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Analytical Chemistry 

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 
(VOCs). 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 strain concurrent with COVID-19 diagnosis 
using antibodies targeting the nucleocapsid protein. All reagents are incorporated into a 
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portable, multiplexed, and sensitive diagnostic platform built upon a nonfouling 
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 that 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. 

  NOTE 

This article is made available via the ACS COVID-19 subset for unrestricted RESEARCH re-use 

and analyses in any form or by any means with acknowledgement of the original source. These 

permissions are granted for the duration of the World Health Organization (WHO) declaration of 

COVID-19 as a global pandemic. 

Introduction 
ARTICLE SECTIONS 

Jump To 

 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 by 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. (4) It is through these surveillance systems that we have identified several VOCs, 

such as Alpha (B.1.1.7), (5) Beta (B.1.351), (6) Gamma (P.1), (7) Delta (B.1.617.2), (8) and, 

most recently, Omicron (B.1.529). (9) 

During the COVID-19 pandemic, researchers deposited sequences into databases such as 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 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% are from high-

income countries and only 6% are from low- and middle-income countries. (11) 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 the initial diagnosis. 

To address this need, we report herein a rapid point-of-care test (POC-T), termed CoVariant-

SPOT (Covid-19 VariantSpike Protein Observation Test), which uses a panel of monoclonal 
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antibodies that are incorporated into a portable, multiplexed, and sensitive diagnostic platform 

(the D4) that is built upon a nonfouling 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 the 

nucleocapsid (N) protein. As a proof of principle, we demonstrate the performance of CoVariant-

SPOT for the 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 VOCs by 

examining the ratio of fluorescence intensity from multiple anti-S antibodies. Given its ease of 

use and rapid turnaround time, we believe that 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 
ARTICLE SECTIONS 

Jump To 

 
CoVariant-SPOT Testing Procedure 

CoVariant-SPOT employs the technology of the D4 assay, as 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 μL 

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 1× 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 

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, and NUN-C52Ht; S1: Sino 

Biological, catalog numbers: 40591-V08H, 40591-V08H23, and 40591-V08H41). N and S 

proteins of the same SARS-CoV-2 variant were mixed and diluted with extraction buffer (Acro 

Biosystems, catalog number: LY14) to a starting concentration of 300 ng/mL for each antigen. 

Antigens for the S trimer and BA.2 S1 were purchased from Sino Biological. The LOD was 

calculated as described elsewhere. (18) Values that were log transformed 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: 
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0810642UV). Isolates were diluted in extraction buffer to a starting TCID50/mL of 1 × 10
6
 for 

WT and Delta and 2 × 10
5
 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 commercial (Discovery Life Sciences) or from patients identified 

through the Duke University Health System or the Durham Veterans Affairs Health System and 

enrolled in 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, PI Ashutosh Chilkoti). For the samples collected 

under the MESSI protocol, flocked nasopharyngeal swabs were added to 3 mL of VTM (Dasky 

Medical, catalog number: 88-221 KC; VWR (BD), catalog number 10769-896) and frozen at 

−80 °C until testing by CoVariant-SPOT. In addition, the 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 six-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 1/4th dilutions were obtained. To run the assay, 72 μL of the sample was added to the 

sample inlet. Then 200 μL of wash buffer was immediately added to the wash buffer inlet, and 

the device was left to incubate in a 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. (15,16) 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. 

Results and Discussion 
ARTICLE SECTIONS 

Jump To 

 
Fabrication of CoVariant-SPOT 

CoVariant-SPOT is a multiplexed sandwich immunoassay in which all of 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. (14,17,19) Multiplexing is accomplished by 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 coprinted 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 
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across SARS-CoV-2 variants. (20,21) After incubation with a sample, variation in the 

fluorescence intensity at the cAb spots allows the diagnosis of COVID-19 infection (based on N 

protein) and identification of the likely SARS-CoV-2 variant causing the infection (Figure 1B). 

Figure 1 

 

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 

a CoVariant-SPOT readout, demonstrating the ability to differentiate variants depending on the 

ratio of the fluorescence intensity at different cAb spots. 

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 are 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 proteins 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 that 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 five-parameter logistic regression, (22) and 

the limit-of-detection (LOD) was calculated as described elsewhere. (18) A summary of the 

LODs is shown in Figure 2B. 

Figure 2 
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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 the lysis buffer. 

Each data point represents the average of three replicates with the standard deviation (SD) 

shown. The furthest left point is a blank. (B) LOD summary for data presented in panel A. (C) 

Anti-S cAb ratios to differentiate the variants. Numbers in the graph represent the concentration 

of S1 in ng/mL. The accuracy of differentiation is improved at higher S1 concentrations. 

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 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 be differentiated at higher concentrations of Omicron S1 only 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 sublineage 

of Omicron (Figure S4). Of note, antibodies that bind to WT but do not bind─or bind weakly─to 

S proteins from certain variants have been observed with other antibodies and are 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 by 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 the median tissue culture infectious dose 

per milliliter (TCID50/mL). As expected, the analytical sensitivity in terms of TCID50/mL for the 

N protein is superior to that of the S1 protein, likely because the N protein is expressed more 
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abundantly than S. (20,27,28) We also observed similar trends in terms of the 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 the 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. 

Figure 3 

 

Figure 3. Analytical validation of CoVariant-SPOT using UV-inactivated virus. Dose–response 

curves for each SARS-CoV-2 variant are shown as a function of normalized intensity (y axis) 

versus TCID50/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. 

Assessment of CoVariant-SPOT against Clinical Specimens 

As a 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 individuals 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, the viral load was quantified using quantitative RT-PCR (Materials 

and Methods section). Of the 76 COVID-19 samples, 62 were sequenced using Illumina 

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 
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based on surveillance data collected by GISAID. (10) 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 μL), and (3) 

the samples were stored at −80 °C rather than tested fresh. 

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 the 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. The 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%), 

similar to the performance metrics of other rapid antigen tests. (29) For a subset of the positive 

samples, the viral load was quantified using quantitative RT-PCR. We found that the D4 

intensity for the N protein antibody pair was highly correlated with the viral load (R
2
 = 0.72) 

(Figure 4C), which is consistent with other studies in the literature. (30) 

Figure 4 

 

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 a 1B2 intensity 
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greater than 2.72 arbitrary units. At an 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 the sample collection date. (E) MM43/MM48 plotted 

against viral load for Omicron and Delta samples with 1B2 > 2.72. As the viral load increases, 

discrimination improves. The horizontal dashed line represents the optimal MM43/MM48 cut 

point. 

Next, we examined the ability of CoVariant-SPOT to differentiate between two VOCs─Delta 

and Omicron─via detection of the 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 data set, future studies should validate the performance across an independent clinical test 

data set. 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 that 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 a 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, decoupled from 

laboratory or clinical infrastructure. To do this, we integrated CoVariant-SPOT into a 

microfluidic cassette (Figure 5A) that we developed recently. (16) The microfluidic cassette 

automates CoVariant-SPOT passively with capillary and gravity-driven flow and requires users 

to use only the sample and wash buffer at the time of testing. Furthermore, 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. (15,16) The D4Scope costs ∼$1000 and can be operated using either a 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). 

Figure 5 
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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 the 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 close-up view 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. 

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 curves 

are shown in Figure 5B. The sensitivity is comparable to that of the results presented in Figure 

2 (Table S3) and demonstrates the same intensity attenuation at MM48 cAb spots for the Delta 

S1 protein and at MM43 cAb spots for the 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 shown 

in 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 be possible only for samples with high viral loads. As a result, this 
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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 as 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 of 

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 μL) 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. 
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 As the COVID-19 pandemic has progressed, the epidemiological surveillance of emerging 

SARS-CoV-2 VOCs has proven essential in guiding the public health response. Our assay, 

CoVariant-SPOT, helps address 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 a 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 the highly multiplexed nature of the 

D4 microarray format that has two important attributes for VOC identification. (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 the differentiation of new VOCs as they emerge. Second, as 

described in detail in this article, the microarray format of CoV-SPOT enables discrimination 

between VOCs. 

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 a measurable amount 

of antigen. CoVariant-SPOT opens the possibility of a new diagnostic paradigm in which 

https://pubs.acs.org/doi/10.1021/acs.analchem.2c05180
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COVID-19 infection and mutant variant identification can occur simultaneously using a single 

sample. SARS-CoV-2 variant surveillance in the United States (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 nonexistent. We envision CoVariant-SPOT as a valuable adjunct to 

NGS that would significantly enhance the 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 that our assay is far better equipped 

to readily determine strain dominance down to the community level regardless of available 

resources. Moreover, identifying the 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. 
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Experimental methods 
CoVariant-SPOT fabrication 
CoVariant-SPOT  employs  the  technology  of  the  D4  assay,  described  previously. 
1 

  In  brief,  glass  microscope  
slides were functionalized with a poly(oligo(ethylene glycol) methyl ether methacrylate (POEGMA) non-fouling  
brush  with  a  thickness  of  ~50  nm  via  surface-initiated  atom  transfer  radical  polymerization  (SI-ATRP). 



2 

  Next,  
anti-SARS-CoV-2  N  protein  monoclonal  antibody  (mouse  IgG,  DHVI,  1B2)  and  anti-SARS-CoV-2  S  protein  
monoclonal  antibodies  (Acro  Biosystems,  catalog  #S1N-M130;  Sino  Biological,  catalog  #40591-MM43;  Sino  
Biological, catalog #40591-MM48) were inkjet printed onto the slides using a Scienion sciFLEXARRAYER S12  
(Scienion AG). Rows of five ~180  
μm 
 diameter capture spots for each anti-SARS-CoV-2 antibody were printed  
at a concentration of 1.0 mg/mL. Surrounding the capture spots, twelve 1 mm-diameter trehalose spots were  
printed using a BioDot AD1520 printer (BioDot Inc.) loaded with a 10% (w/v) trehalose solution (~100 nL drop  
volume). Next, Alexa Fluor 647 labeled anti-N antibody (human IgG, DHVI, DH1218) and anti-S antibody (Acro  
Biosystems,  catalog  #  S1N-M122)  were  mixed  and  deposited  on  top  of  the  excipient  pads  using  the  BioDot  
printer  at  a  concentration  of  0.02  mg/mL  for  each  antibody.  Twenty-four  assays  with  this  configuration  were  
printed on each 75.6 x 25.0 x 1.0 mm glass slide in a 3 x 8 array. CoVariant-SPOT assays were stored under  
vacuum for at least 24 h before use. For testing with clinical samples, Trublock Ultra (Meridian Life Sciences)  
was also inkjet printed onto CoVariant-SPOT slides at 6.0 mg/mL in 1x PBS with 0.05% sodium azide in order  
to prevent any potential interference from human anti-mouse antibodies (HAMA), as described elsewhere. 
3 

To identify antibodies for CoVariant-SPOT, we conducted high throughput screens to determine optimal cAb/dAb  
pairs  that  bound  to  SARS-CoV-2  variants  differentially.  For  antibodies  targeting  S  protein,  we  screened  29  
potential cAbs and 13 potential dAbs against WT, Delta, and Omicron S1 proteins, resulting in 1131 different  
dose-response  curves.  We  also  screened  the  antibodies  against  Beta  S1,  leading  to  a  total  of  1508  dose- 
response  curves  (Figure  S1).  All  antibodies  tested  are  listed  in  
 Table  S2 
.  In  this  screening  process,  all  29  
candidate cAbs are inkjet printed onto POEGMA coated slides in a microarray. Next, recombinant S1 proteins  
for each variant are individually spiked into fetal bovine serum at multiple concentrations and added to the arrays  
containing all 29 cAbs. After a 30-minute incubation, slides are washed, and then a dAb is added to complete  
the sandwich formation process, resulting in 29 dose-response curves per dAb per S1 protein. After repeating  
this process for each dAb and S1 protein variant, we identified three potential cAbs for S1 (for a given dAb) that  
could potentially be used to differentiate between WT, Delta, and Omicron, depending on the fluorescence output  
at each cAb spot. The anti-S1 antibody pairs we identified also bind to the S trimers for WT, Delta, and Omicron  
variants similarly compared to S1 (Figure S2). For detection of N, we incorporated an antibody pair identified by  
the Duke Human Vaccine Institute (DHVI). Therefore, the final version of the 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.  Of  note,  we  can  perform  these  high  throughput  antibody  screens  
rapidly—on  the  order  of  a  couple  of  days—which  enables  us  to  rapidly  incorporate  more  antibodies  into  
CoVariant-SPOT if new variants emerge or to better discriminate between variants. 
Viral RNA Extraction and Sequencing Library Preparation  
Viral  RNA  was  extracted  from  nasopharyngeal  swabs  in  VTM  using  QIAamp  Viral  RNA  Mini  Kit  (QIAGEN).  
Sequencing libraries were prepared using the Illumina COVIDSeq Test SARS-CoV-2 kit at a reduced quarter  
volume  reaction  on  liquid  handlers.  Libraries  were  pooled  at  equal  volume,  and  the  pool’s  concentration  and  
library size were quantified with the Invitrogen Qubit 4 Fluorometer and Agilent Tapestation. The final pool was  
sequenced on the Illumina NextSeq500 instrument using a 75 cycle High Output flow cell with 72 base pair single  
reads, 1.5pM loading concentration, and 5% PhiX v3 control spike-in. 
Variant Analysis Pipeline 
To classify COVID-19 variants, it is necessary to identify the mutations along each genome. To do this, we used  
a custom analytical pipeline based on the best practices workflow from GATK. 
4 

 The custom scripts and tools  

1 / 3 
ShareDownload 
 

figshare 

 

Terms & Conditions 

Most electronic Supporting Information files are available without a subscription to ACS Web 

Editions. Such files may be downloaded by article for research use (if there is a public use 

license linked to the relevant article, that license may permit other uses). Permission may be 

obtained from ACS for other uses through requests via the RightsLink permission 

system: http://pubs.acs.org/page/copyright/permissions.html. 

