3, p = 0.126). The seroprevalence of SARS-CoV-2 infection among those who were in direct contact with COVID-19 patients in their profes-
sional activity was 3.9%, compared to 2.7% among those who were not in direct contact with such patients (OR = 1.5, 95% CI: 0.8–2.8, p = 0.222). 
The highest risk of infection was associated with the presence of a confirmed SARS-CoV-2 infection in the household (OR = 17.4, 95% CI: 8.3–36.8, 
p < 0.001). Living with a healthcare professional was not associated with a higher risk of infection (OR = 1.0, 95% CI: 0.4–2.5, p = 0.934). Anosmia/
dysgeusia was the symptom with the highest positive predictive value (52.2%, 95% CI: 31.8–72.6, p < 0.001) and specificity (99.3%, 95% CI: 98.9–99.7, 
p < 0.001), while cough was the most prevalent symptom among SARS-CoV-2 seropositive participants (36%). Conclusions: The authors observed 
a  SARS-CoV-2 seroprevalence of 2.9% among assessed municipal employees. Anosmia/dysgeusia was the  COVID-19 symptom which displayed 
the highest positive predictive value and specificity. Int J Occup Med Environ Health. 2022;35(3):297 – 307
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ous studies were conducted in hospital and industrial set-
tings [10–12], other professional contexts have been less 
frequently assessed.
Therefore, in this study, the  authors aimed to assess 
the  seroprevalence of SARS-CoV-2 antibodies in mu-
nicipal employees of 2 different cities in Portugal and to 
identify the  main epidemiological variables associated 
with past SARS-CoV-2 infection. In addition, and based 
on serological data, the authors aimed to assess the dis-
criminative capacity of the main signs and symptoms of 
COVID-19.

MATERIAL AND METHODS
Setting and participants
Serological tests and an epidemiological survey to munici-
pal employees of 2 cities in Northern Portugal (Porto and 
Matosinhos) were applied. These 2 cities have a combined 
population of over 400 000 inhabitants, having >4900 mu-
nicipal employees [13]. In Portugal, municipal employees 
are responsible for a wide range of functions and include, 
among others, firefighters, municipal police officers, 
maintenance workers, administrative assistants, manag-
ers, engineers, and others. The authors assessed those em-
ployees tested May 15–June 19, 2020, with all municipal 
employees being eligible for inclusion. Participants’ verbal 
informed consent was required to participate in the study, 
with no eligible employees refusing to participate in 
the study. All responses were provided anonymously.

Serological tests
The authors applied serological tests to participants 
to assess both the  presence/absence of IgM and IgG to 
SARS-CoV-2 (COVID-19 IgG/IgM Rapid Test Cassettes; 
SureScreen Diagnostics Co., Ltd., Derby, UK). The  ap-
plied serological tests display a sensitivity of 96.6% and 
a specificity of 99.7% [14,15]. A participant was consid-
ered to have a  positive serological test result in case of 
positivity for either IgM or IgG.

INTRODUCTION
On March 11, 2020, COVID-19 was classified by the 
World Health Organization (WHO) as a pandemic. Since 
then, and as of August 2021, it has resulted in over 4 mil-
lion deaths worldwide  [1]. The  clinical presentation of 
COVID-19 varies, with some patients being asymptomatic 
or pauci-symptomatic and others developing severe ill-
ness or death [2]. Its high transmissibility has forced sev-
eral countries to adopt preventive measures such as social 
distancing, quarantine and the use of personal protective 
equipment (PPE) [3].
Controlling SARS-CoV-2 spread requires a  fast and re-
liable tracking of the  epidemiology of COVID-19. Such 
tracking may involve a strategy based on both large-scale 
molecular and serological testing. As molecular testing 
(by polymerase chain reaction [PCR] of samples collected 
by nasopharyngeal swabs) can detect active infection, its 
large-scale performance has been promoted by the WHO 
to better contain COVID-19 spread [4]. On the other hand, 
serological tests detect the presence of SARS-CoV-2 anti-
bodies formed after contact with the virus. The duration 
and extent of the protection conferred by these antibodies 
are still not totally clear, precluding serological tests from 
being used in the diagnosis of COVID-19. However, since 
not all subjects infected with SARS-CoV-2 end up being 
diagnosed (as a large fraction are asymptomatic or pauci-
symptomatic), serological tests play a key role in assess-
ing the frequency of individuals who have been infected, 
as they reveal the  existence of previous and, often, late 
active infection  [5,6]. Such properties, along with their 
relatively low cost and possibilities of use on a large scale, 
render serological tests adequate for epidemiological con-
texts (particularly in early outbreaks), allowing to iden-
tify factors associated with higher chances of infection by 
SARS-CoV-2 [7]. Such data may be particularly helpful in 
professional contexts, helping to outline the best preven-
tive practices, and to improve the safety of those who may 
face a higher risk of infection [8,9]. While several previ-
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a  previous molecular PCR test, the  authors assessed 
the frequency of positive PCR test results among patients 
in whom SARS-CoV-2 antibodies were and were not de-
tected.
No prior calculation of the  sample size was performed 
due to insufficient reliable data at the time. The number 
of participants included in the study represents the total 
amount of municipal workers tested and surveyed during 
the considered time.
The authors considered statistically significant associa-
tions those with p-value <0.05. All statistical analyses 
were performed using software R (v. 4.0.0).

