
A MULTI-ANTIGEN SEROLOGY 
ASSAY FOR COVID-19 USING 
SIMPLE WESTERN

The characterization of the human immune response to SARS-
CoV-2 is central to understanding COVID-19 disease progression 
and the efficacy of a vaccine. The humoral immune response 
to SARS-CoV-2 includes the generation of antibodies reactive 
against SARS-CoV-2 antigens. These antigens can be virulence 
factors involved in cell recognition and entry, such as the spike 
protein and its S1 and S2 subunits, the S1 receptor binding 
domain (S1 RBD), as well as the viral nucleocapsid (FIGURE 1). It is 
becoming increasingly clear that antigen reactivity may indicate 
different stages of disease progression and neutralization. For 
example, reactivity with the nucleocapsid may be a more sensitive 
indicator for early infection,1 while reactivity with S1 RBD and 
other parts of the spike protein may be linked to neutralization 
of the virus.2,3

Enzyme-linked immunosorbent assays (ELISAs) are the predominant workhorse in the serological assay space, but there are limitations 
to what an ELISA can tell you, and they can require a lot of hands-on time. A major limitation is that only one antigen may be detected 
per well, and no molecular weight information is given about the antigen to confirm specificity. Thus, ELISAs and other assays that rely 
on just one antigen provide only a narrow window on the complex immune response to SARS-CoV-2.

MULTI-ANTIGEN DETECTION AND QUANTIFICATION WITH  
SIMPLE WESTERN
The new SARS-CoV-2 Multi-Antigen Serology Module for Jess/Wes, which is run on capillary-based automated Western blot platforms 
from ProteinSimple known as Simple Western, can detect reactivity of human IgGs in serum or plasma with five key SARS-CoV-2 
viral antigens simultaneously in a single capillary while also providing molecular weight information of each antigen, all without 
compromising sensitivity. The hands-free automation of Jess™ and Wes™ allows for ease-of-use and high repeatability, while 
minimizing time in the lab, which is ideal for social distancing measures. The runtime is quick, with only 3 hours to results, which may 
be analyzed remotely without returning to the lab. Plus, Simple Western platforms are flexible, open platforms, allowing users to 
incorporate their own proprietary antigens or even design entirely different immunoassays.

In this application note, we show how the SARS-CoV-2 Multi-Antigen Serology Module for Jess/Wes from ProteinSimple allows for 
simultaneous detection of human serum IgG reactivity with 5 viral antigens commonly associated with COVID-19, including the 
nucleocapsid, the spike protein, as well the spike protein’s S2, S1, and S1 RBD subunits. As reactivity with different antigens may 
indicate different stages of infectivity and neutralization, this kit provides a richer view into the immune response to SARS-CoV-2 in a 
single, quick, and easy assay. 
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FIGURE 1. Schematic of SARS-CoV-2. Antigens that can be found in serological 
samples include the nucleocapsid and spike protein and its subunits, S2, S1, and S1 
RBD.

APPLICATION NOTE

https://www.proteinsimple.com/sars-cov-2-multi-antigen-serology-module.html
https://www.proteinsimple.com/simple_western_overview.html
https://www.proteinsimple.com/jess.html
https://www.proteinsimple.com/wes.html
https://www.proteinsimple.com/literature_download.html?docid=2123
https://www.proteinsimple.com
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HOW THE SARS-CoV-2  
MULTI-ANTIGEN SEROLOGY  
MODULE WORKS
The SARS-CoV-2 Multi-Antigen Serology Module is compatible 
with any Jess or Wes instrument and is used in combination with 
the 12-230 kDa Jess/Wes Separation Module (PN SM-W004). This 
module enables detection of human IgG antibodies in human 
serum or plasma reactive against multiple SARS-CoV-2 antigens 
with characterized IgG class specificity. A workflow of how the 
SARS-CoV-2 Multi-Antigen Serology Module compares to a 
standard Simple Western assay is shown in FIGURE 2. 

FIGURE 2. How the SARS-CoV-2 Multi-Antigen Serology Module works compared 
to a standard Simple Western assay. First, the antigens are separated and 
immobilized to the capillary wall. Then, serum or plasma is used in place of the 
primary antibody solution, followed by immunodetection with an anti-IgG HRP 
conjugate and chemiluminescent detection.

