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Immunoassays designed to detect SARS-CoV-2 protein antigens (Ag) are commonly used to diagnose COVID-19. The most widely
used tests are lateral flow assays that generate results in approximately 15 minutes for diagnosis at the point-of-care. Higher
throughput, laboratory-based SARS-CoV-2 Ag assays have also been developed. The number of commercially available SARS-
CoV-2 Ag detection tests has increased rapidly, as has the COVID-19 diagnostic literature. The Infectious Diseases Society of
America (IDSA) convened an expert panel to perform a systematic review of the literature and develop best-practice guidance
related to SARS-CoV-2 Ag testing. This guideline is an update to the third in a series of frequently updated COVID-19 diagnostic
guidelines developed by the IDSA. IDSA’s goal was to develop evidence-based recommendations or suggestions that assist
clinicians, clinical laboratories, patients, public health authorities, administrators, and policymakers in decisions related to the
optimal use of SARS-CoV-2 Ag tests in both medical and nonmedical settings. A multidisciplinary panel of infectious diseases
clinicians, clinical microbiologists, and experts in systematic literature review identified and prioritized clinical questions related to
the use of SARS-CoV-2 Ag tests. A review of relevant, peer-reviewed published literature was conducted through 1 April 2022.
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) methodology was used to assess the certainty
of evidence and make testing recommendations. The panel made 10 diagnostic recommendations that address Ag testing in
symptomatic and asymptomatic individuals and assess single versus repeat testing strategies. US Food and Drug Administration
(FDA) SARS-CoV-2 Ag tests with Emergency Use Authorization (EUA) have high specificity and low to moderate sensitivity
compared with nucleic acid amplification testing (NAAT). Ag test sensitivity is dependent on the presence or absence of
symptoms and, in symptomatic patients, on timing of testing after symptom onset. In most cases, positive Ag results can be acted
upon without confirmation. Results of point-of-care testing are comparable to those of laboratory-based testing, and observed or
unobserved self-collection of specimens for testing yields similar results. Modeling suggests that repeat Ag testing increases
sensitivity compared with testing once, but no empirical data were available to inform this question. Based on these observations,
rapid RT-PCR or laboratory-based NAAT remain the testing methods of choice for diagnosing SARS-CoV-2 infection. However,
when timely molecular testing is not readily available or is logistically infeasible, Ag testing helps identify individuals with SARS-
CoV-2 infection. Data were insufficient to make a recommendation about the utility of Ag testing to guide release of patients with
COVID-19 from isolation. The overall quality of available evidence supporting use of Ag testing was graded as very low to moderate.
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disease 2019 (COVID-19). Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) antigen (Ag) tests are now widely
available, which has helped expand testing to settings outside of
the hospital or clinic. Most SARS-CoV-2 Ag tests in clinical use
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are point-of-care (POC) lateral flow devices that generate re-
sults in approximately 15 minutes. Laboratory-based Ag test
platforms also exist, but experience with their performance
and utility is limited. The main advantage of POC testing is
the rapid availability of results, which facilitates isolation, con-
tact tracing, quarantine, and potential treatment decisions.
Given the recent expansion of the literature on diagnostic test-
ing along with widespread adoption of Ag testing, particularly
outside of healthcare settings, the Infectious Diseases Society of
America (IDSA) has updated evidence-based guidelines for the
use of US Food and Drug Administration (FDA) Emergency
Use Authorization (EUA) SARS-CoV-2 Ag tests.

The overall specificity of SARS-CoV-2 Ag tests was 99% or
higher compared with standard nucleic acid amplification
testing (NAAT; ie, rapid reverse transcriptase-polymerase
[RT-PCR] or laboratory-based NAAT)
(Supplementary Figure 2B). Therefore, routine confirmation

chain reaction
of positive Ag results by a reference molecular method is not
necessary in most settings. In contrast, Ag test sensitivity was
low or moderate and was dependent on the presence or absence
of COVID-19 symptoms and the time of testing after symptom
onset. Pooled Ag test sensitivity was 81% (95% confidence in-
terval [CI]: 78% to 84%) for symptomatic individuals
(Supplementary Figure 2A) and 89% (95% CI: 83% to 93%) if
the first 5 days of
(Supplementary Figure 3A); after 5 days, sensitivity fell to

testing occurred within illness
54% (Supplementary Figure 4A). Testing patients within
3 days of symptom onset yielded results similar to testing with-
in 5 days; studies reporting results of testing of patients within
1 or 2 days of symptoms were not identified. Among asymp-
tomatic individuals, the pooled sensitivity of Ag testing was
63% (Supplementary Figure 12A). Antigen tests performed
similarly in adults and children, although data on children
were limited (Supplementary Figures 13A and 13B).

Despite the widespread use of Ag testing to guide individual at-
tendance at school, work, and large social gatherings, the panel
identified no clinical trials or observational studies that directly in-
formed these testing applications, and so it was unable to make
recommendations about Ag testing in these situations.
Similarly, the panel found no clinical trials or observational studies
that compared the risk of onward transmission of SARS-CoV2
from patients who were released from isolation based on time
from symptom onset versus results of an Ag test. Therefore, the
panel was unable to make a recommendation about the utility
of Ag testing to guide discontinuation of isolation.

Since no empirical data were identified to inform the value of
serial versus single sample testing compared with molecular
testing, results of serial testing were estimated using mathemat-
ical modeling; results of this analysis suggested that repeat
testing would improve sensitivity (Note: On 11 August 2022,
the FDA issued recommendations for repeat Ag testing to diag-
nose COVID-19 in symptomatic and asymptomatic persons;

https://www.fda.gov/medical-devices/safety-communications/
home-covid-19-antigen-tests-take-steps-reduce-your-risk-false-
negative-results-fda-safety#:~:text=Currently%2C%20all%20
at%2Dhome%20COVID,t%20have%20COVID%2D19%20
symptoms. This reccommendation was based on publication of
a preprint that reported improved sensitivity of rapid Ag test-
ing compared with a composite nucleic acid amplification ref-
erence standard when asymptomatic study participants tested 3
times at 48-hour intervals and symptomatic study participants
tested 2 times within 48 hours; https:/pubmed.ncbi.nlm.nih.
gov/35982680/). Other evidence gaps included the perfor-
mance of Ag tests in vaccinated individuals or those previously
infected with SARS-CoV-2. Very limited data were available on
the performance of Ag tests in immunocompromised patients
(although the literature review excluded studies that included
only immunocompromised individuals), or in individuals in-
fected with recent SARS-CoV-2 variants. In the literature
search conducted through April 2022, the panel identified
only 1 study that included persons tested after November
2021, the time during which Omicron variants emerged and be-
came dominant. All studies compared Ag with molecular test
results, with none using a clinical reference standard.

Specific recommendations and comments related to the use
of SARS-CoV-2 Ag tests with FDA-EUA status are summarized
below. An algorithm based on these recommendations is pro-
vided to aid in decision making (Figure 1). A detailed descrip-
tion of background, methods, evidence summary, and
rationales that support each recommendation, as well as unmet
research needs, can be found online in the full text.

Briefly, an expert panel consisting of clinicians, medical mi-
crobiologists, and methodologists critically appraised the
SARS-CoV-2 Ag diagnostic literature using Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) methodology to assess the certainty of evidence. Per
GRADE, recommendations are categorized as “strong” or “con-
ditional.” The word “recommend” indicates a strong recommen-
dation and “suggest” indicates a conditional recommendation.
This guideline assumed availability of rapid Ag testing and fo-
cuses on testing for diagnosis and asymptomatic screening.

Given the superior sensitivity of molecular diagnostics, the
panel suggests using standard NAAT over Ag tests if standard
NAAT is available and results of testing will be timely. The pan-
el recognizes the value of diagnosing COVID-19 quickly, since
treatment options are typically approved for administration
within 5 days of symptom onset. In addition, rapid isolation
of contagious patients is expected to reduce SARS-CoV-2
transmission. Therefore, rapid Ag testing has value when time-
ly NAAT is unavailable, especially when results are positive; the
high specificity of Ag testing means that positive results are ac-
tionable without needing confirmation. In contrast, negative
Ag results should be confirmed by standard NAAT when clin-
ical suspicion of COVID-19 is high. Ultimately, deciding
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Figure 1.  Algorithm for antigen recommendations. ?No recommendation for or against antigen testing could be made for the specific populations of students in educational
settings, employees at work, or individuals planning to attend a large social gathering (evidence gaps). "No recommendation for or against home testing using NAAT could be
made (evidence gap). *Nucleic acid amplification test (NAAT) refers to rapid or laboratory-based nucleic amplification test. %For NAAT, either rapid or standard laboratory-
based testing is suggested (conditional recommendation). ®For unexposed, asymptomatic individuals undergoing procedures or planned for hospital admission, routine NAAT
testing is not suggested (conditional recommendations). For NAAT in symptomatic individuals, the IDSA panel suggests collecting either nasopharyngeal (NP) swab, anterior
nasal (AN) swab, oropharyngeal (OP) swab, midturbinate (MT) swab, saliva or mouth gargle specimens (conditional recommendation). %For NAAT in symptomatic individuals,
the IDSA panel suggests that anterior nares and midturbinate specimens can be either self-collected or collected by a healthcare provider (conditional recommendation).
MEither point-of-care or laboratory-based antigen testing is suggested (conditional recommendation). 'If the specimen is self-collected, either observed or unobserved col-
lection is suggested (conditional recommendation). 'The IDSA panel suggests against using NAAT in patients with COVID-19 to guide discontinuation of isolation or prior to a
procedure or surgery (conditional recommendations). KFor guidance on the timing of repeat testing for a specific assay, please consult the respective assay package insert or
the latest FDA guidance. Abbreviations: COVID-19, coronavirus disease 2019; FDA, Food and Drug Administration; IDSA, Infectious Diseases Society of America.

whether to use rapid Ag tests in lower-risk, nonmedical settings ~ Remarks

will depend on several factors, including the prevalence of dis- + Symptomatic individuals were defined as those with at least
ease in the population, combined with assessment of the value 1 of the common symptoms of COVID-19.

of detecting true SARS-CoV-2 infection versus the detrimental  For optimal performance, Ag tests should be performed
effects of erroneous results (ie, falsely negative or positive re- within 5 days of symptom onset.

sults). Feasibility of test implementation and costs of testing ~ * If clinical suspicion for COVID-19 remains high, a negative
are other important considerations. Ag result should be confirmed by standard NAAT (ie, rapid

RT-PCR or laboratory-based NAAT).
Recommendation 1: For symptomatic individuals suspected of =~ « A single Ag test has high specificity; a positive result can be used

having COVID-19, the IDSA panel recommends a single Ag to guide treatment and isolation decisions without confirmation.
test over no test. (strong recommendation, moderate certainty o There were limited data regarding the analytical performance
evidence) of Ag tests in children, immunocompromised or vaccinated
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Table 1.

Comparisons Between SARS-CoV-2 Antigen and Molecular Diagnostic Tests

Test Features Ag Tests

Nucleic Acid Amplification Tests

Methods * Rapid LFAs® read either manually or using a reader
e |aboratory-based immunoassays of various types
Targets Viral protein:
e Most detect nucleocapsid protein
Specimen e Anterior nasal, midturbinate, or nasopharyngeal swabs
types®

Point-of-care
use

Rapid tests, including home use

Advantages
(~15 minutes)

Comparable performance to some isothermal NAATs for
symptomatic patients

Generally less expensive than NAATs

virus evolution (mutations) than some other targets

Limitations

Most target nucleocapsid proteins, which may be less affected by

Less sensitive (more false negatives) than standard NAAT®, especially

e Rapid RT-PCR
e | aboratory-based NAAT (eg, RT-PCR, TMA)
* Rapid isothermal NAAT

Viral RNA:

Various gene targets encoding structural and/or nonstructural
proteins

Anterior nasal, midturbinate, and nasopharyngeal and/or
oropharyngeal swabs
Saliva, sputum or bronchoalveolar lavage fluid

Include some rapid isothermal NAATSs and rapid-RT PCR tests (and
home use for some)

Short turnaround times, with results available during the encounter e Standard NAATC is the most sensitive method available (ie, fewest

false negatives)

Isothermal NAATs and rapid RT-PCR have short turnaround times,
with results potentially available during single encounters (~15-
60 minutes)

Laboratory-based NAATs amendable to automation and
high-throughput testing

Laboratory-based NAATs may have long turnaround times

for asymptomatic individuals or when testing is performed late in * Prolonged RNA shedding is detectable by sensitive NAATs during

course of infection

suspicion for COVID-19 is moderate or high

than high-throughput, laboratory-based NAAT

Negative Ag results require confirmation with NAAT if clinical

Large-scale testing using LFAs may be more complicated to scale up

the recovery phase of COVID-19, which is potentially beyond the
presumed period of infectiousness

The sensitivity of molecular assays targeting the spike gene may be
more affected by viral evolution (gene mutations) than some other
targets

NAAT is generally more expensive than Ag testing

Abbreviations: Ag, antigen; COVID-19, coronavirus disease 2019; LFA, lateral flow assay; NAAT, nucleic acid amplification test; RT-PCR, reverse transcriptase—polymerase chain reaction;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TMA, transcription-mediated amplification.

