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Abstract

Background
The current coronavirus disease (COVID-19) pandemic has created a pressing need to diagnose and screen a large number
of close contacts of con�rmed and suspected cases. Numerous nucleic acid detection kits are being rapidly developed and
approved for viral etiological diagnosis; however, these are limited by the number of false negatives produced in clinical
practice. Therefore, there is an urgent need to establish serological detection methods to serve as supplementary
diagnostics.

Methods
We (1) performed a conservation and speci�city analysis of the novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) nucleocapsid (N) protein, which is the main target of serological diagnosis; (2) integrated various B-cell
epitope prediction methods to obtain possible dominant epitope regions for the N protein; (3) applied ELISA to analyze
differences in the serological antibody levels for different epitopes; and (4) identi�ed N protein epitopes for IgG and IgM
with high speci�city.

Results
SARS-CoV-2 strains showed low mutation rates for the N protein, and the construction of a phylogeny was a good
characterization of its molecular evolutionary lineage in relation to other coronaviruses. SARS-CoV-2 showed the closest
genetic relationship with SARS-CoV, which showed multiple consecutive long conserved regions at the amino acid level, but
differed substantially from other coronaviruses. Tests targeting the SARS-CoV-2 N protein produced strong positive results
in SARS-CoV patients in recovery. Of the �ve epitope dominant regions, using N18-39 and N183-197 for IgG and IgM
detection, respectively, can effectively overcome the limitations of cross-reactivity.

Conclusions
The patients infected with both SARS viruses may exhibit cross-reactivity when using the N protein for antibody detection.
However, there are regions of the N protein that can be used for antibody detection and some of these regions showed good
speci�city even between SARS-CoV-2 and SARS-CoV, and the antibody levels detected were consistent with those detected
by the complete N protein. These �ndings provide a basis for serological diagnosis of SARS-CoV-2 patients, and research
ideas for developing vaccines.

Introduction
An acute infectious pneumonia, i.e., coronavirus disease (COVID-19), has erupted across the world. Patients commonly
present with pneumonia and chest CT abnormalities as primary symptoms, followed by acute cardiac injury and secondary
infection as complications, and even death in serious cases [1]. The pathogen is a novel coronavirus, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which is the seventh coronavirus in human history that has infected
humans [2]. Although the transmission rate of SARS-CoV-2 is yet to be con�rmed, it has rampaged across the globe at an
alarming rate. On January 30, 2020, the World Health Organization (WHO) declared COVID-19 to be a public health
emergency of international concern. As of August 6, 2020, this disease has spread to 216 countries and regions, with nearly
18.61 million cases reported and more than 702,642 deaths [3, 4].
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Nucleic acid tests of nasopharyngeal swabs have been recommended for the clinical diagnosis of SARS-CoV-2, and are
currently the gold standard for con�rming SARS-CoV-2 infection [5–7]. However, the use of nucleic acid tests in epidemic
control and clinical diagnosis is limited by their false-negative results. In some cases, nasopharyngeal swabs have given
multiple negative results, which has necessitated repeated testing, and some cases could only be con�rmed by testing
using alveolar lavage �uid. This has undoubtedly increased the di�culties encountered during patient admission,
quarantine of close contacts, and discharge. Using antibody testing as a supplementary diagnosis is an effective solution
to this problem, especially for suspected patients with consistent negative results from nucleic acid testing. In such patients,
the probability of detecting antibodies would be greater than with nucleic acid tests, which would help to reduce the risk of
missed detection [8, 9]. Studies have shown that the nucleocapsid (N) protein of coronaviruses has strong antigenicity and
plays an important role in inducing the host immune response during SARS-CoV-2 infection. Moreover, it has been widely
applied as the main target in the diagnosis of SARS-CoV infection [10–13]. At present, ELISA diagnostic kits for the SARS-
CoV-2 N protein or its high-speci�city region, have been developed and applied, but related studies and reports are scarce
[14]. Several issues have restricted its application in clinical practice, including (1) whether pre-existing N protein antibodies
in persons infected with other coronaviruses, especially SARS-CoV, could cross-react with the SARS-CoV-2 N protein, thus
affecting the accuracy of diagnostic results; (2) whether the detection level of the N protein high-speci�city region is
consistent with that of the complete N protein; and (3) the selection of the site for the N-protein high-speci�city region. Thus,
there is an urgent need to clarify the speci�city of the SARS-CoV-2 N protein, as the main target of ELISA antibody testing,
and to determine a high-speci�city region that can speci�cally and e�ciently determine antibody levels. Given the spread of
the epidemic at the global scale, this is of critical importance for the large-scale supplementary diagnosis of suspected
patients, close contacts of known cases, and even patients with false negatives.

