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ABSTRACT

By the end of year 2019, the new virus SARS-CoV-2 appeared, causing the Coronavirus Disease 2019
(COVID-19), and spread very fast globally. A continuing need for diagnostic tools is a must to contain
its spread. Till now, the gold standard method, the reverse transcription polymerase chain reaction
(RT-PCR), is the precise procedure to detect the virus. However, SARS-CoV-2 may escape RT-PCR detec-
tion for several reasons. The development of well-designed, specific and sensitive serological test like
enzyme immunoassay (EIA) is needed. This EIA can stand alone or work side by side with RT-PCR.

In this study, we developed several EIAs including plates that are coated with either specially designed
SARS-CoV-2 nucleocapsid or surface recombinant proteins. Each protein type can separately detect anti-
SARS-CoV-2 IgM or IgG antibodies. For each EIAs, the cut-off value, specificity and sensitivity were deter-
mined utilizing RT-PCR confirmed Covid-19 and pre-pandemic healthy and other viruses-infected sera.
Also, the receiver operator characteristic (ROC) analysis was performed to define the specificities and sen-
sitivities of the optimized assay. The in-house EIAs were validated by comparing against commercial EIA
kits. All in-house EIAs showed high specificity (98-99%) and sensitivity (97.8-98.9%) for the detection of
IgG/IgM against RBD and N proteins of SARS-CoV-2.

From these results, the developed Anti-RBD and anti-N IgG and IgM antibodies EIAs can be used as a
specific and sensitive tool to detect SARS-CoV-2 infection, calculate the burden of disease and case fatality
rates.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The Coronavirus Disease 2019 (COVID-19) is brought about by a
recently identified virus during 2019. Subsequently, the factor
causing that disease is named as severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) (Ahn et al., 2020). The genomic
construction of SARS-CoV-2 is now well-known enabling the quick
generation of diagnostic tools to detect its spread and isolate
infected persons (Mousavizadeh and Ghasemi, 2020). Nowadays,
there are several new strains or mutations being reported (Chen
et al., 2020; Issa et al., 2020). Viral genome reverse-transcription
followed by an amplification utilizing the polymerase chain reac-
tion (RT-PCR), is considered as the gold standard procedure to dis-
cover SARS-CoV-2 during the acute phase (Babiker et al., 2020)
where there are no antibody markers and over the incubation
interval (Lauer et al., 2020). It is very important to identify the
prevalence, transmission pattern, and the existing burden of
Covid-19 and the resulting case fatality rates (Onder et al., 2020).
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These can be achieved via RT-PCR and antibody tests. Antibody
testing plays a limited role in the incubation period and at the very
early onset of the disease (Lauer et al., 2020).However, antibody
testing can be used for the detection of current and past infection
and as a confirmatory assay for PCR results. Antibody tests (e.g.
ELISA and rapid tests), can be used as a primary test before choos-
ing the expensive method (RT-PCR) in low-income and remote
areas. Antibody test methods are also helpful for vaccination eval-
uation and therapeutic antibody development.

Among the o-, B-, - and 3-Coronaviruses (CoVs) genera, SARS-
CoV-2 is one of the B-CoV genus. The RNA genome of enveloped
CoVs is ~ 30 kb (positive-sense and single-stranded) and has about
6 open reading frames (ORFs). SARS-CoV-2 genome has likeness
with SARS-CoV (about 79%) and bat SARS-like CoVs (about 95.6%)
and has at least 6 ORFs (Zhu et al., 2020). Two polyproteins, found
on the first 60% of the genome, are expressed and then turned into
almost 16 non-structural type proteins. Four proteins (nucleocap-
sid (N), membrane (M), spike (S) and envelope (E)) and other
accessory proteins are encoded by the rest of the genome (Zhang
and Holmes, 2020). Among these four structural proteins, S and
N proteins are the highly immunogenic ones (Ahmed et al., 2020).

Here, we developed and validated an indirect serological assay
(ELISA) that is capable to determine the immune status of persons.
The assay was validated via comparing sera of COVID-19 RT-PCR
confirmed patients, normal non-infected healthy controls, and
other viruses-infected sera.

2. Material and methods
2.1. Samples

This work was reviewed and approved by The Research Ethics
Committee at King Khalid University (HAPO-06-B-001) and agreed
on this study. All investigations were performed as per the previ-
ously mentioned board rules and guidelines. We used stored coded
sera so patient informed consent was not among the requirements.