?Lateral flow assays also include tests designated as chromatographic digital immunoassays.

°Approved specimen types vary by test. Alternate types require laboratory validation.
°Standard NAAT includes rapid RT-PCR and laboratory-based assays.

individuals, or in those who had had prior SARS-CoV-2
infection.

o The panel was unable to identify studies that compared risk
of transmission among patients recovering from COVID-19
who were released from isolation based on results of Ag test-
ing versus no testing.

Recommendation 2: For symptomatic individuals suspected of
having COVID-19, the IDSA panel suggests using standard
NAAT (ie, rapid RT-PCR or laboratory-based NAAT) over a
rapid Ag test. (conditional recommendation, low certainty
evidence)

Remarks

If standard NAAT is unavailable or results are expected to be
delayed more than 1 day, the IDSA panel suggests using a
rapid Ag test over standard NAAT.

o For optimal performance, Ag tests should be performed

within 5 days of symptom onset.

o The panel was unable to identify studies comparing the risk
of transmission among patients recovering from COVID-19
who were released from isolation based on results of Ag test-
ing versus standard NAAT.

Recommendation 3: For symptomatic individuals suspected of
having COVID-19, the IDSA panel suggests using a single stan-
dard NAAT (ie, rapid RT-PCR or laboratory-based NAAT)
rather than a strategy of 2 consecutive rapid Ag tests. (condi-
tional recommendation, very low certainty evidence)

Remarks

o Insituations where NAAT results are not available in a timely
manner and a first Ag test is negative, the IDSA panel sug-
gests repeating Ag testing.

Because of the absence of direct, empirical evidence to in-
form this question, the analysis done was based on modeling
of diagnostic test accuracy using a repeat testing algorithm
involving 2 consecutive Ag tests.
 To optimize sensitivity, repeat testing should be performed
within 5 days of symptom onset.

If the first Ag test is positive, there is no need for repeat testing.

Recommendation 4: For asymptomatic individuals with
known exposure to SARS-CoV-2 infection, the IDSA panel
suggests using a single (ie, one-time) Ag test over no testing
in specific situations. (conditional recommendation, moderate
certainty evidence)

4 « CID « Hayden et al



Remarks

o SARS-CoV-2 testing in the absence of COVID-19-like
symptoms should be individualized. One-time Ag testing
may be considered if the test result will impact an individual’s
subsequent actions. For example, a single test may be consid-
ered in situations where a positive test would lead to in-
creased monitoring for symptoms and signs of infection in
persons at high risk of serious COVID-19, or in outbreak set-
tings where positive results would assist in decision making
about isolation, quarantine, and contact tracing.

+ A negative Ag test result reduces the likelihood of
SARS-CoV-2 infection. However, the longer the time since
testing, the more this likelihood reduction wanes, especially
early in infection when virus replication may be rapid. That
is, a negative test result today may not reflect infection status
tomorrow or on subsequent days. In contrast, a positive test
result is associated with a high positive-predictive value.

o The panel recognizes the lack of evidence supporting therapy
in asymptomatic persons and the absence of treatment ap-
proved through FDA EUA for asymptomatic COVID-19,
but acknowledges that individual clinical scenarios may
lead clinicians toward testing and consideration of treatment.

Recommendation 5: For asymptomatic individuals with
known exposure to SARS-CoV-2 infection, the IDSA panel
suggests using a single standard NAAT (ie, rapid RT-PCR or
laboratory-based NAAT) over a single rapid Ag test. (condi-
tional recommendation, low certainty evidence)

Remarks

o SARS-CoV-2 testing in the absence of COVID-19-like
symptoms should be individualized. A one-time standard
NAAT may be considered if the test result will impact an in-
dividual’s subsequent actions. For example, a single test may
be considered in situations where a positive test would lead to
increased monitoring for symptoms and signs of infection
for persons at high risk of severe COVID-19, or in an out-
break setting where positive results would assist in decision
making about isolation, quarantine, and contact tracing.

o Access to timely results of standard NAAT may be unavail-
able or limited in some settings; in such situations, use of
an Ag test can be considered.

o The panel recognizes the lack of evidence supporting
COVID-19 therapy in asymptomatic persons, and the ab-
sence of treatment approved through FDA EUA for asymp-
tomatic COVID-19 but acknowledges that individual clinical
scenarios may lead clinicians toward testing and consider-
ation of treatment.

Recommendation 6: In asymptomatic individuals with a
known exposure to SARS-CoV-2, if standard NAAT testing
or results are not available in a timely manner and a first Ag

test is negative, the IDSA panel suggests repeat Ag testing. (con-
ditional recommendation, very low certainty evidence)

Remarks

« Because of the absence of direct, empirical evidence to in-
form this question, the analysis was based on modeling of di-
agnostic test accuracy using a repeat testing algorithm
involving 2 consecutive Ag tests.

Recommendation 7: Among students in educational settings
or employees in workplaces for whom SARS-CoV-2 testing is
desired, the IDSA panel suggests neither for nor against 2 con-
secutive Ag tests over no testing for the diagnosis of
SARS-CoV-2 infection. (evidence gap)

Remarks

o The IDSA panel found no direct evidence comparing 2 Ag
tests versus a single standard NAAT with a third reference
standard in group settings such as schools, colleges, or
workplaces.

« Because of the absence of direct, empirical evidence to in-
form this question, the analysis was based on modeling of di-
agnostic test accuracy using a repeat testing algorithm
involving 2 consecutive Ag tests.

Recommendation 8: For asymptomatic individuals planning
to attend a large gathering (eg, concert, conference, party,
sporting event), the IDSA panel suggests neither for nor against
Ag testing over no testing. (evidence gap)

Remarks

« No studies directly addressed this question.

Recommendation 9: For individuals for whom Ag testing is de-
sired, the IDSA panel suggests either POC or laboratory-based
Ag testing. (conditional recommendation, low certainty

evidence).

Remarks

o Although the results of test performance for POC and
laboratory-based Ag testing appear to be comparable, an im-
portant limitation of the evidence is that studies did not re-
port the relative numbers of symptomatic and

asymptomatic subjects. Since Ag test sensitivity is higher in

symptomatic than in asymptomatic individuals, the un-
known proportions of symptomatic and asymptomatic indi-
viduals included in POC or laboratory-based studies may
have influenced the results to minimize differences between

the 2 testing strategies.

Recommendation 10: The IDSA panel suggests either ob-
served or unobserved self-collection of swab specimens for
Ag testing if self-collection is performed. (conditional recom-
mendation, low certainty evidence)
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Remarks

o There were no studies comparing observed and unobserved
specimen collection in the same patients.

o Studies reported heterogeneity in the techniques used for
specimen collection and in the reference standard used as
the comparator.

« Providing instructions for optimal specimen collection may
improve the quality of self-collected specimens.

BACKGROUND

Making a rapid and accurate diagnosis of SARS-CoV-2 infec-
tion remains an essential component of comprehensive mitiga-
tion strategies aimed at curtailing COVID-19. Standard NAAT,
defined throughout this document as rapid RT-PCR or
laboratory-based NAATS, is considered the reference method
for diagnosing symptomatic or asymptomatic SARS-CoV-2 in-
fection. However, over the course of the pandemic, especially
early on, molecular diagnostic test shortages and delayed test
turnaround times plagued testing initiatives in many locations.
Currently, multiple pharmacologic therapies for COVID-19
have EUA from the US FDA for use within the first 5 days of
symptoms, justifying the need for rapid, accurate test results.

that detect
SARS-CoV-2 proteins have helped to address the ongoing
need for widespread access to SARS-CoV-2 testing. While
Ag-based assays for respiratory viruses are generally less sensi-

Commercially available, rapid Ag tests

tive than reference molecular methods, Ag tests can be easier
and faster to perform, and these assays are typically less expen-
sive than NAAT. In addition, rapid Ag testing can be easily de-
ployed outside of clinic or hospital settings, with analysis
performed by nonmedical staff. Table 1 compares the advan-
tages and limitations of Ag testing versus NAAT.

As of September 2022, 51 SARS-CoV-2 Ag tests have re-
ceived EUA from the FDA [1]. SARS-CoV-2 Ag tests use
monoclonal antibodies to capture and detect viral proteins in
respiratory secretions obtained with a nasopharyngeal, midtur-
binate, or nasal swab. On 23 September 2021, the FDA revised
the EUASs of certain Ag tests to require manufacturers to eval-
uate the impact of SARS-CoV-2 viral mutations on their test’s
performance, and to update their authorized labeling accord-
ingly [1]. Depending on the manufacturer, Ag test swabs may
either be analyzed directly or placed in an approved transport
media or other fluid for testing. Currently available
SARS-CoV-2 Ag tests come in a variety of formats, including
rapid lateral flow assays (LFAs) and other types of immunoas-
says. Lateral flow assays are the most used method for
SARS-CoV-2 Ag detection and are amendable to testing at
the POC. In addition, several SARS-CoV-2 LFAs have received
EUA designation for home testing. Lateral flow assays are con-
figured as single-use test strips with results read either visually
or by an instrument in approximately 15 minutes. Other

immunoassay designs may require instrumentation or proce-
dural steps that must be performed in a clinical laboratory by
laboratory-trained staff, with results typically generated in un-
der 1 hour of instrument run time.

Most SARS-CoV-2 Ag tests with EUA status are labeled for
testing symptomatic individuals who are suspected of having
COVID-19, but an increasing number of tests are labeled for
postexposure screening of asymptomatic persons [1]. Most
Ag tests have indications for use within the first 5, 7, 12, or
14 days of symptom onset, depending on the test. Antigen test-
ing is also being used for surveillance purposes (ie, testing
asymptomatic individuals with no known or suspected expo-
sure to a confirmed case of SARS-CoV-2 infection). The
Centers for Medicare and Medicaid Services exercised enforce-
ment discretion to allow the use of all Ag tests in asymptomatic
individuals for the duration of the COVID-19 public health
emergency. Depending on the indication for testing, Ag testing
may also be completed once (single test) or performed sequen-
tially over time (repeated tests) [2].

Given the broad range of uses of Ag tests and the rapidly
growing number of published studies focused on Ag testing,
the IDSA convened an expert panel to systematically review
the SARS-CoV-2 Ag diagnostic test literature with a focus on
assays with EUA status. The panel compared pooled estimates
of test accuracy to make evidence-based recommendations for
best use in clinical practice. This guide assumes ongoing trans-
mission of SARS-CoV-2 in the community and the availability
of EUA-designated Ag tests but does not address use for public
health surveillance.

METHODS

Panel Composition

The panel was composed of clinicians and clinical microbiolo-
gists who are members of IDSA, the American Society for
Microbiology (ASM), the Society for Healthcare Epidemiology
of America (SHEA), and the Pediatric Infectious Diseases
Society (PIDS). They represent the disciplines of infectious dis-
eases, pediatrics, and medical microbiology. The Evidence
Foundation provided technical support and guideline methodol-
ogists for development of this guideline.

Disclosure and Management of Potential Conflicts of Interest

The conflict-of-interest (COI) review group included 2 repre-
sentatives from IDSA who were responsible for reviewing, eval-
uating, and approving all disclosures. All members of the expert
panel complied with the COI process for reviewing and manag-
ing COIs, which required disclosure of any financial, intellectu-
al, or other interest that might be construed as constituting an
actual, potential, or apparent conflict, regardless of relevancy to
the guideline topic. The assessment of disclosed relationships
for possible COIs was based on the relative weight of the finan-
cial relationship (ie, monetary amount) and the relevance of the

6 « CID « Hayden et al



relationship (ie, the degree to which an association might rea-
sonably be interpreted by an independent observer as related to
the topic or recommendation of consideration). The COI re-
view group ensured that the majority of the panel and chair
were without potentially relevant conflicts (ie, those related to
the topic). The chair and all members of the technical team
were determined to be unconflicted.

Question Generation

Clinical questions related to the use of SARS-CoV-2 Ag tests
were developed into a PICO (Population, Intervention,
Comparison, Outcomes) format prior to the first panel meeting
(Supplementary Table 1). Panel members prioritized questions
with available evidence that met the minimum acceptable crite-
ria (ie, the body of evidence reported on at least a case-series
design; case reports were excluded)

Search Strategy

A comprehensive search of several databases from January
2019 to 1 April 2022, limited to humans and the English lan-
guage, was conducted. The databases included PubMed
MEDLINE, EMBASE, and Cochrane Central Register of
Controlled Trials. The search strategy was designed and con-
ducted by an experienced librarian with input from the meth-
odology panel. Controlled vocabulary was used, supplemented
with keywords to search for SARS-CoV-2, diagnosis, and Ag
testing. Reference lists and literature suggested by panelists
were reviewed for inclusion. Preprints were followed for final
publication but were not included in the literature review un-
less they were published. During the evidence assessment and
recommendation process, horizon scans were performed to lo-
cate additional grey literature (ie, information produced out-
side of traditional publishing and distribution channels),
manuscript preprints, and literature published after the last
search date. Reference lists and literature suggested by panelists
were reviewed for inclusion. The complete search strategy is
found in Supplementary Table 2.

