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hPrograma de Computaç~ao Científica (PROCC), FIOCRUZ, Rio de Janeiro, Brasil
iInstituto de Ciências Matem�aticas e Computaç~ao, Universidade de S~ao Paulo, Brasil
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Summary
Background COVID-19 serosurveys allow for the monitoring of the level of SARS-CoV-2 transmission and support
data-driven decisions. We estimated the seroprevalence of anti-SARS-CoV-2 antibodies in a large favela complex in
Rio de Janeiro, Brazil.

Methods A population-based panel study was conducted in Complexo de Manguinhos (16 favelas) with a probabilis-
tic sampling of participants aged ≥1 year who were randomly selected from a census of individuals registered in pri-
mary health care clinics that serve the area. Participants answered a structured interview and provided blood
samples for serology. Multilevel regression models (with random intercepts to account for participants’ favela of resi-
dence) were used to assess factors associated with having anti-S IgG antibodies. Secondary analyses estimated sero-
prevalence using an additional anti-N IgG assay.

Findings 4,033 participants were included (from Sep/2020 to Feb/2021, 22 epidemic weeks), the median age
was 39¢8 years (IQR:21¢8-57¢7), 61% were female, 41% were mixed-race (Pardo) and 23% Black. Overall preva-
lence was 49¢0% (95%CI:46¢8%-51¢2%) which varied across favelas (from 68¢3% to 31¢4%). Lower prevalence
estimates were found when using the anti-N IgG assay. Odds of having anti-S IgG antibodies were highest for
young adults, and those reporting larger household size, poor adherence to social distancing and use of public
transportation.

InterpretationWe found a significantly higher prevalence of anti-S IgG antibodies than initially anticipated. Dispar-
ities in estimates obtained using different serological assays highlight the need for cautious interpretation of serosur-
veys estimates given the heterogeneity of exposure in communities, loss of immunological biomarkers, serological
antigen target, and variant-specific test affinity.
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Research in context

Evidence before this study

COVID-19 serosurveys allow for the monitoring of the
level of SARS-CoV-2 transmission and support data-
driven decisions, which can be particularly useful in
low-income settings with limited testing capacity. We
reviewed the evidence for the seroprevalence of SARS-
CoV-2 in Brazil available as of Mar 17, 2022, by searching
the Medline and the Virtual Health Library (Biblioteca
Virtual em Sa�ude of the Pan American Health Organiza-
tion) databases for articles and preprints, published in
English or Portuguese, using the terms [“serosurveil-
lance” OR “seroepidemiology” OR “seroprevalence”]
AND [“SARS-CoV-2” OR “COVID-19”] AND [“Brazil”]. Few
studies described the seroprevalence of SARS-CoV-2 in
urban slums and favelas, using different sampling and
recruitment strategies, various serological assays, and
periods of the COVID-19 pandemic. Most studies
included small samples that were not representative of
the entire community/area. Other national or regional
population-based studies have limited representativity
of individuals living in favelas or slums.

Added value of this study

Brazil has become a hotspot for COVID-19 globally and
the magnitude of the COVID-19 epidemic in Brazil can
be, at least partially, explained by the country’s massive
socioeconomic inequality. Favelas represent a combina-
tion of concentrated poverty, insecure and inadequate
housing conditions, and lack of access to essential serv-
ices, such as clean water, sanitation, and healthcare. We
conducted a population-based study in one of the poor-
est areas in Rio de Janeiro, Complexo de Manguinhos,
which comprises 16 different favelas. We found COVID-
19 seroprevalence (anti-S IgG antibodies) estimates
were much higher than anticipated, and spatially varied
largely across different favelas. Our analyses showed
that young adults, males, and those reporting a large
household size and use of public transportation had the
highest probability of having a reactive serology. A sec-
ondary analysis shows that seroprevalence estimates of
anti-N IgG antibodies were lower than of anti-S IgG
antibodies.

Implications of all the available evidence

Our results reinforce the remarkable inequality in
COVID-19 burden, with people living in favelas present-
ing a much higher prevalence than previously docu-
mented for Rio de Janeiro state and municipality.
Poverty and inadequate housing conditions are drivers
of COVID-19 transmission in vulnerable urban commu-
nities. Despite high levels of seroprevalence, we docu-
mented the unfolding of a new transmission wave. This
pattern was possibly driven by the combined effect of
loss of immunity, the emergence of new a variant, and
the lack of variants’ cross-immunity, all of which were
documented in our study. Finally, our results highlight
the need for cautious interpretation of estimates of
serosurveys given the heterogeneity of exposure in
communities, loss of immunological biomarkers, and
variant-specific test affinity.
Introduction
Serological surveys serve the important purpose of
describing the population’s immune profile against spe-
cific pathogens.1 For COVID-19, serological studies are
foundational as they allow the monitoring of transmis-
sion levels and thus support data-driven decisions on
how to tackle the pandemic without completely shutting
down economies.2 When the proper assumptions are
met, serological studies provide the most direct estimate
of how close a particular population is to the herd
immunity threshold.3 However, the herd immunity
threshold is influenced by various sources of heteroge-
neities, including population demography, social struc-
ture, contact rates (within and between age groups), the
degree and duration of immunity elicited by pathogen
and vaccine, as well as the stochastic nature of an epi-
demic process.4−7 Moreover, the serosurveys conducted
in low-income countries or neighbourhoods have
important limitations in their study design and proce-
dures.8 This is particularly problematic since serosur-
veys can be of great value in low-income settings with
limited testing capacity where COVID-19 surveillance
cannot rely on routine care and contact tracing.

Brazil has become one of the epicentres of the
COVID-19 pandemic, and as of July 12th, 2022, over
32.8 million cases were confirmed, and 673,000 deaths
due to COVID-19 were registered.9 The magnitude and
impacts of the COVID-19 pandemic in Brazil can be, at
least partially, explained by the country’s massive socio-
economic inequity. Brazil is the largest country in Latin
America, the 5th most populous country in the world
and, despite being one of the largest economies in the
world, is one of the most unequal countries globally,
where currently 27¢6 million people are estimated to be
living below the poverty line.10
www.thelancet.com Vol 15 November, 2022
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Contrasting with most countries globally, Brazilian
poverty is predominantly urban, with 72% of the poor
living in urban areas.11,12 Poverty and rapid and
unplanned urbanization resulted in housing deficits
and inadequate housing conditions in large metropoli-
tan areas. Rio de Janeiro is the 16th largest metropolitan
area in the world,13 with over 13 million inhabitants, of
whom 22% are estimated to live in informal settle-
ments, or slums (known as favelas or comunidades).12,14

Favelas are characterized (in different degrees) by a
combination of concentrated poverty, insecure and inad-
equate housing conditions, and lack of access to essen-
tial services such as clean water, sanitation, and
healthcare.12,14 In addition, most of their inhabitants are
low-paid workers or informal workers, particularly those
working in the service sector (e.g., food, cleaning, or
delivery services).15 Consequently, and of relevance to
the present study, these individuals are more likely to
be designated as essential workers and thereby still
required to go to work and rely on public transportation
for doing so.

