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Abstract

The coronavirus disease (COVID-19) pandemic has led to an unprecedented public health
crisis. Insufficient testing continues to limit the effectiveness of the global response to the
COVID-19 pandemic. Molecular testing methods such as reverse transcriptase polymerase
chain reaction (RT-PCR) continue to be highly centralized and are a sub-optimal option for
population surveillance. Rapid antigen tests (Ag-RDTs) offer multiple benefits including low
costs, high flexibility to conduct tests in a wide variety of settings, and faster return of results.
Self-test Ag-RDTs (STs) have gained approval in several markets and offer the possibility to
expand testing, reaching at-risk populations. While STs have the potential to assist the
COVID-19 response, test result integrity, reporting, and appropriate linkage to care continue
to hinder the widespread implementation of self-testing programs. This protocol presents a
mixed-methods pragmatic trial ISRCTN91602092) to better understand the feasibility of self-
testing as part of a contact tracing strategy within the Brazilian public health system. Approxi-
mately 604 close contacts of 150 index cases testing positive for COVID-19 will be enrolled.
Index cases will be randomized for their close contacts to participate in either serial (daily)
self-testing over a 10-day follow-up period or a more traditional approach to contact tracing
with a professional Ag-RDT at one time point post-exposure. Usability workshops and focus
group discussions will also be conducted. This study protocol presents a comprehensive plan
to assess the effectiveness, operational feasibility, and stakeholder preferences of a serial
self-testing strategy for contact tracing within the Brazilian public health system. Our results
will contribute to better understanding of the feasibility of a self-testing strategy within the pub-
lic sector. Potential risks and limitations are discussed. Our findings will have important impli-
cations as governments continue working to mitigate the impact of COVID-19, particularly in
the context of where to direct limited resources for testing and healthcare infrastructure.
Registration: This trial is registered at ISCTRN (ISRCTN91602092).
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Introduction

The coronavirus disease (COVID-19) pandemic led to an unprecedented public health crisis.
Insufficient testing continues to limit the effectiveness of the local and global response to the
pandemic. Isolation and quarantine guidelines continue to evolve yet primarily rely on case
identification and subsequent behavior modification for infected or exposed individuals. In
many settings, the gold standard for COVID-19 diagnosis is reverse transcription polymerase
chain reaction (RT-PCR), which is plagued by sparse availability of supplies, higher cost, slow
turnaround times, and its highly centralized nature [1]. These challenges make RT-PCR diffi-
cult to deploy widely and therefore not an optimal candidate test as a public health tool for
population surveillance and effectively interrupting transmission chains [2].

Rapid antigen tests (Ag-RDTs) for professional and self-test use offer multiple benefits in
comparison to RT-PCR, including low costs and increased portability. Ag-RDT's can expand
access to COVID-19 testing in places that do not have molecular testing capacity and results
can be returned quickly, facilitating faster reporting and subsequent linkage to care. WHO rec-
ommends use of rapid antigen tests and self-tests for kits meeting minimum performance
requirements in priority use cases [3-6]. Further, rapid antigen tests may be more suitable in
settings where people have been previously infected and molecular testing methods continue
to return positive results due to residual viral fragments.

Self-testing

Successful strategies to broaden access to testing include the use of self-tests (STs) [7-9]. Self-
testing regimens for COVID-19 are a promising method to identify infectious individuals,
interrupt transmission chains, and reduce demand on health facilities while addressing many
of the usual barriers to uptake of services [2, 10, 11]. In addition to enabling more timely isola-
tion to minimize onward transmission, swift diagnosis can also prompt clinical intervention,
which may improve individual patient prognosis, particularly given the availability of new
antivirals. Self-testing has shown high levels of acceptability, with many countries implement-
ing large-scale programs to access at-home tests for free, and can increase equity by providing
more testing options [7, 12]. In short, there is evidence that self-testing for COVID-19 is feasi-
ble and acceptable, with both national and global recommendations to use self-tests and some
specific products receiving emergency use authorization from the US Food and Drug Admin-
istration (FDA) and WHO [13, 14].

