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Abstract

BACKGROUND

The global outbreak of human severe acute respiratory syndrome coronavirus
(SARS-CoV)-2 infection represents an urgent need for readily available, accurate
and rapid diagnostic tests. Nucleic acid testing of respiratory tract specimens for
SARS-CoV-2 is the current gold standard for diagnosis of coronavirus disease
2019 (COVID-19). However, the diagnostic accuracy of reverse transcription
polymerase chain reaction (RT-PCR) tests for detecting SARS-CoV-2 nucleic acid
may be lower than optimal. The detection of SARS-CoV-2-specific antibodies
should be used as a serological non-invasive tool for the diagnosis and
management of SARS-CoV-2 infection.

AIM
To investigate the diagnostic value of SARS-CoV-2 IgM/IgG and nucleic acid
detection in COVID-19.

METHODS

We retrospectively analyzed 652 suspected COVID-19 patients, and 206 non-
COVID-19 patients in Wuhan Integrated TCM and Western Medicine Hospital.
Data on SARS-CoV-2 nucleic acid tests and serum antibody tests were collected to
investigate the diagnostic value of nucleic acid RT-PCR test kits and
immunoglobulin (Ig)M/IgG antibody test kits. The y2 test was used to compare
differences between categorical variables. A 95% confidence interval (CI) was
provided by the Wilson score method. All analyses were performed with IBM
SPSS Statistics version 22.0 (IBM Corp., Armonk, NY, United States).

RESULTS

Of the 652 suspected COVID-19 patients, 237 (36.3%) had positive nucleic acid
tests, 311 (47.7%) were positive for IgM, and 592 (90.8%) were positive for IgG.
There was a significant difference in the positive detection rate between the IgM
and IgG test groups (P < 0.001). Using the RT-PCR results as a reference, the
specificity, sensitivity, and accuracy of IgM/IgG combined tests for SARS-CoV-2
infection were 98.5%, 95.8%, and 97.1%, respectively. Of the 415 suspected
COVID-19 patients with negative nucleic acid test results, 366 had positive
IgM/1gG tests with a positive detection rate of 88.2%.

CONCLUSION

Our data indicate that serological IgM/IgG antibody combined test had high
sensitivity and specificity for the diagnosis of SARS-CoV-2 infection, and can be
used in combination with RT-PCR for the diagnosis of SARS-CoV-2 infection.

Key Words: SARS-CoV-2; COVID-19; Nucleic acid detection; Immunoglobulin M;
Immunoglobulin G; Diagnosis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We retrospectively analyzed 652 suspected coronavirus disease 2019 (COVID-
19) patients, and 206 non-COVID-19 patients to investigate the diagnostic value of severe
acute respiratory syndrome coronavirus (SARS-CoV)-2 IgM/IgG and nucleic acid
detection. We found that 237/652 (36.3%) suspected COVID-19 patients had positive
nucleic acid tests, 311 (47.7%) were positive for [gM, and 592 (90.8%) were positive for
IgG. Using reverse transcription polymerase chain reaction (RT-PCR) results as a
reference, the specificity, sensitivity, and accuracy of [gM/IgG combined tests for SARS-
CoV-2 infection were 98.5%, 95.8%, and 97.1%, respectively. Our data indicate that the
serological IgM/IgG combined test can be used in combination with RT-PCR for the
diagnosis of SARS-CoV-2 infection.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) was first reported in Wuhan, Hubei Province,
China and has spread worldwidel*?. COVID-19 is a highly transmissible disease
caused by severe acute respiratory syndrome coronavirus (SARS-CoV)-2, which was
also named 2019 novel coronavirus (2019-nCoV)P.. As of April 19, 2020, 2160207
confirmed COVID-19 cases were reported worldwide, causing 146088 deaths!". The
World Health Organization (WHO) declared COVID-19 a global pandemic on March
11, 2020541, The global outbreak of human SARS-CoV-2 infection has highlighted the
necessity for readily available, accurate and rapid diagnostic tests.

