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ABSTRACT The emergence of each novel SARS-CoV-2 variant of concern (VOC) requires
investigation of its potential impact on the performance of diagnostic tests in use, includ-
ing antigen-detecting rapid diagnostic tests (Ag-RDTs). Although anecdotal reports have
been circulating that the newly emerged Omicron-BA.1 variant is in principle detectable
by Ag-RDTs, few data on sensitivity are available. We have performed (i) analytical sensitivity
testing with cultured virus in eight Ag-RDTs and (ji) retrospective testing in duplicates with
clinical samples from vaccinated individuals with Omicron-BA.1 (n = 59) or Delta (n = 54)
breakthrough infection on seven Ag-RDTs. Overall, in our analytical study we have found
heterogenicity between Ag-RDTs for detecting Omicron-BA.1. When using cultured virus,
we observed a trend toward lower endpoint sensitivity for Omicron-BA.1 detection than
for earlier circulating SARS-CoV-2 and the other VOCs. In our retrospective study, the
detection of Delta and Omicron-BA.1 was assessed in a comparable set of stored clinical
samples using seven Ag-RDTs. Four hundred ninety-seven of all 826 tests (60.17%)
performed on Omicron-BA.1 samples were positive, compared to 489/756 (64.68%)
for Delta samples. In the analytical study, the sensitivity for both Omicron-BA.1 and Delta
between the Ag-RDTs was variable. All seven Ag-RDTs showed comparable sensitivities to
detect Omicron-BA.1 and Delta in the retrospective study.

IMPORTANCE Sensitivity for detecting Omicron-BA.1 shows high heterogenicity between
Ag-RDTs, necessitating a careful consideration when using these tests to guide infection
prevention measures. Analytical and retrospective testing is a proxy and timely solution
to generate rapid performance data, but it is not a replacement for clinical evaluations,
which are urgently needed. Biological and technical reasons for detection failure by some
Ag-RDTs need to be further investigated.
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of high-viral-load samples associated with infectious virus presence, making them impactful
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public health tools (2, 3). However, the majority of Ag-RDT validation studies were per-
formed prior to the emergence of SARS-CoV-2 variants of concern (VOCs) (4).

The VOC Omicron-BA.1 was first reported at the end of November 2021 from South Africa
and is characterized by a high number of mutations compared to earlier circulating SARS-CoV-
2 (5). The majority of mutations are located in the gene coding for the Spike protein and,
according to preliminary data, are associated with considerable escape from neutralization by
both disease- and vaccine-derived antibodies and probably also associated with lower vaccine
effectiveness (6-10). Current epidemiological data show that Omicron-BA.1 circulation is associ-
ated with a steep increase in case numbers as well as an increased risk of reinfection (11).

Beyond the Spike mutations, Omicron-BA.1 also has mutations in the nucleocapsid, which
is the target protein of almost all Ag-RDTs. Among the mutations in the nucleocapsid, two
(R203K and G204R) have already been described in some SARS-CoV-2 lineages before
Omicron-BA.1, in particular Alpha for the mutation R203K and Delta for the mutation G204R.
They were linked to increased subgenomic RNA and increased viral loads (12-14). In addi-
tion, a deletion (Del31-33) is found in the nucleocapsid of Omicron-BA.1, as well as another
mutation, P13L. No information on a potential impact of these mutations on Ag-RDT per-
formance is available so far. Anecdotal reports showed positive detection of Omicron-BA.1-
confirmed patient samples by Ag-RDTs, but few experimental data on Ag-RDT sensitivity for
Omicron-BA.1 are available.

In this study, we set out to examine 8 of the widely used commercial Ag-RDTs to
evaluate their performance for detecting SARS-CoV-2 virus. We sought similar charac-
teristics for the main determinants of rapid test performance, which are viral load, pres-
ence of infectious virus, and days post-symptom onset (DPOS).

RESULTS

Analytical testing with cultured SARS-CoV-2 isolates. We have evaluated analytical
sensitivity using cultured SARS-CoV-2 Omicron-BA.1 variant, in comparison to previous
data obtained on isolates of the other VOCs (Alpha, Beta, Gamma, and Delta) and an
early-pandemic (pre-VOC) SARS-CoV-2 isolate (B.1.610) in eight Ag-RDTs. Data on early
pandemic SARS-CoV-2, Alpha, Beta, Gamma, and Delta have been published previously
but were included here for comparison to Omicron-BA.1 (15, 16). The previously published
data referenced in this study were obtained using the same Ag-RDT from the same
manufacturer.

Eight Ag-RDTs were used: (i) Panbio COVID-19 Ag Rapid test device (Abbott), (i) Standard
Q COVID-19 Ag (SD Biosensor/Roche), {iii) Sure Status (Premier Medical Corporation), (iv) 2019-
nCoV antigen test (Wondfo), (v) Beijng Tigsun Diagnostics Co. Ltd. (Tigsun), (vi) Onsite COVID-
19 Ag rapid test (CTK Biotech), (vii) Acon Biotech (Flowflex), and (viii) NowCheck Covid-19 Ag
test (Bionote). This list includes all five Ag-RDTs (Panbio, SD Biosensor, Sure Status, Onsite, and
Acon) on the WHO Emergency Use Listing (WHO-EUL) and the other tests that are on the
waiting list for WHO-EUL approval (17).