While self-testing has the potential to contribute significantly to the COVID-19 response, it
also comes with limitations. Firstly, available antigen tests may have variable performance in
asymptomatic individuals [13, 15]. False negative results may prompt infected individuals to
stop self-isolation and thereby contribute to virus transmission, while false positive results may
lead to unnecessary stress, anxiety, and absences from work, school, and social activities. Sec-
ondly, self-testing results may not be reported and therefore missed by local and national
health authorities. However, WHO guidelines describe the overall benefits of self-testing as
outweighing these limitations. Clear communication on actions for positive and negative
results, relevant support tools, efficient links to post-test counselling and easy access to results
reporting are needed as key components of self-testing programs. The effectiveness of these
approaches have already been well-established in HIV self-testing programs [16].

Contact tracing

Early on in the COVID-19 pandemic, contact tracing was used to limit onward transmission
and link at-risk individuals to testing and care [17]. Since then, both observational and model-
ling studies have shown that contact tracing is associated with better control of COVID-19 and
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is growing increasingly important for today’s surveillance strategies to guide outbreak
response. The impact of contact tracing is mediated by a number of factors, including the time
it takes to identify and notify contacts and the number of positive cases that participate in con-
tact tracing [18]. During periods of peak transmission, contact tracing efforts may be slowed,
stymied, or abandoned all together when the number of cases exceeds the public health sys-
tem’s capacity to identify and follow-up with exposed cases, as experienced during the omi-
cron wave [19, 20]. In these cases, a self-testing regimen for exposed individuals may help
interrupt transmission and control the outbreak.

In the context of contact tracing, self-testing facilitates even further decentralization of test-
ing and allows for faster identification of infectious contacts, reaching at-risk populations, and
generally mitigating unequal access to testing [15, 21]. However, to ensure equitable access to
self-testing, the use of these steps must be integrated into public health system programs and
strategies rather than simply making self-tests available as a consumer product. This is particu-
larly true in places where self-tests are difficult to obtain, either logistically or financially. Serial
self-testing may also be advantageous to contact-tracing efforts, as it allows exposed individu-
als to monitor themselves over time and does not rely on a single time point to determine
infection status, particularly when individuals may not seek care during the recommended
post-exposure period and the recommended on-label testing algorithm for many self-tests
calls for testing twice in the event of a negative test. Serial self-testing as part of a public health
system contact tracing strategy may be a viable option to avoid multiple follow-up visits and
allow both patients and healthcare providers to benefit from the decentralized and flexible
nature of self-testing.

Objectives and hypothesis

The primary aim of this study is to evaluate the effectiveness of contact tracing supported by
serial self-testing (testing daily for up to 10 days) among exposed individuals compared to rou-
tine contact tracing at one time point. This study also aims to evaluate the operational feasibil-
ity of self-testing for contact tracing within the Brazilian public health system, explore the
barriers and facilitators at the provider and patient levels that mediate use of COVID-19 self-
tests, and assess adherence to quarantine, isolation, and treatment guidelines. This study
hypothesizes that serial self-testing of primary close contacts will identify more positive cases
than routine contact tracing at a single timepoint post-exposure in a facility-based health care
setting.

Materials and methods
Design and setting

This is a mixed-methods, two-arm randomized pragmatic trial within the public health system
of two municipalities in Brazil. The study will be conducted at the Centro de Pesquisa em
Medicina Tropical de Ronddénia (CEPEM) in Porto Velho, Rondonia and several health units
in Curitiba, Parand. The health system within each municipality is structured through localized
health units that are responsible for providing care to a specific catchment area. Health units
are generally staffed with nurses, technicians, community health workers, doctors, and phar-
macists. Professional antigen testing for COVID-19 is widespread within the public health sys-
tem and pharmacies, though RT-PCR testing remains the laboratory test of choice for patients
in the acute phase with moderate to severe symptoms [22]. Patients with no or mild symptoms
may not receive a confirmatory PCR test and are typically advised to isolate [23]. Contact trac-
ing practices conducted by the public health system have varied between study sites based on
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health system capacity, COVID epidemiology, and caseload, though individuals have generally
been instructed to notify their close contacts.

