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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused a pandemic. Diagnostic test-
ing for SARS-CoV-2 has continuously been challenged due to several variants with diverse spike (S) and
nucleocapsid (N) protein mutations []. SARS-CoV-2 variant proliferation potentially affects N protein-
targeted rapid antigen testing. In this study, rapid antigen and reverse transcription PCR (RT-PCR) tests
were performed simultaneously in patients with suspected coronavirus disease 2019 (COVID-19). Direct

KEYWORDS: whole genome sequencing was performed to determine the N protein variations, and the viral assem-
COVID-19 blies were uploaded to GISAID. The genomes were then compared with those of global virus strains from
SARS-CoV-2

GISAID. These isolates belonged to the B.1.1.7 variant, exhibiting several amino acid substitutions, includ-
ing D3L, R203K, G204R, and S235F N protein mutations. The T135] mutation was also identified in one
variant case in which the rapid antigen test and RT-PCR test were discordantly negative and positive, re-
spectively. These findings suggest that the variants undetected by the Panbio COVID-19 rapid antigen test
may be due to the T135] mutation in the N protein, posing a potential diagnostic risk for commercially
available antigen tests. Hence, we recommend concomitant paired rapid antigen tests and molecular diag-
nostic methods to detect SARS-CoV-2. False-negative results could be rapidly corrected using confirmatory

RT-PCR results to prevent future COVID-19 outbreaks.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
similar to other RNA viruses, continually mutates, and new vari-
ants appear and eventually become dominant. Several SARS-CoV-2
genes have a tendency to evolve, including those encoding the nu-
cleocapsid (N) and spike (S) proteins (Dilucca et al., 2020) [Au?1].
By the end of December 2020, new SARS-CoV-2 variants with mul-
tiple accumulated mutations had emerged, and these variants of
concern (VOCs) have reportedly been associated with increased
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transmissibility or decreased effectiveness of available diagnostic
tools (Boehm et al., 2021) [Au?1].

Lateral flow antigen detection diagnostics have long been de-
ployed for various infectious diseases because of their convenience
and short turnaround times (<15 minutes) (Dinnes et al., 2021).
Previous studies have demonstrated the advantages and clinical
performance of these rapid antigen test devices (Jungnick et al.,
2021), and their data have shown favorable performance in detect-
ing SARS-CoV-2 VOCs using rapid antigen testing. High sensitivities
have been observed in high viral load samples using commercial
rapid antigen tests (Hayer et al., 2021). However, N protein muta-
tions in SARS-CoV-2 VOCs may potentially lead to false-negative
results with some rapid antigen tests, despite a high viral load
(Boehm et al., 2021). Del Vecchio et al. reported that genetic vari-
ants of the N gene might impair the ability to utilize antigen tests
for diagnosis and mass testing efforts aimed at controlling virus
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Table 1
SARS-CoV-2 variants identified by the Panbio COVID-19 Ag Rapid Test Device
Reported case Sex/age (years)  Accession ID Lineage N protein mutations Panbio COVID-19 Ag Rapid Test  Ct value®
Case 1 TSGH-42  Male/48 EPI_ISL_2693005 B.1.1.7 D3L, R203K, G204R, S235F Positive 17
Case 2 TSGH-43  Male/49 EPI_ISL_2693006  B.1.1.7 D3L, R203K, G204R, S235F Positive 16
Case 3 TSGH-44  Female/2 EPI_ISL_4096803  B.1.1.7 D3L, R203K, G204R, S235F Positive 20
Case 4 TSGH-45  Male/39 EPI_ISL_4096805  B.1.1.7 D3L, R203K, G204R, S235F Positive 17
Case 5 TSGH-46  Male/44 EPI_ISL_2693007  B.1.1.7 D3L, T135], R203K, G204R, S235F  Negative 16

3 Ct value: cycle threshold value for detecting the N1 gene.

transmission and the emergence of SARS-CoV-2 genetic variants
(Del Vecchio et al., 2021). Several samples failed to generate a pos-
itive result in the lower cycle threshold (Ct) values. Whole genome
sequencing (WGS) analysis of these isolates showed that they be-
longed to the B.1.1.7 variant, and concordant or discordant reverse-
transcription PCR (RT-PCR) and antigen assay results revealed sev-
eral amino acid substitutions in the N protein.

The aim of this study was to identify novel N protein muta-
tion sites that affect antigen test performance. The Panbio COVID-
19 rapid antigen test was used to screen patients with suspected
coronavirus disease 2019 (COVID-19). In addition, another pharyn-
geal specimen was subjected to nucleic acid amplification testing
(NAAT).

2. Materials and methods
2.1. Study design

A total of 2496 samples were collected from patients admit-
ted to Tri-Service General Hospital (Taipei City, Taiwan) between
May and July 2021. Participants (symptomatic or non-symptomatic
with a history of contact with a confirmed COVID-19 case) under-
went both rapid antigen testing and RT-PCR molecular assay, us-
ing paired nasopharyngeal swabs (NPS). Both tests were performed
and interpreted by on-site technicians on the same day.