Screening and Study Selection

Inclusion Criteria

Four reviewers (A. E. A, LK. E. M., R. M, P.P,and F. A.) in-
dependently screened titles and abstracts and eligible full-text
studies. Studies reporting on the diagnostic test accuracy of
Ag testing (cohort studies, cross-sectional studies, and case-
control studies) were included. We aimed to identify studies
that compared the diagnostic performance of Ag testing or
Ag test-based strategies with rapid RT-PCR testing or no test-
ing using a third reference standard. When such studies were
not identified, we selected studies that reported diagnostic
test accuracy of Ag testing compared with rapid RT-PCR as a
reference standard. We limited our inclusion to tests that had
FDA EUA or Conformite Europeenne mark as of March

2022. We only included studies that used a single or multiple
NAATS as reference standards. We included any study regard-
less of the prevalence of COVID-19. We included studies re-
gardless of timing of symptom onset if they compared Ag
testing with predefined reference standards. We only included
studies that used upper respiratory tract samples (anterior
nasal, midturbinate, or nasopharyngeal swabs). Reviewers
extracted relevant information into a standardized data-
extraction form. Studies of testing strategies were included if
they reported the effect of the testing strategy on disease prev-
alence or outcomes.

Exclusion Criteria

We excluded studies that compared Ag with viral culture as a
reference standard, studies that included fewer than 100 pa-
tients for sensitivity or specificity assessment, studies that re-
ported either only sensitivity or specificity, tests with no FDA
EUA or CE mark, and studies that did not provide enough in-
formation to allow calculation of sensitivity and specificity. We
excluded studies of pooled samples and studies that evaluated
analytical sensitivity/specificity (no clinical samples). We ex-
cluded studies that included only immunocompromised indi-
viduals, as questions related to this patient population were
not prioritized for the current update. We also excluded pre-
print studies that did not undergo the process of peer review.

Data Collection and Analysis

The review team abstracted data from the included studies. The
extracted data included general study characteristics (authors,
publication year, country, study design), the diagnostic index
test and reference standard, the prevalence of COVID-19,
and parameters to determine test accuracy (ie, sensitivity and
specificity of the index test). For each test, we extracted sam-
pling sites, sampling method (healthcare worker, self, or super-
vised self-collection), use of transport media (vs dry swabs or
direct testing), location of sample collection (eg, ambulatory,
hospital-based, field), the target Ag, and the test platform (eg,
lateral flow). We also recorded whether the same specimen
was used for Ag and NAAT testing; whether the same site
was used for both tests (when different specimens were
used); whether the specimen for 1 test was obtained before
the other systematically (eg, Ag swabs always collected first);
whether there was a time gap between collection of specimens
(eg, a specimen for NAAT collected on admission followed by a
specimen for Ag testing collected a few days later); and whether
the sample was collected from the right, left, or both sides when
laterality is possible (eg, nasal swabs), alongside the timing of
specimen collection relative to symptom onset.

For each study, we calculated the sensitivity and specificity of
the diagnostic index test and used the Clopper—Pearson meth-
od to estimate 95% CIs. We then fit the random-effects bivari-
ate binomial model of Chu and Cole [3] to pool accuracy
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estimates using the glmer function of the lme4 package in R
(version 4.1.2; R Foundation for Statistical Computing). To
pool accuracy estimates for analyses including fewer than
5 studies, we fit a fixed-effects model as implemented in the
meta package in R (version 4.1.2). We used forest plots to
plot individual and summary estimates and conducted sub-
group analyses to explore heterogeneity.

For repeat testing, we included studies that reported out-
comes of repeat testing on people with COVID-19.

This guideline assumes the risk of acquiring SARS-CoV-2 as
a result of exposure in a community, household, or facility. To
determine the prevalence of infection for each PICO question,
we considered published literature in consultation with clinical
experts. Prevalence, as defined by the results of surveillance
NAAT testing over the last 14 days in each community, has
been shown to change over time. For purposes of the guideline,
we applied 1%, 5%, and 10% pretest probability for asymptom-
atic cases and used 5%, 20%, to 50% pretest probability for
symptomatic patients—that is, those with at least 1 of the com-
mon symptoms of COVID-19. These pretest probabilities were
chosen based on the prevalence of SARS-COV-2 reported by
the CDC and other sources at different times during the pan-
demic [4]. Instances of higher pretest probability include symp-
tomatic patients, residence in a community with high
prevalence, and/or a person living in a household or with con-
tinued contact with someone with confirmed COVID-19 with-
in the antecedent 14 days. For comparative purposes, the
diagnostic accuracy of rapid RT-PCR and laboratory-based
NAAT from 5 studies that used a composite reference standard
was used as a reference standard against which to compare the
performance of Ag testing [5-9] (Supplementary Figure 10).
The performance of NAAT in each of these 5 studies was com-
pared against a composite reference standard composed of at
least 2 other NAATS.

Risk of Bias and Certainty of Evidence

We conducted the risk-of-bias assessment for diagnostic test
accuracy studies using the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS)-2 revised tool (Supplementary
Table 3) [10]. The GRADE framework was used to assess
overall certainty by evaluating the evidence for each
outcome on the following domains: risk of bias, imprecision,
inconsistency, indirectness, and publication bias [11, 12].
Indirectness was judged to be present if there were no
head-to-head comparisons of analytical performance of the
testing strategies reported. For decision making, the panel
considered additional factors, such as the feasibility (ie,
availability, convenience) of the test, timeliness of results,
cost, and prevalence. The GRADE summary of findings
tables were developed using the GRADEpro Guideline
Development Tool [13].

Evidence for Recommendations
The panel considered core elements of GRADE evidence in the
decision process, including certainty of evidence and balance be-
tween desirable and undesirable effects. Additional domains were
acknowledged, where applicable (eg, feasibility, resource use, ac-
ceptability). For all recommendations, the expert panelists
reached consensus. Voting rules were agreed on prior to panel
meetings for situations when consensus could not be reached.
As per GRADE methodology, recommendations are labeled as
“strong” or “conditional.” The words “we recommend” indicate
strong recommendations, with “we suggest” indicating condition-
al recommendations. Figure 2 provides the suggested interpreta-
tion of strong and weak recommendations for patients, clinicians,
and healthcare policymakers. Rarely, low certainty evidence may
lead to strong recommendations. In those instances, we followed
generally recommended approaches by the GRADE working
group, which are outlined in 5 paradigmatic situations (eg, avoid-
ing catastrophic harm) [141]. For recommendations where com-
parators are not formally stated, the comparison of interest is
implicitly referred to as “not using the test.” Some recommenda-
tions acknowledge current “knowledge gaps” and aim at avoiding
premature favorable recommendations for test use and promul-
gating potentially inaccurate tests.

Revision Process

The draft guideline underwent rapid review for approval by the
IDSA Board of Directors Executive Committee external to the
guideline development panel. The guideline was reviewed and
endorsed by ASM, SHEA, and PIDS. The IDSA Board of
Directors Executive Committee reviewed and approved the
guideline prior to dissemination.

Updating Process

Regular screening of the literature and the COVID-19 situation
will take place to determine the need for revisions based on the
likelihood that any new data will have an impact on the recom-
mendations. If necessary, the entire expert panel will reconvene
to discuss potential changes.

Search Results

A systematic review and horizon scan of the literature identi-
fied 17334 references, 95 of which informed the evidence
base for these recommendations (Supplementary Figure 1).
Characteristics of the included studies can be found in
Supplementary Table 4.

RESULTS

Antigen Testing Versus No Testing in Symptomatic Individuals
Recommendation 1: For symptomatic individuals suspected of
having COVID-19, the IDSA panel recommends a single Ag
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Strength of Recommendation

<+ Population: Most people in this situation would want the
recommended course of action and only a small proportion
would not

%+ Health care workers: Most people should receive the
recommended course of action

< Policy makers: The recommendation can be adapted as a
policy in most situations

Strong

<+ Population: The majority of people in this situation would
want the recommended course of action, but many would not

<+ Health care workers: Be prepared to help people to make a
decision that is consistent with their own values/decision aids
and shared decision making

<+ Policy makers: There is a need for substantial debate and
involvement of stakeholders

Conditional

Figure 2. Approach and implications to rating the quality of evidence and strength of recommendations using the GRADE methodology (unrestricted use of the figure
granted by the US GRADE Network). Abbreviation: GRADE, Grading of Recommendations Assessment, Development, and Evaluation.

test over no test. (strong recommendation, moderate certainty
evidence)

Remarks

» Symptomatic individuals were defined as those with at least
1 of the common symptoms of COVID-19.

« For optimal performance, Ag tests should be used within
5 days of symptom onset; the panel identified no studies
that reported Ag test performance on the first or second
day of symptoms.

o If clinical suspicion for COVID-19 remains high, a negative
Ag result should be confirmed by standard NAAT (ie, rapid
RT-PCR or laboratory-based NAAT).

o A single Ag test has high specificity; a positive result can be
used to help guide treatment and isolation decisions without
confirmation.

o There were limited data regarding the analytical performance
of Ag tests in children, immunocompromised or vaccinated

individuals, or in those who had had prior SARS-CoV-2
infection.

« The panel was unable to identify studies that compared the
risk of transmission among patients recovering from
COVID-19 who were released from isolation based on results
of Ag testing versus no testing.

Summary of the Evidence

We found no direct evidence that assessed patient- or
population-centered outcomes of testing versus no testing in
symptomatic patients. Therefore, the panel relied on diagnostic
test accuracy data to inform this recommendation. The refer-
ence standard in the included studies was standard NAAT
(ie, rapid RT-PCR or laboratory-based NAAT).

We identified 65 studies [15-78] that evaluated the diagnos-
tic accuracy of Ag testing as compared with NAAT as a refer-
ence test in symptomatic individuals (Table 2). The studies
included 20272 individuals for sensitivity and 51063 for
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specificity. We conducted subgroup analyses based on time
since symptom onset (ie, <3 days vs >3 days, <5 days vs >5
days, and <7 days vs >7 days). Additional subgroup analyses
were performed based on different age groups (ie, adult vs pe-
diatric patients). Overall and subgroup test accuracy data
for symptomatic patients are reported in Supplementary
Figures 2-9. Pooled diagnostic test accuracy measures did not
differ in any subgroup or sensitivity analysis except for assess-
ment of time post-symptom onset, with reduced sensitivity of
Ag testing after 5 or 7 days of symptoms. Studies did not sepa-
rately report the effect of immunocompromised status, vaccina-
tion, or prior COVID-19 on diagnostic accuracy. We searched
for studies that stated that they had included SARS-CoV-2 var-
iants, and also attempted to infer inclusion of variants by date of
specimen collection. Only 1 study was found; it reported
reduced sensitivity for detection of Omicron versus Delta
variants for several rapid Ag tests [79]. We were also unable to
identify studies that compared the risk of transmission among
patients recovering from COVID-19 who were released from
isolation based on results of Ag testing versus no testing.

We analyzed diagnostic test accuracy for specimens collected
from patients before and after 3, 5, and 7 days of symptoms.
Three days was chosen because of concern that Ag tests had
lower sensitivity when used soon after development of symp-
toms; we were unable to identify studies that reported testing
specimens collected only on the first or second day of symp-
toms. Five days was chosen because several COVID-19 treat-
ments have EUA to begin therapy within 5 days of
symptoms. Seven days was chosen because many Ag tests eval-
uated received EUA for use within 7 days of symptom onset.

The pooled sensitivity was 81% (95% CI: 78% to 84%) and the
pooled specificity was 100% (95% CI: 100% to 100%). The
certainty of the evidence was moderate for sensitivity due to un-
explained inconsistency of reported test performance, even for
the same Ag test, same specimen source, and similar time from
symptom onset. The certainty of evidence was high for
specificity.

For the subset of patients who were symptomatic for less
than or equal to 5 days, 8 studies were included [31, 33, 35,
37, 54, 64, 66, 68], with 584 positive and 2092 negative results,
based on standard NAAT. The pooled sensitivity for this group
was 89% (95% CI: 83% to 93%) and the pooled specificity was
100% (95% CI: 99% to 100%). The certainty of the evidence was
moderate for sensitivity due to unexplained inconsistency and
high for specificity (Table 3). Results for the subset of patients
who were symptomatic for less than or equal to 3 days were
similar (ie, we did not observe a reduction in sensitivity or spe-
cificity compared with standard NAAT) (Supplementary
Figure 7).