Here, we estimated the weekly seroprevalence of
anti-SARS-CoV-2 antibodies in a probabilistic sample of
individuals living in one of the largest and poorest favela
complexes in Rio de Janeiro − Complexo de Manguin-
hos. Meanwhile, the population in the state of Rio de
Janeiro experienced a lineage replacement captured by
the genomic surveillance system in place in the state.
Thus, to situate the observed prevalence within the epi-
demic scenario of the state of Rio de Janeiro, we present
our results alongside the state’s surveillance data. Fur-
thermore, we used an automated commercially available
assay to detect anti-Spike (anti-S) SARS-CoV-2 IgG anti-
bodies.
Methods

Study area
Manguinhos is a neighbourhood located in the North-
ern area of Rio de Janeiro city. It is mainly comprised of
favelas (slums) and has the 5th worse Human Develop-
ment Index (HDI) in the city. This area started to be
populated in 1901 with its first favela known as Parque
Oswaldo Cruz, and over the years, new favelas were set-
tled. In 2010, when the last population census was con-
ducted in Brazil, it was estimated that over 36,000
individuals were living in Manguinhos.

Two primary health care clinics, Cl�ınica da Fam�ılia
Victor Valla (CFVV) and Centro de Sa�ude Escola Germano
Sinval Faria (CSEGSF), provide public primary health
care to Manguinhos’ population through the Family
Health Program (Programa de Sa�ude da Fam�ılia), within
the Brazilian Public Health System (Sistema �Unico de
Sa�ude, SUS). These clinics actively monitor and main-
tain a routinely updated registry of the population living
in the area aided by Community Health Agents (Agente
www.thelancet.com Vol 15 November, 2022
Comunit�ario de Sa�ude).16 These agents are part of the
multidisciplinary team that provides primary health
care services, who reside in the community and are
responsible for home visits and population registries,
among other health promotion strategies and educa-
tional duties.
Study design and participants
“Comvida-1” is a population-based panel study con-
ducted in Manguinhos. Individuals aged 1 year or older,
registered in one of the two primary health care clinics
(CFVV or CSEGSF) composed the sampling unit that
was taken as eligible for the study.

To calculate the sample size, we considered our main
operational limitation, the weekly capacity for interviews
and sample collection in the field, estimated at 750 per
week.17−19 We assigned to the prevalence (u) of individu-
als carrying anti-SARS-CoV-2 antibodies in a given week
the value of 5% which, together with the sensitivity
(100%) and specificity (99¢6%) of the serological test
and the weekly capacity, yielded the posterior estimate
of the mean of 4¢82% (90% confidence interval [CI]
3¢58-6¢22%).

As of July 2020, 38,883 individuals were registered
at one of the two above-mentioned primary health clin-
ics. We aimed to enrol 6000 individuals aged ≥ 1 year
old to be enrolled over 8 weeks, assuming an enroll-
ment rate of 750 individuals per week.
Recruitment process
A list containing the names and addresses of 16,000
potential volunteers, randomly sampled without
replacement, was generated. A total of 12,574 individu-
als were searched and offered participation in the study
of which 4033 were included in the study and 8541 were
deemed inclusion failure. The most common reasons
for inclusion failure were “No one answered the door
after 2 attempts (including one attempt over the week-
end)”; “Individuals moved/changed address” and
“Individuals or their representative declined partic-
ipation” (Supplementary Material 1 Figure 1). Demo-
graphic characteristics (age and sex) were available in
the list provided by the primary health clinics and were
compared for those included in the study versus those
deemed as inclusion failure (Supplementary Material 1
Table 1).

The number of attempts needed to successfully enrol
a participant coupled with the high inclusion failure
(67%) resulted in a very time-consuming process that
was much longer than previously anticipated. These dif-
ficulties together with other challenges that were experi-
enced in the field (i.e., interruption of the activities due
to heavy rain or due to armed conflict between the police
and the criminal faction that controls the area) pro-
longed the study far beyond the initially planned 8
3



Articles

4

weeks to a total of 22 weeks, with a per week number of
enrollments varying from 17 (at Week 22) to 311 (at
Week 11) and a median of 202 enrollments/week.

All participants gave written informed consent
before participation in the Comvida-1 study. For individ-
uals younger than 18 years, parents or a legal represen-
tative provided consent. Local ethics committees
approved the study (Instituto Nacional de Infectologia
Evandro Chagas (INI)/Fiocruz, Escola Nacional de Sa�ude
P�ublica (ENSP)/Fiocruz, and Instituto Oswaldo Cruz
(IOC)/Fiocruz).
Study procedures
A study team comprising two interviewers and one labo-
ratory technician (phlebotomist) visited the address and
invited the individuals to participate. After informed
consent, participants underwent a structured interview
and venipuncture for blood collection. Samples were
transported in refrigerated containers to INI/Fiocruz
clinical research laboratory. Samples’ transport and
temperature were monitored to follow the assay man-
ufacturer’s instructions.

To facilitate the transit of the study team in the
area, at least one interviewer of each team lived in
Manguinhos. This was also a safeguard measure since
residents have free access to all favelas, and Manguin-
hos, like other areas in Rio de Janeiro city, hosts para-
military groups and drug dealers that may prevent the
transit of non-residents in the area. All addresses were
visited at least twice, including one attempt over the
weekend. Potential participants were allowed to re-
schedule the visit to a more convenient day/time. If the
team identified the residence of a potential participant
but he/she was not present by the time of the visit
attempt, the team requested a phone number and
scheduled a visit. For the potential participants not
found at the provided home address, the study team
tried to identify the new address by talking to neigh-
bours, local traders and other community leaders.

To promote the study and engage community partic-
ipation, we conducted meetings with local stakeholders,
religious leaders, and community associations to inform
them about the procedures and to explain the risks and
benefits of participating in the study. In addition, the
study team also engaged in local radio shows and meet-
ings (churches, community associations) to explain the
study and to address questions and concerns raised by
the community members. Posters and flyers advertising
the study were distributed in Manguinhos busiest pla-
ces (i.e., churches, local trade stores, and community
associations).
Laboratory analysis
Serum samples were processed and analyzed for the
presence of anti-SARS-CoV-2 antibodies. The assay
used for the main analyses was the SARS-CoV-2 IgG II
Quant assay on ARCHITECT analyzer (Abbott Ireland,
Sligo, Ireland; reference 6S60-22), a chemiluminescent
microparticle immunoassay (CMIA) that quantifies IgG
antibodies against the spike protein receptor-binding
domain (RBD) of SARS-CoV-2 with a 50AU/ml as a
positive cut-off and upper limit of quantification of
40,000 AU/mL (80,000 AU/mL at 1:2 dilution). The
sensitivity and specificity of the test are 99¢37% and
99¢55%, according to the manufacturer.20

