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Abstract

Estimating severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) -specific immunoglobulin G (IgG) immu-
noglobulin M (IgM) antibodies are increasingly important for tracking the spread of infection and defining herd
immunity barrier and individual immunization levels in the ongoing coronavirus disease 2019 (COVID-19) pandemic.
Therefore, we conducted the present systematic review and meta-analysis to evaluate the seroprevalence of SARS-
CoV-2 IgM and IgG antibodies of recovered COVID-19 patients in long-term follow-up studies. A systematic search of
the MEDLINE, Embase, COVID-19 Primer, PubMed, CNKI, and the Public Health England library databases was con-
ducted. Twenty-fourth eligible studies were included. Meta-analysis showed that 27% (95%Cl: 0.04-0.49) and 66%
(95%C1:0.47-0.85) were seropositive for SARS-CoV-2 IgM and IgG, respectively, while in long-term 12 months following
up studies, the seroprevalences of IgM antibody (17%) decreased and IgG antibody (75%) was higher than 6 months
follow-up patients. However, due to the limited number of relevant studies, the high level of heterogeneity, and the
large gap in studies conducted, the findings of our study may not accurately reflect the true seroprevalence status of
SARS-CoV-2 infection. Nevertheless, sequential vaccination or booster immunization is considered to be a necessary
long-term strategy to sustain the fight against the pandemic.
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Introduction

The novel coronavirus disease (COVID-19) is a highly
contagious disease caused by the SARS-CoV-2 virus,
leading to significant morbidity and mortality in a pro-
portion of patients. According to the World Health
Organization (WHO), as of 30 May 2023, the cumula-
tive number of confirmed COVID-19 cases caused by
the novel SARS-CoV-2 worldwide reached over 676.66
million in more than 180 countries, and the cumulative
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number of deaths reached over 6.88 million. (https://
www.arcgis.com/apps/opsdashboard/index.html#/bda75
94740£d40299423467b48e9ecf6). In patients who survive
COVID-19, a certain degree of immunity against SARS-
CoV-2 is expected. The exact proportion of the popula-
tion that needs to develop immunity against SARS-CoV-2
to ensure herd immunity is unknown, most experts have
suggested that at least 60—80% of the population would
need to be immune via either natural infection or immu-
nization [1, 2].

Immunoglobulin G (IgG) immunoglobulin M (IgM)
antibodies play crucial roles in the long-term follow-
up of COVID-19 patients, providing invaluable insights
into the dynamics of immunity and disease progression.
Therefore, knowing the seroprevalence of anti-SARS-
CoV-2 antibodies in COVID-19-recovered patients
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is important, and systematic screening for antibodies
against SARS-CoV-2 is an important tool in the surveil-
lance of the pandemic [3]. Following COVID-19 infec-
tion, the human immune system produces a range of
immune responses, including the production of IgG and
IgM antibodies. IgM antibodies emerge early during
immune responses, while IgG antibodies typically appear
later and exist in human bodies for months. The levels of
IgG and IgM antibodies against nucleoprotein and sur-
face spike protein receptor binding domain increased
gradually after symptom onset, and both showed correla-
tion with virus neutralization titer. A substantial decline
in IgG and IgM antibodies was reported over 3 months
post-infection, yet other studies showed a stable antibody
level after 6 to 12 months post-infection [4—6]. The sero-
conversion rate of IgG (90%) antibodies was higher than
that of IgM (32%) antibodies after the onset of COVID-
19, in contrast to the persistence of IgG antibodies, but
also reveal IgG loss in around 50% of COVID-19 survi-
vors 10 months after their recovery [7]. However, the
duration and effect of IgG and IgM antibodies and their
ability to resist reinfection are unclear, and the overall
seroprevalence of antibodies in long-term follow-up is
poorly understood. Our objectives were to investigate the
seroprevalence of IgG and IgM SARS-CoV-2 antibodies
of recovered COVID-19 patients in long-term follow-
up studies (follow-up time >6 months). Hopefully, these
results will contribute to the full acceptance of COVID-
19 vaccines in order to establish a herd immunity barrier
and strengthen the level of immunization, especially in
medical resource-limited settings.

Methods
The review was conducted following Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [8].

Search strategy and selection criteria

Keyword-structured searches were performed in MED-
LINE, Embase, COVID-19 Primer, PubMed, Chinese
Knowledge Infrastructure (CNKI), and the Public Health
England library. Articles published between 01/07/2020
and 25/05/2022 were researched. The Boolean search
strategy was as follows: ((COVID-19 OR SARS-CoV-2)
AND (IgG OR IgG Antibody OR immunoglobulin M OR
IgM OR IgM Antibody OR immunoglobulin M OR con-
valescent plasma OR convalescent serum OR antibody).
The search terms were broad to encompass all applicable
studies. The outcome of interest in this study is the sero-
prevalence of IgG and/or IgM in COVID-19 recovered
patients with at least 6 months of follow-up. Accordingly,
original studies reported information on the serum IgG
and/or IgM levels were considered eligible for inclusion,
whilst comments, case reports, editorials, and reviews
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were excluded. We excluded studies without original
data, if data could not be extracted or calculated from the
original article, or if the titer cut-offs used were not com-
parable to other studies.