When assessed by infectious virus titer (PFU per milliliter) (Fig. 1A), analytical sensitivity to
detect Omicron-BA.1 was lower than that for the other VOCs in most of the tests evaluated.
Two tests, Acon and Tigsun, showed a slightly higher sensitivity for Omicron-BA.1 than for
Delta, but for these tests, sensitivity for both Delta and Omicron-BA.1 was lower than that
for the other VOCs and pre-VOC SARS-CoV-2. The same pattern of the lowest sensitivity for
Omicron-BA.1 compared with the other VOCS was confirmed when assessing RNA copy
numbers (Fig. 1B). Overall sensitivity and specificity for the Omicron-BA.1 isolate varied between
Ag-RDTs, with the highest sensitivity of detection observed with the Acon Ag-RDT and
lowest sensitivity of detection observed with Sure Status, Onsite, and NowCheck. In our
analytical study, considerable heterogenicity between Ag-RDTs has been found for detecting
Omicron-BA.1.

Sensitivity testing in patient specimens. In addition to this analytical work, we have
tested seven of the eight Ag-RDTs with original patient specimens as a retrospective
sensitivity study with 113 nasopharyngeal specimens of confirmed Omicron-BA.1 (n = 59) or
Delta (n = 54) breakthrough infections in vaccinated individuals during the first 5 DPOS.
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FIG 1 Heatmap based on log,, PFU per milliliter (A) and on RNA viral load ranges (B) for analytical sensitivity of eight Ag-RDTs with an early-pandemic
SARS-CoV-2 isolate (B.1.610) and the VOCs Alpha, Beta, Gamma, and Delta in comparison to Omicron-BA.1. Note that analytical sensitivities for early-
pandemic SARS-CoV-2 B.1.610, Alpha, Beta, Gamma, and Delta have already been published before but were added here for consistency reasons and better
interpretability of the data on Omicron-BA.1 (15, 30).

Overall, the Omicron-BA.1 and Delta patients’ specimen collections did not significantly dif-
fer in RNA viral load, DPOS, or number of specimens with infectious virus (Table 1).

Testing with clinical specimens was done in duplicates for each specimen using seven
Ag-RDTs to compare the performance for Omicron-BA.1 and Delta infections (Fig. 2). When
assessing overall test positivity, for Omicron-BA.1 497/826 (60.17%) of tests showed a positive
result compared to 489/756 (64.68%) (z = —1.85, P = 0.064) for Delta. Of 413 test pairs (test
pair means two antigen tests conducted on a single participant), 27 showed a discordant
result for Omicron-BA.1 versus 28 in 378 test pairs performed for Delta (z = 048, P = 0.631).
When comparing overall sensitivity for Delta versus Omicron-BA.1 for each Ag-RDT, all Ag-RDTs

TABLE 1 Characteristics of clinical specimens

Characteristic Omicron-BA.1 (n =59) Delta (n = 54) Pe

Log,, SARS-CoV-2 copies, mean (SD) 7.8(0.7) 8.0(0.8) 0.113
DPOS, mean (SD) 26(1.4) 24(1.6) 0.598
Presence of infectious virus, n (%) 46 (78.0%) 39 (72.2%) 0.481

9P values for simple linear regressions (log,, SARS-CoV-2 copies, DPOS) and simple logistic regressions (presence
of infectious virus) are reported.
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FIG 2 Heatmap of retrospective testing of original nasopharyngeal patient swab specimens from Omicron-
BA.1 (n = 59) and Delta (n = 54) breakthrough infections in seven Ag-RDTs per SARS-CoV-2 log,, RNA
copies per milliliter, performed in duplicates. Infectious virus was detected from all patient specimens unless
marked with an asterisk (¥, no infectious virus isolated).

showed comparable sensitivity performance (Table 2 and Fig. 3). Sensitivity in our specimen
panels ranged from 39% to 85.6% for Omicron-BA.1 and from 45.4% to 87% for Delta, con-
firming the high variability of sensitivity between the different tests that was observed in
our testing (Table 2).

In this study, we sought to assess sensitivity with samples that demonstrated similar
characteristics such as viral load, presence of infectious virus, and time since DPOS. Consistent
with characteristics used in this study, we observed that the sensitivities of the Ag-RDTs were
better with samples collected between 0 and 3 DPOS with a range of sensitivity values from
45.2% to 96.4% for Omicron-BA.1 and from 56.3% to 92.5% for Delta. In fact, the highest sensi-
tivity of Omicron-BA.1 detection was observed with Acon (96.4%) and Wondfo (89.3%) Ag-
RDTs and the lowest sensitivity of detection was observed with Sure Status (45.2%) and
Standard Q (47.6%) Ag-RDTs. In contrast, the highest sensitivity of Delta detection was
observed with Acon (92.5%), Onsite (85%), and Wondfo (80%) and the lowest sensitivity of
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TABLE 2 Detailed sensitivity for the seven Ag-RDTs tested with clinical samples

Sensitivity (%)

Ag-RDT Delta (n = 108) Omicron-BA.1 (n=118) P

Panbio 68.5 46.6 0.503
Standard Q 454 39.8 0.804
Sure Status 47.2 39.0 0.746
Onsite 77.8 68.6 0.735
Wondfo 68.5 754 0.833
Tigsun 58.3 593 0.944
Acon 87.0 85.6 0.946

apP values for logistic mixed-effect models (with tests nested into patients) are reported.

detection was observed with Standard Q (56.3%). It should be highlighted that the infec-
tious viral load in these samples was between 0 and 13,000 PFU/mL (cycle threshold [C;]
values between 29.52 and 16.59) in Omicron-BA.1 breakthrough samples and between 0
and 16,000 PFU/mL in Delta breakthrough samples (C; values between 27.64 and 15.91)
(Table 3 and see Table S2 in the supplemental material). Samples collected between 4 and
5 DPOS showed lower performance with a sensitivity ranging from 20.6% (Standard Q) to
58.8% (Acon) for Omicron-BA.1 with an infectious viral load ranging from 0 to 7,633 PFU/
mL (C; values between 29.52 and 21.38) and a sensitivity ranging from 10.7% (Sure Status)
to 71.4% (Acon) for Delta with an infectious viral load ranging from 0 to 440 FFU/mL (C;
values between 32.95 and 22.44) (Table 3 and Table S2).