In addition, all participants had their serum tested
for anti-SARS-CoV-2 Nucleocapsid (anti-N) IgG anti-
bodies (Abbott Ireland, Sligo, Ireland; reference 6R86-
22 & 6R86-32; on ARCHITECT analyser), a CMIA
designed to detect IgG antibodies to the nucleocapsid
protein of SARS-CoV-2 with a cut-off of 1¢40 Index
(S/C). According to the manufacturer, the sensitivity
and specificity of the test are 100% and 99¢63%,
respectively.21
Data collection
Data from study participants were gathered through
structured interviews programmed using REDCap soft-
ware on mobile phones. Data included sociodemo-
graphic information (sex, age, education level, self-
reported race/skin colour [White, Black, Pardo (Mixed-
Black), Asian, Indigenous], household size (number of
people co-living in the same house), and family income
(measured in number of minimum wages; monthly
minimum wage was 1,045 Brazilian Reais [BRL] in
2020 which corresponds to 199 United States Dollars
[USD]).22 We also inquired about COVID-19 symptoms
and level of adherence to social distancing measures
and face mask use in the two weeks prior to the inter-
view; adherence responses were categorized as poor,
moderate, and intense. Participants were questioned
about the main means of transportation used during
the COVID-19 pandemic (responses categorized as
“walk or bike”, “drive own car or motorcycle”, “cab/ride-
sharing apps/mototaxi”, or “public transport [bus, sub-
way, train]”). The presence of chronic comorbidities (i.
e., arterial hypertension, diabetes, cancer, asthma) was
assessed with the question “has a health professional
ever said you have:”. Participants were then asked how
frequently any household member including them-
selves left the house and how often they received visits
from people not living at their home over the past two
weeks. Finally, participants were asked if any household
member was a beneficiary of the Bolsa Familia or Aux-
il�ıo Financeiro Emergencial cash transfer programs. Bolsa
Familia is a nationwide conditional cash transfer pro-
gram for families in extreme poverty conditions.23 Pub-
lications addressing the program’s impact have shown
that it reduced poverty and hunger, child mortality and
improved access to elementary education.24−26 Auxil�ıo
Financeiro Emergencial, was an emergency financial
www.thelancet.com Vol 15 November, 2022
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assistance program implemented during the COVID-19
pandemic (Apr 2020 through Oct 2021) targeting low-
income informal workers, the self-employed, and those
already registered in Bolsa Familia (who are eligible to
receive this transfer in place of their regular Bolsa Fami-
lia transfer).27 Compared to Bolsa Familia, Auxil�ıo
Financeiro Emergencial eligibility criteria was broader
and in 2020, 294 billion BRL were transferred to
approximately 67 million beneficiaries (72% of them
were not previously beneficiaries of the Bolsa Familia
program).28

Statistical analysis
The study population was grouped according to the
favela they resided in. Between-group comparisons were
performed using the Chi-square test for categorical vari-
ables and the Kruskal Wallis test for continuous varia-
bles. Prevalence of IgG antibodies and 95% CI were
calculated using Poisson regression models with robust
variance.29 Titers of anti-S IgG of the positive samples
were described over time and by age group. We obtained
data on the prevalence of SARS-CoV-2 variants for the
study period from the Corona-ômica-RJ Network (avail-
able at http://www.corona-omica.rj.lncc.br/).

Multilevel logistic regression models30 were used to
assess factors associated with reactive anti-S IgG serol-
ogy. To account for the spatial clustering of partici-
pants in each of the 16 favelas, we assumed a random
intercept, meaning that each of the 16 favelas had its
unique intercept. In contrast, we assumed fixed effects
for all other covariates (meaning an estimated mean
effect for the 16 favelas). The following covariates were
assumed as potentially associated with anti-S IgG
serology: study period (divided into epidemic weeks 1
to 22 with participants classified according to the epi-
demic week they were included), age, sex, race/skin
colour, education, household size, family income,
Bolsa Fam�ılia, Aux�ılio Financeiro Emergencial, self-
reported adherence to social distancing, self-reported
adherence to face mask use, if left home, if received
visits, if any household member left home, and main
means of transportation used during the pandemic.
Age, household size, and epidemic week were included
in the models using cubic splines with 3-knots to relax
the assumption of linear association. Furthermore,
propensity score weights were also included, these are
described below.

Bivariate multilevel logistic models were used to test
the significance of the association between the covari-
ates and anti-S IgG antibodies reactivity. The final mul-
tilevel model included all covariates with a p-value <0¢
05. Moreover, the final model was restricted to partici-
pants aged five years or older due to the inclusion of the
covariate adherence to face masks which were recom-
mended only for those aged five years or older.31

As described above, we used a random sampling of
the source population to generate a list of potential
www.thelancet.com Vol 15 November, 2022
study participants. However, study participation was
influenced by the challenges experienced during the
study, which ultimately impacted the representativeness
of the study participants. Supplementary Material 1
Table 1 compares the study population to those who were
deemed as inclusion failures. We used propensity score
weights to account for an individual's likelihood of inclu-
sion in the study. We first used logistic regression models
to estimate the probability of study inclusion32 among
those who were sampled and sought participation, age
and sex were used as predictors (Supplementary Material 1
Table 2). The propensity score weights were defined as the
inverse of the predicted conditional probability as esti-
mated by the logistic regression model. Probability of
study inclusion varied between 0.18 and 0.59 (mean 0.32,
median 0.31) and weights varied between 1.23 and 5.33
(mean 2.00, median 1.55).

Average marginal predicted probabilities and inter-
quartile ranges (IQR) were estimated from the final
adjusted multilevel logistic regression model.33,34 Analy-
ses were performed in R version 4.1.2, using package
lme4 for multilevel regression analyses. Maps were cre-
ated with QGIS version 3.22.

Role of the funding source
The funders had no role in the study design, data collec-
tion, data analysis, data interpretation, or writing of the
report. All the authors had full access to the data in the
study and had final responsibility for the decision to
submit it for publication.
Results

Study population characteristics
A total of 4,033 participants were included from Sep-
tember 15th, 2020 through February 10th, 2021 (Table 1).
The median age was 39¢8 years (IQR 21¢8-57¢7), 21¢7%
were aged 60 years or older, 60¢7% were female, 40¢7%
were Pardo, 22¢7% were Black and 44% had less than
10 years of formal education. Household size was three
or more persons for 65¢7% of the participants, 40¢4%
reported family monthly income of up to one minimum
wage, and 12¢6% reported no income. 22¢4% of the par-
ticipants were beneficiaries of Bolsa Fam�ılia program
and 47¢5% received Aux�ılio Financeiro Emergencial. Pub-
lic transport (bus, train, and subway) was the main
mode of transportation used during the COVID-19 pan-
demic (43¢6%). For the two weeks before the study
inclusion, 25¢6% of the participants reported poor
adherence to social distancing measures, 74¢4%
reported intense use of face masks, and 34¢0% said they
had left home often/every day.

Table 1 also shows the breakdown of the study partic-
ipants according to anti-S IgG antibodies reactivity. The
median age for those with anti-S IgG antibodies was
lower (37¢1 versus 42¢2 years) compared to those with-
out anti-S IgG antibodies. Household size was
5
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Non-reactive Reactive Total P-valued

N 2058 1975 4033

Age, median (IQR) 42¢2 (22¢3-60¢2) 37¢1 (21¢5-55) 39¢8 (21¢8-57¢7) < 0¢001e
Age, categorical (%) < 0¢001
1−4 74 (3¢6) 39 (2¢0) 113 (2¢8)
5−9 107 (5¢2) 87 (4¢4) 194 (4¢8)
10−19 273 (13¢3) 309 (15¢6) 582 (14¢4)
20−29 259 (12¢6) 341 (17¢3) 600 (14¢9)
30−39 253 (12¢3) 294 (14¢9) 547 (13¢6)
40−49 275 (13¢4) 282 (14¢3) 557 (13¢8)
50−59 299 (14¢5) 267 (13¢5) 566 (14)

60−69 300 (14¢6) 231 (11¢7) 531 (13¢2)
70−79 164 (8¢0) 94 (4¢8) 258 (6¢4)
80+ 54 (2¢6) 31 (1¢6) 85 (2¢1)

