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A B S T R A C T

We aim to study kinetics of anti-SARS-CoV-2 IgG antibody levels in subjects with COVID-19 for up to 11
months and the potential influential factors. The study was a prospective longitudinal study. The analyses
were based on 77 serum/plasma samples with a mean of 4 samples per participant (range 1 − 18) in 20 par-
ticipants with at least one positive Polymerase Chain Reaction testing result from 19 March 2020 up to 10
February 2021. Among the subjects (median age 34.5 years, 65% male), IgG level declined with the follow-up
time (per month; geometric mean ratio [GMR] 0.73; 95% CI, 0.72 − 0.74). In a small sample of subjects from
the general population with COVID-19, IgG levels declined non-linearly from month 2 to 11 with individual
heterogeneity in quantity and changing speed and may be associated with gender, race and the loss of smell
and taste.

© 2021 Elsevier Inc. All rights reserved.
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1. Introduction

As the infectious disease COVID-19 continues to spread, it is
vitally important to understand well the pattern of immune response
and its influential factors. Anti-SARS-CoV-2 humoral response kinet-
ics can aid in COVID-19 diagnosis, vaccine development, therapeutic
immune plasma studies, and epidemiologic studies including preva-
lence, exposure, and immunity. Decrease in antibody levels is likely
to indicate a lack of protective immunity (Bauer et al., 2021). Most
COVID-19 patients develop detectable immunoglobulin M (IgM) and
immunoglobulin G (IgG) antibodies targeting the nucleocapsid (N) or
the spike (S) protein of SARS-CoV-2 within several weeks post infec-
tion (Lynch et al., 2021, Legros et al., 2021).

Previous studies have shown that IgG responses against SARS-
CoV-2 infection can persist for 3 to 8 months post-symptom onset
(Jiang et al., 2021, Dan et al., 2021). But longer-term kinetics of IgG
antibodies remain to be investigated. In addition, previous studies
mostly included limited sample sizes and narrow spectrums of dis-
ease severity (Vogelzang et al., 2020, Semmler et al., 2021, To et al.,
2020, Sakhi et al., 2021). More data from asymptomatic and mild
COVID-19 cases is necessary to better understand anti-SARS-CoV-2
IgG antibody detectable/positive rate and IgG level kinetics in the
general population screened for SARS-CoV-2 infection. Previous
reports have examined the associations between IgG antibody
response against SARS�CoV�2 and potential influential factors
including disease severity (Vogelzang et al., 2020, Semmler et al.,
2021), comorbidities (Lee et al., 2020), and immunocompromised sta-
tus (Sakhi et al., 2021), but the evidence on predictive factors of IgG
levels was still limited.

Hence, we aimed to provide more information on the IgG detect-
able/positive rate and the IgG level changes over time after SARS-
CoV-2 infection for up to 11 months and identify the potential influ-
ential factors associated with IgG levels in the general population
screened for SARS-CoV-2 infection.

2. Material and methods

2.1. Study design and participants

The study was a prospective longitudinal study conducted at Rich-
mond Pharmacology Ltd, London, UK and the Richmond Research
Institute, St George’s University of London. The participant inclusion
criteria were (1) male or female aged 5 and older, (2) an understand-
ing, ability, and willingness to fully comply with the project proce-
dures and restrictions and (3) consent from a parent/legal guardian
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for participants aged 5 to 15 years. Informed written consent was
obtained from each participant/guardian. The study complied with
the principles of the World Medical Assembly (Helsinki 1964) and
subsequent amendments.

Questionnaires were used to collect participant baseline charac-
teristics. Polymerase Chain Reaction (PCR) testing of throat swab
specimens for SARS-CoV-2-specific RNA were performed repeatedly
per participant to confirm the status of SARS-CoV-2 infection. The
Abbott Laboratories (Illinois, USA) chemiluminescent microparticle
immunoassay (CMIA) against the nucleocapsid protein (N) of SARS-
CoV-2 was used to assess the anti-SARS-CoV-2 antibody IgG levels
and IgG statuses (detectable/positive or undetectable/negative) of
serum/plasma samples. The cut-off value of Abbott CMIA for SARS-
CoV-2 positive has been set at 1.4 signal/cut-off (S/CO) units
(Bryan et al., 2020), which was calculated to maximise positive pre-
dictive values and minimise false positives, according to the manu-
facturer. Public Health England assessed that the assay had a
specificity of 100% but sensitivity of 93% (Evaluation of the Abbott
SARS-CoV-2 2021).

