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ABSTRACT Home testing for infectious disease has come to the forefront during
the COVID-19 pandemic. There is now considerable commercial interest in develop-
ing complete home tests for a variety of viral and bacterial pathogens. However, the
regulatory science around home infectious disease test approval and procedures
that test manufacturers and laboratory professionals will need to follow have not yet
been formalized by the U.S. Food and Drug Administration (FDA), with the exception
of Emergency Use Authorization (EUA) guidance for COVID-19 tests. We describe the
state of home-based testing for influenza with a focus on sample-to-result home
tests, discuss the various regulatory pathways by which these products can reach
populations, and provide recommendations for study designs, patient samples, and
other important features necessary to gain market access. These recommendations
have potential application for home use tests being developed for other viral respi-
ratory infections, such as COVID-19, as guidance moves from EUA designation into
510(k) requirements.
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Point-of-care (POC) tests have been used in a wide variety of clinical settings for some
time, with multiple assays approved for use in Clinical Laboratory Improvement

Amendments (CLIA)-waived settings such as ambulatory clinics and pharmacies (1). A
growing number of tests are also used by individuals outside of health care settings,
with sample-to-result testing carried out at home (i.e., not home collection with mail-in
testing), which we term “at-home” or “home use” tests (2, 3). While several in vitro diag-
nostics (IVD), such as capillary glucose testing and urine pregnancy testing, have been
approved for many years for home use, only one test for an infectious disease pathogen,
namely, HIV, has been approved by the U.S. Food and Drug Administration (FDA) (4).
Recently, the FDA has issued guidance for Emergency Use Authorization (EUA) of over-
the-counter (OTC) tests (5, 6), and several tests (e.g., the Ellume test for COVID-19) have
been granted EUA for home use, but guidance for 510(k) authorization of OTC tests has
not been issued. The processes described here are generally in line with the new EUA
guidance for COVID-19 OTC tests (6), but we discuss rational and competing factors for
determining appropriate study designs.

Annually, 5% to 20% of the U.S. population will get influenza (7, 8), leading to approxi-
mately 200,000 hospitalizations and 8,200 to 20,000 deaths (8). Testing remains the prov-
ince of clinics, hospitals, physicians’ offices, and reference laboratories, creating problems
of access for many, particularly disadvantaging those who must take time off work, often
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the poor in our community. As the COVID-19 pandemic has revealed, requiring potentially
infectious individuals to travel to fixed locations, such as clinics, limits access to testing and
increases risk of spreading infections. Home testing potentially reduces risk of transmission
and may facilitate access to testing in vulnerable populations. Minimizing costs and
increasing availability could also mitigate delays in testing and allow timely treatment or
quarantine actions, but such assumptions need to be fully evaluated. However, as we have
learned in the pandemic, cost, insurance coverage, and test complexity problems still must
be resolved to realize this potential.

Four recent advances have boosted commercial interest in developing home tests
for numerous viral and bacterial pathogens. First, significant technological advances
have enabled tests with the ease of use and performance needed for at-home tests,
including molecular assays (9). Second, there is the potential for smartphones to act as
adjuncts to test procedures, by use of built-in image recognition tools, signal process-
ing, and guidance for users on test procedures (10). Third, there is strong evidence that
individuals are able to obtain samples themselves from their own throat, nose, vagina,
stool, and urine, as well as finger-stick blood samples, with an accuracy to detect
pathogens (or other analytes) similar to that of health care workers (HCWs) (11).
Fourth, there has been a surge in public awareness and interest in diagnostic testing,
often combined with telemedicine care delivery, largely resulting from the COVID-19
pandemic.

The FDA, the in vitro diagnostics (IVD) industry, laboratory scientists, and the health
care community all have substantial interest in advancing home testing. However, the
regulatory science around home test approval continues to evolve, and the clinical
microbiological community should be aware of and drive optimal science in test devel-
opment and evaluation.

