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Brazil experienced one of the most prolonged periods of school closures, and reopening could have exposed
students to high rates of SARS-CoV-2 infection. However, the infection status of students and school workers at
the time of the reopening of schools located in Brazilian cities is unknown. Here we evaluated viral carriage by
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Seroprevalence
School reopening
Figure 1. Graphic
individuals (1139 students and 1120 school workers) from 28 schools in 28 Brazilian cities. We collected the
samples within 30 days after public schools reopened and before the start of vaccination campaigns. Most students
(n ¼ 421) and school workers (n ¼ 446) had active (qRT-PCR þ IgM� IgG� or qRT-PCR þ IgM þ IgG�/þ) SARS-
CoV-2 infection. Regression analysis indicated a strong association between the infection status of students and
school workers. Furthermore, while 45% (n ¼ 515) of the students and 37% (n ¼ 415) of the school workers were
neither antigen nor antibody positive in laboratory tests, 16% of the participants (169 students and 193 school
workers) were oligosymptomatic, including those reinfected. These individuals presented mild symptoms such as
headache, sore throat, and cough. Notably, most of the individuals were asymptomatic (83.9%). These results
indicate that many SARS-CoV-2 infections in Brazilian cities during school reopening were asymptomatic. Thus,
our study highlights the need to promote a coordinated public health effort to guarantee a safe educational
environment while avoiding exacerbating pre-existent social inequalities in Brazil, reducing social, mental, and
economic losses for students, school workers, and their families.
1. Introduction

Many countries suspended in-person learning in schools as part of
interventions to reduce SARS-CoV-2 transmission [1]. However, school
closures are highly controversial in most countries [2, 3], as children and
adolescents are less likely to experience life-threatening symptoms after
severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2) infec-
tion [4]. Moreover, school closure might adversely affect children's
educational needs and mental health [5]. Although Brazil closed schools
over prolonged periods of time [6], there is increasing evidence that this
approach will result in many years of academic life lost [7]. In contrast,
some countries, such as Sweden [8], have kept schools open throughout
the pandemic [9], while others have closed only for short periods (e.g.,
two months in Germany [10]).

Brazil registered 29.8 million cases and 659,000 deaths due to
COVID-19 by March 25th, 2022 [11,12] and is among the countries with
the most extended periods of school closures [13, 14, 15]. Brazil, which
has a population of 35.2 million children and adolescents of school age
[16], reopened the schools for in-person classes on October 2020 [16].
Each state of the 5 Brazilian regions independently decided to reopen
schools while there was still a high SARS-CoV-2 transmission across the
country [17]. This period of school reopening provides a unique
abstract and study approach.
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opportunity to document the SARS-CoV-2 infection status in students and
school workers in Brazil since they may represent a group with a high
prevalence of asymptomatic infections that could result in a high trans-
mission rate [18].

Here, we investigated the occurrence of asymptomatic SARS-CoV-2
infections and seroprevalence in Brazil's first month of school reopen-
ing. The study was developed from November 17th, 2020, to January
21st, 2021, when Brazil was transitioning from the first to the second
COVID-19 wave, which was more aggressive in this country compared to
others around the globe [19, 20]. This period was marked by a phylo-
genetic diversity of SARS-CoV-2, with several virus variants emerging in
South America, leading to the predominance of the Alpha (B.1.1.7) and
Gamma (P.1) strains. At this time, the Omicron lineage (B.1.351, beta)
had not been reported [19].