Variables
The primary outcome was the IgG level measured repeatedly dur-

ing the follow up. The secondary outcome was the IgG status (detect-
able/positive or undetectable/negative). Predictive variables
measured at screening included time, age, gender, race, fever, and
loss of smell and taste (loss of smell and taste, loss of smell only, loss
of taste only, neither loss of smell nor taste). Race was classified as
Caucasian, Black African, and other races (Hispanic, Indian, Pakistani,
other Asian than Chinese and Japanese).
2.2. Statistical analysis

Characteristics of subjects with at least one positive PCR result
were summarised as n, median (interquartile range [IQR]) and mini-
mum-maximum or frequency (percentage). IgG levels and the sta-
tuses of whether IgG was detectable or positive were recorded by
day, but to make the trend information more concise, we summarised
them by month. The IgG statuses (detectable/positive or undetect-
able/negative) were described as frequency and percentage, and IgG
levels were as n, median (IQR), and minimum-maximum.

To explore potential factors associated with IgG levels in COVID-
19, the generalized linear mixed models (GLMMs) with normal distri-
bution and identity link function, predictive variables as fixed effects,
and subject as random effect were employed. The natural logarithm
of IgG level was the dependent variable. Time (month), age (year),
gender, race, fever, and loss of smell and taste were predictive varia-
bles. All predictive variables were included in univariate GLMMs sep-
arately and in multivariate GLMM simultaneously. Geometric mean
ratios (GMRs) and 95% confidence intervals (CIs) were estimated by
taking an antilog transformation of estimates coming from the
GLMM. The half-life was calculated from the GLMM using the formula
�lnð2Þ=b1 where b1 was the coefficient of day. The half-life was
defined as the time elapsed (days) for the IgG level to reduce to half
of its initial level. The graph comprised of the daily change of IgG lev-
els since positive PCR and the fit curve for the predicted day effect
from the GLMM was presented. Missing data of baseline characteris-
tics were imputed by median (continuous variables) and category
which occupies the majority (categorical variables) in the GLMM.

Statistical analyses were performed using SAS 9.4 software (SAS
Institute).
Fig. 1. Consort diagram.
2.3. Ethical approval

The study was approved by the Committee of National Research
Ethics Service (NRES) (West Midlands - Edgbaston) (IRAS ID:
281788).
3. Results

3.1. Participants included in the analysis

From 19 March 2020 up to 10 February 2021, 2216 participants
were screened for PCR for 18884 times; 510 participants were tested
for IgG for 899 times (Fig. 1). 25 participants had at least one positive
PCR testing results and IgG data afterwards, 1 participant was
excluded from the analyses due to incomplete data, 4 participants
were excluded due to reinfection during the study period (who may
have different patterns of IgG kinetics), and finally 20 participants
were included. The analyses were based on 77 serum/plasma samples
with a mean of 4 serum/plasma samples per participant (range 1 −
18).
3.2. Characteristics of participants

Median age in the study sample was 34.5 years (IQR 28.5 − 52.0),
and most of the subjects were male (65.0%) (Table 1). Approximately
half of the subjects were Caucasian (52.6%), 15.8% were Black African,
and 31.6% were other races (including Hispanic, Indian, Pakistani,
other Asian than Chinese and Japanese). Around half of the subjects
(47.4%) had fever; the majority of subjects (68.4%) had lost their smell
and taste, and one third of subjects had neither lost smell nor taste
(31.6%). The median follow-up time post initial positive PCR testing
was 2 months (IQR 1-2).
3.3. Percentage of participants with detectable or positive IgG

The percentage of the subjects who had detectable or positive IgG
decreased over time. At month 1 post initial positive PCR testing,
75.0% (9 subjects) of the subjects had detectable or positive IgG, while
25.0% (3) had not (Table 2). At month 2, 70.0% (14) of the subjects still
had detectable or positive IgG. At month 3, the percent dropped to
only 42.9% (3); from month 4 to 7, only 10% to 20% (1); from month 8
to 11, our data did not show any subjects who had detectable or posi-
tive IgG.



Table 1
Demographic characteristics of subjects with at least one positive PCR result.