In this paper, we outline the regulatory processes that affect how and whether
such tests reach the market, describe critical new issues that arise in home test study
design, and provide detailed descriptions of various requirements and options for
study designs needed to support regulatory clearance or approval for home testing.
While we focus on influenza, most of this analysis applies to other respiratory dis-
eases, and portions would be applicable to home tests for other infectious diseases.
By having consistent scientific approaches that meet regulatory requirements, the
IVD industry, including both laboratory scientists and regulatory professionals, could
rapidly develop and market these important diagnostic devices via more efficient
FDA pathways.

Regulatory pathways to market for home use tests. Home tests are defined as
“medical devices labeled for use in any environment outside a professional health care
facility,” which can include multiple types of settings, and are intended to be used by
“untrained persons without the help of a health care professional” (12). The FDA identi-
fies two main types of home use tests, namely, “test kits,” where individuals take their
own samples, perform a test, and read the result, and “collection kits,” where individu-
als take their own sample and either mail it to a laboratory where an assay is run or
drop it off at a laboratory or health care site (saving shipping time and costs), with
results returned to the individual (12). This report is focused on complete tests per-
formed at home (“home test kits”).

The route to market access via FDA 510(k). There are several pathways for tests to
obtain market access, depending on the risk of the product and its fundamental technol-
ogy. Every medical device falls into one of three classes that are generally associated
with risk (class I being low risk to class III being high risk) (13, 14). The classification deter-
mines the regulatory controls that the FDA deems necessary to ensure an appropriate
level of safety and effectiveness of medical devices. For context, the HIV at-home test
systems (example, product code QLW) are class III, OTC pregnancy tests (example, prod-
uct code LCX) are class II, and uric acid tests system for prescription home use (example,
product code PTC) are class I (15).
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General controls, such as registering and listing the device with the FDA, are
required of all medical devices in the United States. Special controls are requirements
deemed necessary by the FDA to ensure the safety and effectiveness of the device on
the market and may include, for example, performance standards or special labeling to
ensure proper use of the device (13, 14).

While an influenza test is considered a class II IVD and is regulated under 21 Code
of Federal Regulations (CFR) 866.3328, its home use variant has yet to be defined. Tests
may be provided as a prescription-based home (Rx home use) test or an over-the-
counter (OTC) product purchased by consumers without prescription or guidance from
a clinician.

It is likely that the first home use influenza test would go through a de novo request
and receive a class II designation. The de novo request is a pathway designated for
novel devices which are intended to be marketed in the United States. To be consid-
ered for a de novo request, a novel device must be moderate in risk and not have a
directly comparable device on the market (predicate device) to show the same level of
safety and effectiveness. Once the first home use influenza test receives market author-
ization via the de novo request, subsequent home use influenza tests could gain mar-
ket clearance through a 510(k) application, which uses marketed predicate devices to
show substantial equivalency (16, 17).

UNIQUE REGULATORY CHALLENGES RAISED BY HOME USE RESPIRATORY
INFECTION TESTS

While product requirements and studies required for FDA clearance are well estab-
lished for CLIA-waived tests intended for performance by HCWs, home testing raises
many new issues (18). CLIA-waived tests exclude complete at-home testing, the focus
of this article. Table 1 outlines key regulatory areas derived from existing guidance for
CLIA-waived tests (19, 20) along with our assessment of critical differences that should
be addressed for regulation of OTC tests. We describe important considerations related
to at-home tests for influenza and suggest ways that manufacturers should design
studies that demonstrate adequate product safety and effectiveness to the FDA based
either on existing evidence or on our opinion. Our recommendations are generally
consistent with recent FDA guidance for COVID-19 OTC (“non-laboratory”) tests (6), but
we provide rationale and discussion of trade-offs in study design options. The follow-
ing sections follow the organization of Table 1.

Intended use operator. A challenge in designing studies to validate home tests is
how to ensure that the test is evaluated by individuals who would use the test. The
FDA has published two guidance documents that guide IVD developers (sponsors) in
some aspects of developing home influenza tests (2, 21). In the guidance on designing
home use devices, the FDA stresses how home users differ from professional users and
may vary in abilities to perform a test; thus, a test should be designed appropriately
“to prevent reasonably foreseeable misuse” (2).

