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ABSTRACT

Since its emergence in 2019, SARS-CoV-2 has infected mil-
lions globally, with novel variants arising throughmutations
that enhance virulence or immune evasion. Given the short-
age of qualified laboratory professionals during this time,
clinical platforms exhibiting minimal hands-on time gained
popularity. One suchplatform, ThermoFisher Scientific’s Ion
Torrent Genexus, provided sequencing capabilities to short-
staffed laboratories, yet standard quality control metrics for
this platform remain limited. In this study, we established
quality metrics for accurate variant calling on the
Genexus Integrated Sequencer. Upper respiratory

specimens positive for SARS-CoV-2 were sequenced and
rigorously assessed using the proposed metrics. We
sequenced 339 patient specimens and 89 controls across
varying viral loads. Among positive controls that met the
metrics, 100% were assigned correct lineages, while 86%
of negative controls appropriately failed quality thresholds.
The proposed metrics provide a framework for accurate
SARS-CoV-2 variant identification on the Genexus platform,
offering a model for clinical laboratories adopting this tech-
nology for reliable sequencing and variant tracking.
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Amendments, CRM - commercial reference material,
Ct - cycle threshold, LOD - limit of detection, NGS - next-
generation sequencing, NTC - no template control,
PCR - polymerase chain reaction, QC - quality control,
qPCR - quantitative PCR, VTM - viral transport media.

INDEX TERMS: SARS-CoV-2, NGS, QC metrics, Ion
Torrent Genexus Integrated Sequencer, amplicon-based
sequencing.
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INTRODUCTION

SARS-CoV-2 is a positive-sense, single-stranded RNA virus
that first emerged in Wuhan, China, in late 2019. This
member of the Coronaviridae family is highly infectious
and causes a range of respiratory symptoms in humans,
from asymptomatic cases to severe illness and death. The
high mutability of SARS-CoV-2 within its 30-kb genome
has contributed significantly to the virus’s rapid and wide-
spread transmission. Novel mutations, particularly those
affecting the spike protein, have increased the virus’s viru-
lence and capacity for immune evasion, resulting in distinct
SARS-CoV-2 variants.1-3 Identifying the prevalence of these
variants within a population is essential both during and
before outbreaks, as it helps inform appropriate public
health measures to prevent further disease spread.4,5

Throughout the pandemic, a variety of next-genera-
tion sequencing (NGS) methods and assays have become
available to clinical laboratories for SARS-CoV-2 variant
analysis.6,7 Many of these assays were adapted to preexist-
ing sequencing platforms.7-9 Among these, Illumina’s tech-
nology has been favored because of its reliability and
extensive bioinformatics support, which has led public
health departments, hospital systems, and private labora-
tories to invest in Illumina instrumentation long before the
SARS-CoV-2 pandemic.10,11 However, these platforms
require significant hands-on time from skilled laboratory
scientists, a drawback when rapid, high-volume sequenc-
ing is needed, as seen during the COVID-19 pandemic.12-15

Selecting an NGS platform and assay requires consid-
eration of factors such as reagent availability, cost, main-
tenance needs, expected volume, turnaround time, and
laboratory scientist’s hands-on time.13,16-18 Thermo
Fisher’s Ion Torrent Genexus Integrated Sequencer offers
an alternative solution by requiring minimal hands-on
time through automated library preparation, sequencing,
and onboard analysis, a critical advantage amidst a
national shortage of skilled laboratory personnel.12-15,19-21

Although Thermo Fisher has expanded its clinical support
infrastructure to facilitate SARS-CoV-2 sequencing, there
remains a lack of uniform quality control (QC) guidelines
specific to clinical reporting of SARS-CoV-2 variants on
the Genexus platform.7-11,13,22

The SARS-CoV-2 Insight Panel on the Genexus platform
provides full-genome sequencing of SARS-CoV-2 via ampli-
con-based targeted NGS.6 This process takes approximately
30 hours, during which previously extracted RNA undergoes
library preparation, templating, sequencing, and analysis
through the Ion Torrent Software.17 Downloadable data files
are generated from each run, facilitating further analysis and
troubleshooting.23 Although the software provides several
metrics related to both run and sample quality, no guide-
lines have been established by the manufacturer to assess
data quality. This was due in part to the novelty of the
SARS-CoV-2 virus and the research use designation of this
assay. This lack of standardization poses a risk for inaccurate
results, as incomplete data can lead to false-positive results
or incorrect lineage assignments if not rigorously vetted.
Prior studies on theGenexus platformhave validated its abil-
ity to reliably generate complete SARS-CoV-2 genomes.6,23