In this study, the SARS-CoV-2 N protein coding genome was downloaded from a public database to analyze its
conservation, while its speci�city was analyzed by incorporating other coronaviruses, including Bat-CoV, SARS-CoV, MERS-
CoV, HCoV-229E, and HCoV-OC43. B-cell epitope prediction software and online servers were integrated to obtain possible
high-speci�city epitope regions for the SARS-CoV-2 N protein. Finally, clinical serological testing was performed using ELISA
to identify the epitope regions suitable for diagnosing IgM and IgG levels. Our �ndings provide a basis for elucidating the
target of the SARS-CoV-2 N protein involved in the host immune response.

Materials And Methods

Collection of samples and epidemiological information
A total of 22 serum samples were collected from 19 COVID-19 patients, 19 of which were collected during hospitalization.
The other three serum samples were from patients who were discharged after qPCR testing of throat swabs turned from
positive to negative but reverted to positive when followed up. Seven patients were sampled when they were admitted to the
Second People’s Hospital of Guangdong Province. Twelve patients were sampled when they were admitted to Yangjiang
People’s Hospital. Eight serum samples of SARS-CoV infected patients were provided by Zhujiang Hospital, Southern
Medical University. These samples were collected during the recovery period of patients infected with SARS-CoV in 2003.
The epidemiological data for all patients and samples, including age, gender, time of admission, patient symptoms, disease
classi�cation, and sampling time, were obtained and collated by the collection unit, then underwent statistical analysis at
our laboratory.

Genome alignment and phylogenetic tree analysis of N protein
The SARS-CoV-2 genome sequence was obtained from the GISAID database (https://www.gisaid.org/), while the genomes
of the other coronaviruses, including Bat-CoV, SARS-CoV, MERS-CoV, HCoV-229E, and HcoV-OC43, were obtained from the
GenBank database (https://www.ncbi.nlm.nih.gov/). The N protein encoding genomes of different viruses from different
epidemic years from different countries and regions were downloaded in the FASTA format. Genome translation and
sequence alignment was performed using BioEdit (http://www.mbio.ncsu.edu/bioedit/bioedit.html) and CLUSTALW2
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(http://www.ebi.ac.uk/Tools/msa/clustalw2/). The phylogenetic tree was built using MEGA6.0
(http://www.megasoftware.net/), using the maximum likelihood method. Based on the analysis of the best-�t model for
each data set, the maximum likelihood method was used to construct the phylogenetic tree using the Tamura-Nei model
and Gamma distribution with 1,000 iterations.

B-cell epitope prediction for SARS-CoV-2 N protein
B-cell epitope prediction software and online servers were integrated in order to obtain good dominant epitope regions
shared by all three methods. Firstly, ABCpred (http://crdd.osdd.net/raghava/abcpred/ABC_submission.html) and BCEpred
(http://crdd.osdd.net/raghava/bcepred/bcepred_submission.html), which have scoring systems and present results in a
table format, as well as the authoritative database IEDB (http://tools.iedb.org/bcell/), were used to perform B-cell epitope
prediction of the SARS-CoV-2 N protein. SOMPA (https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?
page=npsa_sopma.html), DNAstar’s Protean, and Discovery Studio 2.5 (DS2.5) (http://accelrys.com/products/collaborative-
science/biovia-discovery-studio/) were used for stepwise veri�cation of the secondary structure and three-dimensional
spatial conformation of the dominant regions. The three-dimensional structure of SARS-CoV-2 N protein originates from the
Zhangyang Lab and is available for copyrighted free use (https://zhanglab.ccmb.med.umich.edu/COVID-19/ ). Finally,
possible B-cell epitopes were identi�ed.