Author Information 

https://figshare.com/collections/COVID-19_Diagnosis_and_SARS-CoV_2_Strain_Identification_by_a_Rapid_Multiplexed_Point-of-Care_Antibody_Microarray/6485354
https://figshare.com/collections/COVID-19_Diagnosis_and_SARS-CoV_2_Strain_Identification_by_a_Rapid_Multiplexed_Point-of-Care_Antibody_Microarray/6485354
https://pubs.acs.org/page/copyright/permissions.html


ARTICLE SECTIONS 

Jump To 

 

 Corresponding Author 
o Ashutosh Chilkoti - Department of Biomedical Engineering, Pratt School of 

Engineering, Duke University, Durham, North Carolina 27708, United 

States;  https://orcid.org/0000-0002-1569-

2228; Email: chilkoti@duke.edu 
 Authors 

o Jacob T. Heggestad - Department of Biomedical Engineering, Pratt School of 

Engineering, Duke University, Durham, North Carolina 27708, United 

States;  https://orcid.org/0000-0001-5217-6735 

o Rhett J. Britton - Department of Biomedical Engineering, Pratt School of 

Engineering, Duke University, Durham, North Carolina 27708, United States 
o David S. Kinnamon - Department of Biomedical Engineering, Pratt School of 

Engineering, Duke University, Durham, North Carolina 27708, United States 
o Jason Liu - Department of Biomedical Engineering, Pratt School of Engineering, 

Duke University, Durham, North Carolina 27708, United States 
o Jack G. Anderson - Center for Applied Genomics and Precision Medicine, 

Department of Medicine, Duke University, Durham, North Carolina 27710, USA 
o Daniel Y. Joh - Department of Biomedical Engineering, Pratt School of 

Engineering, Duke University, Durham, North Carolina 27708, United States 

https://pubs.acs.org/doi/10.1021/acs.analchem.2c05180
https://orcid.org/0000-0002-1569-2228
https://orcid.org/0000-0002-1569-2228
mailto:chilkoti@duke.edu
https://orcid.org/0000-0001-5217-6735


o Zachary Quinn - Department of Biomedical Engineering, Pratt School of 

Engineering, Duke University, Durham, North Carolina 27708, United States 
o Cassio M. Fontes - Department of Biomedical Engineering, Pratt School of 

Engineering, Duke University, Durham, North Carolina 27708, United 

States;  https://orcid.org/0000-0003-3157-478X 

o Angus M. Hucknall - Department of Biomedical Engineering, Pratt School of 

Engineering, Duke University, Durham, North Carolina 27708, United States 
o Robert Parks - Duke Human Vaccine Institute, Duke University School of 

Medicine, Durham, North Carolina 27710, United States 
o Gregory D. Sempowski - Duke Human Vaccine Institute  and  Department of 

Medicine, Duke University School of Medicine, Durham, North Carolina 27710, 

United States 
o Thomas N. Denny - Duke Human Vaccine Institute, Duke University School of 

Medicine, Durham, North Carolina 27710, United States 
o Thomas W. Burke - Duke Human Vaccine Institute, Duke University School of 

Medicine, Durham, North Carolina 27710, United States 
o Barton F. Haynes - Duke Human Vaccine Institute,  Department of 

Medicine  and  Department of Immunology, Duke University School of Medicine, 

Durham, North Carolina 27710, United States 
o Christopher W. Woods - Center for Applied Genomics and Precision Medicine, 

Department of Medicine, Duke University, Durham, North Carolina 27710, 

USA;  Duke Human Vaccine Institute  and  Department of Medicine, Duke 

University School of Medicine, Durham, North Carolina 27710, United States 
 Author Contributions 

J.T.H., R.J.B., and D.S.K. contributed equally to this work. 

Author Contributions 

Conceptualization: J.T.H., R.J.B., D.S.K., and A.C. Investigation: J.T.H., R.J.B., D.S.K., 

J.L., and Z.Q. Visualization: J.T.H., R.J.B., and D.S.K. Resources: J.G.A., R.P., G.D.S., 

T.N.D., T.W.B., B.H., and C.W.W. Funding acquisition: C.W.W. and A.C. Project 

administration: J.G.A., T.W.B., R.P., C.W.W., and A.C. Supervision: D.Y.J., C.M.F., 

A.M.H., G.D.S., T.N.D., B.H., C.W.W., and A.C. Writing (original draft): J.T.H., R.J.B., 

and D.S.K. Writing (review and editing): All authors. 

https://orcid.org/0000-0003-3157-478X


 Funding 

This work was supported by National Institutes of Health (NIAID) grant R01 AI159992 

(A.C. and C.W.W.). We also acknowledge the Gilhuly Accelerator Fund who helped 

support this work. 

 Notes 

The authors declare the following competing financial interest(s): A.C., J.T.H., R.J.B., and 

D.S.K. are inventors on a provisional patent filled by Duke University (application number: 

63/429,316) on 12/1/2022; methods for concurrent sars-cov-2 strain identification and 

covid-19 diagnosis and treatment. (A.C., D.S.K., C.M.F., A.M.H., J.L., and J.T.H. are 

inventors on the patent filed by Duke University [PCT/US2021/046833, filed (20 August 

2021) Microfluidic assay device that describes the D4 microfluidic cassette in this work. 

A.C. and J.L. are inventors on a patent related to this work filed by Duke University [no. 

WO/2020/223713, filed (2 May 2020), published (5 May 2020)]. The patent is titled 

Devices and methods for imaging microarray chips that describes innovations used for the 

D4Scope. Immucor Inc. has acquired the rights to the D4 assay on POEGMA brushes for in 

vitro diagnostics from Sentilus Inc. (cofounded by A.C. and A.M.H.). All other authors 

declare that they have no competing interests. 

Acknowledgments 
ARTICLE SECTIONS 

Jump To 

 

We thank the Duke University School of Medicine for the use of the Sequencing and Genomic 

Technologies Shared Resource, which provided SARS-CoV-2 variant sequencing and analysis 

services. 

References 
ARTICLE SECTIONS 

Jump To 

 

This article references 30 other publications. 

1. 1 

Abdool Karim, S. S.; de Oliveira, T. New SARS-CoV-2 Variants - Clinical, Public Health, and 

Vaccine Implications. N Engl J. Med. 2021, 384 (19), 1866– 1868,  DOI: 

10.1056/NEJMc2100362  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

2. 2 

https://pubs.acs.org/doi/10.1021/acs.analchem.2c05180
https://pubs.acs.org/doi/10.1021/acs.analchem.2c05180
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref1/cit1&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1056%2FNEJMc2100362
https://pubs.acs.org/servlet/linkout?suffix=ref1/cit1&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=33761203
https://pubs.acs.org/servlet/linkout?suffix=ref1/cit1&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A280%3ADC%252BB3sfhs1Olug%253D%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=384&publication_year=2021&pages=1866-1868&journal=%00null%00&issue=19&issn=%00null%00&author=S.+S.+Abdool%0AKarimauthor=T.+de+Oliveira&title=New+SARS-CoV-2+Variants+-+Clinical%2C+Public+Health%2C+and+Vaccine+Implications&pmid=%00empty%00&doi=10.1056%2FNEJMc2100362
http://scholar.google.com/scholar_lookup?hl=en&volume=384&publication_year=2021&pages=1866-1868&journal=%00null%00&issue=19&issn=%00null%00&author=S.+S.+Abdool%0AKarimauthor=T.+de+Oliveira&title=New+SARS-CoV-2+Variants+-+Clinical%2C+Public+Health%2C+and+Vaccine+Implications&pmid=%00empty%00&doi=10.1056%2FNEJMc2100362
javascript:void(0);


Mlcochova, P.; Kemp, S. A.; Dhar, M. S.; Papa, G.; Meng, B.; Ferreira, I.; Datir, R.; Collier, D. 

A.; Albecka, A.; Singh, S.; Pandey, R.; Brown, J.; Zhou, J.; Goonawardane, N.; Mishra, 

S.; Whittaker, C.; Mellan, T.; Marwal, R.; Datta, M.; Sengupta, S.; Ponnusamy, 

K.; Radhakrishnan, V. S.; Abdullahi, A.; Charles, O.; Chattopadhyay, P.; Devi, P.; Caputo, 

D.; Peacock, T.; Wattal, C.; Goel, N.; Satwik, A.; Vaishya, R.; Agarwal, M.; Indian, S.-C.-G. C.; 

Genotype to Phenotype Japan, C.; Collaboration, C.-N. B. C.-.; Mavousian, A.; Lee, J. H.; Bassi, 

J.; Silacci-Fegni, C.; Saliba, C.; Pinto, D.; Irie, T.; Yoshida, I.; Hamilton, W. L.; Sato, K.; Bhatt, 

S.; Flaxman, S.; James, L. C.; Corti, D.; Piccoli, L.; Barclay, W. S.; Rakshit, P.; Agrawal, 

A.; Gupta, R. K. SARS-CoV-2 B.1.617.2 Delta variant replication and immune 

evasion. Nature 2021, 599 (7883), 114– 119,  DOI: 10.1038/s41586-021-03944-y  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

3. 3 

McCallum, M.; Czudnochowski, N.; Rosen, L. E.; Zepeda, S. K.; Bowen, J. E.; Walls, A. 

C.; Hauser, K.; Joshi, A.; Stewart, C.; Dillen, J. R.; Powell, A. E.; Croll, T. I.; Nix, J.; Virgin, H. 

W.; Corti, D.; Snell, G.; Veesler, D. Structural basis of SARS-CoV-2 Omicron immune evasion 

and receptor engagement. Science 2022, 375 (6583), 864– 868,  DOI: 10.1126/science.abn8652  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

4. 4 

Chiara, M.; D’Erchia, A. M.; Gissi, C.; Manzari, C.; Parisi, A.; Resta, N.; Zambelli, F.; Picardi, 

E.; Pavesi, G.; Horner, D. S.; Pesole, G. Next generation sequencing of SARS-CoV-2 genomes: 

challenges, applications and opportunities. Brief Bioinform 2021, 22 (2), 616– 630,  DOI: 

10.1093/bib/bbaa297  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

5. 5 

du Plessis, L.; McCrone, J. T.; Zarebski, A. E.; Hill, V.; Ruis, C.; Gutierrez, B.; Raghwani, 

J.; Ashworth, J.; Colquhoun, R.; Connor, T. R.; Faria, N. R.; Jackson, B.; Loman, N. J.; O’Toole, 

A.; Nicholls, S. M.; Parag, K. V.; Scher, E.; Vasylyeva, T. I.; Volz, E. M.; Watts, A.; Bogoch, I. 