Despite the widespread availability of SARS-CoV-2
sequencing services in clinical and research laboratories,
there remains a gap in uniform quality metrics for sequence
quality determination. Although the Ion Torrent Genexus
Integrated Sequencer shows promise for clinical applica-
tions, it was originally designed for research purposes and
lacks a well-defined clinical support workflow to meet the
needs of clinical laboratories.7-11,13,22 While existing quality
metrics for NGS platforms primarily apply to other instru-
ments, the limited metrics currently available for the
Genexus platform pertain only to individual sequence qual-
ity8,12,24 and do not address the increased stringency for in
vitro diagnostic testing. Establishing stringent, standardized
clinical metrics is essential to maintain a high standard of
patient care in laboratory reporting. This article addresses
this need by proposing a set of robust quality metrics for
clinical use to evaluate run and sample quality for SARS-
CoV-2 sequencing on the Genexus Integrated Sequencer.

MATERIALS AND METHODS

Patients and Samples
Nasopharyngeal and midturbinate swabs were collected
in sterile viral transport media (VTM) collection devices.
All samples were transported to the laboratory under cold
conditions (2–6°C) within 6 hours of collection. COVID-19
diagnostic status for each specimen was determined in a
Clinical Laboratory Improvement Amendments (CLIA)-
certified, high-complexity clinical laboratory using Food
and Drug Administration Emergency Use Authorization–
approved methods, primarily the Cobas 6800 SARS-CoV-
2 Kit, Diasorin Simplexa COVID-19 Direct Kit, or BioFire
Respiratory 2.1 (RP2.1) Panel. A complete workflow for
these specimens is provided in Figure 1.

RNA Extraction and Quantification
RNA isolation was performed in a Biosafety Level 2 plus pre-
amplification environment. Total nucleic acid extraction was
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conducted on SARS-CoV-2–positive specimens using the
MagMAX Viral/Pathogen II (MVP II) Nucleic Acid Isolation
Kit (Thermo Fisher, category no. A48383) on a KingFisher
FLEX Purification System (Thermo Fisher Scientific), follow-
ing the manufacturer’s instructions. The extraction protocol
for 200-uL sample input with a 50-uL elution volume and 2
wash steps (MVP_2Wash_200_Flex.bdz) was used. For viral
RNA quantification, the TaqPath COVID-19 Combo Kit
(Thermo Fisher Scientific, category no. A47814) was used
on a QuantStudio 7 Flex Real-Time Polymerase Chain
Reaction (PCR) System (Thermo Fisher Scientific) with a
384-well block, adhering to manufacturer recommenda-
tions.25 Thermocycling conditions were as follows: 25°C
for 2 minutes, 53°C for 10 minutes, and 95°C for 2 minutes,
followed by 40 cycles of 95°C for 3 seconds and 60°C for 30
seconds. The cycle threshold (Ct) value of the N gene from
the PCR reaction–informed specimen dilution requirements
for NGS library preparation. Specimenswith a Ct value below
18 were diluted at least 1:10 with MagMAX Elution Buffer
prior to loading onto the Genexus, per initial guidance from
the Ion AmpliSeq SARS-CoV-2 Research Panel Quick
Reference.26,27 For specimenswith anN gene Ct value above
31, indicating insufficient viral copy numbers for the NGS
workflow, testingwas conducted to challenge the sensitivity
limits of the “High Titer” and “Low Titer” assays on the SARS-
CoV-2 Insight Panel. In this context, the “High Titer” and “Low
Titer” assays correspond to settings within the Ion Torrent
Software–labeled SARS-CoV-2 Research Assay and SARS-
CoV-2 Low Titer Research Assay, respectively. Both assays
use the same reagents and primer panels; however, the
low-titer setting includes additional amplification cycles to
enhance sensitivity for samples with lower viral loads. The
Qubit RNA High Sensitivity Assay on the Qubit 4
Fluorometer was also tested as an alternative quantification
method for SARS-CoV-2 NGS, in parallel with quantitative

PCR (qPCR). Negative patient specimens and sterile (unino-
culated) VTM served as no-template controls. Negative
patient specimenswere tested as negative controls to deter-
mine the assay’s ability to correctly identify the absence of
the target analyte (COVID virus) as well as to conserve VTM
for patient testing. Extracted RNA was stored on ice if
sequencing was performed the same day or at −80°C if
delayed for up to 10 days.