Coded sera that were diagnosed positive for Covid-19 via RT-
PCR (n = 100) were used. In our laboratory, we have stored coded
sera obtained from random blood donor volunteers several years
(2015) before the onset of the SARS-CoV-2 pandemic (https://jour-
nals.ekb.eg/article_13699.html). From these samples (Table 1), we
randomly chose virus-negative control sera (n = 100, HCV, HBV,
HIV, HTLV and CMV-free), virus-infected sera including HBV-
positive (surface antigen and PCR confirmed, n = 50) HCV-
positive (antibody and PCR confirmed, n = 5), and CMV-positive
(antibody confirmed, n = 50).

Detection of anti- SARS-CoV-2 IgM&IgG antibodies were done
for the above mentioned sera utilizing COVID-19 Human IgG/IgM
Assay Kit (Abnova) which either containing microplate coated with
the spike protein (Cat: KA5826) or microplate coated with spike
RBD + nucleocapsid proteins.

2.2. Cloning of SARS-CoV-2 N and S protein genes

Part of the nucleoprotein (N) of SARS-CoV-2 gene (accession:
MW307301, a.a.: 1-286) and Part of the of surface (spike) protein

Table 1

Type of samples used in the study.
Sample type Number
SARS-CoV-2-RT-PCR positive 100
Normal uninfected 100
HBV-positive (HBsAg"; PCR Confirmed) 50
HCV-positive (antibody and PCR confirmed 5
CMV-positive (antibody confirmed) 50

Total 305
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(receptor-binding domain, RBD) genes (accession: MW512912, a.
a.: 319-541) were used to design synthetic genes (N and S). Syn-
thetic genes were separately cloned into pET28a expression vector
1.2, propagated in TOP-10 cloning bacteria, expressed in BL21-DE3
expression bacteria and recombinant protein purification and
identification were done using the same materials and methods
described by Ibrahim et al. (Ibrahim et al., 2018).

2.3. In-house ELISA procedure

For the preparation of in-house ELISA assay plates, we used N
recombinant protein prepared above (but not S protein) and com-
mercially available S-RBD proteins (Cusabio Technology LLC.,
China). The horse-radish (HRP) enzyme-conjugated secondary
antibodies (Abs), goat anti-Fc fragment of human IgG and goat F
(ab’)2 anti-human IgM Abs (Novus Biologicals), were used to detect
human anti- SARS-CoV-2 IgM and IgG antibodies respectively. Dif-
ferent recombinant viral proteins were diluted into 4 pg/mL in car-
bonate/bicarbonate buffer (12.5 mM Sodium bicarbonate, 87.5 mM
Sodium carbonate, pH 9.6, Techno Pharmchem) and 50 pL of these
preparations were added to separate high binding 96-well ELISA
plates (Flat bottom, UltraCruz® ELISA Plate, Santa Cruz Biotechnol-
ogy). All plates were incubated overnight at 4 °C, washed twice in
wash buffer (0.05% (v/v) Tween-20 in phosphate-buffered saline
(PBS, 0.01 M Na,HPO,4 0.137 M NaCl, 0.0018 M KH,PO, and
0.0027 M KCl, pH 7.4 (PBST), all from Sigma-Aldrich) and then
blocked with 220 pL blocking buffer (PBST with 2% serum albumin
(bovine, BSA), Sigma-Aldrich) for 3 h at ambient temperature. Nor-
mal sera (n = 5) and SARS-CoV-2 reactive sera (n = 20) were diluted
the same way as indicated in the commercial ELISA kit (1: 200) in
blocking buffer and 100 pL of each dilution were loaded into wells
of different coated plates. Plates were kept at 37 °C for 50 min,
washed thrice with PBST, 100 pL of either goat anti-human IgG
Fc fragment HRP-conjugated secondary Abs or goat F(ab’)2 anti-
human IgM secondary Abs (each 1:20,000 diluted) were added
separately to each well and kept at 37 °C for 50 min. Plates were
subjected to repeated wash (5 times) utilizing PBST before the
addition of 3,3',5,5-Tetramethylbenzidine (TMP, 100 uL/well,
Sigma-Aldrich) and kept in the dark for 18 min. A 100 uL/well
1 N HCl were added and color intensity of each well was measured
at 450 nm via a spectrophotometer (800™ TS, BioTek).

