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Summary

Background: The novel coronavirus disease (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), had spread all of China and many 
other countries. The COVID-19 patients exhibit typical clinical symptoms, and most cases could be diagnosed by nucleic acid testing and imaging. Recent studies have 
reported that serum antibody testing can be used for diagnostic screening of SARS-CoV-2 infection. However, the rules and standards of antibody production in serum of 
discharged COVID-19 patients remain ambiguous. 

Methods: We examined both nucleic acid and antibody detection of 139 non-severe (mild and common) patients who were diagnosed with COVID-19.

Results: Although the nucleic acid of the discharged patient has turned to negative, some patients have not detected antibodies, including IgG (n=11) and IgM (n=27) 
.19.4% (27/139) discharged patients’ IgM detection was negative. In the IgM positive discharged patients, 72.8% (83/114) have an onset time over 30 days. And, there was 
no statistically signifi cant difference in IgM concentration of discharged patients from 4 to 9 weeks after the onset of disease. In addition, we also detected IgM and IgG 
in nucleic acid test positive patients (n=12) within two weeks after the onset of disease. The concentration of IgM was peaked about on the sixth day and then decreased, 
while the IgG concentration was continuously increasing. 

Conclusions: Our study demonstrated the rules and standards of antibody production in serum of discharged COVID-19 patients which will provide more ideas for 
COVID-19 research.
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Abbreviations 

COVID-19: The Coronavirus Disease 2019; SARS-COV-2: 
Severe Acute Respiratory Syndrome Coronavirus 2; BALF: 
Broncho Alveolar Lavage Fluid

Introduction

The outbreak of the Coronavirus Disease 2019 (COVID-19), 
designated by WHO in February, 2020, quickly spread all over 
the world [1-3], which caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2; previously known 
as 2019-nCoV) [4,5], As well as SARS-CoV in 2003 [6,7] and 
MERS-CoV in 2012 [8], SARS-CoV-2 infection can also cause 

severe pneumonia. As of July 28, 2020, there were more than 
16.3 million confi rmed cases of COVID-19 and more than 650 
thousands death cases worldwide (https://covid19.who.int/). It 
has become a public health emergency of international concern. 
Although COVID-19 has been effectively controlled and cured 
in China, the global situation is still grim [9,10]. 

Detecting the specifi c anti-SARS-CoV2 antibodies could 
effectively and quickly identify the COVID-19 patients [11-
13]. Antibody testing has been incorporated into COVID-19 
diagnosis in China according to the Seventh Revised Trial 
Version of the Novel Coronavirus Pneumonia Diagnosis 
and Treatment Guidance (http://www.nhc.gov.cn/yzygj/
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s7653p/202003/46c9294a7dfe4 cef80dc7f5912eb1989.
shtml). As known, during virus infection, the body produces 
IgM antibody fi rstly, and then produces IgG antibody with 
high adaptive affi nity, which are important for long-term 
immunity and immune memory [14]. Based on the experience 
in combating MERS and SARS-CoV infection, we have known 
that IgM could be detected in patient blood after 3-6 days and 
the IgG could be detected after 8 days [15-17]. So we speculate 
that rapid detection of IgG and IgM antibodies will play an 
important role in assessing the disease status of admitted 
patients and the prognosis of discharged COVID-19 patients.

Herein, we detected the nucleic acid and antibody of 139 
non-severe COVID-19 patients from Molin Rehabilitation 
Center and Dongxihu Fangcang hospital in Wuhan, China. 
All admitted patients were diagnosed as COVID-19 through 
positive nucleic acid test and symptoms. When they discharge, 
we detected their antibody (IgG and IgM) in serum. Besides, we 
also detected the antibody concentration in COVID-19 patients 
at different time point. We objectively describe these data here, 
aiming to provide more ideas for COVID-19 research. 

Materials and methods

Patients and sample collection

According to the discharge criteria:1) Normal temperature 
for over 3 days; 2) Respiratory symptoms improved markedly; 
3) Pulmonary imaging showed signifi cant absorption and 
improvement; 4) Negative nucleic acid tests for COVID-19, 
from 2 consecutive respiratory specimens over one day apart. 
Specimens from 139 non-severe (mild and common) patients 
diagnosed with COVID-19 and discharged from hospital after 
treatment from March 9 to March 11, 2020, were collected, 
including 41 patients from Dongxihu Fangcang Hospital and 
98 patients from Wuhan Molin Rehabilitation Center. Among 
them, 80 were male patients, 59 were female patients. The age 
was ranging from 9 to 71 years old, and the average age was 
48.81 (± 15.34). The duration of disease day was ranging from 
18 to 68 days, and the mean duration of disease day was 34.74 
(± 8.58). The CT imaging result of 139 discharged patients were 
negative.