For the subset of patients tested more than 5 days after symp-
tom onset, 15 studies were included, with 1076 positive and
4933 negative patients, based on standard NAAT. The pooled

sensitivity for this group was 54% (95% CI: 44% to 64%) and
the pooled specificity was 100% (95% CL 99% to 100%)
(Supplementary Figures 4A). The certainty of the evidence was
low for sensitivity due to unexplained inconsistency and high
for specificity. Results of analysis of specimens collected more
than 7 days after symptom onset were similar to results of speci-
mens collected more than 5 days after symptom onset (Table 4).

Benefits and Harm

The panel assumed that diagnosis of COVID-19 in sympto-
matic patients has benefits for both individuals and for the
community. Establishing SARS-CoV-2 as the etiology of an in-
dividual’s symptoms can influence decisions about initiation of
therapy and isolation in those who are infected, and about con-
tact tracing and quarantine. Sensitivity of a single Ag test is de-
pendent on timing of testing relative to symptom onset, with
higher sensitivity earlier in the course of symptomatic infec-
tion. The false-negative rate of Ag testing performed within
5 days of symptom onset ranged from 5 (range: 3 to 8) patients
per 1000 patients tested at a prevalence of 5%, to 55 (range: 35
to 85) patients per 1000 patients tested at a prevalence of 50%.
As noted above, results of single Ag testing within 3 days of
symptom onset were similar to results of testing within
5 days of symptom onset, but the panel was unable to locate re-
ports of testing on day 1 or 2 after symptom onset. Antigen test-
ing of symptomatic individuals after 5 days of symptoms
demonstrated a much lower sensitivity of 54% (95% CI: 44%
to 64%), with almost equal numbers of true-positive and false-
negative results. False-negative results can lead to failure to
treat symptomatic patients in whom treatment is indicated, po-
tentially leading to poorer patient outcomes. False-negative re-
sults can also lead to failure to isolate an infected person or to
quarantine close contacts, potentially increasing the risk of on-
ward transmission of SARS-CoV-2. Because of these potential
patient harms, a negative result in someone with continued sus-
picion for COVID-19 should be confirmed promptly with a
standard NAAT.

In contrast, specificity of Ag testing remained close to 100%
regardless of time from symptom onset. Currently available
therapies are recommended to be started within 5 days of
symptoms. Antigen testing during this time yielded almost
no false-positive results, even if the prevalence of COVID-19
was as low as 5% (0 false-positive results; range: 0 to 9 false-
positive results per 1000 patients tested). This suggests that
Ag testing within the first 5 days of symptom onset yields ac-
tionable results in symptomatic patients who test positive and
qualify for treatment. The high specificity of Ag testing makes
the risk of inappropriate treatment due to a false-positive result
very low.

Few studies reported on symptomatic pediatric patients, but
the available data indicated an overall sensitivity comparable to
that in adults (80%; 95% CI: 74% to 86%), with overall
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specificity also close to 100% (95% CI: 94% to 100%).
Depending on prevalence, the number of false-negative test re-
sults ranged from 10 to 100 per 1000 children tested. The panel
was unable to find sufficient studies to allow for a robust com-

parison of test performance based on symptom duration in
children.

Additional Considerations

While the IDSA panel recommends Ag testing versus no testing
for patients with symptoms suggestive of COVID-19, there are
a few scenarios in which testing of symptomatic individuals
might be unnecessary. For example, it is plausible that a young,
vaccinated, otherwise healthy, symptomatic adult who is not el-
igible for treatment and who chooses to isolate without a diag-
nostic confirmation would not need testing. The imperfect
correlation between positive SARS-CoV-2 culture and Ag test
results also precludes using a positive Ag test result to predict
infectiousness. Still, while a negative Ag test result does not ex-
clude infectiousness, a positive result makes infectiousness
more likely.

Conclusions and Research Needs for This Recommendation
Positive Ag tests in symptomatic individuals have a high
positive-predictive value for COVID-19 and can be used to
help guide decision making about treatment and isolation of
patients, contact tracing, and quarantine. Negative Ag tests
have lower negative-predictive values to rule out COVID-19 in-
fection. Individuals with a negative Ag test result who remain
symptomatic and for whom an alternative diagnosis has not
been established should undergo prompt
SARS-CoV-2 using standard NAAT.

Questions remain regarding the impact that variant strains,

testing for

immunocompromised host status, vaccination, and/or prior
COVID-19 may have on the analytical accuracy of Ag tests, in-
cluding optimal specimen source (eg, anterior nares vs throat)
and timing of testing (eg, sensitivity of Ag testing on day 1 or 2
of symptoms) [80]. The performance of antigen testing in very
young children (eg, <6 months of age) is also poorly under-
stood. This is especially notable since these individuals cannot
mask and are not eligible for receipt of currently available
COVID-19 vaccines.

The panel identified a few studies [81-84] that reported bet-
ter positive percent agreement between Ag testing and viral cul-
ture than between standard NAAT and viral culture but
identified no empirical evidence that informed the question
of whether Ag test results predict infectiousness, as measured
by transmission. Further, the IDSA panel found no empirical
evidence to support the use of Ag test results to guide release
of patients with COVID-19 from isolation. Given the conse-
quences of this widespread practice, including cost, studies to
identify a marker of infectivity are needed. Ensuring equal ac-
cess to accurate, affordable, and timely SARS-CoV-2 diagnostic

testing for underserved populations, including racial and ethnic
minority groups, should be a priority [84].

Antigen Testing Versus Standard NAAT in Symptomatic Individuals
Recommendation 2: For symptomatic individuals suspected of
having COVID-19, the IDSA panel suggests using standard
NAAT (ie, rapid RT-PCR or laboratory-based NAAT) over a
rapid Ag test. (conditional recommendation, low certainty
evidence)

Remarks

o If standard NAAT is not available or results are expected to
be delayed more than 1 day, the IDSA panel suggests using
a rapid Ag test over standard NAAT.

o For optimal performance, Ag tests should be used within
5 days of symptom onset; the panel was unable to identify
any study that reported results of Ag testing within 2 days
of symptom onset.

o The panel was unable to identify studies comparing the risk
of transmission among patients recovering from COVID-19
who were released from isolation based on results of Ag test-
ing versus results of standard NAAT.

Summary of the Evidence

Due to lack of direct evidence comparing Ag testing and stan-
dard NAAT with a third reference standard, we relied on diag-
nostic test accuracy data for Ag testing using standard NAAT as
the reference standard. To calculate standard NAAT diagnostic
test accuracy, we pooled results from 5 studies [85-89] that re-
ported a comparison of standard NAAT results to a composite
reference standard (Supplementary Figure 10). This analysis
yielded a sensitivity of 97% (95% CI: 93% to 99%) and a specif-
icity of 100% (95% CI: 96% to 100%).

We summarized the evidence for overall symptomatic (any
day after symptom onset) (Table 2), less than or equal to
5 days after symptom onset (Table 3), and more than 5 days af-
ter symptom onset (Table 4). Additional subgroups included
the following: less than or equal to 7 days after symptom onset
(Supplementary Figure 5) and more than 7 days after symptom
onset (Supplementary Figure 6). The more than 5 day cutoff
was chosen because several commonly used COVID-19 thera-
pies have EUA to begin treatment within the first 5 days of
symptoms. The more than 7 day cutoff was chosen because
many of the available rapid Ag tests have EUA for use within
7 days of symptom onset.

For comparative results, we included 70 studies—65 inform-
ing Ag testing [15-78, 90] and the 5 studies [85-89] discussed
above that informed standard NAAT, with 20 621 positive and
51 593 negative results (Table 5). The pooled sensitivity for Ag
testing was 81% (95% CI: 78% to 84%) and the pooled specific-
ity was 100% (95% CI: 100% to 100%). This resulted in an ad-
ditional 8 to 80 false-negative Ag test results, compared with

12 « CID « Hayden et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad032#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad032#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad032#supplementary-data

NAAT, when the prevalence of SARS-CoV-2 infection ranged
from 5% to 50%. The patients included in the 5 studies of stan-
dard NAAT versus a composite reference standard were differ-
ent from those who participated in the 65 studies of Ag testing
versus standard NAAT; hence, the comparison of standard
NAAT and Ag test performance was indirect, seriously reduc-
ing confidence in the certainty of the evidence. Certainty of the
evidence was therefore low for sensitivity due to indirectness
and unexplained inconsistency and low for specificity due to
indirectness.

Benefits and Harm

The panel considered minimizing the number of false-negative
COVID-19 diagnoses in symptomatic patients to be a priority.
Standard NAAT has a higher sensitivity compared with a com-
posite reference standard than does rapid Ag testing compared
with standard NAAT. During a COVID-19 surge when
SARS-CoV-2 prevalence in the community is high (ie, 50%)
testing with a single Ag test resulted in 80 more false-
negative results per 1000 patients tested compared with a
standard NAAT overall. If the Ag test were to be performed
within 5 days of onset of symptoms, false-negative results de-
creased to 40 per 1000 patients tested, but if performed after
7 days of onset of symptoms, false-negative results increased
to 215 per 1000 patients tested. During nonsurge periods
when the community prevalence among symptomatic indi-
viduals is lower, the number of false-negative results is also
relatively lower. At a prevalence of 20%, there were 16
more false-negative results per 1000 persons undergoing
Ag testing within 5 days of symptom onset and 86 more
false-negative results if Ag testing was done after 5 days of
onset of symptoms. Therefore, a single Ag test can result in
more false-negative results compared with a single standard
NAAT.

However, the panel also placed a high value on test avail-
ability and result timeliness. Obtaining a standard NAAT
generally requires a visit to a testing site, and results may
not be available for several days. This delay can push patients
outside the antiviral treatment window, which is usually
within 5 days of symptom onset. Long turnaround times
for COVID-19 diagnostic tests can cause delays in isolation
of infected patients, contact tracing, and quarantine of their
close contacts, potentially allowing further COVID-19
transmission. Alternatively, long turnaround times for pa-
tients who ultimately test negative for COVID-19 may cause
unnecessary home isolation and absence from work or
school. In contrast to standard NAAT, Ag tests are often
more available, results are reported usually within 15 min-
utes of testing, and Ag self-testing can be performed by pa-
tients at home. These considerations led the IDSA panel to
suggest rapid Ag testing if results of standard NAAT will
be delayed more than 1 day.

Antigen testing has very high specificity, and a positive result
is actionable immediately. Because of lower sensitivity, a nega-
tive Ag test result should be confirmed with a standard NAAT if
clinical suspicion for COVID-19 remains high. Especially in
patients in whom treatment of COVID-19 would be indicated,
Ag testing should be done within 5 days of symptom onset to
minimize the number of false-negative results and to diagnose
patients within the treatment eligibility window.

Additional Considerations

Standard NAAT (ie, rapid RT-PCR or laboratory-based
NAAT) is the gold standard for diagnosis of viral respiratory
infections because of the accuracy of results. However, avail-
ability and timeliness of standard NAAT for SARS-CoV-2 dur-
ing the COVID-19 pandemic have often been wanting. Federal
government subsidization of Ag testing has evolved during the
pandemic, with the federal government sometimes providing
no-cost home test kits upon request. Insurance company reim-
bursement for home tests has also varied over time. Uninsured
individuals may be able to access free at-home Ag test kits
through programs sponsored by their local or state public
health departments, through community programs and non-
profit organizations, and through Medicare-certified health
clinics. These programs may serve households in rural areas
and individuals belonging to underserved populations who tra-
ditionally experience barriers to accessing healthcare (although
access to Ag testing was not assessed by the panel). Currently,
both at the national and local levels, there is a strong public
health effort to ensure continued access to testing and to use
Ag testing as the primary testing modality given that it can
be performed at home, requires minimal technical expertise,
and is relatively inexpensive compared with standard NAAT.

Conclusions and Research Needs for This Recommendation

For symptomatic patients, the IDSA panel suggests using standard
NAAT over rapid Ag tests due to higher sensitivity, thus reducing
the risk of missing a diagnosis of SARS-CoV-2 infection.
However, regardless of the lower sensitivity of Ag tests, they will
continue to be used due to their ease of use, rapid results, low
cost, and availability. Testing individuals within the first 5 days
of symptoms optimizes the sensitivity of Ag tests. If Ag tests are
used for testing symptomatic individuals, a negative test result
should be confirmed with a standard NAAT when a clinical sus-
picion for COVID-19 remains and no alternative diagnosis has
been reached. Alternatively, given the high specificity of Ag tests,
a positive test result does not require routine confirmation.

As new variants emerge, the performance of Ag tests may
change. Therefore, monitoring the performance of Ag tests for
diagnosis of new-variant COVID-19 is critical [80]. Research
to identify epitope binding regions that can improve sensitivity
while maintaining specificity is needed. Better understanding of
protein-folding mutations that affect Ag testing will help test
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manufacturers develop more robust assays. Other factors that
require investigation include optimal timing of detection of
SARS-CoV-2 for different variants and in different specimen
sources (eg, anterior nares vs throat) and the performance of
Ag tests compared with multiplex molecular assays. Last, al-
though difficult to design and implement, rigorously designed
clinical trials comparing a single Ag test with standard NAAT
to assess both treatment and transmission outcomes would pro-
vide direct evidence to guide this recommendation. Ensuring
equal access to accurate, affordable, and timely SARS-CoV-2 di-
agnostic testing for underserved populations, including racial
and ethnic minority groups, should be a priority.

