Clin Chem Lab Med 2021; 59(9): 1507–1515

Guidelines and Recommendations
Mary Kathryn Bohn, Giuseppe Lippi, Andrea R. Horvath, Rajiv Erasmus, Matthias Grimmler,
Maurizio Gramegna, Nicasio Mancini, Robert Mueller, William D. Rawlinson,
María Elizabeth Menezes, Maria-Magdalena Patru, Fabio Rota, Sunil Sethi, Krishna Singh,
Kwok-Yung Yuen, Cheng-Bin Wang and Khosrow Adeli*, on behalf of the IFCC Taskforce on
COVID-19

IFCC interim guidelines on rapid point-of-care
antigen testing for SARS-CoV-2 detection in
asymptomatic and symptomatic individuals
https://doi.org/10.1515/cclm-2021-0455
Received April 16, 2021; accepted April 16, 2021;
published online April 28, 2021

Abstract: With an almost unremittent progression of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infections all around the world, there is a compelling
need to introduce rapid, reliable, and high-throughput
testing to allow appropriate clinical management and/or
timely isolation of infected individuals. Although nucleic
acid amplification testing (NAAT) remains the gold
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standard for detecting and theoretically quantifying
SARS-CoV-2 mRNA in various specimen types, antigen
assays may be considered a suitable alternative, under
specific circumstances. Rapid antigen tests are meant to
detect viral antigen proteins in biological specimens (e.g.
nasal, nasopharyngeal, saliva), to indicate current
SARS-CoV-2 infection. The available assay methodology
includes rapid chromatographic immunoassays, used
at the point-of-care, which carries some advantages
and drawbacks compared to more conventional,
instrumentation-based,
laboratory
immunoassays.
Therefore, this document by the International Federation
for Clinical Chemistry and Laboratory Medicine (IFCC)
Taskforce on COVID-19 aims to summarize available data
on the performance of currently available SARS-CoV-2
antigen rapid detection tests (Ag-RDTs), providing
interim guidance on clinical indications and target populations, assay selection, and evaluation, test interpretation and limitations, as well as on pre-analytical
considerations. This document is hence mainly aimed to
assist laboratory and regulated health professionals in
selecting, validating, and implementing regulatory
approved Ag-RDTs.
Keywords: asymptomatic individuals; laboratory-based
immunoassays for SARS-CoV-2 detection; point-of-care
immunoassays for SARS-CoV-2 detection; SARS-CoV-2
antigen rapid detection tests; severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2); symptomatic
individuals.

Background
There is emergent interest in clinical implementation of
antigen testing for diagnosing severe acute respiratory
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syndrome coronavirus 2 (SARS-CoV-2) infection. Antigen
assays detect presence of viral antigen proteins in collected
specimens (e.g. nasal, nasopharyngeal, saliva) to indicate
current viral infection. Available assay methodology
mainly includes rapid chromatographic immunoassays
used at the point-of-care and laboratory-based immunoassays. Few studies have evaluated the analytical and
clinical performance of laboratory-based SARS-CoV-2
antigen tests, while many assess rapid chromatographic
assays [1–40]. This is not surprising, as most clinical indications (detailed throughout this guidance document)
require rapid identiﬁcation of SARS-CoV-2 infection at the
point-of-care. Based on available evidence, this document
will focus on point-of-care SARS-CoV-2 antigen rapid
detection tests (Ag-RDTs), as deﬁned by the World Health
Organization (WHO).
The clinical and public health benefits of implementing Ag-RDTs for diagnosing SARS-CoV-2 infection in
symptomatic (e.g. diagnostic prior to admission) and
asymptomatic (e.g. surveillance and screening) individuals
is debated. Proposed advantages to Ag-RDT implementation include: widespread availability as decentralized
testing, rapid turnaround-time, patient stratification,
potential low cost/equipment, and preventative case
identification. However, concerns regarding analytical
performance persist and have limited utilization. This
document by the International Federation for Clinical
Chemistry and Laboratory Medicine (IFCC) Taskforce on
COVID-19 summarizes available data on the performance
of currently available SARS-CoV-2 Ag-RDTs and provides
interim guidance on: (a) clinical indications and target
populations, (b) assay selection, (c) assay evaluation,
(d) test interpretation and limitations, and (e) preanalytical considerations for SARS-CoV-2 Ag-RDTs. It is
aimed to assist laboratory and regulated health professionals in selecting, validating, and implementing
regulatory approved Ag-RDTs. It is not meant to provide
guidance on self-testing protocols by non-professionals.

