
IJID Regions 4 (2022) 10–16 

Contents lists available at ScienceDirect 

IJID Regions 

journal homepage: www.elsevier.com/locate/ijregi 

Seroprevalence of anti-SARS-CoV-2 IgG antibodies: relationship with 

COVID-19 diagnosis, symptoms, smoking, and method of transmission 

Kora-Mareen Bühler a , Victor Echeverry-Alzate 

b , c , Javier Calleja-Conde 

a , 
Pedro Durán-González a , Lucia Segovia-Rodriguez a , Jose A Morales-García 

d , e , 
Mateo Pérez-Wiesner f , David Cables-Chozas a , Fernando Rodríguez de Fonseca 

c , 
Alberto Delgado-Iribarren 

g , h , i , Paloma Merino-Amador g , h , i , Fernando González-Romo 

g , h , i , 
Elena Ginéd , Jose Antonio López-Moreno 

a , ∗ 

a Department of Psychobiology and Methodology in Behavioral Sciences, Faculty of Psychology, Somosaguas Campus, Complutense University of Madrid, 28223, 

Madrid, Spain 
b School of Life and Nature Sciences, Nebrija University, 28248, Madrid, Spain 
c IMABIS Foundation, Regenerative Medicine Laboratory, Carlos Haya Regional University Hospital, 29010, Málaga, Spain 
d Department of Cellular Biology, School of Medicine, Complutense University of Madrid, 28040, Madrid, Spain 
e Spanish Center for Networked Biomedical Research on Neurodegenerative Diseases (CIBERNED), 28031, Madrid, Spain 
f Department of Psychology, Universidad Camilo José Cela, Madrid, Spain 
g Microbiology Department, Hospital Universitario Clínico San Carlos, Madrid, Spain 
h Instituto de Investigación Sanitaria Hospital Clínico San Carlos (IdISSC), Madrid, Spain 
i Department of Medicine, Universidad Complutense School of Medicine, Madrid, Spain 

a b s t r a c t 

Aims: The study of SARS-CoV-2 antibodies in the population is a crucial step towards overcoming the COVID-19 pandemic. Seroepidemiological studies allow an 
estimation of the number of people who have been exposed to the virus, as well as the number of people who are still susceptible to infection. 
Methods: In total, 13 560 people from Arganda del Rey, Madrid (Spain) were assessed between January and March 2021 for the presence of IgG antibodies, using 
rapid tests and histories of symptoms compatible with COVID-19. 
Results: 24.2% of the participants had IgG antibodies and 9% had a positive COVID-19 diagnosis. Loss of smell/taste was the most discriminating symptom of the 
disease. The main transmitters of infection were found to be household members. Unexpectedly, in smokers, the incidence of positive COVID-19 diagnoses was 
significantly lower. Additionally, it was found that there was a discrepancy between COVID-19 diagnosis and the presence of IgG antibodies. 
Conclusions: Rapid anti-IgG tests are less reliable in detecting SARS-CoV-2 infection at an individual level, but are functional in estimating SARS-CoV-2 infection 
rates at an epidemiological level. The loss of smell/taste is a potential indicator for establishing COVID-19 infection. 
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Since the beginning of the COVID-19 pandemic, many seroepidemio-
ogical studies have been conducted in order to determine the presence
f antibodies against SARS-CoV-2 ( Strinhgini et al., 2020 ; Eslami and
alili, 2020 ; Mack et al., 2021 ; Figueiredo-Campos et al., 2020 ). There
re two main premises of these studies. The first is that the presence of
ntibodies allows us to estimate the number of people who have been
xposed to the virus in an objective way, and in spite of the presence
f asymptomatic cases. The second is the ability to estimate the num-
er of people who remain susceptible to infection. This is important in
etermining whether the threshold of herd immunity has been reached.
he concept of herd immunity refers to the fact that a large part of the
opulation must have been exposed to the virus naturally (infected) or
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y vaccination. Herd immunity in the SARS-CoV-2 pandemic has been
stimated at 50–66% ( Neagu, 2020 ). This would result in a lower prob-
bility of infection between individuals. 