(i) Requirement for novice users. Tests designed for use at home cannot rely on
prior experience or training. The FDA uses the term “lay users” (laypeople) for home
use devices to exclude anyone with testing experience, including laboratory professio-
nals and HCWs who use CLIA-waived tests. In certain instances, other exclusions for
test evaluation, such as persons with diabetes who routinely test blood glucose, may
apply.

(ii) Feasibility of training. Offering product training to home users may be imprac-
tical, particularly for tests that are used infrequently or even single-use only. Thus, stud-
ies on devices intended for home users should be conducted with first-time users who
have received no training on test operation other than training that will be provided
with the commercial product (e.g., product inserts, phone app, demonstration video)
(22). Such training does need to accommodate different levels of technology familiarity
and language proficiency, particularly among underserved populations who may lack
Internet access.
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(iv) Multiple sample collection scenarios. Conventional tests involve a HCW tak-
ing a sample from a patient, whereas home testing introduces new sampling relation-
ships that may lead to variations in performance. Home users might include not only
those who are using the test on themselves but also those using the test on others,
such as the elderly or children. Separate studies may therefore be needed to provide
adequate evidence for the appropriate labeling of home use tests to ensure that, for
example, parents can confidently administer the test to their child at home.

(v) User diversity. Factors that might affect device usability should be considered in
designing studies and choosing users, especially cognitive abilities, physical abilities, lit-
eracy skills, and language(s) of the test instructions (21). Additionally, specific device
characteristics may affect required user abilities: tests that require visual reading of
results are influenced by a user’s eyesight, including whether they are colorblind; reli-
ance on downloading a smartphone app introduces barriers for users without the com-
patible phone or technical skills; and physical dexterity is required to place a small
amount of sample in a tube or to handle test strips. Because addressing these limitations
through labeling is not feasible, user dependencies like these should be addressed to
the extent possible through premarket study design. This means that studies must be
done in broad populations representing an expected distribution of test users in terms
of cognitive abilities, physical abilities, literacy, and language skills.

Intended use site. As at-home tests are intended to be used unaided and unsuper-
vised, the question is whether typical clinical research settings can mimic this type of
testing environment for evaluations of home tests or if testing should be carried out in
home settings. The FDA defines a home setting as “. . . any environment outside a pro-
fessional health care facility. This includes but is not limited to outdoors, offices,
schools, vehicles, emergency shelters, and independent living retirement homes” (2). A
study design that included all of these settings would be unfeasible; therefore, studies
should be designed to assess variations in OTC test settings that might affect the prac-
tical performance of the test. For example, many point-of-care (POC) tests require the
user to read the presence or absence of test lines appearing on a lateral flow test strip,
and poor lighting can reduce the accuracy of a reading. Moreover, storage conditions
in home settings may deviate from typical clinical storage temperature (15°C to 30°C)
and/or humidity, potentially requiring wider stability ranges or additional storage devi-
ation detection. Similarly, operating temperatures and settings in which the test would
be used (e.g., moving vehicles) may extend beyond professional settings. Furthermore,
the number and complexity of steps needed to conduct the test and produce results
are key considerations; these may include collecting the sample from the individual’s
respiratory tract, preprocessing before insertion into the testing device, and any steps
required to complete the assay. Moreover, home tests that require app downloads
and/or connectivity between the assay and the user’s smartphone in order to operate
(e.g., to read or interpret results) are further steps that need to be evaluated. These
steps and settings should all coincide with that in the intended use information (2).

If evaluating test performance in home settings in the community is not feasible
due to risks (e.g., risk of infection to research staff), costs, or other barriers such as geo-
graphically disparate study subjects, then the study designs could potentially mimic
home settings for performance and usability testing.

Intended use population (criteria to test). For prescription-based tests, a health
care provider determines whether it is used based on their clinical assessment.
However, for an OTC test, a consumer determines whether it is used based on their
interpretation of product labeling. When recruiting a population for test performance,
using a consistent and referenced definition for the disease or condition that will assist
in determining the labeling of the device is crucial. This definition should reflect the
labeling in the intended use and on the product container. Studies seeking to recruit
individuals who self-identify as having an influenza-like illness (ILI) are complicated by
differing ILI definitions between organizations. To date, the FDA has not given an ILI
definition that they believe should be used consistently for gaining regulatory ap-
proval. For OTC use, recruitment should ideally be based on broad criteria (e.g., people
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who “think they have the flu”); participants should be allowed to interpret product labeling
to determine whether to test themselves, as they would with a marketed product.