2.4. Checking of the assay specificity

To check the specificity of the in-house prepared ELISA assay
procedure of all used recombinant proteins, sera that are con-
firmed positive to SARS-CoV-2, HCV, HBV, HIV, and CMV viruses
as well as normal sera were diluted and assayed as indicated
above.

2.5. Checking of the ELISA sensitivity

All serum samples (negative and positive) were serially diluted
in blocking buffer (1:2 - 1:2,048) and examined for the existence of
human anti- SARS-CoV-2 IgM & IgG Abs following the same way
indicated above.

3. Statistical analysis

Cut-off value was calculated according to Wiederschain
(Wiederschain, 2009) as the mean OD value at a wavelength of
450 nm of negative controls plus 3 value of their standard devia-
tions (SD).

The sensitivity of all in-house made ELISA was determined
according to Raez-Bravo et al. (Raez-Bravo et al., 2016) as follows:
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100(The number (no.)of true positive samples/
the total no. of true positive samples + false negatives).

The specificity of all in-house made ELISAs was determined as
follows:

100 (The no. of true negative samples/
the total no. of true negative samples -+ false positives).

Using the SPSS V20 software (SPSS Inc., Chicago, Ill., USA), the
receiver operating characteristic (ROC) analysis and the area under
the curve (AUC) were figured to determine the specificity and
sensitivity.

4. Results
4.1. Expression of recombinant N and S proteins

The target part of N gene was successfully expressed in BL21
bacteria and purified using Ni-NTA affinity chromatography col-
umn. The purified protein showed high purity. In contrary, target
part of S gene, at the time it could be cloned in DH5-a cloning bac-
teria, it failed to be expressed in BL21 bacteria. Expressed N protein
was successfully detected using anti-His antibodies.

4.2. Anti-SARS-CoV-2 IgG/IgM Abs in all sera

Sera that were diagnosed positive for Covid-19 via RT-PCR were
checked for anti- SARS-CoV-2 IgG/IgM Abs using a commercial
ELISA kit. Results (Table 2) show that all the tested samples have
IgG, IgM or both IgM and IgG in RT-PCR Covid-19 positive sera with
a few negative results.

ROC analysis (Fig. 1) and AUC (Table 3&Table 4.) revealed high
specificity/sensitivity of the procedure and its results for detecting
anti- SARS-CoV-2 IgM & IgG Abs using S and N proteins.

All control sera (normal uninfected and other viruses-infected)
showed no reactivity against S and N antigens using the commer-
cial ELISA kit.

Table 2
Assessment of anti- SARS-CoV-2 IgM & IgG Abs in RT-PCR confirmed Covid-19 sera
using a commercial ELISA Kit.

Coating SARS-CoV-2 protein
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Table 3
Area under the curve (AUC) after performing ROC analysis for anti-SARAS-CoV-2
spike/Nucleoprotein IgG/IgM Abs utilizing the commercial ELISA kit.

Test Results Area  Std. AsymptoticSig. Asymptotic 95%
Variable(s) Error Confidence Interval
Lower Upper
Bound Bound
1gG 0.948 0.047  0.002 0.856 1.000
IgM 0993 0.007 0.001 0.979 1.000
Table 4

Area under the curve after performing ROC analysis for anti-SARAS-CoV-2 spike IgG/
IgM Abs utilizing the commercial ELISA kit.

Test Results Area  Std. AsymptoticSig. Asymptotic 95%
Variable(s) Error Confidence Interval
Lower Upper
Bound Bound
IgG 0.960 0.037 0.001 0.887 1.000
IgM 0.998 0.003 0.000 0.991 1.000

4.3. Cut-off value of in-house ELISA

All control serum samples that are confirmed non-reactive to
SARS-CoV-2 S and N proteins by the commercial ELISA kit were
used to determine the cut-off value of the in-house ELISA (Fig. 3).
The cut-off value of the IgG against S protein (Fig. 2A) was calcu-
lated as mean + 3StDev (0.051 + 3[0.0083] = 0.0759). While the
cut-off value of the IgM against S protein (Fig. 2B) was calculated
to be 0.077 (0.051 + 3[0.0088] = 0.0774). The cut-off value of the
IgG against N protein (Fig. 2C) was calculated to be 0.15 (0.112 +
3[0.0124] = 0.149). The cut-off value of the IgM against N protein
(Fig. 2D) was calculated to be 0.199 (0.162 + 3{0.0123] = 0.149).