DISCUSSION

Newly emerging variants necessitate a rapid assessment of the performance of diagnostic
tests in use, particularly when there are mutations in the target gene. Here, we have performed
a comprehensive laboratory-based evaluation study of eight Ag-RDTs with cultured Omicron-
BA.1 virus as well as a retrospective clinical validation with 113 patient specimens.

Overall, we have observed a lower sensitivity to cultured Omicron-BA.1 virus across
different Ag-RDTs than to earlier variants, suggesting that the virus itself is detected with
lower sensitivity than other variants. We have observed differences between Ag-RDTs from
different manufacturers, but also between assessments for PFU and RNA copy numbers.
Reasons are most likely due to different ratios between numbers of infectious particles and
RNA copies among the different SARS-CoV-2 variants. Since the main public health benefit
of Ag-RDTs is the detection of individuals shedding infectious virus and not just viral RNA,
assessment of infectious viral particles is of higher relevance in this context, and an overall
tendency toward lower sensitivity was seen for both assessments. In the infectious virus
analysis, Omicron-BA.1 has in general lower sensitivity than the previous VOCs Alpha, Beta,
Gamma, and Delta, which were mainly detected with sensitivity comparable to that for
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FIG 3 Percentage of positive/negative results for Omicron-BA.1 and Delta vaccine breakthrough infections per number

of tests performed (Omicron-BA.1, n = 118; Delta, n = 108). ns, nonsignificant.

July/August 2022 Volume 10 Issue 4

Microbiology Spectrum

10.1128/spectrum.00853-22 5


https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00853-22

SARS-CoV-2 Antigen-Detecting Rapid Tests for Omicron Microbiology Spectrum

TABLE 3 Detailed sensitivity for the seven Ag-RDTs tested with clinical samples at 0 to 3 DPOS and 4 to 5 DPOS

Sensitivity (%)

DPOS 0-3 DPOS 4-5
Ag-RDT Delta (n = 80) Omicron-BA.1 (n = 84) P Delta (n = 28) Omicron-BA.1 (n = 34) P
Panbio 73.8 60.7 0.159 53.6 353 <0.001
Standard Q 56.3 47.6 0.307 143 20.6 0.913
Sure Status 60.0 45.2 <0.001 10.7 23.5 0.812
Onsite 85.0 76.2 0.781 57.1 50.0 0.600
Wondfo 80.0 89.3 0.763 357 41.2 0.937
Tigsun 68.8 67.96 0.973 28.6 38.2 0.203
Acon 92.5 96.4 0.807 71.4 58.8 0.744

apP values for logistic mixed-effect models (with tests nested into patients) are reported (except Panbio DPOS 0 to 3 and Tigsun DPOS 4 to 5, for which logistic regressions
without tests were nested into patients because of convergence problems).

B.1.610 (pre-VOC SARS-CoV-2). Notably, Omicron-BA.1 is the first VOC demonstrating a trend
across most Ag-RDTs toward lower analytical sensitivity across assays.

Omicron-BA.1 has additional mutations in the nucleocapsid, some of which have been
previously observed in circulating SARS-CoV-2, such as R203K and G204R in the Alpha VOC.
Other mutations have not been observed or were only rarely observed in circulating SARS-
CoV-2, so their impact on Ag-RDT performance is unknown. The virus isolate used in our
study carries all four of the known nucleocapsid mutations (P13L, Del31-33, R203K, and
G204R), confirmed from both patient specimens and virus isolate. The percentages of
Omicron-BA.1 sequences with these mutations are 96.4% for P13L, 94.3% for Del31-33, 98.3
for R203K, and 98.3% for G204R of currently available Omicron-BA.1 sequences (18). As not all
circulating Omicron-BA.1 lineages harbor all mutations, additional analysis with such isolates
would be of interest; however, at the time of this study, no such isolates were available.
However, our isolate represents the major circulating Omicron-BA.1 lineage.

In our clinical validation, we saw considerable heterogenicity between Ag-RDTs, with
a nonsignificant loss of sensitivity for all Ag-RDT Omicron-BA.1 specimens. Comparisons
of diagnostic assays by using different patient specimen collections are not trivial, and we
have aimed for similar characteristics for the main determinants for rapid test performance,
which are viral load, presence of infectious virus, and DPOS (19, 20).

Furthermore, we had access to detailed clinical data, and all specimens were from
previously mRNA-vaccinated individuals, followed by a Delta or Omicron-BA.1 breakthrough
infection. At least in most high-income countries with high vaccination rates, this group of
individuals comprises the majority of Omicron-BA.1 infections observed, and therefore, our
results are of immediate public health interest (21).

Few data are available so far on Ag-RDT performance for Omicron-BA.1 case detec-
tion. A small number of studies are available to date based on analytical performance
and retrospective testing, but with differences in methodology and type of Ag-RDTs performed,
and there are even fewer clinical validations.

One study used an approach similar to our study with somewhat different results: when
comparing cultured virus isolates by viral RNA copy number, no difference in sensitivity was
observed; however, in clinical specimens, 10-fold-higher viral loads were required for
Omicron-BA.1 than for Delta to reach the same limit of detection in 50% of specimens
(22). Results for detection of true-positive Omicron-BA.1 samples were higher in the category
with low RT-PCR cycle threshold (C,) values/high viral load (C;, <25) and dropped drastically
for C; values between 25 and 30. Confounders leading to partly different results could be
largely methodology that varied between studies and could be due to a different set of Ag-
RDTs investigated here.

