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Background

The SARS-CoV-2 Omicron variant has spread globally. However, the contribution of
community versus household transmission to the overall risk of infection remains
unclear.
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Methods

Between November 2021, and March 2022, we conducted an active case-finding study
in an urban informal settlement with biweekly visits across 1174 households with 3364
residents. Individuals displaying COVID-19-related symptoms were identified,
interviewed along with household contacts, and defined as index and secondary cases
based on RT-PCR and symptom onset.

Results

In 61 households, we detected a total of 94 RT-PCR-positive cases. Out of 69
sequenced samples, 67 cases (97.1%) were attributed to the Omicron BA.1* variant.
Among 35 of their households, the secondary attack rate was 50.0%(% (95%ClI
37.0-63.0%). Women (p=RR = 1.6; 95%CI = 0.079 — 2.7), older individuals
(p=0.03)median difference = 15; 95%CI = 2 — 21), and those reporting symptoms
(p=RR = 1.73; 95% CI = 1.0 — 3.0.04) had a significantly increased risk for SARS-CoV-
2 secondary infection. Genomic analysis revealed substantial acquisition of viruses
from the community even among households with other SARS-CoV-2 infections. After
excluding community acquisition, we estimated a household secondary attack rate of
24.2%(% (95%Cl 11.9-40.9%).

Conclusions

These findings underscore the ongoing risk of community acquisition of SARS-CoV-2
among households with current infections. The observed high attack rate necessitates
swift booster vaccination, rapid testing availability, and therapeutic options to mitigate
COVID-19's severe outcomes.
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Editorial Board
Open Forum Infectious Diseases

Ref: Submission of Research Article - "Overestimation of SARS-CoV-2 Household Transmission
in High Community Transmission Settings: Insights from an Informal Settlement Community in
Salvador, Brazil"

Dear Editorial Board Members:

We are writing to see if Open Forum Infectious Diseases would be interested in our manuscript
entitled "Overestimation of SARS-CoV-2 Household Transmission in High Community
Transmission Settings: Insights from an Informal Settlement Community in Salvador, Brazil" for
publication as a major article.

Our manuscript delves into the transmission dynamics of the SARS-CoV-2 Omicron BA.1 variant
within an urban informal settlement in Brazil. In this study, we conducted biweekly visits to 1174
households with 3364 residents, to identify COVID-19 symptoms and confirm diagnoses through
RT-PCR testing. Our findings revealed a high household secondary attack rate of 50.0%, with
increased vulnerability among women, older individuals, and symptomatic cases. Despite this,
our genomic analysis indicated a significant influence of community transmission, leading to a
refined secondary attack rate of 24.2% when community transmission was excluded. Our findings
highlight the ongoing risk of community acquisition that individuals face even as other members
of their household are infected, a fact that could potentially shift focus to controlling exposure
within the household. We believe the high transmissibility of Omicron variants and temporally
clustered outbreaks mix the timescale of household outbreaks with that of the overall community,
leading to misclassification of household transmission using traditional methods that highlight
the proximity of household cases in time.

We believe that our manuscript will offer valuable insights to the readership of Open Forum
Infectious Diseases, who are navigating the complexities surrounding the evolving SARS-CoV-
2 variants. Furthermore, our article presents distinctive epidemiological and genomic evidence
elucidating the potential overestimation of secondary household transmission of the BA.1*
variant. Given that many studies struggle to entirely account for infections originating outside the
household, the observed household transmission rates could be overestimated.
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that we did not have any writing assistance.
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Editorial Board

Open Forum Infectious Diseases (OFID)

Dear Editorial Board Members:
Manuscript OFID-D-23-01010

Title: Overestimation of SARS-CoV-2 household transmission in settings of high
community transmission: insights from an informal settlement community in Salvador,
Brazil

Responses to Reviewers’ Comments

Reviewer 1: In this study the secondary attack rate (SAR) of the SARS-CoV2, Omicron
BA.1 variant was estimated in households in a densely populated area in Pau da Lima,
Brazil. Household transmission was distinguished from community transmission using
genomic analysis, which is a strength in this study, and has been a significant limitation
in other studies, aiming to estimate SAR of the Omicron BA.1. However, the number of
included households with a complete phylogenetic analysis was only 14, with a total of
47 study persons included. This is a major limitation to the power of the study, not
allowing for generalizable conclusions in a broader context.

We are grateful to Reviewer #2 for highlighting the strengths of our study. While
acknowledging the main limitation lies in the small number of participants, it's important
to note that:

“In a systematic review of 57 studies, the majority of these (43) mainly examined the
Household SAR. The authors of this review indicate that disregarding external sources
of infection might lead to an overestimation of SAR within households. The absence of
comparisons between secondary and community infections when estimating SAR was
acknowledged as a limitation. Also, none of the reviewed studies utilized techniques
like WGS to confirm genetic similarity between the strains infecting index and
subsequent cases within households [27]. In contrast, our study stands out for its use
of phylogenetic analysis, crucial in understanding the community and household
transmissions (adjusted SAR = 24.2%) in Pau da Lima, Brazil. Analyzing genetic
sequences from individuals in Pau da Lima and Salvador revealed a resemblance
between the samples, suggesting multiple virus introductions into this community,
making it representative of Salvador city. Despite the absence of clusters in our
phylogenetic analysis, our site is representative of the transmission dynamics in
Salvador, where 42% of households belong to an urban informal community. Despite
limitations in our sequencing scope, we successfully identified transmission clusters
within households and the community, highlighting localized virus spread. While
acknowledging the need for larger-scale studies to confirm and expand our findings,
previous studies utilizing WGS for transmission assessment showed similar outcomes
[24, 34].” (Lines 330 — 345)
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Reviewer 2: The authors present a population-based study of household transmission
of the Omicron variant of SARS-CoV-2 conducted in Brazil during 2021-2022. The
methods are clearly described, and the molecular analysis is very helpful in
understanding patterns of community and household transmission. These data provide
important insights into SARS-CoV-2 transmission in under-resourced settings which
have not been well-described in the literature. The epidemiologic methods (particularly
with regard to case ascertainment) could be more fully described. | have a few
comments for the authors' consideration.

We are grateful to Reviewer #2 for their comments. We have prepared responses
below and modified the manuscript based on their feedback.

Abstract

1. Lines 68-69: In the results section, consider presenting the risk ratios with 95% Cls
rather than p-values alone.

We adjusted the text to include the RR, median difference and their 95% Cls. (Now
lines 70 — 72)

Introduction

1. Lines 87-89: Please clarify what is meant here - as I'm reading it, this suggests that
home isolation could increase risk of community transmission.

We have revised and highlighted the significance of this situation in urban informal
settings. While home isolation functions as a preventive measure against COVID-19,
its effectiveness might be compromised in communities marked by overcrowded
households, inadequate infrastructure, and poor ventilation. In such contexts, relying
solely on home isolation may not yield the same benefits during the pandemic,
highlighting the need for public health interventions aimed at improving living conditions
and overall quality of life. (Now lines 90 — 94)

Methods

1. What is the overall vaccine coverage for Pau da Lima? Have there been any mass
vaccination campaigns? If so, what vaccine(s) were available (MRNA-based?
bivalent?)?

Extensive vaccination campaigns were carried out across the city of Salvador. Previous
studies have documented the vaccination intentions and coverage within this
population (Now reference 13 and 15, lines 113 — 114). We've incorporated a table
outlining the vaccine coverage and types administered up until the study period. Please
refer to Supplementary Table 2 for details.

2. Lines 113-114: This is really a tremendous effort by the field teams. Could you
provide more details regarding sampling strategy for the households? In particular,
since households were visited every two weeks, was this a random subset of
household throughout Pau da Lima, or was each 2-week sampling period performed in
different geographic areas? If the sampling frame was in different geographic areas
every two weeks, this could introduce bias if cases were very focally clustered.

The intention was to visit all households in the Pau da Lima community. However, it
was not feasible to cover every household; instead, we managed to visit 56% to 85% of
them. We have included the Supplementary table 1 with this. Alsos we add a
description “Participants were included based on their availability, and multiple



attempts, including weekends, were made to limit missing data across the three valleys
comprising the study area” in the methods section (now line 131 — 133) and improve
the limitation base on the missing results (now lines 373 — 375).

Results

1. Lines 195-196: Consider providing median number of households visited each
biweekly period.

We've added a supplementary table detailing the households visited and the number of
participants for each week (Supplementary table 1).

2. What were the other diagnoses beyond SARS-CoV-2?

This study focused on identifying COVID-19 cases. Additionally, we identified cases of
flu, RSV, and other respiratory viruses. The analysis of this data is currently being
finalized, and we plan to include it in a forthcoming publication.

3. Lines 204-205: There is mention of a two Delta variant infections during Dec 2021 -
these do not appear as a PCR+ index case in Figure 2, panel D.

We omitted the delta variants from our analysis of household secondary attack rates,
which is why the delta variant was not initially considered in the figure. However, for
clarity, we have updated Figure 2 to include the delta cases and previous non-Omicron
PCR+ cases from 2021.

4. Lines 215-216: Is this proportion who received a vaccine higher or lower than for
Pau da Lima overall?

The vaccination coverage was similar to that of the main cohort. We've included a table
(Supplementary Table 2) displaying vaccine coverage until March 21st, demonstrating
a comparable proportion of vaccinations (Lines 223 — 224).

5. Lines 217-222: Consider presenting these results as risk ratios.

We adjusted the text to include the RR, median difference and their 95% Cis (Lines
228 — 230).

6. Lines 231-234: I'm not sure what is meant here - my interpretation is that
intrahousehold sequences were both similar to other sequences from the same
household and from the surrounding community.

