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Abstract
Background This study assessed seroprevalence trends of SARS-CoV-2 antibodies in the Belgian adult population 
between March 2021 and April 2022, and explored factors associated with seropositivity and seroreversion among the 
vaccinated and unvaccinated population.

Methods A prospective longitudinal surveillance study was conducted within a random sample of the general 
population (18 + years) in Belgium, selected from the national register through a multistage sampling design. 
Participants provided a saliva sample and completed a survey questionnaire on three occasions: at baseline and 
in two follow-up waves. Outcome variables included (1) seropositivity, defined as the presence of SARS-CoV-2 
antibodies, assessed with a semi-quantitative measure of anti-RBD (Receptor Binding Domain) IgG ELISA and (2) 
seroreversion, defined as passing from a positive to a negative antibody test between two measurements. Trends 
in SARS-CoV-2 antibody prevalence were assessed using binary logistic regression with contrasts applying post-
stratification. Potential determinants of seropositivity were assessed through multilevel logistic regressions.

Results In total 6,178 valid observations were obtained from 2,768 individuals. SARS-CoV-2 antibody prevalence 
increased from 25.1% in the beginning of the study period to 92.3% at the end. Among the vaccinated population, 
factors significantly associated with higher seropositivity rates were being younger, having a bachelor diploma, living 
with others, having had a vaccine in the last 3 months and having received a nucleic-acid vaccine or a combination. 
Lower seropositivity rates were observed among vaccinated people with a neurological disease and transplant 
patients. Factors significantly associated with higher seropositivity rates among the unvaccinated population were 
having non-O blood type and being non-smoker. Among vaccinated people, the seroreversion rate was much lower 
(0.3%) in those who had received their latest vaccine in the last 3 months compared to those who had received their 
latest vaccine more than 3 months ago (2.7%) (OR 0.13; 95%CI 0.04–0.42).
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Text box 1. Contributions to the literature
• Further insights are provided on determinants of SARS-
CoV-2 seropositivity at population level in both the vac-
cinated and unvaccinated population.
• In the general population seroreversion after COVID-19 vac-
cination is extremely rare within the first three months after 
vaccination, but non negligible if the vaccination occurred 
more than three months ago.
• Public health systems benefit by integrating seropreva-
lence studies in the general population in their surveillance 
systems.

Background
The first case of SARS-CoV-2 (severe acute respira-
tory syndrome coronavirus 2) infection in Belgium was 
reported on February 4th 2020 [1]. The rapid increase 
of people testing positive thereafter marked the first 
epidemic wave, which started on March 1st 2020 [2]. A 
national COVID-19 (Coronavirus Disease 2019) surveil-
lance system was set up by Sciensano, the Belgian insti-
tute of health, at an early stage of the epidemic, mainly 
focusing on COVID-related cases, hospitalisations, 
deaths, and later, on vaccination coverage [2]. In paral-
lel, several serological studies were launched according 
to the WHO recommendations [3]. Former research had 
indeed shown that specific serum antibodies to SARS-
CoV-2 increased 2 to 3 weeks following the primary 
infection and remained detectable for 3 to 6 months after 
[4, 5]. Serology tests could thus be used to evaluate the 
number of people, including asymptomatic persons, that 
got infected with the virus and to estimate the cumula-
tive prevalence of infection and disease transmission over 
time (6). Seroepidemiological studies could also provide 
an important empirical input for mathematical models 
in the analysis and prediction of the pandemic (7). Dur-
ing the vaccination campaign, serological surveillance 
remained relevant for assessing the prevalence of SARS-
CoV-2 infection among the unvaccinated people and for 
comparing the immune response status between naïve 
and previously infected individuals among the vaccinated 
(8). The SARS-CoV-2 seroprevalence studies in Belgium 
were conducted in several settings, at first on residual 
blood samples (9) but also on specific subpopulation 
sera, e.g. from blood donors (2), healthcare workers in 
hospitals (10), primary healthcare providers (11), school 
children (12) and nursing home residents and staff [13, 
14]. This paper reports findings of a seroprevalence study 

conducted in a general population sample of adults ran-
domly selected from the Belgian national register. Similar 
serological studies in community settings were initiated 
in other European countries [15]. Ours took place in 
the period running from March 2021 to April 2022, 
with three data collection points within the same study 
sample.