Library Preparation and Sequencing
Targeted NGS was conducted on extracted RNA using the
Ion AmpliSeq SARS-CoV-2 Insight Research Panel (Thermo
Fisher Scientific, category no. A51307) and the SARS-CoV-2
Research Panel (Thermo Fisher Scientific). The SARS-CoV-2
Insight Panel replaced the initial SARS-CoV-2 Research
Panel because of its increased tolerance for emerging var-
iants and improved performance with low-titer samples.
Both panels employ 237 amplicons to cover over 99% of
the SARS-CoV-2 genome, producing essentially whole-
genome sequences.6,12 Assay selection was guided by viral
copy determination, as outlined in respective panel refer-
ence materials.25-27 For specimens with N gene Ct values
exceeding recommended limits, the assays were inten-
tionally loaded to assess their performance under chal-
lenging conditions. Sequencing was conducted on both
freshly extracted and previously frozen specimens. The
Genexus system’s high- and low-titer assays share the
same primer pools but differ in amplification cycles.
Manufacturer-provided controls, including the AccuPlex
SARS-CoV-2 Verification Panel – Full Genome (category
no. 0505-0168), Twist Bioscience SARS-CoV-2 Controls (cat-
egory no. 102019, 103907, 103909, 105204), and
ZeptoMetrix (category no. NATSARS(COV2)-VP), were used
to assess the limit of detection (LOD), reagent lot changes,

Figure 1. SARS-CoV-2 specimen handling and processing workflow. Nasopharyngeal and midturbinate specimens were collected
from the university’s student health center and brought to the clinical molecular laboratory. After diagnostic testing,
SARS-CoV-2–positive specimens were extracted and quantified for viral copy number before sequencing, analysis, and
reporting. Typical turnaround time for diagnostic results was less than 1 day, allowing for sequencing of positive
specimens to take place the same week, with variant prevalence reported at the week’s end.

VOL 38, NO 1, WINTER 2025, CLINICAL LABORATORY SCIENCE | 11

RESEARCH AND REPORTS

 on June 9 2026 
http://hw

m
aint.clsjournal.ascls.org/

D
ow

nloaded from
 

http://hwmaint.clsjournal.ascls.org/


and sequencing accuracy. These controls included Alpha,
Beta, Gamma, Delta, and Omicron variants, with undiluted
Zeptometrix controls at 50 000 copies/mL and Twist and
AccuPlex controls diluted to concentrations ranging from
10 000 to 62.5 copies/mL. Dilutions were performed using
uninoculated VTM prior to extraction and quantification.
No template control (NTC) samples, originating from diag-
nostic testing, were processed identically to positive spec-
imens and controls to maintain testing uniformity.

Analysis and Determination of QC Metrics
and Thresholds
The Ion Torrent Reporting Software Version 6.2.1 gener-
ates a runmetrics file and sample-specific files, which were
applied to the metrics listed in Table 1 under the work-
flows shown in Figure 2. Although metric categories are
defined by the system, the manufacturer does not specify
cutoff criteria for data quality assessment. For each run, a
run report was downloaded and reviewed following the
process outlined in Figure 2A. Each run was classified as
either “Passed” or “Failed.” Individual sample quality met-
rics (Iterative Refinement Meta-Assembler FASTA and cov-
erage analysis summary) were reviewed (Figure 2B);
samples meeting quality criteria were uploaded to
PANGOLIN Version 6.04 for lineage assignment. Samples
that did not produce a FASTA file or failed quality metrics
lacked lineage assignment. For samples flagged as “Needs
Review,” qualitative assessments included coverage over-
view, depth of coverage chart, Amplicon coverage chart,
and read length histogram. Specifically, coverage over-
view indicated sequence completeness and gaps, Depth
of coverage chart should show a distribution centered
around 10 000 reads, Amplicon coverage chart should

display partial genome coverage, and read length histo-
gram should have a normal distribution around 210.