Characteristics Statistics All

Age (year) n 20
Median (IQR) 34.5 (28.5 − 52.0)
Min-Max 24.0 − 66.0

Gender (n/N [%]) Female 7/20 (35.0%)
Male 13/20 (65.0%)

Race (n/N [%]) Caucasian 10/19 (52.6%)
Black African 3/19 (15.8%)
Other races* 6/19 (31.6%)

Fever (n/N [%]) Yes 9/19 (47.4%)
No 10/19 (52.6%)

Loss smell taste (n/N [%])** Loss of smell and taste 13/19 (68.4%)
Neither loss of smell nor taste 6/19 (31.6%)

Time (month) n 20
Median (IQR) 2.0(1.0 − 2.0)
Min-Max 1.0 − 11.0

* Including Hispanic, Indian, Pakistani and other Asian than Chinese and Japanese.
** No participant in the study only lost smell or only lost taste.

Abbreviation: IQR = interquartile range.

Table 3
IgG levels (S/CO) since positive PCR by month.

Month Statistics All

1 n 12
Median (IQR) 4.05 (1.71 − 6.54)
Min-Max 0.65-7.65

2 n 20
Median (IQR) 2.31 (0.83 − 5.27)
Min-Max 0.01 − 6.40

3 n 7
Median (IQR) 1.23 (0.51 − 4.57)
Min-Max 0.40-5.00

4 n 6
Median (IQR) 0.91 (0.33 − 1.09)
Min-Max 0.29-2.00

1-4 n 45
Median (IQR) 2.23(0.81 − 5.18)
Min-Max 0.01-7.65

5 n 5
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3.4. IgG kinetics and potential influential factors

IgG levels showed a decreasing pattern over time within 11
months with an individual heterogeneity in quantity and speed
(Fig. 2). The median IgG level at month 1 was 4.05 S/CO (IQR 1.71 −
6.54), then decreased to 2.31 (IQR 0.83 − 5.27) at month 2, 1.23 (IQR
0.51 − 4.57) at month 3, and then below 1 from month 4 to month 11
(Table 3).

IgG level declined non-linearly with the follow-up time (per
month; GMR 0.73; 95% CI, 0.72 − 0.74; Table 4). There was some evi-
dence on the association between IgG level and loss of smell and taste
(GMR 9.40; 95% CI, 1.12 − 78.97) but weak evidence on the associa-
tions between IgG level and gender and race: female vs male (GMR
4.78; 95% CI, 0.99 − 22.98), Caucasian vs. other races (including His-
panic, Indian, Pakistani, other Asian than Chinese and Japanese; GMR
0.19; 95% CI, 0.03 − 1.02). There was insufficient evidence on the
associations between IgG level and age or fever. In addition, the cal-
culated IgG half-life was 65 days (95% CI, 62 − 68). The fit curve of
IgG levels from the generalized linear mixed model fitted the data
well, showing a non-linear decreasing trend (Fig. 2).
Table 2
Percent of participants with detectable or positive IgG since positive PCR by month.

Month Detectable or positive,
n/N(%)*

1 9/12 (75.0%)
2 14/20 (70.0%)
3 3/7 (42.9%)
4 1/6 (16.7%)
1-4 27/45 (60%)
5 1/5 (20.0%)
6 1/7 (14.3%)
7 1/5 (20.0%)
8 0/5 (0%)
5-8 3/22 (13.6%)
9 0/5 (0%)
10 0/4 (0%)
11 0/1 (0%)
9-11 0/10 (0%)

* n, numbers of participants with detectable or positive IgG since positive PCR; N,
numbers of participants tested IgG status since positive PCR; %, percent of participants
with detectable or positive IgG since positive PCR.

Median (IQR) 0.53 (0.24 − 0.68)
Min-Max 0.22-1.56

6 n 7
Median (IQR) 0.40 (0.14 − 1.11)
Min-Max 0.12 − 1.44

7 n 5
Median (IQR) 0.84 (0.36 − 0.91)
Min-Max 0.30-1.64

8 n 5
Median (IQR) 0.26 (0.25 − 0.27)
Min-Max 0.09 − 0.48

5-8 n 22
Median (IQR) 0.38(0.24 − 0.91)
Min-Max 0.09 − 1.64

9 n 5
Median (IQR) 0.22 (0.09 − 0.22)
Min-Max 0.09 − 0.49

10 n 4
Median (IQR) 0.16 (0.12 − 0.49)
Min-Max 0.10 − 0.79

11 n 1
Median (IQR) 0.57 (0.57 − 0.57)
Min-Max 0.57 − 0.57

9-11 n 10
Median (IQR) 0.20(0.10 − 0.49)
Min-Max 0.09 − 0.79

Abbreviation: IQR = interquartile range.