4.4. Assessment of anti-SARS-CoV-2 IgM & IgG Abs utilizing in-house
ELISA

All sera indicated above were examined for the existence of
anti-SARS-CoV-2 IgM & IgG Abs utilizing the in-house ELISA kit.
The cut-off for every ELISA type was used to determine the posi-
tive/negative samples. Results (Table 5) show that all the tested

s S*N samples have IgG, IgM or both IgG and IgM in Covid-19 sera with
Antibody type IgG IgM 1gG IgM a few negative results.
Positive 95 97 97 98 ROC analysis (Fig. 3) and AUC (Table 6&Table 7.) revealed high
Negative 5 3 3 2 specificity/sensitivity of the experiment and its results for detect-
Total 100 100 100 100 ing anti-SARS-CoV-2 IgM & IgG Abs utilizing S and N proteins.
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Table 5
Assessment of anti-SARS-CoV-2 IgM & IgG Abs in RT-PCR confirmed Covid-19 sera.

Coating SARS-CoV-2 protein

S N
Antibody type 1gG IgM IgG IgM
Positive 96 97 97 99
Negative 4 3 3 1
Total 100 100 100 100

Table 6
Area under the curve after performing ROC analysis for anti-SARAS-CoV-2 spike IgM &
IgG Abs utilizing the in-house ELISAs.

Test Results Area  Std. AsymptoticSig. Asymptotic 95%
Variable(s) Error Confidence Interval

Lower Upper

Bound Bound
1gG 0983 0.014  0.000 0.956 1.000
IgM 0984 0.013  0.000 0.959 1.000

Table 7
Area under the curve after performing ROC analysis for anti-SARAS-CoV-2 Nucleo-
protein IgM & IgG Abs utilizing the in-house ELISAs.

Test Results Area  Std. AsymptoticSig. Asymptotic 95%
Variable(s) Error Confidence Interval
Lower Upper
Bound Bound
IgG 0.977 0.023 0.000 0.932 1.000
IgM 0.979 0.021 0.000 0.938 1.000

All control sera (normal uninfected and other viruses-infected)
showed no reactivity against S and N antigens using the in-house
ELISA.

4.5. The specificity of the in-house ELISAs

The specificity of in-house ELISAs that detect anti-SARSA-Cov-2
S and N IgM and IgG antibodies were tested. All in-house ELISAs
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reacted only to sera that are confirmed positive to SARS-CoV-2, and
did not react to other sera that are confirmed positive for HCV,
HBV, HIV, and CMV viruses. Also, the assays did not react with nor-
mal sera.

4.6. The sensitivity of the in-house ELISAs

All Covid-19 positive sera showed positive reaction up to the 1:
1024 dilution. The color intensity at 1: 1024 dilution was the least
for IgG Abs reacted to both S and N proteins of SARS-CoV-2. At dilu-
tion 1:2048, IgG Abs towards S and N proteins turned negative, but
IgM Abs towards S and N proteins showed a positive reaction.

5. Discussion

Covid-19 started in 2019 and continues spreading till this
moment. The continuous need for diagnostic tool always exists.
In the current investigation, we developed and assessed in-house
ELISAs for discovering anti-RBD Abs (IgM and IgG) and anti-N
Abs (IgM & IgG), and examined their specificity and sensitivity.
To evaluate the developed in-house ELISAs, 100 SARSA-Cov-2
PCR-confirmed samples and normal and other viruses infected sera
were used.

In the current work, we designed recombinant genes encoding
for parts of the N and S proteins. SARS-CoV-2 has several structural
proteins (e.g. E, S, M, and N proteins) (Dutta et al., 2020; Walls
et al., 2020). Among these four proteins, S and N proteins are most
immunogenic ones, so they are widely utilized in building up of
immunoassays (Liu et al., 2020). The N protein of SARS-CoV-2
has high likeness with the N protein of MERS-CoV (90%) and alpha
and beta coronaviruses (28-49%) (Zhao et al., 2020). The similarity
of SARS-CoV-2 N protein with that of the SARS-CoV is the most at
the conserved residues at the N-terminal domain of the N protein.
It was described that the anti-N protein Abs develops earlier than
the spike Abs (Burbelo et al., 2020). We did not use the full length
of the S protein and used only the RBD part of it as many studies
confirmed its specificity in detecting SARS-CoV-2 infection without
cross reactivity with any other corona virus (Chia et al., 2020;
Haselmann et al., 2020; Whitman et al., 2020). Also, we used the
C-terminus of N protein which shows the lowest similarity with
other corona viruses.