RESULTS
From the  4994 existing municipal workers, a  total of 
1696 participants completed the epidemiological survey. 
The mean (M) ± standard deviation (SD) age of the sample 
was 46.1±11.0 years old, with a predominance of males 
(N  = 1256, 74.1%). In  terms of occupational groups, 
22.0% of participants were firefighters, 10.4% were police 
officers, 10.3% were maintenance workers, and 8.1% were 
administrative assistants. The remaining municipal staff 
varied, and included – among others – social assistants, 
managers and politicians, engineers, drivers and tech-
nical personnel. Each assessed participant completed 
the whole survey, so that there was no missing data.
A total of 50 participants (2.9%, 95% confidence inter-
val  [CI]: 2.1–3.7%) had a  positive serological test. IgG 
were detected in 43 (2.5%) participants, while IgM were 
detected in 27 (1.6%) participants, with 20 participants 
having both detected IgM and IgG antibodies.
Twelve participants with positive serological test (24.0%) 
reported another case of confirmed infection in the  re-
spective household, compared to 29 participants with neg-
ative serological test (1.8%) (OR = 17.4, 95% CI: 8.3–36.8, 
p < 0.001) (Table 1). Accordingly, having a possible risk 
exposure/contact strongly associated with having a posi-
tive serological test, with such association being particu-

Epidemiological survey
The applied epidemiological survey included demo-
graphic and general clinical questions (e.g.,  questions 
on the  area of residence and on comorbidities), as well 
as questions on the  type of work, mask-wearing habits, 
history of COVID-19-compatible symptoms, possible 
COVID-19 risk factors, and history of previous COVID-19 
tests (and respective results). COVID-19-compatible 
symptoms comprised cough, fever, dyspnea, anosmia/
dysgeusia (these 4 are herein referred as “COVID-19 main 
symptoms”), and other symptoms considered relevant to 
the participants and researchers. The questionnaire was 
applied by an interviewer, who registered the  answers 
given by the participants. Participants answered the ques-
tionnaire before undergoing serological testing to ensure 
that researchers applying the questionnaire did not know 
the serological results of respondents.
All stages of the study were based on the Declaration of 
Helsinki principles for research with humans.

Statistical analysis
Categorical variables were described using absolute and 
relative frequencies, while continuous variables were de-
scribed using means and standard deviations. The associ-
ation between having a positive serological test result and 
demographic, epidemiologic and clinical independent 
variables was assessed using univariable logistic regres-
sion models. Exponentials of regression coefficients were 
interpreted as odds ratio (OR). Multivariable logistic re-
gression models were not considered due to the reduced 
effective sample size (i.e.,  low number of participants 
with positive serological tests).
To assess the  discriminative properties of the  different 
COVID-19-compatible symptoms, the  sensitivity, speci-
ficity and predictive values of each symptom were calcu-
lated using the  serological results as the  gold-standard. 
In addition, to assess the performance of serological tests, 
for those participants who reported having performed 
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OR = 1.5, 95% CI: 0.8–2.8, p = 0.222). The occupational 
group associated with the highest risk was that of admin-
istrative assistant (OR = 1.9, 95% CI: 0.8–4.3, p = 0.126). 
Separate results for patients in whom IgG and IgM anti-
bodies were detected are displayed in Table 2.
While most participants (96.3%) reported using a mask 
in their professional activities, no significant association 
was observed between the  month in which mask use 
was adopted in the workplace and occurrence of a posi-

larly strong when concerning a  family member (OR  = 
12.0, 95% CI: 5.7–25.1, p < 0.001).
Living with a  healthcare professional was not associ-
ated with increased odds of having a positive serological 
test (OR = 1.0, 95% CI: 0.4–2.5, p = 0.934). Participants 
having direct contact with COVID-19 positive or sus-
pected patients in their professional activities displayed 
higher seroprevalence of SARS-CoV-2 infection com-
pared to those without direct contact (3.9% vs. 2.7%; 

Table 1. Characteristics of the assessed participants and results of univariable regression models comparing patients with positive serological tests  
vs. those with negative results – data from 1696 municipal employees of 2 cities in Northern Portugal, assessed May 15–June 19, 2020

Variable

Participants
(N = 1696)

OR (95% CI) p
total

with positive 
serological test

(N = 50)

Age [years] (M±SD) 46.1±11.0 45.2±11.9 1.0 (1.0–1.0) 0.568

Gender [n (%)]

males 1256 (74.1) 29 (58.0) 0.5 (0.3–0.8) 0.007

females 440 (25.9) 21 (42.0)