Although serum-based methods are the gold stan-
dard to assess the presence of SARS-CoV-2 antibodies, 
research using blood samples is difficult to implement in 
a geographically scattered random selection of the gen-
eral population. The major barriers encountered in this 
context are low participation acceptance as well as high 
economic, logistical and time constraints related to draw-
ing blood samples and delivering them to a lab in optimal 
conditions. This led us to consider an alternative method 
for community-based surveillance, i.e., using salivary 
antibody tests. Two independent studies from the US and 
from Belgium had shown this to be a non-invasive, scal-
able substitute to serology tests [16, 17]. Another study 
confirmed that both serum and salivary IgG antibodies 
to SARS-CoV-2 persisted in the majority of COVID-19 
patients for at least 3 months after symptom onset [18].

During the course of our study, Belgium faced four 
COVID-19 waves and a steep increase in the COVID-19 
vaccination rate [2]. The study objectives were adapted 
to the rapidly progressing dynamics of the epidemic and 
considered the impact of the vaccination campaign on 
antibody prevalence. Three research questions are tack-
led in the framework of this paper:

  • How did the prevalence of SARS-CoV-2 antibodies 
evolve during the 13-months study period in the 
general adult population, and independently among 
the vaccinated and unvaccinated people?

  • What sociodemographic and health-related 
characteristics associate with seropositivity, in both 
the vaccinated and unvaccinated people?

  • To what extent did people with a positive test result 
serorevert to a negative test result in a following data 
collection point, and what factors were associated 
with seroreversion?

Conclusions The rapid increase in antibody seropositivity in the general adult population in Belgium during the 
study period was driven by the vaccination campaign which ran at full speed during this period. Among vaccinated 
people, seropositivity varied in function of the time since last vaccine, the type of vaccine, sociodemographic features 
and health status.

Keywords Prevalence, Seroepidemiologic studies, SARS-CoV-2, COVID-19, Population, Belgium
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Methods
Study design and study population
The study design has been thoroughly described in for-
mer publications [19, 20]. In brief, this is a prospective 
longitudinal surveillance study in which adults were 
selected from the Belgian National Register of residents 
through multistage sampling. First, all reference persons 
of private households were divided into strata based on 
region of residence, gender and age group. Households 
were then randomly selected in each stratum, as primary 
sampling units. Within a selected household, all mem-
bers aged 18 years and older were eligible for participa-
tion. The inclusion criterion of the study was having an 
official residence in Belgium at the moment of the sam-
pling. Living in an institution (nursing homes, prisons, 
religious communities or cloisters, psychiatric institu-
tions,…) or being under 18 years were exclusion crite-
ria. A total of 1,339 adults belonging to 634 households 
were invited to participate in a pilot phase of the study. 
Sample size calculations indicated that 1,200 individu-
als in each of the 3 Belgian regions (thus a total of 3,600) 
would be large enough to obtain regional estimates on 
SARS-CoV-2 seroprevalence with sufficiently high preci-
sion [19]. Based on these predictions and on the partici-
pation scheme obtained during the pilot phase, another 
12,862 individuals in 7,598 households were selected to 
supplement the baseline data collection point. For practi-
cal reasons, invitations to participate were sent out in 3 
distinct time batches within a period of 4 weeks. Because 
the fieldwork procedures were not modified between 
the pilot and supplementary baseline data collection 
phases, the observations gathered in these two phases 
were merged into a total “wave 1” dataset. This allowed to 
increase the power of the analysis and to assess finetuned 
trends in antibody seroprevalence over an expanded 
timeline during the first study period. Finally, the wave 1 
participants who agreed to follow-up were reinvited for 
the wave 2 and wave 3 data collection points. People were 
thus contacted 3 times for the study: between 25/03/2021 
and 15/06/2021 for wave 1, between 23/09/2021 and 
28/10/2021 for wave 2 and between 25/01/2022 and 
08/02/2022 for wave 3. Participants got access to their 
test results through the project website or by phone, 
using a code.

