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INTRODUCTION

Abstract

Introduction: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
spread rapidly to 185 regions and countries around the world with more than 2.8
million confirmed infections and 203,044 deaths. Respiratory diseases caused by
SARS-CoV-2 are serious threats to human health.

Objectives: To develop a rapid detection kit for new coronavirus antibodies and use
it to study the dynamic changes in antibodies in clinically confirmed SARS-CoV-2-
infected patients.

Methods: The SARS-CoV-2 [gM/IgG antibody test kit (colloidal gold method) was
developed. Serum SARS-CoV-2 IgM and IgG antibodies were tested in SARS-CoV-
2- and non-SARS-CoV-2-infected persons, respectively.

Results and conclusion: The sensitivities of the SARS-CoV-2 IgM/IgG antibody
test kit (colloidal gold method) were 50%, 70%, 92.5% and 97.5% after 1-3 days, 4-6
days, 7-9 days and >9 days of admission, respectively, and the specificities of the
IgM, IgG and IgM + IgG antibodies were all 100%. Using the SARS-CoV-2 IgM/
IgG antibody test kit (colloidal gold method), the positive rates of SARS-CoV-2
IgM and IgG antibodies increased from 50% to 92.5% after 1-3 days, 4-6 days and
7-9 days of admission, which showed an increasing trend. The titers of the SARS-
CoV-2 IgM and IgG antibodies in the positive specimens increased with the length

of admission.
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cases, and the risk of hospital infection increases during treat-
ment, posing a serious threat to health and lives.? The incuba-

SARS-CoV-2 causes neo-coronary pneumonia. It belongs
to the genus Coronavirus f, and it is the seventh coronavi-
rus known to infect humans." Its genome is a linear single-
stranded positive-stranded RNA that is approximately 80%
homologous to the SARS-CoV gene.2 SARS-CoV-2 infec-
tions cause respiratory tract inflammation, immune system
disorders and severe pneumonia. They can be fatal in severe

tion period of the disease is generally 3—7 days; the shortest
incubation period is 1 day and the longest incubation period is
30 days. The infection is contagious during the incubation pe-
riod. The disease is mainly transmitted from person to person
through droplets and contact, and there may be a risk of aero-
sol transmission in closed unventilated places.4’5 The basis for
a previous diagnosis has been a positive nucleic acid test result
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or confirmation that the virus gene sequence is highly homol-
ogous with SARS-CoV-2. However, several factors have led to
increased false-negative results of nucleic acid testing,6 which
has had a huge impact on the diagnosis of SARS-CoV-2 infec-
tion and epidemic prevention and control. To provide enough
evidence for diagnosis from a single pathology perspective,
the National Health Commission’s latest announcement on 4
March 2020, entitled “New Coronavirus Infected Pneumonia
Diagnosis and Treatment Guideline (Trial Version 7)”, added
serological tests to the original pathology setup for confirm-
ing diagnosed cases, which include suspected cases plus “new
coronavirus-specific IgM antibody and IgG antibody posi-
tive”, “new coronavirus-specific IgG antibody changed from
negative to positive” or “antibody levels confirmed to be 4
times higher during the recovery period than the acute phase”.
At the same time, the exclusion criteria for suspected cases
were as follows: two consecutive tests of the novel coronavirus
nucleic acid test are negative (sampling time interval of at least
24 hours), and the new coronavirus-specific antibodies IgM
and IgG are still negative 7 days after the onset of illness.
Specific proteins of the new coronavirus, such as S protein or
N protein, can stimulate the immune system of an infected per-
son and initiate an immune response, producing virus-specific
IgM and IgG antibodies. The detection of virus-specific [gM
and IgG antibodies in the serum of suspected patients, using
reagents produced by recombinant S protein or N protein an-
tigens, can compensate for the lack of pathogenic detection
during diagnosis and the exclusion of suspected cases of new
coronary pneumonia and complement pathogenic detection.