Cohabitation with a healthcare professional [n (%)] 199 (11.7) 6 (12.0) 1.0 (0.4–2.5) 0.934

Occupation [n (%)]

firefighter 373 (22.0) 10 (20.0) 0.9 (0.4–1.8) 0.727

police officer 177 (10.4) 6 (12.0) 1.2 (0.5–2.8) 0.716

administrative assistant 137 (8.1) 7 (14.0) 1.9 (0.8–4.3) 0.126

maintenance worker 174 (10.3) 5 (10.0) 1.0 (0.4–2.5) 0.949

Direct contact with COVID-19+ patients in professional activity [n (%)] 355 (21.0) 14 (28.0) 1.5 (0.8–2.8) 0.222

Use of mask in professional activity [n (%)] 1633 (96.3) 49 (98.0) 1.9 (0.3–13.9) 0.533

since March or before 990 (58.4) 27 (54.0) 1.7 (0.2–12.8) 0.601

since April 249 (14.7) 9 (18.0) 2.3 (0.3–18.4) 0.437 a

since May 394 (23.2) 13 (26.0) 2.1 (0.3–16.2) 0.484 a

Confirmed COVID-19 case in the household [n (%)] 41 (2.4) 12 (24.0) 17.4 (8.3–36.8) <0.001

Possible risk exposure/contact [n (%)] 150 (8.8) 25 (16.7) 12.2 (6.8–21.8) <0.001

at work 70 (4.1) 8 (11.4) 4.9 (2.2–10.8) <0.001

in national or international travels 10 (0.6) 1 (10.0) 3.7 (0.7–19.9) 0.218

with a family member 49 (2.9) 11 (22.4) 12.0 (5.7–25.1) <0.001

a Reference group consisting of those patients who did not wear a mask in their professional activity.
Bolded are p-values <0.05.
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quency of symptoms largely varied, with almost half of 
participants with a  positive serological test reporting at 
least 1 COVID-19 symptom in the  previous 2 months. 
Anosmia/dysgeusia were the  symptoms associated with 
the highest PPV (52%).
The professional class with the  highest seroprevalence 
(even though such difference was not statistically sig-
nificant) was not one involved indirect contact with 
COVID-19 patients, but rather that of administrative 
assistants. This is surprising if we take into account that 
working in direct contact with COVID-19 patients asso-
ciated  – even if not significantly  – with higher chances 
of having a positive serological test. However, this might 
be explained by a later and less strict use of PPE among 
the latter, by the fact that their jobs often involve staying 
for long periods in small and often inadequately venti-
lated spaces  [16,17], as well as by being inexperienced 
with the  use of PPE. By  contrast, professionals with 
a  higher exposure risk  [18], such as ambulance vehicle 
operators, firefighters and police officers, had no signifi-
cant increase in the presence of SARS-CoV-2 antibodies, 
likely explained by having more extensive use of PPE 
from early on. This hypothesis is further indirectly sup-
ported by the absence of significant association between 
living with a  healthcare professional and having posi-
tive serological results – there seems to have been more 
widespread adoption of preventive behaviors among 
healthcare professionals, due to a  greater perception of 
risk and vulnerability to infection (although it is possible 
that not all assessed healthcare professionals were in-
volved in care for COVID-19 patients) [19,20]. Evidence 
on the  seroprevalence of SARS-CoV-2 infection among 
Portuguese healthcare professionals within the first pan-
demic wave is scarce. While, by the  end of May 2020, 
3.2% healthcare professionals had been diagnosed with 
COVID-19 [21,22], the true extent of SARS-CoV-2 infec-
tion among this occupational group is not known (so that 
it is not possible to precisely compare with the  general 

tive serological test. Nevertheless, significant differences 
were observed when comparing professional classes on 
the time of mask use adoption – only 33% administrative 
assistants reported wearing a mask in their professional 
activities since March, compared to 60% in every other 
professional group (OR = 0.3, 95% CI: 0.2–0.5, p < 0.001); 
on the other hand, 79% of ambulance vehicle operators, 
firefighters and police officers reported wearing a mask 
since March, comparing to 52% employees of the  re-
maining groups (OR = 1.8, 95% CI: 1.5–2.3, p < 0.001). 
When answering the survey, 141 (8.3%) participants re-
ported having had at least 1 COVID-19 main symptom in 
the previous 2 months. Of the 50 participants with a posi-
tive serological test, 48% (N  = 24) reported having at 
least 1 symptom, compared to 7% of those with negative 
serological tests (p < 0.001) (Table 3). Anosmia/dysgeu-
sia was the symptom with the highest positive predictive 
value  (PPV)  – 52.2% of participants with anosmia/dys-
geusia had a positive serological test (95% CI: 31.8–72.6) 
(Table 3). For the remaining symptoms, the PPV ranged 
between 17.1% (cough) and 23.1% (other symptoms). 
Most participants with no symptoms had a negative serol-
ogy to COVID-19, with negative predictive values (NPV) 
being over 97% for all assessed symptoms. The sensitivity 
of the  inquired symptoms varied from 12.0% (dyspnea) 
to 36.0% (cough), while their specificities ranged from 
94.7% (cough) to 99.3% (anosmia/dysgeusia).
When asked about a  previous test for SARS-CoV-2, 
140 (8.3%) participants claimed to have undergone a pre-
vious PCR test, with 16 (11.4%) of them having positive 
results (Table  4). Of those with a  positive PCR result, 
15 (94%) had a positive serological test result (vs. 8 par-
ticipants – 6% among those with negative PCR results).