2. Methods

2.1. The observational cross-sectional approach

Figure 1 represents the overview of the cross-sectional approach
described here in further detail. The cities where the study was con-
ducted are located in the northeast (state of Sergipe) of Brazil, which
Study workflow and participant classification.
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showed the highest number of deaths in children and adolescents (Sup-
plementary Figure 1). This study enrolled two thousand and fifty-nine
individuals having in-person classes: 1139 students and 1120 school
workers. All participants, demographic data, age, gender, risk factors,
and symptoms are described in Supplementary Table 1. The median
(interquartile range or IQR) age of students and school workers were 18.4
(17.8–19.6) and 41.4 (35.2–48.5) years, respectively (Supplementary
Table 2). We only included in our study high school (teenagers) and adult
high school students. Participants came from 28 cities in all seven
administrative health regions of Sergipe (Figure 2). Municipality selection
was based on including at least three cities for each administrative health
region having the largest number of school communities. Demographic
data were collected through a questionnaire, including age, gender,
presence of risk factors, and symptoms compatible with COVID-19. A
health care worker evaluated the participants at the testing time for the
existence of COVID-19 symptoms. All enrolled individuals were tested for
SARS-CoV-2 positivity by quantitative reverse transcription polymerase
chain reaction (qRT-PCR – hereafter referred only as PCR) and anti-
SARS-CoV-2 antibodies from November 17th, 2020, to January 21st,
2021. Since the different schools enrolled in our work reopened for in-
person classes at different time points, we could synchronize the sam-
ple collection approximately 30 days after school reopening. Approxi-
mately 100 individuals from each municipality were tested for SARS-
CoV-2 infection, and all individuals received their test results by e-
mail. The health department of each municipality followed up on SARS-
CoV-2-positive cases. No deaths or hospital admissions were reported
during the time of this study. Fifty-three individuals were excluded
because their PCR results were inconclusive or had missing additional
information. Samples were collected under the Brazilian Health Regu-
latory Agency (ANVISA)/Oswaldo Cruz Foundation (FIOCRUZ)/Brazil
biosafety protocol. All adult participants and parents or legal guardians of
students provided signed consent to participate. The study was approved
by the National Bioethics Committee of Brazil (CAAE
31018520.0.0000.5546).

2.2. Calculating the mortality rate of children and adolescents across the
Brazilian regions

The number of deaths due to COVID-19 in the Brazilian population
under 18 years of age across all states was obtained from the national
database of the Ministry of Health [21]. To calculate the COVID-19 na-
tional mortality rate by state, we obtained the number of inhabitants
under 18 years of age from the Brazilian Institute of Geography and
Statistics (IBGE) census (2019) [22]. ArcGis 10.4 software was utilized to
represent the spatial distribution with cartographic bases of those Bra-
zilian cities and states [23] and local mortality rates due to SARS-CoV-2.
COVID-19 mortality rates were estimated using the 2019 IBGE census
population under 18 years of age by State [22].

2.3. Assessment of anti-SARS-CoV-2 IgM and IgG antibodies

Anti-SARS-CoV-2 IgM and IgG antibodies were assessed in finger
prick blood using lateral flow sandwich detection immunochromatog-
raphy (Egens COVID-19 IgG/IgM Rapid Test Kit, Nantong Egens
Biotechnology, China), according to the manufacturer's instructions,
which was approved by ANVISA (Registration number: 814647500072).
This test qualitatively detects IgM and IgG antibodies separately and has
a sensitivity of 96.8% and specificity of 96.52% [24, 25].

2.4. Detection of SARS-CoV-2 positivity by real-time PCR and patient
classification

Nasopharyngeal specimens were collected in Viral Transport Medium
(VTM, Laborclin, Parana, Brazil) and transported to the Central Labora-
tory of Molecular Biology of Sergipe State (LACEN), Federal University of
Sergipe, for PCR analysis. RNA extraction was performed using an
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automated magnetic bead-purification procedure (Quick-DNA/RNA™

Viral MagBead, Zymo Research, US). Testing for SARS-CoV-2 was con-
ducted using a multiplex PCR assay (AllplexTM 2019-nCoV Assay, See-
gene, South Korea) on the Applied Biosystems: QuantStudio 5 and 7500
Fast Food Safety Real-Time PCR Systems (Thermo Fisher Scientific, US).

Participants were classified according to the PCR and antibody tests
results as having: (a) active (early) infection when PCRþ, IgM�, and
IgG�; (b) active late infection when PCRþ, IgMþ, and IgG�; (c) recent
infection when PCR�, IgMþ and IgG�; (d) recovered infection when
PCR�, IgM�, and IgGþ; (e) early reinfections (PCRþ, IgM�, and IgGþ)
and (f) late reinfection (PCRþ, IgMþ, and IgGþ) and (g) never infected
(PCR�, IgM�, and IgG�). None of the participants were vaccinated at
the enrolment, as vaccinations started later (January 2021) [26].

