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Background: A vaccination campaign targeted adults in response to the
pandemic in the City of Rio de Janeiro.

Objective: We aimed to evaluate the seroprevalence of SARS-CoV-2
antibodies and identify factors associated with seropositivity on vaccinated and
unvaccinated residents.

Methods: We performed a seroepidemiologic survey in all residents
of Paqueta Island, a neighborhood of Rio de Janeiro city, during the
COVID-19 vaccine roll-out. Serological tests were performed from June
16 to June 19, 2021, and adjusted seropositivity rates were estimated
by age and epidemiological variables. Logistic regression models
were used to estimate adjusted ORs for risk factors to SARS-CoV-2
seropositivity in non-vaccinated individuals, and potential determinants
of the magnitude of antibody responses in the seropositive population.
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Results: We included in the study 3,016 residents of Paquetd (83.5% of the
island population). The crude seroprevalence of COVID-19 antibodies in our
sample was 53.6% (95% Cl = 51.0, 56.3). The risk factors for SARS-CoV-2
seropositivity in non-vaccinated individuals were history of confirmed previous
COVID-19 infection (OR = 4.74; 95% Cl = 3.3, 7.0), being a household contact
of a case (OR = 1.93; 95% Cl = 1.5, 2.6) and in-person learning (OR =
2.01; 95% Cl = 1.4, 3.0). Potential determinants of the magnitude of antibody
responses among the seropositive were hybrid immunity, the type of vaccine
received, and time since the last vaccine dose. Being vaccinated with Pfizer or
AstraZeneca (Beta = 2.2; 95% Cl = 1.8, 2.6) determined higher antibody titers
than those observed with CoronaVac (Beta = 1.2; 95% Cl = 0.9, 1.5).

Conclusions: Our study highlights the impact of vaccination on COVID-19
collective immunity even in a highly affected population, showing the
difference in antibody titers achieved with different vaccines and how they
wane with time, reinforcing how these factors should be considered when
estimating effectiveness of a vaccination program at any given time. We
also found that hybrid immunity was superior to both infection-induced and
vaccine-induced immunity alone, and online learning protected students from
COVID-19 exposure.

seroepidemiologic studies, COVID-19, antibody response, seropositivity, risk factors,

vaccine

Introduction

From the beginning of the COVID-19 pandemic until May
2022, Brazil has registered over 30,502,501 cases and 663,816
deaths, the third country with more cases and the second in
the number of deaths (1). Despite the existence of information
systems recording SARS-CoV-2 infections, diagnostic tests for
COVID-19, and the number of vaccine doses administered, it
is difficult to predict the range and degree of immunity at the
populational-level. The high incidence of asymptomatic and
oligosymptomatic infections, combined with the irregularity
in the availability of confirmatory tests and the weaknesses
of information systems, add uncertainties to the data on the
cumulative incidence of COVID-19 in the population. On
the other hand, a vaccination program with four different
vaccines, each with different efficacy and immunogenicity,
makes it difficult to estimate the level of collective protection
in the vaccinated population. Regional and local differences in
implementing non-pharmacological interventions such as social
distancing and masks mandates add another layer of complexity
to this analysis in Brazil and in many countries.

Seroepidemiological surveys provide a picture of collective
immunity in a given area, an essential tool for situation diagnosis
and health intervention planning. Since the pandemics
beginning, various forms of serological surveys have been used
to assess the burden of COVID-19 and plan new control actions.

Frontiersin Public Health

02

The COVID-19 vaccination campaign in Rio de Janeiro city,
Brazil, started on January 2021, prioritizing high-risk groups
as healthcare workers and residents of long-term care facilities,
and followed an age-based calendar beginning with the elderly
(85 years or more). By June 2021, vaccine had been offered to all
high-risk groups and to people 60 years or more, and a pilot mass
vaccination intervention aiming at all adults and adolescents
living in one neighborhood of Rio de Janeiro was proposed. We
conducted a seroepidemiologic survey in the chosen area, the
Paquetd Island neighborhood, before this mass immunization
intervention to determine seroprevalence of SARS-CoV-2
antibodies and factors associated with seropositivity.