DISCUSSION
In this study, 1696 municipal employees were evaluated, 
with 2.9% of them having positive results for the presence 
of either IgM or IgG antibodies for SARS-CoV-2. The fre-
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importance when COVID-19 is suspected. Other stud-
ies [24,25] reported a PPV of 32% and 73%, and a speci-
ficity of 65% and 81%, respectively, for olfactory dysfunc-
tion. The  characteristics of anosmia/dysgeusia make it 
an important symptom that, when present, can strongly 
suggest COVID-19 infection, being particularly relevant 
in young [24] and female patients [26]. While the exact 
mechanism causing lack of smell and taste is still un-

population, in whom a  seroprevalence of 2.9% was ob-
served [23]).
More than half (52%) of participants with a  posi-
tive serological test did not report having had any of 
COVID-19 main symptoms and, of those reporting 
previous symptoms, only 17% had a  positive serologi-
cal test. Among symptomatic patients, anosmia/ageusia 
presented the highest specificity and PPV, pointing to its 

Table 3. Frequency, sensitivity, specificity and predictive values of COVID-19 main symptoms – data from 1696 municipal employees of 2 cities  
in Northern Portugal, assessed May 15–June 19, 2020

Symptom

Participants
(N = 1696)

Predictive value

Sensitivity 
[%]

95% CI
Specificity 

[%]
95% CI

total
[n]

with positive 
serological test

(N = 50)
[n (%)]

positive  
[%]

95% CI
negative 

[%]
95% CI

At least one COVID-19 
main symptoma (in 
the previous 2 months)

17.0 10.8–23.2 98.3 97.7–99.0 48.0 34.2–61.8 92.9 91.7–94.1

no 1555 26 (1.7)

yes 141 24 (17.0)b

Cough 17.1 9.9–24.4 98.0 97.3–98.7 36.0 22.7–49.3 94.7 93.6–95.8

no 1591 32 (2.0)

yes 105 18 (17.1)b

Fever 21.3 11.0–31.6 97.7 97.0–98.5 26.0 13.8–38.2 97.1 96.3–97.9

no 1635 37 (2.3)

yes 61 13 (21.3)b

Dyspnea 18.8 5.2–32.3 97.3 96.6–98.1 12.0 3.0–21.0 98.4 97.8–99.0

no 1664 44 (2.6)

yes 32 6 (18.8)b

Anosmia or dysgeusia 52.2 31.8–72.6 97.7 97.0–98.4 24.0 12.2–35.8 99.3 98.9–99.7

no 1673 38 (2.3)

yes 23 12 (52.2)b

Other 23.1 0.2–46.0 97.2 96.4–98.0 6.0 0–12.6 99.4 99.0–99.8

no 1683 47 (2.8)

yes 13 3 (23.1)b

a Dyspnea, fever, cough and/or anosmia/dysgeusia.
b Statistically significant difference in the frequency of the symptom among patients with positive serological tests and those with negative serological symptoms 
(p < 0.001).
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probably small – by the time this study was performed, 
<900 individuals had died from COVID-19 in Northern 
Portugal (most of whom were not of working-age), and 
the incidence of the disease was particularly low.
Another potential selection bias concerns the  fact that 
municipal employees are not representative of the general 
population (i.e., they are people in active age, and as a result 
they do not include children and the elderly), so that their 
results cannot be generalized to all adults living in the as-
sessed region. In  fact, workers tend to be healthier than 
those who do not work (healthy worker effect) and may also 
have different exposures. Nevertheless, the  authors’ aim 
was to assess the seroprevalence of SARS-CoV-2 infection 
in municipal workers, and not in the general population.
On the  other hand, despite having been actively ques-
tioned for the symptoms included in this study, they were 
self-reported and memory bias can be present  – those 
who knew they had had a past SARS-CoV-2 infection may 
recall better any symptoms they may have had when com-
pared to the remaining participants. Other possible vari-
ables, such as the level of education of the participants and 
their free time activities were not studied and could have 
had a significant impact on the results and in the assess-
ment of their risk of exposure to SARS-CoV-2. The dura-
tion and strength of protection that antibodies confer are 
still in debate, with current evidence suggesting that anti-
bodies may confer substantial protection against reinfec-
tion in the 3–6 months after infection [32–34]. However, 

