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Abstract

Antibodies against severe acute respiratory syndrome coronavirus-2 (Anti-SARS-COV-2) can be detected in patients with
COVID-19 in 7 to 10 days post onset of symptoms (POS). However, there is no firm evidence of the long-term persistence
of these antibodies in recovered COVID-19 patients. Therefore, this study aimed to evaluate the stability of anti-SARS-
COV-2 IgG in recovered COVID-19 patients in a 15-month follow-up testing. Thirty hospitalized patients with real-time
PCR-confirmed SARS-COV-2 infections were included in the study and five serum samples (1st, 2nd, 3rd, 4th, and 5th)
were collected from each participant. The serum levels of N and S specific anti-SARS-COV-2 IgG and IgM antibodies were
evaluated by the immunoassay technique at the same time. To determine the correlation between levels of anti-SARS-CoV-2
IgG/IgM with severity of disease, neutrophil-to-lymphocyte ratio (NLR %), and the serum levels of C-reactive protein were
evaluated using an automated analyzer and turbidimetry assays, respectively. The mean serum level of anti-SARS-CoV-2
IgG antibody was at the highest level up to 90 days and then decreased significantly 1 year POS (P <0.0001). However, it
was still detectable in a 15-month follow-up testing. There were no significant differences in the mean levels of IgG antibody
in patients with mild, moderate, and severe diseases. The results from this study suggest that the titer of anti-SARS-COV-2
IgG antibody is detectable at high levels up to 3 months and then decreases over time. However, these antibodies can be
reliably detected in up to 15 months, and they may persist for a long time.

Introduction

Although the COVID-19 pandemic has lasted for more than
20 months, the role of anti-SARS-CoV-2 IgG/IgM in immu-
nity to the disease is still debated. It has been reported that
the antibody responses are decreased in several months post
onset of symptoms [1, 2]. The first study by Zhang et al.
showed an increased rate of virus-specific IgM and IgG in
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81 and 100% of the patients who suffered from COVID-19,
respectively, 5 days after admission [3]. Moreover, Li et al.,
reported that some patients are more seropositive for IgG
than IgM against either nucleocapsid (N) or spike proteins
[4]. Another study has demonstrated that most patients with
COVID-19 are negative for anti-SARS-CoV-2 IgM antibody
while anti-SARS-CoV-2 IgG antibody is positive in 20% of
asymptomatic patients [5].

It has been reported that the specific spike neutralizing
antibodies (Nabs) are detectable in COVID-19 patients 10
to 15 days after the POS [6]. Most hospitalized COVID-
19 patients show a rapid increase in the receptor binding
domain (RBD)-specific IgG antibody 6 days post PCR
confirmation. However, Ibarrondo et al., have shown that
SARS-COV-2-specific antibody responses decrease quicker
than SARS-COV-1, 4, 5, suggesting that humoral immu-
nity may not persist in recovered COVID-19 patients. They
have also reported that the median duration of persistence of
anti-SARS-COV-2 IgG antibody was 168.5 days in health-
care workers [7]. Moreover, Wang et al., observed that
plasma levels of the specific spike Nabs were higher in the
elderly than young and middle-age patients. This increase
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was negatively correlated with lymphocyte count and posi-
tively correlated with plasma CRP levels of the patients [8].
On the other hand, evaluation of the level of anti-SARS-
COV-2 specific antibodies in hospitalized patients indicates
that intensive care unit (ICU) patients have higher levels
of Nabs in comparison to non-ICU patients [9]. It has been
established that the neutralizing properties of anti-SARS-
CoV-2 IgG antibody have a regular pattern, in which anti-
body increases rapidly within the first 3 weeks and then
decreases 6 months after the onset of symptoms [1]. Another
study reported that the serum levels of anti-SARS-CoV-2
RBD-specific IgM, IgG, and IgA antibodies were rapidly
reduced in serum of convalescent patients 4—14 weeks
after discharge [10]. Accordingly, it can be inferred that
the production pattern of anti-SARS-COV-2 antibodies in
COVID-19 patients is different [11]. However, a longitudinal
study reported that recovered patients with both low peak
infection dose (ID50 < 10,000) and high peak infective dose
(ID50> 10,000) maintained a titer of SARS-COV-2-neutral-
izing antibody up to 60 days POS [12]. In addition, Wajn-
berg et al., have shown that the anti-spike IgG antibody will
be stable in individuals with a mild-to-moderate COVID-19
for up to 5 months [13].