Materials and methods

Study design and participants

Rio de Janeiro is the second-largest city in Brazil, with
an estimated population of 6.77 million habitants (2). Paqueta
Island is a neighborhood of Rio de Janeiro city, with an
area of 1,216 km? and 3,612 residents, according to the 2022
census performed in Paquetd (3). Motorized vehicles are not
allowed on the Island, which is accessed only by sea. The main
transportation to Paquetd is done by a regular ferry, a 1-h ride
from downtown Rio de Janeiro. With a Human Development
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Index of 0.822 (Rio de Janeiro city 0.842), the Island is a popular
tourist destination, famous for its beaches and historical sites.
Considering  its  demographic,  geographic, and
administrative characteristics, Paquetd was chosen for a
mass vaccination pilot study in June 2021, accelerating the
vaccine rollout to all adults and adolescents on the Island, while
at that point, in the rest of Brazil, only the elderly and healthcare
workers were eligible for COVID-19 immunization. Before
the mass vaccination started, we conducted a cross-sectional
seroepidemiological survey on the Island from June 16 to 19,
2021, to understand the baseline epidemiological scenario.
Background information on COVID-19 notified cases,
genomic surveillance and vaccine doses for Rio de Janeiro city
and Paquetd Island from the beginning of the pandemic (March
2020) to the date of the survey (June 2021) was obtained from
official health information systems (E-SUS, SIVEP, SI-PNI) (4-
6). Cumulative incidence rates and vaccination coverage were
calculated using population data from the national bureau of
geography and statistics (IBGE) (2, 3). The study was approved

by the National Research Ethics Committee (CONEP).

Seroepidemiological survey

All residents of Paquetd Island were eligible for the
study. Adult participants or legal guardians of minors
signed the informed consent form (ICF), and answered a
questionnaire to collect demographic, socioeconomic, mobility
and epidemiologic data, including risk of COVID-19 exposure.
Informed vaccination status was ascertained using the SI-PNI
(national immunization program information system).

Serological tests were performed for all participants using
two different methods. Adults collected 8 mL blood samples
to establish a biobank and to perform a quantitative SARS-
CoV-2 Anti-S IgG (Architect II, Abbott—Chicago, Illinois,
EUA). This test is an automated chemiluminescent microparticle
immunoassay (CMIA) which has shown a good correlation with
neutralizing antibodies and has a reported sensitivity of 99.4%
and specificity of 99.2% (7, 8). For children and adolescents
(ages 0-18 years old), a whole-blood fingerpick was obtained
to perform a point-of-care (POC) lateral-flow rapid test (Fastep,
Azure Tech. Co., Ltd.—Hangzhou, Zhejiang, China) for anti-N
and anti-S1 IgG and IgM detection (9), with results double-
checked by two different study professionals. This rapid test
has a reported sensitivity of 100% and specificity of 98.8%
(10), and has shown equivalent results when compared to
other serological methods (11). All serological tests followed the
manufacturer use recommendations.

Outcomes

Primary outcome was the presence of antibodies against
SARS-CoV-2 (analyzed as a binary outcome). Secondary
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outcome was the antibody titers (continuous outcome restricted
to the individuals who were seropositive).

Statistical analysis

To calculate the seroprevalence of COVID-19 antibodies in
Paquetd Island, we included all participants with a conclusive
IgG test result in the analysis. We also calculated the
seroprevalence by four age groups, children (ages 0-11),
adolescents (ages 12-17), adults (ages 18-59) and elderly
(ages 60+).

To the
epidemiological and clinical variables, we excluded participants

describe seroprevalence by demographic,
with vaccination inconsistencies (duplicity of doses; more
than one on the same day; second doses without first dose)
and those with missing variables information. We evaluated
different subgroups of the study population according to the
purpose of the analysis. First, to examine the association of
epidemiological factors and infection-induced immunity, we
used an unvaccinated group, excluding all participants who
had received any COVID-19 vaccine before the survey. Then,
on the immunogenicity analysis, we excluded the participants
tested with the POC qualitative test and included only the adults
tested with the quantitative CMIA serology. For the binary
categorical outcome, we used this whole group and, for the
continuous outcome of log-transformed (base 10) antibody
titers, we restricted the analysis to seropositive participants. We
adjusted the crude seropositivity rates based on the serology
tests estimates of sensitivity and specificity (12).

Logistic regression models were used to estimate adjusted
ORs, 95% (CIs) and associated pairwise p-values for risk factors
to SARS-CoV-2 seropositivity in non-vaccinated individuals,
and potential determinants of antibody responses in the
seropositive population. We selected for multivariate logistic
regression the features that were statistically significant in the
univariate regression, removing those with high collinearity with
other features. We used boxplots (median, IQR) and other
plots to evaluate the logl0 antibody titers across vaccines and
over the time. We considered a significance level of 5% for all
statistical analyses.

All analyses were conducted in R statistical software
version 4.0.3.

Results

Paquetd Island COVID-19 cumulative incidence from
March 2020 to June 2021 was 797.3 cases/10,000 hab, compared
to 576.5 cases/10,000 hab for the city of Rio de Janeiro
(Supplementary Figure 1). Predominant circulating SARS-CoV-
2 variants during this period were B.1,B.1.1.33, B.1.1.28, Gamma
and Zeta. The first isolation of the Delta variant was on late
June 2021, after the conclusion of the seroepidemiological
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survey (Supplementary Figure 2). Vaccination coverage with at
least one dose of a COVID-19 vaccine was 46.1% in Paquetd
and 38.4% in Rio de Janeiro city at the start of the study
(Supplementary Figure 1).