Repeat Rapid Antigen Testing Versus Single Standard NAAT in
Symptomatic Individuals

Recommendation 3: For symptomatic individuals suspected of
having COVID-19, the IDSA panel suggests using a single stan-
dard NAAT (ie, rapid RT-PCR or laboratory-based NAAT)
rather than a strategy of 2 consecutive rapid Ag tests. (condi-
tional recommendation, very low certainty evidence)

Remarks

« Insituations where NAAT results are not available in a timely
manner and a first Ag test is negative, the IDSA panel sug-
gests repeating Ag testing.

« Because of the absence of direct evidence to inform this ques-
tion, the analysis done was based on modeling of diagnostic
test accuracy using a repeat testing algorithm involving
2 consecutive Ag tests.

« To optimize sensitivity, repeat testing should be performed
within 5 days of symptom onset; the panel was unable to
identify any study that reported results of testing within
2 days of symptom onset.

o Ifthefirst Agtestis positive, there is no need for repeat testing.

Summary of the Evidence

There was no direct evidence comparing consecutive Ag testing
vs standard NAAT (ie, rapid RT-PCR or laboratory-based
NAAT) with a third reference standard. For this reason, modeling
analysis was performed using a repeat testing algorithm. Results
of the modeling analysis were compared with standard NAAT di-
agnostic accuracy (Supplementary Figure 11A). For all compari-
sons, 5%, 20%, and 50% were used for the prevalence of
SARS-COV-2 infection in the symptomatic population. The
modeled sensitivity and specificity for Ag testing and repeat Ag
testing (total of 2 Ag tests) within the first 5 days of symptoms
were estimated as 98% (95% CI: 97% to 99%) and 100% (95%
CI: 99% to 100%), respectively. For standard NAAT diagnostic
test accuracy data, we pooled the results from 5 studies [85-89]
that reported comparison of standard NAAT results to a compos-
ite reference standard (Supplementary Figure 10). This analysis
yielded a sensitivity of 97% (95% CI: 93% to 99%) and specificity
of 100% (95% CI: 96% to 100%). Comparing the 2 testing

strategies estimated 0 to 5 fewer false-negative results with repeat
Ag testing compared with standard NAAT, depending on the dis-
ease prevalence. The modeled sensitivity and specificity for first
Ag testing within the first 7 days of symptom onset and repeat
testing after 7 days of symptom onset were 93% (95% CI: 89%
to 96%) and 100% (95% CIL: 99% to 100%), respectively.
Comparing both modalities showed 2 to 20 more false-negative
results per 1000 persons tested with repeat Ag testing compared
with standard NAAT, depending on the prevalence of disease.
The sensitivity and specificity for Ag testing and repeat Ag testing
after the first 5 days of symptom onset were 75% (95% CI: 69% to
86%) and 100% (95% CI: 99% to 100%), respectively. Comparing
both modalities showed 11 to 110 more false-negative results per
1000 persons tested with repeat Ag testing compared with stan-
dard NAAT, depending on the prevalence of COVID-19.

The certainty was very low and low for sensitivity and specif-
icity, respectively, due to indirectness and inconsistency.
Indirectness occurred because the results for consecutive Ag
testing were based on a modeling analysis, whereas the stan-
dard NAAT results used as the comparator were based on pri-
mary patient data. Additionally, the comparison between
repeat testing and standard NAAT testing was indirect due to
different populations. There was serious unexplained inconsis-
tency in the original single Ag test studies.

Benefits and Harms

Antigen test results are typically available within less than
1 hour (eg, 15 minutes), whereas the timing of availability of
NAAT results may vary depending on factors such as receipt
time at the site of testing, delays before testing begins, run times
of individual testing instruments, and time from result
availability to delivery of results. Delays in diagnosis of
COVID-19 can deny affected patients with a positive test result
potentially life-saving therapy and risk exposing others to
SARS-CoV-2 because of delayed isolation of infected patients,
contact tracing, and quarantine of close contacts. Alternatively,
long turnaround times can prolong unnecessary isolation of in-
dividuals who test negative for SARS-CoV-2 infection. While
repeat Ag testing is potentially a faster option, by definition it
means that an initial test is negative but the person may still
be infected.

Additional Considerations

In symptomatic individuals, the recommended test is NAAT.
However, access to NAAT testing may be limited (eg, on week-
ends and holidays) and is more costly than Ag testing, and
therefore Ag testing may be preferred in some scenarios. In ad-
dition, the time to results of standard NAAT may be delayed if
there is not a rapid and reliable system in place to communicate
results to healthcare providers and patients. In the end, the spe-
cific scenario (eg, high-risk patient, outbreak setting, long-term
care facility, high clinical suspicion, COVID-19 surge, history
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of prior COVID-19, vaccination history) may impact whether
Ag testing or standard NAAT is performed. Finally, in settings
where respiratory viruses other than SARS-CoV-2 are circulat-
ing (eg, influenza, respiratory syncytial virus [RSV]), multiplex
molecular respiratory pathogen testing may be warranted.

Conclusions and Research Needs for This Recommendation

While the IDSA panel suggests a single standard NAAT over
2 consecutive/serial Ag tests for diagnosis of SARS-CoV-2
infection in symptomatic individuals, published, peer-
reviewed studies directly comparing 2 consecutive rapid Ag
tests with a single standard NAAT in patients were lacking
and are needed. Such studies should include vaccinated, boost-
ed, and unvaccinated populations, and those with and without
prior COVID-19 infection, as well as those infected with con-
temporary SARS-CoV-2 variants (eg, Omicron). Finally, in
persons with prior COVID-19 infection, the timing between
the first and potential subsequent infection bears consideration
as a test could remain positive from prior infection if it oc-
curred in the recent past and therefore not represent a new in-
fection; the differential specificity of a standard NAAT versus
Ag testing in this situation needs to be defined. The ideal

time interval between the repeat Ag tests also needs definition.

Antigen Testing Versus No Testing in Asymptomatic Individuals With
Known SARS-CoV-2 Exposure

Recommendation 4: For asymptomatic individuals with
known exposure to SARS-CoV-2 infection, the IDSA panel
suggests using a single (ie, one-time) Ag test over no testing
in specific situations. (conditional recommendation, moderate
certainty evidence)

Remarks

o SARS-CoV-2 testing in the absence of COVID-19-like
symptoms should be individualized. One-time Ag testing
may be considered if the test result will impact an individual’s
subsequent actions. For example, a single test may be consid-
ered in situations where a positive test would lead to in-
creased monitoring for symptoms and signs of infection in
persons at high risk of serious COVID-19, or in outbreak set-
tings where positive results would assist in decision making
about isolation, quarantine, and contact tracing.

+ A negative Ag test result reduces the likelihood of infection.
However, the longer the time since testing, the more this like-
lihood reduction wanes, especially early in infection when vi-
rus replication may be rapid. That is, a negative test result
today may not reflect infection status tomorrow or on subse-
quent days. In contrast, a positive test result is associated with
a high positive-predictive value.

« The panel recognizes the lack of evidence supporting therapy
in asymptomatic persons and the absence of treatments ap-
proved through EUA for asymptomatic COVID-19 but

acknowledges that individual clinical scenarios may lead cli-
nicians toward testing and consideration of treatment.

Summary of the Evidence

There was no direct evidence that assessed patient outcomes of
testing versus no testing in asymptomatic individuals with
known exposures to COVID-19. Therefore, we relied on diag-
nostic test accuracy data to inform this recommendation. The
reference standard used in all studies included in the analysis
was standard NAAT.

Fifty-nine studies were included [5-9, 16, 18-23, 25-29, 32,
34,35, 37,41, 42,47, 48, 50, 52-54, 56, 58-60, 62, 64-68, 70, 71,
73,74, 91-104], with 4553 positive and 97 541 negative patient
results, based on standard NAAT testing, to inform this recom-
mendation. The pooled sensitivity was 63% (95% CI: 56% to
69%) and the pooled specificity was 100% (95% CI: 100% to
100%) (Table 6). The IDSA panel considered 1%, 5%, and
10% as the prevalence of COVID-19 in asymptomatic patients
with known exposure. In the pediatrics population, the num-
bers were similar, with a sensitivity of 62% (95% CI: 53% to
70%) and specificity of 99% (95% CI: 99% to 100%)
(Supplementary Figure 13). The certainty of the evidence was
moderate for sensitivity due to unexplained inconsistency
and high for specificity. No other outcomes were reported.
No information was reported on the type of exposure or timing
of exposure relative to testing.

Benefits and Harms

The panel placed high value on minimizing the number of
false-negative results, especially in higher-risk healthcare set-
tings. Although a single positive Ag test result may theoretically
help reduce exposure to SARS-CoV-2 if it triggers isolation of
the person who tests positive, the panel found no evidence that
the use of Ag tests reduces transmission of SARS-CoV-2.
Furthermore, treatment is not recommended for asymptomatic
persons. A negative Ag test result may provide false assurance
of non-infectiousness. Users of rapid Ag tests may not under-
stand the limits of a negative test result. In 1 study, two-thirds
of participants believed that they were noninfectious the day
following a negative rapid Ag test [105]. In addition, sensitivity
is linked to timing of exposure; a negative test result may con-
vert to positive within hours early in the course of infection
[81, 83].

The panel considered a range of prevalence for SARS-CoV-2
infection, using standard NAAT as the reference standard.
When the prevalence of SARS CoV-2 infection was 1%, the
number of true-positive Ag test results was small and approx-
imated the number of false-negative results (ie, 6 true positives
and 4 false negatives per 1000 asymptomatic individuals tested)
(Table 6). When deciding on asymptomatic testing, communi-
ties and institutions should weigh the resources necessary for
testing versus the benefits of detecting a few true cases of
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SARS CoV-2 infection, especially if infection-prevention strat-
egies such as masking and distancing would be adhered to re-
gardless of the test result. As the prevalence increased, so did
the potential utility of testing, with 63 true positives (95% CI:
56-69) and 37 false negatives (95% CI: 31-44) detected when
the prevalence of infection was 10% (Table 6). In contrast,
the number of false-positive results was estimated to be 0 re-
gardless of a true prevalence of disease of between 1% and
10%. Routine confirmation of positive Ag test results does
not appear to be necessary in most cases.

Additional Considerations
The following considerations and assumptions are important
to state for this PICO question:

1. There are currently no treatment options approved
through FDA EUA for asymptomatic COVID-19.

2. The IDSA COVID-19 Diagnostics Panel assumed that
there may be benefit in identifying asymptomatic individuals
through testing.

3. The panel assumed that asymptomatic individuals are like-
ly infectious at some point during their infection.

4. The panel found no direct evidence that testing for
SARS-CoV-2 in asymptomatic individuals reduces risk of
transmission.

Whether commercially available Ag tests perform compa-
rably to one another and across SARS-CoV-2 variants has
not been established. Postexposure monoclonal antibody
prophylaxis may be an alternative to testing in high-risk
asymptomatic individuals exposed to SARS-CoV-2, if/
when EUA options exist for currently circulating variants
[106]. Education of users on the interpretation of rapid Ag
tests, including their limitations, is important to ensure
that appropriate actions are taken after positive or negative
test results.

Conclusions and Research Needs for This Recommendation

The decision to pursue rapid Ag testing versus no testing
should be
sensitivity of Ag tests, factors to consider include the poten-
tial benefits of identifying a case of COVID-19 versus the
potential harms of reporting a falsely negative result. The

individualized. Given the relatively low

potential to reduce transmission by identifying asymptom-
atic infections should be weighed against the resources re-
quired for testing and account for changes in prevalence
that arise with increased vaccine uptake or widespread
adoption of effective infection-prevention measures such
as masking. Antigen testing may be useful in guiding
mitigation efforts during an outbreak. Further research is
required to assess whether Ag screening reduces transmis-
sion in various settings, including schools and nonmedical
workplaces.

Antigen Testing Versus Standard NAAT in Asymptomatic Individuals With
Known Exposure to SARS-CoV-2

Recommendation 5: For asymptomatic individuals with
known exposure to SARS-CoV-2 infection, the IDSA panel
suggests using a single standard NAAT (ie, rapid RT-PCR or
laboratory-based NAAT) over a single rapid Ag test. (condi-
tional recommendation, low certainty evidence)

Remarks

+ SARS-CoV-2 testing in the absence of COVID-19-like
symptoms should be individualized. A one-time standard
NAAT may be considered if the test result will impact an
individual’s subsequent actions. For example, a single
test may be considered in situations where a positive test
would lead to increased monitoring for symptoms and
signs of infection for persons at high risk of severe
COVID-19 or in an outbreak setting where positive results
would assist in decision making about isolation, contact
tracing, and quarantine.

o Access to timely results of standard NAAT may be unavail-
able or limited in some settings; in such situations, use of
an Ag test can be considered.

o The panel recognizes the lack of evidence supporting
COVID-19 therapy in asymptomatic persons and the ab-
sence of treatments approved through FDA EUA for asymp-
tomatic COVID-19 but acknowledges that individual clinical
scenarios may lead clinicians toward testing and consider-
ation of treatment.