Data collection
Saliva samples were obtained from the participants 
through self-collection. People selected for the study 
received an invitation letter, two consent forms, an Ora-
col® tube (Malvern Medical Developments Ltd) for col-
lecting saliva, a user’s guide (including an online video) 
on how to proceed and how to obtain their test result, 
a survey questionnaire (paper or online) and a pre-
paid return envelope. A third trusted party (Statbel, the 

national office of statistics) detained the participants’ 
names and addresses for sending out the follow-up invi-
tations and survey material. The following topics were 
included in the questionnaires based on their potential 
association with COVID-19 antibody status: (1) sociode-
mographic information, (2) presence of chronic diseases, 
(3) occupational status, (4) financial situation, (5) access 
to health care services, (6) mental health, (7) social con-
tacts, (8) lifestyle, (9) possible contact with SARS-CoV-2 
virus and consequences, (10) adherence to policy mea-
sures, (11) vaccination status, and (12) attitude towards 
vaccination. A selection of relevant topics was considered 
for this study. Data were collected from 29th March 2021 
until 25th April 2022.

Assessment of outcome variables
The saliva samples were returned by post and analysed 
in Sciensano’s laboratories. Semi-quantitative measure-
ments of anti-receptor-binding domains IgG (anti-RBD 
IgG) were performed using the WANTAI SARS-CoV-2 
IgG ELISA (Quantitative Wantai Bio-Pharm, cat n° 
WS-1396) customized for saliva (in house protocol). The 
cut-off value for anti-RBD IgG positivity in saliva was 
previously established using PCR-confirmed samples 
from adults for whom both serum and saliva were avail-
able. Saliva from positive PCR cases were tested using 
the in house ELISA-protocol. Assay performance at each 
individual cut-off was evaluated using ROC (Receiver 
Operating Characteristic) analyses and a specificity-opti-
mized cut-off value for anti-RBD IgG positivity in saliva 
was determined. This cut-off was used to create a binary 
variable reflecting the presence of SARS-CoV-2 anti-
bodies in saliva (positive or negative test result) with a 
specificity of 96.7% and a sensitivity of 95.1%. The second 
outcome variable in our study is that of seroreversion, 
defined as passing from a positive to a negative antibody 
test result from one data collection point to the next.

Assessment of potential determinants
The potential determinants of antibody seroposivity and/
or seroreversion in this study comprised baseline mea-
sures of sociodemographic and occupational information 
(age, sex, region of residence, living situation, working in 
the health care sector), health and biological character-
istics (self-rated health, activity limitations, blood type), 
important health risk factors (obesity and smoking) and 
chronic disease status. The latter expressed having at 
least one chronic disease or condition from a list of 12 
that were defined by the Superior Health Council as pri-
ority criteria for COVID-19 vaccination in Belgium [21]. 
Information regarding COVID-19 illness and vaccina-
tion was gathered at each data collection point. Infor-
mation on age, sex and region of residence was obtained 
directly from the national register. All other potential 
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determinants were assessed through self-administered 
questionnaires. Validated instruments were used to mea-
sure mental and social constructs. Supplementary file 
1 provides detailed information on all covariates com-
prised in the analyses, including the vaccination status 
and the presence of chronic diseases and conditions. Peo-
ple were categorized into three groups according to their 
vaccination status at each wave: unvaccinated people 
(i.e. not having received any COVID-19 vaccine at all); 
people partially vaccinated (i.e. having received just one 
dose of a double-dose COVID-19 vaccine, so not includ-
ing unique-dose vaccines such as Johnson & Johnson), or 
having completed the basic vaccination less than 3 weeks 
ago; and people fully vaccinated (i.e. having received a 
complete vaccination scheme with or without a booster 
shot).

Statistical analyses
First, we performed the trend analysis of community-
wide SARS-CoV-2 seroprevalence using post-stratifica-
tion survey weights. Time trends were assessed through 
logistical regressions with contrast statements using 
orthogonal polynomial coefficients and taking into 
account the survey settings. Weights were calculated 
with reference to both the Belgian population structure 
on January 1, 2021 established by Statbel and the official 
national vaccination records. Weighted seroprevalence 
estimates with 95% confidence intervals were calculated 
for seven time points during the full study period. Details 
on the weight calculations are provided in Supplemen-
tary file 2.