MATERIALS

The following components are included in the SARS-CoV-2 Multi-
Antigen Serology Module for Jess/Wes (SA-001):

SARS-CoV-2 MULTI-ANTIGEN LADDER KIT 
(SA-001-1)

• SARS-CoV-2 S1 Subunit RBD

• SARS-CoV-2 Nucleocapsid Protein 

• SARS-CoV-2 Spike S1 Subunit Protein 

• SARS-CoV-2 Spike S2 Subunit Protein 

• SARS-CoV-2 Spike Protein

• Human anti-His primary antibody

ANTI-HUMAN IgG DETECTION MODULE (DM-005)

• Anti-Human IgG Secondary HRP Antibody

• Luminol-S, Peroxide

• Antibody Diluent 2

• Streptavidin-HRP

SEROLOGY MODULE DILUENTS (SA-001-2)

• Serum Diluent 

• Reconstitution Reagent 2

METHODS

SERUM SAMPLES TREATMENT

Using a serum separator tube (SST), samples were allowed to clot 
for 30 minutes at room temperature before centrifugation for 15 
minutes at 1000 x g. 

Serum was removed and heat inactivated immediately (below), 
or aliquoted and stored at ≤ -20 °C for later heat inactivation to 
avoid repeated freeze-thaw cycles.

HEAT INACTIVATION PROTOCOL

For fresh serum samples, heat inactivation was performed at 56 °C 
for 1 hour. Frozen serum samples were allowed to thaw before 
heat inactivation at 56 °C for 1 hour. Samples were aliquoted and 
stored at ≤ -20 °C. 

SAMPLE DILUTION

To create one well of sample at a 1:10 dilution, 2 µl of serum 
was diluted with 18 µL of serum diluent and gently mixed. For 
additional wells, volumes were adjusted accordingly.  
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PUTTING THE SARS-COV-2 MULTI-ANTIGEN SEROLOGY MODULE TO 
THE TEST

FIGURE 3. Detection of all five antigens in a single capillary. The electropherogram resulting from this analysis is shown on the left and the lane view is shown on right. Each 
antigen was detected with a humanized anti-His primary antibody and anti-human IgG HRP conjguate supplied in the SARS-CoV-2 Multi-Antigen Serology Module.
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TABLE 1. Apparent molecular weight of 
each antigen. 

ANTIGEN MW (kDA)

Spike 170

S1 Subunit 98

S2 Subunit 69

Nucleocapsid 57

S1 RBD 47

Due to differences in molecular weight (MW), all five antigens of 
the SARS-CoV-2 Multi-Antigen Serology Module can be resolved 
and detected in a single capillary (TABLE 1). To demonstrate this, 
we analyzed all five antigens simultaneously on Jess. Each antigen 
has a His-tag that was exploited for detection using the human 
anti-His primary antibody and anti-human IgG HRP-conjugated 
secondary antibody supplied in the module (FIGURE 3). This 
analysis showed clearly defined peaks for each of the 5 antigens, 
indicating that all 5 antigens can be resolved and identified 
simultaneously on Jess.
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FIGURE 4. PCR positive serum samples reacting with antigens. All serum samples were tested at 1:10 dilution in Serum Diluent. The overlaid electropherograms resulting 
from this analysis are shown on the left and the lane view is shown on the right. 

To test reactivity of serum samples against these antigens, 
we analyzed serum samples that were confirmed positive for 
COVID-19 by polymerase chain reaction (PCR). In this analysis, 
serum samples are used as the primary antibody, and the 
secondary anti-human IgG HRP conjugate supplied in the module 
was used for chemiluminescence detection, as was described 
in FIGURE 2. Two PCR-negative serum samples were included 
as negative controls. This analysis showed a high degree of 
reactivity of the PCR positive serum samples with the antigens 
included in the kit (FIGURE 4). As expected, little to no reactivity 
occurred with the PCR negative serum samples. When relative 
peak areas were quantified, this analysis revealed a high degree 
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SARS-CoV-2 Antigen Detection for PCR Positive Human Sera 
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FIGURE 5. Quantification of percent peak area for SARS-CoV-2 antigens detected 
by PCR positive human sera. 