We've included a brief interpretation to aid readers: “Briefly, this means that there is a
notable similarity in sequences among households with two or more infected
participants when compared to households with a single infected participant or Pau da
Lima or samples from Salvador. This similarity reinforces the likelihood of household
transmission” (Lines 245 — 248).

Discussion

1. Lines 255-256: This is an excellent point and it would be nice to see more
elaboration of this - particularly as many household transmission studies are in the
US/Europe context, where household sizes may be smaller, and the square footage of
residences is certainly larger.

We improved the text in the discussion following the reviewer's recommendation (Lines
275 — 284).



2. Lines 276-279: Are these practical recommendations for Pau da Lima? Can
residents isolate at home without worries regarding job/income loss? Do the structure
of residences allow for improved ventilation (e.g. power available for Cori-Rosenthal
boxes, can additional windows/vents be installed)?

We improved the text in the discussion following the reviewer's recommendation.
(Lines 308 -320).

Figures and Tables

1. Consider including a new table showing total number of households visited
compared to those with at least one positive case. This would allow for comparison of
households with at least one case to those with no cases. Variables that would be
interesting to examine here include household size, age of residents, number of
children, sex of residents (basically the same as presented in current Table 1).

We added a supplementary table to comprehend the distinctions among households
where at least one individual tested PCR+ and those that did not. (now Supplementary
Table 4 and lines 258 - 263)

Figure 1: Very helpful to understand the geography of Pau da Lima. Is this settlement
divided into districts? If so this would be helpful to show.

This urban informal settlement lacks formal divisions. However, the major cohort study
divided the area into blocks to facilitate standardized visits. We added the map used
during the active case finding but they could change across the study and objectives in
the main cohort (now supplementary Figure 1).

Figure 2: Was PCR performed prior to 27 Dec 20217 i would assume yes and these
results were negative based on panel A.

We incorporated positive cases occurring before December 27th, 2021, into Figure
panel D. In the WGS analysis, only two Delta cases were identified, and non-Omicron
cases were also detected during this timeframe. (Figure 2 panel D).

Figure 3: Panel A is somewhat difficult to read. Would it be possible to create another
tree with "House with a single..." removed? This may help improve legibility and identify
clustering. Additionally, many of the colors are similar (e.g. House 10 and House 11,
House 12/13/14), and the use of red/green tones may be challenging for readers with
colorblindness.

We made adjustments to the figure in response to the reviewer's comments. To
prevent misinterpretation between sequences from Salvador and House with a single,
sequence we represented the latter as small empty circles (Figure 3 panel A).

Figure 4: Is it possible to add the house numbers to the map in Figure 1? Given the
layout of the settlement, understanding geographic links between households would be
very helpful. Additionally, adding some kind of symbol for each household would help
the reader to rapidly identify households that exist within multiple clusters (e.g. House
14, House 5).

We add a new panel in the figure 1 following the reviewer’s suggestion (Figure 1 panel
C).

Table 2: Could this be presented as risk ratios? | think that RR is an easier way to
grasp what is presented here.



We modified the table to include the RR (Table 2).

Consider moving supplementary Figure 1 to the main text. If there are figure limitations,
| think that current Figure 4 could be a supplementary figure.

The manuscript has reached its limit in terms of the number of figures and tables. We'll
ask the editorial team if combining figures 1 and 2 into a single figure is feasible. This
would allow us to include the Supplementary Figure.
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Summary

We found a high level of transmissibility of the SARS-CoV-2 BA.1* Omicron variant both within
the community and households. Phylogenetic analysis suggests a diverse set of viruses were
transmitted within the community and households, consistent with multiple introductions and

high rates of incidence.
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Abstract

Background

The SARS-CoV-2 Omicron variant has spread globally. However, the contribution of community

versus household transmission to the overall risk of infection remains unclear.

Methods

Between November 2021, and March 2022, we conducted an active case-finding study in an urban
informal settlement with biweekly visits across 1174 households with 3364 residents. Individuals
displaying COVID-19-related symptoms were identified, interviewed along with household

contacts, and defined as index and secondary cases based on RT-PCR and symptom onset.

Results

In 61 households, we detected a total of 94 RT-PCR-positive cases. Out of 69 sequenced samples,
67 cases (97.1%) were attributed to the Omicron BA.1* variant. Among 35 of their households,
the secondary attack rate was 50.0%(% (95%CI 37.0-63.0%). Women (p=RR = 1.6; 95%CI =
0.679 — 2.7), older individuals (p=6-63)median difference = 15; 95%CI = 2 — 21), and those
reporting symptoms (p=RR = 1.73; 95% CI = 1.0 — 3.0-04) had a significantly increased risk for

SARS-CoV-2 secondary infection. Genomic analysis revealed substantial acquisition of viruses
from the community even among households with other SARS-CoV-2 infections. After excluding
community acquisition, we estimated a household secondary attack rate of 24.2%(% (95%ClI
11.9-40.9%).

Conclusions

These findings underscore the ongoing risk of community acquisition of SARS-CoV-2
among households with current infections. The observed high attack rate necessitates
swift booster vaccination, rapid testing availability, and therapeutic options to mitigate

COVID-19's severe outcomes.

Keywords: SARS-CoV-2, Omicron, BA.1, Household transmission.
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Introduction

The emergence of new SARS-CoV-2 variants poses a significant challenge to public health efforts
to control the pandemic. Although the Omicron variant of concern (VOC) has been linked to
lower disease severity [1-3], it has exhibited an unprecedented degree of immune escape, resulting
in a high burden of infection even among populations with prior infections and high vaccination
coverage [3-6]. Furthermore, the rapid spread of the Omicron variant suggests that it is more
transmissible than previous variants, which has important implications for public health control

measures [7]. For example, in densely populated settings like informal urban settlements, there is

a possibility of a high proportion of secondary infections within households once one resident is

infected. This situation could redueediminish the effectiveness of home isolation as a

meansmethod of controlling transmission eentrel—Thismay-bepartictlarlyproblematic-indensely
populated-settings-such-as-informalurbansettlements-in these settings without proper planning.

Previous studies have estimated the household secondary attack rate (SAR) of the BA.1 and BA.2
Omicron variant as ranging from 25% to 81% [4, 8-10]. However, it remains unclear to what
extent multiple infections within a household are driven by transmission within the household
versus high transmission in the community. Distinguishing household from community-based
transmission can be particularly difficult in large outbreaks that spread rapidly among
communities as cases both within and between households are clustered in time. Understanding
the relative contributions of household and community transmission is crucial for providing
appropriate recommendations for infection control. Therefore, we conducted a study to estimate
the household secondary transmission of SARS-CoV-2 during the BA.l Omicron wave
(December 2021 to March 2022) in an urban informal settlement in Brazil. We conducted active
case-finding of cases within an existing cohort and next generation sequencing (NGS) analysis to
determine if pairs of cases within households and the community were consistent with

transmission.
Methods
Study setting, design and participants

We conducted this study as a part of an ongoing cohort study in Pau da Lima, an urban informal
settlement (in Brazil, commonly called favela) situated in Salvador, the largest city in the
northeast region of Brazil. Major characteristics of the informal settlement area have been
described in previous studies [11-4314] as well as the high willingness for vaccination and the
social determinants of vaccine status [13, 15]. Briefly, the study area had 3,364 inhabitants

residing in 1,174 households in an area of 0.35 km? comprised of 3 valleys as identified in a

previous census conducted in 2021 (Figure 1A and 1B and Supplementary Figure 1). In December
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2021, there was an increase in COVID-19 cases in Salvador associated with the circulation of the

SARS-CoV-2 BA.1* Omicron variant (Figure 2A).

From November 11, 2021, to March 21, 2022, trained field technicians visited households in the
study area every two weeks to identify and recruit eligible participants During each visit, initially,
a standardized questionnaire was administered to the head of the household or any adult in the
household to identify any residents showing symptoms associated with COVID-19 illness and to
identify their household contacts. Symptomatic cases were defined as participants that reported
fever, cough, general weakness/fatigue, headache, myalgia, sore throat, coryza, dyspnea,
anorexia/nausea/vomiting, diarrhea, and/or altered mental status H44:[16]. If any symptomatic
resident was identified in the household, the study teams performed an individual interview and
collection of anterior nasal swabs for all household members, including those without symptoms.
The individual interview aimed to assess sociodemographic characteristics, presence and
persistence of symptoms, use of health services, and vaccination status. A second visit was
scheduled seven days after the initial visit to identify newly symptomatic residents and collect a

second nasal swab from each household member. Participants were included based on their

availability, and multiple attempts, including weekends, were made to limit missing data across

the three valleys comprising the study area.

Molecular analysis

Samples collected from symptomatic and asymptomatic household members were tested by real-
time reverse transcription-polymerase chain reaction (RT-PCR) to determine SARS-CoV-2
infection status. Positive RT-PCR samples were then subjected to NGS using the [llumina method
to identify any variants of concern (VOCs) and/or variants of interest (VOIs). Both RT-PCR and
NGS, were conducted by the COVID-19 Platform of FIOCRUZ-BA in Brazil.

To perform the phylogenetic analysis, we selected Omicron lineage sequences (BA.1¥*) from
study participants with primer coverage greater than 90%. We compared these sequences with
sequences from the city of in Salvador that were collected during September 15,2021, and March
21, 2022, which were stored in the GISAID database. We performed a multiple sequence
alignment (MSA) by using the Fast Fourier Transform (MAFFT v7.505) online alignment server.
The aligned genomes were ranked based on their similarity. We used FigTree v1.4.4 to draw the
tree and color the tips according to the households they belonged to. We inferred a maximum
likelihood tree from the resulting alignment using the general time-reversible (GTR) substitution
model. Additionally, we generated 1,000 bootstrap replicates using IQ-TREE v2.2.0.3 (see
Supplementary Methods for details).