clear [27] (albeit it is known that SARS-CoV-2 entry fac-
tors are highly expressed in nasal epithelial cells  [28], 
which are thought to have an important role in infection), 
anosmia/ageusia appears to be more common than ini-
tially stated  [29] and it helps differentiating COVID-19 
from other common respiratory viral infections (such as 
influenza). Given that this symptom can be accurate and 
easy to understand, the general public should be aware of 
its value, particularly in contexts where rapid molecular 
testing is not easily available [30]. Further studies should 
be carried out to better characterize this symptom among 
COVID-19 patients.
Having a confirmed COVID-19 case in the household was 
strongly and significantly associated with having a posi-
tive serological test, pointing to the  high likelihood of 
infection transmission to coresidents, who might further 
spread their infection, even if asymptomatic [31].
This study has important limitations worth noting. First-
ly, the authors identified a small number of participants 
with positive serological test results, affecting the  esti-
mates’ precision (possibly precluding some relevant as-
sociations to be detected as statistically significant), and 
limiting the  possibility of adjusting for confounders by 
means of multivariable methods. In addition, there may 
have been a  selection bias, as employees who had died 
from COVID-19 or who had active disease when this 
study was being performed were not included. Never-
theless, the  impact of such limitation in the  results is 

Table 4. Results of serological tests for SARS-CoV-2 in patients who had undergone a molecular (polymerase chain reaction – PCR) test for SARS-CoV-2 – 
data from 1696 municipal employees of 2 cities in Northern Portugal, assessed May 15–June 19, 2020

PCR test result

Serological tests
(N = 140)

total
[n (%)]

positive
(N = 23)

negative
(N = 117)

n (%) 95% CI n (%) 95% CI

Positive 16 (11.4) 15 (93.8) 82.0–100 1 (6.3) 0–18.1

Negative 124 (88.6) 8 (6.5) 2.1–10.8 116 (93.5) 89.2–97.9
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2.	Esakandari H, Nabi-Afjadi M, Fakkari-Afjadi J, Farahman-
dian N, Miresmaeili SM, Bahreini E. A  comprehensive 
review of COVID-19 characteristics. Biol Proced Online. 
2020;22:19. https://doi.org/10.1186/s12575-020-00128-2.

3.	Kinross P, Suetens C, Gomes Dias J, Alexakis L, Wijer-
mans A, Colzani E, et al. Rapidly increasing cumulative in-
cidence of coronavirus disease (COVID-19) in the European 
Union/European Economic Area and the United Kingdom, 
1 January to 15 March 2020. Eurosurveillance. 2020;25(11). 
https://doi.org/10.2807/1560-7917.ES.2020.25.11.2000285.

4.	Sousa-Pinto B, Fonseca JA, Oliveira B, Cruz-Correia R, 
Rodrigues PP, et al. Simulation of the effects of COVID-19 
testing rates on hospitalizations. Bull World Health Organ. 
2020;98(5):299. https://doi.org/10.2471/BLT.20.258186.

5.	Long QX, Liu BZ, Deng HJ, Wu GC, Deng K, Chen YK, 
et al. Antibody responses to SARS-CoV-2 in patients with 
COVID-19. Nat Med. 2020;26(6):845-8. https://doi.org/​
10.1038/s41591-020-0897-1.

6.	Gan N. Nearly half a million people may have had Covid-19 in 
Wuhan, study shows. That’s almost 10 times the official figure 
2020. Cable News Network [Internet]. 2020 Dec [cited 2021 
Mar 13]. Available from: https://edition.cnn.com/​2020/​12/​
29/asia/china-coronavirus-seroprevalence-study-intl-hnk/.

7.	World Health Organization [Internet] Geneva: The Associa-
tion [cited 2021 Aug 7]. Coronavirus disease (COVID-19): 
Serology, antibodies and immunity. Available from: https://
www.who.int/news-room/q-a-detail/coronavirus-disease-
covid-19-serology.

8.	Lerner AM, Eisinger RW, Lowy DR, Petersen LR, Humes R, 
Hepburn M, et al. The COVID-19 Serology Studies Workshop: 
Recommendations and Challenges. Immunity. 2020;53(1):​
1-5. https://doi.org/10.1016/j.immuni.2020.06.012.

9.	Peeling RW, Wedderburn CJ, Garcia PJ, Boeras D, Fong
wen N, Nkengasong J, et al. Serology testing in the COVID-19 
pandemic response. Lancet Infect Dis. 2020;20(9):e245-e9. 
https://doi.org/10.1016/s1473-3099(20)30517-x.

10.	Poletti P, et al. Seroprevalence of and Risk Factors Associ-
ated With SARS-CoV-2 Infection in Health Care Workers 

as this study was conducted at the end of the first wave 
of the pandemic (May/June), there was a  low chance of 
seroreversion (i.e.,  loss of antibodies by those who were 
seropositive) in the participants.
The study has also important strengths. While previ-
ous studies assessed the  discriminative properties of 
COVID-19-related symptoms, they were mostly carried 
out in a hospital context [35–37], leaving out many patients 
with mild presentations (contrary to what was observed in 
this study). In addition, the authors assessed the seropreva-
lence of SARS-CoV-2 infection in a  professional context, 
assessing a diverse range of non-healthcare workers.