Labeling affects both performance and study design. If labeling (or interpretation)
is too broad, a smaller proportion of people testing will have the disease (necessitating
a larger sample size), and false-positive test results become a larger proportion of all
positives (reducing the positive predictive value). While it may seem logical to recruit
people who present at a physician’s office for respiratory illness/ILI, this could lead to
spectrum bias (having sicker patients with potentially higher viral load). Spectrum bias
may falsely increase sensitivity compared to that of the intended test population (e.g.,
less severe illness) (23).

Given that influenza virus shedding usually decreases over 2 to 3 days after symptoms
have appeared, another related consideration is timing of testing. Therefore, antigen tests
may detect virus only in the first few days of infection, whereas molecular tests may detect
virus for longer (24). Other factors also influence viral shedding, e.g., age (children shed
more than adults for influenza), antiviral use, and illness severity. As a result, the WHO and
others recommend that subjects of test accuracy studies participate within 4 days of symp-
tom onset and that the duration of illness is documented (25, 26).

Sample type and collection considerations. Sampling effectiveness depends on
the sampling site characteristics, specimen collection device characteristics, method of
transferring material to the test device, and the lay user's ability to perform tasks (e.g.,
performing self-collection). A home use influenza test must prove that its sample collec-
tion method can be understood and executed correctly by lay users; samples collected
by lay users must be comparable to those of clinicians and provide similar, if not identi-
cal, levels of accuracy when tested.

(i) Sampling site characteristics. Sampling in clinical settings for influenza has typ-
ically involved nasopharyngeal swabs, which can only be performed by a trained HCW.
More recently, midturbinate and lower nasal (anterior nares) swabs have become more
accepted in clinical settings for influenza virus (and severe acute respiratory syndrome
coronavirus 2 [SARS-CoV-2]) and are the only reasonable options for self-swabbing; sa-
liva is also emerging as a potential for sampling, given ease of collection (27).
However, sampling from the throat is discouraged, as this often induces choking or
coughing and thus risks spreading potentially infected respiratory secretions.

(ii) Specimen collection device characteristics. Brand, model, material (e.g., polyes-
ter, nylon), device size, and structure (spun, flocked, foam) used and their impact on sam-
ple collection and analysis must be specified (28, 29), and data must be presented to the
FDA to validate the swab performance with the specific test (28).

(iii) Transference method. There are various potential methods for transferring vi-
ral material from the swab to the testing device. These can involve different ways to
elute the material from the swab to the sample port of the test while minimizing speci-
men dilution. Methods should provide high recovery and be robust for variations in
user technique; both factors can be affected by the selection of swab material (29).

(iv) Effectiveness of self-sampling. Sample collection must consider various test-
ing scenarios, such as individuals sampling themselves or others (e.g., elderly, children)
and the details of exactly how the sampling is performed (e.g., one or both nostrils,
depth of swab, number of rotations of the swab, need for observation by HCW in per-
son or remotely). There is now convincing evidence that self-swabbing is comparable
to professional collection (11, 30–32). Midturbinate nasal flocked swabs specifically
designed for infants and children can be used by parents without reducing influenza
virus detection rates while significantly increasing the patient's involvement and ac-
ceptance of the procedure, simplifying collection (33, 34).

Reference standard/comparator method. The reference standard to evaluate
comparative accuracy of a home influenza test needs to be “the best available method
for establishing a subject’s true status with respect to a target condition” (33), which
for influenza is reverse transcription (RT)-PCR using a professionally collected speci-
men. Although obtaining the sample needed for these assays is particularly challeng-
ing for studies of home use influenza tests, there are options.
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For comparative accuracy studies conducted unsupervised at home (without
research staff present), the study participant could self-collect a second sample and
return it to a research laboratory by shipment or mail (22, 35–37). Incorporating a
marker of human DNA in the reference sample to confirm it was in contact with the re-
spiratory tract epithelium helps to mitigate the risk of inadequate sampling. Repeating
swabs of the nose has not been shown to reduce viral material available for testing, as
illustrated by a 2017 decision on the Alere influenza test (38). Expediting return ship-
ping to the laboratory with clear instructions for safe packaging mitigates the concern
for in-transit sample deterioration, which is a significant issue, as experience with influ-
enza virus shows that it is unstable in transit. Another alternative is releasing preserva-
tives once the sample is collected and the container is closed.

