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ABSTRACT

Purpose To better understand the household transmission
of SARS-COV-2 in a low-resource community in Rio de
Janeiro during the COVID-19 pandemic (2020-2022).
Participants This is an open prospective cohort study

of children <12 years old and their household contacts.
During home visits over 24 months, we collected data

on sociodemographic characteristics, behavioural data,
clinical manifestations of SARS-CoV-2, vaccination status,
SARS-CoV-2 (reverse transcription-polymerase chain
reaction) RT-PCR and anti-S antibody tests. Among adults,
the majority of participants were women (62%).

Findings to date We enrolled 845 families from May
2020 to May 2022. The median number of residents

per household was four. The median household density,
defined as the number of persons per room, was 0.95. The
risk of SARS-CoV-2 occurrence was higher in households
with a high number of persons per room. Children were
not the principal source of SARS-CoV-2 infections in their
households during the first wave of the pandemic.

Future plans Future studies will investigate cellular

and humoral immune responses to locally circulating
SARS-CoV-2 variants, which is relevant for the design of
vaccines, antivirals and monoclonal antibodies. We will
also engage in outreach to encourage vaccination as a
means of limiting the transmission of novel SARS-CoV-2
variants and other emerging pathogens.

INTRODUCTION
The emergence of COVID-19 has caused
a serious health crisis affecting the world
since 2020. More than 624 million confirmed
cases, including 6.6 million deaths, have been
reported up to October 2022 worldwide.'
In the Western Hemisphere, more than
20% of all COVID-19 cases have occurred in
Brazil. At the global scale, 10% of COVID-19
deaths have been in Brazil. Rio de Janeiro
has reported the second highest number of
COVID-19 deaths of any city in Brazil.*”
Understanding intrafamily transmission is
essential for designing appropriate interven-
tions. Much of the research investigating this
question has been based on cross-sectional
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Rates of participant retention and visit completion
were high when compared with similar settings.

= We were able to estimate the overall incidence of
SARS-CoV-2 infection in this population, not re-
stricted to individuals with obvious clinical signs of
COVID-19.

= Since the cohort has been followed continuously
for 2years, we have been able to gather data about
successive variants that have swept through the
population.

= There was some irregularity of study visits, which
sometimes had to be rescheduled due to armed
conflicts in the community.

= We could have missed acute SARS-CoV-2 infections
either between visits or when visits were cancelled.

studies that do not accompany participants
longitudinally making it difficult to inves-
tigate the transmission process over time.*
Longitudinal data about household transmis-
sion are particularly scant in low-income and
middle-income countries. Among the factors
that may drive such transmission are the diffi-
culty of remaining isolated in crowded house-
holds and insufficient access to laboratory
tests. In addition, transmission patterns have
evolved in the 2years of the pandemic with
circulation of SARS-CoV-2 variants, which
differ in virulence and transmissibility.

To better understand the local transmis-
sion of SARS-COV-2 in the aforementioned
communities and the role of children in such
transmission, we have followed a cohort of
children and their household contacts during
the COVID-19 pandemic period (2020-2022).

COHORT DESCRIPTION

This is an open prospective cohort study of
children <12 years old and their household
contacts. The present report describes our
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findings from 20 May 2020 to 31 May 2022. Recruitment
was closed at the end of this analysis, but it is immediately
reopened whenever a new variant of concern is detected
in the community.

The epidemic context

This period encompassed different locally-circulating
SARS-CoV-2 lineages, in particular, B.1.1.33 during
the first wave® followed by variants Zeta (P.2), Gamma
(P.1/P.1.¥), Delta (B.1.617.2/AY.*) and Omicron
(BA.*). The epidemiological scenario in the commu-
nity has evolved during the study.® In March 2020, social
distancing policies including quarantine and school
closure were implemented. From April 2020 to October
2021, emergency financial assistance was made available
to low-income households. In June 2020, bars, stores
and restaurants were reopened. However, adherence to
control measures varied among neighbourhoods and was
generally poorest in low-resource communities. Vacci-
nation began in Rio de Janeiro in January 2021. Public
schools resumed in-person classes in November 2021,
immediately before the end of the academic year.

