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ARTICLE INFO ABSTRACT

Keywords: Since the pandemic occurred due to the emergence of SARS-CoV-2, there has always been a demand for a simple
SABS'COVQ and sensitive diagnostic kit for detection of SARS-Cov-2 infection. In January 2020, WHO approved the Reverse
Chimera Transcriptase Polymerase Chain Reaction (RT-PCR) for detecting the presence of Covid-19 genetic material in
f;OCHAK individuals. Till date many diagnostic kits have arrived in the market for quantification of SARS-CoV-2 anti-

bodies. In spite of being the gold standard method of Covid-19 detection, there are some drawbacks associated
with RT-PCR which leads to false-negative results. Hence, in order to fulfil the need for an antibody testing kit for
evaluating seroconversion and immunity acquisition in the population, an efficient, highly specific and sensitive
assay, Chimera Soochak, an enzyme-linked immunoassay (ELISA) Kit has been developed. It works on the
principle of detecting IgG antibodies developed specifically against the S1-RBD by employing a recombinant
strain of S1-RBD produced in the HEK293 cell line. The developed kit was validated using different modes and
methods to attain the utmost confidence on the samples collected from patients. The validation methodology
included, validation with known samples, blind study, third-party validation, validation using WHO Reference
Panel and comparison with FDA approved Surrogate virus neutralization kit. The kit was found successful in
detecting IgG against the S1-RBD of SARS-CoV-2. The kit had been validated on multiple parameters. A total of
900 samples had been tested by using this kit and it has exhibited the sensitivity, specificity and accuracy for all
the above-mentioned parameters.

Clinical samples

1. Introduction

The coronavirus pandemic has caused severe implications since its
outbreak in late 2019 in Wuhan, China (Ciotti et al., 2019). On March
11th 2020 coronavirus disease was declared as a pandemic by the World
Health Organization (https://covid19.who.int/). As of May 2021, there
have been over 168,040,871 confirmed cases leading to a death rate of
2% which caused 3,494,758 deaths globally (https://covid19.who.int/).

The disease, COVID-19, caused by Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2), has led to various serious adverse
effects and deaths worldwide. Its effects include severe pneumonia and
other pulmonary manifestations, as well as fever, fatigue etc. The
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transmission rate of SARS-CoV-2 is higher than that of other viruses in
the SARS (Shereen et al., 2020). Most infected people experience mild to
moderate symptoms. Mild symptoms were observed in 80 % of the
population however the remaining percentage of the infected people has
shown severe- adverse illness including pneumonia to adverse respira-
tory distress syndrome and other symptoms like respiratory failure (Wu
and McGoogan, 2020).

The available data suggest an incubation period of the virus in the
human body is between 2 and 14 days, with an average of five days.

Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) was
approved by WHO in January 2020 for the detection of the presence of
Covid-19 genetic material in individuals (World Health Organization,
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2020). This gives an insight into the spread of the virus among in-
dividuals. This could in turn help to reduce the transmission rate by
identifying and isolating the infected persons which will prevent others
from catching the virus. The RT-PCR assay for the detection of Covid
antigen is considered the gold standard among all the diagnostics assays.

In spite of being the gold standard method of Covid-19 detection,
there are some drawbacks associated with RT-PCR which leads to false-
negative results (Espejo et al., 2020). Hence the alternative diagnostics
methods are the area of interest that provide the opportunity to improve
the accuracy of diagnostic assays. Between all the diagnostic assays the
detection of antibodies produced after viral infection can improve the
diagnosis of the Covid-19. Previously the serology-based assay had been
proved to be useful in epidemiological screening of disease.

The antibody detection assays have become important with the
progression of the pandemic since it is extremely important to evaluate
the pervasiveness of antibodies against Covid-19 in the population that
has already been exposed to the virus, due to infection or vaccination.
Several studies have indicated that for the time duration that a person
has antibodies against coronavirus, he or she is likely to not get rein-
fected (Harvey et al., 2021; Abu-Raddad et al., 2021). The presence of
antibodies against Covid-19 also implies that the people who have
recovered from the disease are good candidates for donating convales-
cent plasma (Casadevall and Pirofski, 2020).