Analytical and clinical performance
of available SARS-CoV-2 antigen
assays
Several recent reports have evaluated analytical and clinical
performance of Ag-RDTs for the detection of current
SARS-CoV-2 infection in different clinical settings [1–40].
Most studies assess Ag-RDT performance by comparing AgRDT results to results obtained from the reference standard
method for SARS-CoV-2 detection, nucleic acid

ampliﬁcation test (NAAT), in the same or paired specimen
(e.g. nasal, nasopharyngeal, oropharyngeal, saliva). A
summary of available peer-reviewed evidence on
SARS-CoV-2 Ag-RDT performance is provided in Supplementary Table 1. Key considerations in study interpretation
include: (a) assay method, (b) patient cohort, and
(c) specimen type. Most available studies evaluate Ag-RDTs
in nasopharyngeal specimens collected from symptomatic
patients, with fewer assessing performance in asymptomatic individuals. Based on available evidence, the sensitivity
of Ag-RDTs is lower relative to NAAT-based assays [1–22, 24,
26, 27, 29–40]. Reported Ag-RDT sensitivity varies signiﬁcantly depending on patient characteristics, viral load, and
assay method (Supplementary Table 1). As concluded
by a recent Cochrane systematic review of 58 studies evaluating SARS-CoV-2 Ag-RDTs, large differences in assay
sensitivities between symptomatic (72.0%; 95% CI: 63.7–
79.0%; 37 unique evaluations with 4,410 cases) and
asymptomatic (58.1%; 95% CI: 40.2–74.1%; 12 unique
evaluations with 295 cases) individuals have been reported
[19]. Several studies have also consistently demonstrated
improved assay sensitivity when considering symptomatic
individuals early in disease course (e.g. <7 days post
symptom onset, 78.3 and 95% CI: 71.1–84.1% vs. second
week of symptoms, 51.0 and 95% CI: 40.8–61.0%) [19]. This
coincides with infectious disease stage, as a well-evidenced
meta-analysis showed no viable virus obtainment from
samples collected 8–9 days post symptom onset [41].
Further, many reports have demonstrated Ag-RDT
sensitivity is positively correlated with viral load, as
determined by cycle threshold (Ct) values obtained from
reference NAAT-based methods [1–10, 14, 18, 20–22, 24–27,
34, 35, 38, 40]. Ct values are commonly stratiﬁed as ≤25
and >25, demonstrating mean assay sensitivities of 94.5
and 40.7%, respectively, based on most recent Cochrane
systematic review [19]. A Ct value of 30 is commonly used
as a cut-point to deﬁne infection in patient specimens [42].
Recent studies have also shown inability to culture specimens with discordant results (i.e. antigen-negative,
NAAT-positive), further suggesting that Ag-RDTs may be
less sensitive in specimens with lower viral loads and
thereby inferior infective potential [6, 13, 16, 18]. This may
have implications on transmission risk and replication
status (e.g. active vs. non-active infection) when taken into
consideration with other factors (e.g. stage of infection,
host immune response). Further studies are needed to
better elucidate and deﬁne an infectious SARS-CoV-2 case.
Importantly, while many studies stratify outcomes by Ct
value, estimates and methods are not well standardized,
complicating study interpretation. In contrast to Ag-RDT
sensitivity, speciﬁcity of Ag-RDTs is reported to be very
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high, almost similar to NAAT-based assays (e.g. 100%
concordance). This has important implications in determination of positive predictive value (PPV) and negative
predictive value (NPV) in different clinical settings and
their subsequent implementation, as detailed below.

Taskforce recommendations –
rapid antigen testing
[A] Clinical indications and target population
[A1] Key clinical indications for antigen testing in the
identification of SARS-CoV-2
Current literature suggests that Ag-RDT performance is
highly dependent on clinical setting. Most studies evaluating SARS-CoV-2 Ag-RDT performance have focused on
patients with clinical suspicion of COVID-19 (e.g. exposure,
symptoms) or confirmed SARS-CoV-2 infection [1, 2, 4, 5,
7–12, 14, 15, 17, 18, 20–22, 24–27, 29, 31, 35–40]. Fewer
studies include asymptomatic individuals [3, 6, 13, 16, 20,
22, 25–31]. Many countries have adopted Ag-RDT protocols
with different objectives and desired clinical indications in
both high pre-test probability (e.g. symptomatic patients
presenting to mobile testing sites or emergency departments) and more commonly, low pre-test probability
settings (e.g. asymptomatic individuals at airports, schools
or other public settings). Increasing uptake of Ag-RDT
programs in low pre-test probability settings is not surprising given that 25–50% of SARS-CoV-2 transmission is
estimated to occur in pre-symptomatic or asymptomatic
individuals [43]. Current global screening and surveillance
initiatives include: (a) routine screening in high-risk settings to prevent infection and transmission (e.g. Canada,
USA), (b) targeted testing to release individuals from
unnecessary quarantine and reduce socioeconomic harms
(e.g. Germany, Belgium, Italy, Greece), (c) targeted testing
in outbreak settings for more rapid contact tracing (e.g.
Italy, Germany), and (d) mass testing in low and high-risk
settings to prevent infection and transmission (e.g. China,
Russia, Slovakia, UK) [44–46]. As evidence from
government-based testing programs becomes more readily
available, targeted testing protocols will be amended.
Particularly, there is minimal evidence to support repeated
testing (e.g. multiple times a week) in screening or surveillance settings to improve assay sensitivity, though test
repetition may still be indicated in speciﬁc circumstances
(e.g. recent contact with infected people, emergence of
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suggestive symptoms, familial cluster, etc.) [19]. Recommendations based on current evidence is provided below:
[A] Clinical indications and target population – recommendations
[A]: Key clinical indications for Ag-RDTs in the identiﬁcation of
SARS-CoV-.
Moderate-evidence supports the following clinical test indications
in high pre-test probability settings. Negative results should
always be followed by conﬁrmatory NAAT-based testing:
– Individuals with clinical symptoms (Supplemental Table 3) of
SARS-CoV-2 infection, including but not limited to individuals
presenting to the emergency department or directly admitted to
intensive care units and community patients.
– Pre-admission screening of patients in high probability
settings.
Moderate-evidence supports the following clinical test indications
in moderate-low pre-test probability settings. Positive results
should always be followed by conﬁrmatory NAAT-based testing.
– Individuals in workplaces or settings with high risk of transmission with no present symptoms of SARS-CoV-2 infection,
including but not limited to:
– Long term care homes/Hospitals
– Schools (students and staff)
– Airports
– Open and client-facing settings (factories, ofﬁces, theatres)
– Individuals with known SARS-CoV-2 exposure in outbreak
settings, but no clinical symptoms.