Subsequently, we assessed potential factors associated 
with the presence of SARS-CoV-2 antibodies in saliva 
samples. First, a database was constructed with all obser-
vations from the three data collection points. The asso-
ciation between potential determinants and the presence 
of SARS-CoV-2 antibodies was assessed at the level of the 
observations. Potential determinants included both fixed 
individual characteristics (like age and sex) and time 
varying characteristics (e.g. date of last vaccination). To 
take into account within-subject observations across the 
three data collection points, multilevel logistic regres-
sions with three levels (observation, individual, house-
hold) were modelled, including the week number when 
the saliva was collected as covariate in the model. When 
the lowest unit of analysis was the observation (not the 
individual) no weights were used, but the factors that 
were used to calculate the survey weights (age group, sex 
and region) were included as co-variates in the models. 
The analyses were executed with the PROC GLIMMIX 
procedure in SAS® [22] and were conducted separately 
for fully vaccinated and unvaccinated people. Observa-
tions of the partially vaccinated were not involved in 
these analyses. A two-step approach was applied: first, 

the association of each independent variable with the 
SARS-CoV-2 antibody outcome was assessed separately. 
Next, the variables found to be significantly associated 
(p < 0.05) with having SARS-CoV-2 antibodies in the uni-
variate analyses were modelled in a multivariable logistic 
regression with age and gender. If associations remained 
significant (p < 0.05), the interaction of the variable with 
time (week number) was also tested. This allowed assess-
ing whether the associations changed over time.

Lastly, antibody seroreversion was examined among 
individuals with at least two consecutive observation 
points. Possible factors associated with seroreversion 
were additionally explored.

All analyses were conducted with SAS 9.4. A 
p-value < 0.05 was considered statistically significant.

Results
Study population
Figure  1 indicates the participation flow across the dif-
ferent study waves. Out of 14,201 baseline invitations 
2,768 individuals (19.5%) participated in wave 1, among 
whom 1,389 (50.2%) in all three waves. Merging the data 
from the three waves added up to 6,178 valid observa-
tions: 4,205 observations in individuals who were fully 
vaccinated at the time saliva was collected, 852 observa-
tions in those who were partially vaccinated and 1,121 
observations in the unvaccinated. Supplementary file 
3 provides information on the total number of saliva 
samples collected per week during the study period, the 
evolution of the number of COVID-19 cases during this 
period (showing four epidemic waves), the evolution of 
the national vaccination coverage, and the geographical 
spread of the study participants by municipality.

Table 1 provides a comparison of the distribution of the 
participants by gender, age group and region of residence 
with the equivalent distribution in the total Belgian 
population. As shown, participation drop-out between 
wave 1 and wave 3 was considerable, especially in the 
two youngest age groups (18–29 years and 30–49 years). 
However, considering the characteristics of those who 
participated in the three waves, all population groups 
remained well represented.

Prevalence trend of SARS-CoV-2 antibodies
The trend in the prevalence of antibodies to SARS-CoV-2 
observed in the general adult population and separately 
among the fully vaccinated and unvaccinated individu-
als is presented in Table  2. In the general population, 
the prevalence of antibodies increased from 25.1% in the 
first half of April 2021 to 92.3% in March 2022 (p-value 
for linear trend < 0.0001). Although the prevalence of 
SARS-CoV-2 antibodies among the fully vaccinated was 
high throughout the study period, it still rose as time 
progressed. During the pilot phase in March 2021, a 
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relatively low antibody prevalence was found among the 
fully vaccinated (81.3%), but this result is based on the 
rather small number (n = 18) of fully vaccinated in our 
sample at that time, mostly consisting of older people, 
with a very short time lag between the latest vaccine 
and saliva collection. Later, between May 2021 and April 
2022, the prevalence of SARS-CoV-2 antibodies among 
the fully vaccinated people increased from 92.4 to 99.3% 
(p-value for linear trend 0.0003).

Within each of the 7 time periods considered for the 
trend analysis, antibody prevalence was higher in fully 

vaccinated people having received their last shot in the 
past 3 months than in those having received it more 
than 3 months ago, but the difference between these two 
groups was only statistically significant (p = 0.005) within 
one time period (September 27 to October 24). Regard-
ing the unvaccinated people, there was a clear increase 
in the prevalence of SARS-CoV-2 antibodies during the 
first data collection point of the study, rising from 16.6% 
at the time of the pilot study to 21.9% by the end of wave 
1. During wave 2 and 3, the number of unvaccinated 

Fig. 1 Participation flow among Belgian adults
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people was too low to estimate sufficiently precise anti-
body prevalence rates by time period among them.