The immune response generated by each protein of the coronavirus
is significantly different. Coronavirus is composed of 4 major proteins.
These include Spike Protein (S), Nucleocapsid Protein (N), Envelope
Protein (E) and Membrane Protein (M) (Awasthi et al., 2020; Tai et al.,
2020). Several studies had indicated that antibody response is generated
mostly against the Nucleocapsid Protein(N) and Spike Protein(S),
majorly against the Receptor Binding Domain of the S1 subunit of
SARS-CoV-2 (Post et al., 2020; Lee et al., 2020).

There is adequate scientific evidence to corroborate that the Re-
ceptor Binding Domain of Spike Protein (S1 region) facilitates the entry
of the virus into the human cell via binding to the ACE-2 cell receptor
(Lan et al., 2020). Detection of antibodies against this region of the novel
coronavirus would provide insight into the natural defence mechanism
of the population and also helps to evaluate the vaccine efficacy (Sil
et al., 2021).

Hence, in order to fulfil the need for an antibody testing kit for
evaluating seroconversion and immunity acquisition in the population,
an efficient, highly specific and sensitive assay, Chimera Soochak, an
enzyme-linked immunoassay (ELISA) Kit has been developed. It detects
IgG antibodies developed specifically against the S1-RBD by employing
a recombinant strain of S1-RBD produced in the HEK293 cell line
(UniProt: PODTC2). The efficiency, sensitivity and specificity of the Kit
have been validated on multiple parameters.

The aim of this study was to develop and validate a simple and
sensitive ELISA kit “Chimera Soochak” for the detection of the immunity
status of the individuals.

2. Materials and method
a. Reagents and Equipment

Recombinant S1-RBD protein of SARS-CoV-2 (UniProt: PODTC2) was
obtained from Trenzyme Life Science Services, Germany and used as the
capture antigen. The S1-RBD protein was coated on MaxiSorp ™ Flat-
Bottom Modules modules purchased from Thermo Fisher Scientific.
The HRP conjugated secondary antibody (Goat derived anti-human IgG)
was used to detect the immunocomplex (Serum IgG and S1 RBD). The
TMB substrate (3,3',5,5'-Tetramethylbenzidine) specific for the peroxi-
dase was used as a substrate for colour development. For terminating the
reaction 1 M H2SO4 (Thermo Scientific) was used and the reading was
taken at 450 nm using an ELISA plate (ERBA Lisa Scan EM, Transasia)

b. Kit Preparation and Production
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The ELISA kit was packaged with all the components required to
successfully perform 96 tests. Components include 12 antigen (S1-RBD)-
coated Flat bottom modules, Sample Diluent(phosphate-free), 10x
Wash Buffer (Tris-based buffer @ pH 7.4 + 0.2, containing CMIT and
MIT as preservatives), HRP tagged goat derived anti-human IgG sec-
ondary antibodies solution stabilised with HRP-Protector™ (Ref), sub-
strate 3,3,5,5'- tetramethylbenzidine (TMB) solution and Stop Solution
of 1 M sulphuric acid.

The antigen-coated modules were prepared by coating with 0.5 ug/
mL of SI-RBD (100 pL/well) in the Coating Buffer (Candor Bioscience
Gmbh). The antigen-coated modules were incubated for 16—18 h. The
ELISA plate was secured using Liquid Plate Sealer® (Candor Bioscience
Gmbh)

The antigen-coated strips were prepared by coating with 0.5ug/mL
of S1-RBD. The coated microwells were secured using Liquid Plate
Sealer® (Candor Bioscience Gmbh)*, to pick a specific subset of IgG
antibodies from human serum/plasma. Each completed ELISA plate,
vacuum-sealed in an aluminium pouch with a desiccant, was packaged
together with the above reagent components.

c. Preparation of samples and working solutions

Plasma/serum samples were used in this procedure and it was
ensured that pooled specimens, grossly hemolyzed specimens, speci-
mens with obvious microbial contamination, specimens with fungal
growth, specimens with suspended fibrin aggregates, lipemic samples,
icteric samples and samples containing sodium azide were not used for
testing.