2 | MATERIALS AND METHODS

2.1 | Choice of antigen

The SARS-CoV-2 N antigen was obtained from two expres-
sion systems of the PET28 vector + BL21 (DE3) strain and
the pPCMVp-NEO-BAN vector + HEK?293 cell line. These re-
sults were verified using the serum of SARS-CoV-2- and non-
SARS-CoV-2-infected persons. The SARS-CoV-2 N antigen
obtained from the expression system of the pCMVp-NEO-
BAN vector + HEK293 cell line showed a better [gM antibody
and IgG antibody performance than those expressed by the
PET?28 vector + BL21 (DE3) strain during testing of the serum.

2.2 | Development of SARS-CoV-2 IgM/IgG
antibody test kit (colloidal gold method)

The research team developed a SARS-CoV-2 IgM/IgG anti-
body test kit (colloidal gold method) and evaluated its sensi-
tivity and specificity.

2.3 | Test principle of SARS-CoV-2 IgM/IgG
antibody test Kit (colloidal gold method)

SARS-CoV-2 IgM/IgG was detected using the SARS-
CoV-2 recombinant antigen and mouse anti-human IgM/
IgG antibody. SARS-CoV-2 IgM/IgG reacted with the
colloidal gold-bound SARS-CoV-2 recombinant antigen
in the sample. The complex was chromatographed along
a membrane, and it reached a detection line (T) with mu-
rine anti-human IgM and IgG antibodies. When the result
was positive, the colloidal gold SARS-CoV-2 recombinant
antigen—antibody complex was bound to the IgM or IgG
detection line (T), and it was purple-red. When the result
was negative, the sample did not contain any SARS-CoV-2
recombinant antigen—antibody complex that could bind to
the IgM/IgG detection line (T), and the color was not visible
(shown in Figure 1).

2.4 | Verification of SARS-CoV-2 IgM/IgG
antibody test Kit (colloidal gold method)

The sensitivity and specificity of the SARS-CoV-2 IgM/
IgG antibody test kit (colloidal gold method) were deter-
mined using serum samples from 40 clinically confirmed
COVID-19 patients and 94 non-COVID-19 populations.
Forty COVID-19 patients were enrolled from the First
Affiliated Hospital of Anhui Medical University. All the
COVID-19 patients were diagnosed based on the results
from the nucleic acid reverse transcription-polymerase
chain reaction (RT-PCR) test as well as the pathological
changes observed in computed tomography (CT) images.
The 94 samples with pharyngeal swab or sputum SARS-
CoV-2 nucleic acid negative results were obtained from
the First Affiliated Hospital of Anhui Medical University,
including 24 samples of pregnant women (serum of preg-
nant women at 15-30 weeks), 25 serum samples of pa-
tients with other respiratory infections (non-COVID-19
patients with respiratory symptoms, such as mycoplasma
pneumoniae, parainfluenza virus, adenovirus and influ-
enza B virus), 24 serum samples of individuals with in-
creased rheumatoid factor (more than one time above the
upper limit of reference value; reference value: 0—14 IU/
mL), and 21 hemolytic samples. The anti-229E (alphac-
oronavirus) IgG-positive (five samples), anti-NL63 (al-
phacoronavirus) IgG-positive (five samples), anti-OC43
(betacoronavirus) IgG-positive (five samples), anti-HKU1
(betacoronavirus) IgG-positive (five samples) and anti-
rhinovirus IgG-positive serum samples (five samples)
were detected using the SARS-CoV-2 IgM/IgG anti-
body test kit (colloidal gold method). All the results were
negative.
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FIGURE 1 Colloidal gold immunochromatographic test results