ELISA testing
SARS-CoV-2 proteins expressed by prokaryotic vectors or synthetic polypeptide fragments of epitope regions were coated
overnight and blocked with 5% skimmed milk powder for 2 h. The proteins or polypeptides were then incubated for 1 h with
primary antibody solution consisting of patients’ serum samples that were diluted 100-fold and subjected to a two-fold
gradient dilution, followed by binding with HRP-labelled mouse anti-human IgG and IgM secondary antibodies, respectively.
After TMB staining and reaction termination with 2M sulfuric acid stop solution, OD values were read at 450 nm. (Sample
OD-negative OD)/(Negative OD-blank OD) ≥ 2.1 was taken as the criterion for determining a positive reaction. The highest
dilution for a positive test was regarded as the patient’s serum antibody titer.

Colloidal gold strip testing
Two colloidal gold kits for emergency detection of SARS-CoV-2 antibodies, approved by the Food and Drug Administration
of China, were used in this study and were purchased from Nanjing Vazyme Medical Technology Co., Ltd and Wondfo
Biotech Co., Ltd. The former can detect IgG and IgM at the same time, while the latter can only detect IgG. The test cards
were placed horizontally, according to the manufacturer’s instructions, and serum was added to the sample well. The
sample dilution was added and the samples were observed for 10 to 15 min.

Statistical analysis
ELISA test data were collated and statistically analyzed using SPSS 20.0. An independent samples t-test was performed to
analyze the serum antibody titer of clinical patients detected using SARS-CoV-2 N protein and nine epitope polypeptides.

Results

Conservation and speci�city of SARS-CoV-2 N protein
The amino acid sequences of the complete open reading frame for 116 strains of SARS-CoV-2 from different countries and
regions were downloaded. The �rst sequenced Wuhan-Hu-1 strain (GenBank: MN908947.3) was used as the reference
sequence for alignment. The viral structural proteins showed low mutation rates in their amino acid sequences during the
transmission process, and were highly conserved. Among them, the S and N proteins, which are closely associated with
virus-host interactions, were the most conserved, with mutation rates of only 0.94% and 0.95%, respectively (Table 1).
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Table 1
Mutation rates of amino acid sequences for structural proteins during SARS-CoV-2 transmission

Protein Substitutions/
Length

Rate
(%)

Functions in SARS-CoV

S 12/1273 0.94% Induction of neutralizing antibodies, research target of drugs and vaccines

E 1/75 1.33% Related to envelope formation

M 4/419 1.35% Related to envelope formation and membrane transport

N 3/222 0.95% Strong antigenicity, induction of cellular immune response; main target for the
establishment of serological diagnostic methods

The N protein sequences of the other coronaviruses were incorporated into the construction of the phylogenetic tree.
Coronaviruses of the same lineage with the capacity for human-to-human transmission were clustered on the same branch,
of which SARS-CoV and SARS-CoV-2 showed the closest genetic relationship. Bat-CoV, isolated at different times from
different bat species, was clustered with SARS-CoV and SARS-CoV-2 (Fig. 1A). The SARS-CoV-2 N protein differed
signi�cantly from the weakly pathogenic HCoV-229E and HCoV-OC43, which are commonly found in the population, as well
as MERS-CoV, which can cause severe respiratory syndrome, thus showing strong speci�city. The sequence was highly
homologous with the N protein sequence of BtRa-CoV. Compared with SARS-CoV, which has several long highly conserved
regions, the SARS-CoV-2 N protein showed weak conservation (Fig. 1B).

Feasibility analysis of SARS-CoV-2 N protein as a target for clinical
serological antibody detection
The results from the ELISA method, with N protein as the target, were highly consistent with the qualitative results of IgG
detection using colloidal gold test strips. The ELISA method showed greater sensitivity and could detect antibodies in serum
earlier. The IgM test results varied greatly. Only four of the tests were positive and the regularity of symptom onset
distribution was poor. With ELISA, positive results could be detected as early as six days after symptom onset. IgM could be
detected in mild patients for approximately 17 d. IgM could still be detected in severe patients (15 and 17) even after they
had been infected for more than 20 d (Table 2).
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Table 2
Epidemiological information and serological antibody test results of samples of COVID-19 patients