Seropositivity rates

From June 16 to June 19, 2021, 3,016 residents of Paquetd
were included in the study, 83.5% of the island population. The
crude seroprevalence of COVID-19 antibodies in our sample
was 53.6% (95% CI: 51.0-56.3). The seropositivity by age group
was 24.9% (95% CI: 19.9-30.8) for children (ages 0-11), 18.1%
(95% CI: 13.8-23.3) for adolescents (ages 12-17), 50.3% (95%
CI: 47.0-53.9) for adults (ages 18-59) and 93.8% (95% CI:
86.6-101.5) for the elderly (ages 60+).

To describe the serological status by each epidemiological
variable and for the regression models, we excluded 56
individuals with inconsistent or incomplete information and
41 participants with unascertained vaccination status (flowchart
of study inclusion in Supplementary Figure 3). Therefore,
2,919 residents remained for this analysis. The sample is
well-distributed among age groups, with seropositivity rates
increasing with age (Table 1 for vaccinated and Table 2 for
unvaccinated individuals). Among the participants, 1,832
(63.0%) were unvaccinated, with 31% (CI: 28.5, 33.7) of
them testing positive for SARS-CoV-2 IgG. Seropositivity of
unvaccinated children, adolescents and adults was 25, 18, and
35%, respectively. In contrast, in the 1,087 (37%) vaccinated
residents seropositivity was 90.5% (95% CI: 85.0, 96.4). We
considered vaccinated those who had received any COVID-
19 vaccine at least 7 days prior to the survey, and we further
stratified them in groups by type of vaccine and number of
doses received. We found 571 participants vaccinated with
the AstraZeneca vaccine, 109 of them with already two doses
(97% seropositive) and 462 with only the first dose (83%
seropositivity). 460 participants had received two doses of the
CoronaVac vaccine (96% seropositive), and 56 were vaccinated
with Pfizer, all of them with only the first dose as this vaccine
had been recently introduced in the campaign and the interval
for the second dose had not been met (95% seropositive).

Risk factors to SARS-CoV-2 seropositivity
in non-vaccinated individuals

Epidemiological variables associated with the presence
of infection-induced antibodies were analyzed using the
unvaccinated group with complete information available.
Results of the multivariate logistic regression are shown on
Table 3, with 1,783 participants included. This group is younger
than the whole population sampled for the study, reflecting the
prioritization of the elderly in the vaccine rollout, but we still

Frontiersin Public Health

04

10.3389/fpubh.2022.1017337

have representation from all age groups. Many variables were
associated with seropositivity on a univariate analysis, but on a
multivariate model only three remained associated. History of
previous COVID-19 infection [OR = 4.7; (95% CI: 3.25, 7.0)],
and being a household contact of a case [OR = 1.9; (95% CI:
1.5, 2.5)] were both associated with the presence of SARS-CoV-2
antibodies. For the students in our sample, in-person learning
was also associated with seropositivity [OR = 2.0; (95% CI:
1.4,3.0)].

Antibody titers on the seropositive
participants

Comparison of the log-antibody titers on the seropositive
participants tested with the quantitative CMIA (n = 1,370)
is shown in Figure 1 and Table 4. We further stratified the
vaccinated participants with one dose of AstraZeneca and two
doses of CoronaVac, separating those who have received the last
vaccine dose between 7 and 60 days and those who received it
more than 60 days before the survey. All those with two doses
of AstraZeneca and also those with one dose of Pfizer had <60
days since the last dose. The group of seropositive unvaccinated
participants, with infection-induced antibodies, had lower titers
than all the vaccinated groups. Being vaccinated with Pfizer or
AstraZeneca [Beta = 2.2; CI = (1.8, 2.6)] determined higher log-
antibody titers than those observed with CoronaVac [Beta = 1.2;
CI =(0.88, 1.5)]. Since the regression coefficient is the difference
in logarithm between comparison groups, it corresponds to the
ratio of antibody titers. For instance, those vaccinated with one
dose of the AstraZeneca vaccine had antibody titers 1022 (=158)
times as high as unvaccinated individuals. For CoronaVac the
ratio was 15.8. The groups that had received the last dose more
than 60 days before the survey showed smaller differences in
log-antibody titers (lower antibody titer ratios), particularly the
CoronaVac vaccines [Beta = 0.93; CI = (0.56, 1.3)].