The plasma/serum sample and controls (Both NC and PC) were
diluted (1:100) with the Sample Diluent. The 10X Wash Buffer provided
in the kit was diluted to 1X using Type II laboratory grade water.

d. Assay Protocol

Chimera Soochak employs an indirect ELISA method for the detec-
tion of IgG antibodies against the S1-RBD antigen of SARS-CoV-2. The
principle of the assay is shown in Fig. 1.

The assay was performed in microwell strips. 100 pL of diluted
plasma/serum samples, NP, PC, and Blank(s) were transferred to cor-
responding microwells. Strips(s) were covered with adhesive plate
sealer(s), placed on a plate shaker (100 rpm) and incubated for 2 h at
room temperature. After incubation, the modules were washed 3 times
with 300 pL of 1x Wash Buffer. After washing, 100 pL of HRP conjugated
secondary antibody (goat derived), was added to each microwell and
incubated for 1 h at room temperature. In the final washing step, the
unbound reagent was washed off and 100 pL of the Substrate (TMB) was
added. The Substrate was incubated for 5—10 min in the dark for colour
development. After this step, 50 pL of Stop Solution was added to each
microwell to terminate the reaction. The optical density (OD) of samples
was recorded using a plate reader at 450 nm within 10 min. The final OD
was calculated using the following formula:

Final OD = Sample OD - Blank OD

The results were considered negative if the value of the Final OD was
found less than or equal to 0.6 and ambiguous if the value of final OD
was in the range of 0.6 to 0.8. The results were considered positive if the
results of the final OD were above 0.8. With every run, both positive and
negative controls were used as a quality indicator of the test.

3. Kit validation
The kit has been validated using different modes and methods to

attain the utmost confidence. The validation methodology includes the
following parameters:
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Fig. 1. Principle of Chimera Soochak.
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a. Validation with known samples

Validation of the kit was conducted with previously tested samples.
The convalescent plasma samples were considered as positive samples
and samples that were collected pre-COVID-19 period as negative. A
total of 163 samples were collected from three different clinical sites viz.
Government Medical College, Jammu (GMCJ), Jammu and Kashmir,
Medanta the Medicity (MM), Gurugram, Haryana and Jaypee Hospital
(JPH), NOIDA, Uttar Pradesh. A total of 20 positive and 32 negative
samples were collected from JMC, 17 positive and 13 negative samples
were collected from MM and 43 positives and 38 negative samples were
collected from JPH. All the samples were tested in duplicates (n = 2) to
ensure correct specificity and sensitivity. Hence, a total of 326 tests were
carried out. The details of the samples tested are mentioned in the Re-
sults and Calcultaion section (Section 4a). The testing was done as per
the Assay Protocol, as described in Section 2d.

b. Blind study

A blinded study was conducted in collaboration with a super speci-
ality hospital (BLK Super Speciality Hospital, Delhi). A panel of 40
blinded samples was collected from the hospital. These samples had
already been tested on four similar commercially available platforms for
detecting different kinds of coronavirus related antibodies. The results
were compared with the results obtained using the four alternative
assays.

c. Third-party validation

A government clinical site was chosen for the third-party validation
of CS was done at a government clinical site to ensure its adaptability,
robustness, and accuracy. In order to carry out this study, two kits (three
different batches of each) were sent to Government Medical Colleges,
Jammu for validation. A sample panel curated by the experts at the site
was used to validate the assay. A total of 96 samples (Including controls)
were tested using each kit that indicated total testing of 576 samples was
done using six kits. The results are described in the results section.