Inclusion and exclusion criteria

The inclusion criteria were: (1) COVID-19 patients con-
firmed by RT-PCR. (2) Reported the seroprevalences of
IgG and/or IgM antibodies. (3) At least 6 months’ follow-
up period. The exclusion criteria were: (1) Animal trials,
case reports, and editorial materials. (2) Commentaries
or opinion pieces not presenting any primary data. (3)
Incomplete full text or non-conforming data. (4) Differ-
ent studies with reduplicated populations.

Data extraction

Two researchers independently screened the literature,
and extracted and cross-checked the data. Using a stand-
ardized data collection form, information was extracted
from the selected trials. Data included author, year, coun-
try, study design, age, gender, number of participants, the
severity of symptoms (asymptomatic, mild, moderate,
severe), serum IgG and/or IgM levels, and weeks/months
elapsed since infection.

Quality assessment

One researcher collected data from each report and the
other reviewer independently checked the work. Any dis-
agreement was resolved through discussion or judged by
a third researcher [9, 10]. The MINORS (Methodological
Index for Non-Randomized Studies) was used to assess
the quality of the existing literature.

All the MINORS scores of included literatures were
greater than 20, indicating that all the studies included in
this meta-analysis were of relatively high quality and low
risk of bias.

Statistical analysis

When data were reported as medians and inter-quar-
tile range, we converted them into approximate sample
mean and standard deviation according to the method
improved by Luo et al [11] and Wan et al [12] to pool
results in a consistent format.

All the analyses were performed using Stata statistical
package version 16.0 software. The results for continuous
variables were presented in standard mean differences
(SMD), seroprevalences of IgG and IgM were extracted to
measure the pooled estimates, a single-arm meta-analysis
was conducted to obtain the pooled prevalence and 95%
confidence interval (95% CI) [10]. The Chi-square test or
Cochrane Q test was used to calculate heterogeneity, and
12<50% and P>0.10 were defined as non-significant het-
erogeneity, and such data were evaluated using the fixed
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effect model; otherwise, the random effect model was
chosen, which based on our understanding of whether or
not all included trials share a common effect size and not
only on results of tests for statistical heterogeneity.

In addition, the publication bias of literature was evalu-
ated by Funnel plot and Egger’s test, and p<0.05 was
considered statistically significant, indicating that publi-
cation bias was not excluded.

Results

Search strategy

The search identified 355 reports. After screening titles
and abstracts 78 full-text articles were assessed for eli-
gibility, resulting in 21 studies that met the criteria for
inclusion in the analysis. The flow chart of the search
strategies is summarized in Fig. 1.

Characteristics of the included studies

The baseline characteristics of the 21 studies such as
first author’s name, year of publication, country, sample
sizes, gender, age, patients’ condition, basic illness, trial

Database search
(n=355)
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duration, and the number of SARS-CoV-2 IgG and IgM
cases are shown in Table 1.

The seroprevalences of IgG antibodies in recovered
COVID-19 patients

A random effects model was used to pool data due to the
large heterogeneity among included studies (I>=99.7%,
P<0.001). Pooling of the data showed the seropreva-
lences of IgG antibodies was 66% (95%CI1:0.47-0.85) in
recovered COVID-19 patients with long-term follow-
up (follow-up time>6 months) (Fig. 2). To clarify the
heterogeneity, subgroup analysis for follow-up months
(Fig. 3A), country (Fig. 3B), sample size (Fig. 3C) was
performed. The number of individual studies in 7-
and 9-months following up was insufficient that could
be pooled in subgroup analyses. Similar trends were
observed in the subgroup analysis of the different follow-
up duration. Interestingly, the seroprevalences of IgG
antibodies in 12 months follow-up of recovered COVID-
19 patients was 75% (95%C1:0.59-0.91), which was higher

Additional sources

Identification

|

(n=0)

Records excluded due to
-Case report
-Irrelevant studies

Single records
(n=57)

Screening

|

-Animal trails
(n=298)

Duplicates

Full-text articles assessed
(n=38)

Eligibility

(n=19)

Excluded, with reasons (n=17)
No data reported n=5

Quantitative evaluation
(n=21)

Included

(n=21)