An added value of seroepidemiological studies is the self-reporting
hat can accompany the clinical assessment of IgG antibodies. Thanks
o these questionnaires it is possible to determine which symptoms
ave greater predictive value for the diagnosis of COVID-19. On one
and, serological testing can detect cases that have been asymptomatic
 Arabkhazaeli et al., 2021 ; Shakiba et al., 2020 ). On the other hand,
he patients’ self-reported data allow us to associate these symptoms
ith the test results. For example, one of the symptoms that appears

o be most associated with SARS-CoV-2 infection is loss of taste and/or
mell ( Marcgese-Ragona et al., 2020 ; Aziz et al., 2021 ). There is also
 debate regarding a link between smoking activity and the likelihood
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Table 1 

General characteristics of the study participants 

Number of participants Percentage (%) 

Data collection stage 
1st stage 4466 32.9 
2nd stage 5136 37.9 
3rd stage 3958 29.2 
Sex 
Female 6289 46.4 
Male 7271 53.6 
Age, Years 
0–19 583 4.3 
20–34 2216 16.3 
35–49 5158 38.0 
50–64 3433 25.3 
≥ 65 2170 16.0 
Nationality 
Spanish 11819 87.2 
Other 1741 12.8 
Occupation 
Active worker 7460 56.5 
Retired 2217 16.8 
Unemployed 1378 10.4 
Student 987 7.5 
House person 518 3.9 
Other 633 4.8 
Presence of COVID-19 at some point 
Positive COVID-19 diagnosis 1224 9.0 
Negative COVID-19 diagnosis 12336 91.0 
Vaccine 
Vaccinated participant – 1° Dose 390 2.9 
Vaccinated participant – 2° Dose 139 1.02 
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f a worsening COVID-19 disease course, and/or number of hospital
dmissions in the smoking population ( Vardavas and Nikitara, 2020 ;
arsalinos et al., 2020 ; Proppers, 2020 ; Gupta et al., 2021 ). Intuitively,
ne would expect that in the smoking population the number of COVID-
9 cases would be higher. In addition, epidemiological studies allow us
o explore the main routes of infection. It is to be expected that proxim-
ty, cohabitation between individuals, and the duration of cohabitation
re the main factors facilitating contagion. 

This study relied on the national seroepidemiological study in Spain,
hich has been a reference for the Spanish population and was pub-

ished in the journal The Lancet in July 2020 ( Pollán et al., 2020 ).
ur study adapted most of the methodology used in this national

tudy to a local population in Madrid. To increase the extrapolabil-
ty/comparability across both studies, the same serological rapid test
as employed and most of the items of the self-reported questionnaires
pplied to participants were replicated. 

aterials and methods 

tudy design and participants 

The study design included three successive stages of data collection,
ith a 3-week break between each one of them – from January 18th to
3rd, from February 15th to 20 th , and from March 15th to 18th, 2021.
articipants were randomly selected based on the town census for Ar-
anda del Rey. In order to have participants of a wide age range, the
election was made by household. All household residents were invited
o participate in the study, resulting in a final sample of 13 560 individ-
als, representing 24.04% of the entire population of Arganda del Rey
National Institute of Statistics, 2021). The main characteristics of this
ample of participants are described in Table 1 . 

Individuals residing in the selected households were contacted by
elephone and informed of the objective and characteristics of the study.
nce their willingness to participate had been confirmed, participant

nformation was obtained and an appointment for a rapid immunochro-
11 
atographic test was made at the facilities provided by the City Council
f Arganda del Rey. 

The telephone contact service was provided by the company CTi
oluciones. The inclusion criteria for the study were: (1) being regis-
ered in the town of Arganda del Rey; (2) being older than 1 year of
ge; (3) having knowledge of the Spanish language. 