Summary of the Evidence

There were no studies that reported patient- or population-
based outcomes of Ag testing versus no testing in asymptomat-
ic persons. Therefore, the panel relied on diagnostic test accu-
racy data to inform this recommendation. The reference
standard in the studies included was standard NAAT (e, rapid
RT-PCR or laboratory-based NAAT). For calculation of the
standard NAAT reference standard, we pooled results from
5 studies [85-89] that compared standard NAAT results with
a composite reference standard (Supplementary Figure 10).
This comparison showed a pooled sensitivity of 97% (95%
CIL: 93% to 99%) and specificity of 100% (95% CI: 96% to
100%). The IDSA panel considered 1%, 5%, and 10% as the
prevalence of COVID-19 in asymptomatic patients with known
exposure. (Table 7)

For this PICO question, we included 64 studies: 59 inform-
ing Ag testing [5-9, 16, 18-23, 25-29, 32, 34, 35, 37, 41, 42,
47, 48, 50, 52-54, 56, 58-60, 62, 64-68, 70, 71, 73, 74, 91—
104] and 5 informing standard NAAT with 4902 positive and
98 071 negative patient test results [85-89]. The pooled sensi-
tivity for Ag testing was 63% (95% CI: 56% to 69%) and the
pooled specificity was 100% (95% CI: 100% to 100%)
(Supplementary Figure 12). This comparison showed an
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additional 4 to 34 false-negative results with Ag testing when
the prevalence ranged between 1% and 10%. The patients
who underwent standard NAAT were different from those
who underwent Ag testing; hence, comparisons were indirect,
reducing confidence in the certainty of the evidence. The cer-
tainty of the evidence was very low for sensitivity due to indi-
rectness low for

and unexplained inconsistency and

specificity due to indirectness.

Benefits and Harms

Antigen tests have reduced sensitivity for the detection of
SARS-CoV-2 in asymptomatic individuals compared with
standard NAAT, and Ag testing detects infection during a nar-
rower window of time. In contrast, the specificity of Ag testing
compared with standard NAAT is high, approaching 100%
(Table 7). Therefore, the potential harm of using an Ag test in-
stead of a standard NAAT is the potential for false-negative re-
sults. False-negative Ag test results are expected to be most
harmful in high-risk settings such as healthcare settings, where
failure to diagnose presymptomatic individuals before major
elective surgery may increase patients’ risk of adverse events
in the perioperative period [107, 108]; of note, methodologic
challenges and conduct of these studies before widespread
COVID-19 vaccination may limit their current relevance
[109]. False-negative results of SARS-CoV-2 Ag testing might
also lead to transmission of SARS-CoV-2 to other patients, res-
idents, and staff of hospitals or long-term care facilities, espe-
cially if infection-prevention practices such as masking are
dependent on test results.

Additional Considerations
The following considerations and assumptions are important
to state for this question addressing asymptomatic individuals:

1. There are currently no treatment options approved
through FDA EUA for asymptomatic individuals.

2. The IDSA COVID-19 Diagnostics Panel assumed that
asymptomatic individuals are contagious at some point during
the course of their infection.

3. The IDSA panel assumed that there may be benefit in iden-
tifying infected, asymptomatic individuals through testing.

4. The panel found no direct evidence that testing for
SARS-CoV-2 in asymptomatic individuals reduces risk of
transmission.

Conclusions and Research Needs for This Recommendation

A large number of individuals testing falsely negative may di-
minish public health efforts to contain COVID-19 outbreaks
and may cause the greatest potential harm in healthcare and
congregate settings, especially long-term care settings.
Standard NAATSs will detect the larger number of cases of
SARS-CoV-2 infection and provide a greater number of oppor-
tunities to prevent transmission compared with currently

available Ag tests, through targeted isolation of individuals
who test positive, contact tracing, and quarantine of close con-
tacts. The superior performance of standard NAAT is expected
to have the greatest impact when the prevalence of asymptom-
atic infection in the community is moderate to high (ie, >10%).
However, the use of less-sensitive rapid Ag tests may still be
helpful in some lower prevalence settings when standard
NAAT is not available. Antigen testing is expected to detect in-
fection when viral load is high. Additionally, given the high spe-
cificity of Ag testing observed across studies of asymptomatic
individuals, routine confirmation of positive results is not nec-
essary in most situations. Large-scale studies evaluating the val-
ue of Ag versus RNA detection in relation to SARS-CoV-2
transmission events are needed, especially as vaccine coverage
and the number of previously infected individuals increases.
The development of new Ag tests with increased analytic sensi-
tivity is of great interest.

Repeat Antigen Testing Versus Single Standard NAAT in Asymptomatic
Individuals With Known Exposure to SARS-CoV-2

Recommendation 6: In asymptomatic individuals with a
known exposure to SARS-CoV-2, if standard NAAT testing
or results are not available in a timely manner and a first Ag
test is negative, the IDSA panel suggests repeat Ag testing. (con-
ditional recommendation, very low certainty evidence)

Remarks

o Because of the absence of direct evidence to inform this ques-
tion, the analysis done was based on modeling of diagnostic
test accuracy using a repeat testing algorithm involving
2 consecutive Ag tests.

Summary of the Evidence

There was no direct evidence comparing 2 Ag tests vs a single
standard NAAT with a third reference standard, and the data
analyzed did not compare repeat Ag testing with standard
NAAT in asymptomatic SARS-CoV-2-exposed individuals.
For this reason, modeling analysis was performed using a re-
peat testing algorithm (2 consecutive tests). Results of the mod-
eling analysis were compared with diagnostic accuracy of
standard NAAT. For all comparisons, 1%, 5%, and 10%
SARS-CoV-2 prevalence in an asymptomatic population
was assumed. The prevalence of asymptomatic infection in
an exposed individual depends, in part, on the nature of
the exposure, with household contacts representing some
of the highest risk settings (eg, 10% prevalence of a second-
ary case of asymptomatic COVID-19) [110, 111]. The sensi-
tivity and specificity of Ag testing and repeat testing were
modeled and were found to be 86% (95% CI: 80% to 90%)
and 100% (95% CI: 99% to 100%), respectively. For standard
NAAT diagnostic test accuracy data, we pooled the results
from 5 studies [85-89] that reported comparison of NAAT
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results to a composite reference standard (Supplementary
Figure 10). This showed a sensitivity of 97% (95% CI: 93%
to 99%) and a specificity of 100% (95% CI: 96% to 100%).
Comparing the 2 testing strategies, there were 1 to 11 more
false-negative results per 1000 persons tested for repeat Ag
testing compared with standard NAAT depending on disease
prevalence.

The certainty of the evidence was very low for sensitivity and
low for specificity, due to indirectness and inconsistency.
Indirectness was due to the results being based on modeling
analysis and not primary human testing data. Additionally,
comparison between repeat testing and standard NAAT testing
was indirect because the data used came from different popu-
lations. There was also serious unexplained inconsistency in
the original single Ag testing results.

Benefits and Harms

A theoretical benefit of testing following an exposure in an
asymptomatic individual would be to provide an early diag-
nosis of infection to enable early treatment; however, the
IDSA panel noted that, at the current time, no specific treat-
ment would be indicated in such a situation, as there is no
FDA-approved or EUA therapy for asymptomatic
COVID-19. The other theoretical benefit would be to pre-
vent transmission of SARS-CoV-2, but we were unable to
identify studies of serial testing for SARS-CoV-2 infection
compared with molecular testing that included transmission
as an outcome. Therefore, the analysis presented focuses on
diagnostic test accuracy. The justification to perform testing
of asymptomatic individuals in the general population after
exposure is unclear. In congregate settings, such as nursing
homes, incorporation of serial rapid Ag testing into a bundle
of control measures during an outbreak may help identify
individuals most likely to be contagious and guide isolation
recommendations [82]. We identified one study
that assessed serial testing as compared with isolation and
showed noninferiority of testing for the prevention of trans-
mission [112]. The available data did not inform the timing
of NAAT or Ag testing following an exposure, or the timing
of repeat Ag testing.

Additional Considerations

For the purposes of this guideline, the IDSA panel considered a
SARS-CoV-2 exposure to be a close contact as defined by the
CDC [113]. The IDSA panel’s recommendation considered ac-
cess and availability of standard NAAT testing, although argu-
ably, in the scenario presented, timeliness of results would
likely not be critical. If, for example, standard NAAT was not
available on a weekend, it could be performed on a weekday
if the exposed individual quarantined or took other measures
to reduce the risk of onward transmission of infection while

waiting to be tested. Not all exposures are the same. For exam-
ple, prolonged household exposures carry more transmission
risk than do shorter non-household exposures [111, 114],
with transmission risk also being influenced by the level of in-
fectiousness of the person to whom the individual is exposed,
the level of immunity in the exposed person (vaccination histo-
ry, prior history of COVID-19 infection, and timing thereof),
and the viral variant.

The following assumptions and remarks are important to
state for this question addressing asymptomatic individuals:

1. There are currently no treatment options approved
through FDA EUA for asymptomatic individuals who test pos-
itive for SARS-CoV-2.

2. The IDSA COVID-19 Diagnostics Panel assumed that
asymptomatic individuals are usually contagious at some point
during the course of their infection.

3. The IDSA panel assumed that there may be benefit in iden-
tifying asymptomatic individuals through testing.

4. The panel found no direct evidence that testing for
SARS-CoV-2 in asymptomatic reduces risk of transmission.

Conclusions and Research Needs for This Recommendation
Published, peer-reviewed studies directly comparing 2 con-
secutive rapid Ag tests with a single standard NAAT in
asymptomatic individuals exposed to SARS-CoV-2 were
lacking and are needed. Such studies should include special
populations such as children, immunocompromised hosts,
vaccinated, boosted, and unvaccinated populations, and
those with and without prior COVID-19 infection, as well
as those exposed to contemporary SARS-CoV-2 variants.
Finally, in individuals with prior COVID-19 infection, the
timing between the prior and subsequent infections bears
consideration as a test could remain positive from the prior
infection if it occurred in the recent past and therefore not
represent a new infection; the differential specificity of a
standard NAAT versus Ag testing in this situation needs to
be defined. The ideal time interval between the repeat Ag
tests also needs definition.

Repeat Antigen Testing Versus No Testing in Asymptomatic Students in
Educational Settings and Employees in Workplaces

Recommendation 7: Among students in educational settings
or employees in workplaces for whom SARS-CoV-2 testing is
desired, the IDSA panel suggests neither for nor against 2 con-
secutive Ag tests over no testing for the diagnosis of
SARS-CoV-2 infection. (evidence gap)

Remarks

« Because of the absence of direct evidence to inform this ques-
tion, the analysis done was based on modeling of diagnostic
test accuracy using a repeat testing algorithm involving
2 consecutive Ag tests.
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Summary of the Evidence

We identified no studies that compared serial Ag testing with
no testing among students in an educational setting or em-
ployees in a workplace with an outcome of SARS-CoV-2
transmission, COVID-19 incidence, or diagnostic test accu-
racy. Therefore, a modeling analysis was performed using a
repeat testing algorithm (2 consecutive Ag tests). Results of
each test were considered to be independent, which might
not be a valid assumption. For all comparisons, prevalences
of 1%, 5%, and 10% SARS-CoV-2 infection were considered.
The sensitivity and specificity of testing (2 consecutive re-
peat Ag tests) versus no testing, using standard NAAT as
the reference standard, were 86% (95% CI: 80% to 90%)
and 100% (95% CI: 99% to 100%), respectively. Comparing
2 repeated tests versus no testing showed 1 to 14 false-
negative results per 1000 patients tested, depending on dis-
ease prevalence.

The certainty of the evidence is very low and low for sensitiv-
ity and specificity, respectively, due to indirectness and incon-
sistency. Indirectness was due to the fact that the results were
based on a modeling analysis and not primary human testing
data. Additionally, the comparison between repeat testing
and no testing was indirect because the data used came from
different populations.