Patient Age Sex City Date Fever Cough Disease IgG IgM

Vazyme Wondfo ELISA Vazyme ELISA

1 41 GZ 6 √ × Mild - - - + -

2 24 YJ 6 × √ Mild - - - - -

3 27 YJ 8 × √ Mild + + + + -

4 58 GZ 8 × √ Mild + - - + -

5 35 GZ 13 × √ Mild + - - + -

6 49 GZ 13 × √ Mild + + + + +

7 57 GZ 14 √ × Mild + - + + -

8 42 GZ 15 √ √ Mild + + + + +

9* 28 YJ 16 √ × Mild + + + + -

10 61 YJ 17 √ × Mild + + + - -

11 56 YJ 17 × √ Mild + + + + -

12* 60 YJ 17 × √ Mild + + + + -

13 23 YJ 19 √ √ Mild + + - - -

14 35 YJ 19 × √ Severe + + + - -

15 56 YJ 20 √ √ Severe + + + + +

16 56 GZ 21 √ × Mild + + + - -

17 77 YJ 21 × √ Severe + + + + -

18 24 YJ 21 × √ Mild + + + - -

19* 69 YJ 24 √ √ Mild + + + - +

“*” represents patients who tested positive using QPCR and ELISA detection after discharge. : Male. : Female. GZ:
Guangzhou. YJ: Yangjiang.

The mean age of the 19 patients was 46.2 years, and there were more men than women (12/19, 63.2%). More patients
presented with cough on admission than fever, with incidences of 73.7% and 47.4%, respectively; even among the three
severe cases, only one exhibited a fever (Fig. 2). In terms of the timing of seropositive reactions, IgM appeared earlier than
IgG, within the �rst week after symptom onset. Within the �rst 6 d of symptom onset, a seropositive reaction could still be
detected after an 800-fold dilution of the patient’s serum. The levels of both antibodies increased in the second week, with
IgG showing a more signi�cant increase. Thereafter, serum IgG maintained a high antibody titer until the recovery period
(after the third week of symptom onset), whereas IgM began to decrease gradually. In the serum of nine patients tested after
19 d, IgM could only be detected in the serum samples collected from two severe cases at 20 and 21 d, whereas serum
samples of the remaining patients, subjected to a 100-fold dilution, tested negative (Fig. 2A and B). In addition, there were
no signi�cant differences in the serum IgG and IgM levels between the nine mild cases and three severe cases during the
recovery period (Fig. 2C). As for the three mild cases with “re-detectable positives”, their serum IgG levels did not differ
signi�cantly between the recovery period during hospitalization and after discharge. The main �nding was that IgM became
positive in all cases after discharge, and the antibody titer was signi�cantly higher than that of serum levels during recovery
(Fig. 2D).
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The serum colloidal gold test strip results for eight SARS-CoV patients in the recovery stage were all strongly positive for IgG
and all negative for IgM (Fig. 2E). The use of the SARS-CoV-2 N protein for ELISA detection was highly consistent with the
test strip results, even when the antibody titer was as high as 104 (Fig. 2F).

Epitope prediction for SARS-CoV-2 N protein
ABCpred, BCEpred, and IEDB were used to perform the epitope prediction for the N protein of SARS-CoV-2, and the results of
the three software were collated and compared. A total of �ve dominant epitope regions shared by the three were obtained,
namely, N18-39, N183-197 l, N249-266, N276-299, and N365-391 (Fig. 3A and Table 3). Veri�cation of secondary structure
parameters showed that the �ve epitope regions had good hydrophilicity, �exibility, surface accessibility, and antigenicity.
Simulations of the N protein three-dimensional structure showed that the �ve regions were located on the surface of the
protein. N18-39 and N183-197 were free random-coil loop structures (Fig. 3B), whereas N249-266, N276-299, and N365-391
showed similar random coil + α helix structural characteristics (Fig. 3C and D), and all of them showed good antigenicity.

Table 3
Synthetic polypeptides corresponding to the �ve epitope regions in SARS-CoV-2 and SARS-CoV N proteins

Polypeptide Region AA Length

SARS-CoV

P1 N19-40 GGPTDSTDNNQNGGRNGARPKQ 22

P2 N184-198 SSRSSSRSRGNSRNS 15

P3 N277-300 RRGPEQTQGNFGDQDLIRQGTDYK 24

P4 N366-392 PTEPKKDKKKKTDEAQPLPQRQKKQPT 27

SARS-CoV-2

P5 N18-39 GGPSDSTGSNQNGERSGARSKQ 22

P6 N183-197 SSRSSSRSRNSSRNS 15

P7 N249-266 KSAAEASKKPRQKRTATK 18

P8 N276-299 RRGPEQTQGNFGDQELIRQGTDYK 24

P9 N365-391 PTEPKKDKKKKADETQALPQRQKKQQT 26

The Genbank Accession number MN908947.3 was used for SARS-CoV-2, while NC004718.3 was used for SARS-CoV.