I.; Khan, K.; Consortium, C.-G. U.; Aanensen, D. M.; Kraemer, M. U. G.; Rambaut, A.; Pybus, 

O. G. Establishment and lineage dynamics of the SARS-CoV-2 epidemic in the 

UK. Science 2021, 371 (6530), 708– 712,  DOI: 10.1126/science.abf2946  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

6. 6 

Tegally, H.; Wilkinson, E.; Giovanetti, M.; Iranzadeh, A.; Fonseca, V.; Giandhari, J.; Doolabh, 

D.; Pillay, S.; San, E. J.; Msomi, N.; Mlisana, K.; von Gottberg, A.; Walaza, S.; Allam, 

https://pubs.acs.org/servlet/linkout?suffix=ref2/cit2&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1038%2Fs41586-021-03944-y
https://pubs.acs.org/servlet/linkout?suffix=ref2/cit2&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=34488225
https://pubs.acs.org/servlet/linkout?suffix=ref2/cit2&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB3MXit1Ciu7%252FM
http://scholar.google.com/scholar_lookup?hl=en&volume=599&publication_year=2021&pages=114-119&journal=%00null%00&issue=7883&issn=%00null%00&author=P.+Mlcochovaauthor=S.+A.+Kempauthor=M.+S.+Dharauthor=G.+Papaauthor=B.+Mengauthor=I.+Ferreiraauthor=R.+Datirauthor=D.+A.+Collierauthor=A.+Albeckaauthor=S.+Singhauthor=R.+Pandeyauthor=J.+Brownauthor=J.+Zhouauthor=N.+Goonawardaneauthor=S.+Mishraauthor=C.+Whittakerauthor=T.+Mellanauthor=R.+Marwalauthor=M.+Dattaauthor=S.+Senguptaauthor=K.+Ponnusamyauthor=V.+S.+Radhakrishnanauthor=A.+Abdullahiauthor=O.+Charlesauthor=P.+Chattopadhyayauthor=P.+Deviauthor=D.+Caputoauthor=T.+Peacockauthor=C.+Wattalauthor=N.+Goelauthor=A.+Satwikauthor=R.+Vaishyaauthor=M.+Agarwalauthor=Indian%2C+S.-C.-G.+C.%3B+Genotype+to+Phenotype+Japan%2C+C.%3B+Collaboration%2C+C.-N.+B.+C.-.author=A.+Mavousianauthor=J.+H.+Leeauthor=J.+Bassiauthor=C.+Silacci-Fegniauthor=C.+Salibaauthor=D.+Pintoauthor=T.+Irieauthor=I.+Yoshidaauthor=W.+L.+Hamiltonauthor=K.+Satoauthor=S.+Bhattauthor=S.+Flaxmanauthor=L.+C.+Jamesauthor=D.+Cortiauthor=L.+Piccoliauthor=W.+S.+Barclayauthor=P.+Rakshitauthor=A.+Agrawalauthor=R.+K.+Gupta&title=SARS-CoV-2+B.1.617.2+Delta+variant+replication+and+immune+evasion&pmid=%00empty%00&doi=10.1038%2Fs41586-021-03944-y
http://scholar.google.com/scholar_lookup?hl=en&volume=599&publication_year=2021&pages=114-119&journal=%00null%00&issue=7883&issn=%00null%00&author=P.+Mlcochovaauthor=S.+A.+Kempauthor=M.+S.+Dharauthor=G.+Papaauthor=B.+Mengauthor=I.+Ferreiraauthor=R.+Datirauthor=D.+A.+Collierauthor=A.+Albeckaauthor=S.+Singhauthor=R.+Pandeyauthor=J.+Brownauthor=J.+Zhouauthor=N.+Goonawardaneauthor=S.+Mishraauthor=C.+Whittakerauthor=T.+Mellanauthor=R.+Marwalauthor=M.+Dattaauthor=S.+Senguptaauthor=K.+Ponnusamyauthor=V.+S.+Radhakrishnanauthor=A.+Abdullahiauthor=O.+Charlesauthor=P.+Chattopadhyayauthor=P.+Deviauthor=D.+Caputoauthor=T.+Peacockauthor=C.+Wattalauthor=N.+Goelauthor=A.+Satwikauthor=R.+Vaishyaauthor=M.+Agarwalauthor=Indian%2C+S.-C.-G.+C.%3B+Genotype+to+Phenotype+Japan%2C+C.%3B+Collaboration%2C+C.-N.+B.+C.-.author=A.+Mavousianauthor=J.+H.+Leeauthor=J.+Bassiauthor=C.+Silacci-Fegniauthor=C.+Salibaauthor=D.+Pintoauthor=T.+Irieauthor=I.+Yoshidaauthor=W.+L.+Hamiltonauthor=K.+Satoauthor=S.+Bhattauthor=S.+Flaxmanauthor=L.+C.+Jamesauthor=D.+Cortiauthor=L.+Piccoliauthor=W.+S.+Barclayauthor=P.+Rakshitauthor=A.+Agrawalauthor=R.+K.+Gupta&title=SARS-CoV-2+B.1.617.2+Delta+variant+replication+and+immune+evasion&pmid=%00empty%00&doi=10.1038%2Fs41586-021-03944-y
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref3/cit3&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1126%2Fscience.abn8652
https://pubs.acs.org/servlet/linkout?suffix=ref3/cit3&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=35076256
https://pubs.acs.org/servlet/linkout?suffix=ref3/cit3&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB38Xls1Sqtrg%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=375&publication_year=2022&pages=864-868&journal=%00null%00&issue=6583&issn=%00null%00&author=M.+McCallumauthor=N.+Czudnochowskiauthor=L.+E.+Rosenauthor=S.+K.+Zepedaauthor=J.+E.+Bowenauthor=A.+C.+Wallsauthor=K.+Hauserauthor=A.+Joshiauthor=C.+Stewartauthor=J.+R.+Dillenauthor=A.+E.+Powellauthor=T.+I.+Crollauthor=J.+Nixauthor=H.+W.+Virginauthor=D.+Cortiauthor=G.+Snellauthor=D.+Veesler&title=Structural+basis+of+SARS-CoV-2+Omicron+immune+evasion+and+receptor+engagement&pmid=%00empty%00&doi=10.1126%2Fscience.abn8652
http://scholar.google.com/scholar_lookup?hl=en&volume=375&publication_year=2022&pages=864-868&journal=%00null%00&issue=6583&issn=%00null%00&author=M.+McCallumauthor=N.+Czudnochowskiauthor=L.+E.+Rosenauthor=S.+K.+Zepedaauthor=J.+E.+Bowenauthor=A.+C.+Wallsauthor=K.+Hauserauthor=A.+Joshiauthor=C.+Stewartauthor=J.+R.+Dillenauthor=A.+E.+Powellauthor=T.+I.+Crollauthor=J.+Nixauthor=H.+W.+Virginauthor=D.+Cortiauthor=G.+Snellauthor=D.+Veesler&title=Structural+basis+of+SARS-CoV-2+Omicron+immune+evasion+and+receptor+engagement&pmid=%00empty%00&doi=10.1126%2Fscience.abn8652
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref4/cit4&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1093%2Fbib%2Fbbaa297
https://pubs.acs.org/servlet/linkout?suffix=ref4/cit4&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=33279989
https://pubs.acs.org/servlet/linkout?suffix=ref4/cit4&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB3MXhsFWht7jN
http://scholar.google.com/scholar_lookup?hl=en&volume=22&publication_year=2021&pages=616-630&journal=%00null%00&issue=2&issn=%00null%00&author=M.+Chiaraauthor=A.+M.+D%E2%80%99Erchiaauthor=C.+Gissiauthor=C.+Manzariauthor=A.+Parisiauthor=N.+Restaauthor=F.+Zambelliauthor=E.+Picardiauthor=G.+Pavesiauthor=D.+S.+Hornerauthor=G.+Pesole&title=Next+generation+sequencing+of+SARS-CoV-2+genomes%3A+challenges%2C+applications+and+opportunities&pmid=%00empty%00&doi=10.1093%2Fbib%2Fbbaa297
http://scholar.google.com/scholar_lookup?hl=en&volume=22&publication_year=2021&pages=616-630&journal=%00null%00&issue=2&issn=%00null%00&author=M.+Chiaraauthor=A.+M.+D%E2%80%99Erchiaauthor=C.+Gissiauthor=C.+Manzariauthor=A.+Parisiauthor=N.+Restaauthor=F.+Zambelliauthor=E.+Picardiauthor=G.+Pavesiauthor=D.+S.+Hornerauthor=G.+Pesole&title=Next+generation+sequencing+of+SARS-CoV-2+genomes%3A+challenges%2C+applications+and+opportunities&pmid=%00empty%00&doi=10.1093%2Fbib%2Fbbaa297
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref5/cit5&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1126%2Fscience.abf2946
https://pubs.acs.org/servlet/linkout?suffix=ref5/cit5&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=33419936
https://pubs.acs.org/servlet/linkout?suffix=ref5/cit5&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB3MXktFOrtbY%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=371&publication_year=2021&pages=708-712&journal=%00null%00&issue=6530&issn=%00null%00&author=L.+du%0APlessisauthor=J.+T.+McCroneauthor=A.+E.+Zarebskiauthor=V.+Hillauthor=C.+Ruisauthor=B.+Gutierrezauthor=J.+Raghwaniauthor=J.+Ashworthauthor=R.+Colquhounauthor=T.+R.+Connorauthor=N.+R.+Fariaauthor=B.+Jacksonauthor=N.+J.+Lomanauthor=A.+O%E2%80%99Tooleauthor=S.+M.+Nichollsauthor=K.+V.+Paragauthor=E.+Scherauthor=T.+I.+Vasylyevaauthor=E.+M.+Volzauthor=A.+Wattsauthor=I.+I.+Bogochauthor=K.+Khanauthor=Consortium%2C+C.-G.+U.author=D.+M.+Aanensenauthor=M.+U.+G.+Kraemerauthor=A.+Rambautauthor=O.+G.+Pybus&title=Establishment+and+lineage+dynamics+of+the+SARS-CoV-2+epidemic+in+the+UK&pmid=%00empty%00&doi=10.1126%2Fscience.abf2946
http://scholar.google.com/scholar_lookup?hl=en&volume=371&publication_year=2021&pages=708-712&journal=%00null%00&issue=6530&issn=%00null%00&author=L.+du%0APlessisauthor=J.+T.+McCroneauthor=A.+E.+Zarebskiauthor=V.+Hillauthor=C.+Ruisauthor=B.+Gutierrezauthor=J.+Raghwaniauthor=J.+Ashworthauthor=R.+Colquhounauthor=T.+R.+Connorauthor=N.+R.+Fariaauthor=B.+Jacksonauthor=N.+J.+Lomanauthor=A.+O%E2%80%99Tooleauthor=S.+M.+Nichollsauthor=K.+V.+Paragauthor=E.+Scherauthor=T.+I.+Vasylyevaauthor=E.+M.+Volzauthor=A.+Wattsauthor=I.+I.+Bogochauthor=K.+Khanauthor=Consortium%2C+C.-G.+U.author=D.+M.+Aanensenauthor=M.+U.+G.+Kraemerauthor=A.+Rambautauthor=O.+G.+Pybus&title=Establishment+and+lineage+dynamics+of+the+SARS-CoV-2+epidemic+in+the+UK&pmid=%00empty%00&doi=10.1126%2Fscience.abf2946
javascript:void(0);


M.; Ismail, A.; Mohale, T.; Glass, A. J.; Engelbrecht, S.; Van Zyl, G.; Preiser, W.; Petruccione, 

F.; Sigal, A.; Hardie, D.; Marais, G.; Hsiao, M.; Korsman, S.; Davies, M.-A.; Tyers, L.; Mudau, 

I.; York, D.; Maslo, C.; Goedhals, D.; Abrahams, S.; Laguda-Akingba, O.; Alisoltani-Dehkordi, 

A.; Godzik, A.; Wibmer, C. K.; Sewell, B. T.; Lourenço, J.; Alcantara, L. C. J.; Pond, S. L. 

K.; Weaver, S.; Martin, D.; Lessells, R. J.; Bhiman, J. N.; Williamson, C.; de Oliveira, 

T. Detection of a SARS-CoV-2 variant of concern in South Africa mutations in South 

Africa. Nature 2021, 592, 438,  DOI: 10.1038/s41586-021-03402-9  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

7. 7 

Tao, K.; Tzou, P. L.; Nouhin, J.; Gupta, R. K.; de Oliveira, T.; Kosakovsky Pond, S. L.; Fera, 

D.; Shafer, R. W. The biological and clinical significance of emerging SARS-CoV-2 

variants. Nat. Rev. Genet 2021, 22 (12), 757– 773,  DOI: 10.1038/s41576-021-00408-x  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

8. 8 

Cherian, S.; Potdar, V.; Jadhav, S.; Yadav, P.; Gupta, N.; Das, M.; Rakshit, P.; Singh, 

S.; Abraham, P.; Panda, S.; Team, N. SARS-CoV-2 Spike Mutations, L452R, T478K, E484Q 

and P681R, in the Second Wave of COVID-19 in Maharashtra, 

India. Microorganisms 2021, 9 (7), 1542,  DOI: 10.3390/microorganisms9071542  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

9. 9 

Saxena, S. K.; Kumar, S.; Ansari, S.; Paweska, J. T.; Maurya, V. K.; Tripathi, A. K.; Abdel-

Moneim, A. S. Characterization of the novel SARS-CoV-2 Omicron (B.1.1.529) variant of 

concern and its global perspective. J. Med. Virol 2022, 94 (4), 1738– 1744,  DOI: 

10.1002/jmv.27524  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

10. 10 

Shu, Y.; McCauley, J. GISAID: Global initiative on sharing all influenza data – from vision to 

reality. Eurosurveillance 2017, 22 (13), 30494,  DOI: 10.2807/1560-7917.ES.2017.22.13.30494  

