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1 | INTRODUCTION

In December 2019, patients with coronavirus disease 2019 (COVID-19)
began to appear in the city of Wuhan, Hubei province, China."* The
epidemic rapidly spread to many other regions within China and then to
regions across the globe. Although the situation in China is currently
under control, the pandemic continues to spread in other countries,
increasing the risk of overseas import of the disease to China.
COVID-19 is caused by a novel coronavirus, named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)* by the Interna-
tional Committee of Virus Classification. Although the detection of
viral nucleic acid by reverse-transcription polymerase chain reaction
(RT-PCR) is the gold standard for the diagnosis of SARS-CoV-2 in-
fection, this method is complex and time-consuming, with detection
results easily affected by factors, such as collection time, sample
type, and sample preservation, which increase the risk of false-
negative results.” Furthermore, this method is unable to meet the
principles of early detection, early isolation, and early treatment, and

is, therefore, not conducive to the prevention and control of the
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The coronavirus disease 2019 (COVID-19) pandemic has spread to various regions
worldwide. As of 27 April 2020, according to real-time statistics released by the
World Health Organization, there have been 84 341 confirmed cases and 4643
deaths in China, with more than 2 979 484 confirmed cases and 206 450 deaths
outside China. The detection of antibodies produced during the immune response to
severe acute respiratory syndrome coronavirus 2 infections has become an im-
portant laboratory method for the diagnosis of COVID-19. However, at present, a
little research on these specific antibodies has been conducted. In this study, a
retrospective analysis was used to explore the dynamic changes of serum im-
munoglobulin M (IgM) and IgG antibody and factors affecting diagnostic efficacy, so
as to provide a theoretical basis for clinical diagnosis and treatment.

COVID-19, IgG, IgM, SARS-CoV-2

epidemic. As a product of the immune response to infection, antibody
detection has the advantage of being easier and more convenient to
conduct, more efficient, easier to preserve samples and having lower
laboratory and personnel requirements. Diagnosis and treatment
plan (trial 7th edition) clearly proposed that antibody detection is an
important laboratory method for the diagnosis of COVID-19. How-
ever, as SARS-CoV-2 is a novel virus, a thorough understanding of
the dynamic changes of these antibodies in patients and influencing
factors is required. SARS-CoV-2 belongs to the f-coronavirus
genus, sharing high-sequence similarity (87.9% and 98.7%) with the
SARS-CoV.®’” Serum immunoglobulin M (IgM) antibodies against
SARS-CoV can be detected 3 to 6 days after infection, but levels
rapidly decrease thereafter. Conversely, 1gG antibodies appear, later
on, approximately 8 days after the onset of symptoms, with levels
increasing over the course of infection and remaining high for an
extended period.® Therefore, it has been speculated that the dynamic
change processes of SARS-CoV-2 antibodies may be similar to that of
SARS-CoV. To investigate this, the dynamic changes of IgM and IgG

antibodies, factors affecting the positive seroconversion of IgM and
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IgG antibodies, and the quantitative levels of IgG antibodies were

assessed in this study.

2 | METHODS
2.1 | Study participants

Approved by the Medical Ethics Committee of Taikang Tongji
Hospital, Wuhan, samples were collected from a total of 802 inpatients
diagnosed as COVID-19 positive in Taikang Tongji Hospital from
February to April 2020. According to the COVID-19 diagnosis and
treatment plan (trial 7th edition), positive diagnosis can be concluded if
the nucleic acid test is positive, if the serum is positive for specific IgM
and IgG antibodies, if serum IgG converts from negative to positive, or if
antibody levels in the convalescent stage of infection are four or more
times higher than that in the acute stage. All participants had a clear
history of infection, either displaying typical clinical symptoms and/or
were diagnosed by computed tomography angiography. Information on
sex, age, clinical symptoms, comorbidity status, disease severity, course
of the disease, IgM and IgG antibody levels, nucleic acid cycle threshold
(C;) value, and albumin and total protein levels were collected. All ex-
periments were performed in compliance with relevant laws and in-
stitutional guidelines and in accordance with the ethical standards of
the Declaration of Helsinki and it was approved by the Medical Ethics
Committee of Taikang Tongji Hospital. Informed consent was obtained

for any experiment on human subjects.