Recruitment and eligibility criteria

Recruitment took place at the Germano Sinval Faria
Health Centre, at the Sergio Arouca National School of
Public Health, Oswaldo Cruz Foundation. This primary
healthcare centre is located in Manguinhos, a neigh-
bourhood in the Northern sector of the city of Rio de
Janeiro. It provides primary care services to residents of
Manguinhos, which is a neighbourhood with low house-
hold income. The clinic provides medical care free of
charge to people who live in Manguinhos serving an
average of 30000 adults and 4300 children<12 years old
every month.

All children brought to the primary local health
centre for immunisation, check-ups or emergency care
were eligible to participate in the study, irrespective of
whether or not they were symptomatic. At this time, the
accompanying adult was invited to participate. On enrol-
ment, a study nurse administered a questionnaire to
the child’s parent or guardian to collect data about the
child’s sociodemographic and clinical characteristics and
medical history, as well as characteristics of the house-
hold. The questionnaire was completed on a tablet and
took approximately 20 min. If the child was symptomatic,
an additional clinical questionnaire was completed by a
paediatrician requiring approximately 30 more min. At
the same time, we collected nasopharyngeal and serum
samples from the child and any accompanying person.
We also obtained the street address of the child’s home,
the parent or guardian’s workplace (if different) and the
telephone numbers of any relatives. This information was
used to schedule home visits. Those who were approached
but did not enrol in the study were either adults who
stated that they did not have time to participate or chil-
dren whose parent or legal guardian was not present at
the time of the visit and therefore consent could not be

obtained. A translation of the informed consent form is
included in online supplemental material 1.

Follow-up

In each household, we collect samples on days 1 (first
visit), 14 and 28, every 3 months during the first year and
twice in the second year. All symptomatic participants were
evaluated and provided with medical care until symptoms
resolved. The total follow-up time for each family was 24
months. At households with any symptomatic resident, an
additional sample was collected on day 7. Households in
which no individual was examined during the entirety of
a given epidemic wave were considered lost to follow-up
after eight unsuccessful contact attempts by telephone
and smartphone messaging apps. Individuals in each
household who missed one or more study visits were
excluded only if the study team was unable to contact the
participant during the entire wave. Individuals with only
one study visit were considered lost to follow-up.

Home visits were scheduled by phone and conducted
by a team of field workers, including paediatricians
and nurses. During these visits, study participation was
offered to the child’s household contacts, nasopharyn-
geal and serum samples were collected, and the Global
Positioning System (GPS) coordinates of the household
were recorded. The study personnel completed a ques-
tionnaire for each contact who consented to participate
consisting of clinical history, sociodemographic charac-
teristics and vaccination status. Visits lasted an average
of 40min. If time constraints prevented a participant
from responding to all of the questions during the visit,
the study team followed up with him or her by phone to
complete the questionnaire.

Data collected

The structure of the participant database is shown in

figure 1. The information collected at baseline and each

subsequent visit is summarised below:

» Sociodemographic characteristics: age, education,
race, profession; residence: address, GPS coordinates,
telephone, number of people living in the house-
hold and number of rooms. With respect to race, the
only legally accepted form of racial identification in
Brazil is self-declaration. Data on race, schooling and
smoking were only collected for people 18 years of
age (yoa) and older.

» Behavioural data: mask use, use of public transporta-
tion, visits to restaurants, bars, malls, movie theatres,
barbeques, birthday parties or other events where
there was a crowd.

» Clinical manifestations in children: seizures, anosmia,
dysgeusia, food refusal, fever, cough, nasal conges-
tion, prostration, shortness of breath, abdominal pain
and diarrhoea.

» Adolescent/adult clinical variables: anosmia,
dysgeusia, loss of appetite, fever, cough, rhinorrhoea,
headache, prostration, shortness of breath, sore
throat, abdominal pain and diarrhoea.
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Figure 1 Cohort database structure.

» Vaccination status: number of doses, manufacturer
and vaccination date (after vaccination began in
January 2021).

» Laboratory test results: SARS-CoV-2 RIT-PCR test,
SARS-CoV-2 lineage genomic test and SARS-CoV-2
IgG anti-S antibody test of serum samples.