d. Validation using WHO reference panel

A WHO Reference Panel(First WHO International Standard Anti-
SARS-CoV-2 Immunoglobulin (Human)) was used for scientific valida-
tion of CS. The panel consisted of 5 samples with the following char-
acterisation scale:

Negative for SARS-CoV 2 antibodies

Low titres of SARS-CoV 2 antibodies

Medium titres of SARS-CoV 2 antibodies

High titres of SARS-CoV 2 antibodies

Low titre of anti-spike antibodies and high titres of anti-nucleocapsid
antibodies.

The samples tested in the range of serial dilutions are 1:50, 1:100,
1:200, 1:400, 1:800.

e. Comparison with FDA approved Surrogate virus neutralization
kit

Performance verification of CS was carried out by comparing the
results obtained from CS and the FDA approved Surrogate virus
neutralization kit (GenScript). A sample panel of 168 samples (84
samples each) was tested on surrogate virus assay and CS. The specificity
and sensitivity of the assay performed using the CS kit was compared
against the results obtained using the surrogate virus assay kit. The
number of tests reported as “positive” and “negative” were recorded as
endpoints.

4. Results and discussion
a. Validation with known samples

The performance validation of the Chimera Soochak was done with
163 previously tested samples which include 83 Known negatives
(samples collected before 2019) and 80 known positive samples
(convalescent plasma samples). All the samples were tested for the
presence of IgG antibodies against SARS-CoV-2 S1-RBD antigen using
the Chimera Soochak assay.

The samples were collected from three institutions in the Delhi-NCR
area where they had been tested on other commercially available plat-
forms for the presence of anti-SARS-CoV-2 antibodies. The total number
of samples tested was 163.



S. Kumari et al.

Out of a total of 163 samples, we observed only 2 false-positive re-
sults and zero false-negative results. As shown in Table 1, there were
very few false positives (https://covidl9.who.int/) and no false
positives.

The sensitivity and specificity of the Chimera Soochal assay were
calculated based on Table 1 as follows:

Sensitivity = 81/(81 +2) =97.5 %
Specificity = 80/(80 + 0) = 100 %
False Negative Rate = 0

False Positive Rate = 2/(2 + 81) = 0.02 %
b. Blind Study

Total 40 blinded samples were collected from a super speciality
hospital located in New Delhi. These samples had been tested on 4
separate assays (Abbott Architect SARS-CoV-2 IgG, Roche Elecsys®
Anti-SARS-CoV-2 Total, Ortho-Clinical Diagnostics VITROS Anti-SARS-
CoV-2 IgG (Spike) and Ortho-Clinical Diagnostics VITROS Anti-SARS-
CoV-2 Total.

The results obtained for all samples from Chimera Soochak assay
were compared with the results received from shared with the super-
speciality hospital and were found to be concordant. with their results.

As shown in Fig. 2, the sensitivity was found to be 100 % and
specificity was found to be 94.1 %.

c. Third-Party Validation Evaluation

To substantiate Chimera Soochak’s adaptability and robustness, a
third-party validation was carried out in collaboration with a govern-
ment hospital.

The collaborator was provided with 3 different batches(192 tests
each) of Chimera Soochak and was asked to perform tests on previously
tested samples.

The results were concordant with a sensitivity of 100 % and a
specificity of 97.4 %.

This joint effort also helped establish that the batch-to-batch varia-
tion was within an acceptable range. The inter batch coefficient of
variability percentage was found to be 3.9 %.

d. Validation using WHO Reference Panel

A WHO Reference Panel was sourced for the scientific validation of
Chimera Soochak. The panel consisted of 5 samples with the
following characterisation -

Negative for SARS-CoV 2 antibodies

Low titres of SARS-CoV 2 antibodies

Medium titres of SARA-CoV 2 antibodies

High titres of SARA-CoV 2 antibodies

Low titre of anti-Spike antibodies and high titres of anti-
Nucleocapsid antibodies

The samples were tested in serial dilutions (1:50, 1:100, 1:200, 1:400
and 1:800). The ODs of the dilutions were found to follow a parallel
pattern concordant with the specification of the Reference Panel, as

Table 1
Validation with Pre-Tested Samples.