CONCLUSIONS
In conclusion, 2.9% of tested municipal employees dis-
played positive serological tests. The study portrays how 
different professional groups were impacted in the  first 
wave of the  pandemic in this region, in a  phase where 
large-scale PCR testing was still not available and preven-
tive measures (such as lockdown and the recommenda-
tion of mask usage for the population) were still in early 
adoption. In  this context, the  existence of a  COVID-19 
confirmed case in a participant’s household was the vari-
able found to have the  strongest association with 
COVID-19 seropositivity, while the  reported symptom 
with the highest PPV and specificity was found to be that 
of anosmia/ageusia.

ACKNOWLEDGMENTS
The authors thank Dr. Rui Moreira and Dr. Filipe Araújo, Presi-
dent and Vice-President of the Porto City Hall, for their support 
in the study. The author also thank the Matosinhos City Hall for 
their collaboration and participation in the study.

REFERENCES

1.	Worldometers  [Internet]. Coronavirus Live Update  [cited 
2021 Aug 7]. Available from: https://www.worldometers.info/​
coronavirus/.

https://doi.org/10.1186/s12575-020-00128-2
https://doi.org/10.2807/1560-7917.ES.2020.25.11.2000285
https://doi.org/10.2471/BLT.20.258186
https://doi.org/10.1038/s41591-020-0897-1
https://doi.org/10.1038/s41591-020-0897-1
https://edition.cnn.com/2020/12/29/asia/china-coronavirus-seroprevalence-study-intl-hnk/
https://edition.cnn.com/2020/12/29/asia/china-coronavirus-seroprevalence-study-intl-hnk/
https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-serology
https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-serology
https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-serology
https://doi.org/10.1016/j.immuni.2020.06.012
https://doi.org/10.1016/s1473-3099(20)30517-x
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/


O R I G I N A L  P A P E R      N. BARROS FERREIRA ET AL.

IJOMEH 2022;35(3)306

19.	Ferrer RA, Klein WM. Risk perceptions and health behavior. 
Curr Opin Psychol. 2015;5:85-9. https://doi.org/10.1016/j.
cop​syc.​2015.03.012.

20.	Christopher D, Isaac B, Rupali P, Thangakunam B. Health-
care preparedness and health-care worker protection in 
COVID-19 pandemic. Lung India. 2020;37(3):238-45. https://
doi.org/10.4103/lungindia.lungindia_189_20.

21.	Serviço Nacional de Saúde [Internet]. Healthcare Workers 
information  [cited 2021 Aug 7]. Available from: https://
www.sns.gov.pt/noticias/2020/05/28/covid-19-profission-
ais-de-saude/.

22.	PORDATA [Internet]. Healthcare Staff working in the Na-
tional Health System – Continent [cited 2021 Aug 7]. Avail-
able from: https://www.pordata.pt/Portugal/SNS+pes​so​al+​
ao+​servi%C3%A7o+nos+hospitais+e+centros+​de+​sa%​
C3%​BA​de​+++Continente-3322.

23.	Kislaya I, Gonçalves P, Barreto M, De Sousa R, Garcia AC, 
Matos R, et  al. Seroprevalence of SARS-CoV-2 Infection 
in Portugal in May-July 2020: Results of the  First Na-
tional Serological Survey (ISNCOVID-19). Acta Med Port; 
2021;34(2):87. https://doi.org/10.20344/amp.15122.

24.	Haehner A, Draf J, Dräger S, Katja, Hummel T. Predictive 
Value of Sudden Olfactory Loss in the  Diagnosis of COV-
ID-19. ORL. 2020;82(4):175-80. https://doi.org/​10.​1159/​00​
0​509143.

25.	Romero‐Gameros CA, Waizel‐Haiat S, Mendoza‐Zubieta V, 
Anaya‐Dyck A, López‐Moreno MA, Colin‐Martinez T, et al. 
Evaluation of predictive value of olfactory dysfunction, as 
a screening tool for COVID‐19. Laryngoscope Investig Oto-
laryngol. 2020;5(6):983-91. https://doi.org/10.1002/lio2.​482.

26.	Zahra SA, Iddawela S, Pillai K, Choudhury RY, Harky A. Can 
symptoms of anosmia and dysgeusia be diagnostic for CO-
VID‐19? Brain Behav. 2020;10(11). https://doi.org/10.1002/
brb3.1839.

27.	Lozada-Nur F, Chainani-Wu N, Fortuna G, Sroussi H. Dys-
geusia in COVID-19: Possible Mechanisms and Implications. 
Oral Surg Oral Med Oral Pathol Oral Radiol. 2020;130(3):344-
6. https://doi.org/10.1016/j.oooo.2020.06.016.