History of COVID-19 was independently associated with
higher antibody titers on the model (Table 4), and Figure 2
shows how hybrid immunity was superior to vaccine-
induced immunity when comparing titers only on vaccinated
participants according to previous infection exposure.

Discussion

In this seroepidemiologic survey we included 83.5% of
Paquetd Island’s residents, thus achieving a fair representation
of the population. Of note, we had a higher participation
of children and of
seroprevalence (13-15).

adolescents than previous studies

Compared to surveys conducted in Brazil around mid-2021

the seroprevalence of antibodies against SARS-CoV-2 in our
sample (53.61%) was higher than other studies reported in the
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TABLE 1 Demographic characteristics of the vaccinated population (n = 1,087).

SARS-CoV-IgG

10.3389/fpubh.2022.1017337

Variable Total (%) Negative n Positive n Adjusted P-value*
(%) (%) Seropositivity

(%)
Age group (years) <0.001
18-59 447 (41%) 62 (14%) 385 (86%) 86.1%
60+ 640 (59%) 41 (6.4%) 599 (94%) 93.6%
Sex 0.68
Female 687 (63%) 67 (9.8%) 620 (90%) 90.2%
Male 400 (37%) 36 (9.0%) 364 (91%) 91.0%
Arterial hypertension 0.39
No 601 (55%) 61 (10%) 540 (90%) 89.9%
Yes 486 (45%) 42 (8.6%) 444 (91%) 91.4%
Diabetes mellitus 0.71
No 904 (83%) 87 (9.6%) 817 (90%) 90.4%
Yes 183 (17%) 16 (8.7%) 167 (91%) 91.3%
Other comorbidities 0.27
No 817 (75%) 82 (10%) 735 (90%) 90.0%
Yes 270 (25%) 21 (7.8%) 249 (92%) 92.2%
Frequency of leaving the island 0.37
Does not usually go out 210 (19%) 22 (10%) 188 (90%) 89.5%
1-2 times a month 397 (37%) 31 (7.8%) 366 (92%) 92.2%
Weekly 472 (43%) 49 (10%) 423 (90%) 89.6%
Uninformed 8 (1%) 1 7 87.5%
Health insurance 0.23
No 595 (55%) 62 (10%) 533 (90%) 89.6%
Yes 483 (45%) 40 (8.3%) 443 (92%) 91.7%
Uninformed 9 (1%) 1 8 88.9%
Currently working 0.26
No 528 (49%) 43 (8.1%) 485 (92%) 91.9%
On the island 291 (27%) 33 (11%) 258 (89%) 88.7%
Off the island 160 (15%) 19 (12%) 141 (88%) 88.1%
Mixed 63 (6%) 4(6.3%) 59 (94%) 93.7%
Uninformed 45 (4%) 4 41 91.1%
Received government financial assistance in the 0.89
pandemic
No 639 (59%) 57 (8.9%) 582 (91%) 91.1%
Yes 191 (18%) 16 (8.4%) 175 (92%) 91.6%
Uninformed 257 (24%) 30 227 88.3%
Study location <0.001
On the island 22 (2%) 9 (41%) 13 (59%) 59.1%
Off the island 36 (3%) 6 (17%) 30 (83%) 83.3%
Not student 828 (76%) 74 (8.9%) 754 (91%) 91.1%
Uninformed 201 (18%) 14 187 93.0%
Study modality in the pandemic <0.001
Online 41 (4%) 7 (17%) 34 (83%) 82.9%
In person 17 (2%) 8 (47%) 9 (53%) 52.9%

(Continued)
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TABLE 1 (Continued)