Case definitions
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We defined an index symptomatic household case as the resident who reported the earliest onset
of symptoms among household participants. Co-index cases were among two or more household
members with symptom onset on the same date. Household contacts were individuals living in
the same household as index cases during the 7 days after the onset of symptoms in the index
case. After performing the PCR, index and secondary cases were confirmed. Those household
contacts who also tested positive for SARS-CoV-2 were then classified as either symptomatic or

asymptomatic secondary cases.
Data analysis

We analyzed data using R version 4.2.2 (https://www.r-project.org) software. We used medians

and interquartile ranges (IQRs) for numeric variables and frequency and proportions for
categorical variables. For bivariate analysis, we used the x* or Fisher tests to compare categorical
variables and t-test or Wilcoxon test to compare continuous variables. Finally, we estimated 95%

confidence intervals (95% Cis) and considered a p-value <0.05 significant.
Data analysis: Secondary attack rate

The secondary attack rate (SAR) was calculated by dividing the number of secondary cases by
the total number of non-index household residents. Household with co-index were excluded in
the calculation of the SAR. We then stratified the SAR by age and sex to evaluate the transmission
rate in different groups and identify potential risk factors associated with transmission by

calculating the Relative Risk (RR) and the 95% ClIs.
Data analysis: Genetic similarity analysis

To assess transmission of SARS-CoV-2 within households and the community, we used genomes
obtained from whole genome sequencing analysis of the virus in the areas of Pau da Lima and
Salvador. We constructed a genetic dissimilarity matrix and converted it into a similarity matrix
using multidimensional scaling (by exponentiating the values) using the "smacof" package in the

R software (https://www.rdocumentation.org/packages/smacof/versions/2.1-5). In this matrix,

low values reflect dissimilar sequences, while high values reflect a high degree of pairwise genetic

similarity (see Supplementary Methods for details)=).

To determine the threshold for pairwise genetic similarity between participants that was
associated with close transmission, we analyzed three groups of sequences. The first group
consisted of all individuals in the same household who had more than one confirmed case of
SARS-CoV-2. We assumed that this group had a high probability of household transmission (Pau
da Lima household group). The second group included one participant randomly selected from
each household, or the only positive case in the household (Pau da Lima non-household group).

The third group included confirmed cases from Salvador, from the same time period as our active
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surveillance. We analyzed the pairwise genetic similarity within the three groups, based on their
temporal opportunities for transmission. Then we calculated pairwise similarities and plotted the
distribution between the groups. We identified a threshold associated with transmission as the
level of genetic dissimilarity at which the cumulative distribution functions of pairwise
similarities of within household pairs and non-household pairs visually departed from each other.
We then plotted the results of the close transmission analysis using a network graph using Gephi

software v0.9.1, to identify possible household transmission among participants-.
Ethics and patient consent Statements

The study was approved by the Ethics Committee of the Institute of Collective Health of the
Federal University of Bahia (35405320.0.1001.5030), the Institutional Review Boards of the
Instituto Gongalo Moniz, Oswaldo Cruz Foundation (Fiocruz) and the Brazilian National
Commission for Ethics in Research (CAAE 45217415.4.0000.0040; 35405320.0.1001.5030; and
59889922.6.0000.0040), and the Yale University Human Research Protection Program (no.
2000031554). Adult participants provided a signed informed consent form in the presence of a
witness. For participants under 18 years of age, the consent of a parent or legal guardian was
required for participation in the study. Children aged 6 years or older also provided written assent

to study participation.
Results

We conducted a total of eight rounds of biweekly household visits, during which 1098 out of 1174
households (94%) participated in at least one of the visits (Figure2B and 2C). In total 56-85 % of

the household were visited in each round (Supplementary table 1). Among these households, 258

(24%) had at least one symptomatic resident, and among them, at least one positive case for
SARS-CoV-2 by PCR was identified in 61 (27%) households (Supplementary Figure +2). In these
households, we identified 94 individuals who tested positive for SARS-CoV-2 by RT-PCR, with
83 of them being symptomatic and 11 asymptomatic (Eigure2D-and-Supplementary Figure 42).

NGS analysis was conducted on 69 (73.4%) out of the 94 SARS-CoV-2 PCR-positive samples.
The Omicron BA.1* variant was detected in 67 (97.1%) cases, all of which were linked to samples
collected between January and February 2022 (Figure 2D). The remaining two cases (2.9%) were

identified as the Delta variant and were linked to samples collected in December 2021.

To evaluate the SAR, we selected a subsample of 35 households with two or more residents and
with at least one documented case of Omicron BA.1*. Households with residents who were
infected with delta variant and households without a confirmed PCR index case or co-index cases
were excluded. (Supplementary Figure +2). In total, we identified 35 index cases, 31 secondary

cases, and 31 contacts that were negative for SARS-CoV-2 among these households. no cases
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were detected on day 14 visit or later. The crude secondary household attack rate was 50.0%
(95%CI 37.8-62.2%). Individuals aged between 36 to 60 years old and females showed a higher
SAR and risk ratio than younger individuals (<= 18 years old) and males (Table 1). Fhe

A description of the contacts recruited is present in Table 2. Among 62 contacts, 50 (80.7%)
received at least one COVID-19 vaccine dose-, similar to the participants in the major cohort
(Supplementary table 2). Out of the 40 individuals who participated in the major cohort study and

had documented previous exposure, 35 (87.5%) presented a positive IgG test result. The
comparison between 31 PCR-positive (secondary cases) and 31 PCR-negative household contacts
revealed that individuals with secondary SARS-CoV-2 infection were more frequently female
(20/31 [64.5%)] female, vs. 11/31 [35.5%] male; p=RR = 1.6; 95%CI = 0.8749 — 2.7) and older
(median age of 37 years [IQR 20—43] vs. 22 years [1315-31]; p=6-639median difference = 15;

95%CI = 2 — 21) than negative contacts (Table 2). However, the risk of secondary transmission
did not vary based on vaccination status, prior infection nor other household-level factors (Table

2 and Supplementary Table 43).

We included 62 (67.4%) confirmed SARS-CoV-2 Omicron BA.1* sequences in the phylogenetic
analysis. This set comprised a subgroup of 33 sequences from 14 households with more than one
PCR-positive individual, which allowed us to evaluate the frequency with which household
members had virus whose sequence was consistent with transmission between pairs. Furthermore,
we identified the presence of single nucleotide polymorphisms (SNPs) as R346K, 1431M and
L450F (Supplementary Figure 23). When comparing the sequences from Pau da Lima to 742
sequences from Salvador, all of them belonged to the same genetic clusters (Figure 3A). The
similarity metric traversed values of 1 (the largest distance) and a value of 29 as a low distance in
pairwise genomic comparisons. The sequences from houschold pairs in Pau da Lima
demonstrated high similarity when compared to sequences from Salvador or the non-household
sequences (one sequence selected per household) from Pau da Lima (Figure 3B). In contrast, the
genomic similarity between non-household sequences and Salvador city was similar (Figure 3B).

Briefly, this means that there is a notable similarity in sequences among households with two or

more infected participants when compared to sequences from households with a single infected

participant or Pau da Lima or samples from Salvador. This similarity provides evidence

supporting household transmission. Finally, we defined a threshold of similarity of >2, based on

where the cumulative distribution of pairwise differences among pairs departed among household

pairs in Pau da Lima compared to non-household pairs and pairs from Salvador (Figure 3C).

We identified high similarity and interrelation between the viral sequences from this community,
leading to the identification of seven clusters of SARS-CoV-2 community transmission (Figure

4). Within these clusters, we found 14 households with more than one PCR-positive individual
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and we identified 14 index cases, along with 19 PCR-positive contacts and 14 PCR-negative
contacts. However, only 8 secondary transmissions could be confirmed by the similarity analysis
as resulting from household transmission. The estimated secondary attack rate using the definition
based on phylogenetic data was 24.2% (95%CI 11.9 — 40.9%) (Supplementary Figure 34).

Finally, we performed a sensitivity analysis comparing households with at least one positive PCR

against those that reported no symptoms or tested negative. No differences were observed in terms

of sex, age, and the mean number of participants under 18 years old, demonstrating the

representativeness of the participants. However, there was a difference in the number of residents

reported by the head of the household, especially in houses with more than seven residents

(Supplementary Table 4).

Discussion

Our findings show that the SARS-CoV-2 Omicron variant was highly transmissible in a
community that had near-universal previous exposure to SARS-CoV-2 infection and/or
vaccination. The secondary household attack rate was 50%, and there was no difference in the
risk of secondary transmission based on vaccination status or prior infection. During the same
period, we compared cases from our community to those from the city of Salvador and determined
that rapid transmission and multiple introductions contributed to the high attack rate within our
community. Furthermore, we found that a high proportion of infections that were identified as
secondary cases in the household investigation could be attributed to community transmission

based on the genomic similarity analysis.

Like other informal settlements, Pau da Lima community is characterized by poverty,
overcrowding, and poor sanitation {HH[11]. Fhese—structuralfactorsPrevious studies in

developing countries have highlighted that household overcrowding significantly increases the

risk of COVID-19 mortality, primarily affecting older individuals residing in crowded households

[17. 18]. Although guidelines suggest a two meters of distance among household members and

avoid crowded and inadequately ventilated spaces to limit airborne transmission [19, 20], it is

challenging in crowded homes. This scenario is representative of urban formal settlements, as

showed by research conducted in India, assessing living conditions in large communities [21].