The main barrier for using a self-collected sample as the source for reference testing
is that the FDA requires the comparator to be an FDA-cleared or -approved test.
Although evidence suggests that research participants can obtain samples that pro-
duce detection rates similar to those obtained by research staff (11) and self-collected
samples are being used for COVID-19 laboratory tests under FDA EUA (17), these may
not translate into a high-quality reference test. Improving test reliability can be
achieved by video instruction and observation during self-collection. If a study partici-
pant knows the result of their at-home test under investigation, there is also the poten-
tial of introducing bias in self-sampling for the reference sample; an individual who
does not see their result may be more curious about the reference test result and be
more attentive to the procedure, whereas an individual who sees their test result may
be less motivated or rigorous in obtaining a second sample, leading to potential bias.

Alternatives to home-based self-sampling for reference testing include having the
participant visit a health care site for a professionally collected sample within a short
period. However, given the rapid decline in viral shedding for influenza virus, having
the index test and reference test separated by time risks discordant results; although
the acceptable time interval is not known, minimizing this interval lowers the risk of
discordant results. Another option that could provide greater certainty of sampling is
to have the researcher visit the study participant at home to collect a sample.
However, this method increases the researcher's health risks, is inefficient for dispersed
participants, and may cause participants to perform the index test in different ways
than in situations where they are not observed.

Finally, conducting reference sampling in a simulated home setting could simplify
sample collection but introduces health risks to those in the clinical area and adds delays
in recruiting study participants after illness onset, potentially impacting test accuracy.

Usability/human factor study. As an extension to the design and labeling of a
home use influenza test, a clear procedure or guide for lay users on test execution is
crucial to mitigate use errors. The test procedure should highlight proper test handling
and usage by the intended user in the intended environment (2). While this article
does not provide prescriptive solutions, we suggest several areas based on existing evi-
dence where test manufacturers can design the product and studies to optimize the
chance of success in product use while assuring the FDA of its safety and effectiveness.
These include language proficiency, where the manufacturer can develop instructions
and labeling using plain language at the 8th grade level (39). Furthermore, to improve
readability, instructions should use large type fonts and descriptive images.

A practical test procedure should cover the total testing process, which has three
major phases: preanalytical, analytical, and postanalytical. Proper guidance for each of
these phases reduces the risk of failure due to misuse. However, the official definitions
provided in the ISO 15189:2012, “Medical laboratories—requirements for quality and
competence for pre-analytical and post-analytical phases,” are not suited for home use
tests. In this context, definitions and regulatory considerations include the following:

1. Preanalytical phase. This phase includes processes that start, in chronological
order, from the intended user’s decision to obtain the home use test, transport
and storage of the home use test, and reading the training materials.
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2. Analytical phase. This phase includes collection and handling the sample and
performing the running of the sample with the home use test.

3. Postanalytical phase. This phase includes processes such as obtaining and
interpreting the test results and disposing of materials, if applicable.

We recommend that studies work to isolate aspects of the total testing process and
evaluate the performance of each phase in the home or home-simulated setting. This
facilitates identification of potentially vulnerable components in the testing process
that may contribute to lower accuracy than in health care settings. These studies fall
under the rubric of human factor testing, and the FDA has relevant guidance (21). For
example, the areas of health literacy, dexterity with the test apparatus, and other fea-
tures of the test process need examination in usability testing. Through this process,
researchers can better isolate errors, redesign tests, and retest, if necessary. After opti-
mal performance has been achieved in this environment, a home use study in uncon-
trolled environments can then provide the required data on safety and accuracy.