[B] Assay selection
[B1] Importance of assay principle, specimen type, and
biosafety in assay selection
Available Ag-RDTs are commonly fluorescent or
chromatographic immunoassays targeting specific viral
proteins, such as the spike (S) or nucleocapsid (N) protein.
As reported in Supplementary Table 2, most available
Ag-RDTs target the SARS-CoV-2 N protein. Evidence
supports the efﬁcacy of N protein detection in Ag-RDTs
[47–49]. Speciﬁcally, viral N protein is produced at higher
levels compared to other viral SARS-CoV-2 proteins,
leading to higher assay sensitivity [47–49]. However, any
speciﬁc viral protein should not be considered conclusively advantageous at this time. No reports have detailed
concerns regarding potential cross-reactivity in rapid
antigen assay assessment with homologous proteins of
seasonal endemic alpha- and betacoronaviruses. Finally,
the emergence of SARS-CoV-2 variants (principally
regarding, but not limited to, S protein mutations) has not
been considered in available studies and should be
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closely monitored for its possible effect on assay sensitivity [50]. Notably, the selective pressure placed by the
increasing number of seropositive people worldwide
(either post-infection or post-vaccination) is responsible
of boosting higher viral mutations in the S gene, encoding
the mature spike protein, so that using other viral antigens may be theoretically preferable.
In addition to viral protein, Ag-RDTs also vary by
recommended specimen type [1–18, 24, 35–40, 51]. Nasopharyngeal specimen requirements are most common
across available Ag-RDTs and have demonstrated superiority as a specimen type when compared to others (e.g.
nasal, throat, oropharyngeal, or saliva) in the literature
and internal manufacturer reports [4, 9, 10]. Emerging evidence regarding use of saliva as Ag-RDT specimen type in
symptomatic patients is conﬂicting and should be reevaluated as new studies are reported [52–54]. In addition,
although biosafety risks are unlikely with Ag-RDTs, there
have been concerns raised regarding lack of virus inactivation in buffers and the potential for particle spread.
Manufacturer recommended handling and processing of
the specimens, as well as other site and/or country recommended biosafety measures should be considered [45].
[B2] Importance of assay performance in assay selection
As detailed above, available evidence suggests sensitivity
of available Ag-RDTs varies significantly depending on
clinical setting and patient population [1–19, 24, 35–40].
Assay speciﬁcity has been reported as very high consistently across studies, showing near 100% concordance
with NAAT-based methods [1–19, 24, 35–40]. It is essential
that clinical laboratories consider assay selection in the
[B] Assay selection – recommendations
[B]: Importance of assay principle, specimen type, and biosafety
in assay selection
– There is insufﬁcient evidence for selecting antigen assays
based on any one speciﬁc viral antigen target (e.g. S or N).
– Clinical laboratories should adhere to manufacturer’s recommendations for suitable specimen type(s) and consider that
when multiple specimen types are acceptable, nasopharyngeal
specimens likely provide superior performance.
– Clinical laboratories should adhere to manufacturer’s biosafety
recommendations and ensure that the testing environment facilitates such requirements. If manufacturers do not provide
biosafety recommendations, clinical laboratories should ensure
testing is conducted in a closed space and operating staff use
appropriate personal protective equipment (i.e. gloves, sterile
gowns, face shield, mask).
[B]: Importance of assay performance in assay selection
– Clinical laboratories should select an antigen assay in the
context of the intended clinical use (see [C2] below).

context of the intended clinical use. Ag-RDTs can be
applied in both high pre-test probability and low pre-test
probability settings (see [A1]). In low pre-test probability
settings, even Ag-RDTs with incredibly high sensitivity and
speciﬁcity can result in low PPV values. Conﬁrmatory
testing protocols as recommended above can assist in
improving assay performance and interpretation.