Written informed consent was obtained from all study participants.
ifferent forms of informed consent were used for adults, teenagers, par-
nts of participating children, and guardians of mentally disabled par-
icipants. All data collected for the study were identified by a random
ode to protect the identity of the participants. The study complied with
rganic Law 3/2018 of December 5, 2018, on Personal Data Protection
nd Guarantee of Digital Rights, and Regulation (EU) 2016/679 of the
uropean Parliament and of the Council of 27 April 2016 on Data Pro-
ection (General Data Protection Regulation – GDPR). The study was ap-
roved by the Research Ethics Committee of the Community of Madrid
Law 14/2007 on Biomedical Research). 

eneral procedure 

Once contacted and invited, the participants attended the town
ports center ‘Príncipe Felipe’, where they filled out the informed con-
ent form and answered a questionnaire that included: history of symp-
oms compatible with COVID-19 (i.e. fever, chills, fatigue, sore throat,
ough, shortness of breath, headache, and loss of taste or smell, among
thers); contact with suspected or confirmed cases; and other risk fac-
ors. The epidemiological questionnaires were applied by professional
sychologists contracted through the Complutense University of Madrid.
lood samples were then extracted by finger prick. These extractions
ere performed by 16 nursing professionals. Once the extraction was

ompleted, the participants left the facility and the samples were sent
o the Faculty of Medicine of the Complutense University of Madrid,
here they were centrifuged before rapid immunochromatographic test-

ng. Transport of samples to the laboratories was carried out in accor-
ance with current regulations for the transport of category B infectious
ubstances (packing instruction P650 and UN3373). Disposal of biolog-
cal waste was carried out according to the regulations described in the
OE of March 22, 2020. 

etection of SARS-CoV-2 antibodies 

The analysis of the SARS-CoV-2 antibodies was carried out by means
f a rapid immunochromatographic test (Orient Gene Biotech COVID-19
gG/IgM Rapid Test Cassette; Zhejiang Orient Gene Biotech, Zhejiang,
hina), a lateral-flow immunochromatographic assay for qualitative dif-

erentiation between IgG and IgM against the receptor-binding domain
f SARS-CoV-2 spike (S) protein, which yields results in 10 minutes. The
anufacturer reported sensitivity of 97.2% and specificity of 100% for

gG, using RT-PCR as the gold standard. These antibody tests have been
hown in previous quality studies to indeed show high sensitivity and
pecificity ( Hanssen et al., 2021 ), and have been used in several sero-
revalence studies ( Akpabio et al., 2021 ; Álvarez-Antonio et al., 2021 ).
lood samples were extracted by finger prick and centrifuged in order to
etect SARS-CoV-2 antibodies in serum samples. Due to the lower sensi-
ivity and specificity of IgM, its shorter duration, and the heterogeneity
f results observed in initial IgM readings, results for the point-of-care
est reported here are based only on IgG. 

tatistical analysis 

In total, 13 560 individuals from Arganda del Rey, Madrid, Spain
ere assessed for the presence of IgG antibodies. All the questionnaires
ere checked manually and exported to the SPSS version 23 software
ackage (SPSS Inc., Chicago, IL, USA) for analysis. After performing de-
criptive analysis, the direction and strength of statistical associations
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Figure 1. Association between symptoms and 
either positive COVID-19 diagnosis or presence 
of IgG antibodies. Bars on the left (red and 
blue) show the frequency percentages of cer- 
tain symptoms grouped by the presence of a 
positive test or without COVID-19 diagnosis. 
Bars on the right (green and purple) show the 
association between symptoms and the pres- 
ence or absence of IgG antibodies. The larger 
the orange/purple area, the more specific that 
symptom is to COVID-19 as it is less prevalent 
in the general population. 
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etween symptoms and COVID-19 diagnosis or presence of IgG anti-
odies were measured using odds ratios with 95% CI. For this study,
 p -value < 0.05 was considered to represent a statistically significant
ssociation. 

esults 

elationship between symptoms, presence of a positive COVID-19 diagnosis,

nd IgG antibodies 

Considering data for the total population ( N = 13 560), around one in
en participants had a positive COVID-19 diagnosis (9%; n = 1224), and
round one in four participants showed the presence of IgG antibodies
24.2%; n = 3286). Of those who did not have IgG antibodies, 97%
id not have a positive COVID-19 diagnosis. Of those with a positive
OVID-19 diagnosis, 74.5% had IgG antibodies, while for those without
 positive COVID-19 diagnosis, 19.2% had IgG antibodies. 