Fig. 2. Daily change of IgG levels since positive PCR per subject and fitted curve of IgG levels from the generalized linear mixed model (thick magenta curve).
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4. Discussion

We longitudinally characterized the detectable/positive rate of
IgG antibody and the dynamic changes of IgG level over time after
the onset (positive PCR for SARS-CoV-2), allowing a better under-
standing of the immune response in the general population with
SARS-CoV-2 infection. Our study showed that IgG antibodies could be
detected in up to 70% of infections in the first 2 months after a posi-
tive PCR, and the detectable/positive rate of IgG antibody responses
in subjects gradually decreased within 3-7 months. IgG antibody lev-
els continued to wane from the second month to the eleventh month
Table 4
Estimates of geometric mean ratios and 95% CI of IgG from the univariate linear mixed mode

Characteristics* Crude GMR (95% CI)

Time (month) 0.73(0.72,0.74)
Age (per 5 years) 1.01(0.81,1.25)
Female vs Male 1.15(0.34,3.89)
Caucasian vs Other racesy 0.33(0.09,1.12)
Black African vs Other racesy 0.41(0.08,2.19)
Fever vs No fever 0.88(0.28,2.81)
Loss of smell and taste vs
Neither loss of smell nor tasteyy 3.38(0.95,12.00)

* Missing data of categorical variables of baseline characteristics were imputed by the cat
1 missing data was replaced by Caucasian; fever: 1 missing data was replaced by no; loss of s

y Including Hispanic, Indian, Pakistani and other Asian than Chinese and Japanese.
yy No participant in the study only lost smell or only lost taste.

Abbreviation: GM = geometric mean ratio.
with an individual heterogeneity in quantity and speed. Gender, race
and loss of smell and taste may be associated with IgG levels.

The IgG detectable/positive rate in the PCR positive population
can help estimate the proportion of individuals that has antibodies
against SARS-CoV-2. Here we report that among 20 subjects with
noncritical disease, a high proportion of individuals had detectable or
positive IgG in the first 2 months while a growing proportion of indi-
viduals lost their detectable or positive IgG from month 3. Previous
studies have shown high rates of seroconversion of IgG to detectable
or positive levels between 4 and 14 days after symptoms onset in
SARS-CoV-2-infected patients (Lynch et al., 2021, Vogelzang et al.,
ls and multivariate linear mixed model.

P-value Adjusted GMR (95% CI) P-value

<.0001 0.73(0.72,0.74) <.0001
0.95 0.83(0.60,1.15) 0.25
0.82 4.78(0.99,22.98) 0.05
0.07 0.19(0.03,1.02) 0.05
0.29 0.12(0.01,1.22) 0.07
0.83 0.57(0.12,2.61) 0.46

0.06 9.40(1.12,78.97) 0.04

egory which occupies the majority, and continuous variables had no missing data: race:
mell and taste: 1 missing data was replaced by loss of smell and taste.
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2020, Cameron et al., 2021, Bavaro et al., 2021, Suthar et al., 2020). A
study described that substantial amounts of IgG antibody in hospital-
ized and non-hospitalized patients with COVID-19 were detectable
up to 60 days after symptom onset (Vogelzang et al., 2020). Similar
results were reported in another serological study showing that
except for the patients who failed to produce detectable levels of IgG
with commercial assays, irrespective of the severity of symptoms,
other patients still had detectable IgG levels >75 days post symptom
onset (Marklund et al., 2020). A longer-term study of anti-SARS-CoV-
2 IgG levels reported that IgG can be detected in most recovered
patients at 3 − 4 months after infection (Jiang et al., 2021). Another
study detected a high percentage of subjects with seropositive IgG at
6 to 8 months post-symptom onset (Dan et al., 2021). By contrast, for
the SARS-CoV-1 infection that occurred in 2003, previous studies
have shown that a high proportion (>70%) of patients’ IgG levels
were detectable after 1, 2, and 3 years (Cao et al., 2007, Wu et al.,
2007). However, to understand the IgG detectable/positive rate and
kinetics, the performance of the serological tests used (e.g. sensitivity
to detect IgG) needs to be taken into consideration (Tuaillon et al.,
2020). In addition, the specific positive proportion values in our study
need to be interpreted with caution and may be underestimated,
because validation of the assay we used may have been performed in
COVID-19 patients with severe symptoms and the fixed cut-off for a
positive diagnosis may be set too high for the general population,
which is also a problem previously encountered in the SARS-CoV-2
antibody tests (Deeks et al., 2020).