[Crossref], [PubMed], Google Scholaropen URL 

11. 11 

https://pubs.acs.org/servlet/linkout?suffix=ref6/cit6&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1038%2Fs41586-021-03402-9
https://pubs.acs.org/servlet/linkout?suffix=ref6/cit6&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=33690265
https://pubs.acs.org/servlet/linkout?suffix=ref6/cit6&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB3MXnslyju7Y%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=592&publication_year=2021&pages=438&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=H.+Tegallyauthor=E.+Wilkinsonauthor=M.+Giovanettiauthor=A.+Iranzadehauthor=V.+Fonsecaauthor=J.+Giandhariauthor=D.+Doolabhauthor=S.+Pillayauthor=E.+J.+Sanauthor=N.+Msomiauthor=K.+Mlisanaauthor=A.+von+Gottbergauthor=S.+Walazaauthor=M.+Allamauthor=A.+Ismailauthor=T.+Mohaleauthor=A.+J.+Glassauthor=S.+Engelbrechtauthor=G.+Van+Zylauthor=W.+Preiserauthor=F.+Petruccioneauthor=A.+Sigalauthor=D.+Hardieauthor=G.+Maraisauthor=M.+Hsiaoauthor=S.+Korsmanauthor=M.-A.+Daviesauthor=L.+Tyersauthor=I.+Mudauauthor=D.+Yorkauthor=C.+Masloauthor=D.+Goedhalsauthor=S.+Abrahamsauthor=O.+Laguda-Akingbaauthor=A.+Alisoltani-Dehkordiauthor=A.+Godzikauthor=C.+K.+Wibmerauthor=B.+T.+Sewellauthor=J.+Louren%C3%A7oauthor=L.+C.+J.+Alcantaraauthor=S.+L.+K.+Pondauthor=S.+Weaverauthor=D.+Martinauthor=R.+J.+Lessellsauthor=J.+N.+Bhimanauthor=C.+Williamsonauthor=T.+de+Oliveira&title=Detection+of+a+SARS-CoV-2+variant+of+concern+in+South+Africa+mutations+in+South+Africa&pmid=%00empty%00&doi=10.1038%2Fs41586-021-03402-9
http://scholar.google.com/scholar_lookup?hl=en&volume=592&publication_year=2021&pages=438&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=H.+Tegallyauthor=E.+Wilkinsonauthor=M.+Giovanettiauthor=A.+Iranzadehauthor=V.+Fonsecaauthor=J.+Giandhariauthor=D.+Doolabhauthor=S.+Pillayauthor=E.+J.+Sanauthor=N.+Msomiauthor=K.+Mlisanaauthor=A.+von+Gottbergauthor=S.+Walazaauthor=M.+Allamauthor=A.+Ismailauthor=T.+Mohaleauthor=A.+J.+Glassauthor=S.+Engelbrechtauthor=G.+Van+Zylauthor=W.+Preiserauthor=F.+Petruccioneauthor=A.+Sigalauthor=D.+Hardieauthor=G.+Maraisauthor=M.+Hsiaoauthor=S.+Korsmanauthor=M.-A.+Daviesauthor=L.+Tyersauthor=I.+Mudauauthor=D.+Yorkauthor=C.+Masloauthor=D.+Goedhalsauthor=S.+Abrahamsauthor=O.+Laguda-Akingbaauthor=A.+Alisoltani-Dehkordiauthor=A.+Godzikauthor=C.+K.+Wibmerauthor=B.+T.+Sewellauthor=J.+Louren%C3%A7oauthor=L.+C.+J.+Alcantaraauthor=S.+L.+K.+Pondauthor=S.+Weaverauthor=D.+Martinauthor=R.+J.+Lessellsauthor=J.+N.+Bhimanauthor=C.+Williamsonauthor=T.+de+Oliveira&title=Detection+of+a+SARS-CoV-2+variant+of+concern+in+South+Africa+mutations+in+South+Africa&pmid=%00empty%00&doi=10.1038%2Fs41586-021-03402-9
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref7/cit7&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1038%2Fs41576-021-00408-x
https://pubs.acs.org/servlet/linkout?suffix=ref7/cit7&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=34535792
https://pubs.acs.org/servlet/linkout?suffix=ref7/cit7&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB3MXitVKiu7jE
http://scholar.google.com/scholar_lookup?hl=en&volume=22&publication_year=2021&pages=757-773&journal=%00null%00&issue=12&issn=%00null%00&author=K.+Taoauthor=P.+L.+Tzouauthor=J.+Nouhinauthor=R.+K.+Guptaauthor=T.+de+Oliveiraauthor=S.+L.+Kosakovsky+Pondauthor=D.+Feraauthor=R.+W.+Shafer&title=The+biological+and+clinical+significance+of+emerging+SARS-CoV-2+variants&pmid=%00empty%00&doi=10.1038%2Fs41576-021-00408-x
http://scholar.google.com/scholar_lookup?hl=en&volume=22&publication_year=2021&pages=757-773&journal=%00null%00&issue=12&issn=%00null%00&author=K.+Taoauthor=P.+L.+Tzouauthor=J.+Nouhinauthor=R.+K.+Guptaauthor=T.+de+Oliveiraauthor=S.+L.+Kosakovsky+Pondauthor=D.+Feraauthor=R.+W.+Shafer&title=The+biological+and+clinical+significance+of+emerging+SARS-CoV-2+variants&pmid=%00empty%00&doi=10.1038%2Fs41576-021-00408-x
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref8/cit8&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.3390%2Fmicroorganisms9071542
https://pubs.acs.org/servlet/linkout?suffix=ref8/cit8&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=34361977
https://pubs.acs.org/servlet/linkout?suffix=ref8/cit8&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB3MXitFWmtbnJ
http://scholar.google.com/scholar_lookup?hl=en&volume=9&publication_year=2021&pages=1542&journal=%00null%00&issue=7&issn=%00null%00&author=S.+Cherianauthor=V.+Potdarauthor=S.+Jadhavauthor=P.+Yadavauthor=N.+Guptaauthor=M.+Dasauthor=P.+Rakshitauthor=S.+Singhauthor=P.+Abrahamauthor=S.+Pandaauthor=N.+Team&title=SARS-CoV-2+Spike+Mutations%2C+L452R%2C+T478K%2C+E484Q+and+P681R%2C+in+the+Second+Wave+of+COVID-19+in+Maharashtra%2C+India&pmid=%00empty%00&doi=10.3390%2Fmicroorganisms9071542
http://scholar.google.com/scholar_lookup?hl=en&volume=9&publication_year=2021&pages=1542&journal=%00null%00&issue=7&issn=%00null%00&author=S.+Cherianauthor=V.+Potdarauthor=S.+Jadhavauthor=P.+Yadavauthor=N.+Guptaauthor=M.+Dasauthor=P.+Rakshitauthor=S.+Singhauthor=P.+Abrahamauthor=S.+Pandaauthor=N.+Team&title=SARS-CoV-2+Spike+Mutations%2C+L452R%2C+T478K%2C+E484Q+and+P681R%2C+in+the+Second+Wave+of+COVID-19+in+Maharashtra%2C+India&pmid=%00empty%00&doi=10.3390%2Fmicroorganisms9071542
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref9/cit9&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1002%2Fjmv.27524
https://pubs.acs.org/servlet/linkout?suffix=ref9/cit9&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=34905235
https://pubs.acs.org/servlet/linkout?suffix=ref9/cit9&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB38XotlCrtg%253D%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=94&publication_year=2022&pages=1738-1744&journal=%00null%00&issue=4&issn=%00null%00&author=S.+K.+Saxenaauthor=S.+Kumarauthor=S.+Ansariauthor=J.+T.+Paweskaauthor=V.+K.+Mauryaauthor=A.+K.+Tripathiauthor=A.+S.+Abdel-Moneim&title=Characterization+of+the+novel+SARS-CoV-2+Omicron+%28B.1.1.529%29+variant+of+concern+and+its+global+perspective&pmid=%00empty%00&doi=10.1002%2Fjmv.27524
http://scholar.google.com/scholar_lookup?hl=en&volume=94&publication_year=2022&pages=1738-1744&journal=%00null%00&issue=4&issn=%00null%00&author=S.+K.+Saxenaauthor=S.+Kumarauthor=S.+Ansariauthor=J.+T.+Paweskaauthor=V.+K.+Mauryaauthor=A.+K.+Tripathiauthor=A.+S.+Abdel-Moneim&title=Characterization+of+the+novel+SARS-CoV-2+Omicron+%28B.1.1.529%29+variant+of+concern+and+its+global+perspective&pmid=%00empty%00&doi=10.1002%2Fjmv.27524
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref10/cit10&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.2807%2F1560-7917.ES.2017.22.13.30494
https://pubs.acs.org/servlet/linkout?suffix=ref10/cit10&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=28382917
http://scholar.google.com/scholar_lookup?hl=en&volume=22&publication_year=2017&pages=30494&journal=%00null%00&issue=13&issn=%00null%00&author=Y.+Shuauthor=J.+McCauley&title=GISAID%3A+Global+initiative+on+sharing+all+influenza+data+%E2%80%93+from+vision+to+reality&pmid=%00empty%00&doi=10.2807%2F1560-7917.ES.2017.22.13.30494
http://scholar.google.com/scholar_lookup?hl=en&volume=22&publication_year=2017&pages=30494&journal=%00null%00&issue=13&issn=%00null%00&author=Y.+Shuauthor=J.+McCauley&title=GISAID%3A+Global+initiative+on+sharing+all+influenza+data+%E2%80%93+from+vision+to+reality&pmid=%00empty%00&doi=10.2807%2F1560-7917.ES.2017.22.13.30494
javascript:void(0);


Danish Covid-19 Genome, C.; Project, C.-I.; Network for Genomic Surveillance in South, A.; 

team, G. c. c. Global disparities in SARS-CoV-2 genomic surveillance. Nat. 

Commun. 2022, 13, 7003,  DOI: 10.1038/s41467-022-33713-y  

[Crossref], [PubMed], Google Scholaropen URL 

12. 12 

Liu, L.; Iketani, S.; Guo, Y.; Chan, J. F.; Wang, M.; Liu, L.; Luo, Y.; Chu, H.; Huang, Y.; Nair, 

M. S.; Yu, J.; Chik, K. K.; Yuen, T. T.; Yoon, C.; To, K. K.; Chen, H.; Yin, M. T.; Sobieszczyk, 

M. E.; Huang, Y.; Wang, H. H.; Sheng, Z.; Yuen, K. Y.; Ho, D. D. Striking antibody evasion 

manifested by the Omicron variant of SARS-CoV-2. Nature 2022, 602 (7898), 676– 681,  DOI: 

10.1038/s41586-021-04388-0  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

13. 13 

Planas, D.; Saunders, N.; Maes, P.; Guivel-Benhassine, F.; Planchais, C.; Buchrieser, J.; Bolland, 

W. H.; Porrot, F.; Staropoli, I.; Lemoine, F.; Pere, H.; Veyer, D.; Puech, J.; Rodary, J.; Baele, 

G.; Dellicour, S.; Raymenants, J.; Gorissen, S.; Geenen, C.; Vanmechelen, B.; Wawina-

Bokalanga, T.; Marti-Carreras, J.; Cuypers, L.; Seve, A.; Hocqueloux, L.; Prazuck, T.; Rey, F. 

A.; Simon-Loriere, E.; Bruel, T.; Mouquet, H.; Andre, E.; Schwartz, O. Considerable escape of 

SARS-CoV-2 Omicron to antibody neutralization. Nature 2022, 602 (7898), 671– 675,  DOI: 

10.1038/s41586-021-04389-z  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

14. 14 

Joh, D. Y.; Hucknall, A. M.; Wei, Q.; Mason, K. A.; Lund, M. L.; Fontes, C. M.; Hill, R. 

T.; Blair, R.; Zimmers, Z.; Achar, R. K.; Tseng, D.; Gordan, R.; Freemark, M.; Ozcan, 

A.; Chilkoti, A. Inkjet-printed point-of-care immunoassay on a nanoscale polymer brush enables 

subpicomolar detection of analytes in blood. Proc. Natl. Acad. Sci. U. S. 

A. 2017, 114 (34), E7054– E7062,  DOI: 10.1073/pnas.1703200114  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

15. 15 

Fontes, C. M.; Lipes, B. D.; Liu, J.; Agans, K. N.; Yan, A.; Shi, P.; Cruz, D. F.; Kelly, 

G.; Luginbuhl, K. M.; Joh, D. Y.; Foster, S. L.; Heggestad, J.; Hucknall, A.; Mikkelsen, M. 

