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ARTICLE INFO ABSTRACT
Keywords: Background: : Viral diversity presents an ongoing challenge for diagnostic tests, which need to accurately detect
SARS-CoV-2 all circulating variants. The Abbott Global Surveillance program monitors severe acute respiratory syndrome

Molecular diagnostics
Variant of concern
Rapid antigen tests
Antibody assays

coronavirus-2 (SARS-CoV-2) variants and their impact on diagnostic test performance.

Objectives: : To evaluate the capacity of Abbott molecular, antigen, and serologic assays to detect circulating
SARS-CoV-2 variants, including all current variants of concern (VOC): B.1.1.7 (alpha), B.1.351 (beta), P.1
(gamma) and B.1.617.2 (delta).

Study design: : Dilutions of variant virus cultures (B.1.1.7, B.1.351, B.1.429, B.1.526.1, B.1.526.2, B.1.617.1,
B.1.617.2, P.1, R.1 and control isolate WA1) and a panel of N = 248 clinical samples from patients with sequence
confirmed variant infections (B.1.1.7, B.1.351, B.1.427, B.1.429, B.1.526, B.1.526.1, B.1.526.2, P.1, P.2, R.1)
were evaluated on at least one assay: Abbott ID NOW COVID-19, m2000 RealTime SARS-CoV-2, Alinity m SARS-
CoV-2, and Alinity m Resp-4-Plex molecular assays; the BinaxNOW COVID-19 Ag Card and Panbio COVID-19 Ag
Rapid Test Device; and the ARCHITECT/Alinity i SARS-CoV-2 IgG and AdviseDx IgM assays, Panbio COVID-19
IgG assay, and ARCHITECT/Alinity i AdviseDx SARS-CoV-2 IgG II assay.

Results: : Consistent with in silico predictions, each molecular and antigen assay detected VOC virus cultures with
equivalent sensitivity to the WA1 control strain. Notably, 100% of all tested variant patient specimens were
detected by molecular assays (N = 197 m2000, N = 88 Alinity m, N = 99 ID NOW), and lateral flow assays had a
sensitivity of >94% for specimens with genome equivalents (GE) per device above 4 log (85/88, Panbio; 54/57
Binax). Furthermore, Abbott antibody assays detected IgG and IgM in 94-100% of sera from immune competent
B.1.1.7 patients 15-26 days after symptom onset.

Conclusions: : These data confirm variant detection for 11 SARS-CoV-2 assays, which is consistent with each assay
target region being highly conserved. Importantly, alpha, beta, gamma, and delta VOCs were detected by mo-
lecular and antigen assays, indicating that these tests may be suitable for widescale use where VOCs
predominate.

* Corresponding author at: Abbott Laboratories, 100 Abbott Park Rd, Abbott Park, Illinois 60064, United States.
E-mail address: mary.rodgers@abbott.com (M.A. Rodgers).

https://doi.org/10.1016/j.jcv.2022.105080

Received 23 April 2021; Received in revised form 21 December 2021; Accepted 19 January 2022

Available online 20 January 2022

1386-6532/© 2022 Abbott Laboratories. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).


mailto:mary.rodgers@abbott.com
www.sciencedirect.com/science/journal/13866532
https://www.elsevier.com/locate/jcv
https://doi.org/10.1016/j.jcv.2022.105080
https://doi.org/10.1016/j.jcv.2022.105080
https://doi.org/10.1016/j.jcv.2022.105080
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcv.2022.105080&domain=pdf
http://creativecommons.org/licenses/by/4.0/