Nucleic acid detection

Samples were detected by Realtime Reverse transcription 
polymerase chain reaction ( RT-PCR) (rRT-PCR) testing within 
24 hours. A 20 μL reaction buffer was set up containing 1.5 
μL 2019-nCoV enzyme-mix and 18.5 μL 2019-nCoV reaction 
buffer in BGITM One-step Quantitative RT-PCR system. Thermal 
cycling was performed at 50℃ for 20 minutes followed by an 
initial denaturation at 95℃ for 10 minutes and 40 cycles of 
amplifi cation at 95℃ for 15 seconds and 60℃ for 30 seconds.

Detection of joint IgM/IgG anti-SARS-CoV-2 antibodies

Wondfo SARS-CoV-2 Antibody Test Kit (Fluorescence 
immunochromatography) to detect joint IgM/IgG antibodies in 
serum. After reading the ID chip, pipette 10  L of serum into the 
sample dilution solution, then add 75 μL of the mixed solution 

into the sample well. After 10 minutes of incubation at room 
temperature, read the value on the Wondfo immunofl uorescence 
detector (FS113). In our lab, we valued the Wondfo SARS-CoV-2 
antibody Test Kit’s precision/sensitivity and accuracy to make 
sure effective of our results in this work.

Data analysis

The result of antibody detection can be obtained directly on 
the machine, where the negative result of antibody detection 
shows <1.0. All data graph was processed in GraphPad Prism5.0.

Results

Detection of IgM and IgG in discharged COVID-19 
patients 

A total of 139 non-severe COVID-19 discharged patients from 
Fangcang hospital and rehabilitation centerin Wu Han (Table 
1; Supplementary data 1) were collected. All admitted patients 
were diagnosed as COVID-19 through positive nucleic acid test 
and symptoms. After clinical treatment, these patients met the 
discharged criteria: 1) Normal temperature for over 3 days; 2) 
Respiratory symptoms improved markedly; 3) Pulmonary CT 
imaging showed signifi cant absorption and improvement; 4) 
Negative nucleic acid tests for COVID-19 from 2 consecutive 
respiratory specimens one day apart. We confi rmed that their 
nucleic acid tests were negative. At the same time, we also 
performed antibody detection. As shown in Figure 1A, although 
92.08% (128/139) patients produce the IgG antibody, there are 
also 7.90% (7/139) patients who did not detected IgG. 80.57% 
(112/139) patients detected the IgM antibody production, and 
there are still 19.42% (27/139) patients whose IgM antibodies 
were not detected (Figure 1B). 

 Table 1: The information of non-severe COVID-19 patients.

Information No.

Age <30 18

>30 121

Sex Male 80

Female 59

Onset time ≤4 weeks 12

4-5 weeks 17

5-6 weeks 64

6-7 weeks 29

7-8 weeks 14

8-9 weeks 1

>9 weeks 2

Nucleic acid test frequency 3 times 122

4 times 5

5 times 7

6 times 2

7 times 2

8 times 0

9 times 1

All patient (n=139) were non-severe COVID-19 patient with negative result of CT.

https://www.peertechz.com/articles/Supplementary data.rar
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IgM exist long time in most non-severe COVID-19 dis-
charged patients 