In line with this and other previous findings, Ag-RDT sensitivity increased in parallel with
decreasing SARS-CoV-2 C; values. Interestingly, consistent with the selected characteristics,
we observed that the sensitivities of all Ag-RDTs used in this work increased when considering
specimens collected at 0 to 3 DPOS, while those collected on days 4 to 5 had lower sensitiv-
ities (Table 3). A recent report from the U.S. Food and Drug Administration (FDA) announced
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that early data suggest reduced sensitivity for Omicron-BA.1, in line with our findings,
although in their primary data, they used other Ag-RDT kits (23). A study performed by Public
Health England (PHE) with cultured isolates of Omicron-BA.1 and wild-type SARS-CoV-2 across
dilutions ranging from 12.5 to 1,250 focus-forming units/mL and from 30,000 to 4,070,000 viral
copies did not find a loss in sensitivity for five Ag-RDTs (24). Only one of the Ag-RDTs validated
here, the Acon Ag-RDT, was also validated in our study. In our analytical testing, reduced sensi-
tivity was seen for Omicron-BA.1 compared to wild-type SARS-CoV-2 in this test, but we did
not see a significant difference in the clinical specimens compared to Delta. Overall, in both
our assessments, the Acon Ag-RDT was the most sensitive Ag-RDT for most variants, including
Omicron-BA.1. Another study used two nasal swab samples each from Omicron-BA.1- and
Delta-infected individuals and validated the Abbott Binax Now Ag-RDT, a test that was not
included in our study (25). The authors of that study conclude that Omicron-BA.1 can be
detected by this test, although no extensive validation for sensitivity was performed. For the
same test, data from a single clinical validation study are available from an outpatient testing
center in the United States using nasal swabs (26). Sensitivity of a single antigen test was
95.2% for individuals with a C; value of <30, indicating good sensitivity with high viral load. A
high failure rate was observed when oral specimens (cheek swabs) were used.

The strength of our study is that we have validated eight and seven Ag-RDTs side by
side for analytical and retrospective clinical sensitivity, respectively. Our selection of Ag-RDTs
covers all of the three Ag-RDTs on the WHO-EUL and three others that are on the WHO-EUL
approval waiting list and are thus of high global public health relevance (27, 28). If the lower
sensitivity toward Omicron-BA.1 that we observed here is confirmed by findings from clinical
validations at the point of care, the use of Ag-RDTs, especially in the early symptomatic pe-
riod of an Omicron-BA.1 infection or in asymptomatic patients, could be less reliable. This
may have important implications for public health measures. As our evaluation here was
rather focused at the lower end of detection, results might be of higher relevance to testing
in an asymptomatic population or in the very early infection phase, but not necessarily in
the acute symptomatic infection phase when peak viral loads are reached.

Our study has several limitations. For cultured virus, the ratio between infectious virus, vi-
ral protein, and RNA copy number might differ considerably from the original human speci-
mens. Samples in the retrospective testing have been submerged in viral transport medium,
whereas the recommended sample type for Ag-RDT use is fresh swabs. This has introduced
an extra dilution factor as well as an additional freeze-thaw cycle. Although we tried to keep
the number of freeze-thaw cycles to a minimum, we cannot exclude loss of RNA, protein, or
infectious virus, thus not reflecting fully the characteristics of a fresh patient specimen. To
correct for loss of RNA after the first freeze-thaw cycle, we have retested viral RNA loads by
RT-PCR and have used these values for comparison. Another limitation is that to compare
across assays we have used the same approach as we did for analytical testing, with only
5 uL of the original patient viral transport medium (VTM) added to the buffer of each kit to
be able to use the same specimens for testing with a high number of tests in parallel. The
volume of viral transport medium added to the buffer was lower than what was recom-
mended by some manufacturers, and for most Ag-RDTs, there was no recommendation on
the use of swab samples in VTM. Therefore, viral loads of the original sample and sensitivities
observed in our sample collection cannot be compared to results obtained from clinical vali-
dations performed on fresh samples, and our results should be interpreted as a comparison
between Ag-RDTs and not as sensitivity thresholds for absolute viral loads and/or presence
of infectious virus. Rather, we have investigated the lower end of sensitivity in the Ag-RDTs
tested. Therefore, a reduced sensitivity in some tests, but not complete failure to detect
Omicron-BA.1, could be of higher relevance at the beginning of the infection, when viral
loads are still on the rise, and of less relevance once peak viral loads are reached. Another li-
mitation is that we did not have information on potential previous infections of the patient
from whom samples were tested, which could be an additional confounder due to the pres-
ence of mucosal immunity.

The lower sensitivities observed in this study could be due to a variant-specific impact on
Ag-RDT performance. However, since many Omicron-BA.1 infections are currently observed in
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vaccinated individuals, it remains unclear if virus shedding and test performance differ
between vaccinated and unvaccinated individuals, and no studies are available yet
that investigate Ag-RDT performance in unvaccinated versus vaccinated individuals.
To date, most validation studies of Ag-RDTs were done in the first year of the pandemic,
before circulation of VOCs, and in mostly immune-naive individuals experiencing their pri-
mary SARS-CoV-2 infection. Other factors, such as in vivo shedding of infectious virus and
overall viral load, can be one reason for differences in test performance.

Indeed, we have shown recently that both RNA viral loads and infectious titers in
delta breakthrough infections led to significantly higher infectious titers than Omicron-BA.1
breakthrough, and thus, differences in viral load are likely to be the reason for lower sensitivity
to Omicron-BA.1 in some tests (29).

Importantly, while analytical and retrospective testing may be a proxy for clinical
sensitivity, it is not a replacement for clinical evaluations at the point of care. The discrepancies
in our results between testing with cultured virus and that with retrospective patient samples
highlight the need for proper clinical studies in well-defined patient cohorts. Also, the discrep-
ancies observed between studies show that standardized protocols for such validations would
be an asset to the scientific community, and it would be beneficial if manufacturers would
give recommendations on how to use the test for retrospective testing.