This research identified overcrowding, unsanitary environments, and restricted access to essential

services as primary contributors to the rapid spread of COVID-19 [21]. These structural factors

were similar in Pau da Lima where they were associated with a high seroprevalence (48%) during
the first wave of SARS-CoV-2 transmission in Brazil [+522]. During the initial period of the
Omicron wave associated with the BA.1 variant, we observed an elevated secondary household
attack rate (50%) compared to previous variants {+64[23]. This is in line with the literature that

shows a high transmissibility of the Omicron variant in diverse settings, including high-income
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countries H7-[24]. Two previous studies in South Korea reported secondary attack rates
exceeding 50% [+8:1925, 26], and a U.S. study reported household transmission ranging from
40.9% among individuals with previous infections to 59.8% among those without [10]. To date,
evidence from low- and middle-income countries has been scarce {264:[27]. It is important to
determine the main transmission patterns of COVID-19 in communities in order to develop
effective preventive strategies. Typically, the household SAR is used to estimate the
transmissibility of respiratory viruses such as influenza, but this method may overestimate
transmissibility if outside sources of infection are not taken into account [24-—2228, 29],
particularly if outbreaks in communities are temporally clustered, driving the time scales of
household outbreaks and the overall community outbreak to overlap. Our study found evidence
of significant community transmission by analyzing the genomic similarities between household
members and confirmed cases in the community study site and in Salvador city. By conducting
detailed contact tracing and analyzing genomic data, we were able to identify genetically similar
viruses within households and better understand transmission patterns. In this analysis, roughly
half of putative household transmission pairs were genetically inconsistent with transmission,

substantially revising the risk of household acquisition versus community acquisition.

Given the high rate of household transmission and in the community, it may be necessary to
recommend additional protective measures, improved ventilation in households and reevaluated
the home isolation during the infectious period in urban informal settlements. Despite the

unexpected catastrophic nature of the COVID-19 pandemic, our results emphasize the urgent need

for health policies that prioritize equity, especially those supporting urban informal settlements.

This demands active engagement from both government and the community as described by

Corburn et. al. [30] and Nix E. et al [31]. Government and communities should provide support

to elevate living standards, upgrade water, sanitation, and hygiene, alongside improved home

ventilation which can also impact other infectious diseases. Community mobilization is also

crucial for effective intervention. For instance, community involvement in contact tracing efforts

becomes pivotal in identifying potential cases within households and the broader community.

Another approach involves immediate and small-scale interventions, such as providing air filters

cooling systems, subsidies for electricity, or access to cooler spaces like community centers.

These immediate interventions aim to address the pressing needs and improve conditions swiftly.

However, there's a long-term need to address the poor housing conditions in these settlements

[B31].

The high transmission of the BA.1* Omicron variant observed in our study population emphasizes
the level of immune evasion by the new variants and the resulting challenges for transmission
control. In our study population, 81% of participants had received at least one vaccine dose, and

at least 50% had a previous SARS-CoV-2 infection during the first wave of the pandemic in Brazil

11
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[11]. These findings are in line with the literature, where the effectiveness of vaccination
decreased since the old variants until Omicron [4, +623]. Furthermore, several SNPs identified in
the isolates from our study were associated with high immune evasion, including the R346K
mutation in the RBD, which is associated with weakened neutralizing antibody response [23-

2532-34].

In a systematic review of 57 studies, 43 mainly examined the Household SAR. The authors of

this review indicate that disregarding external sources of infection might lead to an overestimation

of SAR within households. The absence of comparisons between secondary and community

infections when estimating SAR was acknowledged as a limitation. Also. none of the reviewed

studies utilized techniques like WGS to confirm genetic similarity between the strains infecting

index and subsequent cases within households [28]. In contrast, our study stands out for its use of

phylogenetic analysis, crucial in understanding the community and household transmissions

(adjusted SAR = 24.2%) in Pau da Lima, Brazil. Analyzing genetic sequences from individuals

in Pau da Lima and Salvador revealed a resemblance between the samples, suggesting multiple

virus _introductions into this community, making it representative of Salvador city. Despite the

absence of clusters in our phylogenetic analysis, our site is representative of the transmission

dynamics in Salvador, where 42% of households belong to an urban informal community. Despite

limitations in _our sequencing scope, we successfully identified transmission clusters within

households and the community, highlighting localized virus spread. While acknowledging the
need for larger-scale studies to confirm and expand our findings, previous studies utilizing WGS

for transmission assessment showed similar outcomes [25, 35].

Our study found that older age and female gender were associated with risk of infection among
household contacts. While initial studies conducted prior to the emergence of the Omicron variant
showed low prevalence in children and adolescents, as well as low incidence of severe cases and
deaths [2636], the increased number of infections among children in South Africa 27-and-the
YK=[37] and the U.K. [28;:2938, 39] during the beginning of the Omicron wave raised concerns

for health authorities. A systematic review on SARS-CoV-2 household transmission found a
lower secondary transmission to child contacts compared to adults. Interestingly, individuals
older than 60 years were identified as the most susceptible to infection {+6}:[23]. Furthermore,
studies Denmark and the UK observed an increased susceptibility with age and that that the
transmission and the SAR were higher for the Omicron variant than previous Variants across all
age groups [8, 3640]. The pattern of household risk may reflect which family members are mostly
likely to spend time at home, in contact with other family members and potentially in contact with
ill household members. Furthermore, unlike previous COVID-19 waves, the reduction in risk
perception, the return to normal activities, and the sense of security following vaccination may

have led to an increase in risky behaviors, leaving this population more vulnerable when the

12
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Omicron variant emerged. Female participants were also found to be at a higher risk of secondary
transmission than male participants, which could be due to social vulnerability factors in urban
informal communities [+522]. For instance, due to their role as primary family caregivers, women
may experience a higher intensity of exposure to infections. This increased exposure can be
attributed to factors such as longer duration and closer contact while caring for other sick

household members[34;-3241, 42].

There are some potential limitations in this study. First, the sample size in this population study
was limited, affecting the study’s statistical power, as reflected in the wide ranges in the
confidence intervals. Second, whole-genome sequencing was not complete for 18 participants
with PCR-confirmed infection. However, all these cases were reported between January and
February 2022, and the Omicron variant accounted for more than 95% of the cases in the region
during that period; thus, it is plausible that these 18 cases were attributable to the Omicron variant.

Thirdly, during the visits, 56-85% of the households were visited every two weeks, based on the

availability of the participants. The field team made multiple visits to each houseshold across the

three valleys comprising the study area, aiming to minimize losses. Finally, the screening protocol

was paused from December 21, 2021 to January 10™ 2022. It is possible that transmission in the

community began during this period, and that these early cases were not included in this study.

The high attack rate observed in this study underscores the urgent need to implement prevention
measures. This includes reinforcing preventive practices such as handwashing, and mask use not
only outside the household but also when symptomatic household members are identified.
Improving structural housing and health conditions in urban informal settlements (e.g., improving
ventilation) may also be an important intervention. Our findings demonstrate the need for
continued genomic surveillance to not only -identify variants and subvariants that represent a
hazard to public health, but also for accurate estimation of community and household
transmission. —Finally, although our results are consistent with existing data on immune evasion
of the Omicron variant, it remains crucial to offer booster vaccination and provide access to rapid
testing and therapeutics to mitigate the severe outcomes of COVID-19 for vulnerable urban

informal residents.
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Figures legends “

Figure 1. Study setting. A) Image of the study area, with inset depicting the location of Salvador
and Bahia state within Brazil; B) Location of households in the study area with no symptomatic
resident (blue dots), no PCR+ resident (gray dots), or at least one PCR+ resident (red dots-; and
C) yellow dots represent the 14 households with > 1 resident included in the phylogentic analysis

Figure 2. Study period and visits A) weekly new cases of COVID-19 in Salvador, Brazil; B)
Number of participants screened and proportion with symptoms C) Number of participants tested
classified as contacts and symptomatic index cases; and D) Number of participants in households
with >1 PCR+ resident.

* No Omicron variants were detected in November and December 2021. Only two Delta cases
were confirmed, these PCR+ results were not included in the SAR analysis.

Figure 3. A) Time-resolved maximum likelihood (ML) phylogenetic tree of the SARS-CoV-2
Omicron BA.1 in Salvador including 62 Omicron BA.1 isolates obtained in this study and an
additional 742 representative BA.1 genomes collected throughout the city of Salvador up to
March 21st, 2022. Colored circles represent participants from 14 households with > 1 resident
included in the analysis and greyssmall white circles represent households with a single participant.
Branches with no circles represent the genomes collected from GISAID. B) Genomic similarity
among groups, C) Proportion of pairs identified at varying genetic similarity thresholds

Figure 4. Genetic similarity network of SARS-CoV-2 isolates among study households. Nodes
represent individual SARS-CoV-2 sequences and edge weights represent the dissimilarity values
between each pair of sequences. The colored nodes on the plot represent sequences from the Pau
da Lima community, which are distributed across six transmission clusters indicated by the color
of the nodes. Sequences with labels belong to households with more than one individual included
in this analysis. Red labels indicate potential household transmission based on several household
members belonging to the same cluster. The nodes without labels represent sequences from
households with a single participant included in the analysis. The lines on the plot indicate
genomic similarity (the threshold for genomic similarity is set at >2), with thicker lines
representing higher degrees of similarity between sequence pairs. Node size represents the value
calculated for betweenness centrality, indicating the amount of influence a node has over the flow
of information in the graph.
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Summary

We found a high level of transmissibility of the SARS-CoV-2 BA.1* Omicron variant both within
the community and households. Phylogenetic analysis suggests a diverse set of viruses were
transmitted within the community and households, consistent with multiple introductions and

high rates of incidence.
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Abstract

Background

The SARS-CoV-2 Omicron variant has spread globally. However, the contribution of community

versus household transmission to the overall risk of infection remains unclear.
Methods

Between November 2021, and March 2022, we conducted an active case-finding study in an urban
informal settlement with biweekly visits across 1174 households with 3364 residents. Individuals
displaying COVID-19-related symptoms were identified, interviewed along with household

contacts, and defined as index and secondary cases based on RT-PCR and symptom onset.
Results

In 61 households, we detected a total of 94 RT-PCR-positive cases. Out of 69 sequenced samples,
67 cases (97.1%) were attributed to the Omicron BA.1* variant. Among 35 of their households,
the secondary attack rate was 50.0% (95%CI 37.0-63.0%). Women (RR = 1.6; 95%CI = 0.9 —
2.7), older individuals (median difference = 15; 95%CI = 2 — 21), and those reporting symptoms
(RR =1.73; 95% CI = 1.0 — 3.0) had a significantly increased risk for SARS-CoV-2 secondary
infection. Genomic analysis revealed substantial acquisition of viruses from the community even
among households with other SARS-CoV-2 infections. After excluding community acquisition,

we estimated a household secondary attack rate of 24.2% (95%CI 11.9-40.9%).
Conclusions

These findings underscore the ongoing risk of community acquisition of SARS-CoV-2
among households with current infections. The observed high attack rate necessitates
swift booster vaccination, rapid testing availability, and therapeutic options to mitigate

COVID-19's severe outcomes.

