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Abstract

Antigen tests to detect SARS-CoV-2 have emerged as a promising rapid diagnostic method for
COVID-19, but they are unable to differentiate between variants of concern (VOCSs). Here, we
report a rapid point-of-care test (POC-T), termed CoVariant-SPOT, that uses a set of antibodies
that are either tolerant or intolerant to spike protein mutations to identify the likely SARS-CoV-2
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strain concurrent with COVID-19 diagnosis using antibodies targeting nucleocapsid protein. All
reagents are incorporated into a portable, multiplexed, and sensitive diagnostic platform built
upon a non-fouling polymer brush. To validate CoVariant-SPOT, we tested recombinant SARS-
CoV-2 proteins, inactivated viruses, and nasopharyngeal swab samples from COVID-19 positive
and negative individuals and showed that CoVariant-SPOT can readily distinguish between two
VOCs: Delta and Omicron. We believe CoVariant-SPOT can serve as a valuable adjunct to
next-generation sequencing to rapidly identify variants using a scalable and deployable POC-T,
thereby enhancing community surveillance efforts worldwide and informing treatment selection.
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INTRODUCTION

Diagnostic tests that detect severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
—the causative pathogen of coronavirus disease 2019 (COVID-19)—that are fast, sensitive,
and user-friendly are urgently needed to combat the ongoing pandemic. This need is

further exacerbated by the emergence of SARS-CoV-2 variants of concern (VOCs) that

are more virulent, transmissible, and capable of partially evading both natural and vaccine-
induced humoral immunity.1-3 New variants are currently identified using next generation
sequencing (NGS) after a positive diagnosis. NGS uses an unbiased method to identify
nucleic acid sequences without prior knowledge of the mutations, and thus is a vital tool for
SARS-CoV-2 surveillance.? It is through these surveillance systems that we have identified
several VOCs, such as Alpha (B.1.1.7),> Beta (B.1.351),5 Gamma (P.1),” Delta (B.1.617.2),8
and most recently Omicron (B.1.529).9

During the COVID-19 pandemic, researchers have deposited sequences into databases such
as the EpiCov run by the Global Initiative on Sharing Avian Influenza Data (GISAID).10
However, only a small fraction of the total cases have been sequenced and deposited

into GISAID repositories, thus limiting the ability to effectively track these variants.10 In
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addition, NGS surveillance is often not available in low- and middle-income countries. For
example, as of July 20, 2021, >2 million SARS-CoV-2 genomes have been submitted to
GISAID, of which 94% from high income countries and only 6% are from low- and middle-
income countries.!! Beyond the need for robust genomic epidemiological surveillance,
determining the variant causing COVID-19 is important to inform clinical decision making,
as some variants can evade commonly used monoclonal antibody therapies.12: 13 Therefore,
there is an urgent need for a companion test that can detect circulating strains previously
identified via NGS in a rapid and easy-to-use format, ideally concurrent with initial
diagnosis.

To address this need, we report herein a rapid point-of-care test (POC-T), termed
CoVariant-SPOT (Covid-19 Variant Spike Protein Observation Test) which uses a panel

of monoclonal antibodies that are incorporated into a portable, multiplexed, and sensitive
diagnostic platform (the D4) that is built upon a non-fouling polymer brush.14-17 We

sought to exploit the ability of antibodies that are either tolerant or intolerant to spike

(S) protein mutations to identify the likely SARS-CoV-2 strain concurrent with COVID-19
diagnosis using antibodies targeting nucleocapsid (N) protein. As proof-of-principle, we
demonstrate the performance of CoVariant-SPOT for diagnosis of acute COVID-19 infection
and differentiation between two VOCs: Delta and Omicron. To validate CoVariant-SPOT,
we tested recombinant SARS-CoV-2 proteins, inactivated viruses, and nasopharyngeal swab
samples from COVID-19 positive and negative individuals and found that we could readily
distinguish between SARS-CoV-2 VVOCs by examining the ratio of fluorescence intensity
from multiple anti-S antibodies. Given its ease of use and rapid turnaround time, we believe
CoVariant-SPOT can serve as a valuable adjunct to NGS to rapidly identify mutant variants
using a scalable and readily deployable POC-T, thereby enhancing community-based SARS-
CoV-2 surveillance efforts worldwide and informing treatment.