M.A. Rodgers et al.
1. Background

As viruses continue to evolve, diagnostic tests must keep pace to
ensure accurate detection of all circulating variants. While assay design
can mitigate the impact of viral diversity, assay performance must be
continually monitored through variant testing and molecular surveil-
lance. To meet this challenge, the Abbott Global Surveillance program
has been tracking the sequences of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) variants that have emerged throughout the
pandemic, including variant of concern (VOC) lineages that have spread
globally: B.1.1.7 (alpha), B.1.351 (beta), P.1 (gamma), and B.1.617.2
(delta). The B.1.1.7 lineage was first identified in the United Kingdom
and carries spike mutations that have been linked to increased trans-
missibility, including N501Y [1-3]. The B.1.351 lineage was first iden-
tified in South Africa and has since spread globally, with several reports
indicating that this variant can escape neutralizing antibodies [4-6].
The P.1 variant was first reported in Japan as a branch of the B.1.128
lineage, but was subsequently traced back to Brazil. The P.1 variant
contains similar mutations in the spike gene as the B.1.1.7 and B.1.351
variants, suggesting a convergence of SARS-CoV-2 spike mutations that
may increase transmissibility and risk of re-infection [7]. Similarly, the
B.1.617.2 lineage first identified in India has been shown to be less
susceptible to neutralizing antibodies and is linked to the highest
transmissibility increases worldwide, likely due to the presence of
L452R and P681R mutations in the spike protein [8-10]. Additional
lineages have been identified as variants of interest (VOI) or under the
‘monitoring’ category by the World Health Organization (WHO) due to
the presence of identical or similar mutations present in VOCs and
increasing prevalence. While spike gene mutations are key hallmarks of
VOC/VOI lineages, the presence of additional mutations throughout
other regions of the genome warrant further examination for potential
impact on diagnostic assay performance. With diagnostic tests designed
to target viral regions that are expected to be well conserved, continued
evaluation of those assumptions by sequence analysis and specimen
testing is critical to ensure that diagnostic tests continue to keep pace
with viral evolution throughout the SARS-CoV-2 pandemic.

2. Objective

The goal of this study was to evaluate the performance of Abbott
SARS-CoV-2 molecular, antigen, and serological assays to detect SARS-
CoV-2 variants and variant-specific antibodies.

3. Study design

In silico analysis — Sequences containing lineage-defining mutations
were obtained from GISAID [11] for in silico analysis by customized
application of the NextClade tool (clades.nextstrain.org) to compare
individual assay target sequences for Abbott ID NOW COVID-19, m2000
RealTime SARS-CoV-2, Alinity m SARS-CoV-2, and Alinity m
Resp-4-Plex molecular assays; the BinaxNOW COVID-19 Ag Card and
Panbio COVID-19 Ag Rapid Test Device; and the ARCHITECT/Alinity i
SARS-CoV-2 IgG and AdviseDx IgM assays, Panbio COVID-19 IgG assay,
and ARCHITECT/Alinity i AdviseDx SARS-CoV-2 IgG II assay. Mis-
matches were considered significant if they were present in >75% of
lineage sequences and reduced the target region nucleotide identity or
amino acid homology to less than 90%.

Virus cultures — A panel of virus cultures were received from BEI
Resources: B.1.1.7 (NR-54,011), B.1.351 (NR-54,008, NR-54,009), P.1
(NR-54,982), B.1.617.1 (NR-55,486), B.1.617.2 (NR-55,611), and the A
lineage USA-WA1/2020 control (NR-52,881). Virus cultures were also
generated by inoculating Vero cells with remnant patient specimens for
the following lineages: R.1, B.1.429, B.1.1.7, B.1.526.1, B.1.617.1, and
B.1.617.2. Culturing conditions were followed as previously described
[12]. All virus stocks were titered using a calibrated, quantitative
research lab developed test (LDT) on the m2000 instrument to calculate
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genome equivalents per ml (GE/ml) as previously described [13].

Remnant patient specimens - Anonymized remnant patient naso-
pharyngeal, oropharyngeal, mid-turbinate, and nasal swab samples in
viral transport media (VTM) or saline were collected at the point of
discard from patients receiving care at Guys’ and St Thomas’ Hospital in
London (UK Research Ethics Committee 20/SC/0310), Montefiore
Medical Center (Einstein IRB, 2018-9587), Medical University of South
Carolina (IRB-III, Medical University of South Carolina, Pro00107968),
Rush University Medical Center (Rush IRB, 20,120,410-IRB05), Uni-
versity of California San Francisco (UCSF Institutional Review Board,
11-05,519), Universidade Federal do Rio de Janeiro (CAAE,
30,161,620.0.0000.5257), Institut de Recherche en Santé de Surveil-
lance Epidémiologique et de Formation (Ethical Committee of the
Ministry of Health of Senegal 000,129/MSAS/CNERS), and University of
Kwa-Zulu Natal (University of KwaZulu-Natal Biomedical Research
Ethics Committee, BREC/00,001,510/2020). A panel of remnant viral
transport media (VTM) specimens collected in Florida was also pur-
chased from SLR (BioMed IRB, 06,012,006). All specimens were initially
positive for SARS-CoV-2 by an RT-PCR assay and subsequently titered
using a calibrated, quantitative research assay on the m2000 instrument
to calculate genome equivalents per ml (GE/ml) [13] with the exception
of a panel of N = 31 South African specimens that were exclusively
tested with the Seegene Allplex 2019-nCoV qualitative assay and have a
neat viral load reported as a cycle threshold (Ct) value.