Nasopharyngeal swabs were tested by real time RT-PCR
to amplify the E gene and the RdRp region of the Orflab
gene of SARS-CoV-2 (Charité/Berlin, Germany). Cycle
thresholds (CT) less than 40 were classified as positive.

We assembled SARS-CoV-2 genomes from Illumina

amplicons using the CLC Genomics Workbench V.20.0.4

(QIAGEN). Phylogenetic relationships among SARS-

CoV-2 samples were determined using the Pango Line-

ages tool. SARS-CoV-2 serology (IgG) was performed

using a Microparticle Chemiluminescent Immunoassay,
targeting the S gene (Abbott Laboratories, Abbott Park,

Illinois, USA). All assays were performed according to the

manufacturer’s instructions. A study database was created

with REDCap.”®

FINDINGS TO DATE

In total, 79.5% of the individuals living in the same house-
hold as the child when approached consented to partici-
pate in the study. A total of 845 families were enrolled in
the study: 34.2% in the first epidemic wave, 16.4% in the
Zeta wave, and 23.9% in the Gamma wave, 18.1% in the
Delta wave, and 7.4% in the Omicron wave. This included
1152 children 12 and under, 758 of whom were retained
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in follow-up. As quarantine measures were relaxed,
parents returned to working outside the home, which led
to loss to follow-up of adults. This also resulted in loss to
follow-up of children because children could not receive
the study team in their homes without an adult present
A total of 7068 RT-PCR and 5432 serology tests were
performed.

We collected just one sample from 39.4% of the
participants, and therefore, they were considered lost to
follow-up. The racial composition of the lost to follow-up
group and the retained in follow-up group were similar,
as were years of schooling. However, the percentage of
participants who were women differed between the
groups. In the lost to follow-up group, 58% were women,
whereas 62% of participants retained in follow-up were
women (Table 1). As the individuals eligible to participate
in the study came from households with more women
than men, it is unsurprising that women were more likely
to be present during the study visits and be retained in
follow-up than men. The retained and lost to follow-up
groups also differed with respect to the proportion who
were adults 18 years of age or older. Fifty-eight per cent of
the lost to follow-up group were 18 or older vs 48% in the
retained in follow-up group.

The average number of participants recruited per
week was 27.1. The period of follow-up was 24 months.
As enrolment began in May 2020 and we followed
participants through May 2022, some participants had
completed their schedule of visits before the end of the
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Table 1 Demographic characteristics and schooling of individuals lost to follow-up versus those retained in the cohort
Variables Categories Lost to follow-up Retained in follow-up P value
Age (years) 0-12 404/1143 (35%) 758/1760 (43%) <0.001
13-17 74/1143 (7%) 153/1760 (9%)
18 or older 665/1143 (58%) 849/1760 (48%)
Sex Female 658/1143 (58%) 1095/1760 (62 %) 0.012
Male 485/1143 (42%) 665/1760 (38%)
Race* Non-white 433/665 (65%) 571/849 (67 %) 0.7
White 197/665 (30%) 250/849 (30%)
Missing 35/665 (5%) 28/849 (3%)
Completed primary school*  Yes 473/665 (71%) 651/849 (77%) 0.2
No 138/665 (21%) 159/849 (19%)
Missing 54/665 (8%) 39/849 (4%)

*Race and schooling were only collected for adults.

study (figure 2). Those who were recruited recently have
not completed all of their follow-up visits. Currently,
67.5% of the participants who were enrolled at any time
are still being followed. The mean follow-up time was 235
days for participants 213 years old and 261 days for those
<12 years old. The mean follow-up time was greater for
women >13 years old (247 days) than for men in the same
age group (208 days).