SARS-CoV-IgG

Variable Total (%) Negative n Positive n Adjusted P-value*
(%) (%) Seropositivity
%)
Not student 828 (76%) 74 (8.9%) 754 (91%) 91.1%
Uninformed 201 (18%) 14 187 93.0%
Previous history of COVID-19 infection 0.003
No history 825 (76%) 90 (11%) 735 (89%) 89.1%
Clinical episode, unconfirmed 129 (12%) 11 (8.5%) 118 (91%) 91.5%
Lab confirmed clinical episode 129 (12%) 2 (1.6%) 127 (98%) 98.4%
Uninformed 4 (0%) 0 4 100.0%
Household contact of COVID-19 case 0.32
No 762 (70%) 76 (10.0%) 686 (90%) 90.0%
Yes 312 (29%) 25 (8.0%) 287 (92%) 92.0%
Uninformed 13 (1%) 2 11 84.6%
Number of COVID-19 cases in the household 0.51
0 762 (70%) 76 (10.0%) 686 (90%) 90.0%
1 189 (17%) 15 (7.9%) 174 (92%) 92.1%
2 70 (6%) 8 (11%) 62 (89%) 88.6%
3+ 47 (4%) 2 (4.3%) 45 (96%) 95.7%
Uninformed 19 (2%) 2 17 89.5%
Number of CONFIRMED COVID-19 cases in 0.83
the household
0 82 (8%) 7 (8.5%) 75 (91%) 91.5%
1 136 (13%) 11 (8.1%) 125 (92%) 91.9%
2+ 77 (7%) 6 (7.8%) 71 (92%) 92.2%
Not applicable (no one was suspected) 762 (70%) 76 (10.0%) 686 (90%) 90.0%
Uninformed 30 (3%) 3 27 90.0%
Number of people living in the house (besides 0.40
the participant)
0 133 (12%) 11 (8.3%) 122 (92%) 91.7%
1 328 (30%) 24 (7.3%) 304 (93%) 92.7%
2 260 (24%) 29 (11%) 231 (89%) 88.8%
3 170 (16%) 15 (8.8%) 155 (91%) 91.2%
4+ 179 (16%) 21 (12%) 158 (88%) 88.3%
Uninformed 17 (2%) 3 14 82.4%
SARS-CoV-2 IgG test type <0.001
CMIA anti-S 1,074 (99%) 93 (8.7%) 981 (91%) 91.3%
POC rapid test 13 (1%) 10 (77%) 3(23%) 23.1%
Vaccination status <0.001
AstraZeneca (one dose >7) 462 (43%) 78 (17%) 384 (83%) 83.1%
Pfizer (one dose >7) 56 (5%) 3(5.4%) 53 (95%) 94.6%
AstraZeneca (two doses >7) 109 (10%) 3(2.8%) 106 (97%) 97.2%
CoronaVac (two doses >7) 460 (42%) 19 (4.1%) 441 (96%) 95.9%
Days since last vaccination** 49 (37;57) 38 (105 59) 49 (38;57) <0.001

“Pearson’s Chi-squared test. Fisher’s exact test; *Median (IQR).
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TABLE 2 Demographic characteristics of the unvaccinated population (n =1832).

SARS-CoV-IgG

10.3389/fpubh.2022.1017337

Variable Total (%) Negative n Positive n Adjusted P-value*
(%) (%) Seropositivity

(%)
Age group (years) <0.001
0-11 292 (16%) 219 (75%) 73 (25%) 25.0%
12-17 326 (18%) 268 (82%) 58 (18%) 17.8%
18-59 1,211 (66%) 779 (64%) 432 (36%) 35.7%
60+ 3(0%) 2 (67%) 1(33%) 33.3%
Sex 0.88
Female 908 (50%) 627 (69%) 281 (31%) 30.9%
Male 924 (50%) 641 (69%) 283 (31%) 30.6%
Arterial hypertension 0.004
No 1,755 (96%) 1,226 (70%) 529 (30%) 30.1%
Yes 77 (4%) 42 (55%) 35 (45%) 45.5%
Diabetes mellitus 0.59
No 1,816 (99%) 1,258 (69%) 558 (31%) 30.7%
Yes 16 (1%) 10 (62%) 6 (38%) 37.5%
Other comorbidities 0.001
No 1,628 (89%) 1,107 (68%) 521 (32%) 32.0%
Yes 204 (11%) 161 (79%) 43 (21%) 21.1%
Frequency of leaving the island <0.001
Does not usually go out 356 (19%) 267 (75%) 89 (25%) 25.0%
1-2 times a month 630 (34%) 455 (72%) 175 (28%) 27.8%
Weekly 814 (44%) 521 (64%) 293 (36%) 36.0%
Uninformed 32 (2%) 25 7 21.9%
Health insurance 0.07
No 1,162 (63%) 788 (68%) 374 (32%) 32.2%
Yes 652 (36%) 469 (72%) 183 (28%) 28.1%
Uninformed 18 (1%) 11 7 38.9%
Currently working <0.001
No 368 (20%) 253 (69%) 115 (31%) 31.3%
On the island 418 (23%) 261 (62%) 157 (38%) 37.6%
Off the island 287 (16%) 170 (59%) 117 (41%) 40.8%
Mixed 100 (5%) 70 (70%) 30 (30%) 30.0%
Not applicable (<18 years) 618 (34%) 487 (79%) 131 (21%) 21.2%
Uninformed 41 (2%) 27 14 34.1%
Received government financial assistance in the <0.001
pandemic
No 550 (30%) 342 (62%) 208 (38%) 37.8%
Yes 443 (24%) 290 (65%) 153 (35%) 34.5%
Not applicable (<18 years) 618 (34%) 487 (79%) 131 (21%) 21.2%
Uninformed 221 (12%) 149 72 32.6%
Study location <0.001
On the island 471 (26%) 362 (77%) 109 (23%) 23.1%
Off the island 377 (21%) 276 (73%) 101 (27%) 26.8%
Not student 754 (41%) 481 (64%) 273 (36%) 36.2%
Uninformed 230 (13%) 149 81 35.2%

