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ABSTRACT Ensuring SARS-CoV-2 diagnostics that can reliably detect emerging variants
has been an ongoing challenge. Due to the rapid spread of the Omicron variant, point-
of-care (POC) antigen tests have become more widely used. This study aimed at (i) com-
paring the analytical sensitivity (LOD) of 4 POC antigen assays, BD Veritor, Abbott
BinaxNow, Orasure InteliSwab and Quidel QuickVue, for the Omicron versus the Delta
variant and (ii) verifying the reproducible detection of Omicron by the 4 antigen assays.
The LOD for all four assays were evaluated using Omicron and Delta virus stocks quanti-
fied for infectivity and genome copies. The four assays detected all replicates of
Omicron and Delta dilutions at 104 and 105 TCID50/mL, respectively. We quantified both
viral stocks using droplet digital PCR (ddPCR), which revealed that the Omicron stock
had equivalent copies of the N gene to Delta at a one log lower infectious virus. The
Abbott BinaxNow and Orasure InteliSwab had the highest analytical sensitivity for
Omicron while the Orasure InteliSwab and the Quidel QuickVue had the highest analyti-
cal sensitivity for Delta. When 14 SARS-CoV-2 real-time PCR positive nasal/nasopharyn-
geal swab samples (12 Omicron and 2 Delta, mean Ct = 19.1), were tested by the four
assays, only the QuickVue detected all samples. Antigen test positivity correlated with
recovery of infectious virus on cell culture in 9 out of 13 tested specimens from sympto-
matic, asymptomatic, unvaccinated, and vaccinated individuals. Although our study con-
firms the reduced analytical sensitivity of antigen testing compared to molecular meth-
ods, the Omicron variant was detectable by the four evaluated rapid antigen tests.

IMPORTANCE In the manuscript, we report an evaluation of the capability of 4 point
of care (POC) antigen assays, the BD Veritor, Abbott BinaxNow, Orasure InteliSwab
and Quidel QuickVue to detect the Omicron variant of SARS-CoV-2, and we com-
pared their analytical sensitivity for Omicron versus Delta. In this analysis we found
that all four assays detected Omicron and Delta at 104 and 105 TCID50/mL, respec-
tively. We further quantified the viral stocks used by droplet digital (ddPCR) and
found that the Omicron stock had equivalent copies of the N gene to Delta at a one
log lower infectious virus titer and that an increased RNA to infectious virus ratio
may be contributing to discrepancies in limit of detection in Omicron compared to
Delta. We evaluated 14 SARS-CoV-2 real-time PCR positive nasal/nasopharyngeal
swab samples (12 Omicron and 2 Delta), with an average cycle threshold value of
19.1, and only the QuickVue showed 100% agreement.
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Since the beginning of the SARS-CoV-2 pandemic, the importance of accurate diag-
nostic assays has been highlighted (1). As new variants of SARS-CoV-2 have

emerged, both molecular and immunologic diagnostic assays have been repeatedly
evaluated to ensure sensitive and accurate detection of emerging SARS-CoV-2 variants
(2–5). Although the utility of POC rapid antigen assays has been debated since the be-
ginning of the pandemic, antigen tests were hypothesized to correlate with recovery
of infectious virus on cell culture (6–9). With the emergence of the highly transmissible
Omicron variant, POC rapid antigen tests could be a valuable tool to limit viral spread
by expanding testing and reducing the time to results (10, 11). As such, it is important
that POC rapid antigen assays are assessed for their capability to detect the Omicron
variant. In this report, we evaluated four commonly used POC SARS-CoV-2 antigen
assays that detect the nucleocapsid antigen (the BD Veritor (12), Abbott BinaxNow
(13), Orasure InteliSwab (14), and Quidel QuickVue (15)) for their analytical sensitivity
to Omicron versus Delta and the detection of Omicron from clinical swab samples.

RESULTS

For LOD determination, all assays detected Delta replicates at 1 � 105 TCID50/mL.
For the Omicron variant, all assays were able to detect all replicates at 1 � 104

TCID50/mL (Table 1). Omicron and Delta stocks were also quantified by ddPCR.
When normalized to infectious virus titer, there was approximately 10-fold more vi-
ral RNA in the Omicron stocks compared to the Delta stocks (Table 1). Overall, the
LOD assessment indicated that for both Delta and Omicron, the analytical sensitiv-
ity of the four antigen tests lies between 1.5 � 106 and 1.5 � 107 genome copies/
mL with InteliSwab showing the highest analytical sensitivity for both variants
combined (Table 1). Table 1 indicates the lowest concentration tested which was
detectable by all assays evaluated.