of variability in IgG reactivity with each of the 5 antigens among 
the human serum samples (FIGURE 5). For example, PCR Pos 4 
had high reactivity (68% of total peak area) with the nucleocapsid, 
while PCR Pos 1, 2, and 3 had much lower reactivity (7, 3, and 
34%, respectively) with the nucleocapsid, but increased reactivity 
with the spike protein. This is critical information as it was shown 
that detection of the nucleocapsid is sensitive to early infection,1 

while antibodies that target epitopes on the spike protein may be 
linked to neutralization.2-3 Overall, these data provided a much 
deeper characterization of the humoral response to COVID-19 
than is possible with single-antigen ELISA kits.
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FIGURE 7. The linear range of detection as determined by a serial dilution series of PCR positive serum. (A) Overlaid electropherograms of serum dilutions 1:40 - 1:8640. 
(B) Overlaid electropherograms of serum dilutions 1:8460 - 1:138240. (C) Lane view of serum dilutions 1:40 - 1:138240. (D) The average peak area of two duplicates was 
calculated for each serum dilution, resulting in linear relationships between signal intensity and dilution factor for all five antigens. Error bars represent the standard 
deviations of the means.

Next, we determined how the SARS-CoV-2 Multi-Antigen 
Serology Module compares to an ELISA by using the COVID-
SeroIndex™ Kantaro Quantitative SARS-CoV-2 IgG Antibody 
RUO ELISA Kit (R&D Systems, PN DSR200). We tested samples 
identified as positive and negative based on the RBD and Spike 
ELISA orthogonal testing method and calculated the positive 
percent agreement (PPA) and negative percent agreement (NPA) 
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using the Kantaro ELISA as the reference method. In this study, 
samples from 137 individuals were tested using the SARS-CoV-2 
Multi-Antigen Serology Module, with 62 individuals previously 
identified as positive and 75 previously identified as negative. A 
total of 166 tests were performed using these samples, with 66 
tests from the positive samples and 100 tests from the negative 
samples, as some samples were tested more than once on Jess. 
For this sample set, it was determined that the appropriate cut-off 
value for identifying negative and positive samples when using 
the SARS-CoV-2 Multi-Antigen Serology Module was 1,200,000 
total peak area, which combines the peak area for all 5 antigens 
as measured by Compass for Simple Western software. This cut-
off was determined using JMP statistical software and generating 
a Receiver Operating Characteristic (ROC) curve for the collected 
data. Using the appropriate cut-off, we showed that there was 
97% PPA and 99% NPA between the SARS-CoV-2 Multi-Antigen 
Serology Module and the Kantaro ELISA (TABLE 2).

Finally, we determined the linear range of the SARS-CoV-2 Multi-
Antigen Serology Module. To test this, we prepared a  dilution 
series of a PCR positive serum sample from 1:40 to 1:138240 
in duplicate and analyzed this with the SARS-CoV-2 Multi-
Antigen Serology Module. As expected, signal decreased with 
decreasing serum sample concentration (FIGURE 7A-C), and the 
assay showed great linearity, with R2 ≥ 0.99 for four of the five 
antigens across the 3.5 log titration series, and R² ≥ 98% for the 
fifth antigen (FIGURE 7D). 

TABLE 2. Positive percent agreement (PPA) and negative percent agreement (NPA) 
of the SARS-CoV-2 Multi-Antigen Serology Module compared to the Kantaro 
COVID-SeroIndex ™ RUO ELISA. In this study, 137 individuals identified as positive 
(62) or negative (75) based on the Kantaro RBD and Spike ELISA were analyzed 
using the SARS-CoV-2 Multi-Antigen Serology Module, in which some samples were 
run more than once.

