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Abstract

Background: The coronavirus disease 2019 (COVID-19) has become a major

health threat. To overcome COVID-19, appropriate diagnosis methods are urgently

needed. The aim of this study was to clinically evaluate the colloidal gold

immunochromatography assay for SARS-Cov-2 IgM/IgG antibody (Ab).

Methods: Patients confirmed COVID-19 (n = 51) were recruited prospectively

from the Musashino Red Cross hospital and Tokyo Medical and Dental University

Medical Hospital, between March and May 2020. And the analytical specificity

was assessed with serum samples of patients without COVID-19 (n=100) collected
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between August to September 2019 before SARS-CoV-2 was first reported in

China.

Results: Among COVID-19 patients, a total of 87 serum samples were tested for

SARS-Cov-2 IgM/IgG Ab assay. IgM was detected 71.0 %, 86.9 %, and 83.3 % at

day8-14, 15-28, >29 after symptom onset and IgG was detected in 81.6 %, 87.0 %,

and 94.4 %, respectively. The sensitivity of IgM and 1gG Ab after day8 assay was

significantly higher than before day7, respectively (p=0.0016, 0.0003). There were

no positive results in 100 serum samples from patients without COVID-19.

Conclusion: The SARS-Cov-2 IgM/1gG Ab assay had 79.7% / 86.1% sensitivity

(the 8 days after from onset) and 100% specificity in this population.

Key words

COVID-19, colloidal gold immunochromatography assay, SARS-Cov-2 IgM/IgG

antibody

Introduction

The coronavirus disease 2019 (COVID-19) was firstly reported in Wuhan, China in

December 2019, and the outbreak of COVID-19 had become a big threat to not
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only China but also all over the world. As of June 8, 2020, more than 6.93 million

cases had COVID-19 and more than 400,000 deaths had been reported globally®.

Coronaviruses (CoV) are a large family of viruses that cause illness from the
common cold to more severe diseases such as Middle East Respiratory Syndrome
(MERS) and Severe Acute Respiratory Syndrome (SARS). SARS-CoV-2, the cause

of COVID-19 is a new strain that has not been previously identified in humans.?

Common COVID-19 includes respiratory symptoms, fever, shortness of breath
and breathing difficulties.® In more severe cases, infection causes pneumonia,
severe acute respiratory syndrome, kidney failure and even death. Based on
systematic review and meta-analysis, older patients were identified to be at a fatal
disease course, with the most prevalent comorbidities of hypertension and diabetes
which were associated with the severity of COVID-19*°. Acute respiratory distress
syndrome (ARDS) and acute cardiac injury may be the main obstacles for patients

to treatment recoverys.

To establish diagnosis of COVID-19, quantitative reverse-transcription
polymerase chain reaction (RT-PCR) analysis is considered the current standard.
However, it requires special equipment, a time-consuming protocol, and laboratory
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technicians. The most important points are RT-PCR requires samples from the
upper and lower respiratory tract, the process of collecting samples and extracting
RNA increases the risk of exposure to the viral droplet. The false-negative results
for diagnosing COVID-19 were sometimes observed because adequate sampling

from nose or throat was difficult for some patients.

Current estimates of the incubation period ranged from 1-12.5 days with median
estimates of 5-6 days®’. Based on information from other coronavirus diseases,
such as MERS and SARS, the incubation period of SARS-CoV-2 could be up to 14

days.

Plasma anti-SARS-CoV-2 antibody (Ab) was firstly reported in the convalescent
plasma in five patients who recovered from the SARS-CoV-2 infection®. Recently,
several commercial assays that detect IgM/IgG Ab against SARS-CoV2 have
become available for use in the clinical setting®°. However, their clinical
usefulness has yet to be thoroughly evaluated. Moreover, it is important to evaluate
the number of the patients infected with COVID-19 in specific area and to establish

the strategy to prevent the spread of viral infection for the specific population.
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In the present study, we analyzed the diagnostic accuracy of SARS-Cov-2
IgM/1gG Ab assay; 2019-nCoV Ab Test Cassette (Colloidal Gold) (INNOVITA,
Beijing, China). Samples were collected from the patients with acute COVID-19
infection confirmed by RT-PCR and non-infected patients admitted by other

disease in August 2019, before the spread of COVID-19 infection.

Methods

1. Samples

Positive samples from patients with COVID-19

51 patients with acute COVID-19 infection who were admitted to Musashino Red
Cross Hospital and Tokyo Medical and Dental University Medical Hospital,
between March and May 2020 were included in this study. A total of 87 serum
samples were tested for SARS-Cov-2 IgM/IgG Ab assay. All the patients were
examined by RT-PCR for SARS-CoV2 using pharyngeal and nasopharyngeal
swabs collected at public health institute or hospitals in accordance with the
nationally recommended method in Japan*. Clinical information was collected

from the medical records.
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Negative samples from patients with non-COVID-19

The analytical specificity of the SARS-Cov-2 IgM/IgG Ab assay was
assessed using serum samples that were collected between August to September
2019 from the patients admitted before SARS-CoV2 was first reported in China.
These serum samples (n=100) were collected from several diseases such as
hepatitis C virus infection and so on in Musashino Red Cross hospital and Tokyo
Medical and Dental University Medical Hospital, which served as negative
controls. Clinical information was collected from medical records, and all serum

samples were stored at -80°Chefore use in the assay.