MATERIALS AND METHODS

CoVariant-SPOT testing procedure

CoVariant-SPOT employs the technology of the D4 assay, described previously.14
Additional experimental details regarding fabrication are described in the supporting
information. CoVariant-SPOT chips were secured in a 96-well microarray hybridization
cassette that separates the chip into 24 separate wells. To perform the assay, 60 pL of
sample was added directly to an assay well, covered, and incubated at room temperature
for 1 h. After incubation, samples were aspirated and chips were rinsed in wash buffer
(0.1% Tween-20 in 1x PBS), dried, and then scanned with an Axon Genepix 4400 tabletop
scanner (Molecular Devices LLC). The average fluorescence intensity at each capture spot
was quantified using the Genepix Pro 7 analysis software. All fluorescence intensities were
log transformed prior to analysis.

Analytical validation with recombinant SARS-CoV-2 antigens was performed by testing a
15-point dose-response curve in triplicate with SARS-CoV-2 N and S1 protein antigens
(N: Acro Biosystems, catalog numbers: NUN-C5227, NUN-C52Hr, NUN-C52Ht; S1: Sino
Biological, catalog numbers: 40591-V08H, 40591-V08H23, 40591-V08H41). N and S
proteins of the same SARS-CoV-2 variant were mixed and diluted with extraction buffer
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(Acro Biosystems, catalog number: LY14) to a starting concentration of 300 ng/mL for each
antigen. Antigens for S trimer and BA.2 S1 were purchased from Sino Biological. The LOD
was calculated as described elsewhere.18 Log transformed values were used for calculating
the cAb ratios shown in Figure 2C.

Analytical validation with UV inactivated SARS-CoV-2 isolates was performed by testing

a 15-point dose-response curve in triplicate. Three different isolates were procured,
representing each variant tested: WT isolate USA-WA1/2020 (ZeptoMetrix, catalog

number: 0810587UV), Delta (B.1.617.2) isolate USA/PHC658/2021 (ZeptoMetrix, catalog
number; 0810624UV), and Omicron (B.1.1.529 BA.1) isolate USA/MD-HP20874/2021
(ZeptoMetrix, catalog number: 0810642UV). Isolates were diluted in extraction buffer to a
starting TCIDsg/mL of 1 x 108 for WT and Delta, and 2 x 10° for Omicron. All fluorescence
intensities were log transformed and then normalized by dividing each value by the cAb
intensity of a blank sample.

Clinical testing

Clinical samples were either purchased commercially (Discovery Life Sciences) or from
patients identified through the Duke University Health System or the Durham Veterans
Affairs Health System and enrolled into the Molecular and Epidemiological Study of
Suspected Infection (MESSI; Pro00100241) approved by the Duke Health Institutional
Review Board (IRB). Samples were accessed via an exempt protocol (Pro00105331,

P1 Ashutosh Chilkoti). For the samples collected under the MESSI protocol, flocked
nasopharyngeal swabs were added to 3 mL of VTM (Dasky Medical, catalog #: 88-221KC,;
VWR (BD), catalog #: 10769-896) and frozen at =80 °C until testing by CoVariant-SPOT.
In addition, viral load was determined using the methods described in the supporting
information. All samples are summarized in Table S1.

