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A B S T R A C T

Objective: To investigate the dynamic characteristics of serological antibodies against the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which is of much current significance.
Methods: The dynamic changes and prevalence of immunoglobulin M (IgM) and immunoglobulin G (IgG)
antibodies against SARS-CoV-2 were assessed from the time of symptom onset up to 210 days. Antibodies
were detected using a chemiluminescence immunoassay.
Results: The average titers and IgG/IgM positivity rates reached a peak within 30 days of symptom onset
and then began to decline continuously. Between 180 and 210 days following symptom onset, the titers of
IgG and IgM were 43.1 � 27.0 AU/mL and 4.4 � 5.2 AU/mL, respectively, while the respective positivity
rates were 84.3% and 12.0%. Further statistical analyses revealed that the dynamic changes and
prevalence of the SARS-CoV-2 IgG/IgM antibodies were related to age and disease severity, but not to sex.
The dynamic changes and the prevalence were similar for both the IgM and the IgG antibodies. Even so,
there was a more rapid rate of decline for the IgM antibodies. It was found that an IgG level of 16.33 � 3.15
AU/mL may represent a threshold value that should act as an alert, as it may indicate that the IgG level
will become undetectable within the next 30–60 days.
Conclusion: The results provide important information concerning COVID-19 and may be of relevance for
diagnosis, treatment, and vaccine development.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

The pandemic caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has led to significant morbidity and
mortality worldwide. Although nucleic acid detection has been
regarded as the gold standard of laboratory diagnosis, serological
testing is valuable for rapid clinical diagnosis and for evaluating the
efficacy of vaccines and coronavirus disease 2019 (COVID-19)
treatments (Shen et al., 2020).

Neutralizing antibodies (NAbs) are produced during an immune
response, and these play a vital role against SARS-CoV-2.
Immunoglobulin G (IgG) and immunoglobulin M (IgM) antibodies
are also produced that are specific to SARS-CoV-2, and they have
been detected within as little as 2 weeks from symptom onset
(Pérez-García et al., 2020). The IgM antibody is the key indicator of

an ongoing or current infection, as it is the earliest to develop
following exposure to the pathogen. The IgG antibody is a
protective antibody and is a sign of recovery from the disease or
of a past infection. It is the most abundant antibody in an
immunological response and can protect against an infection by
blocking viral entry into host cells. A variety of different factors
affect the development of IgG/IgM antibodies. Some studies
suggest that virus-specific IgG antibodies decrease rapidly within
around 3 months following an infection (Wang et al., 2020, 2021),
whereas others indicate that IgG antibodies have stable titers over
several weeks or several months (Dan et al., 2021). Many studies
have reported that age, sex, and disease severity have an effect on
the dynamic characteristics of serological antibodies (Kong et al.,
2020; O’Driscoll et al., 2020; Zeng et al., 2020); however, these
studies have been based on restricted study populations, or the
study durations have been relatively short.

This paper presents a retrospective analysis of the dynamic
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aterials and methods

atients

This retrospective study was conducted at the Yichang Central
eople’s Hospital, China. All of the patients were clinically
iagnosed with laboratory-confirmed COVID-19 and discharged
ccording to the national recommendations for the diagnosis and
reatment of pneumonia caused by SARS-CoV-2. The criteria for
he initial diagnosis and discharge of patients have been described
n detail in a previous paper (Liu et al., 2020). These include
maging features, laboratory examinations, clinical characteristics,
nd an epidemiological survey. A positive nucleic acid test result
onfirmed the infection. It is relevant to specify that in the case of
n asymptomatic infection, there were no signs or symptoms of
linical manifestations such as fever, a cough, a sore throat, or other
ymptoms that could be perceived or recognized clinically;
owever, the nucleic acid test result was positive for respiratory
ract or other specimens. These asymptomatic patients were
dentified by screening the close contacts of confirmed cases or
hrough community screening programs. In the case of a mild
nfection, the clinical symptoms were mild, and there were no
linical manifestations of pneumonia. For all of the patients, the
ntibodies were tested periodically, in accordance with require-
ents from the municipal prevention and control headquarters.
edical records were also reviewed to obtain detailed demo-
raphic and clinical information. The study was approved by the
thics Committees of Yichang Central People’s Hospital. The
atients in the study signed informed consent forms or provided
erbal consent over the telephone. The IgG/IgM antibodies were
ested at regular intervals. The dates of these tests were calculated
n relation to the day of symptom onset (day 0). In this way, serum
amples were collected between (1) day 0 and day 30, (2) day 30
nd day 60, (3) day 60 and day 90, and so on.