Studies on diagnostic accuracy of Ag-RDTs performed at the point of care for the newly
emerged VOC Omicron-BA.1 are urgently needed to guide public health responses.

MATERIALS AND METHODS

Clinical specimens. One hundred thirteen nasopharyngeal swabs for diagnostics of SARS-CoV-2 by
RT-PCR collected from symptomatic individuals in the outpatient testing center of the Geneva University Hospital
and conserved in viral transport medium (VTM; Liofilchem) were included in this study. Infection with SARS-CoV-
2 was initially diagnosed in the unit of the virology laboratory of the hospital by RT-PCR assay (Cobas 6800;
Roche) followed by screening for S gene target failure (SGTF) with the TagPath COVID-19 assay (Thermo Fisher).
Remaining samples were stored at —80°C, usually on the same day or within 24 h. All samples had one freeze-
thaw cycle before inoculation on cell cultures for infectious virus and for viral RNA quantification. For the majority
of specimens, the direct Ag-RDT detection was performed at the same time. Due to logistical constraints, a subset
of specimens had one additional freeze-thaw cycle for Ag-RDT testing only.

Virus isolates. The national reference center for emerging viruses at the laboratory of virology is
hosted by the University Hospitals of Geneva (HUG). The laboratory is participating and coordinating the
SARS-CoV-2 variant and genomic surveillance with ongoing full-genome sequencing of SARS-CoV-2-positive
patient samples using lllumina NovaSeq. Each genome was analyzed with the Pangolin software to define the
lineage of the variant. From each variant that falls into any of the categories of VOCs, at least one virus isolate
is generated. Each SARS-CoV-2 variant was isolated from a single clinical sample. Isolates were grown in Vero-
E6 cells and sequenced to ensure that no additional mutations were acquired as described previously (15). The
Omicron-BA.1 variant was initially isolated on Vero-TMPRSS cells and then further passaged with a stock pas-
sage (p2) prepared on Vero-E6 cells. Vero-TMPRSS cells were kindly received from the National Institute for
Biological Standards and Controls (NIBSC; catalog no. 100978). The following mutations and deletion in the nu-
cleocapsid were present in the original patients’ sequences as well as in the virus isolate of the passage used in
this study: R203K, G204R, P13L, and Del31-33.

Viral load quantification. C; values for E-gene target in each sample were determined by quantitative
real-time reverse transcription PCR (RT-gPCR) using the SuperScript Ill Platinum one-step qRT-PCR kit (Invitrogen)
after thawing. An in vitro-transcribed RNA standard for the E-gene assay was used for quantification of genome
copy numbers (30). Presence of infectious virus was determined by focus-forming assay in Vero-E6 or Vero-
TMPRSS cells as described previously (29). Briefly, patient samples were serially diluted and applied on a monolayer
of cells. At 24 h postinoculation, cells were fixed and stained with a primary monoclonal antibody targeting SARS-
CoV-2 nucleocapsid protein (Geneva Antibody Facility; J502), following staining with secondary peroxidase-conju-
gated secondary antibody (Jackson ImmunoResearch; 109-036-09). Foci were visualized using True Blue horserad-
ish peroxidase (HRP) substrate, and virus titers were counted as focus-forming units per milliliter (FFU/mL).

Ag-RDT performance. The 8 commercially available Ag-RDT products used in the study are sum-
marized in Table S1 in the supplemental material. All Ag-RDTs target the nucleocapsid protein.

(i) Analytical testing with cultured virus. Each isolate has undergone serial dilutions at 1:2 in Dulbecco
modified Eagle medium (DMEM). For each variant, we started the dilutions with the same virus concentration
at 1.72E+04 PFU/mL. All Ag-RDT assays were performed according to the manufacturers’ instructions except
that viral dilutions were added to the buffer instead of a swab specimen. All dilutions used for validation addi-
tionally were tested and quantified by RT-PCR assay for SARS-CoV-2 RNA copy numbers per milliliter. Each Ag-
RDT kit has its respective buffer. For each serial dilution of each variant, 5 uL of dilution was applied in dupli-
cate to the respective buffer of each kit and then applied to the Ag-RDT using only the materials provided in
the kit under biosafety level 3 (BSL-3) conditions (16).

(ii) Performance testing with clinical specimens. For testing with clinical specimens, 5 uL of VTM
of each specimen was directly added to the proprietary buffer and then applied to the Ag-RDT. Ag-RDT
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buffer without virus was used as a negative control. All Ag-RDT assays were read visually in duplicate. All
visible bands were considered a positive result.
Statistics. We first compared whether log,, SARS-CoV-2 RNA copies, days post-symptom onset (DPOS),
and presence of infectious disease were significantly different between the Delta and Omicron-BA.1 patients
using simple linear and logistic regressions. We then tested whether the overall sensitivities and discordances
differed between Delta and Omicron-BA.1 using proportion tests. Finally, we compared sensitivities for Delta
and Omicron-BA.1 tests separately for each Ag-RDT. To take into account that each patient had two independ-
ent tests, we used mixed-effect logistic regressions with tests nested into patients. Data were analyzed using
RStudio version 4.1.2.
Ethical approval. Ethical approval for samples used in this study for virus isolation was waived by
the local ethics committee of the Geneva University Hospitals (HUG) that approves the usage of anonymized
leftover patient samples collected for diagnostic purposes in accordance with our institutional and national
regulations. The part of the study using patient specimens linked to clinical data (retrospective testing) was
approved by the cantonal ethics committee (CCER Nr. 2021-01488). For this part, all study participants and/or
their legal guardians provided informed consent.
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ACKNOWLEDGMENTS
We thank the patients for participating in our study. We thank Pauline Vetter for help with
clinical data. We thank Silvio Steiner, Jenna Kelly, and Volker Thiel for sequencing of the
Omicron-BA.1 isolate. We thank Eric Boehm for help with editing the manuscript.