2.5. Statistical analysis

The data obtained were analyzed using R [27] and RStudio [28].
Descriptive and inferential statistics were used to describe and analyze
the data. Regression analysis was carried out using the R [27] packages
glm.nb [29] and MASS [30] to evaluate the association between the
infection status of students and school workers across the cities. We
adopted a negative binomial distribution method that models counting
variables for over-dispersed count outcomes. Residuals were estimated
using the source envel_nbin.R [31]. The regression coefficient and
p-value, corresponding to the relation between students and workers of
each infection group, were plotted through a bubble-based heat mapwith
Euclidian distance metric using the Morpheus web tool (https://software
.broadinstitute.org/morpheus/) [32] (Supplementary Table 3). Likewise,
we performed crude and adjusted Poisson regression analyses to calcu-
late the Relative risk (RR) and respective 95% confidence intervals (CI)
using stats packge [27].

2.6. Data visualization

The number of participants per infection group was visualized using
the Circos plot (http://circos.ca/) [33]. We plotted the clinical data of
each participant in a heatmap with k means clustering using the
Morpheus webtool [32]. GraphPad Prisma (version 9.3.1; GraphPad
Software, San Diego, Calif) [34] was used to generate the bar plots.

3. Results

3.1. Distribution of study participants according to infection status

The detection of SARS-CoV-2 positivity and assessment of anti-SARS-
CoV-2 IgM and IgG antibodies revealed that most of the PCR þ in-
dividuals (students, n ¼ 408 and school workers, n ¼ 431) were IgM�
and IgG�, thus, belonging to the active early infection status group
(Figure 3a and Supplementary Table 2). They were followed by in-
dividuals belonging to the active late (PCR þ IgM þ IgG�) infection
status group (students, n¼ 76; school workers, n¼ 90). A few individuals
were reinfected with SARS-CoV-2 and presented either an early (PCR þ
IgM � IgGþ) or late (PCR þ IgM þ IgGþ) reinfection status. Further-
more, while most of the PCR- (non-active infection) individuals were
never infected (PCR-IgM � IgG�: students, n ¼ 515; school workers, n ¼
415), others were recently infected (PCR-IgM þ IgG�: students, n ¼ 57;
school workers, n¼ 95), and a small number presented a recovered (PCR-
IgM � IgGþ) or recent reinfection status (PCR-IgM þ IgGþ) (Figure 3b).
The percentage of students and school workers belonging to each infec-
tion status group was around 50% for all groups (Figures 3c and d).

3.2. SARS-CoV-2 positivity and seroprevalence by age and sex

We next evaluated the proportion of participants with SARS-CoV-2
and positive seroprevalence by sex and age. There was a higher per-
centage of females than males across all infection status groups (never,

https://software.broadinstitute.org/morpheus/
https://software.broadinstitute.org/morpheus/
http://circos.ca/


Figure 2. Distribution of participants throughout the Brazilian municipalities. (a) The map of Sergipe indicates the municipalities of participating schools. (b)
Map of Brazil highlighting the northeast region where Sergipe is located.
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Figure 3. Distribution of study participants according to infection status. (a and b) Circos plots presenting the number of individuals in each study group, divided
according to (a) positive PCR and (b) negative PCR results. (c–f) Bar graphs showing the percentage of individuals (students and school workers) in each infection and
reinfection status group (c and d), according to (e) gender and (f) age.
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active, recent, recovered, and reinfection) (Figure 3e). Likewise, except
for a higher percentage of older individuals with recent reinfection,
younger individuals (<20 and 20–45 years of age) predominated across
all groups (Figure 3f and Supplementary Table 4).

