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The Cepheid Xpert® Xpress SARS-CoV-2 assay is 1 of the several real-time reverse transcription polymerase
chain reaction (RT-PCR) assays that received Emergency Use Authorization from the United States Food and
Drug Administration (FDA) for detection of SARS-CoV-2. Here we report 4 SARS-CoV-2 samples that were
reported as presumptive positives on the Cepheid platform while reported as positives on alternative RT-
PCR platforms. Whole genome sequencing indicated that the samples were Delta variants and had point
mutations in the N gene which potentially interfered with SARS-CoV-2 detection. Two types of point muta-
tions were found in these samples in the US CDC 2019-nCoV Real time PCR N2 Probe region: C29203T and
C29200T. C29203T is a novel point mutation, and C29200T has not been previously reported in the Delta var-
iants. This underlines the fact that mutations in the real-time RT-PCR assay target region could hinder accu-
rate detection of SARS-CoV-2.

Published by Elsevier Inc.

1. Introduction

Several polymerase chain reactions (PCR) based coronavirus dis-
eases-19 (COVID-19) testing platforms to detect severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) were developed and are
available in the market under emergency use authorization (EUA).
These platforms have been widely deployed across the world, includ-
ing the United States (US), for confirming cases of COVID-19. Prompt
detection of COVID-19 cases using these testing platforms helps with
patient isolation, treatment of infection, and blocking further trans-
mission.

Those primer and/or probes for the PCR assays for these testing
platforms are primarily targeted to genomic regions of the nucleo-
protein (N), spike protein (S), envelope gene (E), and open reading
frame (ORF1ab) of the SARS-CoV-2 virus [1]. However, as the virus
genomes change continuously, mutations arise in the test targeting
region that could impact testing results. For example, spike protein
mutations lead to S-gene target failure (SGTF) for ThermoFisher
TagPath™ COVID-19 testing platforms that use the S protein region.
While there are adverse effects on testing performance as a result of
SGTF, it has been a useful tool for screening out Delta and Omicron
variants [2—5].

* Corresponding author. Tel.: 254-743-0798; fax: 254-743-0126.
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The Cepheid Xpert® Xpress SARS-CoV-2 (Xpert) test on the Gen-
eXpert system targeted to the N and E genes has been affected by
mutations in the N gene [6]. Currently, 3 independent point muta-
tions in the N gene (C29200T, C29200A, and C29197T) that affect the
Xpert assay have been reported [7—10]. In the Xpert assay, tested
samples are considered positive if either (1) both the N2 and E targets
are detected, or (2) only the N2 target is detected. In the case where
only the E target is detected, the tested samples are considered pre-
sumptive positive. Therefore, failure in N gene detection is likely to
generate presumptive positive results which will only be resolved by
alternative test platforms [11]. Considering that the accurate detec-
tion of SARS-CoV-2 is crucial in the battle against the COVID-19 pan-
demic, vigilant monitoring for RT-PCR testing platforms is necessary.

Here we report 2 point mutations on the N2 probe binding region
which resulted in presumptive positive results on Xpert assay. Per
routine clinical care, Central Texas Veterans Health Care System
(CTVHCS) performed SARS-CoV-2 testing of patients’ nasopharyngeal
swabs collected in viral transport media (VTM) using the Xpert assay.
Out of all specimens collected from May 2021 to early November
2021, we found 4 cases of SARS-CoV-2 positives that were initially
classified as presumptive positive from the Xpert test then later con-
firmed as positive by 2 alternative testing platforms, BD MAX™
SARS-CoV-2 assay (BD, Franklin Lakes, NJ) and GenMarks ePlex respi-
ratory pathogen panel 2(RP2) (GenMark Diagnostics, Inc, Carlsbad,
CA). The initial presumptive positive results were caused by N gene
detection failure by the Xpert tests. Subsequent whole genome
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sequencing (WGS) found 2 independent point mutations, known
€29200T and novel C29203T, in the N2 probe binding regions. SARS-
CoV-2 incessantly mutates and therefore continuous mutation analy-
sis on samples with strange SARS-CoV-2 PCR test results is always
necessary for monitoring the performance of both FDA-approved
tests and laboratory-developed tests.