Keywords: SARS-CoV-2, Omicron, BA.1, Household transmission.
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Introduction

The emergence of new SARS-CoV-2 variants poses a significant challenge to public health efforts
to control the pandemic. Although the Omicron variant of concern (VOC) has been linked to
lower disease severity [ 1-3], it has exhibited an unprecedented degree of immune escape, resulting
in a high burden of infection even among populations with prior infections and high vaccination
coverage [3-6]. Furthermore, the rapid spread of the Omicron variant suggests that it is more
transmissible than previous variants, which has important implications for public health control
measures [7]. For example, in densely populated settings like informal urban settlements, there is
a possibility of a high proportion of secondary infections within households once one resident is
infected. This situation could diminish the effectiveness of home isolation as a method of

controlling transmission in these settings without proper planning.

Previous studies have estimated the household secondary attack rate (SAR) of the BA.1 and BA.2
Omicron variant as ranging from 25% to 81% [4, 8-10]. However, it remains unclear to what
extent multiple infections within a household are driven by transmission within the household
versus high transmission in the community. Distinguishing household from community-based
transmission can be particularly difficult in large outbreaks that spread rapidly among
communities as cases both within and between households are clustered in time. Understanding
the relative contributions of household and community transmission is crucial for providing
appropriate recommendations for infection control. Therefore, we conducted a study to estimate
the household secondary transmission of SARS-CoV-2 during the BA.l Omicron wave
(December 2021 to March 2022) in an urban informal settlement in Brazil. We conducted active
case-finding of cases within an existing cohort and next generation sequencing (NGS) analysis to
determine if pairs of cases within households and the community were consistent with

transmission.
Methods
Study setting, design and participants

We conducted this study as a part of an ongoing cohort study in Pau da Lima, an urban informal
settlement (in Brazil, commonly called favela) situated in Salvador, the largest city in the
northeast region of Brazil. Major characteristics of the informal settlement area have been
described in previous studies [11-14] as well as the high willingness for vaccination and the social
determinants of vaccine status [13, 15]. Briefly, the study area had 3,364 inhabitants residing in
1,174 households in an area of 0.35 km? comprised of 3 valleys as identified in a previous census
conducted in 2021 (Figure 1A and 1B and Supplementary Figure 1). In December 2021, there
was an increase in COVID-19 cases in Salvador associated with the circulation of the SARS-

CoV-2 BA.1* Omicron variant (Figure 2A).
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From November 11, 2021, to March 21, 2022, trained field technicians visited households in the
study area every two weeks to identify and recruit eligible participants During each visit, initially,
a standardized questionnaire was administered to the head of the household or any adult in the
household to identify any residents showing symptoms associated with COVID-19 illness and to
identify their household contacts. Symptomatic cases were defined as participants that reported
fever, cough, general weakness/fatigue, headache, myalgia, sore throat, coryza, dyspnea,
anorexia/nausea/vomiting, diarrhea, and/or altered mental status [ 16]. If any symptomatic resident
was identified in the household, the study teams performed an individual interview and collection
of anterior nasal swabs for all household members, including those without symptoms. The
individual interview aimed to assess sociodemographic characteristics, presence and persistence
of symptoms, use of health services, and vaccination status. A second visit was scheduled seven
days after the initial visit to identify newly symptomatic residents and collect a second nasal swab
from each household member. Participants were included based on their availability, and multiple
attempts, including weekends, were made to limit missing data across the three valleys comprising

the study area.
Molecular analysis

Samples collected from symptomatic and asymptomatic household members were tested by real-
time reverse transcription-polymerase chain reaction (RT-PCR) to determine SARS-CoV-2
infection status. Positive RT-PCR samples were then subjected to NGS using the [llumina method
to identify any variants of concern (VOCs) and/or variants of interest (VOIs). Both RT-PCR and
NGS, were conducted by the COVID-19 Platform of FIOCRUZ-BA in Brazil.

To perform the phylogenetic analysis, we selected Omicron lineage sequences (BA.1*) from
study participants with primer coverage greater than 90%. We compared these sequences with
sequences from the city of in Salvador that were collected during September 15, 2021, and March
21, 2022, which were stored in the GISAID database. We performed a multiple sequence
alignment (MSA) by using the Fast Fourier Transform (MAFFT v7.505) online alignment server.
The aligned genomes were ranked based on their similarity. We used FigTree v1.4.4 to draw the
tree and color the tips according to the households they belonged to. We inferred a maximum
likelihood tree from the resulting alignment using the general time-reversible (GTR) substitution
model. Additionally, we generated 1,000 bootstrap replicates using IQ-TREE v2.2.0.3 (see
Supplementary Methods for details).

Case definitions

We defined an index symptomatic household case as the resident who reported the earliest onset
of symptoms among household participants. Co-index cases were among two or more household

members with symptom onset on the same date. Household contacts were individuals living in

6
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the same household as index cases during the 7 days after the onset of symptoms in the index
case. After performing the PCR, index and secondary cases were confirmed. Those household
contacts who also tested positive for SARS-CoV-2 were then classified as either symptomatic or

asymptomatic secondary cases.
Data analysis

We analyzed data using R version 4.2.2 (https://www.r-project.org) software. We used medians

and interquartile ranges (IQRs) for numeric variables and frequency and proportions for
categorical variables. For bivariate analysis, we used the > or Fisher tests to compare categorical
variables and t-test or Wilcoxon test to compare continuous variables. Finally, we estimated 95%

confidence intervals (95% Cis) and considered a p-value <0.05 significant.
Data analysis: Secondary attack rate

The secondary attack rate (SAR) was calculated by dividing the number of secondary cases by
the total number of non-index household residents. Household with co-index were excluded in
the calculation of the SAR. We then stratified the SAR by age and sex to evaluate the transmission
rate in different groups and identify potential risk factors associated with transmission by

calculating the Relative Risk (RR) and the 95% Cls.
Data analysis: Genetic similarity analysis

To assess transmission of SARS-CoV-2 within households and the community, we used genomes
obtained from whole genome sequencing analysis of the virus in the areas of Pau da Lima and
Salvador. We constructed a genetic dissimilarity matrix and converted it into a similarity matrix
using multidimensional scaling (by exponentiating the values) using the "smacof" package in the

R software (https://www.rdocumentation.org/packages/smacof/versions/2.1-5). In this matrix,

low values reflect dissimilar sequences, while high values reflect a high degree of pairwise genetic

similarity (see Supplementary Methods for details).

To determine the threshold for pairwise genetic similarity between participants that was
associated with close transmission, we analyzed three groups of sequences. The first group
consisted of all individuals in the same household who had more than one confirmed case of
SARS-CoV-2. We assumed that this group had a high probability of household transmission (Pau
da Lima household group). The second group included one participant randomly selected from
each household, or the only positive case in the household (Pau da Lima non-household group).
The third group included confirmed cases from Salvador, from the same time period as our active
surveillance. We analyzed the pairwise genetic similarity within the three groups, based on their
temporal opportunities for transmission. Then we calculated pairwise similarities and plotted the

distribution between the groups. We identified a threshold associated with transmission as the
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level of genetic dissimilarity at which the cumulative distribution functions of pairwise
similarities of within household pairs and non-household pairs visually departed from each other.
We then plotted the results of the close transmission analysis using a network graph using Gephi

software v0.9.1, to identify possible household transmission among participants.
Ethics and patient consent Statements

The study was approved by the Ethics Committee of the Institute of Collective Health of the
Federal University of Bahia (35405320.0.1001.5030), the Institutional Review Boards of the
Instituto Gongalo Moniz, Oswaldo Cruz Foundation (Fiocruz) and the Brazilian National
Commission for Ethics in Research (CAAE 45217415.4.0000.0040; 35405320.0.1001.5030; and
59889922.6.0000.0040), and the Yale University Human Research Protection Program (no.
2000031554). Adult participants provided a signed informed consent form in the presence of a
witness. For participants under 18 years of age, the consent of a parent or legal guardian was
required for participation in the study. Children aged 6 years or older also provided written assent

to study participation.
Results

We conducted a total of eight rounds of biweekly household visits, during which 1098 out of 1174
households (94%) participated in at least one of the visits (Figure2B and 2C). In total 56-85 % of
the household were visited in each round (Supplementary table 1). Among these households, 258
(24%) had at least one symptomatic resident, and among them, at least one positive case for
SARS-CoV-2 by PCR was identified in 61 (27%) households (Supplementary Figure 2). In these
households, we identified 94 individuals who tested positive for SARS-CoV-2 by RT-PCR, with
83 of them being symptomatic and 11 asymptomatic (Supplementary Figure 2).