H.; Pieper, C. F.; Horstmeyer, R. W.; Geisbert, T. W.; Gunn, M. D.; Chilkoti, A., Ultrasensitive 

point-of-care immunoassay for secreted glycoprotein detects Ebola infection earlier than 

PCR. Sci. Transl Med. 2021, 13 (588), DOI: 10.1126/scitranslmed.abd9696 . 

https://pubs.acs.org/servlet/linkout?suffix=ref11/cit11&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1038%2Fs41467-022-33713-y
https://pubs.acs.org/servlet/linkout?suffix=ref11/cit11&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=36385137
http://scholar.google.com/scholar_lookup?hl=en&volume=13&publication_year=2022&pages=7003&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=Danish%0ACovid-19+Genome%2C+C.%3B+Project%2C+C.-I.%3B+Network+for+Genomic+Surveillance%0Ain+South%2C+A.%3B+team%2C+G.+c.+c.&title=Global+disparities+in+SARS-CoV-2+genomic+surveillance&pmid=%00empty%00&doi=10.1038%2Fs41467-022-33713-y
http://scholar.google.com/scholar_lookup?hl=en&volume=13&publication_year=2022&pages=7003&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=Danish%0ACovid-19+Genome%2C+C.%3B+Project%2C+C.-I.%3B+Network+for+Genomic+Surveillance%0Ain+South%2C+A.%3B+team%2C+G.+c.+c.&title=Global+disparities+in+SARS-CoV-2+genomic+surveillance&pmid=%00empty%00&doi=10.1038%2Fs41467-022-33713-y
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref12/cit12&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1038%2Fs41586-021-04388-0
https://pubs.acs.org/servlet/linkout?suffix=ref12/cit12&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=35016198
https://pubs.acs.org/servlet/linkout?suffix=ref12/cit12&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB38XjvFOktL0%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=602&publication_year=2022&pages=676-681&journal=%00null%00&issue=7898&issn=%00null%00&author=L.+Liuauthor=S.+Iketaniauthor=Y.+Guoauthor=J.+F.+Chanauthor=M.+Wangauthor=L.+Liuauthor=Y.+Luoauthor=H.+Chuauthor=Y.+Huangauthor=M.+S.+Nairauthor=J.+Yuauthor=K.+K.+Chikauthor=T.+T.+Yuenauthor=C.+Yoonauthor=K.+K.+Toauthor=H.+Chenauthor=M.+T.+Yinauthor=M.+E.+Sobieszczykauthor=Y.+Huangauthor=H.+H.+Wangauthor=Z.+Shengauthor=K.+Y.+Yuenauthor=D.+D.+Ho&title=Striking+antibody+evasion+manifested+by+the+Omicron+variant+of+SARS-CoV-2&pmid=%00empty%00&doi=10.1038%2Fs41586-021-04388-0
http://scholar.google.com/scholar_lookup?hl=en&volume=602&publication_year=2022&pages=676-681&journal=%00null%00&issue=7898&issn=%00null%00&author=L.+Liuauthor=S.+Iketaniauthor=Y.+Guoauthor=J.+F.+Chanauthor=M.+Wangauthor=L.+Liuauthor=Y.+Luoauthor=H.+Chuauthor=Y.+Huangauthor=M.+S.+Nairauthor=J.+Yuauthor=K.+K.+Chikauthor=T.+T.+Yuenauthor=C.+Yoonauthor=K.+K.+Toauthor=H.+Chenauthor=M.+T.+Yinauthor=M.+E.+Sobieszczykauthor=Y.+Huangauthor=H.+H.+Wangauthor=Z.+Shengauthor=K.+Y.+Yuenauthor=D.+D.+Ho&title=Striking+antibody+evasion+manifested+by+the+Omicron+variant+of+SARS-CoV-2&pmid=%00empty%00&doi=10.1038%2Fs41586-021-04388-0
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref13/cit13&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1038%2Fs41586-021-04389-z
https://pubs.acs.org/servlet/linkout?suffix=ref13/cit13&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=35016199
https://pubs.acs.org/servlet/linkout?suffix=ref13/cit13&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB38XjvFOktLs%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=602&publication_year=2022&pages=671-675&journal=%00null%00&issue=7898&issn=%00null%00&author=D.+Planasauthor=N.+Saundersauthor=P.+Maesauthor=F.+Guivel-Benhassineauthor=C.+Planchaisauthor=J.+Buchrieserauthor=W.+H.+Bollandauthor=F.+Porrotauthor=I.+Staropoliauthor=F.+Lemoineauthor=H.+Pereauthor=D.+Veyerauthor=J.+Puechauthor=J.+Rodaryauthor=G.+Baeleauthor=S.+Dellicourauthor=J.+Raymenantsauthor=S.+Gorissenauthor=C.+Geenenauthor=B.+Vanmechelenauthor=T.+Wawina-Bokalangaauthor=J.+Marti-Carrerasauthor=L.+Cuypersauthor=A.+Seveauthor=L.+Hocquelouxauthor=T.+Prazuckauthor=F.+A.+Reyauthor=E.+Simon-Loriereauthor=T.+Bruelauthor=H.+Mouquetauthor=E.+Andreauthor=O.+Schwartz&title=Considerable+escape+of+SARS-CoV-2+Omicron+to+antibody+neutralization&pmid=%00empty%00&doi=10.1038%2Fs41586-021-04389-z
http://scholar.google.com/scholar_lookup?hl=en&volume=602&publication_year=2022&pages=671-675&journal=%00null%00&issue=7898&issn=%00null%00&author=D.+Planasauthor=N.+Saundersauthor=P.+Maesauthor=F.+Guivel-Benhassineauthor=C.+Planchaisauthor=J.+Buchrieserauthor=W.+H.+Bollandauthor=F.+Porrotauthor=I.+Staropoliauthor=F.+Lemoineauthor=H.+Pereauthor=D.+Veyerauthor=J.+Puechauthor=J.+Rodaryauthor=G.+Baeleauthor=S.+Dellicourauthor=J.+Raymenantsauthor=S.+Gorissenauthor=C.+Geenenauthor=B.+Vanmechelenauthor=T.+Wawina-Bokalangaauthor=J.+Marti-Carrerasauthor=L.+Cuypersauthor=A.+Seveauthor=L.+Hocquelouxauthor=T.+Prazuckauthor=F.+A.+Reyauthor=E.+Simon-Loriereauthor=T.+Bruelauthor=H.+Mouquetauthor=E.+Andreauthor=O.+Schwartz&title=Considerable+escape+of+SARS-CoV-2+Omicron+to+antibody+neutralization&pmid=%00empty%00&doi=10.1038%2Fs41586-021-04389-z
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref14/cit14&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1073%2Fpnas.1703200114
https://pubs.acs.org/servlet/linkout?suffix=ref14/cit14&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=28784765
https://pubs.acs.org/servlet/linkout?suffix=ref14/cit14&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BC2sXht1yku7nN
http://scholar.google.com/scholar_lookup?hl=en&volume=114&publication_year=2017&pages=E7054-E7062&journal=%00null%00&issue=34&issn=%00null%00&author=D.+Y.+Johauthor=A.+M.+Hucknallauthor=Q.+Weiauthor=K.+A.+Masonauthor=M.+L.+Lundauthor=C.+M.+Fontesauthor=R.+T.+Hillauthor=R.+Blairauthor=Z.+Zimmersauthor=R.+K.+Acharauthor=D.+Tsengauthor=R.+Gordanauthor=M.+Freemarkauthor=A.+Ozcanauthor=A.+Chilkoti&title=Inkjet-printed+point-of-care+immunoassay+on+a+nanoscale+polymer+brush+enables+subpicomolar+detection+of+analytes+in+blood&pmid=%00empty%00&doi=10.1073%2Fpnas.1703200114
http://scholar.google.com/scholar_lookup?hl=en&volume=114&publication_year=2017&pages=E7054-E7062&journal=%00null%00&issue=34&issn=%00null%00&author=D.+Y.+Johauthor=A.+M.+Hucknallauthor=Q.+Weiauthor=K.+A.+Masonauthor=M.+L.+Lundauthor=C.+M.+Fontesauthor=R.+T.+Hillauthor=R.+Blairauthor=Z.+Zimmersauthor=R.+K.+Acharauthor=D.+Tsengauthor=R.+Gordanauthor=M.+Freemarkauthor=A.+Ozcanauthor=A.+Chilkoti&title=Inkjet-printed+point-of-care+immunoassay+on+a+nanoscale+polymer+brush+enables+subpicomolar+detection+of+analytes+in+blood&pmid=%00empty%00&doi=10.1073%2Fpnas.1703200114
javascript:void(0);


[Crossref], [PubMed], Google Scholaropen URL 

16. 16 

Heggestad, J. T.; Kinnamon, D. S.; Olson, L. B.; Liu, J.; Kelly, G.; Wall, S. A.; Oshabaheebwa, 

S.; Quinn, Z.; Fontes, C. M.; Joh, D. Y.; Hucknall, A. M.; Pieper, C.; Anderson, J. G.; Naqvi, I. 

A.; Chen, L.; Que, L. G.; Oguin, T.; Nair, S. K.; Sullenger, B. A.; Woods, C. W.; Burke, T. 

W.; Sempowski, G. D.; Kraft, B. D.; Chilkoti, A. Multiplexed, quantitative serological profiling 

of COVID-19 from blood by a point-of-care test. Sci. Adv. 2021, 7 (26), eabg4901,  DOI: 

10.1126/sciadv.abg4901  

[Crossref], [PubMed], Google Scholaropen URL 

17. 17 

Heggestad, J. T.; Fontes, C. M.; Joh, D. Y.; Hucknall, A. M.; Chilkoti, A. In Pursuit of Zero 2.0: 

Recent Developments in Non-fouling Polymer Brushes for Immunoassays. Adv. 

Mater. 2020, 32 (2), e1903285,  DOI: 10.1002/2Fadma.201903285  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

18. 18 

Armbruster, D. A.; Pry, T. Limit of blank, limit of detection and limit of quantitation. Clin 

Biochem Rev. 2008, 29 (Suppl 1), S49– S52 

[PubMed], [CAS], Google Scholaropen URL 

19. 19 

Hucknall, A.; Kim, D.-H.; Rangarajan, S.; Hill, R. T.; Reichert, W. M.; Chilkoti, A. Simple 

Fabrication of Antibody Microarrays on Nonfouling Polymer Brushes with Femtomolar 

Sensitivity for Protein Analytes in Serum and Blood. Adv. 

Mater. 2009, 21 (19), 1968– 1971,  DOI: 10.1002/adma.200803125  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

20. 20 

Bar-On, Y. M.; Flamholz, A.; Phillips, R.; Milo, R., SARS-CoV-2 (COVID-19) by the 

numbers. Elife 2020, 9, DOI: 10.7554/eLife.57309 . 