2. Materials and methods
2.1. SARS-CoV-2 detection

Nasopharyngeal swab samples were collected from patients in
VTM at CTVHCS from May through November 2021. The RT-PCR
based SARS-CoV-2 FDA EUA approved Cepheid Xpert® Xpress SARS-
CoV-2 assay (Cepheid, Sunnyvale, CA), BD MAX™ SARS-CoV-2 assay
(BD, Franklin Lakes, NJ), and GenMarks, ePlex respiratory pathogen
panel 2(RP2) (GenMark Diagnostics, Inc, Carlsbad, CA) were used to
detect SARS-CoV-2 in samples. Samples were processed as per in
house written protocols according to the manufacturer’s specifica-
tions. Briefly, 750 «L VTM for BD MAX, 300 L for Xpert, and 200 uL
for ePlex were used as input, respectively, for individual testing car-
tridges. All 3 systems are fully automated for downstream real-time
RT-PCR analysis. The BD MAX™ system targets both the N1 and N2
regions of the N gene and the human RNase P gene. The ePlex respi-
ratory pathogen panel detects SARS-CoV-2 and 17 other common
respiratory pathogens from the VTM specimen used for the BD Max
and Xpert assays [12].

According to our standard laboratory protocol, presumptive posi-
tive samples from the Xpert assay were subject to repeat testing
using the same platform. If test results persisted as presumptive posi-
tive, the samples were tested using an alternative platform such as
BD Max, ePlex or Cobas 6800.

2.2. Whole genome sequencing

RNA extraction for whole genome sequencing from collected sam-
ples was performed using QIAmp Viral RNA Kit (Qiagen) according to
the manufacture’s protocol. Briefly, 140 ©L samples were used as ini-
tial inputs and a final elution volume was 35 uL. Libraries for
sequencing were prepped using both the COVIDseq Test (Illumina)
and the Swift normalase amplicon SARS-CoV-2 panels (SNAP) library
prep kit (Swift biosciences) according to the manufacturer’s protocol.
Briefly, 8.5 uL of extracted RNA was used for 25 uL cDNA synthesis,
and 10 uL of cDNA was used for each library prep kit. For library
prep using SNAP, optional normalase I and normalase II treatment
was applied to all samples. Synthetic SARS-CoV-2 RNA (Twist biosci-
ence) was used as control. Sequencing of prepared libraries was per-
formed using the Illumina NextSeq 550 system according to
manufacturer’s protocol. Briefly, final concentration, 1.4 pM libraries
with 1% phiX control were loaded to 500/550 Mid Output Kit (Illu-
mina) and paired-end reads (2 x 150 bp) were selected.

2.3. Bioinformatics & data analysis

The FASTQ files generated from the NextSeq Local Run manager
were uploaded to Illumina BaseSpace Sequence Hub and analyzed
with [llumina SARS-CoV-2 NGS Data Toolkit, DRAGEN COVID Lineage
App. FASTQ files from both library preps were combined by upload-
ing files under the same Biosample in BaseSpace. Consensus FASTA
files generated against reference SARS-Cov-2 sequence (NC_045512)
were uploaded for variant analysis and detection of mutation at Pan-
golin lineage (https://pangolin.cog-uk.io) and Nextclade (https://
clades.nextstrain.org). For detailed sequence analysis, NCBI BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) was used. Mutation fre-
quency of C29200T and C29203T was searched on the GISAID data-
base using primer checker (https://www.epicov.org/epi3/

frontend#407fad) with input of fwd TTACAAACATTG GCCGCAA, rev
GCGCGACATTCCGAAGAC, and prb ACAATTTGCCCCCAGCGCTTCAG.