Gender 0¢293
Female 1266 (61¢5) 1183 (59¢9) 2449 (60¢7)
Male 792 (38¢5) 792 (40¢1) 1584 (39¢3)

Race/Skin colour (%) 0¢260
White 621 (30¢2) 570 (28¢9) 1191 (29¢5)
Black 470 (22¢8) 444 (22¢5) 914 (22¢7)
Pardo (mixed) 809 (39¢3) 834 (42¢2) 1643 (40¢7)
Indigenous 21 (1¢0) 20 (1¢0) 41 (1¢0)
Asian 13 (0¢6) 15 (0¢8) 28 (0¢7)
Missing 124 (6) 92 (4¢7) 216 (5¢4)

Education, Yearsa 0¢751
0−4 111 (6¢9) 98 (6¢4) 209 (6¢6)
5−9 614 (38¢3) 563 (36¢6) 1177 (37¢4)
10−12 602 (37¢5) 610 (39¢6) 1212 (38¢5)
13+ 135 (8¢4) 129 (8¢4) 264 (8¢4)
Missing 142 (8¢9) 140 (9¢1) 282 (9¢0)

Household size (# persons) <0¢001
1 212 (10¢3) 139 (7) 351 (8¢7)
2 414 (20¢1) 358 (18¢1) 772 (19¢1)
3 507 (24¢6) 494 (25) 1001 (24¢8)
4 401 (19¢5) 426 (21¢6) 827 (20¢5)
5 221 (10¢7) 244 (12¢4) 465 (11¢5)
6+ 159 (7¢7) 199 (10¢1) 358 (8¢9)
Missing 144 (7) 115 (5¢8) 259 (6¢4)

Family income 0¢401
No income 259 (12¢6) 248 (12¢6) 507 (12¢6)
≤1 MW 812 (39¢5) 818 (41¢4) 1630 (40¢4)
(1−2] MW 506 (24¢6) 465 (23¢5) 971 (24¢1)
(2−3] MW 175 (8¢5) 159 (8¢1) 334 (8¢3)
≥3 MW 83 (4) 97 (4¢9) 180 (4¢5)
Missing 223 (10¢8) 188 (9¢5) 411 (10¢2)

Bolsa família 0¢329
No 1494 (72¢6) 1406 (71¢2) 2900 (71¢9)
Yes 443 (21¢5) 462 (23¢4) 905 (22¢4)
Missing 121 (5¢9) 107 (5¢4) 228 (5¢7)

Auxílio Financeiro Emergencial 0¢344
No 978 (47¢5) 913 (46¢2) 1891 (46¢9)
Yes 958 (46¢6) 959 (48¢6) 1917 (47¢5)
Missing 122 (5¢9) 103 (5¢2) 225 (5¢6)

Table 1 (Continued)
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Non-reactive Reactive Total P-valued

Self-reported adherence to social distancing (past 2wks) < 0¢001
Poor 488 (23¢7) 544 (27¢5) 1032 (25¢6)
Moderate 448 (21¢8) 532 (26¢9) 980 (24¢3)
Intense 995 (48¢3) 792 (40¢1) 1787 (44¢3)
Missing 127 (6¢2) 107 (5¢4) 234 (5¢8)

Self-reported adherence to face masks (past 2 wks)b 0¢077
Poor 179 (9) 197 (10¢2) 376 (9¢6)
Moderate 179 (9) 206 (10¢6) 385 (9¢8)
Usually/always 1491 (75¢2) 1426 (73¢7) 2917 (74¢4)
Missing 135 (6¢8) 107 (5¢5) 242 (6¢2)

Left the house (past 2wks) < 0¢001
Never 364 (17¢7) 282 (14¢3) 646 (16¢0)
Essentials/sometimes 929 (45¢1) 841 (42¢6) 1770 (43¢9)
Often/everyday 628 (30¢5) 742 (37¢6) 1370 (34¢0)
Missing 137 (6¢7) 110 (5¢6) 247 (6¢1)

Received visits at home (past 2wks) < 0¢001
Never 1129 (54¢9) 1038 (52¢6) 2167 (53¢7)
1−2 times/week 575 (27¢9) 597 (30¢2) 1172 (29¢1)
Almost everyday 193 (9¢4) 209 (10¢6) 402 (10¢0)
Missing 161 (7¢8) 131 (6¢6) 292 (7¢2)

Did any household member leave the house (past 2wks) 0¢005
No 287 (13¢9) 247 (12¢5) 534 (13¢2)
Yes, but only sometimes 596 (29) 537 (27¢2) 1133 (28¢1)
Yes, often/everyday 993 (48¢3) 1055 (53¢4) 2048 (50¢8)
Missing 182 (8¢8) 136 (6¢9) 318 (7¢9)

Main means of transportation used during pandemic

Walk/bike 448 (21¢8) 399 (20¢2) 847 (21¢0) 0¢101
Own car/motorcycle 343 (16¢7) 299 (15¢1) 642 (15¢9)
Cab/ridesharing apps/mototaxi 266 (12¢9) 250 (12¢7) 516 (12¢8)
Public transport (bus, subway, train) 855 (41¢5) 903 (45¢7) 1758 (43¢6)
Missing 146 (7¢1) 124 (6¢3) 270 (6¢7)

COVID-19 related symptoms (past 2 weeks)c

Cough 163 (8¢4) 183 (9¢7) 346 (9¢0) 0¢156
Sore throat 116 (6¢0) 117 (6¢2) 233 (6¢1) 0¢757
Anosmia/ageusia 57 (2¢9) 123 (6¢5) 180 (4¢7) < 0¢001
Diarrhea 87 (4¢5) 72 (3¢8) 159 (4¢1) 0¢312
Shortness of breath 71 (3¢6) 77 (4¢1) 148 (3¢9) 0¢488
Fever 52 (2¢7) 58 (3¢1) 110 (2¢9) 0¢462
Vomiting 35 (1¢8) 26 (1¢4) 61 (1¢6) 0¢298

Table 1: Characteristics of the study population according to anti-SARS-CoV-2 serology (anti-S IgG) result.
a Restricted to a subset of participants aged ≥20 years-old.
b Restricted to a subset of participants aged ≥5 years-old.
c Missing data for cough (n = 200), sore throat (n = 196), anosmia/ageusia (n =197), diarrhea (n =200) shortness of breath (n =200), fever (n =205), vomit-

ing (n =202).
d Chi-square test p-value.
e Kruskal-Wallis test p-value.
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significantly different between the two groups with a
higher proportion of participants reporting a house-
hold size greater than three persons among those
with anti-S IgG antibodies. Poor adherence to social
distancing, to face masks and to variables that are
proxies for risk exposure (i.e., “Left the house”,
“Received visits at home”, “Did any household mem-
ber leave the house”) was more frequent among
www.thelancet.com Vol 15 November, 2022
participants with anti-S IgG antibodies compared to
those without. The proportion of participants report-
ing COVID-19-related symptoms was not different
between those with anti-S IgG antibodies and those
without, except for anosmia/ageusia, reported by 6¢
5% of those with anti-S IgG antibodies and by 2¢9%
of the participants without anti-S IgG antibodies
(Table 1, p<0¢001).
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Dynamics of anti-S IgG antibodies in Manguinhos
The overall prevalence of anti-S IgG antibodies car-
riers during the study period was 49¢0% (95%CI 46¢
8%-51¢2%). The prevalence of anti-S IgG antibody
carriers varied spatially and over the study period
(Figures 1, 2, and 3). Spatially, the prevalence was
highest in Bonsucesso (Perereca) favela (68¢3%,
95%CI 55¢7-82¢6%) and lowest in Ex-combatentes
favela (31¢4%, 95%CI 0¢23%-0¢41%). It is important
to note that Bonsucesso (Perereca) is likely one of
the poorest favelas in Manguinhos. At the same
time, Ex-combatentes is an older settlement in the
area, purposely built to be a housing complex, and,
therefore it is much more structured and organized
than other areas in Manguinhos.