Analytical studies. The FDA has proscribed a clear set of analytical studies for labo-
ratory-based and CLIA-waived tests that include limit of detection (analytical sensitiv-
ity), inclusivity (analytical reactivity), cross-reactivity (analytical specificity), microbial in-
terference, and endogenous/exogenous interfering substances (5, 6, 20, 40). These
studies are carried out by sponsor personnel in a laboratory setting and are decoupled
from influence of operator and setting. Thus, analytical studies should closely follow
existing guidance.

Flex studies. All reasonable potential sources of error related to the test need to be
identified and evaluated for their risk of leading to hazardous situations. To best deter-
mine sources of errors, manufacturers of home tests should consider using a system-
atic approach to risk detection. Tools such as hazard analysis and design failure mode
and effect analysis should be utilized during the design, development, and testing of
the home use flu test (41).

Flex studies are needed to address all sources of error by testing the limits and
robustness of the home use test (4). This can be supplemented by the implementation
of control materials to help mitigate errors or prevent the test from being used outside
of its operational limits. Flex studies intentionally stress the testing system to deter-
mine whether the test produces robust results in these situations and to determine
possible sources of errors (4). This contrasts with usability studies, where features or
elements of the testing system are maintained as designed by the manufacturer. The
FDA has provided guidance on flex studies for CLIA-waived tests (19), publishes deci-
sion letters describing cleared tests (42), and has provided guidance for flex studies for
COVID-19 tests (5, 6).

Stability/shelf life studies. The FDA requires real-time stability testing under worst-
case storage conditions to establish the claimed shelf life, including temperature and hu-
midity stability, in-use/open-kit stability, inverted storage testing, and shipping tests (41).
Compared to products intended for use in clinics, home use tests may be subject to a
wider range of storage conditions and reduced adherence to labeling. For instance, a
home user may store a diagnostic test in a bathroom cabinet, where it could be subject
to far higher humidity than expected in clinical storage. Transportation may also be less
controlled, e.g., if a home user left a test in a hot or cold vehicle. Tests may need to be
evaluated against a wider range of storage controls and require extra engineering con-
trols to prevent or report damage.

Performance with analyte concentrations near the cutoff. For a CLIA-waived
test, the FDA requires testing of low-concentration reference samples (near the cutoff
and performance around the limit of detection [LOD]) by intended operators as part of
their normal workflow and recommends testing by more than one operator per site
and testing multiple samples by each operator (43). For a home use test, the concept
of operators and sites is quite different. Healthy subjects could be recruited to run ref-
erence samples in a contrived home setting, perhaps alongside the usability study that
the FDA recommends before running the clinical study. Combining this testing with
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the usability study allows for recruitment of a more representative user population
(e.g., age, education level, language) than may be feasible in the clinical study. As with
clinical testing, users should be naive to the test and receive no special instruction
beyond the material intended for commercialization. For visually read tests, additional
testing using contrived test results may be useful as part of usability studies.

Considerations for test implementation. Beyond studies for evaluating perform-
ance, there are several areas of test implementation that must address regulatory
requirements (Table 1).

(i) Product labeling. All IVD tests must comply with 21 CFR 809.10 “Labeling for in
vitro diagnostic products.” Home use influenza tests are intended for laypeople, adding
complexity that must be addressed not only in the test instructions but also in other
places such as the outer container, i.e. how to present all the necessary information in
terms lay users will fully understand. As such, comprehension and self-selection studies
are recommended (44).

(ii) Product disposal. Home users will not have access to biohazard disposal, but
the concept of biohazard risk in the home setting differs from that in a medical setting.
A used swab, for example, is no more of a threat than a used tissue, so no special han-
dling should be required. However, disposal of chemical waste and biological reagents
(e.g., DNA oligonucleotides, DNA intercalating dyes, DNA-manipulating enzymes like
CRISPR) requires special consideration.

(iii) Connection to care. Prescription-based tests, including Rx home use tests, by
definition require some type of connection to health care and an opportunity for
results transmission through the HCW. However, loss to follow-up, i.e., patients not get-
ting results, is likely unless there is a means to enforce reconnection and transmission
to the patient once the test result is complete. OTC tests are further removed from
these clinical connections. Tests that are not readable by humans and have the ability
to transmit results can enforce connection to care and reporting in both cases (e.g., the
Ellume flu test).