Point-of-care implementation of CoVariant-SPOT

Analytical validation of the microfluidic CoVariant-SPOT was performed by testing a
6-point dose-response curve in triplicate with SARS-CoV-2 N and S1 proteins and an
additional blank (n=4). As before, N and S1 proteins of the same SARS-CoV-2 variant
were mixed and diluted with extraction buffer to a starting concentration of 300 ng/mL

for each antigen, from which a series of 1/4" dilutions was obtained. To run the assay,

72 L of sample was added to the sample inlet. Immediately after, 200 pL of wash buffer
was added to the wash buffer inlet, and the device was left to incubate in the vertical
position. Once the reaction chamber had completely drained of fluid, the cassette was
inserted into the D4Scope, manually aligned using the fiducial spots, imaged, and analyzed.
Microfluidic cassettes imaged on the D4Scope were analyzed in the same way as described
in “CoVariant-SPOT testing procedure”. The D4Scope has been described in greater detail
in previous publications.1® 16 The only modification made to the D4Scope for this study
was the introduction of a higher power excitation laser with a higher quality collimator lens.
Additional details are outlined in the supporting information.
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RESULTS AND DISCUSSION
Fabrication of CoVariant-SPOT

CoVariant-SPOT is a multiplexed sandwich immunoassay where all the biomolecular
reagents needed to complete the assay are stored stably on a poly(oligoethylene glycol
methyl ether methacrylate) (POEGMA) surface coating (Figure 1A), as we have described
in more detail elsewhere.14 1719 Multiplexing is accomplished using inkjet printing of
spatially discrete immobilized capture antibodies (CAbs) that exhibit differential levels of
binding to the S proteins of each variant. Nearby, a fluorescently labeled detection antibody
(dAb) which binds similarly to the S proteins of all variants is co-printed with an excipient
(trehalose), making the dAbs “dissolvable” upon addition of biological fluid. In addition, we
incorporated an antibody pair for N protein into the assay, as it is expressed more abundantly
than S protein and is more conserved across SARS-CoV-2 variants.2%: 21 After incubation
with a sample, variation in the fluorescence intensity at the cAb spots allows diagnosis

of COVID-19 infection (based on N protein) and identification of the likely SARS-CoV-2
variant causing infection (Figure 1B).

Analytical performance of CoVariant-SPOT

To identify antibodies for CoVariant-SPOT, we conducted high throughput screens

to determine optimal cAb/dAb pairs (Table S2) that bound to SARS-CoV-2 variants
differentially, as described in the supporting information. The final version of CoVariant-
SPOT featured four cAbs (three targeting S protein and one targeting N protein) and a dAb
cocktail consisting of one dAb targeting S protein and one dAb targeting N protein. To
investigate the analytical performance of CoVariant-SPOT, we first evaluated the response to
WT, Delta, and Omicron recombinant S1 and N proteins at various dilutions. Experiments
were performed in a commercially available extraction/lysis buffer (Acro Biosystems). To
build dose-response curves, S1 and N proteins for WT, Delta, and Omicron were added to
CoVariant-SPOT at 14 dilutions starting at 300 ng/mL as the highest concentration. The
results are shown in Figure 2A. For this experiment, we used a 1 h incubation; however,

in a separate set of experiments we found the time can be lowered to 15 min with only

a modest impact on analytical sensitivity (Figure S3). Dose-response curves were fit using
a 5-parameter logistic regression?2 and the limit-of-detection (LOD) was calculated, as
described elsewhere.18 A summary of the LODs is shown in Figure 2B.

Importantly, WT, Delta, and Omicron can be differentiated by the relative fluorescence of
the anti-S cAb spots, likely due to some cAbs having weaker binding affinities to VOC S1
proteins because of mutations relative to WT. Figure 2C shows the ratio of MM43/MM48
plotted against MM48/AM130 (left) and MM43/AM130 (right). On both plots, Delta can
be clearly differentiated from WT and Omicron across S1 concentrations ranging from 100
ng/mL to 0.4 ng/mL if MM43/MM48 is greater than ~1.0, and/or MM48/AM130 is less
than ~1.0. Conversely, Omicron and WT can only be differentiated at higher concentrations
of Omicron S1 if MM43/MM48 is less than ~0.75 or MM43/AM130 is less than ~0.8,
suggesting that MM43 does not bind as well to Omicron S1. The MM43 cAb also binds
poorly to the BA.2 sub lineage of Omicron (Figure S4). Of note, antibodies that bind to WT
but do not bind—or bind weakly—to S proteins from certain variants has been observed
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with other antibodies and is potentially one of the drivers of SARS-CoV-2 variant escape
from natural or vaccine induced humoral immunity.2: 12 13, 23-26