This work was supported by the Swiss National Science Foundation (grant numbers 196383
and 196644), the Fondation Privée des Hopiteaux Universitaires de Geneve, and FIND, the
global alliance for diagnostics. The Swiss National Science Foundation had no role in data
collection, analysis, or interpretation. Antigen rapid diagnostic tests were provided by FIND,
and FIND was involved in methodology, data analysis, and interpretation. CE. is an employee
of FIND.

REFERENCES

1.

Nordgren J, Sharma S, Olsson H, Jamtberg M, Falkeborn T, Svensson L, Hagbom
M. 2021. SARS-CoV-2 rapid antigen test: high sensitivity to detect infectious vi-
rus. J Clin Virol 140:104846. https://doi.org/10.1016/j.jcv.2021.104846.

. World Health Organization. 2020. Antigen-detection in the diagnosis of SARS-

CoV-2 infection using rapid immunoassays. World Health Organization, Geneva,
Switzerland. https://www.who.int/publications/i/item/antigen-detection-in-the-
diagnosis-of-sars-cov-2infection-using-rapid-immunoassays. Accessed 28 April 2021.

. Mina MJ, Parker R, Larremore DB. 2020. Rethinking Covid-19 test sensitivity -

a strategy for containment. N Engl J Med 383:e120. https://doi.org/10.1056/
NEJMp2025631.

. World Health Organization. 2021. Weekly epidemiological update on COVID-

19. World Health Organization, Geneva, Switzerland. https://www.who.int/
publications/m/item/weekly-epidemiological-update-on-covid-19-—-10-august-
2021.

. World Health Organization. 2022. Tracking SARS-CoV-2 variants. World Health

Organization, Geneva, Switzerland. https://www.who.int/en/activities/tracking
-SARS-CoV-2-variants/. Accessed 8 December 2021.

. Wilhelm A, Widera M, Grikscheit K, Toptan T, Schenk B, Pallas C, Metzler M,

Kohmer N, Hoehl S, Helfritz FA, Wolf T, Goetsch U, Ciesek S. 2021. Reduced
neutralization of SARS-CoV-2 Omicron variant by vaccine sera and monoclonal
antibodies. medRxiv. https://doi.org/10.1101/2021.12.07.21267432.

. Gardner BJ, Kilpatrick AM. 2021. Estimates of reduced vaccine effectiveness

against hospitalization, infection, transmission and symptomatic disease of a
new SARS-CoV-2 variant, Omicron (B.1.1.529), using neutralizing antibody titers.
medRxiv. https://doi.org/10.1101/2021.12.10.21267594.

. Cele S, Jackson L, Khoury DS, Khan K, Moyo-Gwete T, Tegally H, San JE,

Cromer D, Scheepers C, Amoako DG, Karim F, Bernstein M, Lustig G, Archary
D, Smith M, Ganga Y, Jule Z, Reedoy K, Hwa S-H, Giandhari J, Blackburn JM,
Gosnell Bl, Abdool Karim SS, Hanekom W, NGS-SA, COMMIT-KZN Team, von
Gottberg A, Bhiman JN, Lessells RJ, Moosa M-YS, Davenport MP, de Oliveira T,
Moore PL, Sigal A. 2022. Omicron extensively but incompletely escapes Pfizer
BNT162b2 neutralization. Nature 602:654-656. https://doi.org/10.1038/s41586
-021-04387-1.

July/August 2022 Volume 10 Issue 4

. Dejnirattisai W, Shaw RH, Supasa P, Liu C, Stuart AS, Pollard AJ, Liu X,

Lambe T, Crook D, Stuart DI, Mongkolsapaya J, Nguyen-Van-Tam JS, Snape
MD, Screaton GR, Com-COV2 study group. 2022. Reduced neutralisation of
SARS-CoV-2 omicron B.1.1.529 variant by post-immunisation serum. Lancet
399:234-236. https://doi.org/10.1016/S0140-6736(21)02844-0.

. Rossler A, Riepler L, Bante D, von Laer D, Kimpel J. 2022. SARS-CoV-2 Omi-

cron variant neutralization in serum from vaccinated and convalescent per-
sons. N Engl J Med 386:698-700. https://doi.org/10.1056/NEJMc2119236.

. Pulliam JRC, van Schalkwyk C, Govender N, von Gottberg A, Cohen C,

Groome MJ, Dushoff J, Mlisana K, Moultrie H. 2022. Increased risk of SARS-CoV-2
reinfection associated with emergence of Omicron in South Africa. Science 376:
eabn4947. https://doi.org/10.1126/science.abn4947.

. Hodcroft EB. 2021. Overview of variants. https://covariants.org/per-country.

Accessed 9 December 2021.

. Leary S, Gaudieri S, Parker MD, Chopra A, James |, Pakala S, Alves E, John

M, Lindsey BB, Keeley AJ, Rowland-Jones SL, Swanson MS, Ostrov DA, Bubenik
JL, Das S, Sidney J, Sette A, COVID-19 Genomics UK (COG-UK) consortium, de
Silva TI, Phillips E, Mallal S. 2021. Generation of a novel SARS-CoV-2 sub-genomic
RNA due to the R203K/G204R variant in nucleocapsid: homologous recombina-
tion has potential to change SARS-CoV-2 at both protein and RNA level. bioRxiv.
https://doi.org/10.1101/2020.04.10.029454.