The SARS-CoV-2 dynamics of Gamma (P1) and Zeta
(P2) variants in the state of Rio de Janeiro according to
data from the Corona-ômica-RJ Network (available at
http://www.corona-omica.rj.lncc.br/) is shown in
Figure 3. The prevalence of anti-S IgG antibodies in our
study population was relatively stable over the first 15
weeks and increased slightly after epidemic week 15
when the Gamma (P1) variant emerged in Rio de
Janeiro state (Figure 3).
Figure 1. Prevalence of reactive anti-SARS
Factors associated with reactive anti-SARS-CoV-2
serology (Anti-S IgG antibodies)
Supplementary Material 1 Table 3 provides crude and
adjusted Odds Ratios (aORs) estimated from multilevel
regression models and Figure 4 shows the predicted
probabilities of having anti-S IgG antibodies according
to the model’s estimates. Young adults had the greatest
probability of having anti-S IgG antibodies. Females
had a borderline significant lower probability of having
anti-S IgG antibodies compared to males (aOR 0¢94,
95%CI 0¢87-1¢01). Probability increased almost linearly
according to household size and was greatest among
individuals with family income ≥three minimum wages
(aOR 1¢44, 95%CI 1¢17-1¢77). Probabilities of having
anti-S IgG antibodies were highest among participants
that reported public transport as their main mode of
transportation (aOR 1¢26, 95%CI 1¢14-1¢38) and among
those reporting leaving the house often/every day (aOR
1¢38, 95%CI 1¢22-1¢55) and lowest among those report-
ing intense adherence to social distancing measures
(aOR 0¢90, 95%CI 0¢84-0¢99).

Finally, to further explore the relationship between
face mask use and the prevalence of anti-S IgG antibod-
ies, Supplementary Material 1 Table 4 depicts study
-CoV2 serology (anti-S IgG) by favela.

www.thelancet.com Vol 15 November, 2022
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Figure 2. Space and time dynamics of anti-SARS-CoV 2 prevalence (anti-S IgG antibodies) in Manguinhos.
Source: Data provided by Manguinhos COmVIDa populational-based serosurvey. Background image from Google Earth.
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Figure 3. Prevalence of Anti-S IgG antibodies and median titers of serologic results among study participants over the study
period.

Anti-S IgG antibodies titers are median values of reactive results each week. Prevalence of SARS-CoV-2 Zeta (P2) and Gamma (P1)
variants in Rio de Janeiro state over the study period, source: Corona-ômica-RJ Network (http://www.corona-omica.rj.lncc.br/).
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population characteristics (particularly social distancing
and proxy variables) according to face mask use. Partici-
pants who reported intense adherence to face mask use
(“Usually/Always”) were more likely to be older (median
age 43¢8, IQR 25¢7,60¢2) and female (62¢9%) than the
other groups (“Poor” and “Moderate”). They also
reported better adherence to social distancing and proxy
variables in the past 2 weeks; 55% reported intense
adherence to social distancing, 18¢9% reported they
didn’t leave the house, and 59¢2% reported they didn’t
receive external visits. In contrast, participants who
reported high adherence to face masks were more likely
to use public transportation.

Corroborating patterns depicted in Figure 3, the
probability of having anti-S IgG antibodies remained
relatively stable up to epidemic week 15 and increased
thereafter (Figure 4). These patterns can be better visu-
alized in Supplementary Material 2 Figures 1−3.
Kinetics of anti-SARS-CoV-2 IgG antibodies
In a secondary analysis, we estimated the prevalence of
anti-N IgG antibody carriers overall and across age
groups. The overall prevalence of anti-N IgG antibodies
was 17¢4% (95%CI 16¢1%-18¢7%), which is much lower
than that for anti-S IgG antibodies (49¢0%, 95%CI 46¢
8%-51¢2%). Among participants with positive anti-S
IgG, 34¢2% were also anti-N IgG positive. On the other
hand, among those with negative anti-S IgG, 98¢8%
were also anti-N IgG negative (Supplementary Material 1
Table 5). Moreover, among those with positive anti-N
IgG (n=700), 96¢4% had also a positive anti-S IgG
(with a median anti-S IgG antibodies titer of 830 [IQR
404,1506]). Contrastingly, among those with negative
anti-N IgG (n=3,333), 39¢0% (n=1,300) had positive anti-
S serology (with a median anti-S IgG antibodies titer of
294 [IQR 150,580]). Further, although prevalence esti-
mates were lower using anti-N IgG assay than anti-S
IgG assay across all ages, estimates were closer for age
groups 1-9, 60-79, and 80+ years (Figure 5). Interest-
ingly, quantitative anti-S IgG antibody titers were higher
among individuals in the same age strata (1-9, 60-79,
and 80+ years; Figure 6).
Discussion
This study highlighted a high prevalence of anti-S IgG
antibody carriers in over 4000 individuals living in one
www.thelancet.com Vol 15 November, 2022
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Figure 4. Predicted probabilities of reactive Anti-SARS-CoV 2 serology (Anti-S IgG) as estimated from adjusted logistic multi-
level regression models.
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Figure 5. Prevalence estimates of Anti-N IgG carriers and Anti-S IgG carriers by age.
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of the most vulnerable neighbourhoods in Rio de
Janeiro city, Brazil, spanning from September 2020
through February 2021. In Brazil, COVID-19 vaccina-
tion started on January 19th, 2021 and was initially
restricted to front-line health professionals, the elderly
(80 years or older), people with disabilities living in
long-term care facilities, and Indigenous peoples.
Accordingly, at the end of our study period (February
10th, 2021), only 2¢2% of the Brazilian population had
received the first dose of the COVID-19 vaccine and less
than 0¢1% were fully vaccinated.35 Thus, the prevalence
estimates found in our study reflect the COVID-19 bur-
den (naturally acquired antibodies) before the expansion
of vaccine eligibility to the general adult population.