3.3. The association between different infection status groups in the schools

To evaluate the association between the number of students and
school workers according to the SARS-Cov-2 infection status, we per-
formed a negative binomial regression based on the number of students
and school workers from each city. This approach revealed a statistically
significant association between several groups of students and school
workers according to their infection status. Figures 4a and b provide a
hierarchical cluster and graphic overviews, respectively, of all associa-
tions (statistically significant [both negative and positive] and non-
significant associations) between students and school workers. At the
Figure 4. Regression analysis of different infection status groups according to the di
overall relationship between students and workers infection status groups. The siz
represents the –log 10 of p-values. (b) Forest plots showing confidence interval and ne
compared to students. Dots represent the individual result of the regression coefficien
are expressed as exponential values. Red dots correspond to significant associations
Active Late versus the other groups (second bottom graphic from left to right), all o
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same time, Figure 5 details the association distribution of those statisti-
cally significant. In general, the regression analysis revealed strong
positive or negative associations between those individuals belonging to
the same or related infection status category. For instance, the group of
students designated as active early infected presents a positive statistical
association with workers active early and workers reinfection active
early (Figure 5a).

Furthermore, there is a strong association between the group of stu-
dents and workers never infected (Figure 5b) and between student active
late versus worker reinfection active early (Figure 5c). The same strong
relationship was detected between student reinfection active early with
workers reinfection active early (Figure 5e). Likewise, there is a signifi-
cant negative relationship, for example, among students never infected
with workers active early (Figure 5b) or between the groups student
active late with worker never (Figure 5c) as well as student recent with
worker active early (Figure 5d). Comparable results were obtained by
stribution of participants in the municipalities. (a) Bubble heatmap showing the
e of the circles indicates the value of the regression coefficient, and the color
gative binomial regression coefficients across infections status groups of workers
t with the 95% confidence interval indicated by horizontal lines, and both results
with a p-value < 0.05. Except for the association between Student Reinfection -
ther graphics are shown in exponential values.
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Figure 5. Distribution of students and workers of different infection status groups per municipality through negative binomial regression. (a–e) The
negative binomial distribution was used to model the count of the participants in each infection status group for each municipality in the state of Sergipe. The y-axis
corresponds to the count of students and the x-axis to the number of workers per municipality.

Table 1

Comparisons RRc (CI95%) p-value RRa (CI 95%) p-
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relative risk analysis, which showed significant associations between
students and school workers who were IgMþ, PCRþ, never and active
early recent infection, and reinfection active early (Table 1).
value

School Workers vs
Students

IgM (þ) 1.42
(1.17–1.71)

<0.001 1.00 (0.73–1.36) 0.999

IgG (þ) 1.22
(0.86–1.73)

0.269 0.76 (0.41–1.41) 0.387

PCR (þ) 1.10
(1.01–1.20)

0.031 1.22 (1.04–1.44) 0.016

Never 0.81
(0.74–0.90)

<0.001 0.82 (0.69–0.96) 0.015

Active early 1.07
(0.96–1.19)

0.216 1.32 (1.08–1.63) 0.008

Active late 1.21
(0.90–1.63)

0.201 1.06 (0.65–1.72) 0.823

Recent 1.68
(1.22–2.31)

0.001 0.94 (0.58–1.53) 0.806

Recovered 1.01
(0.53–1.93)

0.976 1.58 (0.41–6.02) 0.502

Reinfection active early 1.16
(0.56–2.44)

0.684 0.35 (0.13–0.92) 0.034

Reinfection active late 1.40
(0.69–2.84)

0.353 2.73
(0.52–14.40)

0.237

Reinfection recent 1.57
(0.68–3.61)

0.288 0.44 (0.10–1.93) 0.279

RRc – Crude Relative Risk. RRa – Adjusted Relative Risk. CI95% – 95% Confi-
dence Interval. Relative risks were estimated by Poisson regression with robust
standard errors with adjustment for age, sex, comorbidities, symptoms, and
contact with SARS-CoV-2 infected individuals in the past month.
3.4. Distribution of study participants according to the presence of
symptoms and contact with SARS-CoV-2 infected individuals

Next, we performed a descriptive analysis regarding the presence or
absence of clinical manifestation related to COVID-19 in students or
school workers and if these individuals had contact with known SARS-
CoV-2 infected individuals in the past month. While most of the in-
dividuals belonging to all infection status groups were asymptomatic,
only a few (16.1%: 362 individuals of the 2206 tested) participants were
oligosymptomatic (Figure 6a and Supplementary Table 5). They showed
mild respiratory symptoms such as body pain, coryza, cough, headache,
nasal congestion, sore throat, and/or low fever. In addition, most
asymptomatic and symptomatic individuals were between 20 and 45
years of age and females (Figure 6b). Furthermore, a small number of
individuals in each infection status group reported having had contact
with known SARS-CoV-2 infected individuals in the past month
(Figure 6c and Supplementary Table 5).