2.Serum antibody assay

Serum SARS-Cov-2 IgM/IgG Ab assay was analyzed using 2019-nCoV Ab Test
Cassette (Colloidal Gold) (INNOVITA, Beijing, China) according to the
manufacturer’s protocol. In brief, 10 uL serum/plasma or 20ulL whole blood was
added to the sample well. Subsequently, 80uL (2drops) of sample buffer was added
to the same sample well, and the results were interpreted within 15 minutes of

incubation. The presence of only the control (C) line indicated a negative result; the
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presence of both the control line (C) and the IgM or 1gG antibody (T) line indicated

a positive result for IgM or 1gG Ab, respectively.

3. Definition of the days from onset

All of the patients included in the present study had clinical symptoms such as

fever, cough, diarrhea, malaise, and/or tachypnea. We defined the days collecting

serum Ab samples after the onset of the first symptoms.

4.Statistical analysis

The Chi-squared and Fisher’s exact tests were used to compare categorical

variables. Significance was set at P < 0.05. The GraphPad Prism software

(GraphPad Software, San Diego, CA, USA) was used to analyze statistical

significance.

5.Ethical statement

This study was approved by the Ethical Committee of Musashino Red Cross

Hospital, and Tokyo Medical and Dental University Medical Hospital that was

conducted in accordance with the Declaration of Helsinki (confirmation

number:2020-444, M2020-029, respectively).
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Results

In 51 confirmed COVID-19 cases, the median age was 63 (25-95) years old, 37

patients were male (72.5%). There were no asymptomatic patients with COVID-19.

Total 87 serum samples were tested for IgM/IgG COVID-19 Ab assay.

As shown in Figurel, the sensitivity was dependent on the days from onset.

IgM Ab were detected 0%, 16.7%, 71.0%, 86.9% and 83.3% at 0-4days, 4-7days,

8-14days, 15-28days and >29days after symptom onset, while 19G Ab were

detected 0%, 16.7%, 81.6%, 87.0% and 94.4%, respectively.

The sensitivity of SARS-Cov-2 IgM/IgG Ab assay after >8 days from onset was

significantly higher than before 7th day, respectively (p=0.0016, 0.0003,

Chi-square test).

To investigate specificity, we tested for negative control serum samples collected

from August to September in 2019 from the patients admitted before SARS-CoV2

was first reported in China. As results, there were no positive results in 100

patients’ samples. This assay achieved 100% specificity.
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The SARS-Cov-2 IgM/1gG Ab assay had 79.7% (63/79) / 86.1% (68/79) sensitivity

(after >8 days from onset) and 100% specificity.

Discussion

This study provides evidence that SARS-Cov-2 IgM/IgG Ab assay is useful for

patients based on Japanese cohort in a real-world clinical setting.

Though the RT-PCR for upper respiratory specimens have been standard test for
COVID-19, it sometimes had limitations due to technical materials, exposure risk
of sampling and taking time to result. The time lapse from the onset affects the
sensitivity of tests and may cause false negative results. Some reports suggest that
sensitivity of RT-PCR for upper respiratory specimens got decreased after about 10
days from onset'?*3. On the other hand, it is considered that the disease becomes
severe within about 1 week after the onset’. In more severe cases, it seems that the
process of admission to the intensive care unit will be followed after 10days.”**
These findings suggest that diagnosis with RT-PCR alone may overlook severe

COVID-19 cases.
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Recently, SARS-Cov-2 IgM/IgG Ab evaluated by enzyme-linked immunosorbent
assay (ELISA) based on the recombinant nucleocapsid protein of SARS-CoV-2
were detected in the serum as early as the 4 days after symptom onset. The
sensitivity and specificity of IgM Ab was reported as 77.3%, and 100%, while it
was 83.3% and 95.0% for 1gG Ab, respectively”. More recently, Imai et al. reported
that IgM Ab were detected in 27.8 %, 48.0 %, and 95.8 % of the specimens
collected within 1 week, 1-2 weeks, and >2 weeks after symptom onset, while 1gG
Ab were detected in 3.3%, 8.0%, and 62.5%, respectively'®. From these results,
they concluded that IgM/IgG Ab assay can be detected in the middle and later stage
of the illness, suggesting an important role in the diagnosis of COVID-19 as a

complement approach for viral nucleic acid assays.

In this study, the SARS-Cov-2 IgM/IgG Ab assay had 79.7% (63/79) / 86.1%
(68/79) sensitivity (after >8 days from onset) and 100% specificity (Figure.1). This

result supports these reports®*°.

The present study had several limitations. First, although the study showed
the usefulness of the SARS-Cov-2 IgM/IgG Ab assay as a clinical setting report,

this result was in Japanese populations. They may not be able to adapt to racial
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differences. The world-wide reports and validation studies are expected. Second,

the observation period and number of patients may be insufficient for solid

comparisons. It is even better if there are RT-PCR results at the same timing or

comparison of samples derived from the same patients at time dependent manner.

Although there are reports that they do not have cross-antibodies with other

coronaviruses, we have not actually confirmed cross-antibodies in this study.

Finally, SARS-Cov-2 IgM/IgG Ab assay was not complete blind test. It might

cause a subjective tendency, although test was performed at once for much samples

including stored samples as possible not to affect bias.

In conclusion, SARS-Cov-2 IgM/IgG Ab assay has 100% specificity and

is useful for COVID-19 detection especially after 8days from onset. This assay will

be widely accepted as an easy to perform, rapid, and high throughput method.

Combination SARS-Cov-2 IgM/IgG antibody assay and RT-PCR may contribute

appropriate diagnosis of COVID-19.

Data Availability Statement

Data available on request due to privacy/ethical restrictions.
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Figure Legends

Figure 1. SARS-Cov-2 IgM/IgG Ab assay with serum samples of COVID-19

positive patients.
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