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Abstract

Throughout the coronavirus disease 2019 (COVID-19) pandemic, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) variants have emerged with different
infection and disease dynamics. Testing strategies, including clinical diagnosis,
surveillance, and screening, have been deployed to help limit the spread of SARS-CoV-
2 variants. Rapid antigen tests, in particular, have been approved for self-testing in
many countries and governments are supporting their manufacturing and distribution.
However, studies demonstrating the accuracy of rapid antigen tests in detecting SARS-
CoV-2 variants, especially the new Omicron variant, are limited. We determined the
analytical sensitivity of a CE-marked rapid antigen test against the Omicron, Delta,
Alpha and Gamma variants. The rapid antigen test had the most sensitive limit of
detection (10 plaque forming units [PFU]/mL) when tested with the Alpha and Gamma
variants, followed by the Omicron (100 PFU/mL) and Delta (1,000 PFU/mL) variants.
Given the increasing numbers of breakthrough infections and the need to surveil
infectiousness, rapid antigen tests are effective public health tools to detect SARS-CoV-

2 variants.
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Introduction

Coronaviruses (CoVs) are a diverse family of positive-sense single-stranded
RNA viruses, which can infect humans and other mammals. In the past 20 years, CoVs
have emerged in human populations.* Human CoVs (i.e., HCoV-229E, -OC43, -NL63,
and -HKU1) have long been known to circulate seasonally usually causing mild

respiratory tract infections.*™

In contrast, severe acute respiratory syndrome
coronavirus (SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV),
and SARS-CoV-2 are highly pathogenic.®

In January 2020, SARS-CoV-2 was identified as the causative agent of the
coronavirus disease 2019 (COVID-19) outbreak first detected in Wuhan, China (Fig.
1).”® The World Health Organization declared COVID-19 a pandemic in March 2020,
and as of January 2022, more than 300 million confirmed cases and 5.4 million deaths
have been reported globally. Large-scale whole-genome sequencing of the virus has
identified sequence changes, particularly in the spike protein, and the emergence of
novel variants.

In September 2020, the first case of infection with B.1.1.7 (Alpha) variant was
identified in the United Kingdom. Genetic alterations in the Alpha variant were shown to
be associated with increased binding affinity with the host cell receptor and immune
evasion.” Almost simultaneously, infections with B.1.351 (Beta) and P.1 (Gamma)
variants were identified in South Africa and Brazil, respectively.’®** In October 2020, the

B.1.617.2 (Delta) variant was identified throughout India, outcompeting pre-existing

variants, and establishing itself as the dominant variant until the end of 2021.* Several
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studies have demonstrated increased transmissibility and immune evasion by the Delta
variant.> Additionally, COVID-19 patients infected with the Delta variant were shown to
have higher risk of hospitalization, intensive care unit admission, and mortality. In
November 2021, genomic surveillance in South Africa and Botswana identified
infections with B.1.1.529 (Omicron) variant, and in under two months infections by the
variant have been identified in 87 countries.”®> The Omicron variant has over 30
mutations in the spike protein, influencing antibody neutralization by vaccination.

With the unprecedented spread of the Omicron variant, governments are
deploying rapid antigen tests as a strategy to suppress virus transmission. However,
there are limited studies that have evaluated the accuracy of antigen tests in detecting
SARS-CoV-2 variants, especially Omicron. In this study, we determined the analytical
sensitivity of a CE-marked rapid antigen with the Omicron, Delta, Alpha and Gamma
variants. Our data indicate that despite slight differences in sensitivity, the antigen test is

effective at detecting SARS-CoV-2 variants, including the dominant Omicron variant.

Methods

Viral isolates

The Omicron, Delta, Alpha and Gamma variant isolates were obtained from the
MassCPR variant repository. In brief, the variants were isolated at the Ragon BSL3 by
collection of the culture supernatant of Vero-EG6 cells at 4-6 days post-infection with
primary clinical specimens. The viral titer (plaque forming unit (PFU)/mL) of each viral

stock was calculated by standard plaque assay using 5-fold serial dilution of the stock in
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93 on Vero-E6 cells. Genomic sequences of each variant stock were confirmed by whole

94  genome sequencing. The collection of isolates was approved by the Massachusetts

95 General Hospital Institutional Review Board (approval number 2019P003305).

96

97 Sample preparation

98 Stocks of the clinical isolates of Omicron, Delta, Alpha and Gamma SARS-CoV-2

99 virus were diluted to 100,000 PFU/mL in the kit buffer (E25Bio, Inc., Cambridge, MA
100 and Perkin Elmer, Waltham, MA). A series of 10X dilutions (100,000 to 1 PFU/mL) in
101 the kit buffer were made for further analysis. All laboratory procedures involving the
102 handling of the samples were carried out in a Biosafety Level 3 (BSL-3) laboratory
103 (Ragon Institute of MGH, Harvard, and MIT).
104
105 SARS-CoV-2 Antigen Test
106 The rapid antigen test (E25Bio, Inc., Cambridge, MA and Perkin Elmer, Waltham,
107 MA) used for the study targets the SARS-CoV-2 nucleocapsid (N); the test is CE-
108 marked. The test and the control line have immobilized antibodies that produce visible
109 results upon interaction with antigen and the nanoparticle conjugate. 100uL of the 10X
110 serial dilutions (100,000 to 1 PFU/mL) were applied to the antigen test in triplicates.
111  After 15 minutes, results were scored as positive or negative and images of the tests
112  were captured using an iPad (Apple, Inc, Cupertino, CA).
113

114 Image Analysis
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115 The images of the rapid antigen tests were analyzed using Image J (NIH,
116 Bethesda, MD) for quantitative analysis of the results. The software was used to
117 calculate the average pixels of the test line, control line and the background area. The
118 signal from the background was subtracted from the test and control line signals before
119 normalizing the test signal to the control signal. The resulting test signal expressed as
120 percent of control was used to determine the limit of detection for the rapid antigen test.
121  Statistics

122 GraphPad Prism 9.0 (San Diego, CA) was used to analyze and report the final
123 test signal of the antigen tests. The mean value of the test signal with standard

124  deviations were plotted in column graphs.