2.2 | Antibody and nucleic acid detection

Fasting venous blood (2-5 mL) was centrifuged, and the upper serum
was separated and stored at -20°C. Serum IgM and IgG antibodies
were quantitatively detected by the Axceed 260 (Bioscience, Tianjin,
China) magnetic particle-based chemiluminescence immunoanalyzer.
Chemiluminescence signal-to-cutoff (S/co) values showed that
S/co less than 1 was regarded as negative for the antibody and S/co
greater than 1 as positive. Nasopharyngeal swab samples were col-
lected and nucleic acid detection using model 7500 PCR gene am-
plification instrument (AMI). C; values of greater than 40 were
considered negative for SARS-CoV-2 and values less than 40 were
positive.

2.3 | Statistical methods

Software SPS526.0 was used for data analysis. Nonnormal variables
were expressed as medians (Q1 and Q3) and were analyzed by the
Mann-Whitney U test. Counting data were compared using the ){2
test. Correlation analysis was performed using the Spearman corre-

lation coefficient. Data consistency was measured by calculating the

Kappa coefficient using the Kappa consistency test. GraphPad Prism

8.0 was used to produce charts.

3 | RESULTS
3.1 | Basic patient information

Among the 802 patients, 58.48% were female with a median age of
63 years (interquartile range [IQR18], range: 13-99 vyears). The
median times for the following factors followed: virus shedding,
23 days (IQR22, range: 2-61 days); hospitalization, 13 days (IQR10,
range: 2-55 days); and disease duration, 52 days (IQR21, range:
9-101 days). 77.81% of patients had symptomatic infections, the
main symptoms being fever (62.84%), cough (60.35%), and fatigue
(43.39%). 53.74% of patients had at least one comorbidity, mainly
hypertension (37.53%), diabetes (17.21%), or chronic heart disease
(13.47%). On admission, 20.25% of the patients had decreased lym-
phocyte counts, and 64.47%, 17.78%, and 7.37% of patients had
elevated D-dimer, C-reactive protein, and white blood cell counts,
respectively. Patients with severe infections and deaths accounted
for 29.05% and 1% of cases, respectively (Table 1).

3.2 | Dynamic analyses of SARS-CoV-2 antibodies
and nucleic acid in patients

The positive rates of IgM, IgG, and IgM or/and IgG antibodies were
28.55% (229/802), 87.28% (700/802), and 88.40% (709/802), re-
spectively, and the positive rate of nucleic acid was 70.32% (564/
802). The positive rates of IgM and nucleic acid peaked within 1 week
of disease onset, reaching 40% and 96.36%, respectively, and the
positive rates of IgG, and IgM or/and IgG antibodies peaked after the
ninth week of the disease, reaching 93.50% and 94.80%, respectively.
Within 3 weeks of disease onset, the positive rate of nucleic acid was
higher than that of IgM, IgG, and I1gM or/and IgG; however, after the
first 3 weeks, the positive rates of 1gG and IgM or/and IgG antibodies
were higher than that of nucleic acid, which showed a clear down-
ward trend after 1 week (Figure 1A). The positive rate of IgM anti-
bodies showed a downward trend 1 week after disease onset and
continued to fluctuate after the fourth and eighth weeks. Conversely,
the positive rates of IgG, and I1gM or/and IgG antibodies showed an
upward trend after the first week of disease onset (Figure 1B).
Among the 564 nucleic acid-positive samples, 516 were positive
for 1gM or/and IgG. Among the 238 samples that were negative for
nucleic acid for the duration of the assessment, 193 were positive for
IgM or/and IgG antibodies, although the Kappa value between these
groups was only 0.126. Serum levels of IgM showed a downward
trend after the first week and fluctuated in the fourth week, while
IgG antibody levels showed an upward trend from the first week to
the fifth week (Figure 2).
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3.3 | Analysis of factors influencing antibody levels
on admission