[Crossref], [PubMed], Google Scholaropen URL 

21. 21 

https://pubs.acs.org/servlet/linkout?suffix=ref15/cit15&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1126%2Fscitranslmed.abd9696
https://pubs.acs.org/servlet/linkout?suffix=ref15/cit15&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=33827978
http://scholar.google.com/scholar_lookup?hl=en&volume=13&publication_year=2021&pages=%00empty%00&journal=%00null%00&issue=588&issn=%00null%00&author=C.+M.+Fontes&author=B.+D.+Lipes&author=J.+Liu&author=K.+N.+Agans&author=A.+Yan&author=P.+Shi&author=D.+F.+Cruz&author=G.+Kelly&author=K.+M.+Luginbuhl&author=D.+Y.+Joh&author=S.+L.+Foster&author=J.+Heggestad&author=A.+Hucknall&author=M.+H.+Mikkelsen&author=C.+F.+Pieper&author=R.+W.+Horstmeyer&author=T.+W.+Geisbert&author=M.+D.+Gunn&author=A.+Chilkoti&title=Ultrasensitive+point-of-care+immunoassay+for+secreted+glycoprotein+detects+Ebola+infection+earlier+than+PCR&pmid=%00empty%00&doi=10.1126%2Fscitranslmed.abd9696
http://scholar.google.com/scholar_lookup?hl=en&volume=13&publication_year=2021&pages=%00empty%00&journal=%00null%00&issue=588&issn=%00null%00&author=C.+M.+Fontes&author=B.+D.+Lipes&author=J.+Liu&author=K.+N.+Agans&author=A.+Yan&author=P.+Shi&author=D.+F.+Cruz&author=G.+Kelly&author=K.+M.+Luginbuhl&author=D.+Y.+Joh&author=S.+L.+Foster&author=J.+Heggestad&author=A.+Hucknall&author=M.+H.+Mikkelsen&author=C.+F.+Pieper&author=R.+W.+Horstmeyer&author=T.+W.+Geisbert&author=M.+D.+Gunn&author=A.+Chilkoti&title=Ultrasensitive+point-of-care+immunoassay+for+secreted+glycoprotein+detects+Ebola+infection+earlier+than+PCR&pmid=%00empty%00&doi=10.1126%2Fscitranslmed.abd9696
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref16/cit16&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1126%2Fsciadv.abg4901
https://pubs.acs.org/servlet/linkout?suffix=ref16/cit16&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=34172447
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2021&pages=eabg4901&journal=%00null%00&issue=26&issn=%00null%00&author=J.+T.+Heggestadauthor=D.+S.+Kinnamonauthor=L.+B.+Olsonauthor=J.+Liuauthor=G.+Kellyauthor=S.+A.+Wallauthor=S.+Oshabaheebwaauthor=Z.+Quinnauthor=C.+M.+Fontesauthor=D.+Y.+Johauthor=A.+M.+Hucknallauthor=C.+Pieperauthor=J.+G.+Andersonauthor=I.+A.+Naqviauthor=L.+Chenauthor=L.+G.+Queauthor=T.+Oguinauthor=S.+K.+Nairauthor=B.+A.+Sullengerauthor=C.+W.+Woodsauthor=T.+W.+Burkeauthor=G.+D.+Sempowskiauthor=B.+D.+Kraftauthor=A.+Chilkoti&title=Multiplexed%2C+quantitative+serological+profiling+of+COVID-19+from+blood+by+a+point-of-care+test&pmid=%00empty%00&doi=10.1126%2Fsciadv.abg4901
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2021&pages=eabg4901&journal=%00null%00&issue=26&issn=%00null%00&author=J.+T.+Heggestadauthor=D.+S.+Kinnamonauthor=L.+B.+Olsonauthor=J.+Liuauthor=G.+Kellyauthor=S.+A.+Wallauthor=S.+Oshabaheebwaauthor=Z.+Quinnauthor=C.+M.+Fontesauthor=D.+Y.+Johauthor=A.+M.+Hucknallauthor=C.+Pieperauthor=J.+G.+Andersonauthor=I.+A.+Naqviauthor=L.+Chenauthor=L.+G.+Queauthor=T.+Oguinauthor=S.+K.+Nairauthor=B.+A.+Sullengerauthor=C.+W.+Woodsauthor=T.+W.+Burkeauthor=G.+D.+Sempowskiauthor=B.+D.+Kraftauthor=A.+Chilkoti&title=Multiplexed%2C+quantitative+serological+profiling+of+COVID-19+from+blood+by+a+point-of-care+test&pmid=%00empty%00&doi=10.1126%2Fsciadv.abg4901
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref17/cit17&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1002%2Fadma.201903285
https://pubs.acs.org/servlet/linkout?suffix=ref17/cit17&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=31782843
https://pubs.acs.org/servlet/linkout?suffix=ref17/cit17&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BC1MXit12ju7bM
http://scholar.google.com/scholar_lookup?hl=en&volume=32&publication_year=2020&pages=e1903285&journal=%00null%00&issue=2&issn=%00null%00&author=J.+T.+Heggestadauthor=C.+M.+Fontesauthor=D.+Y.+Johauthor=A.+M.+Hucknallauthor=A.+Chilkoti&title=In+Pursuit+of+Zero+2.0%3A+Recent+Developments+in+Non-fouling+Polymer+Brushes+for+Immunoassays&pmid=%00empty%00&doi=10.1002%2F2Fadma.201903285
http://scholar.google.com/scholar_lookup?hl=en&volume=32&publication_year=2020&pages=e1903285&journal=%00null%00&issue=2&issn=%00null%00&author=J.+T.+Heggestadauthor=C.+M.+Fontesauthor=D.+Y.+Johauthor=A.+M.+Hucknallauthor=A.+Chilkoti&title=In+Pursuit+of+Zero+2.0%3A+Recent+Developments+in+Non-fouling+Polymer+Brushes+for+Immunoassays&pmid=%00empty%00&doi=10.1002%2F2Fadma.201903285
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref18/cit18&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=18852857
https://pubs.acs.org/servlet/linkout?suffix=ref18/cit18&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A280%3ADC%252BD1cnlsl2qsA%253D%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=29&publication_year=2008&pages=S49-S52&journal=%00null%00&issue=Suppl+1&issn=%00null%00&author=D.+A.+Armbrusterauthor=T.+Pry&title=Limit+of+blank%2C+limit+of+detection+and+limit+of+quantitation&pmid=%00empty%00&doi=%00empty%00
http://scholar.google.com/scholar_lookup?hl=en&volume=29&publication_year=2008&pages=S49-S52&journal=%00null%00&issue=Suppl+1&issn=%00null%00&author=D.+A.+Armbrusterauthor=T.+Pry&title=Limit+of+blank%2C+limit+of+detection+and+limit+of+quantitation&pmid=%00empty%00&doi=%00empty%00
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref19/cit19&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1002%2Fadma.200803125
https://pubs.acs.org/servlet/linkout?suffix=ref19/cit19&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=31097880
https://pubs.acs.org/servlet/linkout?suffix=ref19/cit19&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BD1MXmtVGqtLo%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=21&publication_year=2009&pages=1968-1971&journal=%00null%00&issue=19&issn=%00null%00&author=A.+Hucknallauthor=D.-H.+Kimauthor=S.+Rangarajanauthor=R.+T.+Hillauthor=W.+M.+Reichertauthor=A.+Chilkoti&title=Simple+Fabrication+of+Antibody+Microarrays+on+Nonfouling+Polymer+Brushes+with+Femtomolar+Sensitivity+for+Protein+Analytes+in+Serum+and+Blood&pmid=%00empty%00&doi=10.1002%2Fadma.200803125
http://scholar.google.com/scholar_lookup?hl=en&volume=21&publication_year=2009&pages=1968-1971&journal=%00null%00&issue=19&issn=%00null%00&author=A.+Hucknallauthor=D.-H.+Kimauthor=S.+Rangarajanauthor=R.+T.+Hillauthor=W.+M.+Reichertauthor=A.+Chilkoti&title=Simple+Fabrication+of+Antibody+Microarrays+on+Nonfouling+Polymer+Brushes+with+Femtomolar+Sensitivity+for+Protein+Analytes+in+Serum+and+Blood&pmid=%00empty%00&doi=10.1002%2Fadma.200803125
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref20/cit20&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.7554%2FeLife.57309
https://pubs.acs.org/servlet/linkout?suffix=ref20/cit20&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=32228860
http://scholar.google.com/scholar_lookup?hl=en&volume=9&publication_year=2020&pages=%00empty%00&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=Y.+M.+Bar-On&author=A.+Flamholz&author=R.+Phillips&author=R.+Milo&title=SARS-CoV-2+%28COVID-19%29+by+the+numbers&pmid=%00empty%00&doi=10.7554%2FeLife.57309
http://scholar.google.com/scholar_lookup?hl=en&volume=9&publication_year=2020&pages=%00empty%00&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=Y.+M.+Bar-On&author=A.+Flamholz&author=R.+Phillips&author=R.+Milo&title=SARS-CoV-2+%28COVID-19%29+by+the+numbers&pmid=%00empty%00&doi=10.7554%2FeLife.57309
javascript:void(0);


Mohammad, T.; Choudhury, A.; Habib, I.; Asrani, P.; Mathur, Y.; Umair, M.; Anjum, F.; Shafie, 

A.; Yadav, D. K.; Hassan, M. I. Genomic Variations in the Structural Proteins of SARS-CoV-2 

and Their Deleterious Impact on Pathogenesis: A Comparative Genomics Approach. Front Cell 

Infect Microbiol 2021, 11, 765039,  DOI: 10.3389/fcimb.2021.765039  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

22. 22 

Gottschalk, P. G.; Dunn, J. R. The five-parameter logistic: a characterization and comparison 

with the four-parameter logistic. Anal. Biochem. 2005, 343 (1), 54– 65,  DOI: 

10.1016/j.ab.2005.04.035  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

23. 23 

Heggestad, J. T.; Britton, R. J.; Kinnamon, D. S.; Wall, S. A.; Joh, D. Y.; Hucknall, A. 

M.; Olson, L. B.; Anderson, J. G.; Mazur, A.; Wolfe, C. R.; Oguin, T. H., 3rd; Sullenger, B. 

A.; Burke, T. W.; Kraft, B. D.; Sempowski, G. D.; Woods, C. W.; Chilkoti, A. Rapid test to 

assess the escape of SARS-CoV-2 variants of concern. Sci. Adv. 2021, 7 (49), eabl7682,  DOI: 

10.1126/sciadv.abl7682  

[Crossref], [PubMed], Google Scholaropen URL 

24. 24 

Iketani, S.; Liu, L.; Guo, Y.; Liu, L.; Chan, J. F.; Huang, Y.; Wang, M.; Luo, Y.; Yu, J.; Chu, 

H.; Chik, K. K.; Yuen, T. T.; Yin, M. T.; Sobieszczyk, M. E.; Huang, Y.; Yuen, K. Y.; Wang, H. 

H.; Sheng, Z.; Ho, D. D. Antibody evasion properties of SARS-CoV-2 Omicron 

sublineages. Nature 2022, 604 (7906), 553– 556,  DOI: 10.1038/s41586-022-04594-4  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

25. 25 

Prevost, J.; Finzi, A. The great escape? SARS-CoV-2 variants evading neutralizing 

responses. Cell Host Microbe 2021, 29 (3), 322– 324,  DOI: 10.1016/j.chom.2021.02.010  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

26. 26 

McCallum, M.; Walls, A. C.; Sprouse, K. R.; Bowen, J. E.; Rosen, L. E.; Dang, H. V.; De 

Marco, A.; Franko, N.; Tilles, S. W.; Logue, J.; Miranda, M. C.; Ahlrichs, M.; Carter, L.; Snell, 

G.; Pizzuto, M. S.; Chu, H. Y.; Van Voorhis, W. C.; Corti, D.; Veesler, D. Molecular basis of 

https://pubs.acs.org/servlet/linkout?suffix=ref21/cit21&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.3389%2Ffcimb.2021.765039
https://pubs.acs.org/servlet/linkout?suffix=ref21/cit21&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=34722346
https://pubs.acs.org/servlet/linkout?suffix=ref21/cit21&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB38XmtlygsL8%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=2021&pages=765039&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=T.+Mohammadauthor=A.+Choudhuryauthor=I.+Habibauthor=P.+Asraniauthor=Y.+Mathurauthor=M.+Umairauthor=F.+Anjumauthor=A.+Shafieauthor=D.+K.+Yadavauthor=M.+I.+Hassan&title=Genomic+Variations+in+the+Structural+Proteins+of+SARS-CoV-2+and+Their+Deleterious+Impact+on+Pathogenesis%3A+A+Comparative+Genomics+Approach&pmid=%00empty%00&doi=10.3389%2Ffcimb.2021.765039
http://scholar.google.com/scholar_lookup?hl=en&volume=11&publication_year=2021&pages=765039&journal=%00null%00&issue=%00null%00&issn=%00null%00&author=T.+Mohammadauthor=A.+Choudhuryauthor=I.+Habibauthor=P.+Asraniauthor=Y.+Mathurauthor=M.+Umairauthor=F.+Anjumauthor=A.+Shafieauthor=D.+K.+Yadavauthor=M.+I.+Hassan&title=Genomic+Variations+in+the+Structural+Proteins+of+SARS-CoV-2+and+Their+Deleterious+Impact+on+Pathogenesis%3A+A+Comparative+Genomics+Approach&pmid=%00empty%00&doi=10.3389%2Ffcimb.2021.765039
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref22/cit22&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1016%2Fj.ab.2005.04.035
https://pubs.acs.org/servlet/linkout?suffix=ref22/cit22&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=15953581
https://pubs.acs.org/servlet/linkout?suffix=ref22/cit22&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BD2MXmtFSnu7c%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=343&publication_year=2005&pages=54-65&journal=%00null%00&issue=1&issn=%00null%00&author=P.+G.+Gottschalkauthor=J.+R.+Dunn&title=The+five-parameter+logistic%3A+a+characterization+and+comparison+with+the+four-parameter+logistic&pmid=%00empty%00&doi=10.1016%2Fj.ab.2005.04.035
http://scholar.google.com/scholar_lookup?hl=en&volume=343&publication_year=2005&pages=54-65&journal=%00null%00&issue=1&issn=%00null%00&author=P.+G.+Gottschalkauthor=J.+R.+Dunn&title=The+five-parameter+logistic%3A+a+characterization+and+comparison+with+the+four-parameter+logistic&pmid=%00empty%00&doi=10.1016%2Fj.ab.2005.04.035
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref23/cit23&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1126%2Fsciadv.abl7682
https://pubs.acs.org/servlet/linkout?suffix=ref23/cit23&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=34860546
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2021&pages=eabl7682&journal=%00null%00&issue=49&issn=%00null%00&author=J.+T.+Heggestadauthor=R.+J.+Brittonauthor=D.+S.+Kinnamonauthor=S.+A.+Wallauthor=D.+Y.+Johauthor=A.+M.+Hucknallauthor=L.+B.+Olsonauthor=J.+G.+Andersonauthor=A.+Mazurauthor=C.+R.+Wolfeauthor=T.+H.+Oguinauthor=B.+A.+Sullengerauthor=T.+W.+Burkeauthor=B.+D.+Kraftauthor=G.+D.+Sempowskiauthor=C.+W.+Woodsauthor=A.+Chilkoti&title=Rapid+test+to+assess+the+escape+of+SARS-CoV-2+variants+of+concern&pmid=%00empty%00&doi=10.1126%2Fsciadv.abl7682
http://scholar.google.com/scholar_lookup?hl=en&volume=7&publication_year=2021&pages=eabl7682&journal=%00null%00&issue=49&issn=%00null%00&author=J.+T.+Heggestadauthor=R.+J.+Brittonauthor=D.+S.+Kinnamonauthor=S.+A.+Wallauthor=D.+Y.+Johauthor=A.+M.+Hucknallauthor=L.+B.+Olsonauthor=J.+G.+Andersonauthor=A.+Mazurauthor=C.+R.+Wolfeauthor=T.+H.+Oguinauthor=B.+A.+Sullengerauthor=T.+W.+Burkeauthor=B.+D.+Kraftauthor=G.+D.+Sempowskiauthor=C.+W.+Woodsauthor=A.+Chilkoti&title=Rapid+test+to+assess+the+escape+of+SARS-CoV-2+variants+of+concern&pmid=%00empty%00&doi=10.1126%2Fsciadv.abl7682
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref24/cit24&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1038%2Fs41586-022-04594-4
https://pubs.acs.org/servlet/linkout?suffix=ref24/cit24&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=35240676
https://pubs.acs.org/servlet/linkout?suffix=ref24/cit24&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB38XptF2hsLk%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=604&publication_year=2022&pages=553-556&journal=%00null%00&issue=7906&issn=%00null%00&author=S.+Iketaniauthor=L.+Liuauthor=Y.+Guoauthor=L.+Liuauthor=J.+F.+Chanauthor=Y.+Huangauthor=M.+Wangauthor=Y.+Luoauthor=J.+Yuauthor=H.+Chuauthor=K.+K.+Chikauthor=T.+T.+Yuenauthor=M.+T.+Yinauthor=M.+E.+Sobieszczykauthor=Y.+Huangauthor=K.+Y.+Yuenauthor=H.+H.+Wangauthor=Z.+Shengauthor=D.+D.+Ho&title=Antibody+evasion+properties+of+SARS-CoV-2+Omicron+sublineages&pmid=%00empty%00&doi=10.1038%2Fs41586-022-04594-4
http://scholar.google.com/scholar_lookup?hl=en&volume=604&publication_year=2022&pages=553-556&journal=%00null%00&issue=7906&issn=%00null%00&author=S.+Iketaniauthor=L.+Liuauthor=Y.+Guoauthor=L.+Liuauthor=J.+F.+Chanauthor=Y.+Huangauthor=M.+Wangauthor=Y.+Luoauthor=J.+Yuauthor=H.+Chuauthor=K.+K.+Chikauthor=T.+T.+Yuenauthor=M.+T.+Yinauthor=M.+E.+Sobieszczykauthor=Y.+Huangauthor=K.+Y.+Yuenauthor=H.+H.+Wangauthor=Z.+Shengauthor=D.+D.+Ho&title=Antibody+evasion+properties+of+SARS-CoV-2+Omicron+sublineages&pmid=%00empty%00&doi=10.1038%2Fs41586-022-04594-4
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref25/cit25&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1016%2Fj.chom.2021.02.010
https://pubs.acs.org/servlet/linkout?suffix=ref25/cit25&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=33705702
https://pubs.acs.org/servlet/linkout?suffix=ref25/cit25&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB3MXmsVGiuro%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=29&publication_year=2021&pages=322-324&journal=%00null%00&issue=3&issn=%00null%00&author=J.+Prevostauthor=A.+Finzi&title=The+great+escape%3F+SARS-CoV-2+variants+evading+neutralizing+responses&pmid=%00empty%00&doi=10.1016%2Fj.chom.2021.02.010
http://scholar.google.com/scholar_lookup?hl=en&volume=29&publication_year=2021&pages=322-324&journal=%00null%00&issue=3&issn=%00null%00&author=J.+Prevostauthor=A.+Finzi&title=The+great+escape%3F+SARS-CoV-2+variants+evading+neutralizing+responses&pmid=%00empty%00&doi=10.1016%2Fj.chom.2021.02.010
javascript:void(0);