Finally, we carried out a hierarchical clustering analysis of oligo-
symptomatic individuals plus the participants who had contact with
SARS-CoV-2 infected individuals (both with and without symptoms).
Approximately half of the participants who reported having contact with
known SARS-CoV-2 infected individuals were PCRþ or PCR�. These
individuals formed the group exhibiting fewer symptoms at the time of
our study (Figure 6d). A possible explanation for this apparent discrep-
ancy is that this group of individuals might have presented the symptoms
of SARS-CoV-2 before our research. Meanwhile, the individuals who
7



Figure 6. Distribution of study participants according to the presence of symptoms and contact with SARS-CoV-2 infected individuals. (a) Percentage of
study participants according to infection status and presence of mild respiratory symptoms. (b) Percentage distribution of symptomatic and asymptomatic individuals
by age and gender. (c) Percentage of study participants according to infection status with and without contact with known SARS-CoV-2-infected individuals in the
month previous to the study. (d) Heatmap showing the presence of each symptom according to age, infection status, PCR result, study group, and gender, considering
only participants who reported symptoms or contact with SARS-CoV-2 positive individual (regardless of the presence of symptoms) as total number (n ¼ 728; students
¼ 287; school workers ¼ 441).
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reported no contact with known SARS-CoV-2 infected individuals clus-
tered in the heatmap due to a higher presence of symptoms. Since around
half of them showed a PCR positive test, it indicates that these partici-
pants were infected by the SARS-CoV-2 from other asymptomatic in-
dividuals later than those reporting to have contact with known SARS-
CoV-2 infected individuals.

4. Discussion

School closure is a preventive measure adopted as a critical non-
pharmaceutical intervention during epidemics of respiratory infections
[35, 36] such as influenza and other coronavirus outbreaks (e.g., due to
severe acute respiratory syndrome or the Middle East respiratory syn-
drome) [5]. Considering the need to assess SARS-CoV-2 infection status
and seroprevalence during school reopening, we conducted PCR and
serological tests with students and school workers during the first
month of school reopening in 28 Brazilian cities. We found a high
number of asymptomatic SARS-CoV-2 infected individuals among stu-
dents and school workers in our study cohort. This finding suggests that,
despite the long period of school closure in Brazil, this preventive
measure was insufficient in avoiding the SARS-CoV-2 presence among
Brazilian students and school workers, which was detected in loco
during the first month of return to classroom lessons. However, the
impact of the extended school closure on students’ education and
mental health [5] remains to be investigated in Brazil. In addition, since
all Brazilian states closed their schools for classroom lessons, we cannot
comparatively determine whether this measure reduced the velocity of
SARS-CoV-2 spread among students and school workers. Whether
school closure significantly impacted transmission in the general pop-
ulation was beyond the scope of this study, thus, requiring future
investigation.

The effectiveness of school closures is being debated worldwide [5,
37, 38]. For instance, a review conducted by Viner and co-workers [39]
suggests that school closures would prevent only 2–4% of deaths, much
less than other social distancing interventions [43]. Another study has
shown that school reopening did not increase COVID-19 incidence or
mortality on average, up to 12 weeks after school reopening [40]. For
instance, school closures in Brazil decreased social contact between
students and school staff. Still, it may have shifted social contacts to other
non-school sites, increasing contact between students and adults as well
as between students from different schools. This observation might
partially explain the high number of asymptomatic active or recently
infected students and school workers at the school reopening and their
high positive associations across the cities. For example, since schools
reopened in Brazil when the community transmission was still at high
levels, our data suggest that students and school workers may have been
exposed before they returned to school [41]. For instance, despite public
campaigns promoting mitigation measures for COVID-19 prevention,
such as rigorous social distancing, some participants reported that they
had contact with known infected persons in the past month, thus, rein-
forcing the need to promote safer strategies to reopen schools in future
pandemic contexts.