Our cohort can be analysed at the household scale or
at the individual scale. At the household scale, the socio-
demographic composition of the domiciles was similar
throughout the study. The median number of residents
per household was four. The median household density,
defined as the number of persons per room, was 0.95.
The cohort can also be analysed at the individual scale,
without considering the household to which each indi-
vidual belonged. At the individual scale, most sociode-
mographic characteristics were similar across the entire

Omicron

Delta

Gamma

B.1.133

period, except for the Omicron wave, in which there were
fewer participants (table 2). The majority of participants
were women (62.3%), reflecting not only the recruitment
strategy, as children are usually accompanied by their
mothers or grandmothers, but also the caregiver at home.
The median age of the participants was 14-19 during the
first four waves of the participants but decreased to 9years
of age during the Omicron wave. Across all five waves of
the pandemic, the IQR of participant ages was approxi-
mately 5-35 years old. The self-declared race of 70% of
the adult participants was non-white. Across all recruit-
ment periods, 45%-54% of the participants were adults,
and 36%-52% were children <12 years old (table 2).
More than 80% of the adult participants had completed
primary school. The prevalence of smoking among adults
was 9%.

The seroprevalence of SARS-CoV-2 antibodies indicative
of past exposure to the virus or a vaccine was approximately

151 Wave 2nd Wave
881 participants 1099 participants
(217 days) (114 days)

Figure 2

3rd Wave 4th Wave Sth Wave
1604 participants 1409 participants 560 participants
{146 days) (172 days) {141 days)

Recruitment and retention by SARS-CoV-2 epidemic wave.
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Table 2 Demographic characteristics of the cohort participants by epidemic wave

Overall B.1.1.33 Zeta Gamma Delta Omicron
Variable Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Days of follow-up 222 (105-365) 317 (196-522) 265 (147-426) 162 (68-256) 137 (49-197) 27 (14-93)
Age (years) 16 (7-35) 14 (5-36) 19 (7-35) 19 (8-38) 15 (8-32) 8 (4-24)
N (%) N (%) N (%) N (%) N (%) N (%)

Sex

Male 665/1760 (38) 239/623 (38)  131/343 (38)  174/464 (37) 106/287 (37) 15/43 (35)

Female 1095/1760 (62) 384/623 (62) 212/343 (62) 290/464 (63) 181/287 (63) 28/43 (65)
Age groups

0-12 758/1760 (43) 289/623 (46)  138/343 (40)  173/464 (37) 129/287 (45) 29/43 (67)

13-17 153/1760 (9) 46/623 (8) 28/343 (8) 51/464 (11) 28/287 (10) 0

>=18 849/1760 (48) 288/623 (46) 177/343 (52)  240/464 (52) 130/287 (45) 14/43 (33)
Race*

White 250/849 (29) 81/288 (28) 57/177 (32) 71/240 (30) 36/130 (28) 5/14 (36)

Non-white 571/849 (67) 204/288 (71)  113/177 (64)  154/240 (64) 91/130 (70) 9/14 (64)

Missing 28/849 (4) 3/288 (1) 7177 (4) 15/240 (6) 3/130 (2) 0
Completed primary school*

Yes 651/849 (77) 219/288 (76)  138/177 (78)  179/240 (75) 105/130(81) 10/14 (71)

No 159/849 (19) 65/288 (23) 28/177 (16) 43/240 (18) 19/130 (15) 4/14 (29)

Missing 39/849 (4) 4/288 (1) 11/177 (6) 18/240 (7) 6/130 (4) 0
Smoking*

Yes 73/849 (9) 28/288 (9) 10/177 (6) 11/240 (5) 16/130 (13) 8/14 (57)

No 752/849 (89) 258/288 (90)  160/177 (90)  217/240 (90) 111/130(85) 6/14 (43)

Missing 24/849 (2) 3/288 (1) 7177 (4) 11/240 (5) 3/130 (2) 0

*Race, schooling and smoking were only collected for adults.

20% from May 2020 to June 2021. Seroprevalence subse-
quently increased precipitously, likely reflecting the rollout
of SARS-CoV-2 vaccination (figure 3). Complete vaccination
(two doses of BNT162b2, AZD1222, CoronaVac (Sinovac) or
one dose of Ad26.COV2.S) increased with age and was over
80% for all but the youngest age groups (figure 4).