For run performance, Table 1metrics were used.While
metric categories are defined, data quality thresholds are
not explicitly provided by the manufacturer. These criteria
and cutoff values were established and validated in our
laboratory to ensure robust data generation. Following
run quality assessment, individual samplemetrics (Table 1)
were selected for their relevance to data quality.
Definitions for run and sample metrics are available in
the Genexus user manual and Ion Torrent documenta-
tion.13,25-27 All sequences were uploaded to PANGOLIN
for lineage designation using the FASTA files generated
by Ion Torrent Software and mapped to the SARS-CoV-2
reference genome using Geneious Prime to assess
potential coverage gaps (Supplementary Figure 1).

To further assess the reliability of the variant calls, we
considered underlying sequence quality metrics beyond
total read count and genome coverage. The Ion Torrent
Genexus platform calculates base quality and mapping
quality scores using amodified Phred scale during base call-
ing and alignment. However, in the default SARS-CoV-2
Insight Panel workflow, these values are not readily acces-
sible through the standard user-facing reports. While they
are embedded within the raw BAM and FASTQ files, they
were not directly incorporated into our QC thresholds.
Instead, quality determinations were based on manufac-
turer-recommended and laboratory-validated summary
metrics—such as mapped reads, coverage depth, uniform-
ity, and sequence completeness. For samples marked as
“Needs Review,” visual inspection of consensus sequence
alignments was performed using Geneious Prime to evalu-
ate coverage gaps and mapping consistency relative to the
SARS-CoV-2 reference genome. Future refinements of this

Table 1. SARS-CoV-2 sequencing clinical quality metrics for use on the Ion Torrent Genexus

Quality Metrics Failure Cutoff Needs Review Cutoff Pass Cutoff

Run metrics Loading (%) <80 N/A ≥80

Enrichment (%) <95 ≥95

Library reads (%) <80 ≥80

Final reads (%) <30 ≥30

Final reads/lane <8 000 000 ≥8 000 000

Mean raw accuracy (%) <98 ≥98

Sample metrics Total reads <100 000 100 000–400 000 >400 000

Mean read length <155 ≥155–174 ≥175

Uniformity of base coverage (%) <80 ≥80–<90 ≥90

Average base coverage depth <2000 N/A ≥2000

Percent reads on target (%) <90 ≥90–<95 ≥95

Number of mapped reads <50 000 N/A ≥50 000

Target base coverage at 20× (%) <80 ≥80–<90 ≥90

Themetrics for quality control of SARS-CoV-2 sequencing on the Genexus can be divided into run-specificmetrics and sample-orientedmetrics. Most run
metrics listed have hard cutoffs, while the samplemetrics have a reviewwindow. Sequence data that “Pass” but need review should take all listedmetrics
into consideration and reference the qualitative metrics prior to reporting. NA, not available.
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workflow may incorporate automated parsing of base and
mapping quality scores to enhance the resolution and reli-
ability of SARS-CoV-2 variant detection.

RESULTS

Quantification of Samples
Accurate quantification of viral copy number or RNA con-
centration was essential to ensure appropriate assay selec-
tion and successful sequencing outcomes. We compared 2
quantification methods recommended by Thermo Fisher:
the TaqPath COVID-19 Combo Kit and the Qubit
Fluorometer. Despite its use as an RNA quantification tool,
multiple extractions analyzed on the Qubit Fluorometer
failed to detect sufficient nucleic acid, often resulting in
“Too Low” readings, even for samples that yielded success-
ful sequencing results on the Genexus Integrated
Sequencer. Additionally, when comparing the Ct values
from TaqPath quantification to Qubit readings, there
was no observable correlation, further bringing into

question the reliability of the Qubit Fluorometer for this
application. After extensive testing, we determined that
all properly processed samples with an N gene Ct value
of at least 30 consistently produced successful sequence
annotations on the Ion Torrent Genexus platform. This
observation confirmed the TaqPath COVID-19 Combo Kit
as our preferred quantification method because of its reli-
ability and alignment with sequencing success.