Nucleic acid testing or genetic sequencing of respiratory tract specimens for SARS-
CoV-2 is the current gold standard for the diagnosis of COVID-19"1. However,
according to recent evidence, the diagnostic accuracy of reverse transcription
polymerase chain reaction (RT-PCR) tests for detecting SARS-CoV-2 nucleic acid may
be lower than optimal. Liu et all'! analyzed the RT-PCR results of throat swab samples
from 4880 cases of suspected SARS-CoV-2 infection, and found that only 38.42% were
positive. Another important concern is the number of false-negative RT-PCR results
for COVID-19"1. RT-PCR has some other limitations, including potential biological
safety hazards due to handling of patient samples and long waiting time for results.

Given the limitations of the currently used nucleic acid detection for diagnosis of
COVID-19, clinical laboratories should apply sensitive and accurate assays such as
immunological detection kits that target viral antigens or antibodies for diagnosing
SARS-CoV-2 infection as quickly as possible!'’l. Therefore, SARS-CoV-2 serum IgM and
IgG antibody positivity was added to the diagnostic criteria in the Novel Coronavirus
Pneumonia Diagnosis and Treatment Guidelines (Trial Version 7). Dong et al*!
reported a COVID-19 case without detectable virus in oropharyngeal specimens and
suggested testing for serum IgM and IgG antibodies to SARS-CoV-2 as an alternative
for diagnosis. Li ef al”! demonstrated a rapid and simple point-of-care lateral flow
immunoassay that can detect SARS-CoV-2 IgM and IgG antibodies in the blood of
patients at different stages of infection. The overall testing sensitivity was 88.66% and
specificity was 90.63%. However, there is limited clinical information on the SARS-
CoV-2 antibody test (colloidal gold).

In the present study, we collected clinical data from 652 suspected COVID-19
patients and 206 non-COVID-19 patients to investigate the diagnostic value of SARS-
CoV-2 IgM/IgG antibody test kits with colloidal gold immunoassays and nucleic acid
RT-PCR test kits.

MATERIALS AND METHODS

Ethics statement

The study was conducted in accordance with the Declaration of Helsinki and was
approved by the Ethics Committee of Wuhan Integrated TCM and Western Medicine
Hospital, Huazhong University of Science and Technology (No. [2020]8). The
requirement for written informed consent was waived given the context of emerging
infectious diseases.

Patients

From January 4 to April 5, 2020, data on 1876 consecutive patients who underwent
SARS-CoV-2 nucleic acid tests and chest computed tomography were retrospectively
collected in Wuhan Integrated TCM and Western Medicine Hospital. A total of 1018
patients were excluded because they did not have SARS-CoV-2 IgM/IgG antibody
tests. We included 652 suspected COVID-19 patients and 206 non-COVID-19 patients
(Figure 1). RT-PCR, SARS-CoV-2 IgM/IgG antibody tests, and pulmonary imaging
features were extracted from patients” electronic medical records in our hospital
information system. The patients were clinically diagnosed with COVID-19 according
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652 suspected
COVID-19 patients
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l

206 non-COVID-19
patients (control)

Y

Y

Y

l

A J

Y

49 patients
with negative
RT-PCR and
negative viral
antibody tests

366 patients
with negative
RT-PCR and
positive viral
antibody tests

10 patients
with positive
RT-PCR and
negative viral
antibody tests

227 patients
with positive
RT-PCR and
positive viral
antibody tests

203 non-COVID-
19 patients with
negative RT-PCR
and negative viral
antibody tests

3 non-COVID-19
patients with
negative RT-PCR
and positive viral
antibody tests

Meng QB et al. SARS-CoV-2 antibody and nucleic acid detection

Figure 1 Flowchart of this study. SARS-CoV: Severe acute respiratory syndrome coronavirus; RT-PCR: Reverse transcription polymerase chain reaction; CT:
computed tomography; COVID-19: Coronavirus disease 2019.
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to the Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (Trial
Version 7). Suspected COVID-19 patients met the following criteria: Clear history of
epidemiological contact, typical clinical symptoms and pulmonary imaging features.