However, the studies mentioned above indicate that
anti-SARS-COV-2 decrease over time in patients who have
recovered from COVID-19; and thus it is necessary to con-
duct long-term follow-up studies to better understand the
process of producing anti-SARS-COV-2 profiles. There-
fore, this longitudinal study aimed to clarify the duration
or stability of anti-SARS-COV-2 in COVID-19 recovered
individuals.

Methods
Population

This prospective, single-center study included 30 recov-
ered COVID-19 patients with confirmed real-time PCR of
nasopharyngeal and oropharyngeal swabs. The study was
approved by the Ethics Committee of Shahroud Univer-
sity of Medical Sciences (No: IR.SHMU.REC. 1399.077).
Initially, this was intended to be a short study lasting for
3 months, but due to the prolongation of the COVID-19
pandemic, the patients were followed for 15 months. A writ-
ten consent form was completed before collecting samples.
Peripheral blood samples were collected in 5 days (1st sam-
ple), 30 days (2nd sample), 90 days (3rd sample), 365 days
(4th sample), and 450 days (5th sample) POS (Supplemen-
tary Table 1). Two patients who died during the follow-up
period were excluded from the study. Five people who were
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not available for the 5th sample and three who became vac-
cinated were excluded as well.

Measurement of C-Reactive Protein (CRP)

Peripheral blood samples were taken from 28 patients and
then serum was collected by centrifuging at 3000 rpm,
which was kept at — 70 °C until the time of measurement by
CRP turbidimetry Kit (Delta Darman Part LOT, 1701520,
Iran). Briefly, distilled water, standard reagent, and serum
sample (10 pl from each) were added into the blank, stand-
ard, and sample tubes, respectively. Then, 800 pl of regent
1 (TRIS buffer, PH: 8.2) were added into each tube. The
contents were mixed and then incubated for five minutes at
37 °C. 200 pl of reagent 2 (latex particles with IgG Goat,
pH 7.3) were pipetted into each tube and incubated for five
minutes at 37 °C. Finally, the standards and samples' opti-
cal densities (OD) were measured by an automated analyzer
(BT1500, Biotecnica, Italy) at 600 nm wavelength against
a blank tube. The protein concentration of each sample was
calculated using a standard curve.

Calculation of Neutrophil to Lymphocyte Ratio (NLR
%)

Peripheral blood samples collected by a closed-loop system
were directly added to K3EDTA and were immediately ana-
lyzed by an automated analyzer (ABX Micros ES 60 HOR-
IBA, Japan). NLR was determined as absolute neutrophil
count divided by absolute lymphocyte count.

Detection of SARS-CoV-2 IgG and IgM Antibodies

During the 15 months of follow-up, 132 venous blood sam-
ples were obtained from all the patients. The serum samples
were separated by centrifugation (3000 rpm for 10 min) and
stored at — 70 °C. Anti-SARS-CoV-2 IgG (Euroimmun,
El 2606-9601 G, Germany) and IgM (Pishtazteb, PT-
CoV-2-IgM cap-96 LOT, 99007) ELISA Kkits were used to
quantitatively detect antibodies. Briefly, serum samples in
duplicate were diluted 1:101 in the sample buffer, and 100 pl
of each of the calibrator, positive, negative controls, and
diluted serum samples were transferred into the microplate
wells according to the manufacturer’s protocol. Then, the
microplates were incubated for 60 min at 37 °C. The wells
were washed three times using 300 pl of working-strength
wash buffer for each wash. 100 pl of enzyme conjugate anti-
human IgG were added to each microplate well and incu-
bated for 30 min at 37 °C. The microplates were washed as
described above. 100 pl of substrate solution were pipetted
into each of the microplate wells and incubated for 30 min
at room temperature (18-25 °C). In a dark place, 100 ul of
stop solution were added to the microplates, and the OD
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of each sample was determined at 450 nm and a reference
wavelength between 620 and 650 nm within 30 min. A cali-
bration curve was used to accurately determine the quantita-
tive antibody concentration in relative vitality units (IU/ml).