In constructing the In-house ELISAs, we used the in-house pro-
duced N protein. We used a commercially available RBD as it could
not be produced in BL21 bacteria. The product of induced RBD gene
seems to be highly toxic the BL21 expression bacteria host. We
prepared two types of ELISA plates, one coated with recombinant
RBD protein and the other coated with recombinant N protein,
both were used to discover IgM and IgG against SARS-CoV-2. Both
preparations were examined for their specificity and sensitivity to
detect these antibodies. Specificity and sensitivity of the assays
were explained as their true negative and true positive rates,
respectively. The positive group positivity status was paralleled
to confirmed positive sera by RT-PCR. We used the commercial
antibody detection kit to first evaluate the possibility of detecting
the antibodies in the RT-PCR confirmed sera. ROC analysis revealed
high sensitivity and specificity of the kit to detect both anti-S and
anti-N Abs. Area under the curve (AUC) after performing ROC anal-
ysis for anti-SARAS-CoV-2 spike/Nucleoprotein IgM and IgG Abs
utilizing the commercial ELISA kit showed good results (95% and
99% respectively). Also, AUC after performing ROC analysis for
anti-SARAS-CoV-2 spike IgM and IgG Abs utilizing the commercial
ELISA kit showed good results (96% and 99% respectively). These
results indicate that the commercial kit can be used as reference
for the in-house ELSAs to compare their outcomes. Using the same
analysis criteria (ROC and AUC), in-house ELSAs reflected good
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results. Detection of IgG and IgM using the RBD and N as target
antigens using in-house ELSAs reflected high sensitivity and speci-
ficity. AUC after performing ROC analysis for anti-SARAS-CoV-2
spike IgM and IgG Abs utilizing the in-house ELISAs showed good
results (98% and 98% respectively) which are comparable with
the commercial ELISA kit. In addition, AUC after performing ROC
analysis for anti-SARAS-CoV-2 N IgM and IgG Abs utilizing the
in-house ELISAs also showed excellent results (97% and 98%
respectively) which are comparable with the commercial ELISA
kit. These obtained results reflect the excellent suitability and
capability of the in-house developed ELISAs to detect IgM and
IgG towards both S and N proteins of SARS-CoV-2 with high sensi-
tivity and specificity.

Regarding the specificity of the in-house ELSAs, we used sera
infected with different viruses. None of these sera interacted with
the coated proteins (S and N) with any degree. These sera showed
the same readings of the negative control samples. The negative
control samples used here were collected long time before the
onset of the SARS-CoV-2 pandemic to avoid the possibility of
obtaining the virus by any degree. The commercial ELISA kit rec-
ommends a serum dilution to be 1:200. To test the sensitivity of
the in-house ELISAs, we diluted the up to 1:1048. The in-house ELI-
SAs could detect the antibodies at high dilution indicting its high
sensitivity over the commercial kit.

Here, we designed ELISAs to detect both anti-S and anti-N IgM
and IgG Abs. At the time that anti-S antibodies are more specific
for SARS-CoV-2 detection (Chia et al., 2020), the detection of
anti-N antibodies using ELISA favor the increase of the assay sensi-
tivity if the samples being collected in early disease stage.

In our study, it is noted that nearly all of the SARS-CoV-2 RT-PCT
confirmed samples have both IgG and IgM antibody types. These
results are in agreement with other investigators (Shu et al.,
2020; Xiang et al., 2020).

6. Conclusions

In this investigation we have created, optimized and assessed
the performance of in-house ELISAs for the detection of anti-
SARS-CoV-2 S and N IgM and IgG Abs and compared these in-
house ELISAs to the commercially available ELISA kits. All of the
developed in-house ELISAs showed high sensitivity and specificity
in their performance and obtained results without any indetermi-
nate results. As these in-house ELISAs showed a high specificity
and sensitivity, we recommend using it to detect SARS-CoV-2
infections without the need for RT-PCR confirmation.
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