(iv) Product postmarket surveillance. Home use influenza tests require a plan for
monitoring test performance after approval/clearance by the FDA. The FDA will deter-
mine whether these postmarket surveillance plans facilitate risk mitigation and provide
reasonable assurance of safety and effectiveness of the marketed devices (45). The
requirements for postmarket surveillance of all medical devices include reporting to
the FDA via the Manufacture and User Device Facility Experience (MAUDE) adverse
event reporting system (46). Unfortunately, reporting of IVD adverse events does not
adequately measure test performance in the community (47), and device performance
in the community can be inferior to that in the clinical studies that supported regula-
tory applications (48). We recommend systematic prospective collection of data from
the community by the manufacturer in collaboration with laboratory professionals that
includes identifying viral mutations that could affect test performance, changes in the
spectrum of illness presenting for testing, changes in disease prevalence and influenza
virus strains, and variations in users from the original studies. Prospective data collec-
tion could be achieved by offering modest reimbursement to establish a cohort of indi-
viduals collecting reference swabs for analysis.

RECOMMENDATIONS FOR CLINICAL STUDY DESIGNS FOR HOME RESPIRATORY
INFECTION TESTS

Table 2 summarizes our view of key considerations for clinical study design for
home use tests. We define two broad settings for evaluation of home tests: (i) con-
trived environments, involving a clinic/research type setting mimicking a home setting,
and (ii) use of individuals’ “real-life” homes. Within these two broad types of settings,
we define three main types of recruitment that can be used: clinic capture, where indi-
viduals are recruited from those attending a clinical setting (49), community recruit-
ment involving people not seeking care (22, 35, 50), and preenrollment, in which sub-
jects are recruited prior to the onset of illness (e.g., prior to the usual “influenza
season”) and await some signal to trigger testing (36, 37, 51). Within each of these
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modalities of study, we outline how each varies by the representativeness of intended
populations, disease prevalence and test cost efficiencies, logistical burden, reference
sample validity, and index test sampling and training bias.

Ideally, a study would be carried out in one’s home and triggered by one’s interest
in seeking an influenza test for actual diagnosis and by obtaining a reference sample
collected in the home by a HCW. However, this study would have unrealistic costs for
advertising, rapid test delivery, and home visits. Therefore, there is a need to balance
what is realistic with the internal validity, time, and cost of a study while also meeting
regulatory requirements.

Study design using “real-life” settings. A home-based study can be carried out
efficiently by recruiting people presenting at a clinic, taking a reference sample, and
sending them home with a test kit (49). This provides a high-quality reference sample
plus a realistic home test environment, low logistical burden, and high disease preva-
lence for cost efficiency; but significant biological differences (e.g., disease severity)
could bias performance evaluation. A more realistic study population can be reached
through real-time community recruitment; however, this requires significant marketing
costs and logistics and the costs of rapid test delivery and reference sample return,
and the reference test relies on a self-collected sample (22, 35, 50). Running the study
through an organization with existing communication channels (for marketing), a
focused geography (for test distribution), and diversity of age, education, and lan-
guage (e.g., a church, workplaces) could reduce costs and provide a strong study
design, provided that self-collected samples were trusted. For Rx home use, recruit-
ment through telemedicine could provide a good compromise and also mimics a likely
use case for Rx home use tests. Preenrollment can also reach a realistic study popula-
tion while reducing the logistics and costs of test delivery (36, 37, 51), with the poten-
tial additional benefit of recruiting diverse subjects. However, this still relies on a self-
collected reference sample and would require a much larger study size due to low
prevalence. However, if the subject test is low cost, preenrollment could provide rea-
sonable cost, since reference tests are needed only for those triggering a test.