2.5 | Research object

Forty COVID-19 patients, aged between 21 and 71 years,
with a median age of 46 years were enrolled from the First
Affiliated Hospital of Anhui Medical University. All the
COVID-19 patients were diagnosed based on the results
from the nucleic acid reverse transcription-polymerase chain
reaction (RT-PCR) test as well as the pathological changes
observed in computed tomography (CT) images. The 1061
samples with pharyngeal swab or sputum SARS-CoV-2 nu-
cleic acid and serum SARS-CoV-2 IgM and IgG antibody
negative results were obtained from the First Affiliated
Hospital of Anhui Medical University. They included the
following: 281 patients with other respiratory infections
(non-COVID-19 patients with respiratory symptoms), aged
between 2 and 99 years, with a median of 51 years; 252 non-
respiratory patients (including 30 cases of theumatic immune
system diseases and 20 cases of severe liver disease), aged
between 1 and 90 years, with a median of 50 years; 416 preg-
nant women (serum of pregnant women at 15-30 weeks),
aged 18-34 years, with a median of 27 years; 112 cases of
normal physical examination population, aged 23-72 years,
with a median of 50 years.

2.6 | Specimen collection and processing

Serum samples were used in this study. Blood samples were
collected from patients with SARS-CoV-2 infection after 1-3
days, 4-6 days, 7-9 days and 9 days of admission. The blood
samples were collected from 7 AM to 7:30 AM every day,
sent for testing within 30 min and centrifuged at 3500 rpm
for 5 min to obtain the sera followed by SARS-CoV-2 IgM
and IgG antibody testing. The sera of the non-COVID-19
populations were obtained from the remaining samples
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after clinical testing. Considering the potential transmission
through blood, all the blood samples were inactivated at 56°C
for 30 minutes.

2.7 | Antibody titer testing

The remaining serum samples of patients with non-respiratory
infections were collected, mixed and tested with the SARS-
CoV-2 IgM/IgG antibody test kit (colloidal gold method)
to confirm the SARS-CoV-2 IgM- and SARS-CoV-2 IgG-
negative cases. The COVID-19 serum samples were diluted
with the negative serum collected above and tested with
the SARS-CoV-2 IgM/IgG antibody test kit (colloidal gold
method) until they were found to be SARS-CoV-2 IgM and
SARS-CoV-2 IgG negative. The highest dilution factor was
determined (Figure 2).

2.8 | Statistical method

Chi-squared inspection was used for comparison (chi-square
test).

3 | RESULTS

3.1 | Sensitivity and specificity of the SARS-
CoV-2 IgM/IgG antibody test kit (colloidal gold
method)

The SARS-CoV-2 IgM/IgG antibody test kit (colloidal gold
method) was used to detect IgM and IgG antibodies in serum
samples from 40 clinical COVID-19 patients. The sensitivi-
ties of the IgM antibody, IgG antibody and IgM antibody +
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FIGURE 2 Dilution of sample

TABLE 1 Sensitivity of the SARS-CoV-2 IgM/IgG antibody test
kit (colloidal gold method)

1-3days 4-6days 7-9days >9 days
Sensitivity (%) (%) (%) (%)
IgM antibody 50 70 92.5 97.5
IgG antibody 50 70 92.5 97.5%
IgM antibody + 55 75 95 97.5

IgG antibody

IgG antibody (IgM antibody, IgG antibody alone or both are
positive) reached 97.5% after 9 days of hospitalization (the
results are shown in Table 1).

The SARS-CoV-2 IgM/IgG antibody test kit (colloidal
gold method) was used to detect IgM and IgG antibodies in
94 non-COVID-19 serum samples. The specificities of the
IgM antibody, IgG antibody and IgM antibody + IgG anti-
body were all 100%.

3.2 | Study on Kinetics of antibody from
SARS-CoV-2-infected population

3.2.1 | Changes in IgM and IgG antibody
positivity rates at different times of SARS-
CoV-2 infection

The antibody-positive rate increased from 50% to 92.5% after
1-3 days and 7-9 days of admission and 97.5% after 9 days
of admission (the results are shown in Figure 3). However,
one patient was still negative for IgM and IgG antibodies on
day 22 after admission.