Next generation sequencing and variant classification — Speci-
mens were sequenced using one of three previously described methods:
(1) the ARTIC protocol [14] on Nanopore instruments, (2) unbiased
metagenomic library amplification with custom xGen probe enrichment
and sequencing on Illumina instruments [15], (3) metagenomic
enrichment sequencing using spiked primers on Illumina instruments
[16]. Genomes were deposited into GISAID with references indicated in
Supplemental Table 1, analyzed as described in the in silico section
above, and assigned lineage classifications by the Pangolin tool [17].

Molecular, antigen, and antibody testing — For molecular exper-
iments, virus cultures and clinical specimens were heat inactivated at 65
°C for 30 min and then diluted in PBS or Alinity m multi-Collect solution
(Abbott Molecular Diagnostics, part number 09N19-001) prior to
testing. Specimen and virus culture samples were tested according to the
manufacturer’s instructions for m2000 RealTime SARS-CoV-2, Alinity m
SARS-CoV-2, and Alinity m Resp-4-Plex molecular assays. For ID NOW
testing, specimens and virus culture samples were directly loaded into
the sample receiver (50-200 pl).

For rapid antigen testing, virus cultures and clinical specimens were
tested without any inactivation in a biosafety level 3 laboratory. Di-
lutions were prepared in assay elution buffer or storage buffer. In Panbio
experiments, samples were directly pipetted onto the device (1-50
#x03BG;l), followed immediately by 5 drops of elution buffer. For
BinaxNOW experiments, 4 drops of elution buffer were placed in the
card prior to addition of sample (1-50 pl) and insertion of the swab. All
subsequent steps were followed for each test according to the manu-
facturer’s instructions.

All serological testing was conducted with patient sera according to
the manufacturer’s instructions for ARCHITECT/Alinity i SARS-CoV-2
IgG and AdviseDx IgM assays, Panbio COVID-19 IgG assay, and AR-
CHITECT/Alinity i AdviseDx SARS-CoV-2 IgG II assay.

4. Results

In silico analysis of 746,345 sequences from 45 SARS-CoV-2 lineages
revealed no significant mutations of concern for the performance of
Abbott assays targeting the RNA-dependent RNA polymerase (RDRP)
region (ID NOW COVID-19, m2000 RealTime SARS-CoV-2, Alinity m
SARS-CoV-2, Alinity m Resp-4-Plex), nucleocapsid region (m2000
RealTime SARS-CoV-2, Alinity m SARS-CoV-2, Alinity m Resp-4-Plex,
BinaxNOW COVID-19 Ag Card, Panbio COVID-19 Ag Rapid Test De-
vice, ARCHITECT/Alinity i SARS-CoV-2 IgG, and Panbio COVID-19
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IgG), and spike region (ARCHITECT/Alinity i AdviseDx SARS-CoV-2
IgM, ARCHITECT/Alinity i AdviseDx SARS- CoV-2 IgG II) (Supple-
mental Table 2). To evaluate these predictions for Abbott’s high
throughput molecular assays, dilution series of heat-inactivated B.1.1.7,
B.1.351, and P.1 virus cultures were tested on m2000 RealTime SARS-
CoV-2, Alinity m SARS-CoV-2, Alinity m Resp-4-Plex (Table 1). All di-
lutions were detected in the expected ranges previously observed with
other strains in both tissue culture infectious dose (TCID50) and genome
equivalents (GE) units [18, 19]. However, considerable variability was
observed in the ratio between GE quantitated with a standard curve and
the calculated median TCID50 for each virus isolate stock (Table 2).
Notably, the GE/TCID50 ratios were 23 to 102-fold higher on average
for the B.1.1.7 culture than either of the B.1.351 stocks or the P.1 stock.
Therefore, GE units are more reliable for comparisons between virus
culture stocks and were utilized for all subsequent experiments.