The N proteins of SARS-CoV-2 and SARS-CoV showed a number of long conserved regions. To analyze the effects of pre-
existing antibodies in the SARS-CoV infected population on the detection of SARS-CoV-2 when using the �ve epitope
regions for serological diagnosis, sequence alignment was performed between the �ve epitope regions of the SARS-CoV-2
and the SARS-CoV N proteins. Our results showed that N18-39 and N365-391 differed signi�cantly between SARS-CoV-2
and SARS-CoV and showed strong speci�city. N183-197 and N276-299 showed two and one differential sites, respectively,
but still had more than 10 consecutive amino acid residues that were fully conserved. The N249-266 region was fully
conserved in both (Fig. 3E). Therefore, a total of nine polypeptides corresponding to the �ve epitope regions of the SARS-
CoV-2 and SARS-CoV N proteins were synthesized and used for veri�cation in subsequent ELISA testing (Fig. 3).

Feasibility analysis of using �ve epitopes for clinical serological ELISA
testing
Based on the positive ELISA results for IgG and IgM in the serum samples of the 19 patients, the IgM antibody testing for
N18-39 and N365-391 were negative. The other three polypeptides showed positive reactions for IgG and IgM. (Fig. 4 and
Fig. 5).
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For the detection of IgG, the �ve-polypeptide epitope of the SARS-CoV-2 N protein showed speci�c positive reactions for IgG
in serum. However, the N18-39 polypeptide alone did not show any signi�cant difference with the N protein in the detection
of IgG antibody levels in the serum samples of the 19 patients. The detection levels of the other four polypeptides were
lower than that of the N protein (Fig. 4A). In addition, the detection level of the N18-39 polypeptide in the corresponding
region of the SARS-CoV N protein (N19-40) was the lowest among all four corresponding polypeptides. Only 4 of 19
samples tested positive, and the antibody titer was as low as 100-fold (Fig. 4B). At the same time, similar results were
obtained for SARS-CoV infected patients, with high antibody levels during the recovery period. Compared with the high IgG
antibody titer detected in the N19-40 peptide of SARS-CoV, the N protein of SARS-CoV-2 showed a higher level of antibody
titer detection, suggesting that there may be a large number of N proteins targeting different sites of cross-reactive
antibodies that can interfere with ELISA test results. Among the four peptides showing differences in the amino acids of the
two viruses, the detection level of the N18-39 polypeptide in the serum of eight patients was positive, the difference between
the samples was the most stable and the titer was the lowest. Only a 100–800 fold dilution produced positive results
(Fig. 4C). This suggests that the N18-39 polypeptide shows good speci�city and accuracy when used to detect the IgG
antibody levels in the serum of COVID-19 patients.

For the detection of IgM, although a positive IgM reaction could be detected using the N278-299 polypeptide, the antibody
level detected was signi�cantly lower than that with the N protein. The detection levels of N183-197 and N249-266 showed
good agreement with that of the N protein, with no statistically signi�cant differences (Fig. 5A). There are two differential
sites in the amino acid sequence of the SARS-CoV-2 N183-197 region and the corresponding N184-198 region in SARS-CoV,
causing N184-198 to produce negative results when detecting the serum IgM of COVID-19 patients. This implies that the
SARS-CoV-2 N183-197 polypeptide has good speci�city. In contrast, the N249-266 polypeptide sequence is identical
between the viruses, and the presence of IgM antibodies can be detected in the sera of patients infected by either virus
(Fig. 5B).