3.3.1 | The relationship between the positive rates
of IgM and IgG antibodies on admission and
patient sex

The patients were divided into female (n=469) and male (n=333)
groups. On admission, the positive rates of IgM antibodies in the female
and male groups were 53.71% and 46.29%, respectively, and the posi-
tive rates of 1gG antibodies in these groups were 58.86% and 41.14%,
respectively. Although the positive rates of IgM and IgG detection in the
female group were higher than those in the male group on admission,
these differences were not statistically significant (P >.05).

3.3.2 | The relationship between the positive rates
of IgM and IgG antibodies on admission and patient
comorbidity status

The patients were divided into noncomorbidity (n=371) and co-
morbidity (n=431) groups. The positive rate of IgM antibodies in the
comorbidity group (52.84%) was higher than that in the noncomorbidity
group (47.16%). The positive rate of IgG antibodies in the comorbidity
group (53.29%) was also higher than that in the noncomorbidity group
(46.71%), but the difference was not statistically significant (P > .05).

3.3.3 | The relationship between the positive rates
of IgM and IgG antibodies on admission and whether
the patient had a symptomatic infection

The patients were divided into asymptomatic (n=178) and sympto-
matic (n=624) infection groups. The positive rates of I1gM and IgG
antibodies in the symptomatic infection group (95.63% and 95.57%,
respectively) were significantly higher than those in the asymptomatic
infection group (4.37% and 4.43%, respectively), but only the differ-
ence between IgG detection was statistically significant (P <.05).

3.3.4 | The relationship between the positive rate of
IgM and IgG antibodies on admission and the severity
of illness

To classify the severity of the illness of participants, those displaying
mild and normal symptoms were classified as the “non-severe group,”
and severe and critically ill patients were classified as the “severe
group.” The positive rates of IgM and IgG antibodies in the nonsevere
group (71.62% and 71.14%, respectively) were higher than those in
the severe group (28.38% and 28.86%, respectively), but these dif-

ferences were not statistically significant (P >.05).
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TABLE 1 Clinical and laboratory findings of patients on admission

N (+) Total Positive (%)
Clinical findings
Fever 528 802 62.84
Cough 484 802 60.35
Fatigue 348 802 43.39
Runny nose 55 802 6.89
Sore throat 64 802 7.98
Myalgia 44 802 5.48
Vomiting 18 802 2.20
Diarrhea 58 802 7.23
Dyspnea 142 802 18.08
Chest tightness 226 802 28.17
Shortness of breath 145 802 18.08
Comorbidity 431 802 53.74
Hypertension 301 802 37.53
Diabetes 138 802 17.21
Chronic heart disease 108 802 13.47
Chronic lung disease 50 802 6.23
Chronic cerebrovascular disease 55 802 6.86
Chronic kidney disease 27 802 3.37
Disease severity status
Light 10 802 1.25
General 559 802 69.70
Severe 201 802 25.06
Critical 32 802 3.99
Outcomes
Survival 794 802 99.00
Death 8 802 1.00
Laboratory findings
White blood cell count, x10%/L
<35 40 733 5.46
3.5-95 639 733 87.18
>9.5 54 733 7.37
Lymphocyte count, x10%/L
<11 145 716 20.25
1.1-3.2 553 716 77.23
>3.2 18 716 2.51
D-dimer, ng/mL
<243 70 197 35.53
>243 127 197 64.47
C-reactive protein, mg/L
<10 550 675 81.48
>10 120 675 17.78

3.3.5 | The relationship between IgG antibody levels
on admission and sex, comorbidity status, symptoms,
and severity of illness