Next, we investigated the performance of CoVariant-SPOT to detect SARS-CoV-2 virus
samples that had been propagated in cultured cells and inactivated using ultraviolet (UV)
irradiation. Samples for WT, Delta, and Omicron viruses were added to lysis buffer, and
then added to CoVariant-SPOT assays at various dilutions. The resulting dose-response
curves are shown in Figure 3, which plot the normalized intensity against median tissue
culture infectious dose per milliliter (TCIDgg/mL). As expected, the analytical sensitivity
in terms of TCIDgo/mL for N protein is superior to that of S1 protein, likely because N
protein is expressed more abundantly than S.20: 27. 28 \We also observed similar trends in
terms of cAb specificity for each variant. Notably, MM48 cAb does not bind as efficiently
to Delta S protein and MM43 cAb does not bind efficiently to Omicron S protein.

By examining the ratio of different anti-S cAb, similar patterns exist compared to the
recombinant samples (Figure S5), further supporting our hypothesis that CoVariant-SPOT
can differentiate between variants, especially at high viral loads. In a separate experiment,
we found that the Acro Biosystems lysis/extraction buffer performed better in terms of
analytical sensitivity compared to standard viral transport media (VTM) for N protein,
while it had no impact on the detection of S protein—and thus does not appear to make a
difference in VOC differentiation—presumably due to its location on the viral membrane
(Figure S6). Overall, these experiments strongly suggest that CoVariant-SPOT could be
useful to diagnose COVID-19 and differentiate between specific SARS-CoV-2 variants
based on the fluorescence output of the assay.

Assessment of CoVariant-SPOT against clinical specimens

As proof-of-principle, we next sought to apply CoVariant-SPOT to diagnose COVID-19
infection and differentiate between Delta and Omicron variants in clinical specimens, as
these strains were circulating concurrently at the time these experiments were performed.
To demonstrate the clinical performance of CoVariant-SPOT, we tested biobanked
nasopharyngeal swab samples from 32 COVID-19 negative and 76 positive individuals
(Table S1). All samples were collected in VTM or universal transport media (UTM) and
confirmed as COVID-19 positive or negative via reverse transcriptase polymerase chain
reaction (RT-PCR). For a subset of the samples, viral load was quantified using quantitative
RT-PCR (see Methods section). Of the 76 COVID-19 samples, 62 were sequenced using
[llumina NextSeq500, of which ~32.3% were Omicron and ~24.2% were Delta (a full
breakdown is shown in Table S1). Although the remaining 14 positive samples were not
sequenced due to sample volume limitations, the probability of infection being from the
predicted variant is high based on surveillance data collected by GISAID.19 An unavoidable
limitation of this study is the use of biobanked samples as: (1) samples were collected in
VTM/UTM rather than a lysis buffer that helps extract N protein, (2) the samples were
collected in a large volume (~3 mL) which causes significant protein dilution relative to
ideal collection methods (~150 pL), and (3) the samples were stored at =80 °C rather than
tested fresh.