For the clinical sample evaluation, Veritor detected 83% (10/12), BinaxNow and
InteliSwab detected 92% (11/12), and QuickVue detected 100% (12/12) of Omicron
positives (Table 2). The 12 tested Omicron samples’ N genes were similar based on
sequence analysis (Table S1). The two Delta samples were used as controls where
Quickvue was the only assay that detected the lineage AY.119 sample, and all assays
detected the AY.25 sample (Table 2) (notably, there is an insertion in the Delta N pro-
tein sequences that are not in the Omicron N protein). Cell culture on VERO-TMPRSS2
cells revealed that 7 of 12 Omicron clinical samples had infectious virus; of which sam-
ples 4 and 11 were consistently missed by most of the evaluated assays. Sample 4 was
collected 7 days after the onset of symptoms with no detectable anti-SARS-CoV-2 spe-
cific IgG antibodies (Table 2).

DISCUSSION

Our data indicate that the lower clinical sensitivity of some POC tests is not associ-
ated with the recovery of infectious virus, or antibody levels in the upper respiratory
samples and are likely related to the analytical sensitivity of the assays for these partic-
ular variants. Our LOD results were similar to other studies (3, 16) illustrating a trend to-
ward higher analytical sensitivity for the Omicron variant for the assays evaluated.
However, concentrations of Delta and Omicron as determined by ddPCR indicated
higher concentrations of Omicron genomes per infectious unit compared to Delta,
which may contribute to the discrepancies in the sensitivity of antigen tests if materials
used are only quantified in infectious units. Omicron has been shown to have
enhanced replication in certain cell types (17, 18) but does replicate more slowly in
others. An awareness of an altered genome to infectious virus ratio for Omicron is im-
portant when considering the relative sensitivity of antigen versus nucleic acid based
diagnostic tests.

For our clinical sample evaluation, our results are similar to other studies (3, 4) par-
ticularly for PCR positive clinical samples with Ct values #30 and indicate that the
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assays evaluated are capable of detecting Omicron, although positive detections will
rely on sufficient quantities of virus.

This study has limitations, notably the small clinical samples size evaluated
(N = 14), and the relatively high concentration of virus within the clinical samples
evaluated (mean N Ct =19.12). However, for our study, lower Ct value clinical sam-
ples were intentionally chosen to assess the performance of each assay for the
detection of Omicron without the added variable of assay sensitivity associated
with lower viral load. Additional limitations include the use of simulated anterior
nasal swab samples for testing spiked and clinical specimens; even though this is a
nonvalidated approach for sample collection and testing, most of our tested sam-
ples were positive and all the runs were valid (based on the assays’ internal control
results) endorsing the validity of this approach. Lastly, LOD comparison studies
were performed using relatively limited number of replicates for each tested
concentration.

Our data confirm that antigen tests have lower sensitivity than nucleic-acid amplifi-
cation tests. The four antigen tests that we evaluated were similar in their ability to
detect Omicron variant. Antigen assays had a lower LOD with the Omicron variant
which correlated with the higher number of nucleocapsid genomic copies per infec-
tious virus concentration compared to Delta. Evaluations of new variants should
include quantification of infectious virus and genomic viral RNA copies for comparing
sensitivities of diagnostic tests.

TABLE 1 Analytical sensitivity of evaluated antigen assays for both Delta and Omicron

Variant Delta Omicron
Concentration (TCID50/mL) 105 104 104 103

Concentration (Copies/mL) 1.5� 107 1.5� 106 1.5� 107 1.5� 106

BD Veritor 3/3a 0/4 3/3 0/4
Abbott BinaxNow 3/3 1/4 3/3 4/4
Orasure InteliSwab 3/3 3/3 3/3 3/3
Quidel QuickVue 3/3 3/3 3/3 1/4
aPositive replicates per total replicates tested.