[C] Assay evaluation
The following recommendations provide general guidance
to clinical laboratories on Ag-RDTs evaluation prior to
clinical testing. This guidance is focused on verification of
regulatory approved test performance, and is not meant for
validation of laboratory-developed tests or validation of new
tests by manufacturers. Most currently available Ag-RDTs
are qualitative, and thus this guidance focuses on such assays. Individual laboratories should consider local resource
availability, as well as regulatory and accreditation requirements and modify their evaluation plans accordingly.
[C1] Analytical performance verification of rapid antigen
tests for SARS-CoV-2 detection
It is desirable to verify the performance of Ag-RDTs on all
sample matrices that will be encountered during routine
testing and are acceptable by the manufacturer. It is
anticipated that many laboratories will not have direct
access to suitable samples required for evaluation. This
lack of access may be overcome by close collaboration with
peers, or with a reference laboratory. All samples used in
the evaluation should be stored under conditions that
ensure high stability or tested immediately following
collection, strictly following the procedures recommended
by the manufacturer. A sample assay evaluation protocol is
provided in Table 1 for qualitative Ag-RDTs.
[C2] Clinical performance verification of rapid antigen
tests for SARS-CoV-2 detection
Before implementing Ag-RDTs into clinical care or public
health initiatives, it is essential that clinical performance be
verified in the context of intended use and in the target
population. It is thus critical that patient characteristics (e.g.
symptomatic vs. asymptomatic) are considered in assay
evaluation. When clinical performance is evaluated in
symptomatic patients, additional considerations include
disease severity (e.g. moderate, severe or critical), timing of
assessment (e.g. days since symptoms onset) and sample
type (e.g. nasopharyngeal, nasal, salivary, and low
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Table : Recommended veriﬁcation of a regulatory-approved qualitative antigen assay.
Consideration

Element

Reproducibility

Design

Diagnostic
accuracy

Design

Specifications

Prepare positive and negative quality control samples (available from commercial manufacturers). Run two
times a day for a total of  days.
Evaluation
Calculate reproducibility of control results (i.e. percentage of positive control specimens that return a
positive result and percentage of negative control specimens that return a negative result).
Acceptability Reproducibility should meet the manufacturer’s reproducibility claim and compare it to the laboratory’s
predetermined analytical requirement. Laboratories should also consider evaluating repeatability in the same
specimen near the deﬁned qualitative assay cut-off as per Section .. of Clinical and Laboratory Standards
Institute EP-A guidelines, if possible, based on assay characteristics and specimen protocols.

Through pilot program in the desired clinical setting, run rapid antigen assay in parallel to a NAAT-based test
using the same or paired specimens. Ideally, a consecutive population should be enrolled in whom testing is
indicated. The pilot should continue until a minimum of  positive and  negative specimens are evaluated as per Clinical and Laboratory Standards Institute EP-A guidelines. Sample size can be amended
based on local resource availability and disease prevalence, particularly in low pre-test probability settings.
Evaluation
Calculate assay sensitivity and speciﬁcity relative to reference method (NAAT-based test). Calculate NPV and
PPV based on estimates derived from local pilot program.
Acceptability Sensitivity and speciﬁcity should meet the laboratory’s a priori clinical speciﬁcations for intended case use.

respiratory tract). If these components are not considered in
clinical performance verification, findings will not be transferrable to the intended clinical indication. Due to limited
availability of Ag-RDT evaluation data for screening and
surveillance of asymptomatic individuals, it is crucial that
sensitivity and specificity estimates provided by manufacturers and in the literature are not blindly applied to local
settings. Prior to verifying clinical performance, clinical laboratories should set ideal clinical performance specifications
together with clinicians and policy makers that reflect the
intended Ag-RDT use in the target population and clinical
setting. Notably, the WHO has set a minimum performance
requirement compared to a reference NAAT of ≥80% diagnostic sensitivity and ≥97% diagnostic specificity, respectively [55]. In verifying clinical performance, it would be ideal
to run a pilot program in the ﬁeld for a period of 2 or more
weeks, wherein all Ag-RDT results are conﬁrmed with a
NAAT-based assay in the desired specimen type and the
intended, consecutively enrolled population. Ag-RDT sensitivity and speciﬁcity in comparison to NAAT can then be
accurately determined in the clinical indication of interest to
ascertain real-life performance. Alternative testing protocols
can also be compared to select the most appropriate option.
Clinical and Laboratory Standards Institute (CLSI) Guidelines
EP12 guidelines on evaluation of qualitative test performance
recommends at least 50 positive and 50 negative specimens
be evaluated in qualitative assay veriﬁcation. However, given
varying SARS-CoV-2 prevalence globally, this sample size
recommendation may be difﬁcult to achieve. A target number
should be decided by local laboratories based on available
resources and disease prevalence. One additional challenge
with executing a pilot program is the need to collect parallel

specimens (e.g. two specimens from the same individual at
the same time) for evaluation. This can be partially overcome
by collaborating with other laboratories and/or public health
programs utilizing the same assay in similar patient populations to increase sample size.