Clinical Sites Known Positive Known Negative

Positive 20 1
SITE1 .
Negative 0 31
Positive 17 0
ITE2 .
S Negative 0 13
Positive 43 1
SITE3 Negative 0 37
Total 80 83
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Fig. 2. Blind Study at Super Speciality Hospital.

shown in Fig. 3. Since the assay captures S1-RBD protein of SARS-
CoV 2 virus aiming for the detection of COVID-19 fighting anti-
bodies, the sample containing Low titre of anti-Spike antibodies and
high titres of anti-Nucleocapsid antibodies also confirm to the
Reference panel specification.

e. Comparison with FDA Approved Surrogate Virus Neutralization
Kit:

We have compared the results of samples tested on Chimera Soochak
kit with the commercially available FDA approved surrogate virus
neutralization assay that detects the virus-neutralizing antibodies in
human serum/plasma. A total of 168 samples were tested parallelly on
both the assays, surrogate virus neutralization assay and Chimera Soo-
chak. The sensitivity and specificity were found to be 89.7 % and 84.44
% respectively. The details of samples are given in Table 2.

5. Stability evaluation

The stability of the kit was evaluated and the kit was found to be
stable up to ten months from the date of manufacturing. A batch of
samples was tested repeatedly every alternate month for validating the
stability of the kit. The sample in this batch was kept at 2-8°C for
ensuring the stability of the samples. The average CV of the samples was
found to be 8.62 %. The results of optical density of samples tested
during stability period is shown in Fig. 4.

6. Cross reactivity study

There are three highly pathogenic viruses belonging to coronavirus
families. These are MERS, SARS, and SARS-CoV. It has been reported
that the receptor binding region of MERS and SARS recognises different
binding receptors, angiotensin-converting enzyme 2 (ACE2) and
dipeptidyl peptidase 4 (DPP4) respectively. This in trun reflects the
variability of the RBD region in both the kinds of viruses. Additionally,
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Fig. 3. Validation using WHO Reference Panel.
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Table 2
Details of samples.

Chimera Soochak

Surrogate Virus Positive Negative
Positive 70 8
Negative 14 76
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i
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Fig. 4. Optical density of samples tested during stability period.

research has also shown that SARS-CoV-2 Receptor binding domain is
not recognised by MERS polyclonal antibodies. Thus, confirming that
there is no cross reactivity between the RBD regions of SARS and MERS
virus.

However, there is partial cross reactivity between SARS-CoV and
SARS-CoV-2 virus. The Spike protein from both the viruses were blasted
to check for the variations and highlighted that there are differences in
the RBD region of both the proteins that results in limited cross reac-
tivity between the RBD regions of both the viruses. The results of cross
reactivity studies are shown in Fig. 5.

The Spike glycoprotein sequences from SARS-CoV {Accession ID:
AY541758.1} and SARS-CoV-2 {Accession ID: QHR63250.1} were
blasted to look for similarities and differences between them. It was
observed that there are notable differences between the sequences
which might be the cause of only partial interactivity between the SARS-
CoV and SARS-CoV-2 virus.