Characteristics associated with SARS-CoV-2 seropositivity
The potential determinants of seropositivity were 
explored separately for observations of the fully vacci-
nated and unvaccinated individuals at the time of saliva 
collection (Tables 3 and 4). The only factor significantly 
associated with higher seropositivity rates in both the 
fully vaccinated and unvaccinated was a history of 
COVID-19 infection. Among the fully vaccinated, addi-
tional factors significantly associated with a higher sero-
positivity rate were being younger (age group 18–39 
years versus 65 + years), having a bachelor diploma (ver-
sus those with only secondary education and lower), liv-
ing with others (versus living alone), having no chronic 
disease (versus at least one chronic disease), having had a 
vaccine in the last 3 months (versus vaccine more than 3 
months ago) and having received the nucleic-acid vaccine 
or a combination (versus a viral-vectored vaccine only). 
Factors significantly associated with a higher seropositiv-
ity rate among the unvaccinated population were having 
non-O blood type (versus O blood type) and being non-
smoker (versus smokers) (Tables 3 and 4).

The association between the chronic disease indica-
tor and seropositivity among the fully vaccinated people 
was further explored in a specific analysis. For that, the 
chronic disease indicator was replaced by the 12 dis-
eases and conditions separately. Detailed results are pre-
sented in Supplementary file 4. The main finding is that, 
after adjustment for the potential confounders, the fully 
vaccinated people with a neurological disease or with a 
transplant were significantly less inclined to present a 
seropositive test (respectively [ORa 0.33; 95% CI 0.13–
0.84] and [ORa 0.01; 95% CI < 0.001–0.07]) compared to 
people without those problems.

Seroreversion and associated characteristics
Seroreversion, defined here as passing from a positive to 
a negative antibody test from one data collection point to 
the next, was assessed between the first and second data 
collection points (waves 1 and 2) and between the sec-
ond and third data collection points (wave 2 and 3). Out 
of 909 people with a positive antibody test in wave 1, 32 
(3.5%) seroreversed in wave 2. Out of 1,065 seropositive 
people in wave 2, only 8 (0.8%) seroreversed in wave 3. 
So in total, seroreversion occurred in 40 cases during the 
study period. Seroreversion was significantly lower (0.3%) 
among the fully vaccinated people having received their 
latest vaccine in the last 3 months than among those who 
received their latest vaccine more than 3 months ago 
(2.7%) (OR 0.13; 95%CI 0.04–0.42). The percentage of 
seroreversion reached 36.0% in people who were not or 
partially vaccinated.

Discussion
Time trends
We aimed to determine the prevalence and evolution of 
SARS-CoV-2 antibodies in the general population aged 
18 years and older during the 13-months study period. 
The increase in SARS-CoV-2 antibody prevalence, from 
25.1% in April 2021 to 92.3% in March 2022, was the 
consequence of the vaccination campaign during this 
period. These rates were found to be consistently lower 
in comparison to the seroprevalence rates from the Bel-
gian blood donors study [2] between April and December 
2021. It is unlikely that salivary test we used explains this 
difference, as it was validated against COVID-19 PCR 
and paired serum/saliva samples with 95.1% sensitivity. 
Rather, our results highlight the value of general popula-
tion studies to complement the scope of national serolog-
ical surveillance.

Importantly, this study allowed assessing the trend 
in prevalence of SARS-CoV-2 antibodies in both vac-
cinated and unvaccinated people from the general 

Table 1 Distribution of participants by gender, age group and region in relation to this distribution in the Belgian population, 2021
SalivaHIS sample Participants wave 1 SalivaHIS sample

Participants wave 1, 2 and 3
Belgian population 2021 
(18+)*

N % N % N %
Gender Men 1,248 45.1 646 46.5 4,494,752 48.8

Women 1,520 54.9 743 53.5 4,714,364 51.1
Age group 18–29 years 423 15.3 133 9.6 1,654,143 17.9