Controls
In total, 431 specimens were sequenced across 32 runs,
including 89 control samples: NTCs (n = 14) and positive
commercial reference material (CRM) controls (n = 75).
Positive CRM controls were diluted to concentrations both
above and below the instrument’s minimum detectable
range, specifically at 250×, 10×, 3×, 1×, and 0.3× of the
LOD. Positive control material was included to confirm
the method’s ability to accurately sequence existing
SARS-CoV-2 variants. NTC samples consisted of

Figure 2. Quality metrics application workflow overall metric application of both run and sample data metrics were used for every
Genexus run and specimen. Runmetricswere processed as described (A). Failure in all but 1 of the designated runmetrics
ended the analysis and requires repeat sequencing to obtain reportable data. Individual sequence data were evaluated
(B) thoroughly before final variant determination. Failure in any listed metric either ended analysis or required
further assessment prior to reporting.
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uninoculated VTM (n = 5) and CRM controls for non–
COVID-19 coronaviruses (strains 229E, HKU1, NL63, and
OC43) (n = 9), each processed similarly to patient samples
to ensure uniformity in testing. Negative material was
included to provide periodic control for contamination.

To define minimum QC thresholds, we organized and
evaluated positive control metrics (Figure 3). The following
QC metrics were initially informed by manufacturer
documentation but were refined through empirical
analysis of our control data set. “Passing” sequences were
required to meet the GenBank minimum base requirement
(29 400 bases) and yield accurate lineage assignments
(Supplementary Table 1). The most variable metrics among
controls were total reads and number of mapped reads,
leading us to establish more inclusive thresholds of 100
000 bases and 50 000 bases, respectively, for these catego-
ries. This adjustment enabled 59 of 89 controls to meet the
“Pass” criteria. Notably, 3 Twist controls failed the base pair
requirement, as these controls are inherently incomplete
sequences. Among controls below the LOD, 5 failed tomeet
the base pair threshold and were assigned incorrect
lineages, while 1 control achieved correct lineage assign-
ment despite falling below the base pair threshold.
Additionally, 3 negative control sequences unexpectedly
passed the QC metrics, with 2 producing false-positive
results and the third failing to generate a FASTA file for
alignment. For sequences that “Passed” QC yet were incor-
rectly aligned, target coverage at 20× was below 90%,
whereas sequences with correct lineage assignments had
target coverage at or above 95%.

In our 32 sequencing runs, 14 patient specimens pre-
viously confirmed as SARS-CoV-2 negative were used as
negative controls, each with N gene Ct values of
“Undetected” or exceeding the manufacturer’s recom-
mended threshold of 37. Of these NTCs, 11 failed QC met-
rics as expected, while 3 unexpectedly passed. The failing
samples included 4 uninoculated VTM samples and 7 non–
COVID-19 coronavirus controls. Among the VTM samples,
2 did not produce FASTA files, while 3 erroneously
received lineage assignments in PANGOLIN, likely due to
false-positive calls, highlighting the need for robust QC fil-
tering before further data analysis.25-30 For the non–
COVID-19 coronavirus controls, 1 sample produced a
FASTA file andwas assigned a lineage, while 5 others failed
QC metrics in PANGOLIN. Of the 2 NTC samples that
passed QC and were assigned lineages, one displayed a
low viral copy number during quantification, and the
other’s lineage assignment was likely due to laboratory sci-
entist error, as later confirmed by reanalysis on the SARS-
CoV-2 Insight High Titer Assay. These findings emphasize
the importance of careful handling and validation when
interpreting NTC results, as minor deviations can lead to
erroneous lineage assignments. In addition, materials
without any potential viral material, such as uninoculated
VTM, should be used as NTCs, to avoid false-positive results
or low-titer calls that could confound results and delay
variant tracking during troubleshooting.