Laboratory reagents and methods

The SARS-CoV-2 Antibody Test Kit (catalog No. 20203400177, colloidal gold) was
obtained from Innovita (Tangshan) Biotechnology Co., Ltd. (Tangshan, China), with
the recombinant SARS-CoV-2 antigen coated on the surface of the colloid gold
particles. The SARS-CoV-2 nucleic acid detection kit (catalog No. 20203400057,
fluorescent PCR) was purchased from Shanghai Zhijiang Biotechnology Co., Ltd.
(Shanghai, China)!.

SARS-CoV-2 antibody test: Peripheral blood (4 mL) was collected from each patient
with a yellow top collection tube and sent to the laboratory for serum SARS-CoV-2
IgM/IgG antibody test. Detection of serum IgM/IgG antibody was performed using
the SARS-CoV-2 Antibody Test Kit (colloidal gold). The presence of two purple bands
(M and C) indicated the presence of SARS-CoV-2 IgM antibodies. The presence of two
purple bands (G and C) indicated the presence of SARS-CoV-2 IgG antibodies. For
negative results, only one purple band appeared at the control line (C). If the control
line (C) failed to appear, regardless of whether the G/M line was visible, the test was
invalid.

Fluorescent PCR for SARS-CoV-2 nucleic acid detection: Pharyngeal swabs were
used to collect secretions from the lateral and posterior pharyngeal walls and placed in
sterile tubes (containing 1 mL sterile normal saline). Fluorescence PCR was performed
using the SARS-CoV-2 Nucleic Acid Detection Kit. The results were divided into
positive and negative according to the manufacturer’s protocol.

Statistical analysis

The statistical methods used in this study were reviewed by Guang-Jiang Wu from
Beijing Shijitan Hospital, Capital Medical University. Categorical variables were
displayed as counts and percentages. Continuous variables were presented as median
(interquartile range; IQR). The ¥ test was used to compare differences between
categorical variables. The specificity, sensitivity, positive predictive value (PPV) and
negative predictive value (NPV) of the SARS-CoV-2 Antibody Test Kit (colloidal gold)
were calculated according to the following formulas. Specificity (%) = 100 x [true
negative/ (true negative + false positive)]; Sensitivity (%) = 100 x [true positive/ (true
positive + false negative); PPV (%) = 100 x [true positive/(true positive + false
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positive); NPV (%) = 100 x [true negative/(true negative + false negative)]; and
Accuracy (%) = 100 x (true positive + true negative)/( true positive + false positive +
true negative + false negative). A 95% confidence interval (CI) was provided by the
Wilson score method. All P values were two-sided, and P < 0.05 was considered
statistically significant. All analyses were performed with IBM SPSS Statistics version
22.0 (IBM Corp., Armonk, NY, United States).

RESULTS

Results of SARS-CoV-2 nucleic acid RT-PCR tests

Of the 652 suspected COVID-19 patients, 237 had positive and 415 had negative SARS-
CoV-2 nucleic acid tests with a positive detection rate of 36.3% (95%CI: 32.6%-40.1%);
therefore, 237 patients were confirmed to have COVID-19 by the SARS-CoV-2 nucleic
acid RT-PCR test.

Results of SARS-CoV-2 IgM and IgG antibody tests

The median time from illness onset to IgM/IgG antibody tests was 34 d (IQR 28-39 d).
A representative photograph of SARS-CoV-2 IgM and IgG antibody tests is shown in
Figure 2. Figure 2A shows detection of IgM in low concentration (Score 1) and IgG in
high concentration (Score 2); Figure 2B shows IgG only in high concentration (Score 2);
Figure 2C shows both IgM and IgG in high concentration (Score 2); and Figure 2D
shows no IgM and IgG (Score 0). Score > 1 was defined as positive.

