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Abstract
Objective: The aim of the study was to analyze the relation-
ship between serum antibody and neutralizing antibody ti-
ters in convalescent coronavirus disease 2019 (COVID-19) 
patients with different disease severities, and the seroposi-
tive reaction rates of 9 reported B-cell epitopes of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
Methods: Serum IgG and total antibody titers of 165 conva-
lescent COVID-19 patients were determined by chemilumi-
nescence, the serum neutralization antibody titers were de-
termined by microneutralization assay, and the S/CO values 
of 9 peptides were detected by indirect enzyme-linked im-
munosorbent assay. Correlations between the aforemen-
tioned indexes were statistically analyzed, and differences in 
patients with different diseases severities were evaluated. 
Results: IgG, total antibody, and neutralizing antibody titers 

increased with disease severity. The positive rate of the re-
ceptor-binding region (RBD) was 100%, and the average 
positive rate for all the 9 peptides was above 50% in 165 pa-
tients. IDf showed the highest rate of positivity (86.06%), 
with a rate of 95% for the (IDf + IDa) pattern. Moreover, S/CO 
values of RBD and mix (IDh) were significantly correlated 
with IgG, total antibody titers, and neutralizing antibody ti-
ters (p < 0.001), whereas the S/CO values for other 8 peptides 
showed no obvious correlation. Conclusion: In this study, a 
large sample was used to confirm that the peptide IDf had a 
high positive reaction rate for all patients (86.06%) and also 
had the highest detection rate in asymptomatic patients 
(86.67%). Only long peptide and mixed peptide showed cor-
relation with neutralizing antibody titers, suggesting that 
the ability of SARS-CoV-2 antibody to neutralize virus infec-
tivity may require the interaction of multiple sites.
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Introduction

The epidemic of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) posed a serious threat to the 
global public health [1, 2]. Scientists have carried out 
valuable research on this topic, and the study of B-cell 
epitopes is of great significance for the development of 
vaccines and antibody detection reagents. The spike (S) 
protein of SARS-CoV-2 plays an important role in the 
process of virus binding to the angiotensin-converting 
enzyme 2 receptor and cell membrane fusion as well as 
entry into host cells. Thus, blocking the binding of S pro-
tein and angiotensin-converting enzyme 2 receptor is an 
effective strategy to prevent coronavirus entering target 
cells [3–5]. On July 1, 2020, Zhang et al. [6] identified 9 
linear immunodominant (ID) epitopes by using the se-
rum samples from 39 patients with coronavirus disease 
2019 (COVID-19) and found that 4 linear immune loci 
were located in the receptor-binding region (RBD). In the 
present study, we used serum samples from 165 CO-
VID-19 patients to confirm the positive reaction rates of 
9 epitopes and analyzed the relationship between the S/
CO values of 9 epitopes, the IgG concentration, and neu-
tralizing antibody titers.

Materials and Methods

Serum Source of Discharged Patients
Blood samples and clinical information of 165 discharged CO-

VID-19 patients were collected during March 5, 2020 to May 12, 
2020, in Shenzhen, China. These discharged patients were treated 
at the Third People’s Hospital of Shenzhen and met the COVID-19 
discharge criteria. According to the classification of clinical symp-
toms in the Novel Coronavirus Pneumonia Diagnosis and Treat-
ment Plan (Provisional 7th Edition) promulgated by the National 
Health Commission of the People’s Republic of China [7], 165 CO-
VID-19 patients were divided into asymptomatic patients (30, 
18.18%), mild patients (22, 13.33%), moderate patients (106, 
64.24%), and severe and critically ill patients (7, 4.24%) (there was 
one critical case included to facilitate the statistics).The median age 
of all patients was 33 years, and the proportion of female patients 
was 52.72%. At the same time, serum samples from 20 healthy 
people were collected as the negative control group. The control 
population was free of SARS-CoV-2 infection, and HIV, hepatitis 
C, and syphilis serum tests were all negative. To ensure biosafety, 
the serum samples were incubated at 56°C for 30 min to avoid po-
tential risks. This study was reviewed by the Ethics Committee of 
Shenzhen Center for Disease Control and Prevention in Guang-
dong Province (QS2020070048).

Total Antibody and IgG Antibody Detection
The Caris200 Automatic Chemiluminescence Instrument and 

Chemiluminescence Kit (Xiamen Wantai Biological Pharmacy 
Enterprise Co., Ltd, Xiamen, China) were used to detect IgG and 

total antibody levels. Both the instrument and reagent were certi-
fied by the China National Medical Products Administration 
(NMPA) (National Instrument Registration Certificate 
20203400198). This method used the SARS-CoV-2 S-RBD as the 
detection antigen, and the detection indicator was COI value. The 
COI was the sample detection value/cutoff value, and the cutoff 
value was the average serum test result from 5 healthy people. The 
serum samples with COI above 1 were considered positive.