To further evaluate core lab molecular assays for performance with
variant lineages, a control virus culture (lineage A, WA1) and B.1.526.1,
B.1.526.2, B.1.617.1, B.1.617.2, P.1, and R.1 virus culture stocks were
diluted to 4-8 log GE/ml and tested on the m2000 and Alinity m assays
(Supplemental Table 3). Consistent with variant detection for B.1.1.7,
B.1.351, and P.1 lineages in Table 1, all additional virus cultures were
also detected by m2000 and Alinity m (Supplemental Table 3).
Furthermore, serial dilutions in the range of 2.5-4 log GE/test
(approximately Ct 26-31) were tested on ID NOW for all variant virus
cultures and the lineage A control. All variant virus cultures and the
control strain were detected at all dilutions tested with ID NOW, indi-
cating excellent variant detection as low as 2.5 log GE/test with heat
inactivated virus stocks (Supplemental Table 3).

To evaluate variant detection by rapid antigen assays, virus culture
dilution series (B.1.1.7, B.1.351, B.1.429, B.1.526.1, B.1.526.2,
B.1.617.1,B.1.617.2,P.1, R.1, and WA1) ranging from 4 to 6 log GE/test
(approximately Ct 19-25) were prepared without inactivation and
tested on Panbio and BinaxNOW. Variant virus cultures were detected
with equivalent sensitivity as the WA1 control for both Panbio and
BinaxNOW at 4.5 log GE/test or lower. These results are consistent with
recent Panbio Ag evaluations of the B.1.1.7 and B.1.351 lineages [20,
21] and BinaxXNOW evaluation of the B.1.1.7, B.1.351, P.1, and
B.1.617.2 lineages [22].

Further evaluation was performed with a panel of N = 228 remnant
clinical upper respiratory specimens with sequence-confirmed VOC/VOI
lineages present. Remnant specimens were collected in the United States
(New York, Illinois, Wisconsin, Florida, South Carolina, California),
Brazil, Senegal, United Kingdom, and South Africa for sequencing by
viral whole genome next generation sequencing (NGS) before quanti-
tation with the calibrated m2000 assay (N = 197) or a qualitative RT-

Table 1
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PCR assay (N = 31) (Fig. 1). The full panel consisted of 12 variant lin-
eages, including all four VOCs (Fig. 1). Due to limited sample volume,
most specimens were diluted before molecular and antigen testing and
many did not have sufficient volume for testing on every assay.
Furthermore, specimens that had been previously inactivated at the
collection site were excluded from antigen testing due to destruction of
the nucleocapsid structure. Amongst the samples comprising the variant
clinical specimen panel, N = 197 were tested with m2000, N = 116 were
tested with Alinity m, and N = 99 were tested with ID NOW. Each
molecular assay detected 100% of all variants tested across a wide range
of viral loads (Fig. 2). Likewise, most variant specimens with >4 log GE/
test were detected by both antigen assays, with Panbio detecting 85/88
(96.6%) and BinaxNOW detecting 54/57 (94.7%) above 4 log GE/test.
Within the subset panel of N = 31 B1.351 specimens with qualitative
viral loads available, 100% were detected by Panbio after 2-15 fold
dilution. Three specimens (B.1.427, B.1.429, B.1.526.1) were missed by
both antigen assays, although variant mutations are unlikely to be the
cause since other specimens in these lineages were detected at similar or
lower viral loads and no mutations were present in the assay target re-
gions. Two of the three were near the 4 log GE/test level and the third
was tested at a viral load of approximately 6 log GE/test after multiple
freeze/thaw cycles, which may have impacted the integrity of the
specimen.