Of 206 non-COVID-19 patients, one was positive for IgM antibody against SARS-
CoV-2, and two were positive for IgG antibody against SARS-CoV-2. Of the 652
suspected COVID-19 patients, 311 were positive for SARS-CoV-2-specific IgM
antibody with a positive detection rate of 47.7% (95%CI: 43.9%-51.5%); 592 patients
were positive for SARS-CoV-2-specific IgG antibody with a positive detection rate of
90.8% (95CI: 88.6%-93.0%); and 593 patients were positive for SARS-CoV-2-specific
IgM and/or IgG antibody combined tests with a positive detection rate of 91.0%
(95%CI: 88.7%-93.2%). There was a significant difference regarding the positive
detection rate between the IgM and IgG test groups (P < 0.001) (Table 1).

Performance of SARS-CoV-2-specific IgM and IgG antibody kit

Of the 237 patients who were positive for SARS-CoV-2 nucleic acid tests, 109 were
positive for IgM, 227 patients were positive for IgG, and 227 patients were positive for
IgM and/or IgG. Using the RT-PCR results as a reference, the specificity, sensitivity,
and accuracy of SARS-CoV-2-specific IgM, IgG and IgM/IgG combined tests for
detecting SARS-CoV-2 infection are shown in Table 2.

Receiver operating characteristic curve analysis showed that the area under the
curve of IgM tests, IgG tests and IgM/IgG combined tests for diagnosing COVID-19
were 0.728 (95%CI: 0.681-0.775), 0.978 (95%CI: 0.963-0.993) and 0.978 (95%CI:
0.963-0.993) (Figure 3).

Of the 415 suspected COVID-19 patients who were negative for SARS-CoV-2 nucleic
acid tests, 366 patients were positive for SARS-CoV-2-specific IgM and/or IgG
antibody tests with a positive detection rate of 88.2% (95%CI: 85.1-91.3%).

DISCUSSION

In the current retrospective study, we included 652 suspected COVID-19 patients with
a clear history of epidemiological contact, typical clinical symptoms and pulmonary
imaging features, to investigate the positive detection rate of nucleic acid and antibody
tests. The results showed that of 652 patients, 237 (36.3%) were confirmed to have
COVID-19 by the SARS-CoV-2 nucleic acid test, 311 (47.7%) were positive for SARS-
CoV-2-specific IgM antibodies, 592 (90.8%) were positive for SARS-CoV-2-specific IgG
antibodies, and 593 (91.0%) were positive for SARS-CoV-2 specific IgM and/or IgG
antibodies. We included 237 confirmed COVID-19 patients with positive SARS-CoV-2
nucleic acid tests and 206 confirmed non-COVID-19 patients to evaluate the
performance of the SARS-CoV-2-specific IgM and IgG antibody test kit.

Liu et al' reported that the positive rate of RT-PCR detection of SARS-CoV-2
infection was 38.4% (1875/4880) and an increased positive percentage was found in
male and older patients. Ai ef al'”l reported that 59% (601/1014) of patients had
positive SARS-CoV-2 RT-PCR results. In the current study, the positive percentage of
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Table 1 Severe acute respiratory syndrome coronavirus immunoglobulin M and immunoglobulin G antibody detection result, n (%)

SARS-CoV-2; IgG antibody detection

SARS-CoV-2; IgM antibody detection P value
Positive Negative

Positive 310 (99.7) 1(0.3) <0.001"

Negative 282 (82.7) 59 (17.3)

Pearson’s y” test, y* = 56.46, P < 0.001. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

Table 2 Performance of the immunoglobulin M/immunoglobulin G antibody test kit for the diagnosis of severe acute respiratory

syndrome coronavirus 2 infection with the reverse transcription-polymerase chain reaction result as a reference