IgG antibody levels in compared groups varied as follows: sig-
nificantly higher in males than females, 10.75 S/co (IQR23.79) and
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FIGURE 1 Dynamic changes in the
positive rates in patients after the onset of
disease. A, Heat map of changes in the
positive rates of antibodies. B, Changes in the
positive rates of nucleic acid and antibodies at
different time periods after coronavirus
disease 2019 onset. IgM, immunoglobulin M
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6.82 S/co (IQR17.48), respectively; significantly higher in patients
with comorbidity than patients without, 9.84 S/co (IQR23.53) and
6.58 S/co (IQR17.89), respectively; significantly higher in sympto-
matic patients than asymptomatic patients, 8.48 S/co (IQR20.70) and
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FIGURE 2 Dynamic changes of antibody levels in patients after
the disease onset. IgM, immunoglobulin M

2.96 S/co (IQR12.48), respectively; and significantly higher in the
severe patient group than nonsevere patient group, 11.05 S/co
(IQR24.65) and 7.04 S/co (IQR18.50), respectively. All differences
were statistically significant (P <.05; Figure 3).

3.3.6 | The relationship between IgG antibody levels
and age, albumin levels, and total protein levels on
admission

IgG antibody levels correlated positively with age (P <.01), negatively
with albumin levels (P <.05), and showed no correlation with total
protein levels (P >.05; Figure 4).

4 | DISCUSSION

The COVID-19 epidemic has rapidly developed into a serious global
situation, threatening the physical and mental health of millions
across the globe.”'° The median age of the 802 patients included in
this study was 63 years, with slightly more females than men. 53.74%

of the patients had at least one comorbidity, such as hypertension,
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FIGURE 3 The influence of sex, comorbidity status, symptoms, and the severity of illness on immunoglobulin G (IgG) antibody levels.
Comparison of 1gG antibody levels and (A) sex, (B) comorbidity and noncomorbidity groups, (C) symptomatic and asymptomatic groups, and

(D) nonsevere and severe groups

diabetes, or chronic heart disease, which indicates that the elderly
and patients with comorbidity were more susceptible to COVID-19.

While 65.85% of patients had a fever, 34.16% of the patients had
no fever during the course of the disease, highlighting the importance
of testing suspected cases even in the absence of a fever to prevent
missed diagnosis. Other than fevers, the most common symptoms
were cough and fatigue, which are similar to some SARS-CoV infection
symptoms™. However, other SARS-CoV infection symptoms, such as
sore throat, runny nose (upper respiratory tract infection symptoms),
vomiting, and diarrhea were rarely seen, which indicates that SARS-
CoV-2 target cells mainly exist in the lower respiratory tract.

Upon admission to the hospital, 20.25% of the patients displayed
reduced lymphocyte counts, which indicates that SARS-CoV-2 may

attack lymphocytes to reduce the immunity of infected individuals,
allowing SARS-CoV-2 to replicate in large quantities in the body. This
study also found that 17.78%, 64.47%, and 7.37% of patients had
elevated C-reactive protein, D-dimer, and white blood cells, respec-
tively. It is well known that C-reactive protein is an indicator of
inflammatory response and increases during bacterial or viral infec-
tions. Also, D-dimer is an indicator of blood agglutination. Studies
have shown that blood hypercoagulability is associated with patients
with severe infections, particularly those with respiratory distress
syndrome. The level of D-dimer will continue to increase in severe
patients with respiratory distress syndrome.’

Lan et al'? found that some patients who met the discharge
criteria were repositive for nucleic acid a few days after discharge.
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FIGURE 4 Correlation analysis of immunoglobulin G (IgG) antibody levels with (A) age, (B) albumin (ALB) levels, and (C) total protein

(TP) levels
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The results of this study are similar to those of the study conducted
by Lan et al, with some discharged patients who were readmitted to
hospital testing positive for nucleic acid. The median time for virus
shedding was 23 days, with 2 and 61 days being the shortest and
longest periods, respectively. Statistical analysis of virus shedding
times provides a reference for the length of isolation needed by
discharged patients to prevent them from contacting family and
friends. As some patients did not have detectable nucleic acid during
the length of observation, this may have affected the overall virus
shedding times we measured in this study.