On the other hand, our study found 4 reinfections among 25 PCR-
positive participants within the 11 months study period. This may
suggest immunity can rapidly decline over time and improving
immune persistence through vaccines is necessary. The declined
immunity may be due to the wane antibody response which repre-
sents part of the immune system, or the falling T cell response which
is the other part (Jiang et al., 2021, Dan et al., 2021). In addition, some
SARS-CoV-2 variants, such as B.1.617, may evade antibodies induced
by prior infections and lead to reinfections (Hoffmann et al., 2021).

The daily change plot of IgG levels showed extensive individual
heterogeneity in quantity and changing speed over time in COVID-19
positive subjects, so we used a generalised linear mixed model in
which random effects were fitted to handle with between-subject
and within-subject variabilities. We demonstrated a decreasing ten-
dency of IgG antibody levels from the second month to the eleventh
month. Previous reports presented that antibody response peaked
between the 2 − 5 weeks after infection and declined afterwards
(Korte et al., 2021, Zhao et al., 2020, Long et al., 2020). A study
observed no drastic decline in IgG levels 3 − 4 months after infection
(Jiang et al., 2021). Nevertheless, our results are in line with previous
studies indicating the decline for IgG was statistically significant at
month 2 − 3 (Korte et al., 2021), most patients showed a variable
degree of reduction in antibody levels within 6 months post-illness
onset (Zhang et al., 2020), and a progressive decline of IgG values was
observed at about 6 months later (Legros et al., 2021). In addition, the
calculated IgG half-life in our data was 65 days post positive PCR
(95% CI, 62-68), which was similar to a previous study of 68 days, sug-
gesting that IgG may wane from 2 month post-infection (Dan et al.,
2021).

Our study provided some evidence on the association between
higher IgG levels and loss of smell and taste in subjects with SARS-
CoV-2 infection but insufficient evidence on the association between
IgG levels and fever. To the best of our knowledge, the studies on the
association between immune responses and loss of smell and taste
are currently rare, highlighting the novelty and impact of the present
study. A study showed that among patients with COVID-19, those
reporting loss of smell and taste developed higher antibody titers
(Dehgani-Mobaraki et al., 2021); another study demonstrated that
among patients with upper respiratory tract infection, COVID-19 IgG
antibody titers were higher in patients with olfactory disorders than
those without (Taziki Balajelini et al., 2020); but both studies did not
further discuss the potential mechanisms. De Melo et al. investigated
the interaction between SARS-CoV-2 and the olfactory system and its
pathophysiological mechanisms based on patients and animal mod-
els with SARS-CoV-2 related anosmia/ageusia (de Melo et al., 2021).
They observed the expression of cleaved caspase-3 in the olfactory
mucosa, indicating cell damage and death caused by SARS-CoV-2
infection. They found the cleaved caspase-3 in both infected and
uninfected cells, suggesting that cell damage and death are not only
caused by cytopathic effects of SARS-CoV-2, but also possibly by the
inflammation and immune responses to infection, and observed
some up-regulated genes which were mainly involved in inflamma-
tory and immune responses and functions associated with chemo-
kine signalling. In addition, they did not observe cell death or
immune cells in the olfactory mucosa in a COVID-19 patient without
loss of smell, suggesting the importance of assessing the associations
between inflammation, immune responses, and cell and tissue dam-
age and smell loss using larger cohorts to validate their observations.
However, since different variants of the SARS-CoV-2 may have differ-
ent symptoms, loss of smell and taste may not always be a dominant
feature and associated with IgG levels. A previous study showed that
in several asymptomatic cases, the antibody levels were lower, and
the IgG seroconversion was delayed compared to the symptomatic
cases (Zhang et al., 2020). Among studies exploring the relationship
between disease severity and humoral immunity against SARS-CoV-
2, some studies reported IgG seroconversion time, positive rates, and
levels were associated with more severe forms of the disease
(Vogelzang et al., 2020, Semmler et al., 2021, Zhao et al., 2020,
Hartog et al., 2020, Okba et al., 2020, Long et al., 2020) but others did
not (To et al., 2020, Sakhi et al., 2021, Hu et al., 2020,
Gudbjartsson et al., 2020). Some publications proposed that higher
IgG levels in patients with more severe disease may be due to the
high amounts of SARS-CoV-2 RNA (Kwon et al., 2020), and a strong
and uncontrolled humoral response may be a feature of over-activa-
tion of the immune system in patients with severe disease and may
contribute to the disease pathogenesis of a severe systemic inflam-
matory response (called “cytokine storm”) and organ damage
(Legros et al., 2021, Qin et al., 2021). On the other hand, another study
stated that the IgG levels in critically ill patients were lower than
moderate and severe patients, which may be the result of longer
virus exposure or a severely impaired immune response in these
patients (Zhang et al., 2021).