(Continued)
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TABLE 2 (Continued)

10.3389/fpubh.2022.1017337

SARS-CoV-IgG

Variable Total (%) Negative n Positive n Adjusted P-value*
(%) (%) Seropositivity
(%)
Study modality in the pandemic <0.001
Online 517 (28%) 407 (79%) 110 (21%) 21.3%
In person 291 (16%) 201 (69%) 90 (31%) 30.9%
Not student 754 (41%) 481 (64%) 273 (36%) 36.2%
Uninformed 270 (15%) 179 91 33.7%
Previous history of COVID-19 infection <0.001
No history 1,317 (72%) 1,018 (77%) 299 (23%) 22.7%
Clinical episode, unconfirmed 289 (16%) 168 (58%) 121 (42%) 41.9%
Lab confirmed clinical episode 210 (11%) 70 (33%) 140 (67%) 66.7%
Uninformed 16 (1%) 12 4 25.0%
Household contact of COVID-19 case <0.001
No 1,064 (58%) 813 (76%) 251 (24%) 23.6%
Yes 743 (41%) 439 (59%) 304 (41%) 40.9%
Uninformed 25 (1%) 16 9 36.0%
Number of COVID-19 cases in the household <0.001
0 1,064 (58%) 813 (76%) 251 (24%) 23.6%
1 387 (21%) 246 (64%) 141 (36%) 36.4%
2 210 (11%) 119 (57%) 91 (43%) 43.3%
3+ 131 (7%) 64 (49%) 67 (51%) 51.1%
Uninformed 40 (2%) 26 14 35.0%
Number of CONFIRMED COVID-19 cases in <0.001
the household
0 250 (14%) 174 (70%) 76 (30%) 30.4%
1 280 (15%) 160 (57%) 120 (43%) 42.9%
2+ 170 (9%) 78 (46%) 92 (54%) 54.1%
Not applicable (no one was suspected) 1,064 (58%) 813 (76%) 251 (24%) 23.6%
Uninformed 68 (4%) 43 25 36.8%
Number of people living in the house (besides 0.63
the participant)
0 63 (3%) 45 (71%) 18 (29%) 28.6%
1 195 (11%) 144 (74%) 51 (26%) 26.2%
2 435 (24%) 301 (69%) 134 (31%) 30.8%
3 509 (28%) 353 (69%) 156 (31%) 30.6%
4+ 598 (33%) 406 (68%) 192 (32%) 32.1%
Uninformed 32 (2%) 19 13 40.6%
SARS-CoV-2 IgG test type <0.001
CMIA anti-S 1,179 (64%) 754 (64%) 425 (36%) 36.0%
POC rapid test 653 (36%) 514 (79%) 139 (21%) 21.3%

“Pearson’s Chi-squared test; Fisher’s exact test.

South and Southeast regions of Brazil (14, 16, 17), being closer
to rates observed at that time in the North region (18, 19) and in
indigenous populations (20, 21). With a vaccine coverage of 37%
in our study population, the large difference in seroprevalence

Frontiersin Public Health

between vaccinated (90.5%) and unvaccinated (31%) residents
confirmed findings from other studies (22) of how vaccination
decisively contributes to the population’s immunity, even
in an area with a high prevalence of infection-induced
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TABLE 3 Logistic regression of risk factors to SARS-CoV-2 seropositivity in unvaccinated residents (n = 1,783).