Population

Patients aged 7 or older testing positive for COVID-19 at any participating health unit are eli-
gible to be enrolled into the study as index cases. Approximately 604 close contacts of 150
index cases testing positive for COVID-19 per local standard of care testing practices will be
enrolled. All index cases will complete a contact elicitation interview to identify close contacts
who have been exposed to SARS-CoV-2 Close contacts will be invited to participate in the
study following exposure notification. Close contacts of the index case will be eligible for
enrollment as primary close contacts if they are 7 years of age or older and have been exposed
to an enrolled index case within 2 days of index case symptom onset or within 7 days of index
case positive test result. For the purposes of this study, “exposure” is defined as being within 1
meter of the index case for more than 15 minutes or having physical contact without appropri-
ate personal protective equipment.

Intervention

Index cases will be randomized such that their close contacts are assigned to either control or
intervention. Randomization will be performed 1:1 at the index case level such that all immedi-
ate close contacts of an index case are randomized to the same arm. This is the most practical
way to randomize, as at least some primary close contacts are expected to share a household
with the index case and this approach will minimize contamination between the arms. The
data manager will create the allocation sequence through computer-generated random num-
bers and will store this information in a locked Excel file. Only the data manager will have
access to the full sequence. Study staff will reveal participant assignment upon enrollment by
accessing a limited version of the file.

Primary close contacts enrolled in the intervention arm will complete an enrollment visit in
person, either at the health unit or at home. Following consent, participants will complete a
baseline questionnaire, a supervised self-test and a health worker will independently perform a
rapid test. The order in which these tests are conducted will be determined based on study ID
and balanced within the arm to avoid test result bias related to sample depletion. Participants
will then be provided with 10 self-tests of the same brand and lot to perform daily over the sub-
sequent 10 days and will be contacted daily to complete a brief questionnaire.

The study will also provide additional tests to household members of primary close contacts
enrolled in the intervention arm and invite them to submit anonymous data around their use
of the tests. These household members will not be consented or enrolled into the study and
will receive no follow-up from the study team.

Primary close contacts enrolled in the control arm will complete an enrollment visit either
at the health unit or at home. Following consent, participants will complete a baseline ques-
tionnaire and a health worker will perform a rapid test. Participants will be contacted daily
over the following 10 days to complete a brief study questionnaire. Fig 1 details the schedule of
enrollment for each participant group and Fig 2 illustrates the overall study design.

Outcomes

The primary outcome will be the proportion of primary exposure close contacts who test posi-
tive for COVID-19 per index case in the intervention arm compared to the control arm. This
will be captured through the participant follow-up surveys. Subjects with missing outcome
data will be excluded from analysis. For the purposes of analysis, participants in the
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Fig 1. Schedule of enrollment, interventions, and assessments. A schedule of data collection activities by participant
group.
https://doi.org/10.1371/journal.pone.0284659.9001

intervention arm will be considered to have complete primary endpoint data if at least three
test results (consecutive or otherwise) are submitted over the 10-day follow-up period. For par-
ticipants in the control arm, a professional Ag-RDT result available at the enrollment visit will
be considered complete.

Additional endpoints captured in the follow-up survey include proportion of close contacts
testing positive who report adhering to recommended isolation guidelines and proportion of
exposed contacts who report test results per local guidelines (intervention arm only). During
the enrollment visit for participants enrolled in the intervention, study staff will document
whether the participant correctly performs the self-test (per the manufacturer’s instructions
for use) and the result of both self-test and professional rapid test to assess concordance
between the two. Diagnostic accuracy assessment against a gold standard test is out of scope
for this study design.

Acceptability, preferences, and user perspectives on self-testing will be assessed across
stakeholders, including study participants and health professionals, through focus group dis-
cussions; insights into user needs for instructions and training will be captured through user
workshops.