The symptoms associated with a positive COVID-19 diagnosis were,
rom most to least frequent: headache (38.4%), fatigue (27.4%), cough
24.2%), loss of smell/taste (24.1%), sore throat (19.6%), chills (17.9%),
nd fever (17.1%). However, the higher frequency of a symptom should
ot be confused with that symptom being the most discriminating
or having COVID-19. As shown in Figure 1 , the symptoms of loss of
mell/taste and fever are those that are least frequent in the population
ithout a COVID-19 diagnosis – 1.5% and 2.7%, respectively. These
ould be the symptoms that most discriminate and support a differential
12 
iagnosis. Similar results are obtained when exploring the association
etween symptoms and the presence of IgG antibodies. 

With regard to the association between more common symptoms and
ommon diseases included in the questionnaire and a positive COVID-
9 diagnosis ( Figure 2 a) and the presence of IgG antibodies ( Figure 2 b),
he association between loss of smell/taste and COVID-19 diagnosis was
gain extremely significant. Consequently, a strong association between
oss of taste/smell and COVID-19 diagnosis became evident – OR 21.43
95% CI 17.50–26.25). This implied that this symptom was more than
1 times more likely to be found in the COVID-19 population than in the
ontrol population. Other symptoms also showed statistically significant
Rs, albeit in a more modest fashion. 

None of the evaluated diseases, including diabetes, arterial hyper-
ension, cardiovascular disease, and pulmonary disease, among other
hronic diseases, showed any association with COVID-19. This indicates
hat the presence of COVID-19 was independent of any of these diseases.

elationship between being a smoker and having a positive diagnosis of 

OVID-19 and IgG antibodies 

Approximately one in four study participants were smokers (28.4%;
 = 3768). 

Considering the entire sample, among the smoking population there
as a higher percentage of participants who did not have a positive
iagnosis for COVID-19 (29%) vs 21.7% of smokers who had a posi-
ive diagnosis. Figure 3 shows the percentage of smokers who claimed
o have or not to have a positive COVID-19 diagnosis, as well as the
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Figure 2. Odds ratios (OR) and 95% confi- 
dence intervals (95% CI) for COVID-19 symp- 
toms and other common diseases associated 
with (a) the presence of a positive COVID-19 
diagnosis and (b) the presence of IgG antibod- 
ies. In both cases, the most significant associa- 
tion was shown by loss of smell/taste, followed 
by fever. ∗ ∗ p ˂ 0.01; ∗ ∗ ∗ p ˂ 0.001 
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resence of IgG antibodies in both populations. As shown, in smokers
he probability of being diagnosed with COVID-19 was 33.6% lower.
oreover, the frequency of presence of IgG antibodies differed between

mokers and non-smokers. Whereas 26.6% of non-smokers showed IgG
ntibodies, this value decreased significantly to 19.26% in smokers ( 𝜒2 

1) = 70.36; p < 0.001). 

ransmission of COVID-19 and relationship to presence of IgG antibodies 

Only 4.6% of the participants who had a positive diagnosis stated
hat they had no contact with anyone diagnosed with COVID-19, or at
east that they were aware of, whereas the most frequent source of iden-
ified infection was a member of the household, followed by a customer
13 
r patient, and non-cohabiting relative or friend ( Figure 4 a). When eval-
ating the relationship between having been in contact with a person
iagnosed with COVID-19 and the presence of IgG antibodies, the results
ollowed the same pattern. Here 19.4% of the participants with IgG an-
ibodies stated that they had no contact with anyone diagnosed with
OVID-19, or at least to their knowledge. Again, contact with infected
ustomers (including patients) and cohabiting persons was associated
ith higher level of IgG presence. 

iscussion 

The main findings of our study were as follows: among the symptoms
ssociated with COVID-19, loss of smell/taste was the most discriminat-
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ng; in smokers, the incidence of positive COVID-19 diagnosis was sig-
ificantly lower; most of those diagnosed with COVID-19 or who had
gG antibodies had identified a person who could have infected them,
ith a member of the household being the most frequent source; the
se of rapid IgG serological tests for the detection of SARS-CoV-2 virus
s an effective tool for epidemiological studies of populations, despite
he associated deviations in individual measurements. 