To evaluate IgG and IgM antibody assays, a panel of remnant sera
were collected for 20 of the B.1.1.7 infections that had already been
sequenced and tested on molecular and antigen tests (Table 3). All sera
were collected 15-26 days post symptom onset, and three immuno-
compromised patients (#2, #4, and #10) were included in the panel.
Antibodies for patients #2 and #4 were detected by four assays (AR-
CHITECT and Alinity i IgM and IgG II), but not by ARCHITECT, Alinity i,
or Panbio IgG assays. Patient #10 had cancer and did not have a
detectable antibody response at 15 days post symptom onset by any
assay. Excluding immunocompromised patients, antibodies were
detected in 100% (17/17) of patients by ARCHITECT/Alinity i IgM and
IgG II assays and were detected in 94% (16/17) of patients by ARCHI-
TECT/Alinity i, and Panbio IgG assays (Table 3).

5. Discussion

Viral diversity will continue to challenge diagnostic tests as new
SARS-CoV-2 strains arise and spread globally. To prevent potentially
undetected outbreaks of new variant lineages, regular evaluation of
diagnostic tests must be conducted to challenge assays with emerging
and widely circulating strains, especially those that have been linked to
increased transmissibility and immune escape [1-10]. While in silico

m2000 and Alinity m SARS-CoV-2 assay results with B.1.1.7, B.1.351, and P.1 virus culture dilutions.

Sample ID+ TCID50/mL Log GE/mL* RealTime SARS-CoV-2 Alinity m SARS-CoV-2 Alinity m Resp-4-Plex
B.1.1.7 variant BEI NR-54,011 Dilution 1 28 6.25 Detected Detected Detected
BEI NR-54,011 Dilution 2 2.8 5.19 Detected Detected Detected
BEI NR-54,011 Dilution 3 0.28 4.00 Detected Detected Detected
BEI NR-54,011 Dilution 4 0.028 2.85 Detected Detected Detected
B.1.351 variant BEI NR-54,008 Dilution 1 28 4.63 Detected Detected Detected
BEI NR-54,008 Dilution 2 2.8 3.83 Detected Detected Detected
BEI NR-54,008 Dilution 3 0.28 2.51 Detected Detected Detected
BEI NR-54,008 Dilution 4 0.028 1.27 Detected Detected Detected
BEI NR-54,009 Dilution 1 28 4.35 Detected Detected Detected
BEI NR-54,009 Dilution 2 2.8 3.27 Detected Detected Detected
BEI NR-54,009 Dilution 3 0.28 2.11 Detected Detected Detected
BEI NR-54,009 Dilution 4 0.028 0.73 Detected Detected Detected
P.1 variant BEI NR-54,982 Dilution 1 28 4.56 Detected Detected Detected
BEI NR-54,982 Dilution 2 2.8 3.45 Detected Detected Detected
BEI NR-54,982 Dilution 3 0.28 2.39 Detected Detected Detected
BEI NR-54,982 Dilution 4 0.028 1.32 Detected Detected Detected

* Log genome equivalents (GE)/mL were calculated from a standard curve plot of TCIDs, vs GE with an R? value of 0.99. Four out of four replicates were detected for

all dilutions tested.
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Table 2
Comparison of GE*/TCIDs, Ratios.
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B.1.1.7 variant(NR- B.1.351 variant (NR-

B.1.351 variant (NR-

P.1 variant(NR- Fold difference in GE/TCID

54,011) 54,008) 54,009) 54,982)
Dilution  TCIDso/ Mean GE/ Mean GE/ Mean GE/ Mean GE/ RatioNR- Ratio NR- Ratio NR-
mL log GE/ TCIDsg log GE/ TCIDsg log GE/ TCIDsg log GE/ TCIDsg 54,011/ NR- 54,011/ NR- 54,011/ NR-
mL ratio mL ratio mL ratio mL ratio 54,008 54,009 54,982
1 28 6.25 65,189 4.63 1540 4.35 809 4.56 1296 42 81 50
2 2.8 5.19 55,963 3.83 2454 3.27 672 3.45 1020 23 83 55
3 0.28 4.00 36,169 2.51 1193 2.11 471 2.39 913 30 77 40
4 0.028 2.85 25,294 1.27 674 0.73 248 1.32 755 38 102 33
Average NA NA 45,654 NA 1465 NA 550 NA 996 31 83 46
*Genome equivalents (GE)/mL were calculated from a standard curve plot of TCIDso vs GE with an R? value of 0.99.
Geographical origin Lineages
BR P.2,13 _ R1,1
11% B.1.617.2,1 ‘
Us-SC B.1.617.1, 1
35% SA N
B.1.526.2, 15 N