Microneutralization Assay
Neutralizing antibody titers were measured by microneutral-

ization assay. The SARS-CoV-2 virus isolate (20SF014/Vero-E6/3) 
and the Vero-E6 cell line were used for this assay. Vero-E6 cells 
were seeded in 96-well plates at 1∼2 × 104 cells/100 μL and cultured 
for 12 h (37°C, 5% CO2). After heat inactivation at 56°C for 30 min, 
the serum was diluted by gradient dilution of 1:4, 1:16, 1:64, 1:256, 
and 1:1,024. The SARS-CoV-2 virus was incubated with serum at 
a titer of 104.67 TCID50/50 μL for 2 h. Next, 100 μL of diluted se-
rum and virus sample mixture were added to wells containing the 
Vero-E6 cells. Viral positive controls were prepared with the titers 
of 100 TCID50/50 μL, 10 TCID50/50 μL, 1 TCID50/50 μL, and 0.1 
TCID50/50 μL, respectively, and cultured with the samples simul-
taneously. When complete cytopathic effect occurred in the posi-
tive control wells of TCID50/50 μL virus, the level of cytopatho-
genic effect for each well was recorded. For each serum sample, the 
reciprocal of the highest dilution of serum that could protect 50% 
of the cell well from cytopathic effect was defined as the SARS-
CoV-2 neutralizing antibody titer of that sample. The titer was 
above 1:4, which was considered positive. All operations are per-
formed in a level 3 biosafety laboratory.

Peptide Synthesis and Dissolution
The peptides used in this study were synthesized by Sangon 

Biotech Co., Ltd. (Shanghai) and transported in the form of freeze-
dried powder. The quality of all peptides was detected by mass 
spectrometry, and the purity was 98%. Each peptide segment was 
20–25 amino acid residues in length, with 5 overlapping amino 
acid residues in adjacent sequences. The solvent used for the dis-
solution of the peptide was prepared according to the instruction 
manual, that is, and dissolved in ultra-pure water or 75% ethanol, 
25% ddH2O (double-distilled water) and 5% formic acid.

Indirect Enzyme-Linked Immunosorbent Assay
The peptide solution with final concentration of peptides (2.5 

μg/mL) was prepared (except peptide IDe: 0.5 μg/mL) by dissolv-
ing in carbonate buffer. The S-RBD (CUSABIO; # CSB-MP-
3324GMY1b1) was used as the positive antigen control, with a 
final concentration of 0.2 μg/mL. Each well of a 96-well plate (# 
42592; Corning) was added with 100 μL of peptide solution and 
coated overnight at 4°C. The plate was washed 5 times with 300 
µL wash solution (0.05% Tween-20 and 1% bovine serum albumin 
in PBS). Blocking with 300 μL blocking solution (5% skim milk 
powder and 0.1% Tween-20 in PBS) for overnight at 4°C. The 
plate was washed 5 times and added 100 µL/well of inactivated 
serum from patients diluted at 1:80 in blocking buffer, followed 
by incubation at 37°C for 1 h after shaking. Each sample was test 
duplicate. The plate was washed and added 100 µL/well of solution 
containing rabbit anti-human IgG HRP conjugate (# 6759, diluted 
at 1:130,000; Abcam), followed by incubation at 37°C for 1 h. The 
plate was washed and added 100 µL/well of TMB (# EK0011; Multi 
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Science). After shaking, plates were incubated at room tempera-
ture in the dark for 25 min and added 100 μL/well of stop solution. 
The OD value was determined at 450 nm as the maximum absorp-
tion wavelength and 630 nm as the reference wavelength. Samples 
from a healthy person were used as negative controls, and 6 nega-
tive control wells were set for each plate. The cutoff value was 
based on the mean value of negative controls plus 3 times the 
standard deviation. The serum samples with an S/CO above 1 
were considered positive.