[C] Assay evaluation – recommendations
[C]: Analytical performance veriﬁcation of rapid antigen tests for
SARS-CoV- detection
– Laboratories should verify the analytical performance of
regulatory approved rapid antigen tests, including the parameters described in Table 1, before routine use.
[C]: Clinical performance veriﬁcation of rapid antigen tests for
SARS-CoV- detection
– Laboratories should set clinical performance speciﬁcations
together with clinicians and policy makers that reﬂect the
intended use of the test in the target population and clinical
setting.
– Clinical performance studies should verify if the test is ﬁt for
purpose in the local setting by ideally conducting a ﬁeld pilot
program as per Table 1, depending on availability of resources.

[D] Test interpretation and limitations
[D1] Considerations for test interpretation
Given large variation and diversity in current and anticipated clinical use of SARS-Co-2 Ag-RDTs, test results must
be carefully interpreted considering clinical context and
diagnostic pathway. Overall, the diagnostic window of
rapid antigen tests is narrower than that of conventional
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molecular assays; the likelihood of detecting viral antigens
is lower at the beginning and at the end of an ongoing
SARS-CoV-2 infection [56]. A negative result does not
deﬁnitively exclude the presence of active infection,
especially given the lower reported Ag-RDT sensitivity
compared to NAAT. Whether Ag-RDTs identify cases at
higher likelihood of transmission remains to be deﬁnitely
proven. Further studies are warranted to delineate the
relationship of low Ct value and growth in viral culture with
transmission risk. Implementing test protocols including
conﬁrmatory testing can be applied to avoid false negative
and false positive results in settings with high or low pretest probability [19]. Recommendations for interpretation
in each of the indications described in section [A] are
provided below.
[D] Test interpretation and limitations – recommendations
[D]: Considerations for test interpretation.
High pre-test probability: Individuals presenting with clinical
symptoms of SARS-CoV- infection.
— Positive result: SARS-CoV- antigen has been detected in the
sample and the patient should be considered presumptively
infected and thereby quarantined and/or treated as having
COVID-.
— Negative result: SARS-CoV- antigen has not been detected
in the sample. Result should be considered preliminary. Conﬁrmatory NAAT-based testing should be completed and results
should be interpreted as per IFCC guidelines [].
Moderate-low pre-test probability: Individuals with known exposure or in high-risk workplaces with no present symptoms of
SARS-CoV- infection, including but not limited to long-term care
homes/hospitals, schools, airports.
— Positive result: SARS-CoV- antigen has been detected in the
sample. Result should be considered preliminary. Conﬁrmatory
NAAT-based testing should be completed and results should be
interpreted as per IFCC guidelines []. Individual should be isolated until NAAT-based results are available.
— Negative result: SARS-CoV- antigen has not been detected
in the sample. Patient should be considered non-infectious,
though shall not abandon conventional preventive measures (face
masking, social distancing, hand hygiene, etc.).

[D2] Advantages and limitations of rapid antigen tests
Advantages of Ag-RDTs for detection of SARS-CoV-2
infection include: (a) widespread availability for decentralized testing, (b) early diagnosis of pre-symptomatic
individuals early in disease course when virus replication
is at its highest, (c) rapid turnaround time, (d) limited need
for advanced equipment and training in low resource
settings, and (e) prevention of unnecessary isolation for
non-infectious individuals. Limitations of such testing

includes: (a) potential to miss positive cases (lower sensitivity), (b) higher risk of pre-analytical errors (see [E]), and
(c) challenges associated with required confirmatory
testing in low resource settings.
Proposed advantages of Ag-RDTs are uniquely suited
to application of asymptomatic screening, population
surveillance, and rapid patient stratification to guide patient management and prevent as well as control
SARS-CoV-2 transmission. Indeed, simulation-based
studies have suggested routine asymptomatic testing of
SARS-CoV-2 (e.g. before travel) can reduce the number
of infectious days by approximately 30%, reducing
population transmission [58]. However, signiﬁcant literature reports Ag-RDT sensitivity is markedly lower in
asymptomatic settings, depending heavily on viral load
(e.g. Ct value), days post symptom onset, and sample type
[44]. Further, while some have suggested Ag-RDTs may
better identify infectious SARS-CoV-2 cases and prevent
unnecessary isolation of individuals with non-active viral
replication and transmission as compared to NAAT (e.g.
convalescent cases with persistent and lingering PCR
positivity), it is still unclear if Ct values and viral culture
accurately represent infectivity and transmission risk,
since residual shedding of viral mRNA in the absence of
viable viral particles has frequently been observed during
recovery, and shall not hence be always considered
straightforward evidence of an ongoing (e.g. active)
infection [19, 44]. Available studies thus do not provide
sufﬁcient data to assess the ability of Ag-RDTs in the differentiation of individuals who are and are not infectious.
Interestingly, emerging evidence suggests that Ag-RDT
sensitivity is not only dependent on viral load but also on
patient outcome, as positive Ag-RDT results had an overﬁvefold higher risk of unfavorable disease progression in
one study [59]. Further research is needed to conﬁrm these
ﬁndings. Finally, in addition the analytical considerations
of Ag-RDT implementation, thorough discussion of preanalytical considerations is needed (see [E]).
Taken together, it is important that clinical laboratories continue to highlight advantages and limitations
when reporting Ag-RDT results and assist with the
development of testing programs in collaboration with
governmental public health and clinical agencies.