2.4. Data availability

The sequence has been deposited at GISAID under the accession
numbers of EPI_ISL 7235551, EPI_ISL_7235560, EPI_ISL_7235555,
EPI_ISL_7235547. The datasets used and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable
request.

3. Results

3.1. Detection of Cepheid Xpert® Xpress SARS-CoV-2 assay presumptive
positive samples

Our laboratory used the Xpert assay from May 5, 2021 to Novem-
ber 1, 2021 until it was replaced by Xpert® Xpress CoV-2/Flu/RSV
plus (Xpert plus). In this time period, we tested 6448 samples using
the Cepheid Xpert® Xpress system. Four samples out of 637 positive
samples had resulted as presumptive positive on th eCepheid Xpert®
Xpress SARS-CoV-2 assay. For all 4 presumptive positive samples, N2
was undetected while E markers were positive. Re-test of the 4 sam-
ples in Xpert reproduced the initial presumptive positive results.
These 4 samples had low CT values for the E target in Xpert assay and
were repeatedly reported as positive in 2 alternative platforms. ePlex
identified the samples as SARS-CoV-2 positive and the BD Max test
detected N1/N2 with low Ct values (high viral load) (Table 1).

3.2. Detection of mutation in the N region of SARS-CoV-2

To assess the failure of detection in the N2 region using the Xpert
assay, WGS was performed. Sequencing analysis generated sequenc-
ing coverage of 99.78% for all samples, and sequencing depth ranged
between 5601X and 21846X (Table 1). The samples were identified
as Delta (B.1.617.2) and Delta sub lineage (AY.3 and AY.24) based on
PANGO lineage [13] and 21A based on NextClade (Table 1). Based on
the current database (https://outbreak.info/situation-reports), there
are 4 known mutations in the N region in Delta (B.1.617.2) or Delta
sublineages AY.3 or AY.24: A28461G (D63G), G28881T (R203M),
G28916T (G215C), G29402T (D377Y). Those mutations, however, do
not affect the SARS-CoV-2 detection by the Xpert assay.

Since the entire N gene encoding region of all of the presumptive
positive samples were sequenced with 100% sequence coverage and
high read depth, we were able to detect several mutations were
detected in the N gene of the 4 samples. G29402T and C29200T were
present in PV2-93. G29402T and C29203T were present in PV2-95
(Fig. 1). Since G29402T is a common mutation in Delta variants, and
most Delta variants samples were detected by Xpert assay, these 2
point mutations, C29200T and C29203T, were suspected to be the
mutations that led to N gene detection failure in Xpert assay. PV2-94
and PV2-39 also contain C29200T and C29203T each (Fig. 1). Other
mutations in PV2-94 and PV2-39 were either present in only 1 or 2
presumptive positive samples or common mutations with Delta var-
iants (G29402T) (Fig. 1). In addition, these mutations lie within the
N2 Probe binding region of US CDC 2019-nCoV Real time PCR primer
and probe sequence for assay [9]. The N2 probe is in nucleotide
sequence position 29188 ~29210 of the Wuhan SARS CoV2 reference
genome with sequence ACAATTTGCCCCCAGCGCTTCAG (Fig. 2). One
mutation C to T transition at position 29200 (Fig. 2A) was observed in
2 samples which lineage B.1.617.2 and AY.24. The other C to T transi-
tion at position 29203 (Fig. 2B) was observed in the other 2 samples
for which lineage was identified as AY.3. Those mutations were syn-
onymous mutations of amino acid sequence P and S, respectively.
Because both mutations reside in the probe binding region, we
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Table 1

Results of multiple assays and WGS of Cepheid Xpert® Xpress SARS-CoV-2 presumptive positive samples.