The first published report from this cohort provided
evidence that children were not the principal source

100

75 b

. +

Seroprevalence (%)

25

June 2020 Jan 2021 June 2021

Months

Jan 2022

Figure 3 SARS-CoV-2 anti-S seroprevalence by month of
sample collection.

of SARS-CoV-2 infections in their households during
the first wave of the pandemic but more frequently
acquired the virus from adolescent and adult house-
hold contacts.” In a subsequent study, we estimated
the incidence of SARS-CoV-2 in the cohort during
the B.1.1.33, Zeta, Gamma and Delta waves.® House-
hold crowding was significantly associated with SARS-
CoV-2 incidence only during the first wave.” Through
the Delta wave, the incidence among children was
lower than that of older participants. Subsequently,

100

Age (years)
— 511
1217
75 18-39
—— 40-59
>=60

50

25

Complete vaccination coverage (%)

0 e

Jan21  Mar21

May21

Jul21  Sep21 Nov21 Jan22 Mar22 May22

Figure 4 SARS-CoV-2 vaccine coverage by age group.

Brasil P, et al. BMJ Open 2022;12:¢067212. doi:10.1136/bmjopen-2022-067212

“ybuAdoo Aq paroaroid 1sanb Aq £202 ‘0z aunr uo jwod [wqg uadolwg//:dny wol) papeojumoq "2z0z Jaquadad / Uo 2T12/290-z20z-uadolwag/oeTT 0T St paysiignd 1siy :uado cING


http://bmjopen.bmj.com/

vaccination of the elderly reached 90% and incidence
among children was higher.

Patient and public involvement

The study personnel include residents of Manguinhos
who were first hired during our previous cohort
studies.”™ These professionals are considered trust-
worthy by members of the community and permitted
to move through the area freely. This enables them to
find households that would be extremely difficult for
someone unfamiliar with the community to locate. In
addition, all study participants were given the oppor-
tunity to provide feedback about the design of the
study during the first home visit.

STRENGTHS AND LIMITATIONS OF THIS STUDY

Our study data are unique because this is a commu-
nity that is not easily accessible to researchers due
to high levels of poverty and violence. Nevertheless,
it is emblematic of low-resource communities in
other cities in Latin America. The study’s high rates
of participant retention and visit completion are
among its principal strengths. Furthermore, since
we recruited asymptomatic and symptomatic partici-
pants, we were able to estimate the overall incidence
of SARS-CoV-2 infection in this population, not
restricted to individuals with obvious clinical signs of
COVID-19. Our study team included personnel from
different disciplines including epidemiology, medi-
cine, virology, immunology and statistics. We believe
that this strengthened the research because we were
able to examine the ramifications of the COVID-19
pandemic for this community from a number of
different angles. As the field workers were people
living in the community, they were able to easily estab-
lish a link with participants. Finally, since the cohort
has been followed continuously for 2years, we have
been able to gather data about successive variants that
have swept through the population. The main limita-
tion is that in some cases it was not possible to carry
out visits in accordance with the timeline in the study
protocol. The principal reasons for missed visits were
armed conflicts within the community or work obliga-
tions outside the community. We may have failed to
detect acute SARS-CoV-2 infections that occurred at
the time of missed visits.

COLLABORATION

While the data at the individual level are not openly
available to preserve the anonymity of the study
participants, researchers who are interested in poten-
tial collaboration should contact the corresponding
author. The study steering committee will evaluate
data requests in accordance with best practices in
cohort studies to ensure that data sharing would

preserve confidentiality and be compatible with the
terms of the informed consent form used in this study.

FUTURE PLANS

The biobank of cryopreserved peripheral blood mononu-
clear cells and serum from the cohort participants will allow
future studies of cellular and humoral immune responses
to locally circulating SARS-CoV-2 variants, which is relevant
for the design of future vaccines, antivirals and monoclonal
antibodies. We will also analyse the immune profile of partic-
ipants who experienced breakthrough infections following
vaccination. Of course, in order for novel SARS-CoV-2 vari-
ants and other emerging pathogens to be controlled, it will
be necessary to reduce transmission. To this end, future work
will also involve publicising virus control and prevention prac-
tices. We thus plan to create a short ‘edutainment’ style video
to disseminate our results and encourage SARS-CoV-2 immu-
nisation. The target audience will be children and families.
As part of these efforts, we will work closely with media part-
ners, policymakers and the cohort participants to develop
effective outreach strategies. We believe such activities might
help bring about better compliance with COVID-19 control
measures not only in this community, but also at the regional
and global levels.
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