14%

SN
3%

UK
8%
US-CA
us-FL 1%
USIL 2%

US-NY
25%

1%

B.1.526.1, 12 >

B.1.429, 18

B.1.427,5

Fig. 1. Characteristics of clinical specimen panel. The percentage of N = 228 total remnant respiratory samples collected from each of the indicated countries
(country two letter codes, BR — Brazil, SA — South Africa, SN — Senegal, UK — United Kingdom, US - United States) and US states (CA — California, FL — Florida, IL —
Illinois, NY — New York, SC - South Carolina) are shown in panel A. The total number of specimens (N) for each lineage in the panel of 228 remnant respiratory

samples are shown in panel B.

analyses did not predict impact to detection by Abbott molecular, an-
tigen, and antibody assays for any of the 45 lineages examined, these
predictions must be continually tested. The data herein confirmed that
Abbott COVID-19 molecular, antigen, and serological assays effectively
detect circulating SARS-CoV-2 VOC/VOI infections and B.1.1.7-specific
antibodies.

Curation of specimen panels for SARS-CoV-2 diagnostic assay variant
performance evaluations comes with many challenges. In this study, we
have utilized virus cultures and frozen remnant clinical specimens,
which each have limitations. Neither are the intended sample type for
rapid molecular or antigen tests, yet they are the only suitable option
since primary fresh samples have not been sequenced yet to identify
whether a variant is present. However, freeze/thaw cycles and extended
storage conditions reduce intact virus levels in sequenced specimens.
Antigen tests utilizing lateral flow technology, such as Panbio and
BinaxNOW, are especially sensitive to the impacts of specimen storage
because they rely on complete solubilization of a sample with an intact
antigen, which can easily be impacted by components of storage media
and aggregation during freeze/thaw cycles. Furthermore, inactivation
procedures, such as heat or addition of detergents, have been shown to
impact nucleocapsid detection [12]. Fortunately, the effects of storage
conditions can be compensated by a second viral load measurement at
the time of variant performance testing. This approach was taken in the
present study and confirmed differences between initial diagnostic Ct
and post-sequencing Cts, although the qualitative molecular result
remained positive at both measurements [23]. Even after compensating
for changes in viral load, specimen integrity can still impact

performance if nucleocapsid antigen is compromised, which is not
accounted for in a viral load measurement. For instance, three speci-
mens of three different lineages were negative at above a threshold of 4
log GE/test on lateral flow tests despite detection of other clinical
specimens from these lineages (B.1.427, B.1.429, and B.1.526.1) at
equivalent or lower viral loads (Fig. 2) Therefore, the loss of detection
for these three specimens was likely due to specimen integrity issues and
not any of the mutations present in these lineages. Detection of the
B.1.429 and B.1.526.1 virus cultures at 4.5 log GE/test by both Panbio
and Binax and complete sequence conservation in the assay target re-
gions also supports this conclusion.

The effects of storage conditions are easier to control with contrived
samples, such as virus cultures. However, a caveat of utilizing virus
cultures is the potential introduction of new mutations that are selected
during culture. To avoid this issue in our study, virus stocks were only
used after 1 passage in cell culture and sequences were confirmed in the
genes targeted by each assay. Virus culture conditions can also result in
widely different titers for each stock as demonstrated in Table 2, making
standardization of units for comparing stocks very critical.