Patient Specimens
In addition to controls, 339 patient specimens and 3 pro-
ficiency testing samples were analyzed using the Genexus
platform. Of these, 304 samples met both run and sample
QC criteria, which included metrics for the SARS-CoV-2
Research Panel, the SARS-CoV-2 Insight Panel High Titer
assay, and the SARS-CoV-2 Insight Panel Low Titer assay.
N gene Ct values for these samples ranged between 12
and 32 for the Research Panel, 11 and 29 for the high-titer
assay, and 13 and 33 for the low-titer assay. Among the 38
specimens that failed QC, 17 exhibited failures at the run
level, indicating overall poor performance that precluded
further data analysis. The remaining 21 failed at the sample
level, with N gene Ct values from 15 to “Undetected.”Most
failures in this group had Ct values above 28, the manufac-
turer’s upper limit for the SARS-CoV-2 Insight High Titer
Assay and the sequencing threshold recommended by
the Centers for Disease Control and Prevention (CDC).31

Reasons for failure included low eluate volume in 8
specimens as well as issues related to sample degradation
from repeated freeze-thaw cycles or multiple extraction
attempts (n = 7) and potential loading or handling errors
(n = 6). These failed specimens demonstrated deficiencies
across metrics such as total reads, mapped reads, uniform-
ity, target base coverage at 20×, or a combination of these
parameters, underscoring the need for rigorous adherence
to quality metrics in sample preparation.

During the testing period, the Delta variant emerged
as the predominant strain, representing approximately
two-thirds of all cases analyzed (Figure 4A). Initially, the
Alpha variant was most prevalent, but from Summer
through Autumn 2021, Delta became the dominant vari-
ant in our population sample (Figure 4B). Our laboratory’s
sequencing surveillance allowed for early detection of
the Omicron variant in late December 2021. Because of
Omicron’s increased transmissibility, this variant rapidly
replaced Delta as the primary strain circulating in the
population.

NGS Metrics and Analysis
To assess the quality of sequencing runs and individual
samples, metrics illustrated in Figure 2 were applied.
Sample metrics were only considered if the corresponding
run metrics met QC thresholds. Although sample quality
could be deemed acceptable with lower values for certain
categories (as detailed in Table 1), qualitative metrics were
necessary for specimens not meeting all “Pass” thresholds.
Specimens that satisfied these QC criteria showedminimal
gaps and met the Global Initiative on Sharing All Influenza
Data (GISAID) and GenBank 90% genome coverage
requirement. All patient sequences that passed QC had
a minimum sequence length of 29 400, with an average
length of 29 784, thus fulfilling GenBank’s sequence length
requirements.32
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Figure 3. Commercial reference material control failures and implications. At present, 75 positive controls at various concentra-
tions above and below the limit of detection have been sequenced. Using the metrics applied in Figure 2, 27 control
sequences “Pass,” yielding a high confidence in the accuracy and future application of these sequences. These specimens
were loaded at concentrations above 3× the assay limit of detection and exhibited relatively high total reads, uniformity,
and reads on target. Those that fail display larger gaps in the consensus sequence, weakening the overall quality of
the sequences despite some of their accurate lineage classifications. Controls that failed had a wide range of metric
readings, with the lower limits of total reads, uniformity, and reads on target reaching 4241, 30.27%, and 7.55%,
respectively.
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Figure 4. Prevalence of SARS-CoV-2 variants from May 2021 to April 2022. During the active sequencing timeframe, B.1.617.2
(Delta) was the dominant variant subjected to sequencing workflow, with B.1.1.529 (Omicron) and B.1.1.7 (Alpha)
posing a strong presence (A). Alpha was the dominant variant from May to June of 2021, with Delta quickly taking this
position from July to December of 2021. Omicron made its first appearance on campus in December 2021 and remains
the most prevalent variant on campus as of April 2022 (B).
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DISCUSSION

As new SARS-CoV-2 variants emerge, it is critical to main-
tain accurate lineage assignments to support variant
tracking and clinical reporting. Reliable assignments
require robust QC metrics that ensure sequencing data
are accurately interpreted, producing high-quality sequen-
ces suitable for annotation and other downstream applica-
tions. Although several sequencing platforms are available
for SARS-CoV-2, standardized quality metrics are yet to be
widely adopted for the Ion Torrent Genexus Integrated
Sequencer. In this study, we proposed a set of QC metrics
that, when applied, accurately resolved 100% of third-
party positive control specimens meeting these metrics,
thereby minimizing gaps in the consensus sequence,
reducing errors, and mitigating issues associated with
low-quality sequences. Through consultations with manu-
facturer bioanalysts and analysis of SARS-CoV-2 NGS data
from hundreds of specimens, we identified clinical metrics
directly associated with sequence quality. These metrics,
as detailed in Table 1 and illustrated in Figure 2, offer a
structured QC workflow that enables clinical staff to effi-
ciently identify and address potential quality issues.