Statistical considerations

Sample size. This study is powered to detect a 7.5% difference in positive cases identified
between the intervention and control arm. This threshold was chosen through discussions
with stakeholders to balance detection of a clinically meaningful outcome with an understand-
ing of the likely rates of infection in a highly vaccinated population. Prior work at this site with
COVID-19 testing of close contacts yielded a 30% PCR positivity rate among close contacts
during a period of low to moderate transmission. To account for increases in vaccination cov-
erage, high rates of prior infection, and the likelihood of low transmission following the most
recent wave, this population is estimated to have a 20% test positivity rate. Based on the estab-
lished performance characteristics of Ag-RDTs, serial self-testing is estimated to identify up to
75% of those cases. Using Eq 1, where z,,, = 1.96 and zz = 0.842, a total of 550 participants are
needed (275 per Arm). To account for attrition in longitudinal data and exclusion of unevalu-
able cases, we will increase the sample size estimate by 10% to enroll a total of 604 close con-
tacts (302 per Arm). To achieve this, approximately 150 index cases are needed, with each
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Fig 2. Study design. A schematic of the study design.
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2(Z% + Zﬂ)2*(p0(1 =po)) + (e:(1 = p1))

A2

index case leading to an estimated average of 4 close contacts (75 per Arm). These estimations
are based on prior work at the study site [24].

(1)

Sample size for the usability workshop will be 6-10 participants and sample size for focus

groups will be up to 15 participants [25].
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Data collection and management. All data will be entered by study staff and participants
or their caregivers directly into a secure, electronic database (REDCap) managed by the Uni-
versity of Washington Institute of Translational Health Sciences [25]. Participants may opt to
complete the follow-up survey by phone with study staff or by WhatsApp message link. For
participants opting to receive the daily WhatsApp message, a message containing the survey
link will be automatically sent each morning. If they do not complete the survey by the even-
ing, they will be sent an automated reminder message. An automated script will alert the study
team of any data anomalies (e.g., duplicate responses) and participant needs for follow-up
(e.g., participant requested follow-up or participant has missed two or more consecutive sur-
veys). Structuring the follow-up data collection in this way minimizes staff burden and may
provide insights into how a similar system could be set up to have the greatest likelihood of
influencing health behavior and ensuring test results are appropriately reported.

Secondary exposures will have the option to submit anonymous data by scanning a QR
code to complete the survey, which may provide additional insight into alternative result
reporting modalities. Usability workshops and focus group discussions will be recorded to
ensure all detailed information can be captured appropriately.

Safety considerations

This study poses minimal risk to participant safety, as it does not involve any medical interven-
tion and biological sampling is within acceptable ranges. Only research staff who have been
trained in best practices for specimen collection and infection prevention will be involved in
specimen collection. All self-tests used in the study are approved for commercial sale and use
in Brazil. All records will be kept confidential at each site and the sponsor will not have access
to any records that directly identify the research participants.

Ethical considerations

Risks. Study procedures do not represent significant risks to the participants beyond
those associated with a nasal swab, such as pain, discomfort, and nosebleed, which will be miti-
gated through user training on proper sample collection. All participants will be made aware
that taking part in any study activity is voluntary. All study team members will adhere to insti-
tutional procedures for infection control and will have adequate personal protective equip-
ment to minimize risks related to COVID-19 transmission.

All decisions regarding clinical care will be made through referral to the local public health
system. The study team will review data in real-time to ensure that any information provided
on clinical symptoms is referred appropriately per local public health guidelines.

Benefits. Participants in this study will have convenient access to COVID-19 testing fol-
lowing an exposure. Household members of these participants will also have access to free
COVID-19 self-tests should they wish to use them. There is no direct benefit to the commu-
nity, however there may be indirect benefits by identifying more positive cases, which could
reduce the spread of COVID-19 in the community.

Special considerations for enrolling minors. The written consent/assent process for this
study is tailored to three different age groups that may be enrolled, per Brazilian regulations.
For the youngest age group assenting (7-11 years of age), the caregiver (parent/legal guardian
giving written consent) will perform the self-test on the child. The other two age groups (12-
14 and 15-17 years of age) will perform the self-test on themselves, though they may receive
help from their caregiver as needed. This determination is consistent with what would reason-
ably be expected of these age groups and Brazilian research ethics regulations. Additionally,
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the self-tests being used in this study are indicated for children 2 years and older with adult
supervision, so all use during this study will be on-label.