ARS-CoV-2 IgG/IgM antibody detection

Serum IgG/IgM antibodies were detected using a chemilumi-
escence immunoassay (Shenzhen Yafilong Biological Technology
o. Ltd., IgG/IgM kits, Shenzhen, China) in an iFlash 3000-A
Shenzhen Yafilong Biological Technology Co. Ltd., Shenzhen,
hina), as described in a previous paper (Zeng et al., 2020). The
utoff value of IgM and IgG recommended by the manufacturer is
0 AU/mL. The recombinant antigens contain the SARS-CoV-2
ucleoprotein and spike protein. All of the procedures were based
n the manufacturer’s protocols.

tatistical analyses

The statistical analyses were performed using Prism 6.0
GraphPad, San Diego, USA). The categorical variables were
ompared using a chi-squared test, and the SARS-CoV-2 IgG/IgM
ntibody titers were compared using a Mann–Whitney U test. A p-
alue less than 0.05 was considered to be statistically significant.

esults

he demographic characteristics of the patients in this study

As shown in Table 1, of the 678 COVID-19 patients, 39 cases

46.15% (95% CI: 28.75–64.54) for the critical group. The average age
was 54.53 � 12.92 years (males: 53.01 � 13.50 years; females:
56.05 � 12.34 years) for the whole group, 43.15 � 17.1 years (males:
42.12 � 17.16 years; females: 44.18 � 17.04 years) for the
asymptomatic group, 51.49 � 12.57 years (males: 52.55 � 12.22
years; females: 50.43 � 12.92 years) for the mild group, 50.13 �
13.18 years (males: 49.16 � 13.82 years; females: 51.02 � 12.55
years) for the moderate group, 59.38 � 12.24 years (males: 56.56 �
14.37 years; females: 62.19 � 10.11 years) for the severe group, and
68.54 � 9.50 years (males: 64.64 � 9.92 years; females: 72.43 �
9.07 years) for the critical group. The average hospitalization time
for the whole group of patients was 26.10 � 6.30 days (see Table 1),
and for the mild, moderate, severe, and critical groups, this was
20.55 � 7.58 days, 22.36 � 6.35 days, 29.00 � 6.33 days, and 32.47
� 4.65 days, respectively. It should be noted that for the
asymptomatic patients, the hospitalization time was unavailable,
because these patients were isolated in designated places instead
of being hospitalized.

The relationship between SARS-CoV-2 IgG/IgM antibody levels and sex

To examine whether dynamic changes in SARS-CoV-2 IgG/IgM
levels and rates of positivity were related to sex, we determined
the IgG/IgM titers and calculated the positivity rates for both male
and female patients from the time of disease onset up to 210 days.
As shown in Figure 1A and B, the titers of IgG/IgM rose to a peak
within 30 days following symptom onset, with average IgG
antibody titers of 167.2 � 49.3 AU/mL for female patients and 169.9
� 47.8 AU/mL for male patients, and average IgM titers of 123.0 �
145.8 AU/mL for female patients and 103.3 � 118.9 AU/mL for male
patients (see Table 2). The average IgG titers were then seen to
decrease continuously. As shown in Table 2, the average IgG titers
for both female and male patients declined down to 62.8% and
50.3%, respectively, of the peak value between day 30 and day 60,
and was seen to remain relatively stable between day 150 and day
210, with levels at around 21.7%–29.7% of the peak. No significant
differences were found between the male and female patients for
the dynamic changes in SARS-CoV-2 IgG/IgM levels, as shown in
Figure 1A and B. In Figure 1C, it can be seen that the IgG positivity
rate reached a peak within 30 days, with 97.8% for females and
98.0% for males; this then declined slowly, with positivity rates of
85.2% for females and 83.5% for males between day 180 and day
210. For IgM, the titer was found to decline quickly, so that it was
often undetectable by day 90. It was found that the IgM positivity
rate peaked within 30 days, with rates of 84.8% for females and
65.3% for males; this then declined quickly and was found to be
12.9% for females and 11% for males between day 180 and day 210.