NGS analysis was conducted on 69 (73.4%) out of the 94 SARS-CoV-2 PCR-positive samples.
The Omicron BA.1* variant was detected in 67 (97.1%) cases, all of which were linked to samples
collected between January and February 2022 (Figure 2D). The remaining two cases (2.9%) were

identified as the Delta variant and were linked to samples collected in December 2021.

To evaluate the SAR, we selected a subsample of 35 households with two or more residents and
with at least one documented case of Omicron BA.1*. Households with residents who were
infected with delta variant and households without a confirmed PCR index case or co-index cases
were excluded. (Supplementary Figure 2). In total, we identified 35 index cases, 31 secondary
cases, and 31 contacts that were negative for SARS-CoV-2 among these households. no cases
were detected on day 14 visit or later. The crude secondary household attack rate was 50.0%
(95%CI 37.8-62.2%). Individuals aged between 36 to 60 years old and females showed a higher
SAR and risk ratio than younger individuals (<= 18 years old) and males (Table 1).
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A description of the contacts recruited is present in Table 2. Among 62 contacts, 50 (80.7%)
received at least one COVID-19 vaccine dose, similar to the participants in the major cohort
(Supplementary table 2). Out of the 40 individuals who participated in the major cohort study and
had documented previous exposure, 35 (87.5%) presented a positive IgG test result. The
comparison between 31 PCR-positive (secondary cases) and 31 PCR-negative household contacts
revealed that individuals with secondary SARS-CoV-2 infection were more frequently female
(20/31 [64.5%] female, vs. 11/31 [35.5%] male; RR = 1.6; 95%CI = 0.9 — 2.7) and older (median
age of 37 years [IQR 20—43] vs. 22 years [15-31]; median difference = 15; 95%CI =2 — 21) than
negative contacts (Table 2). However, the risk of secondary transmission did not vary based on
vaccination status, prior infection nor other household-level factors (Table 2 and Supplementary

Table 3).

We included 62 (67.4%) confirmed SARS-CoV-2 Omicron BA.1* sequences in the phylogenetic
analysis. This set comprised a subgroup of 33 sequences from 14 households with more than one
PCR-positive individual, which allowed us to evaluate the frequency with which household
members had virus whose sequence was consistent with transmission between pairs. Furthermore,
we identified the presence of single nucleotide polymorphisms (SNPs) as R346K, 1431M and
L450F (Supplementary Figure 3). When comparing the sequences from Pau da Lima to 742
sequences from Salvador, all of them belonged to the same genetic clusters (Figure 3A). The
similarity metric traversed values of 1 (the largest distance) and a value of 29 as a low distance in
pairwise genomic comparisons. The sequences from household pairs in Pau da Lima
demonstrated high similarity when compared to sequences from Salvador or the non-household
sequences (one sequence selected per household) from Pau da Lima (Figure 3B). In contrast, the
genomic similarity between non-household sequences and Salvador city was similar (Figure 3B).
Briefly, this means that there is a notable similarity in sequences among households with two or
more infected participants when compared to sequences from households with a single infected
participant or Pau da Lima or samples from Salvador. This similarity provides evidence
supporting household transmission. Finally, we defined a threshold of similarity of >2, based on
where the cumulative distribution of pairwise differences among pairs departed among household

pairs in Pau da Lima compared to non-household pairs and pairs from Salvador (Figure 3C).

We identified high similarity and interrelation between the viral sequences from this community,
leading to the identification of seven clusters of SARS-CoV-2 community transmission (Figure
4). Within these clusters, we found 14 households with more than one PCR-positive individual
and we identified 14 index cases, along with 19 PCR-positive contacts and 14 PCR-negative
contacts. However, only 8 secondary transmissions could be confirmed by the similarity analysis
as resulting from household transmission. The estimated secondary attack rate using the definition

based on phylogenetic data was 24.2% (95%CI 11.9 —40.9%) (Supplementary Figure 4). Finally,
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we performed a sensitivity analysis comparing households with at least one positive PCR against
those that reported no symptoms or tested negative. No differences were observed in terms of sex,
age, and the mean number of participants under 18 years old, demonstrating the representativeness
of the participants. However, there was a difference in the number of residents reported by the
head of the household, especially in houses with more than seven residents (Supplementary Table
4).

Discussion

Our findings show that the SARS-CoV-2 Omicron variant was highly transmissible in a
community that had near-universal previous exposure to SARS-CoV-2 infection and/or
vaccination. The secondary household attack rate was 50%, and there was no difference in the
risk of secondary transmission based on vaccination status or prior infection. During the same
period, we compared cases from our community to those from the city of Salvador and determined
that rapid transmission and multiple introductions contributed to the high attack rate within our
community. Furthermore, we found that a high proportion of infections that were identified as
secondary cases in the household investigation could be attributed to community transmission

based on the genomic similarity analysis.

Like other informal settlements, Pau da Lima community is characterized by poverty,
overcrowding, and poor sanitation [11]. Previous studies in developing countries have highlighted
that household overcrowding significantly increases the risk of COVID-19 mortality, primarily
affecting older individuals residing in crowded households [17, 18]. Although guidelines suggest
a two meters of distance among household members and avoid crowded and inadequately
ventilated spaces to limit airborne transmission [19, 20], it is challenging in crowded homes. This
scenario is representative of urban formal settlements, as showed by research conducted in India,
assessing living conditions in large communities [21]. This research identified overcrowding,
unsanitary environments, and restricted access to essential services as primary contributors to the
rapid spread of COVID-19 [21]. These structural factors were similar in Pau da Lima where they
were associated with a high seroprevalence (48%) during the first wave of SARS-CoV-2
transmission in Brazil [22]. During the initial period of the Omicron wave associated with the
BA.1 variant, we observed an elevated secondary household attack rate (50%) compared to
previous variants [23]. This is in line with the literature that shows a high transmissibility of the
Omicron variant in diverse settings, including high-income countries [24]. Two previous studies
in South Korea reported secondary attack rates exceeding 50% [25, 26], and a U.S. study reported
household transmission ranging from 40.9% among individuals with previous infections to 59.8%
among those without [10]. To date, evidence from low- and middle-income countries has been

scarce [27]. It is important to determine the main transmission patterns of COVID-19 in
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communities in order to develop effective preventive strategies. Typically, the household SAR is
used to estimate the transmissibility of respiratory viruses such as influenza, but this method may
overestimate transmissibility if outside sources of infection are not taken into account [28, 29],
particularly if outbreaks in communities are temporally clustered, driving the time scales of
household outbreaks and the overall community outbreak to overlap. Our study found evidence
of significant community transmission by analyzing the genomic similarities between household
members and confirmed cases in the community study site and in Salvador city. By conducting
detailed contact tracing and analyzing genomic data, we were able to identify genetically similar
viruses within households and better understand transmission patterns. In this analysis, roughly
half of putative household transmission pairs were genetically inconsistent with transmission,

substantially revising the risk of household acquisition versus community acquisition.

Given the high rate of household transmission and in the community, it may be necessary to
recommend additional protective measures, improved ventilation in households and reevaluated
the home isolation during the infectious period in urban informal settlements. Despite the
unexpected catastrophic nature of the COVID-19 pandemic, our results emphasize the urgent need
for health policies that prioritize equity, especially those supporting urban informal settlements.
This demands active engagement from both government and the community as described by
Corburn et. al. [30] and Nix E. et al [31]. Government and communities should provide support
to elevate living standards, upgrade water, sanitation, and hygiene, alongside improved home
ventilation which can also impact other infectious diseases. Community mobilization is also
crucial for effective intervention. For instance, community involvement in contact tracing efforts
becomes pivotal in identifying potential cases within households and the broader community.
Another approach involves immediate and small-scale interventions, such as providing air filters,
cooling systems, subsidies for electricity, or access to cooler spaces like community centers.
These immediate interventions aim to address the pressing needs and improve conditions swiftly.
However, there's a long-term need to address the poor housing conditions in these settlements

[31].

The high transmission of the BA.1* Omicron variant observed in our study population emphasizes
the level of immune evasion by the new variants and the resulting challenges for transmission
control. In our study population, 81% of participants had received at least one vaccine dose, and
at least 50% had a previous SARS-CoV-2 infection during the first wave of the pandemic in Brazil
[11]. These findings are in line with the literature, where the effectiveness of vaccination
decreased since the old variants until Omicron [4, 23]. Furthermore, several SNPs identified in
the isolates from our study were associated with high immune evasion, including the R346K

mutation in the RBD, which is associated with weakened neutralizing antibody response [32-34].
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In a systematic review of 57 studies, 43 mainly examined the Household SAR. The authors of
this review indicate that disregarding external sources of infection might lead to an overestimation
of SAR within households. The absence of comparisons between secondary and community
infections when estimating SAR was acknowledged as a limitation. Also, none of the reviewed
studies utilized techniques like WGS to confirm genetic similarity between the strains infecting
index and subsequent cases within households [28]. In contrast, our study stands out for its use of
phylogenetic analysis, crucial in understanding the community and household transmissions
(adjusted SAR = 24.2%) in Pau da Lima, Brazil. Analyzing genetic sequences from individuals
in Pau da Lima and Salvador revealed a resemblance between the samples, suggesting multiple
virus introductions into this community, making it representative of Salvador city. Despite the
absence of clusters in our phylogenetic analysis, our site is representative of the transmission
dynamics in Salvador, where 42% of households belong to an urban informal community. Despite
limitations in our sequencing scope, we successfully identified transmission clusters within
households and the community, highlighting localized virus spread. While acknowledging the
need for larger-scale studies to confirm and expand our findings, previous studies utilizing WGS

for transmission assessment showed similar outcomes [25, 35].