The first important finding from our study is the
significant burden of COVID-19 in this community,
as reflected by the antibody prevalence (49¢0%) which
was much higher than previous estimates for Rio de
Janeiro city. In June 2020, the estimated adjusted
seroprevalence was 7¢5% in a populational based
study of individuals aged one-year or older in Rio de
Janeiro city,36 while in Rio de Janeiro state, an
adjusted prevalence of 3¢8% was found among 2,857
blood donors aged 18−69 years (April 2020).37 Our
estimates are closer to those found in studies includ-
ing people living in vulnerable areas of other cities in
Brazil. In the metropolitan area of Vit�oria (also in the
Southeast region of Brazil), in June 2020, the esti-
mated prevalence among individuals aged two years
or older living in slums was 12¢1% (n=714)38; while a
study that included 2,035 urban slum residents Salva-
dor city (Northeast region of Brazil) observed a 46¢4%
prevalence (from November 2020 to February
2021).39 Additionally, a survey conducted with home-
less persons in a large day-shelter in S~ao Paulo city
(Southeast region of Brazil) found a 54¢7% prevalence
in August 2020.40 In a vulnerable area in Sao Paulo
city (Parais�opolis), a 43¢8% prevalence was found among
individuals aged 18 years or older (n = 272) (from Septem-
ber to December 2020).41 Moreover, a prospective cohort
study conducted in the same neighbourhood as our study
estimated the incidence of COVID-19 during four waves
(from May 2020 to Nov 2021) and found that the inci-
dence was much higher than previously reported by simi-
lar studies in the US and that the incidence was the
highest in the first wave (May through November
2020).42 These results suggest that the burden of
COVID-19 is highly unequal, impacting to a much
higher degree vulnerable and marginalized populations.
We hypothesize that the reasons for the disparities in
COVID-19 burden stem from precarious living condi-
tions (densely populated favelas and large household
sizes), poverty (limited access to clean water and cleaning
supplies), employment and income insecurity (people
working in low-paid and informal jobs who are at risk of
losing their income partially or completely), and the lack
of economic support from the government, thus hinder-
ing the adoption of social distancing measures.
www.thelancet.com Vol 15 November, 2022



Figure 6. Quantitative Anti-S IgG antibodies level among individuals with reactive serology by age strata.
Violin plot and box plot showing the density distribution, median, first and third quartiles of Anti-S IgG antibodies titers by age

strata.
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Indeed, these hypotheses are corroborated by our
results. First, prevalence estimates varied spatially
across different favelas in Manguinhos: they were
higher in the poorest areas such as Bonsucesso (Per-
ereca) and Mandela de Pedra (favelas characterized by
unplanned streets and multiple shacks with a small dis-
tance between them) and lowest in better structured
and planned areas (such as Ex-Combatentes and Parque
Oswaldo Cruz, that were settled as planned housing
complexes). Second, our adjusted models showed a lin-
ear association between household size and the odds of
having anti-S IgG antibodies. Similarly to other infec-
tious diseases (i.e., dengue and tuberculosis), SARS-
CoV-2 spread is significantly higher in densely popu-
lated areas and overcrowded houses.43−45 Third, we
found that family income ≥ three minimum wages was
associated with greater odds of having anti-S IgG
www.thelancet.com Vol 15 November, 2022
antibodies while receiving Auxilio Financeiro Emergen-
cial was associated with lower odds. These results cor-
roborate the hypothesis that economically active adults
(“young adults with jobs”) did not stop (or were unable
to stop) working during the COVID-19 pandemic and
were, therefore, the most at-risk group in our study pop-
ulation.46 In contrast, it became feasible for those
receiving Auxilio Financeiro Emergencial to stay at home
and thus adhere to social distancing measures. Job and
income insecurity are intrinsically linked to food insecu-
rity in most vulnerable populations. A study evaluating
food insecurity in two favelas in S~ao Paulo during the
early weeks of social distancing measures adoption in
Brazil47 found that almost 10% of the population experi-
enced hunger and almost half experienced moderate or
severe food insecurity. This study also found that fami-
lies with children were less likely to experience severe
13
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or moderate food insecurity, likely because they were
protected by the Bolsa Familia program, which benefits
mostly families with children. Finally, we found a com-
plex association between adherence to non-biomedical
preventive measures (i.e., social distancing and its prox-
ies and face mask use) and the odds of having anti-S
IgG antibodies. In both crude and adjusted models,
adherence to social distancing was associated with lower
odds of having anti-S IgG antibodies, whereas those that
reported they “left the house often/every day” had
higher odds of having anti-S IgG antibodies. Contrast-
ingly, in the adjusted model, adherence to face masks
had a non-significant effect on increasing the odds of
having anti-S IgG antibodies. Several studies have
shown that social distancing and face mask use are asso-
ciated with a lower risk of COVID-19.48−50 However, it
is important to highlight that a randomized cluster
study in Bangladesh didn’t find a protective effect of the
use of cloth masks on the risk of COVID-19 (though a
clear protective effect was observed for surgical
masks).49 Cloth masks were largely used in Brazil and
their protection is not well known and can vary accord-
ing to the material and layers used.51 We speculate that
although 75% of the study population reported intense
adherence to face masks, its protective effect might have
been confounded by other risk factors not evaluated in
the study, such as close-contact rates, potential differen-
ces between groups (those who adhered to face masks
use versus those who haven’t), face mask quality, appro-
priate use, storage and cleaning, all factors that impact
masks’ effectiveness. Interestingly, our participants
reported a higher level of intense face mask use (74 ¢4%)
than other studies in Brazil52,53 and our assessment of face
masks’ use through a face-to-face interview might have
influenced these results. In a study conducted in the
streets of a commercial centre of a city in S~ao Paulo State,
in a period of mandatory use of face masks in this state,
observation of over a thousand individuals on the street
showed that 38¢4% did not wear a face mask and that 12%
were inappropriately using it.52 Also, an online survey con-
ducted in April 2020 with 23,896 respondents found that
only 45¢5% of the participants reported using face masks
when going outside.53 Finally, risk compensation behav-
iour has been associated with the use of face masks or
mandates in the United States50; but this association was
not observed in the randomized cluster trial from
Bangladesh.49

The Brazilian response to COVID-19 was insuffi-
cient. Federal leadership actively jeopardized non-bio-
medical preventive measures, the pandemic aggravated
socioeconomic inequities and vaccine availability had
important delays.54−57 Consequently, Brazil has become
one of the hotspots of COVID-19, with an unequal dis-
tribution of the burden of infection and unfavourable
outcomes across the country. National data has shown
substantial racial disparities in COVID-19-associated
mortality, with Black and Pardos having higher in-
hospital mortality than White individuals.54 In addition,
the spatial distribution of the epidemic in the country
was mostly driven by socioeconomic disparities.56,58

The highest death rates occurred in states with greater
socioeconomic vulnerabilities, mostly in the North and
Northeast regions of the country.56 Notwithstanding, a
study that evaluated in-hospital mortality found that Rio
de Janeiro state’s mortality hazard was one of the high-
est in the country, surpassed only by Amazonas and
Pernambuco (states in North and Northeast regions,
respectively, and with worse socioeconomic and health
system indicators).54 The authors also found the mortal-
ity risk was two-fold higher in Rio de Janeiro metropoli-
tan area compared to the rest of the state. Another study
observed that the Rio de Janeiro municipality had the
second-highest excess mortality and standardised mor-
tality ratio among Brazilian cities.59 Altogether, these
data suggest that vulnerable communities in Rio de
Janeiro were deeply impacted by COVID-19.