During the Early COVID-19 Pandemic in Italy. JAMA Netw 
Open. 2021;4(7):e2115699. https://doi.org/​10.1001/jama​
net​work​open.2021.15699.

11.	Kataria Y, Cole M, Duffy E, de la Cena K, Schechter-Per-
kins EM,  Bouton TC, et al. Seroprevalence of SARS-CoV-2 
IgG antibodies and risk factors in health care workers at 
an academic medical center in Boston, Massachusetts. Sci 
Rep 2021;11:9694. https://doi.org/10.1038/s41598-021-
89107-5.

12.	Jerković I, Ljubić T, Bašić Ž, et  al. SARS-CoV-2 Antibody  
Seroprevalence in Industry Workers in Split-Dalmatia and 
Šibenik-Knin County, Croatia. J Occup Environ Med. 2021;​
63(1):​32–37. https://doi.org/10.1097/​JOM.​00​0​0​0​0​0​0​0​0​0​0​
2020.

13.	Pordata  [Internet]. Workers in Local Public Administra-
tion: Total and by sex [cited 2021 Aug 7]. Available from: 
https://www.pordata.pt/Municipios/Trabalhadores+da+Ad
ministra%C3%A7%C3%A3o+P%C3%BAblica+Local+total​
+e+por+sexo-849.

14.	Pickering S, Betancor G, Galão RP, Merrick B, Signell AW, 
Wilson HD, et al. Comparative assessment of multiple COV-
ID-19 serological technologies supports continued evaluation 
of point-of-care lateral flow assays in hospital and commu-
nity healthcare settings. PLoS Pathog. 2020;16(9):e1008817. 
https://doi.org/10.1371/journal.ppat.​1008817.

15.	Surescreen Diagnostics [Internet]. COVID-19 Coronavirus 
Rapid Antibody Test Cassette  [cited 2021 Mar 13]. Avail-
able from: https://www.surescreen.com/products/covid-19​- 
coronavirus-rapid-test-cassette.

16.	Yan Z, Lan Y. Modeling COVID-19 infection in a confined 
space. Nonlinear Dyn. 2020;101(3):1643-51. https://doi.
org/​10.1007/s11071-020-05802-4.

17.	UK Parliament [Internet]. COVID-19 and occupational risk 
2020 [cited 2021 Jan 2]. Available from: https://post.parlia-
ment.uk/covid-19-and-occupational-risk/.

18.	Administration OS, Health, Department of Labor USA. 
Guidance on Preparing Workplaces for COVID-19. OSHA 
3990-03; 2020.

https://doi.org/10.1016/j.copsyc.2015.03.012
https://doi.org/10.1016/j.copsyc.2015.03.012
https://doi.org/10.4103/lungindia.lungindia_189_20
https://doi.org/10.4103/lungindia.lungindia_189_20
https://www.sns.gov.pt/noticias/2020/05/28/covid-19-profissionais-de-saude/
https://www.sns.gov.pt/noticias/2020/05/28/covid-19-profissionais-de-saude/
https://www.sns.gov.pt/noticias/2020/05/28/covid-19-profissionais-de-saude/
https://www.pordata.pt/Portugal/SNS+pessoal+ao+servi%C3%A7o+nos+hospitais+e+centros+de+sa%C3%BAde+++Continente-3322
https://www.pordata.pt/Portugal/SNS+pessoal+ao+servi%C3%A7o+nos+hospitais+e+centros+de+sa%C3%BAde+++Continente-3322
https://www.pordata.pt/Portugal/SNS+pessoal+ao+servi%C3%A7o+nos+hospitais+e+centros+de+sa%C3%BAde+++Continente-3322
https://doi.org/10.20344/amp.15122
https://doi.org/10.1159/000509143
https://doi.org/10.1159/000509143
https://doi.org/10.1002/lio2.482
https://doi.org/10.1002/brb3.1839
https://doi.org/10.1002/brb3.1839
https://doi.org/10.1016/j.oooo.2020.06.016
https://doi.org/10.1001/jamanetworkopen.2021.15699
https://doi.org/10.1001/jamanetworkopen.2021.15699
https://doi.org/10.1038/s41598-021-89107-5
https://doi.org/10.1038/s41598-021-89107-5
https://doi.org/10.1097/JOM.0000000000002020
https://doi.org/10.1097/JOM.0000000000002020
https://www.pordata.pt/Municipios/Trabalhadores+da+Administra%C3%A7%C3%A3o+P%C3%BAblica+Local+total+e+por+sexo-849
https://www.pordata.pt/Municipios/Trabalhadores+da+Administra%C3%A7%C3%A3o+P%C3%BAblica+Local+total+e+por+sexo-849
https://www.pordata.pt/Municipios/Trabalhadores+da+Administra%C3%A7%C3%A3o+P%C3%BAblica+Local+total+e+por+sexo-849
https://doi.org/10.1371/journal.ppat.1008817
https://www.surescreen.com/products/covid-19-coronavirus-rapid-test-cassette
https://www.surescreen.com/products/covid-19-coronavirus-rapid-test-cassette
https://doi.org/10.1007/s11071-020-05802-4
https://doi.org/10.1007/s11071-020-05802-4
https://post.parliament.uk/covid-19-and-occupational-risk/
https://post.parliament.uk/covid-19-and-occupational-risk/


SARS-CoV-2 SEROPREVALENCE IN WORKERS    O R I G I N A L  P A P E R

IJOMEH 2022;35(3) 307

the receptor binding domain of SARS-CoV-2 spike protein 
in COVID-19 patients. Sci Immunol. 2020;5(52):eabe0367. 
https://doi.org/10.1126/sciimmunol.abe0367.