Discussion
The genome sequence data show that SARS-CoV-2 is a member of the betacoronavirus genus and belongs to the subgenus
that includes SARS-CoV (Sarbecovirus); it shows approximately 79% similarity to SARS-CoV at the nucleotide level. The
spike (S) protein, which is a key surface glycoprotein that interacts with the host cell receptor, and N protein, which has
strong antigenicity, are capable of inducing cellular immune response, and are the main target of serological diagnosis, also
show a high degree of similarity between viruses [15–17]. This is consistent with the results of the conservation and
speci�city analysis conducted in this study. During the evolution of SARS-CoV-2, the mutation rate of its N protein was
relatively low, and the phylogenetic tree shows a good characterization of its molecular evolutionary lineage with other
coronaviruses. It has the closest genetic relationship with SARS-CoV, with multiple continuous long conserved regions in the
N protein at the amino acid level, suggesting that the two may have cross-reactivity when using the N protein for antibody
detection. The SARS-CoV epidemic in 2003 did not spread on a global scale [18]. However, due to limitations at that time,
such as inadequate detection methods, de�cient diagnostic standards, lack of technical advances, and imperfect prevention
and control regulations for public health incidents, there may have been missed diagnoses or misdiagnoses of suspected
cases or close contacts. Therefore, in some of the hardest hit regions, such as Guangdong in China, Canada, and Singapore,
etc. there may be immunized populations with pre-existing SARS-CoV antibodies. It is still unclear whether these antibodies
have disappeared after more than ten years [19, 20]. Nevertheless, it is still necessary to be vigilant to the threat of a SARS-
CoV resurgence, which could occur if suitable viral hosts or transmission routes are established. This scenario is not unlike
in case of the SARS-CoV-2 epidemic, where the virus may already have existed in certain wild animals, such as bats or
pangolins [21–23], but spread to humans via suitable transmission routes, thereby causing a global pandemic.

At present, experimental data on the expression patterns of SARS-CoV-2 antibodies are scarce, and our understanding at
this stage is largely based on research on SARS-CoV. For the detection of IgG and IgM antibodies against the SARS-CoV N
protein, the average time taken for IgG to produce a positive result was one day lesser than that for IgM, and could be
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detected as early as four days after onset [24–26]. Our �ndings showed that in the serum samples of two patients collected
six days after onset, which was the earliest collection time in this study, IgM could be detected, but IgG was negative.
However, as the disease progressed, both IgG and IgM could be detected, and the antibody titer of IgG increased until it was
higher than that of IgM. During the recovery period, IgG remained at a high level, but IgM gradually disappeared. Kristi et al.
found in a small-sample survey that in the �rst serum sample collected when patients were admitted to the hospital, virus-
speci�c IgM and IgG titers were relatively low, or lower than the detection limit. However, by the �fth day, nearly all patients
showed positive or elevated antibody levels [27]. Detecting such early positive reactions for IgG and IgM and plotting the
trend of antibody levels are of great signi�cance for clarifying the infection and disease progression of SARS-CoV-2.

Studies have shown that SARS-CoV IgG antibodies can remain at high levels in patients for a long period of time, such that
among 257 SARS patients, antibody titers increased steadily for 4 to 6 months after the onset of SARS. The titers of most
cases peaked at 6 months. Even in cases where the antibody titer decreased rapidly, ELISA tests yielded positive results
even at 48 months, which indicates the possibility that speci�c antibodies may be present for a long time in SARS patients
[28]. The latest research has found that anti-SARS-CoV IgG can last up to 12 years, although IgG titers generally peaked in
2004. Until 2015, the IgG titers of medical workers infected with SARS-CoV remained at a very high level [29]. When SARS-
CoV-2 antibody-approved colloidal gold test strips and the ELISA method targeting the SARS-CoV-2 N protein were used to
test SARS-CoV patients in the recovery period, strong positive results were revealed. This result suggests that the N protein
as a target for antibody detection shows a strong cross-reaction in SARS-CoV infected people with pre-existing immunity,
which will affect the accuracy of the results. There is an urgent need to clarify the highly speci�c regions of the N proteins
of the two viruses to solve this problem. In this study, of the �ve epitope regions obtained by epitope prediction, the use of
two high-speci�city epitope regions, N18-39 and N183-197, for IgG and IgM detection, respectively, effectively overcame the
limitations of cross-reactivity. They showed good speci�city even between SARS-CoV-2 and SARS-CoV, and the antibody
levels detected were consistent with those detected by the complete N protein. These �ndings indicate that not all highly
conserved epitopes can be used alone in ELISA to detect antibody levels in the serum of patients. It is worth noting that
even the most speci�c N18-39 polypeptide, when testing SARS-CoV patient serum with high IgG antibody levels, also
detected low levels of IgG. When testing populations with pre-existing immunity for SARS-CoV, high-sensitivity ELISA
detection methods may produce false positives. However, after more than 15 years, the levels of IgG-speci�c antibodies in
people that were infected with SARS-CoV will be signi�cantly reduced; whether they can be detected requires further
exploration.