In a secondary analysis, we showed how the COVID-
19 prevalence estimates varied significantly according to
the serological assay used. Prevalence estimates using
the anti-N IgG assay were much lower than those based
on the anti-S IgG assay. Both assays are automated and
commercially available and have high sensitivity and speci-
ficity according to the manufacturer, suggesting that the
discrepancies derive from antibody kinetics after natural
infection and affinity to specific variants.60−64 Antibodies
targeting different components of the SARS-CoV-2 (i.e.,
nucleocapsid or spike proteins) have different dynamics.
Anti-N IgG antibodies are detected earlier in the course of
the infection and wane fastest (half-life of 63-85 days), fol-
lowed by anti-RBD (half-life 83-126 days) and lastly by
anti-S IgG (half-life 126-229 days).65−68 At 6-8 months
after symptoms onset, the proportion of individuals sero-
positive for anti-RBD IgG was 88% and for anti-S IgG was
90%.66 A study from the United States using a large
COVID-19 data registry coupled with laboratory data (Lab-
corp) of 39,086 individuals with confirmed SARS-CoV-2
infection (positive PCR test) between March 2020 and
January 2021 found that 68% of the individuals remained
seropositive for anti-N antibodies and 88% for anti-S anti-
bodies at »10 months after infection.65 An Italian study
evaluated the persistence of anti-SARS-CoV-2 antibodies
(anti-N and anti-S) by repeating serological assays in sero-
positive individuals that were previously enrolled in a large
serosurvey study conducted 4 months before.69 They
found that over 40% of the participants that had a previ-
ous positive anti-N result had a negative anti-N result in
the second evaluation; however, 78% of those with a nega-
tive anti-N result at the second evaluation, had a positive
anti-S result. A large Canadian study of blood donors
(N=17,428 samples collected between Apr 2020 and Mar
2021) qualitatively compared the agreement of four sero-
logical assays including the two used in our analyses
(Abbott anti-S, Abbott anti-N, Sinai anti-RBD and Sinai
anti-N).70 They found that the highest agreement of
www.thelancet.com Vol 15 November, 2022
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positive Abbott anti-S results was with Sinai anti-RDB
results (72¢6%) while the lowest agreement was with
Abbott anti-N (28¢7%). For negative Abbott anti-S
results, the agreement was high (>97%) with all
assays (being 99¢7% for Abbott anti-N negative
results). Notably, in our study, we observed similar
positive (34¢2%) and negative agreement (98¢8%)
between Abbott's anti-S and Anti-N results. Relative
to the discrepancies found in our study and current
scientific evidence, we speculate that most of our
anti-S IgG carriers, particularly those included up to
week 14, were not recently infected and that anti-N
antibody levels have probably waned overtime after
natural infection in a large proportion of our study
population. This finding is also supported by the lack
of difference in the proportion of participants report-
ing COVID-19 symptoms in the past two weeks
among those with and without anti-S IgG antibodies,
except for anosmia/ageusia (more frequent among
those with anti-S antibodies), symptoms known to
last longer after COVID-19 onset. Additionally, the
gaps between anti-S and anti-N estimates were nar-
rower among the youngest and eldest and wider
among young adults in our study population, suggest-
ing a possible transmission dynamic in Manguinhos,
with young adults infected earlier in the pandemic
period and acting as index/source cases for the other
members of the community. Finally, our results rein-
force the need for a cautious interpretation of
COVID-19 seroprevalence surveys as estimates are
prone to variation due to heterogeneities in the study
population, antibodies waning over time, and serolog-
ical assay’s affinity to specific circulating variants.

Notably, we found a lower prevalence of COVID-19
symptoms among participants with anti-S IgG antibod-
ies (i.e. cough 10%, anosmia/ageusia 6.5%, sore throat
6.2%) compared to previous studies. A multicity study
in Brazil found that participants with reactive serology
reported headache (58%), changes in smell/taste (56%),
fever (52%), and cough (48%).71 Whereas in Vit�oria city
among those with reactive serology, 45%, 40% and 38%
reported anosmia, cough, and myalgia, respectively.38

These differences may be attributed to a shorter period
of symptoms observation in our study compared to the
first-mentioned study (past two weeks versus past two-to-
three months), but not different from the second study.
Another potential reason could be related to the perfor-
mance of serological assays used. We used a CLIA quan-
titative anti-S IgG assay while other studies used lateral
flow IgM/IgG anti-S rapid tests (Wondfo test, Wondfo
Biotech Co., Guangzhou, China71 and IgM/IgG test
from Celer Technologies Inc.38). Lateral flow serological
tests have lower sensitivity than chemiluminescence
immune assays and ELISA assays.72,73 Irrespective of
the test method, serological tests show a general pat-
tern: a low sensitivity in the first week after symptoms
onset, rising in the second week and peaking at week
www.thelancet.com Vol 15 November, 2022
three after symptoms onset; beyond week five sensitivity
tends to decline for all methods, being lowest for lateral
flow tests.72 The two studies that used IgM/IgG lateral
flow tests might have detected participants with more
recent SARS-CoV-2 infection, which would explain their
high symptoms prevalence.

Our study has several limitations that are common to
other observational studies conducted in marginalized
communities. First, a high proportion of the individuals
initially sampled were not included in the study, poten-
tially imposing a selection bias. Indeed, we found that
individuals sampled but not included in the study were
more likely to be male and younger than those included.
To address this limitation, individuals’ likelihood of
inclusion in the study was estimated and incorporated
into the regression models as propensity score weights.
Second, our study target sample size (n=6,000) was not
reached, and the study period was longer than initially
planned. Nonetheless, the number of participants per
epidemic week allowed the estimation of the prevalence
of anti-SARS-CoV2 carriers within reasonable confi-
dence bounds. Third, outcomes and exposure variables
(including adherence to non-biomedical measures [i.e.,
social distancing and face mask use]) were collected at
the same point in time and as such the precise tempo-
rality among variables cannot be established, thus the
associations should be interpreted with caution. Fourth,
we found a lack of protective association between the
use of face masks and the odds of having anti-S IgG
antibodies. This association could be confounded by sev-
eral unmeasured factors including the type of face mask
(i.e., cloth, surgical, N95/respirators)49,51 and its appro-
priate use, manipulation and storage. Moreover, com-
pared to prior studies,52,53 we found a higher prevalence
of intense face mask use that may reflect some report-
ing bias given the face-to-face format of our inter-
views.74 A strength of our analysis was the use of
multiple statistical frameworks (e.g., exploratory, fre-
quentist, and Bayesian) that argue for our results'
robustness. Another strength of our study was the use
of two automated commercially available assays to
detect anti-S and anti-N SARS-COV-2 IgG antibodies.
Finally, it is worth mentioning that although we have
not performed internal validation tests of the perfor-
mance of the anti-S IgG assay used in our analysis, sev-
eral studies42,69,75,76 used this assay to estimate
seroprevalence and a large study with over 17,000 well-
characterized blood samples (Canadian blood donors
study) has estimated Abbott anti-S IgG sensitivity to be
95¢96% (95% CI, 93¢27 to 97¢63%) and the specificity
as 99¢35% (95% CI, 99¢21 to 99¢46%).70
Conclusions
Our results show a significantly higher prevalence of
anti-S IgG antibodies than initially anticipated in an
extremely socioeconomic vulnerable population before
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vaccine implementation in Rio de Janeiro, Brazil.
Young adults and those reporting large household size,
poor adherence to social distancing and use of public
transportation had the highest probability of having
anti-S IgG antibodies. Moreover, despite high seropreva-
lence levels, we documented an increase in seropreva-
lence that is temporarily linked to a new transmission
wave that occurred in Rio de Janeiro state. This pattern
was possibly driven by the combined effect of loss of
immunity, the emergence of new a variant, and the lack
of variants’ cross-immunity, all of which were docu-
mented in our study. This dynamic challenges the pos-
sible role of herd immunity in mitigating the
community transmission of SARS-COV-2 and the con-
sequential burden of COVID-19. Finally, disparities in
prevalence estimate obtained using different serological
assays (Anti-S and Anti-N) reinforce the need for cau-
tious interpretation of serosurveys estimates given the
heterogeneity of exposure in communities, loss of
immunological biomarkers, serological assay method
and antigen target, and variant-specific test affinity.
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Introduç~ao �a Inferência Causal em Epidemiologia: Uma Aborda-
gem Gr�afica e Contrafatual. Fiocruz. https://portal.fiocruz.br/
livro/introducao-inferencia-causal-em-epidemiologia-uma-aborda
gem-grafica-e-contrafatual. Accessed 7 March 2022.