125
126 Results
127 To determine the analytical sensitivity of a rapid antigen test with SARS-CoV-2

128 variants, we utilized clinical isolates of Omicron, Delta, Alpha and Gamma. Each of the
129 variants were diluted to 100,000 PFU/mL test samples, followed by 10X serial dilutions
130 to obtain 10,000, 1,000, 100, 10, and 1 PFU/mL test samples. The limits of detection
131 were determined by applying to each rapid antigen test 100 uL of the test samples. The
132 antigen tests reacted for 15 minutes before results were visually scored and images
133  were captured.

134 The rapid antigen test detected the Delta variant with the highest limit of
135 detection at 1,000 PFU/mL, followed by the Omicron variant at 100 PFU/mL (Fig. 2A-D,
136 Table 1). The rapid antigen test had the lowest limits of detection against the Alpha and

137 Gamma variants at 10 PFU/mL (Fig. 2A-E, Table 1). The rapid antigen test was
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138 negative when tested with the 1 PFU/mL test samples from the Alpha and Gamma
139 variants and the kit buffer alone (Fig. 2F-G, Table 1). Image analysis of test signal
140 intensities corroborated our visual scoring results (Fig. 3).

141

142 Conclusions

143

144 Reverse-transcription polymerase chain reaction (RT-PCR) is the gold standard
145 method for clinical diagnosis of COVID-19. However, due to its high cost and slow
146  turnaround times, RT-PCR remains impractical for surveiling and screening of
147 infectious individuals. In contrast, antigen tests can be inexpensive, self-administered,
148 and provide rapid results. Studies have demonstrated that the sensitivity of antigen tests

14—

149 increases with testing frequency.'**® Other studies have shown that antigen tests are

150 optimized at detecting SARS-CoV-2 during the peak period of transmission.™*’
151 Altogether these data suggest that rapid antigen tests are optimal public health tools for
152  surveilling infectiousness and can be used to help reduce the spread of COVID-19.

153 With the emergence and unprecedented expansion of the Omicron variant,
154 governments are deploying rapid antigen tests nationally to facilitate outbreak
155 suppression. However, there are limited studies that have determined whether antigen
156 tests can detect the Omicron variant. Using an FDA Emergency Use Authorized antigen
157 test, a recent study showed detection of Omicron and Delta specimens with
158  concentrations of 100,000 copies per swab or greater.’® In this study, we determined

159 the analytical sensitivity of a rapid antigen test with SARS-CoV-2 variants, including

160 Omicron, Delta, Alpha, and Gamma. Our data show that the rapid antigen test has the
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161 lowest limit of detection with Alpha and Gamma (10 PFU/mL), followed by Omicron (100
162 PFU/mL) and Delta (1,000 PFU/mL) (Fig. 2-3, Table 1).

163 SARS-CoV-2 N is one of the predominantly expressed structural proteins and
164 therefore is an ideal target for detection. Most of the antigen tests developed target
165 SARS-CoV-2 N and mutations in this protein can impact the detection of the virus. In
166 more than 85% of Omicron, Alpha, and Gamma sequences, R230K and G204R
167 mutations in N are observed.’® However, those mutations were observed in less an
168 0.1% of Delta sequences.”® These data could help explain the lower analytical
169 sensitivity of the rapid antigen test with Delta as compared to the other variants. Another
170 possibility is that the viral stocks used in the study may contain non-infectious particles
171 and therefore varying concentrations of N that could impact the signal intensity of the
172  test results. Further studies are needed to understand which mutations in the N of the
173 SARS-CoV-2 variants negatively impact the limits of detection in rapid antigen tests.
174  Additionally, studies that evaluate the performance of the rapid antigen test using nasal
175 or oropharyngeal swab specimens from RT-PCR confirmed COVID-19 patients are
176  warranted. Despite slight differences in analytical sensitivity, the antigen test used in
177  this study is effective at detecting SARS-CoV-2 variants.
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275 Tables
276

277 Table 1. Rapid antigen test results for the SARS-CoV-2 variants performed in triplicate.

Test Samples
SARS-CoV-2 Variant | 100,000 PFU/mL | 10,000 PFU/mL | 1,000 PFU/mL 100 PFU/mL 10 PFU/mL 1 PFU/mL
Omicron 3/3 3/3 3/3 3/3 0/3 Not Tested
Delta 3/3 3/3 3/3 3/3 Not Tested Not Tested
Alpha 3/3 3/3 3/3 3/3 2/3 0/3
278 Gamma 3/3 3/3 3/3 3/3 3/3 0/3
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323 Figure 3. Test signals (percent of control) of rapid antigen tests for different
324  concentrations of Omicron, Delta, Alpha, and Gamma variants. A) 100,000 PFU/mL. B)
325 10,000 PFU/mL. C) 1,000 PFU/mL. D) 100 PFU/mL. E) 10 PFU/mL. F) 1 PFU/mL. G)
326 Kit buffer. The y-axis corresponds to the background subtracted test signal normalized
327 to the control line. Test results less than 10% of the control are considered negative
328 results, which is indicated by the black dashed line.
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