10.3389/fpubh.2022.1017337

Univariate Multivariate
Variable Total (%) SARS-CoV-IgG + (%) OR (CI) P-value OR (CI) P-value
Age
0-11 292 (16%) 73 (25%) — —
12-17 326 (18%) 58 (18%) 0.65 (0.44, 0.96) 0.029 0.62 (0.39, 0.99) 0.047
18-49 1110 (62%) 394 (35%) 1.24 (0.86, 1.80) 0.2 1.53 (0.94, 2.51) 0.086
50+ 55 (3%) 22 (40%) 2(1.09, 3.63) 0.024 2.35(0.97, 5.62) 0.055
Arterial hypertension
No 1717 (96%) 517 (30%) — —
Yes 66 (4%) 30 (45%) 1.93 (1.17,3.17) 0.009 1.41 (0.74, 2.65) 03
Other comorbidities
No 1585 (89%) 504 (32%) - -
Yes 198 (11%) 43 (22%) 0.6 (0.41, 0.84) 0.004 0.67 (0.43, 1.02) 0.065
Frequency of leaving the island
Does not usually go out 348 (20%) 85 (24%) — —
1-2 times a month 615 (34%) 174 (28%) 1.22 (0.91, 1.65) 0.2 1.03 (0.72, 1.48) 0.9
Weekly 789 (44%) 282 (36%) 1.72 (1.30, 2.30) <0.001 1.1 (0.75, 1.62) 0.6
Uninformed 31 (2%) 6
Currently working
No 350 (20%) 113 (32%) — —
On the island 399 (22%) 149 (37%) 1.25(0.92, 1.69) 0.15 1.09 (0.75, 1.60) 0.7
Off the island 280 (16%) 114 (41%) 1.44 (1.04, 2.00) 0.029 1.07 (0.70, 1.63) 0.8
Mixed 97 (5%) 28 (29%) 0.85 (0.51, 1.38) 05 0.78 (0.41, 1.45) 0.4
Not applicable (<18 years) 618 (35%) 131 <0.001
Uninformed 39 (2%) 12
Currently studying
No 723 (41%) 263 (36%) —
Yes 851 (48%) 213 (25%) 0.58 (0.47, 0.72) <0.001
Uninformed 209 (12%) 71
Study location
On the island 467 (26%) 108 (23%) — —
Off the island 375 (21%) 101 (27%) 1.23 (0.90, 1.68) 0.2 0.92 (0.60, 1.41) 0.7
Not student 723 (41%) 263 (36%) 1.9 (1.46, 2.48) <0.001 1.3 (0.84, 2.02) 0.2
Uninformed 218 (12%) 75
Study modality in the pandemic
Online 514 (29%) 110 (21%) — —
In person 289 (16%) 89 (31%) 1.63 (1.18,2.27) 0.003 2.01 (1.37,2.94) <0.001
Not student 723 (41%) 263
Uninformed 257 (14%) 85
Previous history of COVID-19 infection
No history 1287 (72%) 293 (23%) — —
Clinical episode, unconfirmed 280 (16%) 116 (41%) 2.4(1.83,3.14) <0.001 1.88 (1.37, 2.59) <0.001
Lab confirmed clinical episode 202 (11%) 135 (67%) 6.84 (4.98, 9.46) <0.001 4.74 (3.25,6.97) <0.001
Uninformed 14 (1%) 3
Household contact of COVID-19 case
No 1035 (58%) 244 (24%) — —
Yes 724 (41%) 295 (41%) 2.23(1.81,2.74) <0.001 1.93 (1.48,2.51) <0.001
Uninformed 24 (1%) 8

(Continued)
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TABLE 3 (Continued)

10.3389/fpubh.2022.1017337

Univariate Multivariate
Variable Total (%) SARS-CoV-IgG + (%) OR (CI) P-value OR (CI) P-value
Number of COVID-19 cases in the household
0 1035 (58%) 244 (24%) —
1 376 (21%) 137 (36%) 1.86 (1.44, 2.40) <0.001
2 206 (12%) 88 (43%) 2.42 (1.77, 3.30) <0.001
3+ 127 (7%) 65 (51%) 3.4 (2.33,4.96) <0.001
Uninformed 39 (2%) 13
Number of CONFIRMED COVID-19 cases in
the household
0 244 (14%) 74 (30%) —
1 272 (15%) 115 (42%) 1.68 (1.17,2.43) 0.005
2+ 167 (9%) 90 (54%) 2.69 (1.79, 4.05) <0.001
No one was suspected 1035 (58%) 244 (24%) 0.71 (0.52, 0.97) 0.029
Uninformed 65 (4%) 24
SARS-CoV-2 IgG test type
CMIA anti-S 1135 (64%) 410 (36%) —
POC rapid test 648 (36%) 137 (21%) 0.47 (0.38, 0.59) <0.001
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FIGURE 1
Comparison of log-antibody titers across groups of vaccine exposure (restricted to seropositive individuals).

antibodies after exposure to a pandemic for more than
a year.

Surveillance data from the beginning of the pandemic to the
date of the survey showed a 40% higher cumulative incidence
in the Paquetd Island compared to the rest of the city. This
difference could be explained by epidemiological differences
in the pattern of contacts among residents of the Island,
but also by a lag in the population estimate for the city of
Rio de Janeiro, which based on data from the 2010 census,
while the Island has data from a census carried out by the
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IBGE in 2022, as a test for the next national census. Despite
the reported high incidence on the Island, this may still be
underestimated, considering that it was calculated based on 288
surveillance reported cases in Paqueta in the period, while on
our sample (83.5% of the population) 339 residents reported a
previous laboratory confirmed COVID-19 infection, and only
among the unvaccinated participants (50.7% of the Paquetd
population) 564 seropositive residents were identified. This
illustrates both the large number of asymptomatic infections
and the underreporting of symptomatic cases. Also of note was
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TABLE 4 Multivariate linear regression analysis of log-antibody titers among seropositive participants with quantitative serological tests available (n

=1,370).