Benefits and Harms

Theoretical benefits of serial Ag testing of asymptomatic indi-
viduals in schools, colleges, other educational settings, and
workplaces include preventing transmission of SARS-CoV-2,
but the IDSA panel was unable to identify any studies that di-
rectly addressed whether serial Ag testing versus no testing re-
duced SARS-CoV-2 transmission in these settings. Some
indirect evidence was identified that suggested possible benefit
of serial testing. A large, cluster-randomized trial of English
secondary schools and colleges found that daily Ag testing
was noninferior to self-isolation in preventing secondary cases
of COVID-19, with similar numbers of contacts testing positive
for SARS-CoV-2 in both study arms [112]. A retrospective co-
hort study of students at 18 colleges and universities in
Connecticut, United States, reported that institutions that test-
ed students more frequently detected more COVID-19 cases
and prevented further spread [115]; in the fall of 2020, each ad-
ditional test per student per week was associated with a de-
crease of 0.0014 cases per student per week (95% CI: —.0028
to —.00001).

Additional Considerations
This recommendation assumes widespread availability of Ag
testing and does not take cost considerations into account.
Furthermore, it is known that not all classroom or workplace
same in terms

settings are the of risk. Learning

environments or workplace settings may range from small
classrooms with young children to factory floors with closely
packed, poorly ventilated workstations, to larger workplaces
with distantly spaced worksites. In some workplaces, such as
in the entertainment industry, there may be unique risks,
such as those associated with close contact (including inti-
mate contact) required for film/television production. The
risk of exposure and viral transmission may also be related
to the level of immunity in the exposed person (vaccination
history, prior history of COVID-19 infection, and timing
thereof), age and comorbid medical conditions, the timing
of the exposure relative to disease onset in the index case,
and the viral variant.

The IDSA panel recognizes that serial rapid Ag testing of stu-
dents and employees is common, and that testing cadences
vary, with common cadences being daily, twice weekly, or
weekly Ag testing. We chose to model 2 consecutive rapid Ag
tests. Performing additional rounds of testing would be expect-
ed to alter the performance characteristics of the testing
strategy.

Employers may require serial testing of asymptomatic em-
ployees who decline SARS-CoV-2 vaccination. The IDSA panel
found no evidence that serial testing for COVID-19 provided
benefit comparable to the proven benefits of vaccination, nor
that serial testing reduced the incidence of occupational trans-
mission of COVID-19.

Conclusions and Research Needs for This Recommendation

The IDSA panel found no empirical evidence that serial Ag
testing of asymptomatic students in educational settings or em-
ployees in workplaces provided benefit compared with no test-
ing. To generate evidence to inform this recommendation,
students and/or employees would need to be subjected to no
testing, single Ag testing, or serial Ag testing at varying cadenc-
es. Because actions of 1 subject could impact others in the same
cohort, this might best be performed as a cluster-randomized
trial. Variables such as prior vaccination and/or prior
COVID-19 infection would need to be accounted for, as would
circulating variants and underlying risk factors in the students/
employees. Outcomes of interest could include illness (includ-
ing numbers of confirmed SARS-CoV-2 infections, both symp-
tomatic and asymptomatic), time away from school or work,
healthcare encounters, hospitalizations, and deaths in study
subjects and their contacts.

Antigen Testing Versus No Testing in Asymptomatic Individuals Planning
to Attend Large Gatherings

Recommendation 8: For asymptomatic individuals planning
to attend a large gathering (eg, concert, conference, party,
sporting event), the IDSA panel suggests neither for nor against
Ag testing over no testing. (evidence gap)
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Remarks

« No studies directly addressed this question.

Summary of the Evidence

There was no direct evidence comparing Ag testing with no
testing prior to attending a large gathering. For this reason, test-
ing data were retrieved from a single study [116] of asymptom-
atic individuals who participated in home Ag testing, since it
was assumed that, if testing were done before a large gathering,
it would be done at home. There were 86 positive and 601 neg-
ative results, based on standard NAAT. The sensitivity and spe-
cificity of rapid home Ag testing of these asymptomatic
individuals were 41% (95% CI: 25% to 61%) and 100% (95%
CI: 97% to 100%), respectively. These sensitivity and specificity
values were considered together with prevalence of COVID-19
of 1%, 5%, and 10% in an asymptomatic community popula-
tion. The certainty of the evidence was very low and low for
sensitivity and specificity, respectively, due to indirectness
and imprecision. Indirectness occurred since patients undergo-
ing home testing were not specifically the same population as
those attending large gatherings. Imprecision was due to the
low number of subjects in the study and the wide Cls.

Benefits and Harms

The theoretical benefit of Ag testing of asymptomatic individ-
uals before a large gathering is likely less to the person with the
positive test result and more so to the person who tests nega-
tive. This benefit assumes that someone with a positive Ag
test would not attend the large gathering and that someone
with a negative test would attend. The theoretical benefit to
the population of testing before a large gathering is to reduce
the risk of SARS-CoV-2 transmission from asymptomatically
infected persons who might attend, particularly in settings
where distancing is not possible or ventilation is poor, and
community prevalence of asymptomatic infection is moderate
to high (ie, >10%). However, we were unable to identify empir-
ical evidence to support that Ag testing of asymptomatic indi-
viduals before a large gathering reduced transmission of
SARS-CoV-2. Thus, this benefit remains theoretical.

Additional Considerations

Requiring those attending large gatherings (eg, weddings,
graduations, sporting events, music festivals, conferences) to
self-administer an Ag test prior to the gathering assumes that
people will do the test in the first place, do it correctly, interpret
it correctly, and act appropriately (ie, not attend the gathering if
the test is positive). If the gathering requires cost or logistics to
attend, or is highly desirable to an individual, not being able to
attend might be an incentive to not participate in testing or re-
porting thereof, or to inappropriately collect a sample, compro-
mising test performance. In addition, Ag tests would either
need to be purchased by or made available to those attending

the gathering, adding cost either way. If the former, there
may be issues of economic hardship and inequity if testing
before the gathering was required.

Conclusions and Research Needs for This Recommendation

No empirical studies directly addressed this question and thus
no recommendation for or against Ag testing over no testing in
asymptomatic individuals prior to attending large gatherings
was made. One-time Ag testing (vs no testing) of asymptomatic
individuals immediately before an event may potentially reduce
transmission in settings of moderate to high community
asymptomatic infection prevalence (ie, >10%) where distanc-
ing is not possible, attendees are unmasked, or ventilation is
poor. However, there is no empirical evidence to date that Ag
testing reduces the risk of transmission. The question of the
possible benefit of one-time testing before a large gathering
might be answered using a cluster-randomized trial. Even
such a trial could yield results that vary depending on local ge-
ography, vaccine coverage (including type, timing, and boost-
ing), and history of prior COVID-19 infection among
attendees and the local population (or the population attendees
will return to after the gathering), characteristics of people at-
tending the gathering (comorbidities, age), whether masking
is used and what type, whether food is consumed, whether
physical distancing is in place, whether the event is indoors
or outdoors, levels of ventilation (for indoor sites), and the
stage in the pandemic (eg, surges, waves, variants). Finally,
the specific Ag test used might impact performance based on
variability in test design and potential impact of the circulating
viral variants [80].

Point-of-Care Versus Laboratory-Based Antigen Testing
Recommendation 9: For individuals for whom Ag testing is
desired, the IDSA panel suggests for either POC or laboratory-
based Ag testing. (conditional recommendation, low certainty
evidence)

Remarks

« Although the results of test performance for POC and
laboratory-based Ag testing appear to be comparable, an im-
portant limitation of the evidence is that available studies did
not report the relative numbers of symptomatic and asymp-
tomatic subjects. Since Ag test sensitivity is higher in symp-
tomatic than in asymptomatic individuals, unknown

proportions of symptomatic versus asymptomatic individu-

als included in POC versus laboratory-based studies may
have influenced the results to minimize differences between

the 2 testing strategies.

Summary of the Evidence
For this PICO, we identified 5 studies [117-121] that directly
compared multiple laboratory-based and POC SARS-CoV-2
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Ag tests, using standard NAAT as the reference standard. The
outcome of interest was diagnostic test performance. The stud-
ies included a total of 2304 patients, 374 who tested positive and
1930 who tested negative based on standard NAAT (Table 8).
We categorized the assays as POC versus laboratory-based as-
says based on the location where the test was completed, and
results were interpreted. If the test was completed at the bedside
immediately after specimen collection, it was considered as
POC. If the test was completed after transport of a specimen
to a laboratory, it was considered laboratory based.

The sensitivity and specificity of POC Ag testing were 63%
(95% CI: 28% to 88%) and 100% (95% CI: 97% to 100%), re-
spectively (Supplementary Figure 14). The sensitivity and spe-
cificity of laboratory-based Ag testing were 70% (95% CI: 40%
to 89%) and 100% (95% CI: 99% to 100%), respectively
(Supplementary Figure 15). We considered 5%, 10%, and
20% as prevalences of SARS-CoV-2 in the overall population.
Point-of-care Ag testing showed 3 to 14 more false-negatives
per 1000 individuals tested compared with laboratory-based
Ag testing, depending on the prevalence.

Publications were not stratified by symptom status of study
participants, so we could not report results for symptomatic
and asymptomatic individuals separately. Since the included
studies were conducted in mixed populations, we rated the
strength of evidence downward for indirectness when the evi-
dence was used to inform decisions about testing in sympto-
asymptomatic Also, CIs for
sensitivity were wide, and considering the lower versus the up-

matic versus individuals.
per limits might lead to different clinical decisions. Therefore,
we downgraded the certainty of evidence for imprecision.
There was also unexplained inconsistency among studies in-
forming sensitivity. The overall certainty of the evidence was
low for sensitivity and moderate for specificity.

Benefits and Harms

Whether Ag testing is performed at the POC or in the labora-
tory will likely depend on available resources and the indication
for testing. The main benefit of POC testing is rapid results, en-
abling decision making in near real time. Other benefits to pa-
tients include greater privacy, convenience, and control over
their own health. Possible harms to patients or to the popula-
tion might arise if home testing were associated with more
technical errors, incorrect test interpretation, or failure to re-
port results to public health or other relevant parties.
Education of patients and the development of quick, easy
ways to report results might mitigate these theoretical harms.
The potential benefits and harms outlined here were not as-
sessed in available studies.

Point-of-care Ag tests are now widely available for home or
field use but testing multiple individuals simultaneously as part
of large testing programs can be logistically challenging.
Alternatively, several laboratory-based Ag analyzers enable

testing greater numbers of samples in an automated fashion,
with results potentially available within hours. This approach
could be useful for situations where a clinical laboratory has
the required equipment, large numbers of samples need to test-
ed, and a same-day turnaround time to results is acceptable.
Laboratory-based tests may be slightly more sensitive than
POC tests, thus resulting in fewer false-negative results.

Additional Considerations

Currently, few laboratory-based Ag testing platforms have
EUA for SARS-CoV-2 testing in symptomatic or asymptomatic
individuals in the United States. Laboratory-based Ag tests are
usually more expensive than POC Ag tests but less expensive
than molecular tests, including standard NAAT.

Conclusions and Research Needs for This Recommendation
Diagnostic test accuracy of POC and laboratory-based testing is
similar. Point-of-care testing has the advantage of lower cost
and faster turnaround time, allowing clinical decisions to be
made during a patient encounter. In contrast, because
laboratory-based testing is often automated and can be
batched, it may be more amenable to large-volume testing,
such as might be done for some screening or surveillance pro-
grams. Whether the diagnostic test accuracy of POC versus
laboratory-based testing differs for asymptomatic versus symp-
tomatic individuals is not known. Other knowledge gaps in-
clude analytical performance of POC versus laboratory-based
testing in special populations, such as immunocompromised
hosts, children, vaccinated individuals, or persons infected
with newer SARS-CoV-2 variants, such as Omicron.

Observed Versus Unobserved Self-Collection of Specimens for Antigen
Testing

Recommendation 10: The IDSA panel suggests either ob-
served or unobserved self-collection of swab specimens for
Ag testing if self-collection is performed. (conditional recom-
mendation, low certainty evidence)

Remarks

o There were no studies comparing observed and unobserved
specimen collection in the same patients.

« Studies reported heterogeneity in the techniques used for
specimen collection and in the reference standard used as
the comparator.

« Providing instructions for optimal specimen collection may
improve the quality of self-collected specimens.

Summary of the Evidence

We found no direct evidence comparing observed or unob-
served self-collection of specimens for Ag testing with a refer-
ence standard. For this reason, studies reporting on each
technique separately were compared with standard NAAT.
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Twelve studies were identified that informed this PICO
question. Eleven studies [5, 9, 22, 28, 39, 58, 59, 65, 122-124]
provided information on diagnostic test accuracy for observed
specimen self-collection and 1 study [116] provided diagnostic
test accuracy information for unobserved specimen self-
collection. There were 1570 positive and 17 196 negative patient
results, based on standard NAAT. Only 101 positives and 723
negatives were from the study of unobserved self-collected
specimens (Table 9).

The pooled sensitivity and specificity of Ag testing of ob-
served self-collected specimens were 72% (95% CI: 59% to
82%) and 100% (95% CL: 99% to 100%), respectively
(Supplementary Figure 16). The sensitivity and specificity for
Ag testing of unobserved self-collected specimens from the sin-
gle study of Ag testing of unobserved self-collected specimens
in symptomatic patients were 63% (95% CI: 54% to 72%) and
100% (95% CI: 99% to 100%), respectively (Supplementary
Figure 17). SARS-CoV-2 prevalences of 5%, 10%, and 20%
were used to assess the impact of these performance character-
istics in different populations of patients. Regardless of preva-
lence, there were more false-negative results when
self-collection of specimens was unobserved compared with
when it was observed.