Based on knowledge of viral infection, we speculated that 
IgM positive indicates recent exposure to SARS-CoV-2, whereas 
IgG positive indicates virus exposure for longer time. Then, we 
detected the antibodies of discharged non-severe COVID-19 
patients whose onset time ranges from 18 days to 68 days. In 
discharged patients whose nucleic acid of SARS-CoV-2 turned 
to negative, there are 92.08% (128/139) patients producing IgG 
antibody (value>1.0 ). Among IgG positive patients, 76.56% 
(98/128) have onset time for more than 30 days, which is also 
in line with the physiological characteristics of IgG, that is, it 
can exist in the rehabilitation patient for long time (Figure 2A; 
Supplementary data 2). Unexpected, only 19.42 %(27/139) of 
discharged patients’ IgM detection were negative, which seems 
to violated with the IgM representing acute virus infection. 
In the IgM positive discharged patients, 74.10% (83/112) had 
an onset time of more than 30 days (Figure 2B; Suppl data 
2).This means that in non-severe COVID-19 patients, IgM does 
not disappear in a certain period of time. The above results 
suggest that although COVID-19 patients have been cured 
and discharged, there are still some patients whose IgG or 
IgM antibodies are undetectable. The correlation analysis also 
showed that IgM and IgG had a positive correlation (r2=0.2972, 
p<0.001) (Figure 2C; Supplementary data 2). The COVID-19 
patients with high IgG level in discharged patients generally 
had high IgM level. In order to further explore the rule of 
IgM remaining time in discharged COVID-19 patients' serum. 
We analyzed the relationship between serum IgM levels and 
the onset time of antibody detection in discharged COVID-19 
patients, and found that there was no statistically signifi cant 
difference in IgM concentration (Figure 2D) from 4 to 9 weeks 
after the onset of disease in discharged COVID-19 patients. 

Detection of IgM and IgG in nucleic acid positive pa-
tients

In order to understand about the rule of antibody 
production in infected patients, serum specimens from 12 
SARS-CoV-2 nucleic acid positive patients diagnosed by 
admission. The concentration of IgM and IgG were detected 
at continuous different time when they were transferred 
and admitted to Shanghai Public Health Clinic Center for 
quarantine and advanced treatment. As shown in Figure 3, 

within a week of infection, both IgM and IgG increased, and 
the concentration of IgM reached its peak on the sixth day. 
During the original infection period, the concentration of IgG 
showed a continuously increasing trend (Figure 3). All of above 
data demonstrated that the SARS-CoV-2 infection in the early 
stage (within two weeks) was similar to other common virus 
infection. 

Discussion

Here, we detected the IgM and IgG antibody in 139 non-
severe COVID-19 patients from Molin Rehabilitation Center and 
FangCang hospital in Wu Han. Although the nucleic acid turned 
to negative in discharged patients, there are 7.90% (7/139) 
patients whose IgG antibodies were undetectable. Besides, 
there are 19.42% (27/139) patients whose IgM antibodies were 
undetectable. We also found that IgM in serum of discharged 
COVID-19 patient didn’t disappear in a short time (<30 days), 
which suggests that IgM detection may not have an advantage 
in predicting recent infection with SARS-CoV-2.

Nucleic acid detection and CT imaging are the current 
diagnostic standards for COVID-19, but they also have some 
shortcomings: sampling affects nucleic acid results; nucleic 
acid detection requires special experimental conditions; the 
turnaround time takes several hours. Besides, CT imaging 
need expensive facility and is not fi t to detect at the early 
stage of COVID-19. Serological antibody detection can achieve 
rapid bedside detection, which are benefi cial for COVID-19 
identifi cation and subsequent processing [18,19]. SARS-CoV-2 
infection starts at the deep of lungs. In the early infection stage, 
throat swab or sputum may not detect the virus [20]. Although 
broncho alveolar lavage fl uid (BALF) can increase the positive 
detection rate, not all patients are suitable for sampling, and 
even less suitable for COVID-19 screening [21,22]. The antibody 
detection also reduced occupational exposure during sampling. 
Certainly, there are some limitations during antibody 
detection. High concentrations of RF in plasma lead to false 
positives in antibody detection in fever clinics non-COVID-19 
patients. Also, individual non-COVID-19 patients also have 
elevated antibodies without explanation. Several Chinese IVD 
companies are developing products ranging from IgM only and 
IgM-IgG joint detection, so we believe this limitation will be 
resolved in the near future. 