TABLE 2 Clinical samples used for the antigen assays’ evaluation

Sample Cta
Lineage
(variant)b Veritorc BinaxNowd InteliSwabe QuickVuef IgGg Cultureh

Symptoms
(dayi) Statusj (typek)

1 18.81 BA.1.17 (Omicron) 1 1 1 1 NAl 5 No Unvaccinated
2 19.02 BA.1.1 (Omicron) 1 1 1 1 1 2 No Booster (Pfizer)
3 18.8 BA.1.15 (Omicron) 1 1 1 1 2 5 Yes Full (Moderna)
4 18.81 BA.1.1 (Omicron) 2 2 1 1 2 4 Yes (7) Full (Pfizer)
5 18.31 BA.1.1.16 (Omicron) 1 1 1 1 2 4 No Full (Pfizer)
6 18.61 BA.1 (Omicron) 1 1 1 1 NA 2 No Unvaccinated
7 18.29 BA.1.1 (Omicron) 1 1 1 1 2 4 No Full (Pfizer)
8 19.1 BA.1.17 (Omicron) 1 1 1 1 2 6 Yes (1) Full (Pfizer)
9 19.2 BA.1.1 (Omicron) 1 1 1 1 2 4 Yes (2) Full (Moderna)
10 19.51 BA.1.1 (Omicron) 1 1 1 1 1 2 Yes (3) Full (Pfizer)
11 19.71 AY.119 (Delta) 2 2/1 (very faint) 2/1 (very faint) 1 NA 3 Yes (0) Unvaccinated
12 19.74 BA.1.1 (Omicron) 1 1 1 1 NA NA Yes (3) Full (Pfizer)
13 19.89 AY.25 (Delta) 1 1 1 1 2 3 No Booster (Moderna)
14 19.91 BA.1 (Omicron) 2 1 2 1 2 2 Yes (3) Full (Pfizer)
aN gene Ct, cycle threshold.
bLineage and variant identification of SARS-CoV-2 based on sequencing.
cBecton Dickinson Veritor assay.
dAbbott Molecular BinaxNow assay.
eOrasure InteliSwab assay.
fQuidel Quickvue assay.
gDetectable IgG SARS-CoV-2 antibodies.
hCell culture day positive for SARS-CoV-2.
iNumber of days since onset of symptoms.
jIndividual SARS-CoV-2 vaccination status as either fully vaccinate, received booster or unvaccinated.
kSARS-CoV-2 vaccine manufacturer, either Pfizer or Moderna for this cohort.
lNA, not available.
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MATERIALS ANDMETHODS
Limit of detection. We performed a limit of detection (LOD) study for each assay with Delta and

Omicron SARS-CoV-2 viral stocks that were quantified for infectious virus concentration by a tissue cul-
ture infectious dose (TCID50) assay and viral genome copy number ddPCR (Table 1). Delta and Omicron
viral stocks were isolated and propagated by our team from positive clinical samples. SARS-CoV-2 cell
culture and Bio-Rad SARS-CoV-2 ddPCR (19) were performed as previously described (20, 21).

Clinical samples and clinical sample characteristics. Nasal/nasopharyngeal (N = 14) samples with
Ct values , 20 were selected from SARS-CoV-2 positive samples identified as Omicron at the Johns
Hopkins Virology Laboratory as a part of whole-genome sequencing for surveillance in December 2021.
The clinical diagnosis was performed by the NeuMoDx SARS-CoV-2 assay (22) and the samples mean N
gene Ct was 19.12 (range 18.29 to 19.91). Variants’ lineages included (23) Omicron: BA.1 = 12, Delta:
AY.119 = 1 and AY.25 = 1, (Table 2). Overall, 79% (11/14) of the patients were vaccinated with 81% (9/
11) fully vaccinated based on CDC definitions. The majority, 73% (8/11), received the Pfizer vaccine
(Pfizer, New York, NY), while 27% (3/11) received the Moderna vaccine (Moderna, Cambridge, MA). The
majority (57%; 8/14) were symptomatic with a mean time from symptom onset of 2.3 days (range = 0 to
7 days). The clinical cohort data used for the evaluation is summarized in Table 2. Samples were col-
lected under IRB approved protocol (IRB00288258), and sequencing was performed as previously
described (23–26).

Antigen testing. Viral stock dilutions and clinical specimens were tested by each POC antigen test
as per manufacturer instructions with a modification where the provided swab in the assay was
immersed in each spiked or clinical specimen.

Serology. Serology was performed with the EUROIMMUN Anti-SARS-CoV-2 ELISA (IgG) following the
package insert (27) on undiluted respiratory samples as described previously (25, 28).

Viruses. The Delta (SCV2/USA/MD-HP05660/2021; GISAID: EPI_ISL_2331507) and Omicron (SCV2/
USA/MD-HP20874/2021; GISAID: EPI_ISL_7160424) variants used in this study were isolated from clinical
specimen as previously described (23, 25).

SUPPLEMENTAL MATERIAL
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