The certainty of evidence was low for both sensitivity and
specificity, due to indirectness. Indirectness was due to an ab-
sence of head-to-head comparisons of observed and unob-
served specimen self-collection in symptomatic patients,
which required the panel to compare observed and unobserved

specimen self-collection in 2 populations of patients.

Benefits and Harms

The potential benefit of unobserved Ag testing is that tests are
readily available, and testing may be more likely to be per-
formed and performed faster, than if observed testing needed
to be arranged. This may be a particular benefit to individuals
in rural or other areas without convenient access to a testing fa-
cility, or to individuals who prefer to avoid healthcare facilities.
Cost is another consideration; observed testing adds cost to pa-
tient care, either to the patient directly or to the healthcare
system.

The potential harm of Ag testing overall is the risk of a false-
negative result. This can provide false assurance as to the ab-
sence of SARS-CoV-2 infection, potentially facilitating spread
of infection if an infected but undiagnosed person does not
take measures to prevent transmission. If the infected person
is symptomatic, a false-negative result might also result in fail-
ure to treat someone who would benefit from treatment. On the
other hand, with appropriate understanding that a negative test
does not rule out infection (and a recommendation for follow-
up testing), such potential harms may be mitigated through the
of detailed (written materials,

provision instructions

illustrations, videos) on specimen collection, test performance,
and interpretation of results.

Additional Considerations

Availability and use of appropriate instructions for unobserved
testing (eg, visual aids, videos) are likely to influence test per-
formance but were not specifically assessed [125]. More re-
search is needed comparing observed and unobserved Ag
testing in the same individuals, with a reference NAAT collect-
ed from the same patients at the same time. The specific Ag test
used might impact diagnostic sensitivity based on variability in
test design and potential impact on detection of viral variants
[79, 80]. Finally, the reason for doing the testing might impact
sensitivity in cases of unobserved self-collection (although ar-
guably, this could occur with observed self-collection depend-
ing on the nature of the observation); if, for example, the
desired endpoint is a negative result (eg, return to work or
school, participation in a preferred activity), the quality of
specimen collection may be purposely compromised.

Conclusions and Research Needs for This Recommendation

Although we found no direct evidence comparing observed
self-collected and unobserved self-collected Ag testing with a
reference standard in symptomatic or asymptomatic individu-
als, the IDSA panel suggests either observed or unobserved
specimen collection for testing. Ideally, a study would be
performed directly comparing observed and unobserved
self-collected Ag testing with reference standards of healthcare
provider—collected Ag testing and healthcare provider—collect-
ed NAAT. Peer-reviewed studies assessing the performance of
self-testing at home are also needed.

DISCUSSION

Universal access to accurate SARS-CoV-2 testing remains an
important part of comprehensive COVID-19 mitigation strat-
egies. The availability, simplicity, and relative low cost of rapid
Ag tests have enabled expanded testing initiatives, particularly
in nonmedical settings. Recent studies demonstrate that rapid
SARS-CoV-2 Ag tests can be performed accurately, without
the need for highly qualified laboratory personnel, in a variety
of community locations such as pharmacies, nursing homes,
and schools. Laboratory-based Ag testing is an alternative ap-
proach that allows for testing larger numbers of specimens at
one time. However, the need for specimen transport to a cen-
tralized laboratory increases turnaround time for results.
More performance data were available for rapid Ag test perfor-
mance than for laboratory-based Ag tests, but the sensitivity
and specificity of rapid POC versus laboratory-based Ag tests
appear to be comparable (Supplementary Figures 14 and 15).
An important finding of this updated systematic review is the
observation that rapid Ag tests have very high specificity. Early

IDSA Antigen Guideline Update « CID « 29


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad032#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad032#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad032#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad032#supplementary-data

concerns about false-positive Ag results were not borne out in
the medical literature [126]. Importantly, many of the studies
included in our analysis used nonmedical staff to administer
rapid Ag testing in the field. Unobserved self-collection of an-
terior nares specimens for testing appeared to yield comparable
results to observed specimen collection, although no
head-to-head comparisons of these 2 approaches were found.
Whether the same accuracy can be achieved with self-testing
at home, however, has yet to be definitively determined.
Recent studies published after completion of the literature re-
view for this guideline suggest that accuracy of Ag self-test in-
terpretation may be poor but can be improved with patient
education [125, 127]. Given the high specificity of EUA rapid
Ag tests, routine confirmation of positive test results is not
usually necessary; positive results can be used immediately to
help guide treatment, isolation, and quarantine decisions.
Even when the pretest probability or prevalence is low (ie,
1%), the number of false-positive Ag results is expected to be
very small, on the order of 0-10 false-positive results per
1000 individuals tested (Table 6), regardless of the presence
of symptoms or timing of testing relative to onset of illness.
However, confirmation of positive Ag test results may be con-
sidered rarely on a case-by-case basis when the pretest proba-
bility or prevalence of infection is very low (ie, <1%) and/or
if the impact of a potential false-positive result is deemed to
be significant.

Current EUA SARS-CoV-2 Ag tests are less sensitive than
standard NAAT. Sensitivity differences were most apparent
in comparisons across groups of symptomatic versus asymp-
tomatic individuals. The clinical sensitivity of Ag testing was
highest (89%) (Supplementary Figure 2A) for symptomatic
individuals tested early during the course of illness, the time
when the viral load is expected to be highest. Test sensitivity
dropped to 54% (Supplementary Figure 4A) after more than
5 days of symptoms. Some recent anecdotes and 1 carefully
performed observational study [83] published after the litera-
ture search for this guideline was completed have reported
lower Ag test sensitivity within the first day or 2 of symptoms,
possibly related to specific SARS-CoV-2 variants and/or vac-
cination status of infected individuals. However, the IDSA
panel was unable to identify studies that reported Ag test per-
formance this early after symptom onset during the period of
the literature review. The sensitivity of Ag testing within
3 days of symptoms onset was similar to sensitivity within
5 days of symptoms. Antigen test sensitivity during this
time was again lower for asymptomatic individuals (63%)
(Supplementary Figure 12A). Few studies reported on chil-
dren with COVID-19. The overall sensitivity of Ag testing
in symptomatic pediatric patients was 80% (95% CI: 74% to
86%) and the specificity was 100% (95% CI: 97% to 100%),
which are comparable to Ag test performance in symptomatic
adults.

The isolation of replication-competent virus in culture has
been used as a surrogate to infer the presence of infectious virus
in a clinical sample. In the original IDSA guideline on Ag test-
ing for the diagnosis of COVID-19, the panel analyzed the re-
lation between Ag positivity and replication-competent
SARS-CoV-2 [84]. This observation supported the assertion
that Ag testing should identify most culture-positive individu-
als, and by inference, this would be a group who would more
likely be shedding infectious virus. However, the panel noted
several important caveats to this interpretation. First, while
culture-positive specimens were also likely to be Ag positive,
culture negativity or Ag negativity does not mean that trans-
mission of infection is not possible. Viral culture is a relatively
insensitive method that is also prone to analytical variability
across laboratories. Additionally, false-negative Ag results
were observed in all of the studies that used culture as a com-
parator (range: 3%-21% false-negative Ag tests vs culture)
[64, 128-130]. It is likely that some individuals with
SARS-CoV-2 infection who test negative by Ag and/or culture
are contagious. While the use of Ag testing to infer contagious-
ness and need for isolation is common, the panel identified no
studies that provided direct empirical evidence in support of
this practice. Careful epidemiologic investigations in house-
holds or other high-transmission settings coupled with geno-
mic analysis of SARS-CoV-2 are needed to determine how
well Ag test results correlate with contagiousness. New tests ca-
pable of accurately predicting contagiousness are also needed.

The panel identified other notable evidence gaps. Despite the
common use of single or serial Ag testing as a tool to reduce the
risk of SARS-CoV-2 transmission in schools, colleges, work-
places, and before large social gatherings, we were unable to
identify any empirical evidence in support of these practices.
Mathematical modeling has suggested that repeated Ag testing
will help overcome the sensitivity limitations of rapid Ag tests
and that the frequency of testing and turnaround time to results
may be just as important as test sensitivity in certain situations.
Well-designed studies are needed to measure the effect of re-
peated testing strategies on analytical test performance and
transmission events in a variety of settings. In addition, the
cost-effectiveness of repeated Ag testing versus less-frequent
rapid RT-PCR, or potentially no testing depending on preva-
lence, needs to be determined. Potential effectiveness measures
should include the number of SARS-CoV-2 cases identified, the
results of contact tracing around new cases, and ideally, trans-
mission events. In addition to the price of test kits (eg, reagents
and consumables), assessments of cost should also factor in the
resources required to scale-up testing.

Information was also limited on the performance of Ag tests
in immunocompromised persons and in individuals who had
received 1 or more doses of a COVID-19 vaccine or who had
had natural COVID-19 infection. Data on the performance of
Ag tests in detecting contemporary SARS-CoV-2 variants,
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including Omicron, were also lacking. One study published af-
ter the literature search for the current systematic review was
completed used deep mutational scanning to identify
SARS-CoV-2 nucleocapsid escape mutations of rapid Ag tests.
This report predicted that available Ag tests that target the nu-
cleocapsid would detect current and previous SARS-CoV-2
variants [130]. Peer-reviewed studies of Ag test performance
in populations infected by the newest variants are needed.
Testing recommendations may change as additional data on
test performance in these populations increase.

Finally, it is important to note that we included only studies
of Ag tests with FDA-EUA or CE status. Non-EUA tests may
perform similarly, better or worse than EUA and CE marked
tests. New tests are also likely to come to market in the future
and will need to be evaluated.

CONCLUSIONS

Equitable access to testing resources such as rapid Ag testing
should be ensured across all communities. The ease of use
and lower price per test relative to standard NAAT are attrac-
tive features of rapid Ag testing. Overall, Ag testing had a sen-
sitivity of 80% in symptomatic individuals and 63% in
asymptomatic persons, with specificities of close to 100% in
both populations, compared with a single standard NAAT.
Given the low sensitivity of Ag tests, standard NAAT remains
the diagnostic modality of choice for detecting SARS-CoV-2
infection, especially when the pretest probability of infection
is moderate to high and/or the harms of falsely negative results
are significant. In situations where standard NAAT is not avail-
able, timely, or feasible, Ag testing can be used without the need
to routinely confirm positive test results. However, a negative
Ag test does not rule out SARS-CoV-2 infection. Ideally, nega-
tive Ag test results should be confirmed by standard NAAT if
the suspicion of COVID-19 is moderate or high; repeat Ag test-
ing may be considered when standard NAAT is not an option.
Notably, a negative Ag test does not rule out SARS-CoV-2 in-
fectiousness, although a positive Ag test makes infectiousness
more likely.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.

Notes

Disclaimer. It is important to realize that guidelines cannot always ac-
count for individual variation among patients. They are assessments of cur-
rent scientific and clinical information provided as an educational service;
are not continually updated and may not reflect the most recent evidence
(new evidence may emerge between the time information is developed
and when it is published or read); should not be considered inclusive of
all proper treatment methods of care, or as a statement of the standard

of care; do not mandate any particular course of medical care; and are
not intended to supplant physician judgment with respect to particular pa-
tients or special clinical situations. Whether and the extent to which to fol-
low guidelines is voluntary, with the ultimate determination regarding their
application to be made by the physician in the light of each patient’s indi-
vidual circumstances. While IDSA makes every effort to present accurate,
complete, and reliable information, these guidelines are presented “as is”
without any warranty, either expressed or implied. IDSA (and its officers,
directors, members, employees, and agents) assume no responsibility for
any loss, damage, or claim with respect to any liabilities, including direct,
special, indirect, or consequential damages, incurred in connection with
these guidelines or reliance on the information presented. The guidelines
represent the proprietary and copyrighted property of IDSA. Copyright
2022 Infectious Diseases Society of America. All rights reserved. No part
of these guidelines may be reproduced, distributed, or transmitted in any
form or by any means, including photocopying, recording, or other elec-
tronic or mechanical methods, without the prior written permission of
IDSA. Permission is granted to physicians and healthcare providers solely
to copy and use the guidelines in their professional practices and clinical
decision making. No license or permission is granted to any person or en-
tity, and prior written authorization by IDSA is required to sell, distribute,
or modify the guidelines, or to make derivative works of or incorporate the
guidelines into any product, including but not limited to clinical decision-
support software or any other software product. Except for the permission
granted above, any person or entity desiring to use the guidelines in any
way must contact IDSA for approval in accordance with the terms and con-
ditions of third-party use, in particular any use of the guidelines in any soft-
ware product.
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