immune evasion by the Delta and Kappa SARS-CoV-2 

variants. Science 2021, 374 (6575), 1621– 1626,  DOI: 10.1126/science.abl8506  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

27. 27 

Ke, Z.; Oton, J.; Qu, K.; Cortese, M.; Zila, V.; McKeane, L.; Nakane, T.; Zivanov, J.; Neufeldt, 

C. J.; Cerikan, B.; Lu, J. M.; Peukes, J.; Xiong, X.; Krausslich, H. G.; Scheres, S. H. 

W.; Bartenschlager, R.; Briggs, J. A. G. Structures and distributions of SARS-CoV-2 spike 

proteins on intact virions. Nature 2020, 588 (7838), 498– 502,  DOI: 10.1038/s41586-020-2665-

2  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

28. 28 

Yao, H.; Song, Y.; Chen, Y.; Wu, N.; Xu, J.; Sun, C.; Zhang, J.; Weng, T.; Zhang, Z.; Wu, 

Z.; Cheng, L.; Shi, D.; Lu, X.; Lei, J.; Crispin, M.; Shi, Y.; Li, L.; Li, S. Molecular Architecture 

of the SARS-CoV-2 Virus. Cell 2020, 183 (3), 730– 738,  DOI: 10.1016/j.cell.2020.09.018  

[Crossref], [PubMed], [CAS], Google Scholaropen URL 

29. 29 

Brummer, L. E.; Katzenschlager, S.; Gaeddert, M.; Erdmann, C.; Schmitz, S.; Bota, M.; Grilli, 

M.; Larmann, J.; Weigand, M. A.; Pollock, N. R.; Mace, A.; Carmona, S.; Ongarello, S.; Sacks, 

J. A.; Denkinger, C. M. Accuracy of novel antigen rapid diagnostics for SARS-CoV-2: A living 

systematic review and meta-analysis. PLoS Med. 2021, 18 (8), e1003735,  DOI: 

10.1371/journal.pmed.1003735  

[Crossref], [PubMed], Google Scholaropen URL 

30. 30 

Pollock, N. R.; Savage, T. J.; Wardell, H.; Lee, R. A.; Mathew, A.; Stengelin, M.; Sigal, G. 

B. Correlation of SARS-CoV-2 Nucleocapsid Antigen and RNA Concentrations in 

Nasopharyngeal Samples from Children and Adults Using an Ultrasensitive and Quantitative 

Antigen Assay. J. Clin Microbiol 2021, 59 (4), e03077-20,  DOI: 10.1128/jcm.03077-20  

[Crossref], [PubMed], Google Scholaropen URL 

Cited By 

This article has not yet been cited by other publications. 

 
 

 
 

 
 

 Abstract 

https://pubs.acs.org/servlet/linkout?suffix=ref26/cit26&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1126%2Fscience.abl8506
https://pubs.acs.org/servlet/linkout?suffix=ref26/cit26&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=34751595
https://pubs.acs.org/servlet/linkout?suffix=ref26/cit26&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB38XhsFygt7k%253D
http://scholar.google.com/scholar_lookup?hl=en&volume=374&publication_year=2021&pages=1621-1626&journal=%00null%00&issue=6575&issn=%00null%00&author=M.+McCallumauthor=A.+C.+Wallsauthor=K.+R.+Sprouseauthor=J.+E.+Bowenauthor=L.+E.+Rosenauthor=H.+V.+Dangauthor=A.+De+Marcoauthor=N.+Frankoauthor=S.+W.+Tillesauthor=J.+Logueauthor=M.+C.+Mirandaauthor=M.+Ahlrichsauthor=L.+Carterauthor=G.+Snellauthor=M.+S.+Pizzutoauthor=H.+Y.+Chuauthor=W.+C.+Van+Voorhisauthor=D.+Cortiauthor=D.+Veesler&title=Molecular+basis+of+immune+evasion+by+the+Delta+and+Kappa+SARS-CoV-2+variants&pmid=%00empty%00&doi=10.1126%2Fscience.abl8506
http://scholar.google.com/scholar_lookup?hl=en&volume=374&publication_year=2021&pages=1621-1626&journal=%00null%00&issue=6575&issn=%00null%00&author=M.+McCallumauthor=A.+C.+Wallsauthor=K.+R.+Sprouseauthor=J.+E.+Bowenauthor=L.+E.+Rosenauthor=H.+V.+Dangauthor=A.+De+Marcoauthor=N.+Frankoauthor=S.+W.+Tillesauthor=J.+Logueauthor=M.+C.+Mirandaauthor=M.+Ahlrichsauthor=L.+Carterauthor=G.+Snellauthor=M.+S.+Pizzutoauthor=H.+Y.+Chuauthor=W.+C.+Van+Voorhisauthor=D.+Cortiauthor=D.+Veesler&title=Molecular+basis+of+immune+evasion+by+the+Delta+and+Kappa+SARS-CoV-2+variants&pmid=%00empty%00&doi=10.1126%2Fscience.abl8506
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref27/cit27&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1038%2Fs41586-020-2665-2
https://pubs.acs.org/servlet/linkout?suffix=ref27/cit27&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=32805734
https://pubs.acs.org/servlet/linkout?suffix=ref27/cit27&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB3cXit1Ggt7jM
http://scholar.google.com/scholar_lookup?hl=en&volume=588&publication_year=2020&pages=498-502&journal=%00null%00&issue=7838&issn=%00null%00&author=Z.+Keauthor=J.+Otonauthor=K.+Quauthor=M.+Corteseauthor=V.+Zilaauthor=L.+McKeaneauthor=T.+Nakaneauthor=J.+Zivanovauthor=C.+J.+Neufeldtauthor=B.+Cerikanauthor=J.+M.+Luauthor=J.+Peukesauthor=X.+Xiongauthor=H.+G.+Krausslichauthor=S.+H.+W.+Scheresauthor=R.+Bartenschlagerauthor=J.+A.+G.+Briggs&title=Structures+and+distributions+of+SARS-CoV-2+spike+proteins+on+intact+virions&pmid=%00empty%00&doi=10.1038%2Fs41586-020-2665-2
http://scholar.google.com/scholar_lookup?hl=en&volume=588&publication_year=2020&pages=498-502&journal=%00null%00&issue=7838&issn=%00null%00&author=Z.+Keauthor=J.+Otonauthor=K.+Quauthor=M.+Corteseauthor=V.+Zilaauthor=L.+McKeaneauthor=T.+Nakaneauthor=J.+Zivanovauthor=C.+J.+Neufeldtauthor=B.+Cerikanauthor=J.+M.+Luauthor=J.+Peukesauthor=X.+Xiongauthor=H.+G.+Krausslichauthor=S.+H.+W.+Scheresauthor=R.+Bartenschlagerauthor=J.+A.+G.+Briggs&title=Structures+and+distributions+of+SARS-CoV-2+spike+proteins+on+intact+virions&pmid=%00empty%00&doi=10.1038%2Fs41586-020-2665-2
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref28/cit28&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1016%2Fj.cell.2020.09.018
https://pubs.acs.org/servlet/linkout?suffix=ref28/cit28&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=32979942
https://pubs.acs.org/servlet/linkout?suffix=ref28/cit28&dbid=32&doi=10.1021%2Facs.analchem.2c05180&key=1%3ACAS%3A528%3ADC%252BB3cXhvFKjs7nM
http://scholar.google.com/scholar_lookup?hl=en&volume=183&publication_year=2020&pages=730-738&journal=%00null%00&issue=3&issn=%00null%00&author=H.+Yaoauthor=Y.+Songauthor=Y.+Chenauthor=N.+Wuauthor=J.+Xuauthor=C.+Sunauthor=J.+Zhangauthor=T.+Wengauthor=Z.+Zhangauthor=Z.+Wuauthor=L.+Chengauthor=D.+Shiauthor=X.+Luauthor=J.+Leiauthor=M.+Crispinauthor=Y.+Shiauthor=L.+Liauthor=S.+Li&title=Molecular+Architecture+of+the+SARS-CoV-2+Virus&pmid=%00empty%00&doi=10.1016%2Fj.cell.2020.09.018
http://scholar.google.com/scholar_lookup?hl=en&volume=183&publication_year=2020&pages=730-738&journal=%00null%00&issue=3&issn=%00null%00&author=H.+Yaoauthor=Y.+Songauthor=Y.+Chenauthor=N.+Wuauthor=J.+Xuauthor=C.+Sunauthor=J.+Zhangauthor=T.+Wengauthor=Z.+Zhangauthor=Z.+Wuauthor=L.+Chengauthor=D.+Shiauthor=X.+Luauthor=J.+Leiauthor=M.+Crispinauthor=Y.+Shiauthor=L.+Liauthor=S.+Li&title=Molecular+Architecture+of+the+SARS-CoV-2+Virus&pmid=%00empty%00&doi=10.1016%2Fj.cell.2020.09.018
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref29/cit29&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1371%2Fjournal.pmed.1003735
https://pubs.acs.org/servlet/linkout?suffix=ref29/cit29&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=34383750
http://scholar.google.com/scholar_lookup?hl=en&volume=18&publication_year=2021&pages=e1003735&journal=%00null%00&issue=8&issn=%00null%00&author=L.+E.+Brummerauthor=S.+Katzenschlagerauthor=M.+Gaeddertauthor=C.+Erdmannauthor=S.+Schmitzauthor=M.+Botaauthor=M.+Grilliauthor=J.+Larmannauthor=M.+A.+Weigandauthor=N.+R.+Pollockauthor=A.+Maceauthor=S.+Carmonaauthor=S.+Ongarelloauthor=J.+A.+Sacksauthor=C.+M.+Denkinger&title=Accuracy+of+novel+antigen+rapid+diagnostics+for+SARS-CoV-2%3A+A+living+systematic+review+and+meta-analysis&pmid=%00empty%00&doi=10.1371%2Fjournal.pmed.1003735
http://scholar.google.com/scholar_lookup?hl=en&volume=18&publication_year=2021&pages=e1003735&journal=%00null%00&issue=8&issn=%00null%00&author=L.+E.+Brummerauthor=S.+Katzenschlagerauthor=M.+Gaeddertauthor=C.+Erdmannauthor=S.+Schmitzauthor=M.+Botaauthor=M.+Grilliauthor=J.+Larmannauthor=M.+A.+Weigandauthor=N.+R.+Pollockauthor=A.+Maceauthor=S.+Carmonaauthor=S.+Ongarelloauthor=J.+A.+Sacksauthor=C.+M.+Denkinger&title=Accuracy+of+novel+antigen+rapid+diagnostics+for+SARS-CoV-2%3A+A+living+systematic+review+and+meta-analysis&pmid=%00empty%00&doi=10.1371%2Fjournal.pmed.1003735
javascript:void(0);
https://pubs.acs.org/servlet/linkout?suffix=ref30/cit30&dbid=16&doi=10.1021%2Facs.analchem.2c05180&key=10.1128%2FJCM.03077-20
https://pubs.acs.org/servlet/linkout?suffix=ref30/cit30&dbid=8&doi=10.1021%2Facs.analchem.2c05180&key=33441395
http://scholar.google.com/scholar_lookup?hl=en&volume=59&publication_year=2021&pages=e03077-20&journal=%00null%00&issue=4&issn=%00null%00&author=N.+R.+Pollockauthor=T.+J.+Savageauthor=H.+Wardellauthor=R.+A.+Leeauthor=A.+Mathewauthor=M.+Stengelinauthor=G.+B.+Sigal&title=Correlation+of+SARS-CoV-2+Nucleocapsid+Antigen+and+RNA+Concentrations+in+Nasopharyngeal+Samples+from+Children+and+Adults+Using+an+Ultrasensitive+and+Quantitative+Antigen+Assay&pmid=%00empty%00&doi=10.1128%2Fjcm.03077-20
http://scholar.google.com/scholar_lookup?hl=en&volume=59&publication_year=2021&pages=e03077-20&journal=%00null%00&issue=4&issn=%00null%00&author=N.+R.+Pollockauthor=T.+J.+Savageauthor=H.+Wardellauthor=R.+A.+Leeauthor=A.+Mathewauthor=M.+Stengelinauthor=G.+B.+Sigal&title=Correlation+of+SARS-CoV-2+Nucleocapsid+Antigen+and+RNA+Concentrations+in+Nasopharyngeal+Samples+from+Children+and+Adults+Using+an+Ultrasensitive+and+Quantitative+Antigen+Assay&pmid=%00empty%00&doi=10.1128%2Fjcm.03077-20