Conclusions
Nucleic acid tests are used to con�rm SARS-CoV-2 infection, but these tests can produce false-negative results. Antibody
testing can be a useful supplementary method. The N protein of coronaviruses plays important roles in inducing the host
immune response and are important targets for antibody testing. However, we do not know whether people previously
infected with other coronaviruses, especially SARS, may still have high antibody levels and produce positive results for
antibody tests targeting the N protein. In this study, we examined the N proteins of SARS-CoV-2 and other coronaviruses,
and tested whether the N protein can be useful for antibody testing. We found that SARS-CoV patients in the recovery stage
all produced strong positive test results. However, there are regions of the N protein that can be used for antibody detection
and some of these showed good speci�city even between SARS-CoV-2 and SARS-CoV, and the antibody levels detected
were consistent with those detected by the complete N protein. Our study provides new insights into antibody testing for
COVID-19. Given the spread of the epidemic at the global scale, this is of critical importance for the large-scale
supplementary diagnosis of suspected patients, close contacts of known cases, and even patients with false negatives.

List Of Abbreviations
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Abbreviation Full name

COVID-19 Current coronavirus disease

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2

N Nucleocapsid

WHO World health organization

DS2.5 Discovery studio 2.5

S Spike
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Figure 1

Speci�city analysis of the SARS-CoV-2 N protein. A: Phylogenetic tree of the N protein from SARS-CoV-2, Bat-CoV, SARS-CoV,
MERS-CoV, HCoV-229E, and HCoV-OC43 from outbreaks in different epidemic years in different countries and regions. B: N
protein sequence alignment of SARS-CoV-2, Bat-CoV, SARS-CoV, MERS-CoV, HCoV-229E, and HCoV-OC43
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Figure 2

Serum antibody titer of clinical patients for SARS-CoV-2 N protein detected using ELISA. A: During disease progression,
patients' serum IgG and IgM antibody titers showed dynamic changes. A detection value of 100 indicates that the ELISA
result was negative for serum diluted 100-fold. B: Differences in the serum IgG and IgM antibody titers of COVID-19 patients
in the �rst, second, and two weeks after onset. "#" indicates tested negative for serum diluted 100-fold; "*" and "***" indicate
P values of <0.05 and <0.01, respectively, for the statistical analysis between the latter and former periods. C: Differences in
serum IgG and IgM antibody titers between mild and severe COVID-19 cases two weeks after onset. D: Comparison of
serum IgG and IgM antibody levels in patients with "re-detectable positives" during hospitalization and after discharge, "***"
indicates P<0.01. E: SARS-CoV-2 antibody detection kit for testing the serum of SARS-CoV infected patients during the
recovery period. F: ELISA method targeting the SARS-CoV-2 N protein to test the serum of SARS-CoV infected patients
during recovery.
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Figure 3

Epitope prediction process for the SARS-CoV-2 N protein. A: Alignment of epitope prediction results from ABCpred, BCEpred,
and IEDB for SARS-CoV-2 N protein. B-D: Three-dimensional structure of the �ve epitope regions. E: Alignment of the SARS-
CoV N protein sequences to analyze the speci�city of the �ve epitope regions.
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Figure 4

Use of nine polypeptides in ELISA to detect serum IgG levels in patients. A-B: Detection value of 100 indicates that the ELISA
result was negative for serum diluted 100-fold. A: Comparison of detection levels between the �ve epitope polypeptides and
N protein of SARS-CoV-2. "*" and "***" indicate P<0.05 and P<0.01, respectively, in the statistical analysis between the
polypeptide and N protein detection results. B: Comparison of detection levels between the four polypeptides in
corresponding regions and the N protein of SARS-CoV-2. C: Veri�cation of serum cross-reactivity in the recovery stage of
SARS-CoV infected patients.
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Figure 5

Use of nine polypeptides in ELISA to detect serum IgM levels in patients. A-B: Detection value of 100 indicates that the
ELISA result was negative for serum diluted 100-fold. A: Comparison of detection levels between the �ve epitope
polypeptides and N protein of SARS-CoV-2. "***" indicates P<0.01 in the statistical analysis between the polypeptide and N
protein detection results. B: Comparison of detection levels between the four polypeptides in corresponding regions and the
N protein of SARS-CoV-2.