33 UCLA: Statistical Consulting Group. Mixed effects logistic regres-
sion | R data analysis examples. Los Angeles: UCLA Advanced
Research Computing - Statistical Methods and Data Analysis;
2014. Available from: https://stats.oarc.ucla.edu/r/dae/mixed-
effects-logistic-regression/. Accessed 14 March 2022.

34 Agresti A. Categorical Data Analysis. 3rd Ed. Hoboken, NJ: Wiley;
2013.

35 Ritchie Hannah, Mathieu DB Edouard, Rod�es-Guirao Lucas,
et al. Coronavirus pandemic (COVID-19). OurWorldInData.org.
2020. https://ourworldindata.org/coronavirus. Accessed 7
March 2022.

36 Hallal PC, Hartwig FP, Horta BL, et al. SARS-CoV-2 antibody prev-
alence in Brazil: results from two successive nationwide serological
household surveys. Lancet Global Health. 2020;8(11):e1390–e1398.
https://doi.org/10.1016/S2214-109X(20)30387-9.
www.thelancet.com Vol 15 November, 2022
37 Amorim Filho L, Szwarcwald CL, Mateos S de OG, et al. Seropreva-
lence of anti-SARS-CoV-2 among blood donors in Rio de Janeiro,
Brazil. Rev Sa�ude P�ublica. 2020;54:69.

38 Maciel ELN, Jabor PM, Macedo LR, et al. Living conditions, sero-
prevalence and symptoms of COVID-19 in slums in the metropoli-
tan region of Vit�oria (Esp�ırito Santo). Rev Bras Epidemiol. 2021;24:
e210048.

39 Fofana MO, Nery N, Aguilar Ticona JP, et al. Structural factors contrib-
uting to SARS-CoV-2 infection risk in the urban slum setting.medRxiv
[Preprint]. 2022. https://doi.org/10.1101/2022.02.13.22270856.

40 do Couto AC, Kmetiuk LB, Delai RR, et al. High SARS-CoV-2 sero-
prevalence in persons experiencing homelessness and shelter
workers from a day-shelter in S~ao Paulo, Brazil. PLoS Negl Trop
Dis. 2021;15:e0009754.

41 Miraglia JL, Nascimento Monteiro C, Giannecchini Romagnolo A,
et al. A seroprevalence survey of anti-SARS-CoV-2 antibodies
among individuals 18 years of age or older living in a vulnerable
region of the city of S~ao Paulo, Brazil. PLoS One. 2021;16:
e0255412.

42 Carvalho MS, Bastos LS, Fuller T, et al. Incidence of SARS-CoV-2
over four epidemic waves in a low-resource community in Rio de
Janeiro, Brazil: a prospective cohort study. Lancet Reg Health - Am.
2022;12:100283.

43 Magalh~aes M de AFM, Medronho R de A. An�alise espacial da
Tuberculose no Rio de Janeiro no per�ıodo de 2005 a 2008 e
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2020;25:3345–3354.

60 Macdonald PJ, Ruan Q, Grieshaber JL, et al. Affinity of anti-spike
antibodies in SARS-CoV-2 patient plasma and its effect on COVID-
19 antibody assays. eBioMedicine. 2022;75:103796.

61 Tarkowski M, de Jager W, Schiuma M, et al. Anti-SARS-CoV-2
immunoglobulin isotypes, and neutralization activity against viral
variants, according to BNT162b2-vaccination and infection history.
Front Immunol. 2021;12:793191.

62 Ravi N, Cortade DL, Ng E, Wang SX. Diagnostics for SARS-CoV-2
detection: a comprehensive review of the FDA-EUA COVID-19 test-
ing landscape. Biosens Bioelectron. 2020;165:112454.

63 Di Germanio C, Simmons G, Kelly K, et al. SARS-CoV-2 antibody
persistence in COVID-19 convalescent plasma donors: dependency
on assay format and applicability to serosurveillance. Transfusion
(Paris). 2021;61:2677–2687.

64 Havervall S, Jernbom Falk A, Klingstr€om J, et al. SARS-CoV-2
induces a durable and antigen specific humoral immunity after
asymptomatic to mild COVID-19 infection. PLoS One. 2022;17:
e0262169.

65 Alfego D, Sullivan A, Poirier B, et al. A population-based analysis of
the longevity of SARS-CoV-2 antibody seropositivity in the United
States. EClinicalMed. 2021;36:100902.

66 Dan JM, Mateus J, Kato Y, et al. Immunological memory to SARS-
CoV-2 assessed for up to 8 months after infection. Science.
2021;371:eabf4063.
67 Wheatley AK, Juno JA, Wang JJ, et al. Evolution of immune
responses to SARS-CoV-2 in mild-moderate COVID-19. Nat Com-
mun. 2021;12:1162.

68 Lumley SF, Wei J, O’Donnell D, et al. The Duration, Dynamics,
and Determinants of Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV-2) Antibody Responses in Individual Health-
care Workers. Clin Infect Dis. 2021;73(3):e699–e709. https://doi.
org/10.1093/cid/ciab004.

69 Fedele G, Stefanelli P, Bella A, et al. Anti-SARS-CoV-2 antibodies
persistence after natural infection: a repeated serosurvey in North-
ern Italy. Ann Ist Super Sanita. 2021;57:265–271.

70 Abe KT, Rathod B, Colwill K, et al. A qualitative comparison of the
abbott SARS-CoV-2 IgG II quant assay against commonly used
Canadian SARS-CoV-2 enzyme immunoassays in blood donor
retention specimens, April 2020 to March 2021. Microbiol Spectr.
2022. e01134-22.

71 Menezes AMB, Victora CG, Hartwig FP, et al. High prevalence of
symptoms among Brazilian subjects with antibodies against SARS-
CoV-2. Sci Rep. 2021;11:13279.

72 Deeks JJ, Dinnes J, Takwoingi Y, et al. Antibody tests for identification
of current and past infection with SARS-CoV-2. Cochrane Database
Syst Rev. 2020;2020. https://doi.org/10.1002/14651858.CD013652.

73 Vengesai A, Midzi H, Kasambala M, et al. A systematic and meta-
analysis review on the diagnostic accuracy of antibodies in the sero-
logical diagnosis of COVID-19. Syst Rev. 2021;10:155.

74 Newman JC, Des Jarlais DC, Turner CF, Gribble J, Cooley P, Paone
D. The differential effects of face-to-face and computer interview
modes. Am J Public Health. 2002;92:294–297.

75 Soeorg H, J~ogi P, Naaber P, Ottas A, Toompere K, Lutsar I. Sero-
prevalence and levels of IgG antibodies after COVID-19 infection
or vaccination. Infect Dis. 2022;54:63–71.
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