Anal Chem. Author manuscript; available in PMC 2024 April 04.
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For clinical validation, each sample was tested in duplicate on CoVariant-SPOT. We first
examined the ability of CoVariant-SPOT to diagnose COVID-19 via detection of N protein.
The aggregate data for all samples is shown in Figure 4A. We found a statistically significant
difference between the mean intensity for COVID-19-positive and —negative samples (P

< 0.001), as determined by a two-tailed unpaired t-test. Sensitivity and specificity were
determined by receiver operator curve (ROC) analysis (Figure 4B) which yielded an area
under the ROC curve (AUC) of 0.87. At the optimal cut point of 2.72 arbitrary units for N,
the sensitivity is 68.4% (95% CI: 57.3% — 77.8%) and the specificity is 96.9% (95% CI:
84.3% — 99.8%), which is similar to the performance metrics of other rapid antigen tests.2?
For a subset of the positive samples, viral load was quantified using quantitative RT-PCR.
We found that the D4 intensity for the N protein antibody pair was highly correlated with
viral load (R2 = 0.72) (Figure 4C), which is consistent with other studies in the literature.30

Next, we examined the ability of CoVariant-SPOT to differentiate between two VOCs—
Delta and Omicron—via detection of S protein. To test how well the two VOCs can be
discriminated, we plotted MM43/MM48 against MM48/AM130 for all samples where the
1B2—the cAb for N—intensity is greater than 2.72 arbitrary units (i.e., tested positive),

as shown in Figure 4D. We found that all Delta and Omicron samples are perfectly
discriminated if MM43/MM48 is greater than 0.99 (Figure 4D). While this cut point was
chosen based on the given dataset, future studies should validate the performance across an
independent clinical test dataset. Consistent with results from recombinant samples and UV
inactivated viruses, discrimination between Delta and Omicron improves with increasing
viral load, as shown in Figure 4E. In line with Figure 2C, differentiation between Omicron
and WT is less evident (Figure S7), suggesting additional antibodies should be incorporated
into future iterations of CoVariant-SPOT to improve variant identification. Overall, these
results suggest that the discriminatory power of CoVariant-SPOT is best for samples with
high viral load and that the overall performance would likely improve in a prospective study
where samples are collected in a small volume with extraction buffer.

Integration into a point-of-care format

Finally, we sought to demonstrate the deployability of our test at the POC, de-coupled

from laboratory or clinical infrastructure. To do this, we integrated CoVariant-SPOT into a
microfluidic cassette (Figure 5A) that we developed recently.1® The microfluidic cassette
automates CoVariant-SPOT passively with capillary and gravity driven flow and requires
users to only add sample and wash buffer at the time of testing. Further, the microfluidic
cassettes can be imaged with a portable, low-cost, and easy-to-use fluorescent detector—the
D4Scope—which we have previously used to detect biomarkers of Ebola and antibodies
against SARS-CoV-2.1%: 16 The D4Scope costs ~$1,000 and can be operated using either
battery or wall power. Combined, the microfluidic cassette and D4Scope could allow for
sample testing and variant discrimination to occur simply by swabbing the nose, adding the
swab to extraction buffer, adding a few drops to the microfluidic cassette, and imaging on
the D4Scope after an incubation period (Figure S8).

To validate the performance of the microfluidic CoVariant-SPOT, we tested WT, Delta, and
Omicron recombinant S1 and N proteins at various dilutions. The resulting dose-response
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curves are shown in Figure 5B. The sensitivity is comparable to the results presented in
Figure 2 (Table S3) and demonstrates the same intensity attenuation at MM48 cAb spots
for Delta S1 protein and at MM43 cAb spots for Omicron S1 protein, suggesting that the
microfluidic CoVariant-SPOT can distinguish between Delta and Omicron. As a proof-of-
principle, we tested a subset of clinical samples using the microfluidic CoVariant-SPOT
and found that we could reliably distinguish between Delta and Omicron by examining the
anti-S cAb ratios, as done previously (Figure 5C).