The initial step in sequencing involves RNA extraction
from controls or patient specimens. Thermo Fisher recom-
mends using the TaqPath COVID-19 Combo Kit for semi-
quantitative viral copy assessment. Although the Qubit
Fluorometer was also suggested as an alternative quanti-
fication tool, we observed inconsistent RNA concentration
measurements and no correlation with Ct values. Similar
findings have been reported by other studies, indicating
potential limitations of the Qubit Fluorometer for this
application.33 While the Qubit method offers faster quan-
tification, our data indicated it was unreliable for the
sequencing workflow. Thus, we adopted Ct values from
the TaqPath assay to determine the appropriate assay
selection (low titer or high titer) and any necessary dilu-
tions. Although the assay package insert and CDC guide-
lines recommend a Ct threshold of 28 for sequencing, we
observed successful sequencing at Ct values up to 31
when using the SARS-CoV-2 Insight Panel. Additional stud-
ies and specimens would be required to further explore
the possibility of consistently successful sequencing of
SARS-CoV-2 at high Ct values.

Approximately 17.5% of the specimens analyzed in
this study (n = 75) were commercially available positive
controls representing 5 viral variants (Alpha, Beta, Delta,
Gamma, and Omicron). Of these, 47 met GenBank’s
genome requirements and received correct lineage
assignments, with each sample meeting thresholds of at
least 100 000 total reads, at least 50 000 mapped reads,
at least 95% target base coverage at 20×, and at least
90% uniformity. Specimens near the lower threshold for
total and mapped reads required high uniformity and tar-
get base coverage tomeet theminimumbase pair require-
ment and achieve accurate lineage assignment. Of the
positive controls that failed the QC metrics, 27 did not

meet GenBank’s minimum base requirement, and the
remaining control fell below the total reads threshold,
demonstrating that the use of these metrics maintains a
standard of adequate SARS-CoV-2 genome sequencing,
not partial or incomplete sequencing. This finding under-
scores the importance of including base pair count as part
of the QC criteria to ensure analysis on complete genomes.
Adherence to these metrics provides confidence in the
integrity and completeness of the generated sequences.

Among the negative controls, 86% performed as
expected, while 2 out of 14 unexpectedly passed QC met-
rics and received lineage assignments with full genome
base pair counts. Four blank specimens failed individual
QC metrics; however, 3 of the 5 blank samples received
an erroneous lineage assignment in PANGOLIN. This phe-
nomenon, known as false lineage assignment or positive
calling, is documented in the Ion AmpliSeq SARS-CoV-2
Insight Panel User Guide and has been previously reported
in the literature on Ion Torrent platforms for whole-exome
and targeted sequencing.28-30 The false assignment of lin-
eages in specimens that consistently tested negative for
SARS-CoV-2 through diagnostic assays and RNA quantifi-
cation highlights the necessity of rigorous QC filtering
before using data in downstream applications. Of the neg-
ative controls, 9 were positive for non–COVID-19 corona-
viruses; 2 of these controls passed theQCmetrics andwere
incorrectly assigned a lineage. Among the 3 negative con-
trols that “Passed”metrics, 1 failed to produce a FASTA file,
while the other 2 were assigned incorrect lineages and
were initially processed on the SARS-CoV-2 Insight Low
Titer assay. Upon retesting with the SARS-CoV-2 Insight
High Titer assay, 1 of these samples appropriately failed
according to the proposed QC metrics. These findings
underscore 3 critical considerations: contamination risk,
importance of assay selection, and the need for careful
screening of presumed negative specimens. In 1 instance,
contamination likely resulted from laboratory scientist
error, as the incorrectly assigned lineage matched that
of a previously positive sample on the same plate.
Further testing confirmed that RNA contamination was
absent in the extraction plate, as retesting yielded appro-
priate failure. In another case, the second non–COVID-19
control produced late Ct values during qPCR, indicating
a viral copy number below the LOD of both the TaqPath
COVID-19 Combo Kit and BioFire Respiratory 2.1 (RP2.1)
Panel. It is plausible that this low viral material was success-
fully sequenced on the low-titer assay because of the addi-
tional PCR cycles during library preparation. These
sequences contained large gaps in the consensus
sequence when aligned to the SARS-CoV-2 reference
genome, further affirming the need for careful evaluation
of low-quality samples. The complications detailed here
further support the use of uninoculated VTM as an NTC
instead of previously negative patient specimens, as
low-titer specimens, host RNA, or potentially closely
related pathogens may be amplified by sequencing, thus
delaying variant reporting during troubleshooting.
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Specimens were loaded and sequences were analyzed
using the manufacturer’s recommendations and software,
respectively, as this was an assessment of the method as a
measure of efficiency in SARS-CoV-2 sequencing.
Additional analysis of output data could prove useful
but was not performed at this time.