30–49 years 862 31.1 355 25.6 3,001,662 32.6
50–69 years 825 29.8 459 33.1 2,956,849 32.1
70 + years 658 23.8 442 31.8 1,596,462 17.3

Region Flanders 1,160 41.9 610 43.9 5,363075 58.2
Brussels 819 29.6 404 29.1 944,417 10.3
Wallonia 789 28.5 375 27.0 2,901,624 31.5

Total 2,768 100.0 1,389 100.0 9,209,116 100.0
* Source: Statbel
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population. In vaccinated people, the seroprevalence was 
high throughout the study period, but increased slightly 
as time progressed. However, a seroprevalence of 81.3% 
should be interpreted with caution due to the very small 
number of vaccinated participants in the pilot phase 
period. From the next period onwards, the number of 
vaccinated participants was high enough to give reason-
ably precise estimates. Here, the prevalence of SARS-
CoV-2 antibodies in fully vaccinated people increased 
from 92.5 to 99.9% between May 2021 and March 2022. 
The lower rates found in the beginning probably result 
from the vaccine campaign starting with older people 
and people with chronic morbidities, who may have a 
lower immune response to vaccination. The increase in 
immune response over time is possibly due to multiple 
exposures to the antigen as time progressed (through 
COVID-19 infection or vaccine, including booster). 
Among the unvaccinated people, the prevalence of 
SARS-CoV-2 antibodies increased during wave 1, but 
was variable across time in wave 2 and wave 3, and lower 
than expected. Again, the low number (N = 100) of unvac-
cinated people in these periods call for caution in inter-
preting the results. The low antibody prevalence among 
unvaccinated people could derive from them adher-
ing more strickly to the sanitary measures to prevent 
infection(e.g. lock-down, tele-working, mask wearing). 
Indeed, the proportion of participants who reported a 
history of a COVID-19 infection was lower than expected 
from the official COVID-19 infection statistics.

Characteristics associated with SARS-CoV-2 seropositivity
Among fully vaccinated people, seropositivity was sig-
nificantly lower in those with a chronic disease, more 
particularly a neurological disease or a transplant. This 
result needs further investigation, as our study relies on 
self-report and a limited number of affected individuals. 
However, other findings support our results. For instance, 
patients with multiple sclerosis (a neurological affection), 
receiving disease-modifying therapies showed a reduced 
humoral immunity after SARS-CoV-2 vaccination [23].In 
addition, the seropositivity results in our group of partic-
ipants with a transplant (58.3%) were remarkably similar 
to the SARS-CoV-2 anti-Spike seroprevalence of 52.4% 
found in a study among renal transplant patients [24, 25].

Social factors were also influencial. First, antibod-
ies were more often present in people with a bachelor 
diploma who had higher seropositivity rates compared 
to those with a lower education. A possible explanation 
is that higher socio-economic status is associated with 
a better health status and behaviors, hence a stronger 
immune system. However, this was not confirmed among 
people with a master degree and above. Second, vacci-
nated people living with others had higher seropositivity 
rates compared to those living alone. Possibly they have Ta
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Table 3 Results of simple and multiple multilevel logistic regression analyses on antibody seropositivity for the fully vaccinated 
population including the observations from the three waves1