[E] Pre-analytical considerations
This interim guidance document details considerations for
professional-use Ag-RDTs in different clinical settings.
Appropriate pre-analytical procedures are critical to successful implementation of Ag-RDTs. Key pre-analytical
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variables that could contribute to unnecessary errors
include: inappropriate sampling, improper temperature for
Ag-RDT storage and evaluation, reduced objectivity in test
interpretation due to unclear band appearance, lack of
proper quality control and external quality assurance
procedures, inadequate staff training, and logistical
challenges associated with storing results in laboratory
information systems (LIS) and following up on the appropriate testing paradigm [60]. Accrediting providers of
Ag-RDTs can help ensure adequate number of staff,
biosafety, quality control measures, and storage and
transport of kits. Clinical laboratories assisting with
piloting of self-testing programs should carefully and
cautiously consider the described pre-analytical variables
and develop very detailed and lay training documentation,
especially given non-skilled operator status.
[E] Pre-analytical considerations – recommendations
[E]: Internal quality control and external quality assurance
procedures
– Laboratories should outline a clear internal quality control
practice post-implementation based on manufacturer’s recommendations and ensure that staff is trained to carry out and
report ongoing performance veriﬁcations.
– Laboratories should participate in an External Quality
Assurance Program for SARS-CoV-2 Ag-RDTs, when possible
and devise in-house programs, if needed, to provide conﬁdence
in the results produced.
[E]: Staff training and education prior to implementation.
– Laboratories should develop detailed standard operating
procedures and in-depth training/education programs to
ensure all individuals are adequately trained on patient identiﬁcation, specimen collection, quality assurance, biosafety
measures, storage procedure, and test completion, interpretation and reporting prior to implementation. All new operators
should be supervised for an appropriate period prior to operating alone.

Concluding remarks
Emerging evidence points toward unique advantages of
rapid antigen tests for detecting SARS-CoV-2 infection
provided implementation is carefully carried out in the
context of intended clinical use and clinical population.
Rapid antigen testing may assist global testing strategies to
identify, isolate, and release SARS-CoV-2 cases earlier.
However, successful implementation of rapid antigen
testing protocols must closely consider technical, preanalytical, analytical and clinical assay performance and
interpret and verify test results depending on the pretestprobability of SARS-CoV-2 infection.
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Seve A, et al. High performance of a novel antigen detection test
on nasopharyngeal specimens for diagnosing SARS-CoV-2
infection. J Med Virol 2021;93:3152–7.
Ristić M, Nikolić N, Čabarkapa V, Turkulov V, Petrović V.
Validation of the STANDARD Q COVID-19 antigen test in
Vojvodina, Serbia. PLoS One 2021;16:e0247606.
Boum Y, Fai KN, Nicolay B, Mboringong AB, Bebell LM, Ndifon M,
et al. Performance and operational feasibility of antigen and
antibody rapid diagnostic tests for COVID-19 in symptomatic and
asymptomatic patients in Cameroon: a clinical, prospective,
diagnostic accuracy study. Lancet Infect Dis 2021:S1473-