At the time of writing, there were several reviews stating that most
atients who contract COVID-19 are asymptomatic or have mild-to-
oderate symptoms of the disease. For example, among those aged un-
er 20 years, 15–42% have been shown to be asymptomatic ( Viner et al.,
020 ). It is interesting to note that loss of smell/taste was among the
rst symptoms to be associated with COVID-19 ( Russell et al., 2020 ;
orenzo Villalba et al., 2020 ). One of the first studies to propose the
sefulness of hyposmia and hypogeusia for the diagnosis of COVID-19
as that of Bénézit et al. (2020) . Using a sample of 68 patients with
OVID-19 and 189 patients without the disease, they found odds ratios
f 7.44–13.44. Our study, with a sample of 1224 participants with a posi-
ive COVID-19 diagnosis and 12 336 control participants, found a signif-
cantly higher odds ratio of 21.43 (95% CI 17.50–26.25). Therefore, our
esults would support the proposed usefulness of a lack of taste/smell
s a predictive tool in the diagnosis of COVID-19 where clinical labora-
ory tests, such as RT-PCR or rapid antigen tests, are not possible. Other
requent symptoms of COVID-19 have similar incidences in other types
f disease or infectious process, and therefore offer a lower capacity for
ifferential diagnosis. Moreover, when taking into account the presence
f IgG antibodies as a sign of having been exposed to the SARS-CoV-2
irus, loss of smell/taste was found to be most specifically associated
ith the presence of IgG antibodies. 

One of the most controversial results of our study was the relation-
hip between smoking and a lower incidence of positive COVID-19 diag-
osis. As early as March 2020, a first systematic review was published,
hich concluded that smoking was associated with worse progression
nd negative consequences of COVID-19 ( Vardavas & Nikitara, 2020 ).
ew research continues to point in the same direction. It appears that

moking is associated with an increased risk of having severe COVID-19
ymptoms in hospitalized patients ( Saadatian-Elahi, 2021 ). However,
nother set of studies has shown different results. For example, the
14 
revalence of hospitalized COVID-19 smokers in China was shown to
e 10.2%, when the expected prevalence would have been 31.3%. This
ould go against the argument that being a smoker is a risk factor for
ospitalization for COVID-19 ( Farsalinos et al., 2020 ; Propper et al.,
020 ). In our study, 28.4% were smokers. Therefore, if smoking activ-
ty were independent of the number of positive COVID-19 diagnoses,
e should have found approximately 28–30% of smoking participants
eing diagnosed with the disease. However, the incidence of positive
ests among smokers was reduced to 21.7%. Our data support the idea
hat the probability of a positive COVID-19 diagnosis, and possible hos-
italization of the patient, is significantly lower in the smoking popula-
ion. Some studies indicate a link between smoking and changes in the
xpression of some key genes, like angiotensine-converting enzyme -2
ACE-2) used by the SARS-CoV-2 virus to infect cells but studies remain
ontradictory ( Gupta et al., 2021 ). In conclusion, it seems that the rate
f hospitalization or positive COVID-19 diagnosis in smokers is lower,
ut once hospitalized their prognosis is worse. 

Regarding the association between being a smoker and the presence
f IgG antibodies against the SARS-CoV-2 virus, the data showed that
6.2% of non-smokers had IgG antibodies compared with only 19.29%
f smokers. Several explanatory hypotheses can be proposed from these
esults. One of these could be that smokers are impaired in their abil-
ty to produce IgG antibodies against SARS-CoV-2, since the percentage
f smokers without antibodies was significantly higher than those with
ntibodies. However, given that the presence of a positive COVID-19 di-
gnosis was also taken into consideration, the presence of IgG antibod-
es served as an indicator of the number of infections. Therefore, since
mokers showed reduced IgG antibodies as well as a lower frequency of
OVID-19 diagnosis, both sets of data in combination indicate an associ-
tion between smoking and reduced virus infection. Moreover, this link
etween IgG and COVID-19 diagnosis supports the use of IgG antibody
evels as a proxy in assessing the general population for virus exposure.