Statistic Methods

The repeated measures ANOVA was used to compare the
means of the antibody levels during the 15-month period.
The comparison between SARS-CoV-2 IgG antibody and
disease severity was performed using one-way ANOVA; and
Spearman correlation statistical method was conducted to
analyze the correlation between levels of NLR% or CRP and
SARS-CoV-2 IgG antibody levels.

Results
Patients

Twenty-eight patients who had recovered from COVID-
19 were included in the study. Out of 28 patients, 53.6%
were male and 46.4% were female with a median age of
56.28 +14.95 and a mean body mass index (BMI) of
56.28 + 14.95. Twenty-five patients (90%) had a positive
lung CT scan with mild or moderate involvement. The mean
length of hospital stay was 5.5 +5 days. Based on CRP lev-
els and NLR%, patients were divided into three categories:
mild, moderate, and severe. The mean level of CRP was
40.28 +21.40.

Titers of SARS-CoV-2 IgG and IgM Antibodies

The titers of IgG/IgM antibodies against spike (S) and
nucleocapsid (N) proteins were measured simultaneously
by enzyme-linked immunosorbent assay (ELISA) technic
over multiple time points. The results were evaluated by
calculating a ratio of the control or patient sample’s OD
over the calibrator’s OD and were interpreted as follows:
Ratio < 0.8: negative, ratio >0.8 to < 1.1: borderline, and
ratio > 1.1: positive. The titers of anti-SARS-CoV-2 IgG
and IgM antibodies were compared in the 1st, 2nd, 3rd, 4th,
and 5th samples. The findings showed that the levels of anti-
SARS-CoV-2 IgG antibody were at their highest level for
3 months (1st, 2nd, and 3rd samples) and then decreased
in 15 months (the 5th sample) POS. In contrast, the levels
of IgM did not significantly change during this 15-month
period (Fig. 1a). One hundred percent of the patients were
seropositive for IgG up to 3 months following symptom
onset and this rate dropped to 84% after 15 months (Sup-
plementary Table 1). Only one in 28 individuals (3.5%) did
not have detectable IgG antibodies against SARS-COV-2
after 15 months (the 5th sample). There was no significant

difference in the levels of anti-SARS-CoV-2 IgG antibody in
the 1st, 2nd, and 3rd samples. However, the IgG levels were
decreased significantly in the 4th and 5th samples compared
to the 3rd (P <0.0001) (Fig. 1b). It was also observed in the
follow-up tests of the patients that the severity of the disease
had no significant effect on the amount of anti-SARS-CoV-2
IgG antibodies (Fig. 1c).

Correlation Between Serum Levels of IgG and CRP

Figure 2 shows the correlation between CRP and the titer
of IgG in the patients in the mentioned period. There was a
weak positive correlation between serum levels of IgG and
CRP in the 1st, 2nd, and 3rd samples. However, the amount
of CRP was not correlated with the levels of anti-SARS-
COV-2 IgM antibody (data are not shown).

Correlation Between Serum IgG and NLR%

Additionally, the correlation between NLR% and IgG was
calculated for up to 15 months POS (Fig. 3). Data analysis
showed that the serum levels of IgG were positively cor-
related with NLR% in the 1st (r=0.4253), 2nd (r=0.2215),
and 3rd (r=0.1452) samples. This correlation was signifi-
cant in the 1st sample in contrast to the 2nd and 3rd samples
(P<0.02).