CoVariant-SPOT has several limitations. First, as was reinforced by validation with UV
inactivated virus and clinical samples, N protein is the superior diagnostic target for
COVID-19 due to its abundance in the SARS-CoV-2 virion. This presents a challenge for
CoVariant-SPOT as variant differentiation may only be possible for samples with high viral
loads. As a result, this may limit the ability to use CoVariant-SPOT as a tool for identifying
patients for relevant monoclonal antibody therapies. From an epidemiological standpoint,
however, it is not critical to obtain strain information from every positive test, so long

as an informative number of samples that do reach the S protein detection threshold are
collected within a community. Second, due to limitations in sample availability and quantity,
we were unable to perform sequencing on all the clinical samples used. This precludes us
from making a definitive statement about the ability to differentiate variants in all clinical
samples, although the probability is high that samples collected during the various time
frames are likely from the given strain that was most prevalent at that time. In addition,

we were able to sequence >80% of the samples tested giving us confidence in the results.
Third, given the retrospective nature of this study, we were not able to test samples under
ideal conditions, and instead tested samples collected in VTM or UTM using a large volume.
Ideally, samples would be tested prospectively and collected using a small volume (~150 pL)
of extraction buffer. We hope to implement such a study in the future and to compare the
performance of our test against emergency use authorization approved options. In addition,
we plan to implement pattern recognition software into the D4Scope to automatically
determine the likely SARS-CoV-2 variant, which will be important as we plan to further
multiplex the assay with additional antibodies. Finally, Omicron and Delta are no longer
concurrently circulating, which limits the applicability of this version of CoVariant-SPOT.
However, this work demonstrates our ability to rapidly adapt the platform to target emerging
VOCs. Despite these limitations, we believe CoVariant-SPOT is a promising tool for SARS-
CoV-2 variant surveillance, particularly in locations where sequencing infrastructure does
not currently exist.

CONCLUSIONS

As the COVID-19 pandemic has progressed, epidemiological surveillance of emerging
SARS-CoV-2 VOCs has proven essential in guiding the public health response. Our

assay, CoVariant-SPOT, helps addresses this need by enabling simultaneous diagnosis

of COVID-19 and differentiation between SARS-CoV-2 strains in an easy-to-use POC
platform. Although the platform can be easily expanded to detect other variants, as proof-of-
principle, we chose to limit our target strains in our validation studies to the WT, Delta,

and Omicron variants given that Delta and Omicron were the two most globally dominant
strains at the time we performed our experiments. A major strength of our assay platform is
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the highly multiplexed nature of the D4 microarray format that has two important attributes
for VOC identifcation.23 First, the microarray format of CoVariant-SPOT can also be used
as a high-throughput antibody screening platform. To identify antibodies useful for VOC
identification by CoVariant-SPOT, we printed a panel of 29 commercially available and
in-house antibodies as cAb’s in a D4 microarray and compared the binding of each antibody
to VOC specific antigens, that enabled us to identify a subset of antibodies with differing
sensitivity against WT, Delta, and Omicron. This approach will continue to be useful to
enable differentiation of new VOCs as they emerge. Second as described in detail in this
paper, the microarray format of CoV-SPOT enables discrimination between VOC'’s.

We believe that CoVariant-SPOT could have a transformative effect on COVID-19
surveillance, and, more broadly, other infectious diseases caused by pathogens that

shed measurable amount of antigen. CoVariant-SPOT opens the possibility of a new
diagnostic paradigm where COVID-19 infection and mutant variant identification can occur
simultaneously using a single sample. SARS-CoV-2 variant surveillance in the US (and
worldwide) has been lackluster due to the difficulty in implementing NGS within the current
clinical workflow. This is also true in many low- and middle-income countries where

access to facilities that can conduct NGS is cost prohibitive or non-existent. We envision
CoVariant-SPOT as a valuable adjunct to NGS that would significantly enhance surveillance
capabilities in low- and middle-income countries. While NGS will remain a critical tool