Risk factor Total Beta (CI) P-value
Previous history of COVID-19 infection

No history 912 —

Clinical episode, unconfirmed 213 0.50 (0.28, 0.72) <0.001
Lab confirmed clinical episode 245 1.0 (0.82,1.2) <0.001
Household contact of COVID-19 case

No 883 —

Yes 487 0.35 (0.18, 0.52) <0.001
Vaccination status

Unvaccinated 416 —

Pfizer (one dose, 7-60 days) 50 2.2(1.8,2.6) <0.001
AstraZeneca (two doses 7-60 days) 97 2.2(1.8,2.6) <0.001
AstraZeneca (one dose, 7-60 days) 300 1.7 (1.5, 2.0) <0.001
AstraZeneca (one dose, >60 days) 72 1.4 (1.0, 1.8) <0.001
CoronaVac (two doses, 7-60 days) 327 1.2 (0.88, 1.5) <0.001
CoronaVac (two doses >60 days) 108 0.93 (0.56, 1.3) <0.001

10
871

0
2
_‘é, 711
8 6.63
E 6.17
A\.: 6
8
= 534 547

4

1144 249
No Yes (confirmed)
Previous history of COVID-19
E3 No E3 Yes (confirmed)
FIGURE 2

Comparison of log-antibody titers between vaccinated
participants with or without history of previous SARS-CoV-2
infection (restricted to vaccinated and seropositive individuals).

that 21% of participants who reported lab-confirmed clinical
episodes were seronegative, showing that antibody levels from
natural infection decreased to levels below the test threshold
(assuming errors in lab-confirmation are negligible).

The analysis of the unvaccinated participants allowed
us to assess risk factors for natural infection. With higher
seropositivy among adults, followed by children and adolescents,
age seems to determine the risk of infection even in a
community with more restricted mobility such as Paquetd
Island. The association of self-reported COVID-19 infection
with seropositivity in the regression model illustrates the
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usefulness of the clinical history for epidemiological analysis
even in cases without laboratory confirmation. It is also
interesting to note the importance of being a household
contact of cases as a risk factor, as already observed in
other studies. In contrast, the number of residents in the
same household did not present a correlation as was reported
in other publications. Our results also demonstrate how
online learning was significantly associated with the absence
of antibodies in unvaccinated students, suggesting it was a
successful strategy to prevent exposure to COVID-19. This
may help to guide decision-making when considering social
distancing control measures.

COVID-19 vaccines roll-out started in Brazil on January
17, 2021, and by the time of our survey, 5 months later,
three different vaccines had been used in Rio de Janeiro:
AstraZeneca, Pfizer and CoronaVac, all approved only for people
18 years old and above. Antibody titers are highly correlated
with neutralizing antibodies, which have been associated with
COVID-19 vaccines efficacy, and our immunogenicity results
for the three vaccines were in line with the efficacy observed
in randomized clinical trials (23-25). Time since last dose,
number of doses, and vaccine brand were all strongly associated
with magnitude of serological response. The drop in titers
after 60 days of the first dose of AstraZeneca suggests the
need for a better definition of interval between doses, as this
vaccine was approved in Brazil with a broad 4 to 12-week
interval. Differences in the antibody response to the three
vaccine brands, particularly the low titers 60 days after two
doses of CoronaVac, also suggest that the optimal interval
to a booster dose could be adjusted by vaccine type. The
differences between infection-induced and vaccine-induced
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antibody titers were clear for all vaccines, even with incomplete
schedules, and hybrid immunity was associated with the highest
observed titers.

Limitations to our study were the sample size and unique
geography of the area, hindering extrapolation to places with
different characteristics. The retrospective data on clinical
infections and observational uncontrolled data on the mix of
vaccine schedules also limits conclusions on determinants of
antibody response, particularly considering the time-dependent
kinetics of humoral response.

Conclusions

Our study highlights the positive impact of vaccination
on COVID-19 collective immunity even in a highly affected
population, while showing the superiority of the hybrid
immunity antibody level. It also shows the difference in antibody
titers achieved with different vaccines and how they wane with
time, reinforcing how these factors should be considered when
estimating effectiveness of a vaccination program at any given
time. Further analyses should address the indirect protection
of unvaccinated groups. Finally, we provide evidence of the
impact of online learning, a non-pharmacological intervention,
on the incidence of SARS-CoV-2 infections, which may help
guide future public health policies.
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