. Mourier T, Shouaib M, Hala S, Mfarrej S, Alofi F, Naeem R, Alsomali A, Jorgensen

D, Subudhi AK, Ben Rached F, Guan Q, Salunke RP, Ooi A, Esau L, Douvropoulou
O, Nugmanova R, Perumal S, Zhang H, Rajan I, Al-Omari A, Salih S, Shamsan A,
Al Mutair A, Taha J, Alahmadi A, Khotani N, Alhamss A, Mahmoud A, Alquthami
K, Dageeg A, Khogeer A, Hashem AM, Moraga P, Volz E, Almontashiri N, Pain A.
2021. Saudi Arabian SARS-CoV-2 genomes implicate a mutant nucleocapsid
protein in modulating host interactions and increased viral load in COVID-19
patients. medRxiv. https://doi.org/10.1101/2021.05.06.21256706.

. Bekliz M, Adea K, Essaidi-Laziosi M, Sacks JA, Escadafal C, Kaiser L, Eckerle

1. 2022. SARS-CoV-2 antigen-detecting rapid tests for the delta variant.
Lancet Microbe 3:€90. https://doi.org/10.1016/52666-5247(21)00302-5.

10.1128/spectrum.00853-22 9


https://doi.org/10.1016/j.jcv.2021.104846
https://www.who.int/publications/i/item/antigen-detection-in-the-diagnosis-of-sars-cov-2infection-using-rapid-immunoassays
https://www.who.int/publications/i/item/antigen-detection-in-the-diagnosis-of-sars-cov-2infection-using-rapid-immunoassays
https://doi.org/10.1056/NEJMp2025631
https://doi.org/10.1056/NEJMp2025631
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---10-august-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---10-august-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---10-august-2021
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://doi.org/10.1101/2021.12.07.21267432
https://doi.org/10.1101/2021.12.10.21267594
https://doi.org/10.1038/s41586-021-04387-1
https://doi.org/10.1038/s41586-021-04387-1
https://doi.org/10.1016/S0140-6736(21)02844-0
https://doi.org/10.1056/NEJMc2119236
https://doi.org/10.1126/science.abn4947
https://covariants.org/per-country
https://doi.org/10.1101/2020.04.10.029454
https://doi.org/10.1101/2021.05.06.21256706
https://doi.org/10.1016/S2666-5247(21)00302-5
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00853-22

SARS-CoV-2 Antigen-Detecting Rapid Tests for Omicron

16.

20.

21.

22.

23.

Bekliz M, Adea K, Essaidi-Laziosi M, Sacks JA, Escadafal C, Kaiser L, Eckerle
1. 2021. SARS-CoV-2 rapid diagnostic tests for emerging variants. Lancet
Microbe 2:e351. https://doi.org/10.1016/52666-5247(21)00147-6.

. World Health Organization. 2022. Emergency use listing for in vitro diag-

nostics (IVDs) detecting SARS-CoV-2. World Health Organization, Geneva,
Switzerland. https://extranet.who.int/pqweb/sites/default/files/documents/
220516_EUL_SARS-CoV-2_product_list.pdf.

. Outbreak.info. 2022. SARS-CoV-2 (hCoV-19) mutation reports: mutation

prevalence across lineages. https://outbreak.info/compare-lineages.

. Berger A, Nsoga MTN, Perez-Rodriguez FJ, Aad YA, Sattonnet-Roche P,

Gayet-Ageron A, Jaksic C, Torriani G, Boehm E, Kronig |, Sacks JA, de Vos
M, Bausch FJ, Chappuis F, Renzoni A, Kaiser L, Schibler M, Eckerle 1. 2021.
Diagnostic accuracy of two commercial SARS-CoV-2 antigen-detecting
rapid tests at the point of care in community-based testing centers. PLoS
One 16:0248921. https://doi.org/10.1371/journal.pone.0248921.

Ngo Nsoga MT, Kronig |, Perez Rodriguez FJ, Sattonnet-Roche P, Da Silva
D, Helbling J, Sacks JA, de Vos M, Boehm E, Gayet-Ageron A, Berger A,
Jacquerioz-Bausch F, Chappuis F, Kaiser L, Schibler M, Renzoni A, Eckerle 1.
2021. Diagnostic accuracy of Panbio rapid antigen tests on oropharyngeal
swabs for detection of SARS-CoV-2. PLoS One 16:€0253321. https://doi.org/
10.1371/journal.pone.0253321.

World Health Organization. 2022. Enhancing response to Omicron SARS-CoV-
2 variant: technical brief and priority actions for member states. World
Health Organization, Geneva, Switzerland. https://www.who.int/docs/default
-source/coronaviruse/2022-01-21-global-technical-brief-and-priority-action
-on-omicron-sars-cov-2-variant.pdf?sfvrsn=f3ac8bc3_9&download=true.
Osterman A, Badell |, Basara E, Stern M, Kriesel F, Eletreby M, Oztan GN,
Huber M, Autenrieth H, Knabe R, Spath PM, Muenchhoff M, Graf A, Krebs S,
Blum H, Durner J, Czibere L, Dachert C, Kaderali L, Baldauf H-M, Keppler OT.
2022. Impaired detection of omicron by SARS-CoV-2 rapid antigen tests. Med
Microbiol Immunol 211:105-117. https://doi.org/10.1007/500430-022-00730-z.
US Food and Drug Administration. 2021. SARS-CoV-2 viral mutations: impact on
COVID-19 tests. US Food and Drug Administration, Silver Spring, MD. https://
www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/sars
-cov-2-viral-mutations-impact-covid-19-tests.

July/August 2022 Volume 10 Issue 4

24.

26.

27.

28.

29.

30.