Data Analysis
SPSS Statistics 21, GraphPad Prism 8.0, and Origin 2021 were 

used for statistical analysis and plotting. The χ2 test was used to 
analyze the difference in the positive rate of different epitopes. The 
Kruskal-Wallis H test was used to analyze the difference in anti-
body titers (COI) and epitope S/CO values. Correlation analysis 
was carried out by using Spearman’s rank correlation, and the 3D 
structure of protein was analyzed online using by NCBI website. 
When p < 0.05, the difference was considered statistically signifi-
cant: *p < 0.05, **p < 0.01, and ***p < 0.001.
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Fig. 1. Distribution of serum antibody levels in 165 convalescent COVID-19 patients with different disease sever-
ity. Total antibody levels (COI) (a), IgG levels (COI) (b), and neutralizing antibody titers (c). COI: sample detec-
tion value/cutoff value. Each small triangle represented the detection value of 1 sample. Data are shown as me-
dian (IQR). IQR, interquartile range; COVID-19, coronavirus disease 2019.
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Fig. 2. S/CO values of each peptide and the positive reaction rates of the peptides in convalescent serum from 
COVID-19 patients by using indirect ELISA. a The S/CO values of each peptide in 165 convalescent COVID-19 
serum samples. Each point represented per patient, and the data are represented as the median (interquartile 
range). b The overall seropositive reaction rates of the 8 short peptides in 165 convalescent COVID-19 serum 
samples. c–f The seropositive reaction rates of 8 short peptides in 165 convalescence COVID-19 patients with 
different disease severity. S/CO value: sample OD value/cutoff value, the sample with S/CO > 1 was regarded as 
positive, and the cutoff value was the average OD value of healthy people plus 3 times the SD. COVID-19, coro-
navirus disease 2019; ELISA, enzyme-linked immunosorbent assay.
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Results

Description of the Antibody Levels of the Samples
This study measured total antibody, IgG antibody, and 

neutralizing antibody titers in 165 convalescent CO-
VID-19 patients. The positive rates of total antibody and 
IgG were 98.78% (163/165). The median COI (interquar-
tile range [IQR]) of total antibody and IgG were 128.39 
(267.52) and 20.43 (8.39), respectively. The neutralizing 
antibody detection rate was 90.67% (136/150), and the 
median (IQR) was 1:32 (1:24). Overall, IgG, total anti-
body, and neutralizing antibody titers increased with dis-
ease severity (shown in Fig. 1a–c).

Positive Rates of the Reactions between Peptides and 
Serum
According to enzyme-linked immunosorbent assay 

results, the median S/CO (OD value/cutoff value) of the 
reactions between peptides (IDa to IDi) and serum ranged 
from 1.07 to 1.68 peptide mixture (mix [IDh]) among the 
165 convalescent patients. The S/CO value of mix (IDh) 
was higher than that of other peptides (p < 0.001) (shown 
in Fig. 2a). Mix (IDh) is a mixed long peptide fragment 
with amino acid sites ranging from 522 to 646, including 

125 amino acids. In terms of detection rate, we were un-
able to compare it with other short peptides.

As shown in figure, the overall positive reaction rates 
of 8 short peptides were as follows: (1) RBD was used as 
the positive control the positivity rate was revealed as 
100% when reacting with all the serum samples from pa-
tients, with a median S/CO (IQR) of 18.46 (10.87). (2) For 
the short peptides, the overall positive reaction rates were 
67.27% for IDa, 70.91% for IDb, 60% for IDc, 66.06% for 
IDd, 66.06% for IDe, 86.06% for IDf, 78.79% for IDg, and 
78.79% for IDi. The positive rates of all peptides were 
>50% (shown in Fig. 2b). (3) Among these 8 peptides, the 
positive rate of IDf was significantly higher than that of 
the other peptides (p < 0.001). Regarding samples of dif-
ferent clinical types, IDf also showed an advantage in de-
tection, especially in asymptomatic and mild patients, 
reaching a rate of >95% (shown in Fig. 2c–f). (4) Analysis 
of different peptide combinations showed that the overall 
positive rate was 94.55% for (IDb + IDf), and the positive 
rate of (IDb + IDf + IDg) was 97.57% (shown in Fig. 3a), 
both of which were significantly higher than the detection 
rate of IDf (p < 0.001). In addition, the combination of 
IDf with any peptide showed a positive reaction rate 
>90% (shown in Fig. 3b).
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Correlation Analysis between Peptides and Antibody 
Levels
The S protein of SARS-CoV-2 had 2 subunits: S1 and 

S2 [8–10]. Among the 9 peptides used in this study, IDi 
was located on the S2 subunit, whereas the others are lo-
cated on S1 and 4 peptides, IDd, IDe, IDf, and IDg, are 
located in the RBD (shown in Fig. 4a). From the perspec-
tive of spatial location, mix (IDh) was close proximity to 
the RBD, and IDf is located in the RBD (shown in Fig. 4b).