Enrolling children does not sufficiently alter the risk-benefit ratio to warrant excluding chil-
dren from this study. The only additional risk this study poses to children is that they may be
more likely to use the test incorrectly, which will be mitigated by conducting the test with care-
giver supervision. Children may also benefit from the findings of this research given their par-
ticipation in school and social group activities and that they have been disproportionately
affected by the pandemic due to school closures. This study will show how serial self-testing
can be used in families and whether it can be operationalized to be effective. Therefore, it
would be unethical to exclude children from this study given their potential to benefit from the
findings and minimal additional risk posed to them.

Study timeline

This study has been approved with written consent by The National Commission for Research
Ethics (CONEP, Brazil’s national Institutional Review Board [IRB], approval number
59179922.9.1001.0011), the local IRBs in Porto Velho and Curitiba, and the WHO Ethics
Review Committee. The study began recruitment December 5, 2022, and will run for approxi-
mately six months.

Study registration
This study is registered at ISCTRN (ISRCTN91602092).

Discussion
Impact

This novel approach to contact tracing attempts to increase equitable access to essential diag-
nostics in the face of the worst pandemic in recent history. This study will generate data
around the operational feasibility and effectiveness of a serial self-testing strategy in the context
of the Brazilian public health system. While providing patients with 10 self-tests to perform
daily is likely impractical, we are hoping further sensitivity analyses may reveal more optimal
testing strategies to inform appropriate resource allocation. The study ultimately aims to gen-
erate evidence to support health policy makers in Brazil to understand whether this is a feasible
tool to incorporate into the unified health system to support public health contact tracing/out-
break response efforts, which would reduce barriers to self-test access and promote use of self-
tests. Finally, this study will join a growing body of evidence being generated to find optimal
self-testing algorithms as part of non-pharmaceutical interventions to mitigate onward com-
munity transmission of COVID-19 [10, 11]. Evidence from these studies will be critical to
inform policy and public health practice around the use and merits of self-testing through an
epidemiological lens [2]. This work will also help codify lessons learned to leverage for future
pandemic preparedness.

Limitations

Study activities will be impacted by changing public health policies and guidelines as well as
the evolving epidemiology of COVID-19. Where possible, these will be monitored throughout
the study and tracked both administratively and through participant surveys. The methods
outlined in this protocol are designed to be flexible enough to adapt to the local COVID-19 sit-
uation as needed while maintaining sufficient scientific rigor to fulfill study objectives. Addi-
tionally, follow-up data may be biased due to both the nature of being self-reported as well as
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observed. Data from secondary exposures may also be influenced by the fact their household
member is participating in a research study. Finally, performing daily self-tests for 10 days is
likely not a cost-effective method of contact tracing for COVID-19. This strategy was selected
in the interest of generating a robust data set with the potential to conduct and inform addi-
tional analyses regarding cost effective testing strategies. Commodity costs will also be tracked
to support these ancillary analyses.

Dissemination, stakeholder, and participant engagement

Stakeholders from the local municipalities and the Ministry of Health have been engaged
throughout protocol development to better understand the local health system perspective
when building the study’s objectives and methodology. These channels of communication will
remain open throughout the conduct of the study to ensure continued engagement, and results
will be shared back with these stakeholders. Research results will be shared locally, at the par-
ticipating facilities and health units through debrief meetings and short reports. In addition to
local results sharing, study findings will be disseminated through a variety of channels, includ-
ing engagement with the World Health Organization, donors, and peer-reviewed publications.
At the close of their participation, participants will also be sent information about where they
can find final study results and be notified of dissemination outputs and events.

Supporting information

S1 File. Approved study protocol.
(PDF)

S2 File. Example consent form used in study.
(PDF)

S3 File. SPIRIT checklist.
(DOC)
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