7. Discussion

The Covid pandemic has affected 171,038,461 individuals all over
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the world to date (https://www.worldometers.info/coronavirus/). The
new mutation acquired by SARS-CoV-2 has increased the transmission
rate of this virus (https://www.nature.com/articles/d41586-020-0050
2-). It had been declared as a pandemic by WHO on 11th March 2020.
The SARS-CoV-2 is a contagious virus that spreads rapidly through
inhalation and ingestion of the viral droplets produced by infected
persons (https://www.who.int/director-general/speeches/detail
/who-director-general-s-opening-remarks-at-the-media-briefing-on-c
ovid-19—11-march-2020). After entering into the host body, it causes
mild symptoms like flu and cough; the severe outcome of SARS-CoV-2
infection leads to acute respiratory distress syndrome (ARDS) in some
patients (Boopathi et al., 2020). The current diagnosis system for
Covid-19 is varying from molecular testing to serological testing. All
these assays are based on different target molecules and detection
methodology (Sharma et al., 2020). Serology based assay has several
advantages over molecular testing as it can be useful for large scale
testing and can be performed easily at a normal laboratory setup. These
testing do not require the Biosafety Level-3 facility and highly sophis-
ticated equipment to perform the test (Loeffelholz and Tang, 2020). The
role of serology-based assay in determination of convalescent plasma
titer and checking vaccine efficacy has been previously identified in
several studies (Alandijany et al., 2020; Grau et al., 2021; Zilla et al.,
2021). Many commercial serology-based kits are available for testing
the antibody against SARS-CoV-2; However, the sensitivity and speci-
ficity of these kits are uncertain (Ojeda et al., 2021; Kohmer et al., 2020).
Looking at these limitations, an attempt has been made to develop a
simple, specific and sensitive ELISA Kit for the detection of the IgG
against S1-RBD of SARS-CoV-2. The antibodies mainly IgG produced
against the S1-RBD have shown the virus-neutralizing capacity
(Gonzalez-Stegmaier et al., 2021). The role of S1 RBD has also been
identified in the viral entry into the host cells and it is less conserved in
the SARS-CoV family (Bastos et al., 2020).

We have designed this kit especially for detection of IgG against the
S1-RBD of SARS-CoV-2. The kit had been validated on multiple pa-
rameters. A total of 900 samples had been tested by using this kit and it
has exhibited the sensitivity, specificity and accuracy and this kit has
been also validated with the WHO panel of sample and the (%) corre-
lation was found in the results. Also, the kit has been validated against
the virus neutralization assay and the result was found to be in corre-
lation with the commercially available kit for virus neutralization (Du
et al.,, 2009). This kit has been validated with other commercially
available kits (Link for other kits information). The development of a
sensitive and specific assay based on the detection of neutralizing anti-
bodies in human serum/plasma will help to evaluate the immune status
of the country and also to ensure vaccine efficacy. The Chimera Soochak
Kit will provide easy-to-use and affordable kits for resource-limited
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Fig. 5. The results of cross reactivity studies.
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8. Conclusion

The results produced by Soochak ELISA showed it is a reliable
method for the detection of antibody (IgG) against S1-RBD of SARS-CoV-
2. The performance and sensitivity of this kit is comparable to the other
available neutralization assay. This kit will provide a very cost-effective
approach to screen the larger population to evaluate the seroprevalence,
assess the vaccination efficiency and evaluate the immune status of the
society.

The assay has an edge over the other comparative assays because it
uses only a portion of the S protein (S1-RBD) that is involved in blocking
the viral entry into the host cells, increasing the specificity, stability and
accuracy of the assay, thereby detecting a specific subset of IgG anti-
bodies that are responsible for fighting COVID-19.

The assay has multifold design advantage as well -

e The assay has been developed under the controlled settings and
validated exhaustively to ensure quality.

e The assay is fixed with a stable buffer, to ensure that it can be
conveniently stored at 2-8 degrees for a longer period of time.

e The assay does not require specialised manpower or infrastructure
for use.

The present version of the kit only uses human plasma/ serum as the
sample source, and does not support via secretory swabs. Presently, the
kit has only been validated for IgG antibodies, however the kit can be
used for the detection of total antibodies (including other classes of IgG),
with one additional reagent in the assay. We are validating the perfor-
mance of the reagent, and then it would be introduced as the subsequent
version into the market.
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