The most frequent routes of virus transmission appear to be house-
old members, clients (e.g. patients in the case of healthcare workers),
nd family members or friends who do not reside in the same house-
old. Only 4.6% of the COVID-19-diagnosed population did not know
he source of the infection, suggesting a high percentage of awareness
n the population. These results were in line with other epidemiological
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Figure 4. (a) The relationship between having 
been in contact with a person diagnosed with 
COVID-19 and the participant having had a 
positive diagnosis for the disease. (b) The rela- 
tionship between having been in contact with a 
person diagnosed with COVID-19 and the pres- 
ence of IgG antibodies. The higher percentages 
for presence of antibodies vs diagnoses indicate 
that a relevant number of participants had been 
exposed to the virus but did not develop symp- 
toms or did not have a positive diagnosis of 
COVID-19. 
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tudies. Thomson et al., in a recent systematic review and meta-analysis,
howed that the home was the focus of infection and that, if the duration
f contact exceeded 5 days, the rate of transmission was significantly
igher ( Thompson et al., 2021 ). 

Evaluating IgG antibody levels and contact with a person with a pos-
tive COVID-19 diagnosis, one might expect to find percentages similar
o those of having been diagnosed with COVID-19 ( Figure 4 . Panel A).
owever, according to our results, these percentages were higher, es-
ecially in the case of participants who could not identify the source
f infection. In our study, 19.4% of the participants who showed IgG
ntibodies did not know who could have transmitted the virus to them.
his is almost four times more than in the case of participants who had
 positive COVID-19 diagnosis. This would suggest that a proportion
f the population has been exposed to the virus and has not developed
OVID-19 symptoms, or have not linked the experienced symptoms to
 possible COVID-19 infection. 

Regarding the extrapolation of the results shown here, the percent-
ges of infections found here in this specific locality of Madrid were
igher than those found in an earlier Spanish national study carried out
y Pollán et al. (2020) . For example, the IgG seroprevalence in Spain
15 
t the time of the study (April–May 2020) was 11.3% in the province
f Madrid. By the time of our study in the Madrid town of Arganda del
ey, almost 1 year later (January–April 2021), the IgG seroprevalence
as 24.2%, including people who had already been vaccinated ( n = 399;
.9%). The latter were not discarded from the study because many of
hese participants had previously been infected by the virus. Therefore,
ur study suggests that in the 10–12 month period between studies, the
gG seroprevalence rate in the Madrid population increased by about
6.5%. 

Population serological studies have been used mainly to estimate
he prevalence of SARS-CoV-2 infection, since in many cases COVID-19
s asymptomatic ( Pollán et al., 2020 ; Le Vu et al., 2021 ). It has been
stimated that 35.1% of those infected by the virus are asymptomatic
 Sah et al., 2021 ). According to our data, self-reports from participants
howed that 9% had had a positive COVID-19 diagnosis. Of this popula-
ion of positives, 25.5% had no IgG antibodies. That is, these participants
ould not have been detected as infected using serological tests. And
et, when we evaluated the 91% of participants who did not have a pos-
tive COVID-19 diagnosis, 19.2% had IgG antibodies. Therefore, to help
ur estimations, if we combine the 25.5% deviation for non-detected and
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he 19.2% deviation for detected, they would roughly cancel each other
ut. This is not an optimal solution, but functional in terms of epidemi-
logical estimation. This suggests that serological studies can indeed be
 valid tool for establishing the prevalence of infection by the virus at
he population level, but not at the individual level, since the estimated
argin of error would be between 19% and 26%. Considering also that

hese IgG antibody evaluations were performed with rapid tests, which
ad been previously validated clinically, our study suggests that rapid
ests for antibodies against SARS-CoV-2 virus can support population
erological studies in an efficient and cost-effective way. At the time of
he study, it could be ruled out that herd immunity had been achieved.
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