During virus infection, the body fi rst produces IgM 
antibody, and then produces IgG antibody with high adaptive 
affi nity, which are important for long-term immunity and 
immune memory [14,23]. Based on previous SARS-CoV 
antibody research experience, IgG seroconversion can start as 
early as 4 days after the onset of infection. Detection of IgM 
would not provide earlier evidence for SARS-CoV infection 
compared with detection of IgG [24]. As reported, the IgM 
was still at low level at 100 days after the onset of infection, 
although a previous study showed IgM disappeared after 12 
weeks [24-26]. A recent research reported that both IgM and 
IgG antibodies were detected 5 days after infection with SARS-
CoV-2, so using serology antibody detection may facilitate the 
diagnosis of COVID-19 [27,28]. In our study, we found that 
19.42% patients did not detected IgM when they discharged. 
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Figure 1: Detection of IgG and IgM in discharged COVID-19 patients.
A. Detection of IgG antibody in nucleic acid negative discharged COVID-19 patients. 
B. Detection of IgM antibody in nucleic acid negative discharged COVID-19 patients. 
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Besides, we also detected IgG antibody in these patients. In the 
IgM negative discharged patients, there are also 37.03% (10/27) 
patients whose IgG antibodies were undetectable. We did not 
track the immune status of these patients. It is possible that the 
application of immunosuppressant suppresses the production 
of antibodies or keeps antibodies at a lower concentration. In 
the IgM positive discharged patients, 72.8% have an onset time 
for more than 30 days. And there was no statistically signifi cant 
difference in IgM concentration from 4 to 9 weeks after the 
onset of disease in discharged patients. As shown in Figure 2, 
we did not detect the value of IgG or IgM over a short period 
of time (within two weeks), so we cannot judge the timing of 
antibody production. We can only conclude that the antibody 
concentration has not changed within 4-9 weeks. So, IgM can 
last long time in serum, and detecting IgM may not be a good 
strategy to distinguish the acute infection of SARS-CoV-2 in 
this period. In order to understand about the rule of antibody 
production in infected patients, we detected the concentration 
of antibody in SARS-CoV-2 nucleic acid positive patients (n=12) 
diagnosed by admission (within two weeks) as shown in Figure 
3, which demonstrated that the concentration of IgM reached 
its peak on the sixth day. 

As shown, we only detected the antibody levels of discharged 
patients ranging from 30-60 days. This level throughout the 
disease cycle may be at its peak, rising or falling, and it does not 
indicate the time latitude of the antibody change in COVID-19 

patients. In order to understand more clearly the law of antibody 
production in infected patients, we collected 12 nucleic acid 
positive patients diagnosed on admission. Within a week of 
infection, both IgM and IgG increased, and the concentration 
of IgM reached its fi rst peak on the sixth day. Based on the 
above results, we speculated that the decreased IgM after one 
week may have a second increase, reaching a second peak in 
a certain period. Therefore, this also suggests that we need to 
carry out large-scale epidemiological investigations, especially 
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Figure 2: The IgG and IgM in most non-severe COVID-19 discharged patients are in a statue of long-term existence.
A. IgG antibody detection in discharged COVID-19 patient on different onset of time. B. IgM antibody detection in discharged COVID-19 patient on different onset of time. 
C. The correlation of IgG and IgM in discharged COVID-19 patient. D. Detection of IgM from 4 to 9 weeks after the onset of disease in discharged patients. 
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Detection of IgM and IgG concentration at different time in nucleic acid positive 
patients (n=12).
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in patients with non-severe COVID-19 infection, which will 
have a better understanding of disease assessment and the 
immune law of SARS-CoV-2 in the population. Based on the 
diverse, some coronavirus proteins are conserved through 
the different clades while others, like Spike proteins, are 
quite species-specific [29].Of the 61 samples of presumably 
fully seroconverted COVID-19+ patients (i.e. two weeks after 
symptom onset) tested on the five antigens, 100 % cross-
reacted with SARS-CoV-1 Nucleocapsid protein and 45.9 % 
also cross-reacted with SARS-CoV-1 Spike protein. Notably, 
only 2 (3.3%) of the 61 samples cross-reacted with MERS-
CoV Nucleocapsid [30]. So, antibody detection may give false-
positive reactions in some coronaviruses, which is also one of 
the urgent points to be resolved.

In conclusion, we detected the antibody (IgG and IgM) in 
discharged COVID-19 patients. There are some patients whose 
IgG antibody or IgM antibody are undetectable. Within a week 
of infection, the concentration of both IgM and IgG increased, 
and the concentration of IgM reached its fi rst peak on the sixth 
day. But after a month, for example 4 to 9 weeks, IgM can last 
long time in serum as well as IgG, so detecting IgM in this 
period is not a good strategy to distinguish the acute infection 
of SARS-CoV-2.
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