Variant-specific antibody specimens are especially difficult to eval-
uate due to a lack of contrived samples and the rarity of sequenced in-
fections that are linked with blood sampling after recovery. Even in
cases when variant infections have been linked to followup blood col-
lections, the potential for pre-existing antibodies to prior non-variant
infections or vaccination cannot always be ruled out. Nonetheless,
antibody assays that utilize a recombinant antigen with multiple epi-
topes are less prone to the potential impact of viral diversity due to the
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Fig. 2. Clinical variant specimen panel. Remnant clinical specimens from patients with sequence-confirmed VOI/VOC infections were tested on at least one diag-
nostic assay -m2000 RealTime SARS-CoV-2 (A), Abbott ID NOW COVID-19 (B), Alinity m SARS-CoV-2 (C), the BinaxNOW COVID-19 Ag Card (D) and Panbio COVID-

19 Ag Rapid Test Device (E-F). Genome equivalents (GE).

redundant nature of polyclonal immune responses as illustrated by the
detection of spike antibodies in the sera of B.1.1.7 patients (Table 3).
This observation is consistent with recent studies reporting that poly-
clonal antibodies in convalescent plasma bind the spike protein of SARS-
CoV-2 B1.1.7 and B.1.351 variants with similar binding kinetics despite
variable capacity to neutralize the virus [24, 25]. Future studies must be
conducted to evaluate antibody detection in patients who have recov-
ered from other variant infections besides B.1.1.7.

Variant lineages will continue to emerge as the SARS-CoV-2

pandemic progresses, with the pace at which they arise dependent
upon the total number of infections and the mutation rate. For context,
SARS coronaviruses maintain a higher rate of replication fidelity during
replication due to an encoded proofreading mechanism in their RDRP
[26]. As a result, SARS-CoV-2 variants are typically defined by a pattern
of mutations totaling <30 nucleotides (0.1% divergence), which is much
lower than the divergence of 30% or more between HCV genotypes, for
example [11, 27, 28]. Just as viral surveillance has ensured that diag-
nostic tests for divergent viruses like HIV and HCV keep pace with
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Table 3
SARS-CoV-2 Serology Assay Results with B.1.1.7 Clinical Samples.

Sample ARCH IgM Alinity IgM ARCH IgG Alinity IgG ARCH IgG II Alinity IgG II Panbio IgG Days post

D (Index) " (Index) " (Index) " (Index) "~ (AU/mL) " (AU/mL)" Result symptom onset

Patient 1 18.36 18.68 6.76 6.97 13,359.5 11,595.4 Positive 26

Patient 2 1.22 1.26 0.22 0.22 178.5 189.5 Negative 20

Patient 3 11.68 12.05 5.62 6.01 5288.1 6570.1 Positive 19

Patient 4 11.71 11.04 0.8 0.87 149.4 153.7 Negative 25

Patient 5 6.47 6.58 5.29 5.44 5472.9 5468.1 Positive 20

Patient 6 1.31 1.32 6.6 6.58 > 40,000.0 > 40,000.0 Positive 16

Patient 7 14.16 13.51 6.8 6.98 12,034.7 11,191.5 Positive 22

Patient 8 7.41 7.2 6.39 6.36 14,489.9 12,718.3 Positive 21

Patient 9 15.15 14.86 4.73 4.82 2745.6 2603.7 Positive 20

Patient 0.03 0.04 0.02 0.02 0.9 0.2 Negative 15
10

Patient 1.27 1.22 0.22 0.23 186.4 186.8 Negative 20
11

Patient 26.79 26.67 6.62 6.6 22,392.8 19,367.7 Positive 23
12

Patient 5.81 6.06 4.31 4.33 1255.4 1183.3 Positive 19
13

Patient 88.25 88.59 6.67 6.42 6811.4 6250 Positive 16
14

Patient 88.27 88.14 6.66 6.58 6815.2 6587.5 Positive 21
15

Patient 88.87 89.11 6.39 6.5 6924.4 6401.6 Positive 18
16

Patient 2.09 2.2 6.23 6.19 1626.4 1630.5 Positive 17
17

Patient 91.31 87.56 6.62 6.55 7459.3 6330 Positive 19
18

Patient 4.56 4.58 7.36 7.31 2345.6 2274.9 Positive 19
19

Patient 4.55 4.61 7.18 7.53 2491.1 2236.1 Positive 20
20

" An index value of >1.4 is positive for IgG assays, >1.0 is positive for IgM assays, a result of >50 AU/ml per mL is positive and <22 AU/mL is not reported in a

clinical setting for IgG II assays.

diverse circulating strains, continued monitoring of SARS-CoV-2 vari-
ants should also serve as a proactive mechanism for maintaining a high
level of accuracy for diagnostic tests.
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