The relationship between SARS-CoV-2 IgG/IgM antibody levels and age

As shown in Figure 2A and B, the titers of IgG/IgM rose to a peak
within 30 days following symptom onset for the four different age
groups: 0–15 years, 16–44 years, 45–65 years, and 66+ years. The
average IgG antibody titers at this point were 250.6 � 6.9, 158.4 �
60.9, 187.3 � 32.7, and 157.9 � 50 AU/mL for the respective age
groups. The average titers of IgG then decreased continuously. This
decrease was faster in the younger age groups, and the titer of IgG
was found to remain relatively stable from day 150 in all of the age
groups, with percentage values of the peak as follows: 6.7%–11% for
0–15 years, 16.5%–26.8% for 16–44 years, 19.9%–27.7% for 45–65
ere asymptomatic, 117 were mild, 401 were moderate, 95 were
evere, and 26 were critical. The proportion of males was 48.38%
95% CI: 44.64–52.14) in the whole group, 43.59% (95% CI: 29.31–
9.02) for the asymptomatic group, 52.99% (95% CI: 44–61.79) for
he mild group, 47.63% (95% CI: 42.79–52.52) for the moderate
roup, 48.42% (95% CI: 38.63–58.33) for the severe group, and
5

years, and 25.8%–31.2% for 66+ years, as shown in Table 3. There
was no significant difference between the age groups in terms of
the whole dynamic trend (p > 0.05). However, the average IgG
antibody titers at the last time points were higher in the older age
groups. As shown in Figure 2C, the rates of IgG positivity peaked
within 30 days up to 100%, 91.7%, 100%, and 98.1% in the four
8



Figure 1. Trends in the SARS-CoV-2 IgG and IgM antibody titers and positivity rates in females and males over time. (A, B) Distribution of SARS-CoV-2 IgG/IgM antibody titers
in serum samples from males and females over time in days from symptom onset. (C) Positivity rates of SARS-CoV-2 IgG/IgM in males and females according to the number of
days after symptom onset.
F, female patients; M, male patients; ns, no significant difference; T, all patients.

Table 2
The average IgG/IgM antibody titers for female and male patients from symptom onset to day 210.

Days IgG AU/mL IgM AU/mL

All Female Male All Female Male

X � SD % X � SD % X � SD % X � SD X � SD X � SD

30 168.5 � 48.7 167.2 � 49.3 169.9 � 47.8 113.2 � 131.8 123.0 � 145.8 103.3 � 118.9
60 91.2 � 45.8 54.1 105 � 52.6 62.8 85.4 � 39.0 50.3 38.4 � 45.2 39.7 � 46.1 37.1 � 44.3
90 61.7 � 27.8 36.6 61 � 29.2 36.5 63.6 � 27.8 37.4 8.8 � 11 9.7 � 11.9 8.0 � 7.9
120 63.7 � 29.3 37.8 59.7 � 27.2 35.7 66.3 � 29.3 39.0 9.8 � 11.1 9.6 � 10.7 9.9 � 11.6
150 46.6 � 36.7 27.7 42.7 � 29.8 25.5 50.5 � 36.7 29.7 8.4 � 8.6 8.2 � 8.5 8.5 � 8.8
180 38.9 � 27.4 23.1 36.2 � 24.0 21.7 41.6 � 27.4 24.5 5.0 � 6.5 5.2 � 6.9 4.8 � 6.04.3
210 43.1 � 27.0 25.6 42.3 � 23.0 25.3 43.9 � 26.9 25.8 4.4 � 5.2 4.5 � 5.5 4.3 � 5.0

Note: ‘All’ is used to indicate all of the patients, both female and male.