Data synthesis and meta-analysis

Fig. 1 Flow diagram of the studies selection process

Excluded study type n=3
Primary outcome not relevant n=9
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Fig. 2 Forest plot showing the seroprevalences of IgG antibodies in recovered COVID-19 patients. Effect estimates are reported with 95%
confidence intervals (Cls) and p-values
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Fig. 3 Subgroup analysis for follow-up time (A), country (B), sample size (C) estimating the IgG antibodies seroprevalences of recovered COVID-19
patients in the long-term follow-up studies (follow-up time >6 months). Effect estimates are reported with 95% confidence intervals (Cls) and
p-values

than 6 months follow-up (57%; 95%CI:0.24—0.91) and results. The p values for Egger’s (p =0.399) tests indicated
10 months follow-up group (0.57%; 95%CI:0.34—0.80). that publication bias was not present (Fig. 4), and the vis-

The sensitivity analysis was performed by omitting one  ual inspection of the funnel plot also did not reveal any
study at a time to assess the robustness of the overall asymmetry (Fig. 5).
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Meta-analysis estimates, given named study is omitted
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Fig. 4 Sensitivity analysis of IgG antibodies seroprevalence. Sensitivity analysis was performed by sequential omission of individual studies
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Fig. 5 Publication bias of IgG antibodies seroprevalence

The seroprevalences of IgM antibodies in recovered
COVID-19 patients

A random effects model was used to pool data due to the
large heterogeneity among included studies (I*=99.7%,
P<0.001). Pooling of the data showed the seropreva-
lences of IgM antibodies was 27% (95%CI: 0.04—0.49) in
recovered COVID-19 patients with long-term follow-
up (follow-up time>6 months) (Fig. 6). To clarify the
heterogeneity, subgroup analysis for follow-up months
(Fig. 7A), country (Fig. 7B), sample size (Fig. 7C) was
performed. Unfortunately, the number of studies in
7 months follow-up was insufficient to be pooled in sub-
group analyses. The heterogeneity of 6 months follow-up

was significantly decreased (77.4%, P=0.001) and the
seroprevalences of IgM antibodies was 22% (95%CL
0.15-0.29). No statistically significant were found in the
seroprevalences of IgM antibodies of 10 months follow-
up (48%; 95%CI: -0.36—1.31). In long-term 12 months fol-
lowing up studies, the seroprevalences of IgM antibodies
significantly decreased to 17% (95%CI: 0.07-0.26). The
heterogeneity (I?) of the small study population (n < 100)
group decreased to 41% after performing subgroup anal-
ysis with sample size, and it suggested that sample size
probably was the source of heterogeneity.

The scatter point distribution of funnel plot was slightly
asymmetric (Fig. 8), but Egger’s regression test suggested
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Fig. 8 Sensitivity analysis of IgM antibodies seroprevalence. Sensitivity analysis was performed by sequential omission of individual studies

no significant asymmetry of the funnel plot (P=0.288),
indicating no evidence of substantial publication bias in
this meta-analysis (Fig. 9).

Discussion

Establishing a robust immune response against
SARS-CoV-2 coronavirus is essential for bringing the
COVID-19 pandemic under control, and protecting vul-
nerable individuals. Despite the ample areas of research
on humoral response in COVID-19, the duration of IgG
and IgM antibodies in recovered COVID-19 patients
is still poorly understood. In this study, the relevant

literature was critically reviewed to provide an updated
overview of the seroprevalences of IgG and IgM antibod-
ies in long-term follow-up.

IgG is the most abundant antibody class in human
serum. SARS-CoV-2 infection elicits a robust B cell
response, resulting in the generation of detectable levels
of IgG antibodies, which correlates with the develop-
ment of protective immune responses and plays a cru-
cial role in long-lasting immunity. This study revealed
the seroprevalences of IgG antibodies of recovered
patients with COVID-19 at long-term follow-up (follow-
up time > 6 months) was 66%. It may be speculated that

Begg's funnel plot with pseudo 95% confidence limits

-
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Fig. 9 Publication bias of IgM antibodies seroprevalence
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SARS-CoV-2 exposure leads to excessive T cell activa-
tion, where terminal differentiation into effector cells
predominates memory cell development, providing a
long-lasting IgG titer for recovered COVID-19 patients,
whether the presence of IgG antibodies protects individ-
uals from reinfection and how long protection lasts has
yet to be established [25, 33]. In addition, the quantitative
relationship between viral shedding and transmissibility
probability for SARS-CoV-2 IgG antibody is currently
unknown [25]. Broad antibody response is observed in
the early stage of SARS-CoV-2 infection, and the level of
IgG antibody is exponentially increased. A previous study
showed that the seroprevalence of IgG antibody was
94.29% in infected people 2 weeks after symptom onset,
as the disease progresses, it can maintain a high concen-
tration of antibody levels, and long-lasting, strong immu-
nity response [34]. Interestingly, recent research revealed
that the seroprevalence of SARS-CoV-2 IgG reached
100% approximately 240 days after symptoms onset, dur-
ing the long-term follow-up, the average maintenance
time was 24 months [29]. Based on the above studies,
we can conclude that the titers of IgG were correlated
with viral load in patients infected by SARS-CoV-2,
while IgG antibody failure to clear the virus in the early
stages of infection, probably led to robust stimulation of
the host immune system eliciting strong and sustained
immune responses, which ultimately result in disease
progression.