Correlation Between Serum IgM and NLR%

To determine the correlation between the titer of IgM and
NLR%, data were analyzed using Spearman correlation sta-
tistical method (Fig. 4). The levels of anti-SARS-COV-2
IgM antibody were significantly correlated with NLR% in
the 1st (P <0.003), 2nd (P <0.003), and 3rd (P <0.009)
samples. However, there was no significant correlation
between the titer of [gM and NLR% in the 4th and 5th sam-
ples (P <0.45).

Discussion

It has been proven that the specific antibody responses
to SARS-COV-2 decline in patients who recovered from
COVID-19 in 3 to 6 months. However, duration and stabil-
ity of anti-SARS-COV-2 during the COVID-19 pandemic
have not been yet determined.

The results from this study showed that SARS-COV-2
IgG antibody is at its highest level in 3 months and pos-
itive in 99% of the patients in 15 months POS. The first
report on anti-SARS-COV-2 was published by Zhang et al.
(December 2020), which showed that antibodies could be
detected in 80% of the patients up to 1 month after recovery
[3]. Furthermore, Li et al., reported that all the patients had
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Fig. 1 Concentrations of IgG & IgM POS. The mean titer of IgM
antibodies was increased a few days POS and then remained almost
unchanged for up to 15 months in recovered COVID-19 patients.
Mean titer of IgG antibodies was decreased over time (a). The titer
of serum IgG antibody was performed in duplicate and the values
were significantly higher in the 1st, 2nd, and 3rd samples compared
with the 4th and 5th samples (P <0.0001). Mean titer of IgG in the
fifteenth month was higher than that of the twelfth month (b). Mean

anti-SARS-COV-2 IgM antibody 10-15 days POS. How-
ever, anti-SARS-COV-2 IgG antibody is only stable for a
few months after recovery [6]. It seems that depletion of the
serum levels of anti-SARS-COV-2 IgG antibody in the early
months of the disease may be due to a decrease in memory
B cells. De Biasi et al., observed that the number of plasma
cells was significantly increased in untreated COVID-19
patients while the numbers of naive B cells and memory
B cells were decreased [14]. Hence, reduction of memory
B cells may lead to a defect in the IgG class switching dur-
ing COVID-19. These studies and similar studies performed
at the beginning of the COVID-19 pandemic suggest that
the amount of anti-SARS-COV-2 IgM/IgG antibodies is
decreased shortly after recovery. Accordingly, Turner et al.,
reported that the SARS-COV-2 specific antibody-producing
plasma cells in the bone marrow remained stable for a long
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titer of IgG was not significant in mild, moderate, and severe patients
(P<0.23) (c). The repeated measures ANOVA and one-way ANOVA
were used to analyze anti-SARS COVID-19 IgG titers and severity of
disease, respectively, during the specified period of this study. Data
are presented as mean+ SEM. The findings showed that the levels of
SARS-CoV-2 IgG antibody were at their highest level up to 3 months
after the onset of symptoms

time in patients who recovered from mild SARS-COV-2
infections [15]. Similarly, it was observed in the present
study that a certain amount of anti-SARS-COV-2 IgG anti-
bodies, regardless of sex, age, and BMI, could be detected in
the serum of recovered patients up to 15 months. However,
the serum levels of IgG were decreased significantly 1 year
POS compared to 3 months. This decreasing trend in anti-
bodies has no significant relationship with the severity of
the disease. Surprisingly, the mean levels of IgG antibody in
the 5th samples were increased compared to the 4th samples
(2.4+0.94 vs. 1.65+0.61). It could be due to re-infection
or subsequent exposure of the studied COVID-19 subjects.

