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Background: Monitoring the longevity of immunoglobulin G (IgG) 
responses following severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) infections is vital to understanding the role of antibodies 
in preventing infection.
Aims: To determine the quantitative IgG responses specific to the 
Spike-S1 (S1) receptor-binding domain (S1/RBD) region of the virus in 
serum samples taken between 4 weeks and 7 months after polymerase 
chain reaction (PCR) positivity in patients who are diagnosed with 
coronavirus disease-2019 (COVID-19).
Study Design: A longitudinal study.
Methods: This study included 113 patients with a clinical and 
molecular diagnosis of COVID-19. The first and second serum samples 
were taken 1 and 7 months, respectively, after the PCR positivity. S1/
RBD-specific IgG antibody response was assayed using anti-SARS-
CoV-2 QuantiVac ELISA (IgG) kit (Euroimmun, Lübeck, Germany). 
The neutralizing antibodies were investigated in 57 patients whose 
IgG test results were above the cut-off value.

Results: In 57 patients with SARS-CoV-2 IgG, the anti-SARS-CoV-2 
IgG quantitative antibody levels significantly decreased after 7 months 
(Z = −2.197, p = 0.028). A correlation was detected between the anti-
SARS-CoV-2 IgG and nAb percent inhibition (IH%) levels detected 
in 1 month (rs = 0.496, p < 0.001), but without significant correlation 
in serum samples taken on 7 months. The nAb IH% levels of the first 
and second were compared for COVID-19 severity and revealed no 
statistical difference (p = 0.256). In the second serum sample, the nAb 
IH%s of patients with moderate COVID-19 showed a statistically 
significant difference from patients with mild COVID-19 (p = 0.018), 
but without significant differences between severe and moderate or 
mild COVID-19.
Conclusion: SARS-CoV-2 quantitative IgG antibody titers are 
significantly reduced at long-term follow-up (> 6 months). Due to the 
limited information on seroconversion, comprehensive studies should 
be conducted for long-term follow-up of the immune response against 
SARS-CoV-2.
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INTRODUCTION 

The coronavirus disease-2019 (COVID-19) outbreak had claimed 
the lives of over 4.4 million people globally, and over 209.8 
million infections were recorded as of August 20, 2021.1 Severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), causing 
COVID-19, is a betacoronavirus that binds to the angiotensin-
converting enzyme 2 (ACE2) receptor by its receptor-binding 
domain (RBD) in human cells.2 The immune system generates 
immunoglobulins M (IgM), IgA, and IgG antibodies against the 
virus’s spike (S) and nucleocapsid proteins (N). IgM antibodies are 
detected in the serum 5–10 days after the symptom, IgA on 10–12 
days, and IgG on 12–14 days.3 Additionally, antibodies against 
Spike-S1 (S1) protein are shown to have neutralizing activity.4 

The IgG antibody response to SARS-CoV-2 infection varies 
depending on disease severity; however, its immunity in recovered 
patients remains controversial. Monitoring and learning about the 
longevity of IgG responses following SARS-CoV-2 infection is 
pivotal to public health and understanding the role of antibodies 
in preventing infection.The present study aimed to determine the 
quantitative S1/RBD-specific IgG responses in serum samples 
that were taken 4 weeks and 7 months after PCR positivity from 
patients with COVID-19 who applied to our center for evaluation 
of the time-dependent change of these antibodies.

MATERIALS AND METHODS

One-hundred-thirteen patients who applied to the Istanbul 
University-Cerrahpaşa, Cerrahpasa Medicine Faculty, COVID-19 
First Application Outpatient Clinic between 01.05.2020 and 
01.07.2020, with the suspicion of COVID-19 and received a 
clinical and molecular diagnosis were included. The clinical 
classification of patients for COVID-19 severity was made 
according to the Infectious Diseases Society of America 
Guidelines.5 The first serum samples were taken 1 month after 
the first PCR positivity and the second at 7 months after the first 
PCR positivity from patients with COVID-19. Demographic and 
laboratory data of patients were retrospectively obtained. Serum 
samples were immediately delivered to the laboratory under 
appropriate transport conditions.Serum samples were stored at -80 
°C until assayed. Quantitative IgG antibody response specific to 
the S1/RBD region of the virus in both serum samples was assayed 
using Anti-SARS-CoV-2 QuantiVac enzyme-linked immunoassay 
(ELISA) (IgG) kit (Euroimmun, Lübeck, Germany) using the  
ELISA method. The evaluated results with the calibration curve are 
expressed as Relative Unit/ml (RU/ml), wherein <8 RU/ml were 
considered negative, 8–11 RU/ml as borderline, and ≥11 RU/ml 
as positive. The obtained results in RU/ml were multiplied by 3.2 
and calculated in Binding Antibody Unit/ml (BAU/ml), which was 
the first International Standard of the World Health Organization 
to detect SARS-CoV-2 neutralizing antibodies. The presence 
of neutralizing antibodies was investigated in 57 patients whose 
quantitative IgG test results were above the cut-off value in the 
first serum samples.

In both serum samples, neutralizing antibodies that inhibit the 
binding of the viral SARS-CoV-2 S1-RBD to ACE2 receptors 

of human cells were detected by surrogate neutralization assay 
with the competitive ELISA method (SARS-CoV-2 NeutraLISA, 
Euroimmun, Lübeck, Germany). The neutralization capacity was 
calculated as percent inhibition (IH%) by subtracting the optical 
density of the patient sample from the ratio of the optical density of 
the blank. Test results were interpreted following the manufacturer’s 
instructions; IH of < 20% were evaluated as negative, IH of 20%–
35% as a breakpoint, and IH of ≥35% as positive.