2.2. SARS-CoV-2 rapid antigen testing

Two simultaneous NPS were collected from symptomatic and
asymptomatic participants []. The first pharyngeal specimen was
analyzed using the Panbio COVID-19 Ag Rapid Test Device (Abbott,
IL, USA) as per the manufacturer’s instructions.

2.3. Clinical specimens and SARS-CoV-2 RT-PCR testing

The second pharyngeal specimen was used for NAAT confirma-
tion. SARS-CoV-2 infection was confirmed using RT-PCR, as de-
scribed previously, with some modifications (Jian et al., 2021a).
Briefly, automated sample-to-result SARS-CoV-2 RT-PCR testing
was performed using the LabTurbo AIO 48 system (LabTurbo, New
Taipei City, Taiwan), with the LabTurbo AIO COVID-19 RNA testing
kit for SARS-CoV-2 multiplex real-time RT-PCR, simultaneously de-
tecting the SARS-CoV-2 N1 and E genes.

2.4. WGS of SARS-CoV-2

Of 2496 samples, 72 tested positive for SARS-CoV-2 by RT-PCR
and 70 were scored as weakly positive or positive by the rapid test
detecting the SARS-CoV-2 nucleocapsid protein. Here we focus on
the SARS-CoV-2 variant (B.1.1.7) which might cause discordant re-
sult between paried antigen rapid test and RT-PCR. WGS of the five
SARS-CoV-2 strains (denoted as TSGH42-46) was performed as de-
scribed previously (Jian et al., 2021b; Jian et al., 2021c). All viral
assemblies were uploaded to GISAID (https://www.gisaid.org/).
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2.5. Amino acid variation mapping of SARS-CoV-2 genomes

CoV-GLUE (http://cov-glue.cvr.gla.ac.uk) was used to investigate
the amino acid variations in these five strains and identify the pos-
sible novel N protein mutations in the SARS-CoV-2 lineage.

3. Results
3.1. Comparison of rapid antigen and RT-PCR test results

Data on the genome sequences of the five strains were de-
posited in the GISAID database, and these strains belonged to the
B.1.1.7 variant (Table 1). The false-negative result obtained with the
Panbio COVID-19 rapid antigen test was verified with three further
tests with different lot numbers, and the same result was obtained.

3.2. Analysis of the N protein amino acid variants

The analysis of the complete SARS-CoV-2 genomes of the five
reported cases revealed several missense mutations. These muta-
tions occurred in the N protein (Table 1) and included D3L, R203K,
G204R, and S235F mutations in all five cases. A further investi-
gation of the case with discordant results using the rapid anti-
gen test and RT-PCR (case 5) was performed. Another novel amino
acid substitution was observed in the T135] mutation in this case
(Figure 1).

4. Discussion

The Abbott Panbio COVID-19 Ag Rapid Test Device, which has
demonstrated moderate sensitivity and specificity, has been used
as a screening tool (Fenollar et al., 2021). Through WGS analysis,
this study revealed a pattern of amino acid substitution mapping
around major epitopes of the N protein. The use of other rapid
antigen testing methods that detect other SARS-CoV-2-specific
genes or multi-target sites might be implemented in diagnostic
laboratories as an alternative method. Inaccurate diagnostic test re-
sults will undermine efforts towards containing the COVID-19 pan-
demic. In the present study, case 5 with a high viral load was
found to have a false-negative result by rapid antigen test [Au?1].
Such false-negative results could lead to more large-scale trans-
mission [Au?1]. Sensitivity varies between rapid antigen tests and
NAAT tests. Dinnes et al. reported an average sensitivity of 94.5%
with Ct values <25 but 40.7% with Ct values >25 in 36 evaluations,
while rapid molecular tests such as Xpert Xpress had an average
sensitivity of 100% in two evaluations (Dinnes et al., 2021). As the
inherent lower sensitivity may be offset by combination with NAAT
methods, we propose implementing paired RT-PCR tests to counter
the shortcomings of rapid antigen tests, especially their impaired
ability to detect SARS-CoV-2 VOCs.

Rahman et al. observed that a high-frequency co-occurring mu-
tation ratio (R203K and G204R) destabilized and decreased overall
N protein structural flexibility (Rahman et al., 2021). The replace-
ment of amino acid T by I might have affected coated antibodies
that recognize the SARS-CoV-2 N protein epitope.
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Figure 1. Novel nucleotide substitutions found via whole genome sequencing analysis of the SARS-CoV-2 strain (case 5).

In conclusion, this study highlights the importance of the pos-
sibility of the N protein mutation in the B.1.1.7 VOC escaping de-
tection by antigen tests in COVID-19 cases. Given the widespread
proliferation of SARS-CoV-2 VOCs, additional sequencing data from
new strains are required to test this hypothesis.
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