3.2.2 | Changes in antibody titers of SARS-
CoV-2-infected patients after admission

The titers of the IgM antibody-positive patients were mainly
1-2 times after 1-3 days of admission. Two patients had IgM

antibody titers of more than 4 times. The IgM antibody titers
were as follows: mainly 2-8 times within 4-6 days, and two
patients had titers of more than 8 times; mainly 2-16 times
within 7-9 days, and four patients had titers of more than 16
times; and mainly 4-32 times after more than 9 days, and
four cases reached 64 times. No patient had an IgM antibody
titer exceeding 64 times (see Figure 4A). The IgG and IgM
antibody titers showed similar trends (Figure 4B).

3.3 | Analysis of false-positive rates of
SARS-CoV-2 IgM and IgG antibodies in non-
SARS-CoV-2-infected people

Of the 1061 samples of non-SARS-CoV-2-infected partici-
pants, the IgM test results were positive in 6 from other res-
piratory infection patients and 2 from pregnant women. All
8 IgM-positive samples were weakly positive. After 1 week,
the results of the re-sampled serum were negative (see the
results in Table 2). There were no false-positive results for
IgG for the 1061 samples of the non-SARS-CoV-2-infected
people. The results are shown in Table 3.

4 | DISCUSSION

In this study, the SARS-CoV-2 N antigen obtained from the
two expression systems of the PET28 vector + BL21 (DE3)
strain and pCMVp-NEO-BAN vector + HEK293 cell line
was verified. The SARS-CoV-2 N antigen obtained from
the pCMVp-NEO-BAN vector + HEK293 cell line for the
detection of the IgM and IgG antibodies in the serum was
better than that of the PET28 carrier + BL21 (DE3) strain.
It may be because the prokaryotic expression system can-
not form the correct protein spatial structure. Therefore, the
pCMVp-NEO-BAN vector + HEK293 cell line was selected
to express the antigen for subsequent research. During this
project, the SARS-CoV-2 IgM and IgG antibody kits were
developed based on colloidal gold immunochromatography.
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FIGURE 3 Changes in IgM and IgG antibody positive rates in patients with SARS-CoV-2 infection at different days of admission
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FIGURE 4 IgM antibody and IgG antibody titers in patients with SARS-CoV-2 infection on different days of admission

TABLE 2  Analysis of IgM test results in 1061 non-SARS-CoV-2-infected people

S/N Sample type Sample amount IgM(+) IgM(-) False-positive rate
1 Samples of patients with other respiratory 281 6 275 2.1%
infections
2 Pregnant woman sample 416 2 414 0.5%
3 Non-respiratory infection patient samples 252 0 252 0
4 Physical examination sample 112 0 112 0
5 Total 1061 8 1053 0.75%
After verification using the sera of the SARS-CoV-2- and A medical team from Guangzhou established a rapid

non-SARS-CoV-2-infected patients, the colloidal gold im- [gM-IgG antibody detection method and used the kit for
munochromatography kit had high sensitivity (see Table 1) clinical research. The clinical sensitivity and specificity
with a specificity of 100%. of the test were determined using blood samples from 397
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TABLE 3  Analysis of IgG test results in 1061 non-SARS-CoV-2-infected people

S/N Sample type

1 Samples of patients with other respiratory 281
infections

2 Pregnant woman sample 416

3 Non-respiratory infection patient samples 252

4 Physical examination sample 112

5 Total 1061

COVID-19 patients and 128 negative patients, which were
confirmed by PCR in 8 different hospitals. The detection
sensitivity and specificity were 88.66% and 90.63%, respec-
tively. This study indicates that the combined IgM-IgG test
has better practicality and sensitivity than a single IgM or
IgG test.” Our results also show that the combined detection
of IgM and IgG can increase the detection rate of infected
patients (see Table 1).