Results of IgM/IgG test (n) IgM/IgG antibody test performance (%)
Specificity Sensitivity 0 0 Accuracy
TP TN FP FN (95%Cl) (95%Cl) PPV (95%CI) NPV (95%Cl) (95%Cl)
IgM 109 205 1 128 99.5 (98.6-100.0) 46.0 (39.6-52.4) 99.1 (97.3-100.0) 61.6 (56.3-66.8)  70.9 (66.6-75.1)
I5G 227 204 2 10 99.0 (97.7-100.0) 95.8 (93.2-98.4) 99.1(97.9-100.0) 95.3 (92.5-98.2)  97.3 (95.8-98.8)
M/G 227 203 3 10 98.5 (96.9-100.0) 95.8 (93.2-98.4) 98.7 (97.2-100.0) 95.3 (92.4-98.2)  97.1 (95.5-98.6)

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; COVID-19: Coronavirus disease 2019; RT-PCR: Reverse transcription-polymerase chain
reaction; IgM: Immunoglobulin M; IgG: Immunoglobulin G; M/G: IgM and/ or IgG; TP: True positive; TN: True negative; FP: False positive; FN: False
negative; PPV: Positive predictive value; NPV: Negative predictive value.

Figure 2 Representative picture of severe acute respiratory syndrome coronavirus-2 IgM and IgG antibody test results. A: IgM in low
concentration (Score 1) and IgG in high concentration (Score 2); B: Only IgG in high concentration (Score 2); C: Both IgM and IgG in high concentration (Score 2); D:
No IgM or IgG (Score 0).

SARS-CoV-2 RT-PCR tests was lower than that of previous studies. According to the
Novel Coronavirus Pneumonia Diagnosis and Treatment Guidelines, SARS-CoV-2
nucleic acid test by RT-PCR assay on respiratory tract specimens plays an important
role in the etiological diagnosis of SARS-CoV-2 infection and discharge evaluation.
However, the accuracy of the laboratory diagnosis of COVID-19 using RT-PCR is
affected by many potential factors, including preanalytical problems such as improper
collection, storage and transport of swabs; sample contamination and testing patients
receiving antiretroviral therapy; as well as analytical problems such as active viral
recombination, use of inadequately validated assays, instrument malfunctioning,
along with other specific technical issues”. Therefore, it is necessary to develop a more
sensitive, accurate and simple detection method for the diagnosis of SARS-CoV-2
infection.

Dong et all"l reported that COVID-19 was confirmed with positive IgM and positive
IgG antibodies tests against SARS-CoV-2. As recently reported, a rapid IgM/IgG
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Figure 3 Results of the receiver operating characteristic curve analysis. Receiver operating characteristic curve analysis showed that the area under
the curve of IgM tests, IgG tests and IgM/IgG combined tests for the diagnosis of coronavirus disease 2019 were 0.728 (95%Cl: 0.681-0.775), 0.978 (95%ClI:
0.963-0.993) and 0.978 (95%Cl: 0.963-0.993). ROC: Receiver operating characteristic curve; AUC: Area under the curve; IgM: Immunoglobulin M; IgG:

Immunoglobulin G.
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combined antibody test was used for the diagnosis of SARS-CoV-2 infection, showing
88.66% sensitivity and 90.63% specificity!”l. In the current study, we found that the
specificity, sensitivity, and accuracy of IgM and/or IgG antibody combined detection
for the diagnosis of SARS-CoV-2 infection were 98.5% (203/206), 95.8% (227/237), and
97.1% (430/443), respectively. Of the 415 suspected COVID-19 patients who were
negative for SARS-CoV-2 nucleic acid tests, 88.2% (366) of patients were positive for
SARS-CoV-2 specific IgM and/or IgG antibody tests. Therefore, 366 patients were
considered to have COVID-19 with SARS-CoV-2 IgM and/or IgG antibody tests. All
the results confirmed that IgM and/or IgG antibody tests can be used as an effective
method for serological diagnosis of SARS-CoV-2 infection.

According to the Diagnosis and Treatment Protocol for Novel Coronavirus
Pneumonia (Trial Version 7), double positive results of IgM and IgG antibody tests can
be used as serological evidence for the diagnosis of SARS-CoV-2 infection!"”l. However,
the fact that IgM testing may be negative in convalescent patients with COVID-19 is
not surprising considering the probable kinetics of SARS-CoV-2-specific IgM
antibody!"**!. Therefore, IgM and/or IgG positivity should be used as serological
evidence for the diagnosis of SARS-CoV-2 infection.