Genome coverage Coverage depth

NextClade

PANGO lineage

N gene mutation Collection date Xpert E/N2Ct BD Max N1/N2 ePlex

Sample ID

21846
5601

99.78%
99.78%
99.78%
99.78%

21A (Delta)
21A (Delta)
21A (Delta)
21A (Delta)

AY.24

18/19

21/0
15/0
14/0

8/24/21
8/29/2

€29200T
€29200T
C29203T
€29203T

PV2_93
PV2_94

B.1.617.2
AY.3

11/13
11/13
15/16

—

PV2_39
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17117
6155

—

7/23/2

PV2_95

AY.3

17/0

9/2/21

believe these mutations may hinder probe annealing and lead to
detection failure of N2.

3.3. Frequency of the C29200T and C29203T

To investigate the frequency of these mutations, the GISAID data-
base with a total of 8,550,976 viruses sequences from January 2020
to February 2022 was analyzed. The frequency of C29200T was
between 0.078% and 0.194%. The frequency of C29203T was between
0.009% and 0.058% (Fig. 3A, B). The C29200T and C29203T mutations
were found in most of the prevailing variants including Delta and
Omicron (Fig. 3C, D).

4. Discussion

The rapid mutation rate of SARS-CoV-2 provides challenges for
conventional molecular testing design [14]. Previously, mutations
seen in the Alpha variant interfered with diagnosis of SARS-CoV-2
cases when using the ThermoFisher TaqPath COVID combo kit [4]
which led to an FDA warning [15]. The Cepheid Xpert® Xpress SARS-
CoV-2 (Xpert®) test targets N2 and E genes, but since the E genes is
the common marker for Sarbecoronavorus, its sole detection does
not confirm SARS-CoV-2 [16]. Therefore, any mutations in primer
and/or probe targeted regions in the N domain resulted in presump-
tive positive results in the Xpert test, and as a result, repeating the
same assay or using an alternative testing platform for those samples
is required. The new Xpert plus assay, which replaced the Xpert
assay, improved the test sensitivity by adding the RdRp target. All 4
presumptive positive samples were identified later as positive by the
plus version of the Xpert assay, possibly due to positive detection of
RdRp (proprietary information of Cepheid). However, the data from
individual target genes are not accessible in the new Xpert plus assay,
therefore N gene detection for C29200T and C29203T mutations in
the Xpert plus assay is not obtainable.

Our laboratory utilizes multiple testing platforms to resolve false
positive or negative cases [16]. WGS helps overcome the challenges
faced by conventional molecular detection systems since the extent
to which mutations affect the overall result is lower for WGS than
PCR testing. With WGS, we found 2 independent point mutations in
the N gene residing in the N2 probe binding region that potentially
affect the detection of SARS-CoV-2. One mutation of C to T transition
at position 29200 has been reported [7,10] but not in the Delta vari-
ant. The other mutation of C to T transition at position 29203 has not
been reported yet in SARS-CoV-2, including in Delta variants.

The frequency of the C29200T and C29203T mutations were low
and only sporadically found in various lineages. Therefore, the
C29200T and C29203T mutations are likely to be spontaneously
occurring independent of evolution. However, both mutations,
€29200T and C29203T, could result in false negatives by target fail-
ure.

Presumptive positives in the Xpert assay could be generated by
low viral load in the samples. However, these 4 samples contain high
viral load which is indicated by low CT values for the E target in th
eXpert assay. As the BD Max test detected the 4 samples as positive
with low Ct values of the N1/N2 target, certain tests may tolerate the
single nucleotide mismatch in the probe region, whereas the Xpert
very likely could not tolerate the same single nucleotide mismatch
even with high viral load samples.

In conclusion, 2 independent point mutations in the N2 probe
binding region were found in the circulating Delta variant of SARS-
CoV-2. The mutations interfere with certain SARS-CoV-2 assays that
subsequently generate false negative test results. The data supports
the need of targeting multiple regions for reliable SARS-CoV-2 detec-
tion as mutations emerged in this target region.
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