for identifying new variants, recognizing recurring SNPs, and tracking sequence evolution,
we believe our assay is far better equipped to readily determine strain dominance down to
the community level, regardless of available resources. Moreover, identifying COVID-19
strain can help personalize treatment. For instance, strain identification is clinically relevant
because currently available therapeutic monoclonal antibodies have less therapeutic efficacy
against certain variants (e.g., Omicron). Beyond the utility of this platform as a tool for
SARS-CoV-2 management, multiplexed platforms such as CoVariant-SPOT could be useful
for a variety of other indications, making this technology broadly applicable to the field of
clinical diagnostics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CoVariant-SPOT schematic.
(A) Schematic of CoVariant-SPOT, which consists of 4 cAbs and a dAb cocktail of 2 dAbs

printed on a trehalose pad. The primary targets of CoVariant-SPOT are SARS-CoV-2 N and
S proteins from nasopharyngeal swabs. (B) Cartoon schematic of CoVariant-SPOT readout,
demonstrating the ability to differentiate variants depending on ratio of the fluorescence
intensity at different cAb spots.
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Figure 2. Analytical validation of CoVariant-SPOT using recombinant antigens.
(A) Dose-response curves partitioned by cAb for each SARS-CoV-2 strain spiked into lysis

buffer. Each data point represents the average of three replicates with standard deviation
(SD) shown. Furthest left point is a blank. (B) LOD summary for data presented in Figure
2A. (C) Anti-S cAb ratios to differentiate variants. Numbers in the graph represent the
concentration of S1 in ng/mL. The accuracy of differentiation is improved at higher S1

concentrations.
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Figure 3. Analytical validation of CoVariant-SPOT using UV inactivated virus.
Dose-response curves for each SARS-CoV-2 variant shown as a function of normalized

intensity (y-axis) versus TCIDgg/mL (x-axis). Isolates were spiked into lysis buffer and
incubated for 1 h. Each data point represents the average of three replicates, with SD shown.
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Figure 4. Clinical validation of CoVariant-SPOT.
(A) Raw aggregate data for 1B2 for COVID-19 negative and positive samples. Each data

point represents the average intensity of a unique sample, run in duplicate. (B) ROC analysis
for 1B2 in diagnosing COVID-19. At the optimal cut point of 2.72 arbitrary units for N,

the sensitivity is 68.4% (95% CI: 57.3% — 77.8%) and the specificity is 96.9% (95% CI:
84.3% — 99.8%). The AUC achieved is 0.87. (C) Correlation of 1B2 intensity compared to
viral load, as quantified by RT-PCR. (D) Anti-S cAb ratios to differentiate between Delta
and Omicron variants for all positive COVID-19 samples with 1B2 intensity greater than
2.72 arbitrary units. At a MM43/MM48 cut point of 0.99, all Delta and Omicron samples
are perfectly discriminated (right). Samples with an “x” have not been sequenced but are
presumed to be a given variant based on sample collection date. (E) MM43/MM48 plotted
against viral load for Omicron and Delta samples with 1B2 > 2.72. As viral load increases,
discrimination improves. The horizontal dashed line represents the optimal MM43/MM48
cut point.
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Figure 5. Microfluidic implementation of CoVariant-SPOT.
(A) Photograph of the microfluidic cassette. Sample is added at the sample inlet (SI)

followed by addition of wash buffer to the wash buffer inlet (WB). CoVariant-SPOT
reagents are printed in the reaction chamber (RC) where all binding occurs. Inset: detailed
view of the RC and zoom in of the cAb array. The incubation time is governed by the
length of the timing channel (TC) which ends at the wicking pad (WP) that pulls sample
and wash buffer through the channel, leaving a dry and clean RC for imaging. (B) Dose-
response curves for recombinant N and S1 proteins spiked into lysis buffer and added to
the microfluidic CoVariant-SPOT. Each data point represents the average of three replicates,
with SD shown as error bars. (C) Proof of concept study testing a subset of clinical samples
from Figure 4 on the microfluidic CoVariant-SPOT. For all positive Delta and Omicron
COVID-19 samples with 1B2—the N protein cAb—intensity greater than 2.72 arbitrary
units, anti-S cAb ratios are plotted to visually discriminate the two VOCs.
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