34.	Dan JM, Mateus J, Kato Y, Hastie KM, Yu ED, Faliti CE, et al. 
Immunological memory to SARS-CoV-2 assessed for up to 
8 months after infection. Science. 2021;371(6529):eabf4063. 
https://doi.org/10.1126/science.abf4063.

35.	International Severe Acute Respiratory and Emerging In-
fections Consortium (ISARIC). COVID-19 Report: 19 May 
2020  [cited 2021 Mar 13]. Available from: https://media.
tghn.org/medialibrary/2020/05/ISARIC_Data_Platform_
COVID-19_Report_19MAY20.pdf.

36.	Guan W-J, Ni Z-Y, Hu Y, Liang W-H, Ou C-Q, He J-X, et al. 
Clinical Characteristics of Coronavirus Disease 2019 in 
China. N Engl J Med. 2020;382(18):1708-20. https://doi.​
org/​10.1056/nejmoa2002032.

37.	Dini G, Montecucco A, Rahmani A, Barletta C, Pellegrini 
L, Debarbieri N, et al. Clinical and epidemiological charac-
teristics of COVID-19 during the early phase of the SARS-
CoV-2 pandemic: a  cross-sectional study among medical 
school physicians and residents employed in a  regional 
reference teaching hospital in Northern Italy. Int J Occup 
Med Environ Health; 2021;34(2):189–201. https://doi.org/​
10.​13075/ijomeh.1896.01759.

28.	Sungnak W, Huang N, Bécavin C, Berg M, Queen R, Litvinu-
kova M, et al. SARS-CoV-2 entry factors are highly expressed 
in nasal epithelial cells together with innate immune genes. 
Nat Med. 2020;26(5):681-7. https://doi.org/10.1038/s41591-
020-0868-6.

29.	World Health Order  [Internet]. Coronavirus disease 
(COVID-19) advice for the  public  [cited 2021 Mar 13]. 
Available from: https://www.who.int/emergencies/diseas-
es/novel-coronavirus-2019/advice-for-public.

30.	Levinson R, Elbaz M, Ben-Ami R, Shasha D, Levinson T, 
Choshen G, et  al. Time course of anosmia and dysgeusia 
in patients with mild SARS-CoV-2 infection. Infect Dis. 
2020;52(8):600-2. https://doi.org/10.1080/23744235.2020.
1772992.

31.	Aguilar JB, Faust JS, Westafer LM, Gutierrez JB. Investigat-
ing the  Impact of Asymptomatic Carriers on COVID-19 
Transmission. medRxiv 2020. https://doi.org/10.1101/202
0.03.18.20037994.

32.	Lumley SF, O’Donnell D, Stoesser NE, Matthews PC, How-
arth A, Hatch SB, et  al. Antibody Status and Incidence of 
SARS-CoV-2 Infection in Health Care Workers. N Engl J 
Med. 2020. https://doi.org/10.1056/nejmoa2034545.

33.	Iyer AS, Jones FK, Nodoushani A, Kelly M, Becker M, Slater D, 
et al. Persistence and decay of human antibody responses to 

This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License – http://creativecommons.org/
licenses/by-nc/3.0/pl/deed.en.

https://doi.org/10.1126/sciimmunol.abe0367
https://doi.org/10.1126/science.abf4063
https://media.tghn.org/medialibrary/2020/05/ISARIC_Data_Platform_COVID-19_Report_19MAY20.pdf
https://media.tghn.org/medialibrary/2020/05/ISARIC_Data_Platform_COVID-19_Report_19MAY20.pdf
https://media.tghn.org/medialibrary/2020/05/ISARIC_Data_Platform_COVID-19_Report_19MAY20.pdf
https://doi.org/10.1056/nejmoa2002032
https://doi.org/10.1056/nejmoa2002032
https://doi.org/10.13075/ijomeh.1896.01759
https://doi.org/10.13075/ijomeh.1896.01759
https://doi.org/10.1038/s41591-020-0868-6
https://doi.org/10.1038/s41591-020-0868-6
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
https://doi.org/10.1080/23744235.2020.1772992
https://doi.org/10.1080/23744235.2020.1772992
https://doi.org/10.1101/2020.03.18.20037994
https://doi.org/10.1101/2020.03.18.20037994
https://doi.org/10.1056/nejmoa2034545
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