 

Figure 1 

 

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 

a CoVariant-SPOT readout, demonstrating the ability to differentiate variants depending on the 

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 the lysis buffer. 

Each data point represents the average of three replicates with the standard deviation (SD) 

shown. The furthest left point is a blank. (B) LOD summary for data presented in panel A. (C) 

Anti-S cAb ratios to differentiate the variants. Numbers in the graph represent the concentration 

of S1 in ng/mL. The accuracy of differentiation is improved at higher S1 concentrations. 

Figure 3 

 

Figure 3. Analytical validation of CoVariant-SPOT using UV-inactivated virus. Dose–response 

curves for each SARS-CoV-2 variant are shown as a function of normalized intensity (y axis) 

versus TCID50/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 a 1B2 intensity 

greater than 2.72 arbitrary units. At an 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 the sample collection date. (E) MM43/MM48 plotted 

against viral load for Omicron and Delta samples with 1B2 > 2.72. As the 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 the 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 close-up view 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. 

Recommended Articles  
 Dual Synthetic Receptor-Based Sandwich Electrochemical Sensor for Highly Selective 

and Ultrasensitive Detection of Pathogenic Bacteria at the Single-Cell LevelAnalytical 

Chemistry 
 Universal Fully Integrated Wearable Sensor Arrays for the Multiple Electrolyte and Metabolite 

Monitoring in Raw Sweat, Saliva, or UrineAnalytical Chemistry 
 Well-Aligned Track-Accelerated Tripedal DNA Walker for Photoelectrochemical Recognition of 

Dual-miRNAs Based on Molecular Logic GatesAnalytical Chemistry 
 Construction of an Endogenously Activated Signal Amplification Assay for In Situ Imaging of 

MicroRNA and Guided Precise Photodynamic Therapy for Cancer CellsAnalytical Chemistry 
 Recognition Engineering-Mediated Multichannel Sensor Array for Gut Microbiota 

SensingAnalytical Chemistry 

https://pubs.acs.org/doi/10.1021/acs.analchem.2c05180#fig4
https://pubs.acs.org/doi/full/10.1021/acs.analchem.2c04657
https://pubs.acs.org/doi/full/10.1021/acs.analchem.2c04657
https://pubs.acs.org/doi/full/10.1021/acs.analchem.2c04657
https://pubs.acs.org/doi/full/10.1021/acs.analchem.2c04657
https://pubs.acs.org/doi/full/10.1021/acs.analchem.3c00361
https://pubs.acs.org/doi/full/10.1021/acs.analchem.3c00361
https://pubs.acs.org/doi/full/10.1021/acs.analchem.3c00361
https://pubs.acs.org/doi/full/10.1021/acs.analchem.3c00027
https://pubs.acs.org/doi/full/10.1021/acs.analchem.3c00027
https://pubs.acs.org/doi/full/10.1021/acs.analchem.3c00027
https://pubs.acs.org/doi/full/10.1021/acs.analchem.2c05148
https://pubs.acs.org/doi/full/10.1021/acs.analchem.2c05148
https://pubs.acs.org/doi/full/10.1021/acs.analchem.2c05148
https://pubs.acs.org/doi/full/10.1021/acs.analchem.2c04997
https://pubs.acs.org/doi/full/10.1021/acs.analchem.2c04997
https://pubs.acs.org/doi/full/10.1021/acs.analchem.2c04997


 

SPONSORED CONTENT 
Brought to you by ACS Institute 

Learn the Fundamentals of HPLC and UHPLC 
Join ACS Institute for the online course “HPLC and UHPLC for Practicing Scientists 1: Fundamentals.” Study the 

fundamentals of HPLC columns, modern trends and how to select columns for analysis.... 
Back 
 

https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjsuvYetC7UZjYY5FOIO3xDmtBKri_XviYyzKtLvVJrlIMXvyLClLtv767psfJ6Nn9nBbA6fmuL8-mQ-J58LfvhnexgwpsrGGhR60yZFsrHkHEvFdO6x7iF4xLglFX_dzNHuqCic6UkHtFrsSyeHP5RQNjqhjt-NTSFhK7DStVzAyy6KInmlXEYjpmD3QIEx75wxmjArogAHva6yZWUjyS4igAi5jr76xo43pc5JfcXkV7Z0fXZ_Z8V-ob3ijQnZUKKy91TxJUGkjTQha5Qml81UEHfwa7I15pf9TaYaQRjEPwipy7-kvXAWgGUhw90FU-QdeK9CFvfJuXjiWQ84&sai=AMfl-YRTTCx7mh6F9i2dKLqAGwPT_3nyQ7syrnNrCcQN5jMXqs6OWApD9oLBUW_1VoYcXh2UTHNpOafpdvvVYMUS5BZYHn5KQ4aseI_cocfiBpfojkFpnqEQdRimKVIBgpXNt2B5P3Xu2c2ZbuUpRR4&sig=Cg0ArKJSzFSifzQZoH9qEAE&fbs_aeid=%5bgw_fbsaeid%5d&urlfix=1&adurl=https://jadserve.postrelease.com/trk?ntv_at=3&ntv_ui=17e71067-dea0-434d-a3eb-6bf1f00e882f&ntv_a=CUYIAqw5dAh8kQA&ntv_fl=9J3wtrcV266-KxO7m-fKI6_5CzCHYJLGpUAVj6j7TUgWDzSDmgCF-uaonzUeVvS_molVGc7l5aI5iy4Uytzw2iUhUbWYAI4fZTz6UVeFsgPuaRA01EVv38_4k6zdBhGQzDLBSakflmOgnMXhxbSW9OfCqMrGGbhbKGSjfmAaU00aqx8uUN2IFv_9ob4hWgrHh8tv2H9Ze_ktDbMnTatW7zBIK_nvV6PDNgDXZUnY3BQyeLM3H_WrAwa4pBLG3CaG&ord=-1895125857&ntv_ht=8RwsZAA&ntv_r=https://institute.acs.org/modern-hplc-uhplc-practicing-scientists1-fundamentals.html
https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjsuvYetC7UZjYY5FOIO3xDmtBKri_XviYyzKtLvVJrlIMXvyLClLtv767psfJ6Nn9nBbA6fmuL8-mQ-J58LfvhnexgwpsrGGhR60yZFsrHkHEvFdO6x7iF4xLglFX_dzNHuqCic6UkHtFrsSyeHP5RQNjqhjt-NTSFhK7DStVzAyy6KInmlXEYjpmD3QIEx75wxmjArogAHva6yZWUjyS4igAi5jr76xo43pc5JfcXkV7Z0fXZ_Z8V-ob3ijQnZUKKy91TxJUGkjTQha5Qml81UEHfwa7I15pf9TaYaQRjEPwipy7-kvXAWgGUhw90FU-QdeK9CFvfJuXjiWQ84&sai=AMfl-YRTTCx7mh6F9i2dKLqAGwPT_3nyQ7syrnNrCcQN5jMXqs6OWApD9oLBUW_1VoYcXh2UTHNpOafpdvvVYMUS5BZYHn5KQ4aseI_cocfiBpfojkFpnqEQdRimKVIBgpXNt2B5P3Xu2c2ZbuUpRR4&sig=Cg0ArKJSzFSifzQZoH9qEAE&fbs_aeid=%5bgw_fbsaeid%5d&urlfix=1&adurl=https://jadserve.postrelease.com/trk?ntv_at=3&ntv_ui=17e71067-dea0-434d-a3eb-6bf1f00e882f&ntv_a=CUYIAqw5dAh8kQA&ntv_fl=9J3wtrcV266-KxO7m-fKI6_5CzCHYJLGpUAVj6j7TUgWDzSDmgCF-uaonzUeVvS_molVGc7l5aI5iy4Uytzw2iUhUbWYAI4fZTz6UVeFsgPuaRA01EVv38_4k6zdBhGQzDLBSakflmOgnMXhxbSW9OfCqMrGGbhbKGSjfmAaU00aqx8uUN2IFv_9ob4hWgrHh8tv2H9Ze_ktDbMnTatW7zBIK_nvV6PDNgDXZUnY3BQyeLM3H_WrAwa4pBLG3CaG&ord=-1895125857&ntv_ht=8RwsZAA&ntv_r=https://institute.acs.org/modern-hplc-uhplc-practicing-scientists1-fundamentals.html
https://pubs.acs.org/doi/10.1021/acs.analchem.2c05180
https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjsuvYetC7UZjYY5FOIO3xDmtBKri_XviYyzKtLvVJrlIMXvyLClLtv767psfJ6Nn9nBbA6fmuL8-mQ-J58LfvhnexgwpsrGGhR60yZFsrHkHEvFdO6x7iF4xLglFX_dzNHuqCic6UkHtFrsSyeHP5RQNjqhjt-NTSFhK7DStVzAyy6KInmlXEYjpmD3QIEx75wxmjArogAHva6yZWUjyS4igAi5jr76xo43pc5JfcXkV7Z0fXZ_Z8V-ob3ijQnZUKKy91TxJUGkjTQha5Qml81UEHfwa7I15pf9TaYaQRjEPwipy7-kvXAWgGUhw90FU-QdeK9CFvfJuXjiWQ84&sai=AMfl-YRTTCx7mh6F9i2dKLqAGwPT_3nyQ7syrnNrCcQN5jMXqs6OWApD9oLBUW_1VoYcXh2UTHNpOafpdvvVYMUS5BZYHn5KQ4aseI_cocfiBpfojkFpnqEQdRimKVIBgpXNt2B5P3Xu2c2ZbuUpRR4&sig=Cg0ArKJSzFSifzQZoH9qEAE&fbs_aeid=%5bgw_fbsaeid%5d&urlfix=1&adurl=https://jadserve.postrelease.com/trk?ntv_at=3&ntv_ui=17e71067-dea0-434d-a3eb-6bf1f00e882f&ntv_a=CUYIAqw5dAh8kQA&ntv_fl=9J3wtrcV266-KxO7m-fKI6_5CzCHYJLGpUAVj6j7TUgWDzSDmgCF-uaonzUeVvS_molVGc7l5aI5iy4Uytzw2iUhUbWYAI4fZTz6UVeFsgPuaRA01EVv38_4k6zdBhGQzDLBSakflmOgnMXhxbSW9OfCqMrGGbhbKGSjfmAaU00aqx8uUN2IFv_9ob4hWgrHh8tv2H9Ze_ktDbMnTatW7zBIK_nvV6PDNgDXZUnY3BQyeLM3H_WrAwa4pBLG3CaG&ord=-1895125857&ntv_ht=8RwsZAA&ntv_r=https://institute.acs.org/modern-hplc-uhplc-practicing-scientists1-fundamentals.html