Guo et al. reported that the positive rates of IgM antibod-
ies and IgG antibodies in SARS-CoV-2-infected patients in-
creased significantly after 7-14 days of symptorns.8 Another
study reported that the IgG detection rates reached 100.0% in
samples collected on day 13 or later using an immunochro-
matographic assay kit.” Considering the uncertainty of the
time patients can recall the symptoms, this study used the
number of days of admission as the basis for grouping. The
results showed that the positive rates of IgM and IgG antibod-
ies 1-3 days, 4-6 days, 7-9 days and more than 9 days after
admission (see Figure 3) were 50%, 70%, 92.5% and 97.5%,
respectively, suggesting that the antibody positivity rate in-
creased rapidly during the early stages of infection, and anti-
body detection can be used as an indicator for SARS-CoV-2
infection. However, one infected person was negative for IgM
and IgG antibodies during the third week. From the medical
records, this infected person only had a history of exposure
and did not show clinical symptoms. The nucleic acid test
continued to be positive, suggesting that there was a delay in
antibody production in the individual, which required atten-
tion. At the same time, we found an interesting phenomenon:
the positive rate of [gM and IgG antibodies showed a parallel
rise (see Figure 3), and further research is needed.

The serum antibody titers of COVID-19 patients increase
with the length of hospital stay, but there are individual dif-
ferences. After more than 9 days of hospitalization, antibody
titers of 70% of patients can rise to more than 4 times, and
those of some patients can rise to 32-64 times (see Figure
4). The test results of 1061 non-SARS-CoV-2-infected peo-
ple showed eight cases of weak positive SARS-CoV-2 [gM
results: six cases of other respiratory infections and two cases
of pregnant women. The results were reviewed after 1 week,
and they were negative. It has been suggested that some fac-
tors interfere with the detection of SARS-CoV-2 IgM in other
respiratory infections and pregnant women, but the result can

Sample amount

IgG(+) IgG(-) False-positive rate
0 282 0
0 416 0
0 252 0
0 112 0
0 1061 0

be confirmed by a retest after 1 week. Negative health check-
ups and other systemic diseases, such as rheumatic immune
system disease and severe liver disease, did not affect the test
results.

The specificity and sensitivity of the SARS-CoV-2 virus
serology enzyme-linked immunosorbent assay (ELISA) kit
were reported as 97.5% and 97.1%, respectively, by a pre-
vious study.'® At present, ELISA'®!! and the colloidal gold
method'? are the two main methods for detecting IgM and
IgG antibodies against SARS-CoV-2. The advantages of the
colloidal gold method are that it is rapid, simple to use, sen-
sitive and accurate; it can be used to quickly identify infected
patients with SARS-CoV-2 to prevent virus transmission
and ensure timely treatment. Recently, chemiluminescent
immunoassay (CLIA)," fluorescence-linked immunosor-
bent assay,14 indirect immunofluorescence assay15 and other
techniques have been developed to improve the accuracy of
serological detection. Antibody tests are too insensitive to
be used in the diagnosis of COVID-19 during the first week
after symptom onset; however, if antibody tests are used 9
days or more after the onset of symptoms, they may be useful
for detecting previous SARS-CoV-2 infections. Our research
on the SARS-CoV-2 nucleocapsid protein assay showed that
the measurement of the serum SARS-CoV-2 N protein has a
high diagnostic value for infected patients before antibodies
are produced, which shortens the window for serological di-
agnosis.16 Thus, antibody and antigen tests may complement
other testing in individuals presenting later when RT-PCR
tests are negative or not performed.

5 | CONCLUSION

The positive rate and titer of the SARS-CoV-2 antibody
showed a rapid increase with time. Patients who initially
tested negative should be retested after 7 days. Patients who
initially tested positive should have a titer test, which should
be repeated after 7 days to determine whether it is a SARS-
CoV-2 infection based on the titer change.

Other patients with respiratory infections had a 2.5%
false-positive rate for IgM antibodies; a 0.5% false-positive
rate for IgM antibodies was observed for pregnant women,
which was identified by retesting after 1 week.
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