Study design using contrived settings. While contrived settings represent a com-
promise compared to “real-life” settings, they may provide practical advantages in
study design. A significant advantage of testing at a centralized contrived site is the
opportunity to obtain a reference sample collected by a HCW or research staff, which
increases the validity of the sample and reduces logistical issues for sample return.
Recruiting patients from clinics to test in a contrived setting is efficient (passive recruit-
ing, no marketing, high prevalence), and the study population may be appropriate for
Rx home use studies (patients seeking care), but the population is not ideal for OTC
studies due to potentially strong spectrum bias. Community recruitment and prere-
cruitment for testing in a contrived setting may reduce spectrum bias, but participation
rates are likely to be low due to the inconvenience of traveling to the testing site, and
it unnecessarily increases exposure compared to at-home testing. Thus, contrived envi-
ronments may be suitable for Rx home studies but are less suitable for OTC studies.

Recruitment incentives.With reduced clinician oversight (Rx home use) or no clini-
cal oversight (OTC), it is especially important for studies to mimic the health-seeking
behaviors of the intended use population. Though the FDA has historically not allowed
test subjects to receive the results of the subject test, this can be overcome within the
Investigational Device Exemption (IDE) application. Keen interest in the test result
would be expected to motivate users to be attentive to running the tests properly. The
ability to return test results during clinical studies would increase the realism of the
study population and test results. The risk of returning erroneous results could be miti-
gated to some degree by acting on the reference test result (similar to current POC
testing with laboratory confirmation). The FDA has allowed return of results from sub-
ject tests in the case of COVID-19 and may do so for influenza, as return of results
presents relatively low risk to patients.

Recommended study design for Rx home use. We suggest that clinic capture
recruitment with a take-home test can provide a quality reference sample, high study
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efficiency, and a real-life test environment while providing a reasonably generalizable
study population (49). Household members could be used to expand test populations
and, possibly, include a greater number of individuals with a higher risk of infection.
Recruitment through telemedicine with rapid test delivery would mimic the likely
dominant use case for an Rx home use test, thus providing a very realistic population,
high study efficiency, and a real-life test environment. It would rely on self-collected
reference samples, but they could be collected under telemedicine observation to
increase sample quality.

Recommended study design for OTC tests. For a low-cost OTC test, preenrollment
of a diverse population with prepositioned test kits would provide a realistic popula-
tion and test environment with manageable logistics and cost (36, 37, 51). Community
recruitment can provide a strong study design if marketing costs can be kept low, e.g.,
by recruiting through a centralized organization with a diverse population. In all cases,
video-based observed collection of a reference sample would mitigate one of the pri-
mary design weaknesses.

CONCLUSION/SUMMARY AND OUTLOOK

Technologies once confined exclusively to the hospital or physician’s office have
come into the home. Devices as complex as respirators or dialysis have received ap-
proval from the FDA for home use, while the diagnostic industry has stayed more
steadfastly with HCW. Prior to the COVID-19 pandemic, only one home diagnostic test
for an infectious disease (HIV) had FDA approval. The COVID-19 pandemic has led to
widespread public, commercial, and clinical interest in different testing options for
SARS-CoV-2, including several home tests using antigen or molecular assays that are
now emergency use authorized. However, the pandemic also highlighted multiple
gaps in testing for respiratory viruses that had been largely overlooked by the IVD and
scientific community previously, such as relative yield of different swab types/locations,
whether swab type matters, and viral shedding expected at various time points prior
to, during, and after symptoms appear. While the seasonality and/or endemicity of
SARS-CoV-2, influenza virus, and other respiratory viruses is currently unclear, we spec-
ulate that demand for home tests for these viruses (and others, such as respiratory syn-
cytial virus [RSV]) will continue to grow. The IVD community also needs to identify
which viral pathogens to include in multiplex tests directed for home use and how evi-
dence to support their use among home test users specifically can be generated.

We describe the regulatory requirements for market access and suggest the types
of studies that must be completed in order to achieve the FDA’s agreement. The recent
FDA EUA for home COVID tests both illustrates the recognition by the FDA of the im-
portance of testing for infectious diseases in the home setting and provides a roadmap
to getting such tests to the market. We have built on published FDA guidance and
examples of recent test authorizations and approvals to provide a detailed roadmap
for generating evidence needed to support home tests in development for influenza
and other respiratory viral infections.
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