1gM is the first antibody produced, lasting for a short period in
the body before rapidly decaying. The results of this study show that
the positive rate of IgM antibodies peaks within a week, decreases
during the following week, before rising again and fluctuating in the
fourth and eighth weeks. IgM antibody levels also decrease after
1 week and fluctuate in the fourth week. These findings demonstrate
that IgM antibodies can be used to indicate current or recent in-
fections, or recurrent infections, which are thought to arise when a
patient fails to clear the virus completely during the convalescent
period.

Nucleic acid detection is complex and time-consuming, with de-
tection results easily affected by factors such as collection time,
sample type, sample treatment, and specimen preservation, which
increase the risk of false-negatives. Conversely, antibody detection
has the advantage of being easier and more convenient to conduct,
more efficient, easier to preserve samples, and having lower la-
boratory and personnel requirements, thereby reducing the risk of
false negatives. In this study, the positive rate of nucleic acid was
only 70.32%, while the positive rate of antibodies was 88.40%. The
positive rate of nucleic acid decreased after the first week, while the
positive rates of IgM or/and IgG increased after 1 week. Further-
more, the positive rate of nucleic acid was high in the first 3 weeks,
while the positive rate of antibody was higher than that of nucleic
acid after 3 weeks. Among the 238 nucleic acid negative samples,
193 were positive for IgM or/and IgG, with a positive rate of 81.09%.
The consistency test between nucleic acid and IgM or/and 1gG anti-
body results showed that the Kappa value of both was only 0.126,
which may be because the nucleic acid-positive results were mainly
concentrated in the early and middle stages of the disease, while the
positive antibody results were mainly concentrated in the middle and
latter stages. This demonstrates that antibody detection can be used
as an auxiliary diagnostic method for nucleic acid testing, and nucleic
acid detection can supplement the low sensitivity of antibody de-
tection in the early stages of infection. Combined nucleic acid and
antibody detection could potentially improve diagnostic efficiency,
reducing the risk of missed diagnosis.

The positive rate of IgG antibodies in patients with asymptomatic
infections was significantly lower than that in patients with symp-
tomatic infections, the positive rate of which was less than 5%. It is
speculated that asymptomatic infections may affect 1gG antibody
conversion. Therefore, asymptomatic patients with a clear history of
the disease should not be deemed clear of infection even if the an-

tibody and nucleic acid screenings are negative; the continued

monitoring of nucleic acid and antibody levels for several days is
necessary to avoid missed diagnosis. On admission, the positive rate
of 1gG antibodies in nonsevere patients was significantly higher than
that in severe patients (P <.05). This implies that the severity of the
disease affects the conversion of 1gG antibodies. If the IgG antibody
level is high, the level of albumin will decrease accordingly. As al-
bumin is often used as an indicator of the body's nutritional status,
this decrease suggests that the increased antibody production during
infection may consume nutrients. I1gG is a protective antibody and it
may, therefore, be necessary to closely monitor albumin levels of
patients with COVID-19. If the albumin level decreases, intervention
may be necessary to ensure the body can produce enough antibodies
to battle and recover from the disease. The results of this study also
showed that sex, comorbidity status, symptoms, the severity of ill-
ness, and age all affected the levels of IgG antibodies; these factors
will all likely influence the accuracy of diagnosis.

In this study, we described the dynamic changes of antibody
seroconversion and discussed factors that could affect the diagnostic
efficacy of antibodies. Antibody detection can be used as a supple-
mentary diagnostic tool for nucleic acid testing. The improved diag-
nostic efficiency of COVID-19 by this combined approach could have

important clinical applications.
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