Table 1
Baseline demographic characteristics of the patients in this study.

Group No. Sex Age � SD Male Hospitalization time � SD

Male Proportion % (95% CI) Female

Total population 678 328 48.38 (44.64–52.14) 54.53 � 12.92 53.01 � 13.50 26.10 � 6.30
56.05 � 12.34

Asymptomatic 39 17 43.59 (29.31–59.02) 43.15 � 17.1 42.12 � 17.16
44.18 � 17.04

Mild 117 62 52.99 (44–61.79) 51.49 � 12.57 52.55 � 12.22 20.55 � 7.58
50.43 � 12.92

Moderate 401 191 47.63 (42.79 t0 52.52) 50.13 � 13.18 49.16 � 13.82 22.36 � 6.35
51.02 � 12.55

Severe 95 46 48.42 (38.63–58.33) 59.38 � 12.24 56.56 � 14.37 29.00 � 6.63
62.19 � 10.11

Critical 26 12 46.15 (28.75–64.54) 68.54 � 9.50 64.64 � 9.92 32.47 � 4.65
72.43 � 9.07
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ifferent age groups; these then declined slowly to final rates of
1.8% and 83.4% in the two older age groups, but more quickly to
nal rates of 60% and 78.6% in the two younger age groups. There
as a significant difference between the rates of positivity in the
ifferent age groups (p = 0.04).
For IgM, the titer level was found to peak within 30 days

ollowing the onset of symptoms (see Figure 2B and Table 3). The
iter was then found to decline quickly, until it fell below the cutoff
alue by 90 days, with the exception of the group aged 45–65 years.
he IgM positivity rates were found to be higher in the older age
roups, as shown in Figure 2C.

distribution for the asymptomatic, mild, moderate, severe, and
critical groups at the different time points. As shown in Figure
3A and B, the titers of IgG/IgM differ according to the disease
severity. As described above, the titers of IgG/IgM rose to a peak
within 30 days following symptom onset; then the average titers
of IgG decreased continuously. Overall, the change in the IgG
level varied according to the disease severity. In the critical
group, the rate of IgG decrease was the lowest and the titer was
the highest; in contrast, the asymptomatic group had the
highest rate of IgG decrease. It can also be seen that the rates of
IgG positivity were highest in the severe and critical groups. For

igure 2. Trends in SARS-CoV-2 IgG/IgM antibodies based on age. (A, B) Distribution of SARS-CoV-2 IgG/IgM antibody concentrations. The x-axis shows the patient age in
ears, the y-axis shows the antibody concentration, and the different symbols show the number of days after symptom onset. (C) Positivity rates of SARS-CoV-2 IgG/IgM in the
ur different age groups according to the number of days after symptom onset.

able 3
he average IgG/IgM antibody titers for the different age groups from symptom onset to day 210.

Days IgG AU/mL

0–15 years % 16–44 years % 45–65 years % 66+ years %

30 250.6 � 6.9 158.4 � 60.9 187.3 � 32.7 157.9 � 50
60 86.7 � 0 24.6 98.3 � 48.1 62.1 69.2 � 22.5 36.9 103.0 � 56.1 65.2
90 51.6 � 20.0 20.6 62.0 � 32.5 39.1 66.9 � 22.6 35.7 60.4 � 27.8 38.3
120 75.2 � 31.8 30 63.8 � 33.9 40.3 71.6 � 28.6 38.2 60.9 � 28.4 38.6
150 18.7 � 18.4 7.5 26.2 � 24.6 16.5 51.8 � 29.3 27.7 49.2 � 35.9 31.2
180 16.8 � 9.8 6.7 32.0 � 26.0 20.2 37.2 � 27.8 19.9 40.8 � 26.1 25.8
210 27.5 � 30.1 11.0 42.1 � 32.5 26.8 45.9 � 22.7 24.5 42.8 � 27.1 27.1