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

3099(21)00132-8. https://doi.org/10.1016/s1473-3099(21)
00132-8.
Pollock NR, Jacobs JR, Tran K, Cranston AE, Smith S, O’Kane CY,
et al. Performance and implementation evaluation of the
Abbott BinaxNOW rapid antigen test in a high-throughput drivethrough community testing site in Massachusetts. J Clin
Microbiol 2021;59:e00083–21.
Pilarowski G, Marquez C, Rubio L, Peng J, Martinez J, Black D, et al.
Field performance and public health response using the
BinaxNOWTM rapid severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) antigen detection assay during
community-based testing. Clin Infect Dis 2020. https://doi.org/
10.1093/cid/ciaa1890.
Okoye NC, Barker AP, Curtis K, Orlandi RR, Snavely EA, Wright C,
et al. Performance characteristics of BinaxNOW COVID-19 antigen
card for screening asymptomatic individuals in a University
setting. J Clin Microbiol 2021;59:e03282–20.
Torres I, Poujois S, Albert E, Álvarez G, Colomina J, Navarro D.
Point-of-care evaluation of a rapid antigen test (CLINITEST®
Rapid COVID-19 Antigen Test) for diagnosis of SARS-CoV-2
infection in symptomatic and asymptomatic individuals. J Infect
2021:S0163-4453(21)00075-X. https://doi.org/10.1016/j.jinf.
2021.02.010.
Torres I, Poujois S, Albert E, Colomina J, Navarro D. Evaluation of a
rapid antigen test (Panbio™ COVID-19 Ag rapid test device) for
SARS-CoV-2 detection in asymptomatic close contacts of
COVID-19 patients. Clin Microbiol Infect 2021;27:636.e1–4.
Turcato G, Zaboli A, Pfeifer N, Ciccariello L, Sibilio S, Tezza G,
et al. Clinical application of a rapid antigen test for the detection
of SARS-CoV-2 infection in symptomatic and asymptomatic
patients evaluated in the emergency department: a preliminary
report. J Infect 2021;82:e14–6.
Pilarowski G, Lebel P, Sunshine S, Liu J, Crawford E, Marquez C,
et al. Performance characteristics of a rapid severe acute
respiratory syndrome coronavirus 2 antigen detection assay at a
public Plaza testing site in san Francisco. J Infect Dis 2021;223:
1139–44.
Favresse J, Gillot C, Oliveira M, Cadrobbi J, Elsen M, Eucher C,
et al. Head-to-Head comparison of rapid and automated antigen
detection tests for the diagnosis of SARS-CoV-2 infection. J Clin
Med 2021;10:265.
Sood N, Shetgiri R, Rodriguez A, Jimenez D, Treminino S, Daﬂos A,
et al. Evaluation of the Abbott BinaxNOW rapid antigen test for
SARS-CoV-2 infection in children: implications for screening in a
school setting. PLoS One 2021;16:e0249710.
Weitzel T, Legarraga P, Iruretagoyena M, Pizarro G, Vollrath V,
Araos R, et al. Comparative evaluation of four rapid SARS-CoV-2
antigen detection tests using universal transport medium. Trav
Med Infect Dis 2021;39:101942.
Chaimayo C, Kaewnaphan B, Tanlieng N, Athipanyasilp N,
Sirijatuphat R, Chayakulkeeree M, et al. Rapid SARS-CoV-2
antigen detection assay in comparison with real-time RT-PCR
assay for laboratory diagnosis of COVID-19 in Thailand. Virol J
2020;17:177.
Saeed U, Uppal SR, Piracha ZZ, Rasheed A, Aftab Z, Zaheer H,
et al. Evaluation of SARS-CoV-2 antigen-based rapid diagnostic
kits in Pakistan: formulation of COVID-19 national testing
strategy. Virol J 2021;18:34.
Lambert-Niclot S, Cuffel A, Le Pape S, Vauloup-Fellous C, MorandJoubert L, Roque-Afonso AM, et al. Evaluation of a rapid