Our study found that older age and female gender were associated with risk of infection among
household contacts. While initial studies conducted prior to the emergence of the Omicron variant
showed low prevalence in children and adolescents, as well as low incidence of severe cases and
deaths [36], the increased number of infections among children in South Africa [37] and the U.K.
[38, 39] during the beginning of the Omicron wave raised concerns for health authorities. A
systematic review on SARS-CoV-2 household transmission found a lower secondary
transmission to child contacts compared to adults. Interestingly, individuals older than 60 years
were identified as the most susceptible to infection [23]. Furthermore, studies Denmark and the
UK observed an increased susceptibility with age and that that the transmission and the SAR were
higher for the Omicron variant than previous Variants across all age groups [8, 40]. The pattern
of household risk may reflect which family members are mostly likely to spend time at home, in
contact with other family members and potentially in contact with ill household members.
Furthermore, unlike previous COVID-19 waves, the reduction in risk perception, the return to
normal activities, and the sense of security following vaccination may have led to an increase in
risky behaviors, leaving this population more vulnerable when the Omicron variant emerged.
Female participants were also found to be at a higher risk of secondary transmission than male
participants, which could be due to social vulnerability factors in urban informal communities
[22]. For instance, due to their role as primary family caregivers, women may experience a higher
intensity of exposure to infections. This increased exposure can be attributed to factors such as

longer duration and closer contact while caring for other sick household members[41, 42].
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There are some potential limitations in this study. First, the sample size in this population study
was limited, affecting the study’s statistical power, as reflected in the wide ranges in the
confidence intervals. Second, whole-genome sequencing was not complete for 18 participants
with PCR-confirmed infection. However, all these cases were reported between January and
February 2022, and the Omicron variant accounted for more than 95% of the cases in the region
during that period; thus, it is plausible that these 18 cases were attributable to the Omicron variant.
Thirdly, during the visits, 56-85% of the households were visited every two weeks, based on the
availability of the participants. The field team made multiple visits to each houseshold across the
three valleys comprising the study area, aiming to minimize losses. Finally, the screening protocol
was paused from December 21%, 2021 to January 10™ 2022. It is possible that transmission in the

community began during this period, and that these early cases were not included in this study.

The high attack rate observed in this study underscores the urgent need to implement prevention
measures. This includes reinforcing preventive practices such as handwashing, and mask use not
only outside the household but also when symptomatic household members are identified.
Improving structural housing and health conditions in urban informal settlements (e.g., improving
ventilation) may also be an important intervention. Our findings demonstrate the need for
continued genomic surveillance to not only identify variants and subvariants that represent a
hazard to public health, but also for accurate estimation of community and household
transmission. Finally, although our results are consistent with existing data on immune evasion
of the Omicron variant, it remains crucial to offer booster vaccination and provide access to rapid
testing and therapeutics to mitigate the severe outcomes of COVID-19 for vulnerable urban

informal residents.
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Figures legends

Figure 1. Study setting. A) Image of the study area, with inset depicting the location of Salvador
and Bahia state within Brazil; B) Location of households in the study area with no symptomatic
resident (blue dots), no PCR+ resident (gray dots), or at least one PCR+ resident (red dots; and
C) yellow dots represent the 14 households with > 1 resident included in the phylogentic analysis

Figure 2. Study period and visits A) weekly new cases of COVID-19 in Salvador, Brazil; B)
Number of participants screened and proportion with symptoms C) Number of participants tested
classified as contacts and symptomatic index cases; and D) Number of participants in households
with >1 PCR+ resident.

* No Omicron variants were detected in November and December 2021. Only two Delta cases
were confirmed, these PCR+ results were not included in the SAR analysis.

Figure 3. A) Time-resolved maximum likelihood (ML) phylogenetic tree of the SARS-CoV-2
Omicron BA.1 in Salvador including 62 Omicron BA.1 isolates obtained in this study and an
additional 742 representative BA.1 genomes collected throughout the city of Salvador up to
March 21st, 2022. Colored circles represent participants from 14 households with > 1 resident
included in the analysis and small white circles represent households with a single participant.
Branches with no circles represent the genomes collected from GISAID. B) Genomic similarity
among groups, C) Proportion of pairs identified at varying genetic similarity thresholds

Figure 4. Genetic similarity network of SARS-CoV-2 isolates among study households. Nodes
represent individual SARS-CoV-2 sequences and edge weights represent the dissimilarity values
between each pair of sequences. The colored nodes on the plot represent sequences from the Pau
da Lima community, which are distributed across six transmission clusters indicated by the color
of the nodes. Sequences with labels belong to households with more than one individual included
in this analysis. Red labels indicate potential household transmission based on several household
members belonging to the same cluster. The nodes without labels represent sequences from
households with a single participant included in the analysis. The lines on the plot indicate
genomic similarity (the threshold for genomic similarity is set at >2), with thicker lines
representing higher degrees of similarity between sequence pairs. Node size represents the value
calculated for betweenness centrality, indicating the amount of influence a node has over the flow
of information in the graph.[31]
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Table 1. Crude household secondary attack rate with Omicron BA.1 variant, by age and sex.

Secondary cases / Total  Secondary attack rate
RR (95% CI)

number of contacts 95% CI)

Crude secondary attack rate 31/62 50.0% (37.0-63.0%)
Secondary attack rate confirmed

8/25 32% (13.7—-50.3%)
by genomic similarity
Age groups
<=18 8/20 40.0% (21.8 - 61.3%) ref
19-35 6/19 31.6% (15.4 — 54.0%) 0.74 (0.30 — 1.83)
36-60 15/20 75.0% (53.1 — 88.8%) 1.82 (1.00 —3.30)
61+ 2/3 66.7% (20.7 — 93.8%) 1.67 (0.64 —4.37)
Sex
Female 20/33 60.6% (43.7 —75.3%) 1.60 (0.93 —2.74)

Male 11/29 37.9% (22.6 — 56.0%) ref
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Table 2. Risk factors associated with household secondary transmission of Omicron BA.1 variant

SARS-CoV-2 ()  SARS-CoV-2(-)  RR(95% CI) or

Characteristics
Household contacts Household contacts median difference
(N=31) (N=31) (95% CI)

Sex, n (%)
Female 20 (64.5%) 13 (41.9%) 1.60 (0.93 —2.74)
Male 11 (35.5%) 18 (58.1%) Ref
Median age in years, (IQR) 37.0 (20 —43) 22.0 (15-31.0) 15.0(2.0-21.0)
Age groups, n (%)

<18 8 (25.8%) 12 (38.7%) Ref
19— 35 5(16.1%) 12 (38.7%) 0.74 (0.30 — 1.83)
36— 60 16 (51.6%) 6 (19.4%) 1.82 (1.00 — 3.30)

> 61 2 (6.4%) 1 (3.2%) 1.67 (0.64 — 4.37)
Reported symptoms, n (%)
Symptomatic 21 (67.7%) 13 (41.9%) 1.73 (1.00 — 3.04)
Asymptomatic 10 (32.3%) 18 (58.1%) Ref
Vaccination status, n (%)?
Vaccinated 25 (80.6%) 25 (80.6%) 1(0.53 -1.88)
Non-vaccinated 6 (19.4%) 6 (19.4%) Ref
Prior SARS-CoV-2 exposure, n
(%)’
Prior exposure 10 (62.5%) 11 (68.8%) 0.63 (0.31 — 1.31)
No prior exposure 3 (18.8%) 1 (6.3%) Ref
Prior SARS-CoV-2 exposure and
vaccination status, n (%)
Prior exposure and vaccinated 3 (18.8%) 2 (12.5%) Ref
Prior exposure and unvaccinated 0 2 (12.5%) 0.33(0.03-4.4)
No prior exposure and vaccinated 20 (64.5%) 13 (41.9%) 1.01 (0.47 -2.17)
No prior exposure and unvaccinated 11 (35.5%) 18 (58.1%) 0.63 (0.27 - 1.49)

2 Individuals who received at least one COVID-19 vaccine dose
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b Positive for SARS-CoV-2 anti-S during previous serosurveys studies in the study site (between July
2021 to September 2022). Only 42 individuals participated in previous serosurveys and had a prior

exposure documented
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Household transmission of the SARS-CoV-2 BA.1* Omicron variant in an urban slum
settlement in Salvador, Brazil.
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Supplemental Methods

RNA Extraction and RT-qPCR

Samples were extracted from 200 pL of the nasopharyngeal swab eluent using the Quick-
DNA/RNA Viral MagBead Kit (Zymo Research, Cat. no. R2141) and the KingFisher Flex System
(Thermo Fisher Scientific, Cat. no. 5400630).

SARS-CoV-2 RNA detection was performed by RT-qPCR using the BIOMOL-OneStep/COVID-
19 Kit (Instituto de Biologia Molecular do Parana, ANVISA no. 80780040004), the Molecular
SARS-CoV-2 Kit EDx (Bio-Manguinhos, ANVISA no. 80142170045), or the CDC 2019-nCoV
Reverse Transcriptase PCR Assay (1) on a 7500 Real-Time PCR System (Applied Biosystems,
Cat. no. 4351105) or QuantStudio 5 Real-Time PCR System (Applied Biosystems, Cat. no.
A28574). All protocols followed the manufacturer’s instructions.

NGS Library Preparation and Sequencing

Libraries were prepared using the COVIDSeq Test (Illumina, Cat. no. 20043675 and 20043137)
with the ARTIC V4 or V4.1 primer set as they become available. All libraries were pooled
together in equimolar amounts. Fragment length distribution was assessed using the Agilent
Bioanalyzer High Sensitivity DNA Kit (Agilent Technologies, Cat. no. 5067-4626) on the Agilent
2100 Bioanalyzer (Agilent Technologies, Cat. no. G2939BA). Concentration was assessed using
the Qubit 1X dsDNA High Sensitivity Assay Kit (Thermo Fisher Scientific, Cat. no. Q33230 or
Q33231) on the Qubit 3 Fluorometer (Thermo Fisher Scientific, Cat. no. Q33216). The library
pool was denatured and diluted to a final loading concentration of 8 pM, then loaded into the 300-
cycle MiSeq Reagent Kit v2 (Illumina, Cat. no. MS-102-2002) or 600-cycle MiSeq Reagent Kit
v3 (Illumina, Cat. no. MS-102-3003). Paired-end sequencing was performed using Illumina
MiSeq (Illumina, Cat. no. SY-410-1003) with a 150 bp read length. All protocols followed the
manufacturer’s instructions.