Sun et al., reported that the decrease of CRP, positively
correlates with an increase of spike-IgG antibodies in non-
ICU patients [16]. Accordingly, it was observed in this work
that the amount of CRP has a weak positive correlation with
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Fig.2 Correlation Between CRP Concentration and Serum Levels of and 3rd samples. This correlation was only significant in the 1st sam-
IgG. The correlation between levels of IgG and CRP was analyzed ple (P<0.02). Figure 2 shows the correlation between CRP and IgG
using the Spearman statistical method. The serum levels of IgG were titer in the patients over the course of this study

positively correlated with serum concentration of CRP in the 1st, 2nd,
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Fig.3 Correlation Between Percentage of NLR and Serum Levels ple (P <0.02) but not in the 2nd, 3rd, 4th, and 5th samples. Moreo-
of IgG. The Spearman statistical analysis method showed that the ver, the correlation between NLR% and IgG was calculated for up to
NLR% was positively associated with serum levels of IgG at the men- 15 months POS

tioned points in time. This correlation was significant in the 1st sam-

@ Springer



Long-Term Persistence of Anti-SARS-COV-2 IgG Antibodies

Page70of9 96

8- lst
7 r=0.5383
64 |P<0003 .
£+
2 41
2_
1_
0 1
0 2 4 6 8 10
NLR%
3rd
47 [r=0483a
P<0.009
34 [}
E
2 2+
=
o
1—
ol e ®@e °
Y °
0 1 1 1 1 1
0 2 4 6 8 10
NLR%
5th
r=-0.2545
49 P<0.25
o0
34 ° . ° i
= °
5.1 °
= 24 ® ®
s [ ]
K=
1_
0 1 1 1 1 1
0 2 4 6 8 10
NLR%
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of IgM. Data analysis using the Spearman statistical method showed
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virus-specific IgG antibodies. This correlation was signifi-
cant in the 1st sample compared to the 2nd, 3rd, 4th, and 5th
samples (Fig. 2).

On the other hand, studies have revealed that NLR% is
directly associated with the level of anti-SARS-COV-2 and
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sented as mean+SEM. To determine the correlation between IgM
titer and NLR%, data were analyzed using Spearman correlation sta-
tistical method

the severity of COVID-19 [17, 18]. Zhang et al., demon-
strated that severe SARS-CoV-2 infection and a high mor-
tality rate were occurred in patients with high NLR% and
low levels of IgG [19]. The results of this study showed
that the amounts of anti-SARS-COV-2 IgM antibody were
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significantly associated with NLR% in the 1st, 2nd, and 3rd
samples. Furthermore, the NLR% in the first month (the
Ist sample) had a significant correlation with the level of
anti-SARS-COV-2 IgG antibody. However, this correlation
was not significant in the 2nd, 3rd, 4th, and 5th samples.
This may be due to the failure of B-cell differentiation and
activation in the early stages of the COVID-19. Accordingly,
Kaneko et al., observed that patients with acute SARS-
CoV-2 infection had a defect in the germinal center's forma-
tion and differentiation of BCL6+ T follicular helper (Tfh)
cells due to the high level of TNF-a [20]. In other words,
disruption of the germinal centers with a lack of adequate
B-cell function may decrease antibody production despite
an increase in helper T cell activity [21]. Therefore, con-
valescent plasma or interleukin-6 inhibitors such as tocili-
zumab may be considered for patients with a low level of
anti-SARS-COV-2 IgG antibody.

Although the findings of this study showed that some
level of anti-SARS-COV-2 IgG antibody is detectable in
recovered COVID-19 patients for at least 15 months, there
are some limitations to this study such as small sample
size and vaccination or death of some of the participants.
Moreover, an assay of neutralizing antibodies could help
in determining the stability of the immunity post onset of
the disease.

Conclusion

According to the present study’s results, despite the decrease
in the amount of IgG antibodies over time, protective levels
of anti-SARS-COV-2 could sustain for a lifetime in recov-
ered COVID-19 patients. Surprisingly, the detectable level
of antibodies was not significantly associated with serum
level of CRP or NLR for up to 15 months POS. Therefore,
production of antibodies in people who received a COVID-
19 vaccine may be similar to patients who experienced
SARS-COV-2 infection. However, more detailed studies
are still needed to determine the stability and neutralizing
properties of these antibodies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00284-022-02800-0.
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