There were several notable limitations in the present study. Firstly, the main
weaknesses were its single center retrospective nature and small sample size.
Secondly, due to the retrospective nature of the study, most patients did not complete
the dynamic monitoring of SARS-CoV-2-specific IgM and IgG by the end of the study.
Thirdly, the median time from symptom onset to the IgM and IgG test was long due to
late availability of the SARS-CoV-2-specific IgM and IgG test kits.
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CONCLUSION

In summary, this retrospective study indicated that serum specific IgM and IgG
antibody combined test has high sensitivity, specificity and accuracy for the diagnosis
of SARS-CoV-2 infection. Our data indicate that the antibody-based test can be used as
a detection tool in combination with RT-PCR in the diagnosis of SARS-CoV-2 infection
in epidemic areas.

ARTICLE HIGHLIGHTS

Research background

Coronavirus disease 2019 (COVID-19) is a highly transmissible disease caused by
severe acute respiratory syndrome coronavirus (SARS-CoV)-2. The global outbreak of
human SARS-CoV-2 infection has highlighted the necessity for readily available,
accurate and rapid diagnostic tests. SARS-CoV-2 serum IgM and IgG antibody
positivity was added to the diagnostic criteria in the Novel Coronavirus Pneumonia
Diagnosis and Treatment Guidelines (Trial Version 7). However, there is limited
clinical information on the SARS-CoV-2 antibody test (colloidal gold).

Research motivation

According to recent evidence, the diagnostic accuracy of reverse transcription
polymerase chain reaction (RT-PCR) tests for detecting SARS-CoV-2 nucleic acid may
be lower than optimal. Given the limitations of RT-PCR tests for the diagnosis of
COVID-19, clinical laboratories should apply sensitive and accurate assays such as
immunological detection kits that target viral antigens or antibodies for diagnosing
SARS-CoV-2 infection as quickly as possible. We are very interested in this issue and
hope that we can present a new antibody test adopted in our hospital.

Research objectives
The objectives were to report the diagnostic value of SARS-CoV-2 IgM/IgG and
nucleic acid detection in COVID-19.

Research methods

We retrospectively analyzed data on 652 suspected COVID-19 patients, and 206 non-
COVID-19 patients in Wuhan Integrated TCM and Western Medicine Hospital. RT-
PCR, SARS-CoV-2 IgM/IgG antibody tests, and pulmonary imaging features were
extracted from patients’ electronic medical records in our hospital information system.
The specificity, sensitivity, PPV and NPV of the SARS-CoV-2 Antibody Test Kit were
calculated. A 95% confidence interval (CI) was provided by the Wilson score method.
All analyses were performed with IBM SPSS Statistics version 22.0 (IBM Corp.,
Armonk, NY, United States), and two-tailed P values less than 0.05 were considered to
be statistically significant.

Research results

Of the 652 suspected COVID-19 patients, 237 (36.3%) patients were confirmed to have
COVID-19 by the SARS-CoV-2 nucleic acid RT-PCR test. Using RT-PCR results as a
reference, the specificity, sensitivity, and accuracy of the SARS-CoV-2-specific
IgM/IgG combined tests for detecting SARS-CoV-2 infection were 98.5%, 95.8%, and
97.1%, respectively. Of the 415 suspected COVID-19 patients who were negative for
the SARS-CoV-2 nucleic acid tests, 366 patients were positive for the SARS-CoV-2-
specific IgM and/or IgG antibody tests with a positive detection rate of 88.2%.

Research conclusions

Our data indicate that the serological IgM/IgG antibody combined test had high
specificity, sensitivity, and accuracy for the diagnosis of SARS-CoV-2 infection, and
can be used in combination with RT-PCR for the diagnosis of SARS-CoV-2 infection.

Research perspectives
For COVID-19 patients, it is worth further completing the dynamic monitoring of
SARS-CoV-2-specific IgM and IgG.
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