Adjusted OR (95% CI) Adjusted OR (95% CI) p-value time interaction
Age group 0.1707
 18–39 years Ref Ref
 40–64 years 0.43 (0.23–0.82)* 0.66 (0.33–1.34)
 65 + years 0.24 (0.13–0.43)* 0.49 (0.25–0.96)*
Gender
 Man Ref Ref
 Woman 1.65 (1.17–2.33)* 1.49 (0.99–2.23)
Region
 Flanders Ref
 Brussels 1.03 (0.68–1.57)
 Wallonia 1.04 (0.67–1.60)
Education 0.8584
 Secondary or lower Ref Ref
 Bachelor 2.11 (1.32–3.38)* 2.44 (1.40–4.22)*
 Master or higher 1.54 (1.02–2.33)* 1.43 (0.89–2.30)
Living situation 0.1329
 Alone Ref Ref
 With others 1.70 (1.14–2.55)* 1.76 (1.10–2.83)*
Health care worker
 Yes 1.83 (0.87–3.86)
 No Ref
At least one chronic disease 0.0692
 Yes 0.47 (0.33–0.68)* 0.59 (0.37–0.94)*
 No Ref Ref
Self-perceived health
 Good to very good Ref Ref
 Fair, bad to very bad 1.78 (1.19–2.66)* 0.96 (0.54–1.71)
Long term limitation (GALI2)
 Limited 0.48 (0.32–0.71)* 0.69 (0.39–1.23)
 Not limited Ref Ref
Blood type
 O blood type Ref
 Non-O blood type 1.02 (0.66–1.58)
Obesity (BMI ≥ 30 kg/m²)
 Yes 0.67 (0.44–1.03)
 No Ref
Smoking
 Yes 0.65 (0.40–1.07)
 No Ref
COVID-19 infection 0.0927
 Yes 10.14 (3.19–32.24)* 12.55 (2.96–53.16)*
 No Ref Ref
Time since last vaccination dose3 0.6514
 < 3 months 1.38 (099-1.92) 1.76 (1.09–2.85)*
 ≥ 3 months ago Ref Ref
Type of vaccine received 0.1249
 Nucleic-acid or combination 8.44 (5.90-12.07)* 7.70 (5.07–11.69)*
 Only viral-vectored Ref Ref
1Vaccination status assessed at the moment the saliva test was done
2Global Activity Limitation Indicator
3Potentially a booster vaccination
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a greater chance to be exposed to the virus. Studies have 
shown that living with children for instance increases the 
risk of SARS-CoV-2 infection [26, 27].

Finally, although both types of anti-COVID vaccines 
(nucleic-acid and viral-vectored) have demonstrated 

their effectiveness and their association with antibody 
development, some studies showed a higher seropreva-
lence among people who received a nucleic-acid vaccine 
compared to those with a viral-vectored vaccine [28]. 
This was also observed in our study. Seroprevalence was 

Table 4 Results of simple and multiple multilevel logistic regression analyses on antibody seropositivity for the unvaccinated 
population including the observations from the three waves1,

Crude OR
(95% CI)

Adjusted OR
(95% CI)

p-value time interaction

Age group
 18–39 years Ref Ref
 40–64 years 1.06 (0.71–1.58) 0.81 (0.45–1.48)
 65 + years 0.86 (0.45–1.64) 0.55 (0.18–1.70)
Gender
 Man Ref Ref
 Woman 1.34 (0.94–1.90) 0.98 (0.56–1.69)
Region
 Flanders Ref
 Brussels 1.44 (0.92–2.26)
 Wallonia 1.25 (0.79–1.97)
Education
 Secondary or lower Ref
 Bachelor 1.13 (0.73–1.77)
 Master or higher 0.96 (0.62–1.48)
Living situation
 Alone Ref
 With others 1.25 (0.71–2.20)
Health care worker
 Yes 0.97 (0.41–2.28)
 No Ref
At least one chronic disease
 Yes 1.14 (0.69–1.88)
 No Ref
Self-perceived health
 Good to very good Ref
 Fair, bad to very bad 1.43 (0.16–12.82)
Long term limitation (GALI2)
 Limited 0.63 (0.31–1.28)
 Not limited Ref
Blood type 0.9803
 O blood type Ref Ref
 Non-O blood type 1.67 (1.05–2.67)* 1.74 (1.01–3.01)*
Obesity (BMI ≥ 30 kg/m²)
 Yes 1.12 (0.65–1.92)
 No Ref
Smoking 0.4346
 Yes 0.43 (0.25–0.74)* 0.33 (0.13–0.82)*
 No Ref Ref
Last COVID-19 infection3 0.0825
 < 3 months ago 14.23 (8.10–25.0)* 16.59 (7.10-38.77)*
 ≥ 3 months ago 8.99 (4.83–16.71)* 7.61 (2.97–19.52)*
 No COVID-19 infection Ref Ref
1Vaccination status assessed at the moment the saliva test was done
2Global Activity Limitation Indicator
3potentially a booster vaccination
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lower in the virus-vectored vaccine group compared to 
those having a nucleic-acid vaccine, whether delivered in 
a basic vaccination scheme or as a booster.