Microbiology Spectrum

UK Health Security Agency. 2021. SARS-CoV-2 variants of concern and var-
iants under investigation in England. Technical briefing 32. UK Health Security
Agency, London, United Kingdom. https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/file/1042688/RA
_Technical_Briefing_32_DRAFT_17_December_2021_2021_12_17.pdf.

. Regan J, Flynn JP, Choudhary MC, Uddin R, Lemieux J, Boucau J, Bhattacharyya

RP, Barczak AK, Li JZ, Siedner MJ. 2022. Detection of the Omicron variant virus
with the Abbott BinaxNow SARS-CoV-2 rapid antigen assay. Open Forum Infect
Dis 9:0fac022. https://doi.org/10.1093/ofid/ofac022.

Schrom J, Marquez C, Pilarowski G, Wang C-Y, Mitchell A, Puccinelli R,
Black D, Rojas S, Ribeiro S, Tulier-Laiwa V, Martinez J, Payan J, Rojas S, Jones D,
Martinez D, Nakamura R, Chamie G, Jain V, Petersen M, DeRisi J, Havlir D. 2022.
Comparison of SARS-CoV-2 reverse transcriptase polymerase chain reaction
and BinaxNOW rapid antigen tests at a community site during an Omicron
surge: a cross-sectional study. Ann Intern Med 175:682-690. https://doi.org/10
.7326/M22-0202.

World Health Organization. 2021. Coronavirus disease (COVID-19) pandemic —
emergency use listing procedure (EUL) open for IVDs. World Health Organi-
zation, Geneva, Switzerland. https://extranet.who.int/pqweb/vitro-diagnostics/
coronavirus-disease-covid-19-pandemic-%E2%80%94-emergency-use-listing
-procedure-eul-open.

FIND. 2021. FIND evaluation of SARS-CoV-2 antigen (Ag) detecting tests.
FIND, Geneva, Switzerland. https://www.finddx.org/sarscov2-eval-antigen/.
Accessed 17 December 2021.

Puhach O, Adea K, Hulo N, Sattonnet P, Genecand C, Iten A, Jacquérioz F,
Kaiser L, Vetter P, Eckerle |, Meyer B. 2022. Infectious viral load in unvacci-
nated and vaccinated individuals infected with ancestral, Delta or Omi-
cron SARS-CoV-2. Nat Med https://doi.org/10.1038/541591-022-01816-0.
Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu DK, Bleicker
T, Briinink S, Schneider J, Schmidt ML, Mulders DG, Haagmans BL, van der Veer
B, van den Brink S, Wijsman L, Goderski G, Romette JL, Ellis J, Zambon M, Peiris
M, Goossens H, Reusken C, Koopmans MP, Drosten C. 2020. Detection of 2019
novel coronavirus (2019-nCoV) by real-time RT-PCR. Euro Surveill 25:2000045.
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045.

10.1128/spectrum.00853-22 10


https://doi.org/10.1016/S2666-5247(21)00147-6
https://extranet.who.int/pqweb/sites/default/files/documents/220516_EUL_SARS-CoV-2_product_list.pdf
https://extranet.who.int/pqweb/sites/default/files/documents/220516_EUL_SARS-CoV-2_product_list.pdf
https://outbreak.info/compare-lineages
https://doi.org/10.1371/journal.pone.0248921
https://doi.org/10.1371/journal.pone.0253321
https://doi.org/10.1371/journal.pone.0253321
https://www.who.int/docs/default-source/coronaviruse/2022-01-21-global-technical-brief-and-priority-action-on-omicron-sars-cov-2-variant.pdf?sfvrsn=f3ac8bc3_9&download=true
https://www.who.int/docs/default-source/coronaviruse/2022-01-21-global-technical-brief-and-priority-action-on-omicron-sars-cov-2-variant.pdf?sfvrsn=f3ac8bc3_9&download=true
https://www.who.int/docs/default-source/coronaviruse/2022-01-21-global-technical-brief-and-priority-action-on-omicron-sars-cov-2-variant.pdf?sfvrsn=f3ac8bc3_9&download=true
https://doi.org/10.1007/s00430-022-00730-z
https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/sars-cov-2-viral-mutations-impact-covid-19-tests
https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/sars-cov-2-viral-mutations-impact-covid-19-tests
https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/sars-cov-2-viral-mutations-impact-covid-19-tests
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1042688/RA_Technical_Briefing_32_DRAFT_17_December_2021_2021_12_17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1042688/RA_Technical_Briefing_32_DRAFT_17_December_2021_2021_12_17.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1042688/RA_Technical_Briefing_32_DRAFT_17_December_2021_2021_12_17.pdf
https://doi.org/10.1093/ofid/ofac022
https://doi.org/10.7326/M22-0202
https://doi.org/10.7326/M22-0202
https://extranet.who.int/pqweb/vitro-diagnostics/coronavirus-disease-covid-19-pandemic-%E2%80%94-emergency-use-listing-procedure-eul-open
https://extranet.who.int/pqweb/vitro-diagnostics/coronavirus-disease-covid-19-pandemic-%E2%80%94-emergency-use-listing-procedure-eul-open
https://extranet.who.int/pqweb/vitro-diagnostics/coronavirus-disease-covid-19-pandemic-%E2%80%94-emergency-use-listing-procedure-eul-open
https://www.finddx.org/sarscov2-eval-antigen/
https://doi.org/10.1038/s41591-022-01816-0
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00853-22

	RESULTS
	Analytical testing with cultured SARS-CoV-2 isolates.
	Sensitivity testing in patient specimens.

	DISCUSSION
	MATERIALS AND METHODS
	Clinical specimens.
	Virus isolates.
	Viral load quantification.
	Ag-RDT performance.
	Statistics.
	Ethical approval.

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