IgM AU/mL
30 6.2 � 3.2 39.8 � 34.6 107.8 � 102.8 136.1 � 171.2
60 20.9 � 0 16.3 � 15.8 92.1 � 121.3 27.4 � 28.1
90 2.1 � 1.5 2.4 � 2.0 13.3 � 15.0 8.6 � 18.9
120 4.4 � 5.0 7.0 � 6.2 14.5 � 15.0 9.8 � 10.6
150 0.51 � 0.3 8.1 � 8.8 12.2 � 12.9 7.4 � 7.2
180 0.6 � 0.2 2.1 � 2.4 6.3 � 8.3 5.5 � 7.0
210 6.3 � 9.7 3.4 � 3.9 6.5 � 7.5 4.0 � 4.7
he relationship between SARS-CoV-2 IgG/IgM antibody levels and
isease severity

To examine the association between the disease severity and
ynamic antibody changes, we plotted the whole antibody titer
6

IgM, the titer level peaked within 30 days following symptom
onset (see Figure 3B and Table 4) and then declined quickly,
becoming undetectable by 90 days, with the exception of the
asymptomatic, severe and critical groups. The rate of IgM
positivity was found to be higher in both the severe and critical
groups, as shown in Figure 3C.
0
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The IgG antibody alert level due to degradation

It was noted that 15 patients initially had positive antibody test
results (from symptom onset up to 30 days) and that these turned
negative at 30–60 days. In order to determine the level of IgG
antibody that might become undetectable in patients within a
certain period of time due to degradation, we statistically analyzed
the IgG antibody results of these 15 patients for these two

Discussion

A more comprehensive understanding of the characteristics of
SARS-CoV-2 IgM and IgG antibodies, including the dynamics over
time and the determinants, will have implications for the diagnosis
and treatment of COVID-19.

The retrospective data presented in this study showed that
females were more likely to be infected with SARS-CoV-2 than

Figure 3. Trends in SARS-CoV-2 IgG/IgM antibodies based on disease severity. (A, B) Distribution of SARS-CoV-2 IgG/IgM antibody concentrations according to the disease
severity. The different colors show the number of days after symptom onset. (C) Positivity rates of SARS-CoV-2 IgG/IgM in the different disease severity groups according to
the number of days after symptom onset.
As, asymptomatic; M, mild; C, moderate; S, severe; Cr, critical.

Table 4
The average IgG/IgM antibody titers according to the disease severity from symptom onset to day 210.

Days IgG AU/mL

Asymptomatic % Mild % Moderate % Severe % Critical %

30 243.7 � 0 148.7 � 41.6 172.7 � 46.8 154.7 � 59.1 170.8 � 36.6
60 24.2 � 0 9.9 95.0 � 62.7 63.9 92.6 � 40.8 53.6 97.8 � 38.2 63.2 109.6 � 73.8 64.2
90 38.6 � 27.3 15.8 60.7 � 32.4 40.8 61.8 � 30.0 35.8 62.8 � 25.6 40.6 73.3 � 33.3 43.1
120 39.9 � 23.3 16.4 58.4 � 32.6 39.3 65.1 � 28.3 37.7 72.8 � 27.6 47.1 62.4 � 24.0 36.5
150 39.9 � 10.7 16.4 51.0 � 33.0 34.3 44.0 � 36.8 25.5 51.6 � 20.0 33.4 64.3 � 23.5 37.6
180 17.7 � 11.0 7.3 47.8 � 28.8 32.1 24.7 � 24.7 14.3 49.1 � 24.8 31.7 64.3 � 23.3 37.6
210 21.8 � 9.1 15.1 44.5 � 28.6 29.9 40.7 � 24.3 23.6 48.5 � 25.1 31.4 49.1 � 19.5 28.7