Genome Assembly

The FASTQ files were processed using the pipeline described by Dezordi et al. (2) with minor
modifications. Briefly, reads were trimmed to remove low-quality base pairs and primers using
fastp v.0.22.0 (3). Assembly was performed by Burrows-Wheeler Aligner (BWA) v.0.7.17 (4)
using NCBI GenBank accession no. MN908947.3 as the genome reference. The consensus
sequence was then masked with “N” at regions with coverage depth <10, and variant candidates
were incorporated into the consensus genome using iVAR v1.3.1 (5). Assembly statistics were
calculated with SAMtools vl1.15.1 (using HTSIlib vI.15.1) (6) and Seqtk v1.3-r106
(https://github.com/lIh3/seqtk). The sequences generated in this study are available via the
GISAID Epi Set identifier EPI_SET 230417xo0 (doi: 10.55876/gis8.230417x0).
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Variant Assignment and Mutation Calling

The lineage assignment was conducted using the Phylogenetic Assignment of Named Global
Outbreak Lineages (PANGOLIN) v4.1.2 (7). Mutation calling was performed by Nextclade
v2.5.0 (8). The mutation profile was illustrated using an UpSet plot, produced with R v4.2.2 (9)
and the following packages: ggplot2 (10), ComplexHeatmap (11), and UpSetR (12). The plot was
further processed using Adobe Illustrator CC 2022 (http://www.adobe.com).

Phylogenetic Analysis

We retrieved data for the SARS-CoV-2 BA.1 Omicron variant from Salvador (Northeast Brazil,
Babhia) available in the GISAID database (13) between September 15, 2021, and March 21, 2022,
To ensure the quality of the data analyzed in this study, only genomes >29,000pb and with a
variant assignment provided by the PANGOLIN (7) were considered (n = 742). The complete set
of sequences used in the analysis is available via the GISAID Epi Set identifier
EPI SET 230417ns (doi: 10.55876/gis8.230417ns). Multiple sequence alignment was performed
using MAFFT v7.505 with --6merpair and --addfragments (14,15). The alignment was masked
with “N” at all problematic sites (16) and manually inspected using AliView v1.28 (17). The
maximum likelihood (ML) phylogenetic analyses were performed using IQ-TREE v2.2.0.3 (18)
under the transition model 2 (TIM2) of nucleotide substitution with empirical base frequencies
(+F) and a proportion of invariant sites, with 1,000 replicates of ultrafast bootstrapping (--B 1000)
and SH-aLRT branch test (--alrt 1000) (19). The best-fitting model was chosen according to the
Bayesian Information Criterion inferred by ModelFinder (20) implemented in [Q-TREE. The ML
tree topology was transformed into a time-scaled tree using TreeTime v0.9.3 (21). Visualizations
of the ML time-scaled tree were produced using R v4.2.2 (9) and the following packages: ggtree
(22-24), ggplot2 (10), treeio (25), phangorn (26), readxl (27), svglite (28); and further processed
using Adobe Illustrator CC 2022 (http://www.adobe.com).

Genetic Distance Analysis and Network Graph Construction

To evaluate transmission dynamics within households and the community, we constructed a
distance matrix using the alignment previously described to allow us to investigate the genetic
variations and similarities between all sequences under investigation. The distance matrix
parameter settings included terminal gaps and penalized gap-letter matches. Then, we convert the
distance matrix into a dissimilarity matrix using the exponential negative transformation method
as follows: dissimilarity(i, j) = exp(-distance(i, j)). By applying this transformation, we mapped
smaller distances to higher dissimilarity values and larger distances to lower dissimilarity values.
The matrixes were produced using R v4.2.2 (9) and the following packages: DECIPHER (29) and
smacof (30,31).

We constructed a network graph utilizing the Gephi software v0.9.1. This graph was based on the
dissimilarity matrix, with nodes representing the SARS-CoV-2 sequences and edge weights
representing the dissimilarity values between corresponding sequences. Self-loops were omitted
for clarity, and a threshold-based subgraph was generated, incorporating only edges with weights
exceeding 2, predicated on the similarity threshold for transmission. The community structure
within the network was determined using modularity analysis (32,33), targeting communities
comprising three or more households. The modularity parameters were based on Randomization,
edge weights, and a resolution of 0.6. From this analysis, seven distinct communities were
identified. To effectively visualize and interpret the graph’s structure, we employed the
Fruchterman-Reingold layout algorithm (34) for optimal positioning of vertices. Node size
represents the value calculated for betweenness centrality, representing the amount of influence
a node has over the flow of information in a graph.


http://www.adobe.com/
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Supplementary Figure 2. Study flowchart.

* Four households included two PCR(+) confirmed Delta variants two PCR(+) confirmed
secondary cases and one PCR(+) confirmed that did not have an index case defined.
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Supplementary Table 1. Households and residents visited during the COVID-19 active case finding
in the Pau da Lima community.

number of residents
Household (HH) in the household

Round Date visited reportfl:lel;_)lf}llnead of
(n=1098) (n=3174)

1 Nov 10 to Nov 23,2021 757 68,94% 2204 69,44%
2 Nov 24 to Dic 07, 2021 904 82,33% 2679 84,40%
3 Dic 08 to Dic 21, 2021 938 85,43% 2649 83,46%
break Dic 22,2021 to Jan 11, 2022

4 Jan 11 to Jan 24, 2022 616 56,10% 1828 57,59%
5 Jan 25 to Feb 7, 2022 852 77,60% 2462 77,57%
6 Feb 8 to Feb 21, 2022 831 75,68% 2438 76,81%
7 Feb 22 to Mar 07, 2022 738 67,21% 2142 67,49%

8 Mar 08 to Mar 21, 2022 705 64,21% 2027 63,86%
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Supplementary Table 2: COVID-19 Vaccine coverage in the Pau da Lima Cohort until March 21st,

2022
COVID-19 Vaccine coverage in
the Pau da Lima Cohort* n (%)
Vaccination - first dose
Yes 1193 (80,6)
No 288 (19,4)
Vaccine type
Pfizer 597 (50)
Coronavac 322 (27)
AstraZeneca - Fiocruz - Oxford 241 (20,2)
Johnson & Johnson 29 (2,4)
NA 4(0,3)
Vaccination - second dose
Yes 989 (66,8)
No 492 (33,2)
Vaccine type
Pfizer 461 (46,6)
Coronavac 273 (27,6)
AstraZeneca - Fiocruz - Oxford 229 (23,2)
Johnson & Johnson 23 (2,3)
NA 3(0,3)
Vaccination - third dose
Yes 346 (23,4)
No 1135 (76,6)
Vaccine type
Pfizer 234 (67,6)
AstraZeneca - Fiocruz - Oxford 79 (22,8)
Coronavac 11 (3,2)
Johnson & Johnson 16 (4,6)
NA 6 (1,7)

* Data based on the survey conducted between October 2022 and March 2023 in the cohort of Pua da
Lima
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Supplementary Table 3. Household-level factors associated with secondary transmission

I+

SARS-CoV-2 (+)  SARS-CoV-2 (-)

Household Household
contacts contacts p-value
Individual Individual
(N=31) (N=31)
Number of household contacts 0.128
Median [IQR] 4.00 [2.50, 4.50] 3[2.0-4.0]
Sex of the index case, n (%) 0.290
Female 22 (71.0%) 18 (58.1%)
Male 9 (29.0%) 13 (41.9%)
Age groups of the index case, n (%) 0.890
<18 7 (22.6%) 8 (25.8%)
19 -35 8 (25.8%) 9 (29.0%)
36 - 60 15 (48.4%) 11 (35.5%)
>61 1 (3.2%) 3(9.7%)
Index case Ct value 0.072
Median [IQR] 24.3[21.4-26.0] 25.9[22.6-27.7]
Vaccination status of the index 1

case, n (%)
Vaccinated 22 (71.0%) 22 (71.0%)
Non-vaccinated 9 (29.0%) 9 (29.0%)
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Supplementary Table 4. Comparison of households with > 1 PCR+ resident and households without any
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PCR+ resident
Overall Households with>1  Households without 1
PCR+ resident PCR+ resident*
p-value
(household = 1014 (household = 61 (household =953
participants =2964) participants =213) participants = 2751)
individual factors
Sex n (%), n =2961
Female 1644 (55.5%) 109 (51.2%) 1535 (55.8%) 0.242
Male 1317 (44.4%) 102 (47.9%) 1215 (44.2%)
Age n (%), n = 2947
<18 839 (28.3%) 56 (26.3%) 783 (28.5%) 0.187
19-35 963 (32.5%) 57 (26.8%) 906 (32.9%)
36 -60 934 (31.5%) 68 (31.9%) 866 (31.5%)
>61 211 (7.1%) 21 (9.9%) 190 (6.9%)
Household factors
Median of No. of residents 3.00[1.0-9.0] 3.00[1.0-7.0] 3.00[1.0,9.0] <0.001
Median of No. of residents < 10 00, 5.0] 0 [0, 2.0] 010, 5.0] 0.118
years old
Median of No. of residents 00, 4.0] 00, 2.0] 00, 4.0] 0692

between 10 to 17 years old

* Data based on the survey conducted between October 2022 and March 2023 in the cohort of Pua da
Lima
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