Similar to IgG antibodies, the SARS-CoV-2 IgM anti-
body can be detected in the early stages of the virus
infection, and it has a crucial role in virus neutraliza-
tion. Typically, the level of IgM antibody lasts for a rela-
tively short period after SARS-CoV-2 infection, which is
regarded as a good and promising diagnostic biomarker
for early SARS-CoV-2 infection, and it can provide a reli-
able reference basis for early clinical intervention. This
study revealed the seroprevalences of IgM antibodies of
recovered patients with COVID-19 at long-term follow-
up (follow-up time > 6 months) was 27%, although there
was considerable heterogeneity between included stud-
ies, the results were statistically credible and reliable
based on funnel plots and sensitivity analysis.

The seroprevalence of SARS-CoV-2 IgM and IgG in
COVID-19 patients was 81 and 83% less than 7 days after
symptom onset, both antibodies raised to 95% at 2 weeks.
Approximately 8% of COVID-19 patients tested negative
for IgM or IgG [35]. During the 6 to 9-month follow-up
period, 25.70% of individuals were still seropositive for
IgM after symptom onset, which was significantly dif-
ferent from other virus infections, providing a deeper
understanding of IgM, whose seropositive rate gradu-
ally dropped to 55% in 9 to 10weeks [36]. This trend is
similar to our results, the seroprevalence of IgM antibody
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decreased to 17% in 12-month follow-up. Moreover,
individuals infected by the B.1214.1 variant elicited con-
sistently high IgG titers at 02, 03 and 06 months. Two
months post vaccination with BBIP-CorV, participants
showed a significant increase byx2.5 fold of total IgG
[37]. During the long-term follow-up period (162 to
282 days after symptom onset), convalescent COVID-19
patients continued to present with high IgG seroposi-
tive rates (78.13% versus 82.81%). Our results consistent
with the earlier study, the seroprevalence of IgG antibody
(75%) in 12 months was higher than 6 months follow-up
patients (66%). Interestingly, compared to the plateaus of
specific IgG against SARS 90 to 120 days after symptom
onset, the decline of SARS-CoV-2 IgG was not sustained,
and relatively stable phases called plateaus appeared
between 162 and 282 days after symptom onset [38]. A
higher antibody level may result from stronger immune
response, indicating that these patients have greater acti-
vation of their immune defense during recovery, which
could help clear the virus and protect patients from pro-
gression into worse conditions. These findings stress the
importance of vaccination and the seroprevalence of IgM
IgG should be monitored in long-term follow [29].

In our study, long-term follow-up identified the
seroprevalences of IgM (66%) and IgG (27%) anti-
bodies in recovered COVID-19 patients (follow-up
time > 6 months). However, due to the limited number of
relevant studies, the high level of heterogeneity and the
large gap in studies conducted, the findings of our study
may not accurately reflect the true seroprevalence status
of SARS-CoV-2 infection. Nevertheless, sequential vac-
cination or booster immunization is considered to be a
necessary long-term strategy to sustain the fight against
the pandemic. The main limitations of the current study
are: (I) The levels of IgM and IgG antibodies in the dif-
ferent conditions of COVID-19 (asymptomatic infec-
tion, mild, common, severe, and critically severe) need
to be evaluated in long-term follow-up study in order to
be able to claim effects. (II) This study did not assess the
seroprevalences of anti-SARS-CoV-2 IgA, RBD Ab, and
Nab antibodies, which play an important role in the local
mucosal immunity. (III) The cut-off values and measuring
techniques varies between included studies, which might
affect the reliability of systematic review conclusions.
(IV) Because of high heterogeneity and limited studies in
this meta-analysis, future high-quality researches are still
needed to confirm these outcomes.

Conclusions

In conclusion, the results of our meta-analysis showed
that the seroprevalences of IgM antibody decreased
and IgG antibody was higher than 6 months follow-up
patients when compared to 12 months following up
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studies. In the future, large-scale, long-term research
should be devoted to confirming the results of our
meta-analysis. Further assessing the duration, effect
and ability to resist reinfection of anti-SARS-CoV-2
IgA, RBD Ab, and Nab antibodies in COVID-19 recov-
ered patients is needed, and clarify the underlying
mechanisms of their relationship. Sequential vacci-
nation or booster immunization is considered to be a
necessary long-term strategy to sustain the fight against
the pandemic.
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