IgM AU/mL
30 2.9 � 0 50.1 � 55.4 107.8 � 21.2 184.5 � 231.9 60.1 � 50.1
60 1.1 � 0 59.0 � 63.3 16.7 � 15.3 110.0 � 127.0 19.7 � 15.9
90 4.0 � 4.1 3.8 � 3.5 9.4 � 12.3 10.7 � 11.0 18.7 � 18.5
120 2.0 � 1.6 7.8 � 8.8 9.5 � 9.6 18.8 � 19.6 11.6 � 10.0
150 0.6 � 0.2 10.4 � 11.8 7.0 � 6.9 14.4 � 15.5 15.9 � 3.0
180 2.1 � 2.8 6.8 � 9.8 4.2 � 5.2 9.5 � 11.5 11.1 � 8.6
210 0.5 � 0.1 2.9 � 3.3 4.3 � 5.1 6.3 � 7.4 4.4 � 4.8
consecutive time periods. As shown in Figure 4, the average initial
IgG antibody level was 16.33 � 3.15 AU/mL. This may therefore
represent a key level, indicating that IgG may become undetectable
within 30–60 days due to degradation. We therefore defined this
level as an alert threshold.
61
males, which is consistent with our previous report (Liu et al.,
2020). The dynamic changes and the prevalence of SARS-CoV-2
IgG/IgM antibodies in males and females were almost the same.
These changes are not nearly affected by sex. It was observed that
the average titer of IgM antibodies was relatively higher in females
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rom the time of symptom onset to 60 days. This could account for
he higher levels of SARS-CoV-2 IgG antibodies found in female
atients in the early phase of the disease, as seen in other studies
Zeng et al., 2020; Tian et al., 2020).

In line with previous studies, we found that elderly people were
ore susceptible to infection (Yang et al., 2020). Furthermore, we

ound that the SARS-CoV-2 IgM and IgG antibody titers signifi-
antly increased with age, which supports the view that elderly
atients may have a stronger immune response against SARS-CoV-

 than young patients.
We demonstrated that the titers and positivity rates of SARS-

oV-2 IgM/IgG antibodies relate to the disease severity. The IgM/
gG titers and positivity rates in the severe and critical groups were
ound to be higher than in the asymptomatic and mild groups,
hich is in line with previous studies (Garcia-Beltran et al., 2021;
hen et al., 2020). In addition, the IgM/IgG titers and IgM positivity
ates decreased more rapidly in the asymptomatic group. The IgG
ositivity rates in the severe and critical groups showed almost no
ecline from symptom onset to day 210.
In this study, we observed the persistence of IgG for at least 7

onths. As shown in Figure 4, an IgG level that decreases down to
6.33 � 3.15 AU/mL should act as an alert, as the IgG level may
ecome undetectable within 30–60 days. This could act as a
eference value when monitoring effective vaccine-related anti-
ody levels. There was one patient who did not show SARS-CoV-2
gG or IgM positivity from symptom onset to day 210. Such findings
aise concern that immune responses against SARS-CoV-2 may fail
n certain cases. The mean IgM positivity rate in our study was 12%
t day 210, which was slightly higher in the severe and critical
roups. It remains to be determined whether the IgM antibody can
ndicate the potential risk of a viral infection. Our current
bservations and data do not suggest that this antibody will not
rotect from a further COVID-19 outbreak.
There are some shortcomings in this study that were inevitable.

irstly, continuously monitoring the antibody titers in the same
atients from the time of symptom onset to day 210 could
isproportionately increase the power of any findings. In addition,
ome of the groups in the study were small.

In summary, our study showed that the dynamic changes and
prevalence of SARS-CoV-2 IgG/IgM antibodies are mainly affected
by age and disease severity, not sex. In addition, the study
identified a threshold value of the IgG level that should act as an
alert, as it may indicate that the antibodies may become
undetectable within 30–60 days. These results could provide
important information concerning COVID-19 diagnosis, treatment,
and vaccine development.
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