We found weak evidence on the association between IgG levels
and gender. Caution needs to be taken when interpreting the result
and further studies are warranted to verify the association. Legros
et al.’s longitudinal study of 140 COVID-19 patients revealed that the
IgG response can be used as a marker for neutralizing antibody activ-
ity and found that gender was not associated with neutralizing anti-
body activity (Legros et al., 2021). In agreement with Legros et al.,
other studies did not show gender differences in the antibody
response (Cameron et al., 2021, Graham et al., 2020, Zeng et al.,
2020). By contrast, a study observed gender differences on anti-
nucleocapsid IgG antibody response at weeks 6 − 7 during a 10-week
follow-up, but did not test the gender differences on the overall trend
of IgG (Korte et al., 2021).

In addition, our study looked at whether there was a difference in
the generation of antibodies against SARS-CoV-2 infection in individ-
uals from different ethnicities. We provided weak evidence on the
difference on IgG levels between Caucasian and other races (includ-
ing Hispanic, Indian, Pakistani, other Asian than Chinese and Japa-
nese) but insufficient evidence on the difference between Black
African and other races. However, currently the studies exploring
this question are rare.

Our study provided insufficient evidence on differences in
immune response in relation to age. However, a study covering
COVID-19 patients from 16 to over 65 years old found that antibody
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levels were age-related, showing that higher antibody levels corre-
lated with older patients (Ojeda et al., 2021). Another study detected
a moderate association between age and neutralizing activity
(Wu et al., 2020). However, Legros et al.’s study found no association
when examining whether age was related to neutralizing antibody
activity in the same disease severity group of COVID-19 patients,
indicating that disease severity may be the main factor explaining
the neutralizing activity (Legros et al., 2021). Other studies did not
find a clear correlation between IgG levels and age (Cameron et al.,
2021, Graham et al., 2020, Wang et al., 2020).

This study has several limitations. First, although the study pro-
vided insight into the IgG response and potential influential factors in
PCR-confirmed COVID-19 subjects, the sample size of this study is
still modest and the study findings need to be corroborated by larger
studies. But the generalised mixed model we employed allowed us to
efficiently use the information by combining measurements from dif-
ferent subjects. Second, while our study described the longer-term
kinetics of IgG up to 11 months, we only characterized the decreasing
phase and did not have enough data to model the early growth phase
and peaking point which was supposed to happen around the first
month. Third, due to lack of data, we did not analyse the impact of
other potential factors on antibody kinetics, e.g. Asian race including
Chinese and Japanese, disease severity, comorbidities (Lee et al.,
2020), laboratory features such as C-reactive protein (Sun et al.,
2020), and virus neutralization titre (To et al., 2020). For the same
reasons, we were unable to investigate the kinetics of IgG responses
to the spike protein of coronavirus.
5. Conclusion

This study demonstrated that in the general population confirmed
with SARS-CoV-2 infection, a high proportion of individuals had
detectable or positive IgG antibody levels in the first 2 months while
a growing proportion of individuals lost their detectable or positive
IgG after that. IgG levels declined non-linearly from month 2 to 11
with individual heterogeneity in quantity and changing speed and
tended to be associated with gender, race, and the loss of smell and
taste.
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