BENCHMARKING AGAINST THE  
KANTARO COVID-SEROINDEX™ RUO ELISA

Kantaro COVID-SeroIndex™ RUO ELISA

Positive Negative

SARS-CoV-2 
Multi-Antigen 

Serology Module 
for Jess/Wes

Positive 64 1

Negative 2 99

Total 66 100

PPA 97%

NPA 99%

https://www.rndsystems.com/products/kantaro-ruo-sars-cov-2-igg-elisa-100%2525-seroprevalence-_dsr200
https://www.rndsystems.com/products/kantaro-ruo-sars-cov-2-igg-elisa-100%2525-seroprevalence-_dsr200
https://www.rndsystems.com/products/kantaro-ruo-sars-cov-2-igg-elisa-100%2525-seroprevalence-_dsr200
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FIGURE 8. Peak area percent change to previous dilution in the linearity analysis of the serial dilution series. First, peak areas were 
normalized based on dilution. For example, for the 1:360 dilution sample, each antigen’s peak area was multiplied by 360. Then, the ratio 
of an antigen’s normalized peak area for sequential dilutions was calculated (e.g., the 1:360 dilution was divided by the 1:120 dilution), 
and this ratio was plotted for each serum dilution. The dotted black lines indicate ± 20% of the target ratio of 100%, which is considered 
an acceptable range in related ELISAs.

0%

20%

40%

60%

80%

100%

120%

140%

160%

180%

200%

220%

Pe
ak

 A
re

a 
Pe

rc
en

t C
ha

ng
e 

to
 P

re
vi

ou
s 

D
ilu

tio
n 

Serum Dilution
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TABLE 3. CVs resulting from duplicate measurements of the serum dilution series. At a 1:138240 dilution, the S1 RBD and S2 Subunit antigens are near the 
detection limit and therefore have high CVs. CVs below 20% are considered acceptable in related ELISAs. 

SERUM DILUTION S1 RBD NUCLEOCAPSID S2 SUBUNIT S1 SUBUNIT SPIKE

1:40 5% 3% 3% 4% 5%

1:120 5% 4% 6% 6% 5%

1:360 3% 2% 3% 3% 4%

1:1080 4% 3% 3% 4% 3%

1:2160 4% 2% 4% 4% 6%

1:4320 3% 1% 2% 4% 4%

1:8640 3% 2% 3% 4% 7%

1:17280 7% 1% 2% 8% 8%

1:34560 11% 0% 3% 2% 3%

1:69120 14% 1% 11% 5% 1%

1:138240 76% 4% 46% 4% 7%

For a linear series, the ratio of an antigen’s normalized peak area 
for sequential dilutions (e.g., 1:360 dilution divided by 1:120) 
should be close to 100%, and a range of 80-120% is typically 
acceptable in related ELISAs. Based on these criteria, dilutions 
between 1:1080 and 1:69120 are considered to be in the linear 

range for all 5 antigens for this serum sample (FIGURE 8). In 
addition, CVs were less than 15% for serum dilutions where 
peaks were above the limit of detection, or ≥1:69120 (TABLE 3), 
which demonstrates excellent reproducibility among duplicate 
measurements in the assay.
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MORE INSIGHT INTO THE COVID-19 IMMUNE RESPONSE WITH LESS SERUM
As COVID-19 progresses in the body, several different antigens may be present that illicit a humoral immune response, and the 
emergence of antibodies that target these antigens may indicate different stages of disease progression and virus neutralization.1–3 

Therefore, ELISA microplate assays coated with only one antigen can capture only a very limited snapshot of a much broader immune 
response. With the SARS-CoV-2 Multi-Antigen Serology Module for Jess/Wes, up to 5 different antigens that commonly appear in 
COVID-19 can be analyzed for IgG reactivity in human serum or plasma samples simultaneously. This enables a much deeper analysis 
of the humoral response and it reveals variability among serum reactivity that cannot be captured by commercial microplate ELISA 
kits. Furthermore, the assay developed here uses significantly less serum than commercial ELISA kits. For instance, many ELISAs 
typically require 10 µL of serum, but the SARS-CoV-2 Multi-Antigen Serology Module can use as little as 1 µL of serum based on the 
minimum recommended dilution of 1:10. However, much lower titers can be detected and still be within the linear range of detection, 
as we’ve demonstrated in this application note. Taken together, in a single 3-hour automated runtime, reactivity with 5 different 
antigens on up to 23 samples can be analyzed using a tiny amount of serum, enabling rich and rapid characterization of the humoral 
response to COVID-19. 

Order serology assay kit
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Request pricing
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