Bohn et al.: Rapid POC antigen testing for SARS-CoV-2 detection

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

diagnostic assay for detection of SARS-CoV-2 antigen in
nasopharyngeal swabs. J Clin Microbiol 2020;58:e00977–20.
Nagura-Ikeda M, Imai K, Tabata S, Miyoshi K, Murahara N, Mizuno
T, et al. Clinical evaluation of self-collected saliva by quantitative
reverse transcription-PCR (RT-qPCR), Direct RT-qPCR, reverse
transcription-loop-mediated isothermal ampliﬁcation, and a
rapid antigen test to diagnose COVID-19. J Clin Microbiol 2020;
58:e01438–20.
Beck ET, Paar W, Fojut L, Serwe J, Jahnke RR. Comparison of the
quidel soﬁa SARS FIA test to the hologic aptima SARS-CoV-2
TMA test for diagnosis of COVID-19 in symptomatic
outpatients. J Clin Microbiol 2021;59:e02727–20.
Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers J, Ho A. SARS-CoV2, SARS-CoV, and MERS-CoV viral load dynamics, duration of viral
shedding, and infectiousness: a systematic review and metaanalysis. Lancet Microbe 2021;2:e13–22.
In Vitro Diagnostics EUAs | FDA [Internet]. Available from: https://
www.fda.gov/medical-devices/coronavirus-disease-2019-covid19-emergency-use-authorizations-medical-devices/in-vitrodiagnostics-euas [cited 9 Apr 2021].
Moghadas SM, Fitzpatrick MC, Sah P, Pandey A, Shoukat A,
Singer BH, et al. The implications of silent transmission for the
control of COVID-19 outbreaks. Proc Natl Acad Sci USA 2020;117:
17513–5.
Crozier A, Rajan S, Buchan I, McKee M. Put to the test: use of rapid
testing technologies for Covid-19. BMJ 2021;372:n208.
Interim Guidance for Antigen Testing for SARS-CoV-2 | CDC
[Internet]. Available from: https://www-cdc-gov.myaccess.
library.utoronto.ca/coronavirus/2019-ncov/lab/resources/
antigen-tests-guidelines.html [cited 21 Mar 2021].
Pavelka M, Van-Zandvoort K, Abbott S, Sherratt K, Majdan M,
Analýz IZ, et al. The impact of population-wide rapid antigen
testing on SARS-CoV-2 prevalence in Slovakia. Science (80-)
2021:eabf9648. https://doi.org/10.1126/science.abf9648.
Che XY, Hao W, Wang Y, Di B, Yin K, Xu YC, et al. Nucleocapsid
protein as early diagnostic marker for SARS. Emerg Infect Dis
2004;10:1947–9.
Bojkova D, Klann K, Koch B, Widera M, Krause D, Ciesek S, et al.
Proteomics of SARS-CoV-2-infected host cells reveals therapy
targets. Nature 2020;583:469–72.
Rota PA, Oberste MS, Monroe SS, Nix WA, Campagnoli R, Icenogle
JP, et al. Characterization of a novel coronavirus associated with
severe acute respiratory syndrome. Science (80-) 2003;300:
1394–9.
To KK-W, Sridhar S, Chiu KH-Y, Hung DL-L, Li X, Hung IF-N, et al.
Lessons learned 1 year after SARS-CoV-2 emergence leading to
COVID-19 pandemic. Emerg Microb Infect 2021;10:507–35.
Dinnes J, Deeks JJ, Adriano A, Berhane S, Davenport C, Dittrich S,
et al. Rapid, point-of-care antigen and molecular-based tests for

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

1515

diagnosis of SARS-CoV-2 infection. Cochrane Database Syst Rev
2020;8:CD013705.
Masiá M, Fernández-González M, Sánchez M, Carvajal M, García
JA, Gonzalo N, et al. Nasopharyngeal Panbio COVID-19 antigen
performed at point-of-care has a high sensitivity in symptomatic
and asymptomatic patients with higher risk for transmission and
older age. Open Forum Infect Dis 2021;8:ofab059.
Basso D, Aita A, Padoan A, Cosma C, Navaglia F, Moz S, et al.
Salivary SARS-CoV-2 antigen rapid detection: a prospective
cohort study. Clin Chim Acta 2021;517:54–9.
Stokes W, Berenger BM, Portnoy D, Scott B, Szelewicki J, Singh T,
et al. Clinical performance of the Abbott Panbio with
nasopharyngeal, throat, and saliva swabs among
symptomatic individuals with COVID-19. Eur J Clin Microbiol
Infect Dis 2021:1–6. https://doi.org/10.1007/s10096-02104202-9.
Antigen-detection in the diagnosis of SARS-CoV-2 infection using
rapid immunoassays [Internet]. Available from: https://www.
who.int/publications/i/item/antigen-detection-in-thediagnosis-of-sars-cov-2infection-using-rapid-immunoassays
[cited 25 Mar 2021].
Mattiuzzi C, Henry BM, Lippi G. Making sense of rapid antigen
testing in severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) diagnostics. Diagnosis 2021;8:27–31.
Bohn MK, Mancini N, Loh TP, Wang C-B, Grimmler M, Gramegna
M, et al. IFCC interim guidelines on molecular testing of
SARS-CoV-2 infection. Clin Chem Lab Med 2020;58:1993–2000.
Kiang MV, Chin ET, Huynh BQ, Chapman LAC,
Rodríguez-Barraquer I, Greenhouse B, et al. Routine
asymptomatic testing strategies for airline travel during the
COVID-19 pandemic: a simulation study. Lancet Infect Dis 2021:
S1473-3099(21)00134-1. https://doi.org/10.1016/s14733099(21)00134-1.
Lv Y, Ma Y, Si Y, Zhu X, Zhang L, Feng H, et al. Rapid SARS-CoV-2
antigen detection potentiates early diagnosis of COVID-19 disease.
Biosci Trends 2021. https://doi.org/10.5582/bst.2021.01090.
Ehrmeyer SS, Laessig RH. Point-of-care testing, medical error,
and patient safety: a 2007 assessment [Internet], vol. 45. Clinical
Chemistry and Laboratory Medicine. Walter de Gruyter; 2007:
766–73 pp. Available from: https://www-degruyter-com.
myaccess.library.utoronto.ca/document/doi/10.1515/CCLM.
2007.164/html [cited 21 Mar 2021].
Symptoms of Coronavirus | CDC [Internet]. Available from:
https://www.cdc.gov/coronavirus/2019-ncov/symptomstesting/symptoms.html [cited 25 Mar 2021].

Supplementary Material: The online version of this article offers
supplementary material (https://doi.org/10.1515/cclm-2021-0455).