While this study proposes a robust framework for
evaluating SARS-CoV-2 sequencing data on the Ion
Torrent Genexus platform, several limitations should be
acknowledged. Although the system calculates base and
mapping quality scores using modified Phred scales, their
limited accessibility within the SARS-CoV-2 Insight Panel
workflow prevented direct incorporation into our QC
thresholds. Instead, we relied on mapped reads, genome
coverage, and uniformity metrics to assess data quality.
For samples requiring further scrutiny, consensus align-
ments were visually inspected for gaps or inconsistencies.
Future refinements to the workflowmay incorporate auto-
mated parsing of base and mapping quality metrics to
enhance downstream variant call confidence. Another
important consideration relates to the intrinsic limitations
of the Ion Torrent sequencing platform. Homopolymeric
stretches and high GC-content regions are prone to
sequencing artifacts such as indel errors and coverage
dropout. Although our analysis evaluated genome com-
pleteness and depth, we did not perform regional assess-
ments of error distribution across the viral genome.
Consequently, variants occurring in these challenging
sequence contexts may be underreported or misclassified.
Additionally, off-target amplification of host RNA, particu-
larly in low-titer or degraded samples, may introduce noise
or lead to false-positive variant calls. While not filtered in
this study, future workflows could benefit from incorporat-
ing host depletion strategies or bioinformatic screening to
remove nonviral reads prior to analysis. Finally, this study
did not perform explicit trimming of primer sequences
from the sequencing reads, which may reduce sensitivity
for detecting variants near primer binding sites. Future
pipelines should assess the impact of primer trimming
on variant detection, particularly as new SARS-CoV-2 line-
ages emerge with mutations in these regions.

During our study, Thermo Fisher introduced the SARS-
CoV-2 Insight Assay to replace the original SARS-CoV-2
Research Panel. The QC metrics established here were
applicable to both assays. Several specimens initially
tested with the Research Panel were subsequently
retested with the Insight assay, consistently yielding iden-
tical lineage assignments across assays. Notably, the
AccuPlex Seracare Control reliably generated correct
lineage assignments when sequence data passed the pro-
posed QC metrics. Given that these assays produce near-
complete sequences in successful runs, applying these
metrics should not exclude novel variants from annota-
tion, even with the rapid mutation rate seen in
Omicron.34,35 Metric failure is generally indicative of overall
run failure or poor nucleic acid quality, which can lead to
significant gaps in the sequence. Further research is

needed to validate these metrics for other NGS platforms,
viral targets, or primer panels, as their applicability may
vary across different instruments and sample types. Any
laboratory intending to implement these metrics should
conduct thorough validation to address lab-specific
requirements. Additionally, any panel modifications or
software updates that impact analysis necessitate perfor-
mance verification to ensure continued compliance with
CLIA guidelines for laboratory-developed tests.

In conclusion, the QC metrics proposed in this study
enable accurate lineage assignments with minimal gaps
in the consensus sequence. Of the positive control speci-
mens that failed, 27 did not meet the whole genome
requirement, with 1 sample falling below the total reads
threshold. The failed positive controls exhibited sequence
gaps that could adversely affect lineage assignment and
data application. Consistently, specimens with matching
variants generated repeatable lineage assignments on
runs with passing QC metrics. Collectively, these findings
support the use of the proposed QCmetrics as a standard-
ized approach for SARS-CoV-2 sequencing on the Genexus
Integrated Sequencer, offering a potential model for uni-
form QC across laboratories.
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