Of note, a small number of individuals in each infection group re-
ported having had contact with known SARS-CoV-2 infected individuals
in the past month. Hence, it indicates that symptomless transmission [42]
silently drove viral spread among our study population. The high number
of asymptomatic SARS-CoV-2 infections observed in the tested in-
dividuals from Brazilian cities is in agreement with the fact that the
SARS-CoV-2 infections increased rapidly in the school-age population in
England following the emergence of a novel variant of concern present-
ing elevated transmission rates [43]. However, these results differ from
the low general prevalence of SARS-CoV-2 positivity reported in students
during the reopening of schools in other high-income countries with
elevated incidence of SARS-CoV-2 infections in the general population,
such as Germany [44, 45], Switzerland [46], and Italy [47]. The reasons
for this disparity are unclear and remain to be investigated. Indeed, the
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incidence of SARS-CoV-2 infection varied widely over time and between
countries due to reasons that need to be clarified [48].

Our study, however, has limitations. For instance, we performed data
mining, extracting and discovering the patterns of the infection status of
students and school workers during school reopening in Brazilian cities
without an epidemiological investigation and confirmation of the
genomic sequencing of SARS-CoV-2 to confirm transmission. Another
limitation involves the diagnostic test (Nantong Egens Biotechnology CO,
Ltd., China) used to detect anti-SARS-CoV-2 IgM and IgG, which has
96.9% sensitivity and 100% specificity [49]. Thus, the individuals clas-
sified as never positive might have had the infection. Still, they were
classified as false-negative for various reasons, such as the inability of the
assay to detect the antibodies or testing too soon after infection (during
the immunological window). In addition, while most
SARS-CoV-2-infected individuals seroconvert, others do not. We hy-
pothesize that their T cells killed the virus without developing IgG
seropositivity and neutralizing antibodies following primary infection, as
previously reported [50, 51, 52]. Moreover, the reopening of the schools
in Brazil was not accompanied by a systematic screening and surveillance
of SARS-CoV-2 infections in schools as in European countries [46]. Thus,
future studies are required to determine whether the high incidence of
asymptomatic infections that we found in the cities of the state of Sergipe
reflects the situation in other Brazilian states, such as those from the
southern region. To reach this goal would allow locally assessing the
frequency and transmission of asymptomatic or oligosymptomatic in-
fections at schools [25, 53]. Another limitation is that most of the stu-
dents tested were teenagers. Hence, since a variation in seroprevalence
by age has been reported by multiple countries and settings [3], the in-
clusion of individuals with a broader age range could have provided a
distribution by age and a possible age-dependent interpretation of the
infection status across the population of students in the Brazilian schools.
We also do not have longitudinal data to determine the course of the
infection status at schools during the COVID-19 pandemic. In this
context, the effect of comorbidities and the appearance of novel
SARS-CoV-2 variants could also have brought important insights to un-
derstanding the population studied and the dynamics of the viral spread,
respectively.

In conclusion, although Brazil had one of the most extended school
closures in the world [6], the school reopening was marked by a high
number of asymptomatic SARS-CoV-2 infections among students and
school workers. This fact has a significant public health implication, and
future studies are essential to determine whether the school closure
effectively reduced SARS-CoV-2 transmission [5] and the incidence of
severe infections. For instance, it is particularly crucial to address this
issue in Brazil since there is no data on the contribution of school closures
to the transmission of SARS-CoV-2 infection. In addition, many students
at public schools live in social vulnerability, depending on school meals
to fulfill their nutritional needs. The educational loss with this extended
closure is possibly, the most significant loss for them in a situation where
school quality and performance are often not considered satisfactory.
Thus, our study highlights the need to promote a coordinated public
health effort to guarantee education [16] while avoiding exacerbating
pre-existent social inequalities in Brazil, reducing social, mental, and
economic losses for students, school workers, and their families.
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