Among the unvaccinated people, seropositivity rate 
was lower in those with a O blood type compared to in 
those with an non-O blood type. A systematic review and 
meta-analysis indicated that blood group A may be a risk 
factor for COVID-19, whereas blood group O appears 
to be somewhat protective [29]. To what extent and how 
this relates with our findings remains unclear.

Seroreversion
Seroreversion occurred in only 40 study participants. 
This low number may be related to the surge of Delta 
and Omicron variants of the virus between wave 2 and 3, 
resulting in many reinfections, hence few seroreversions.

Clearly, the time since the latest vaccination was an 
important predictor of seroreversion. Seroreversion was 
also much higher among the partially or unvaccinated 
people compared to people who were fully vaccinated. 
This confirms findings that antibodies developed fol-
lowing vaccination or following a mix of vaccination and 
COVID-19 infection were more robust and waned less 
rapidly than those developed after natural infection only 
[30, 31].

Limitations and strengths of the study
Our study has some important limitations regarding 
serological surveillance. First, we opted to detect anti-
bodies in saliva, while serum-based methods are the 
preferred reference for seroprevalence studies. Still, our 
in-house SARS-CoV-2 RBD IgG ELISA test on saliva 
had shown high sensitivity and specificity. Unfortunately 
it made no distinction between antibodies from natural 
infection and from vaccination. Furthermore, the out-
come reported in this study was dichotomous (presence 
or absence of antibodies), which had an impact on the 
level of analyses (less precision), but also on the inter-
est of the study to participants. Indeed, providing the 
test result to the participants was initially an important 
incentive, but their motivation for follow-up decreased 
as the level of protection was unknown, the vaccine roll-
out was fast and the epidemic was on a decline. Finally, 
the saliva collection was executed by the participants 
themselves, without supervision. The method to collect 
saliva (Oracol®) is designed for self-use and much effort 
had been put in giving clear instructions in a leaflet and 
a video. Nevertheless, it appeared that 17% of the initial 
swap samples down to 9% of the wave 3 swap samples did 
not contain enough saliva to be analysed.

The study also bears important strengths. It is a popu-
lation-based probability sample including residents from 
317 of the 581 Belgian municipalities. Even though non-
response and drop-out were substantial and biases are 

inevitable, the use of post-stratification weights with both 
the national register and the exhaustive Belgian vaccina-
tion record database as auxiliary data sets, ensured that 
results were as representative as possible of the Belgian 
population aged 18 years and above.

Furthermore, the questionnaires that accompanied 
the three data collection waves allowed to gather exten-
sive information from the participants in many different 
domains: socio-demographic information, health related 
factors, health behaviors, COVID-19 infection, vaccina-
tion status, etc. Additionally, over 90% of the study par-
ticipants agreed that their saliva samples could be stored 
in a biobank and that their results could be linked with 
administrative databases for further research.

Conclusions
This study provided useful information for moni-
toring the COVID-19 pandemic in the general adult 
population in Belgium. It allowed to identify, among 
vaccinated and unvaccinated people, factors that were 
associated with a lower humoral immune response 
and provided some insights on waning of SARS-CoV-2 
antibodies among vaccinated people in the general 
population.

Because COVID-19 and other viruses continue to be 
a public health concern, monitoring antibodies at pop-
ulation level remains useful, as is done in other coun-
tries [32, 33], but improvements in this type of study 
set-up are necessary:

  • The methods used to test seropositivity should be 
able to distinguish between antibodies generated 
as a result of vaccination and antibodies generated 
as a result of infection.

  • Future monitoring procedures could consider 
postal collection of blood samples by means of a 
finger prick for example. However, this may have an 
impact on participation bias and rate, since a blood 
collection is more invasive than a saliva collection.

  • Growing evidence is available on the antibody levels 
associated with protection against infection, also for 
SARS-CoV-2 [34]. A surveillance system should be 
able to assess the level of protection of the general 
population, in specific population groups and for 
different variants.

  • From a cost-effectiveness point of view, it should be 
investigated if such a surveillance could be integrated 
in a more global serosurveillance system in which 
antibodies against various pathogens are included, 
as is for instance the case in the Netherlands, where 
monitoring of the SARS-CoV-2 seroprevalence has 
been integrated in the national seroepidemiological 
(PIENTER) studies [35, 36].
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