The analysis showed that the S/CO values of RBD 
showed the highest correlation with IgG levels (r = 0.73, 
p < 0.001). Conversely, the S/CO values of all short pep-
tides exhibited no correlation with IgG levels or total an-
tibody levels. In the analysis of the correlations between 
the neutralizing antibody titers and peptides, the correla-
tion coefficients between the neutralizing antibody titers 
and S/CO values of the RBD and mix (IDh) were 0.53 and 
0.48, respectively (p < 0.001). In addition, correlation co-
efficients of mix (IDh) with total antibody levels, IgG lev-
els, and RBD levels were 0.47, 0.42, and 0.39, respectively 
(p < 0.001) (shown in Fig. 4c), while there was no correla-
tion between neutralizing antibody titers and the other 
peptides, including the 4 located in the RBD (shown in 
Fig. 4c).

Discussion

In July 2020, Zhang et al. [6] reported 9 B-cell linear 
epitopes of the SARS-CoV-2 S antigen. S antigen is the 
main antigen for virus neutralizing antibodies . Nowa-
days, research on its antigenic epitopes has important sig-
nificance for vaccine development and diagnosis. At the 
beginning of this study, few S antigen epitopes have been 
reported, and the sample sizes of those studies were rela-
tively small. The 9 peptides used in this study are the lat-
est B-cell linear epitopes published by Zhang et al. [6].

Zhang et al. [6] reported the positive reaction rates of 
the 9 peptides to 35 serum samples were above 50%. In 
the present study, the 9 peptides were individually vali-
dated via serum samples from 165 convalescent CO-
VID-19 patients. The results showed positive reaction 
rates of 9 peptides ranging from 60% to 86.06%, with the 
rate of short peptides IDf being significantly higher than 
that of other peptides, even higher than mix (IDh). More-
over, IDf displayed a significant detection advantage 
when compared with the other 3 peptides located in the 
RBD region. These results indicated that IDf was a dom-
inant B-cell epitope, which was of great significance for 
the development of SARS-CoV-2 detection kits and may 

have reference value for the development of peptide vac-
cines.

Amrun et al. [11]found that both the sensitivity and 
specificity of S14P5 (TESNKKFLPFQQFGRDIA) for the 
detection of serum samples from 79 COVID-19 patients 
were above 86%, higher than that of the 9 peptides in this 
study. These results further indicated that the function of 
each B-cell epitope is diverse, and it is valuable to screen 
for dominant epitope. In this study, mix (IDh) was a mix-
ture of 6 peptides that contained the S14P5 amino acid 
sequence; however, its positive reaction rate of 83% may 
due to the following reasons: (1) the amino acid sequence 
of S14P5 was distributed on 2 different peptides in mix 
(IDh) (shown in online suppl. Table 1; see www.karger.
com/doi/10.1159/000517717 for all online suppl. mate-
rial), affecting its binding ability (2) or the different sam-
ple size and the composition ratio of patients with differ-
ent disease severity may have caused the difference. 
Among 165 patients in this study, 19.4% (32) were as-
ymptomatic; asymptomatic patients usually had lower 
antibody titers.

Antibodies were the main evaluation indicator of vac-
cine efficacy, while neutralizing antibody titers could ef-
fectively reflect the blocking of antibodies against viruses. 
This study found that the positive rates of IgG and total 
antibody in 165 convalescent COVID-19 patients were 
both 98.8%, consistent with previous reports [12–14]. 
The positive reaction rate of the neutralizing antibody in 
the 150 tested patients was 90.67%, and the median (IQR) 
was 1:32 (1:24). However, the S/CO values of the 8 pep-
tides were not correlated with the neutralizing antibody 
titers. Notably, IDd, IDe, IDf, and IDg were located in 
RBD, and none of these 4 epitopes was correlated with 
neutralizing antibody. The result indicated that not all the 
B-cell epitopes located in the RBD was associated with 
neutralization capacity. However, this study showed that 
the RBD and mix (IDh) were significantly correlated with 
the neutralizing antibody titers, suggesting that the abil-
ity of novel coronavirus antibody for virus neutralization 
may require multiple epitope sites; however, the existence 
of predominant epitopes cannot be ruled out.

This study conducted comprehensive antibody detec-
tion and analysis of serum samples from 165 convalescent 
COVID-19 patients, but the number of epitopes we ana-
lyzed were limited. With the continuous discovery of new 
B-cell epitopes of SARS-CoV-2, the peptide combina-
tions for serological detection are constantly improving 
[15–17]. This study found a high overall positive reaction 
rate and a high detection rate for IDf in asymptomatic 
patients. The combination of the IDf with other peptides 
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showed obvious detection advantages in improving the 
positive rate of serological detection, which is of great sig-
nificance for the detection of antibodies against CO-
VID-19.
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