The Statistical Package for the Social Sciences software (IBM 
SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM 
Corp.) was used for the statistical analysis, and data are presented 
as median (interquartile range [IQR]) or n (%). Categorical 
variables were represented as numbers (percentage) and 
continuous variables as median (IQR); values are presented as 
mean ± standard deviation. The Shapiro-Wilk test was used to test 
the conformity of the obtained variables to the normal distribution. 
The test results revealed that the variables did not comply with the 
normal distribution assumption (p < 0.05). Therefore, the Kruskal-
Wallis and Dunn posthoc test and the Wilcoxon signed-rank test 
were used. The Spearman Correlation analysis was performed to 
examine the correlation analysis of different variables. Informed 
consent was obtained from all patients.

Ethics

This study was conducted under the approval of the Turkey 
Ministry of Health General Directorate of Health Services 
Scientific Research Studies Commission (date: December 14, 
2020), Istanbul University-Cerrahpaşa, Cerrahpaşa Faculty of 
Medicine, Scientific Research and Evaluation Commission (date: 
December 21, 2021, and no: 165738) and by the ethical committee 
of Istanbul University-Cerrahpaşa, Cerrahpaşa Medical Faculty 
(February 9th, 2021 decision no: 27402).

RESULTS

The age distribution analyses of patients with COVID-19 according 
to disease severity revealed a significant difference (p < 0.001). The 
median age in mild, moderate, and severe COVID-19 was 36, 39, 
and 52 years, respectively (Table 1). The examination of the effect 
of gender on disease severity revealed no significant difference. 
The SARS-CoV-2 IgG antibody level analyses using the QuantiVac 
ELISA kit (Euroimmune) from the serum samples taken at 1 month 
according to disease severity revealed that the SARS-CoV-2 IgG 
levels were significantly low in patients with mild compared to 
patients with moderate and severe COVID-19.

No statistically significant difference was found in the SARS-
CoV-2 IgG levels between patients with moderate and severe 
COVID-19. The SARS-CoV-2 IgG antibody levels of patients with 
COVID-19 in their second serum samples taken after 7 months 
were similar in all three groups and decreased compared to the 
IgG levels at 1 month, without statistical difference between the 
three groups (p < 0.609). The analyses of the relationship between 
the disease severity and lymphocyte counts and C-reactive protein 
(CRP) levels were examined revealed that disease severity has 
no significant effect on the lymphocyte counts, while CRP levels 
significantly increase with disease severity (p < 0.05) (Table 1).
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The changes in IgG antibody results in patients with COVID-19 
were significantly lower in 7 months compared to 1 month (Z = 
−5.204, p < 0.001). The mean SARS-CoV-2 IgG antibody titers 
detected in the serum samples taken after 7 months of PCR 
positivity were significantly lower than that in 1 month (p < 0.001) 
(Table 2).

Among the 113 patients, the data of 57 patients with SARS-CoV-2 
IgG results above the cut-off value were analyzed. Similar to the 
results in Table 2, the anti-SARS-CoV-2 IgG quantitative antibody 
levels of these 57 patients also significantly decreased, as seen in 
Table 3 (Z = −2.197, p = 0.028). In 36 of these patients, the first IgG 
antibody levels were higher than the second IgG antibody levels, 
and the anti-SARS-COV-2 IgG antibody levels detected in the 
second sera were higher than the first sera IgG antibody levels in 21 
patients. Of these 21 patients, nAb IH% results were increased by 
4.59–11.85 after 7 months of PCR positivity (p < 0.001) (Table 3).

Based on the SARS-CoV-2 NeutraLISA (Euroimmun, Lübeck, 
Germany) surrogate neutralization assay study in the serum 
samples of 57 patients taken in 1 and 7 months after PCR positivity, 
the changes in the nAb IH% results of patients with COVID-19 
between 1 and 7 months tests were statistically significant (Z = 

TABLE 1. The Demographical and Laboratory Characteristics of patients According to the Severity of COVID-19.

Variables
Total patients
(n=113)

Severity of COVID-19 p
Comparisons of 
groups

Mild
(n=58)

Moderate
(n=32)

Severe/Critical 
(n=23)

Demographic 
characteristics
Age, median 
(IQR, %25-75)

36 (27-48) 39 (31-52) 52 (48-62.5) 0.001
Mild x Mod.  0.016

Mild. x Severe <0.001

Mod. x Severe 0.031

Gender

Male 66 (58.41%) 29 (50%) 18 (56.25%) 19 (82.61%) 0.484

Female 47 (41.59%) 29 (50%) 14 (43.75%) 4 (17.39%)

Laboratory findings, 
median (IQR)

Anti-SARS-CoV-2 IgG 
I. Sera RU/ml

44.2 (20.65-72.60) 22.5 (14.20-44.58) 69.75 (45.73-86.23) 69.9 (35.30-87.90) <0.001 Mild x Mod. <0.001

Mild. x Severe <0.001

Mod. x Severe 0.999

Anti-SARS-CoV-2 IgG 
I. Sera BAU/ml

141.44 (66.08-232.32) 72 (45.44-142.64) 223.2 (146.32-
275.92)

223.68 (112.96-281.28) <0.001 Mild x Mod. <0.001

Mild. x Severe <0.001

Mod. x Severe 0.999

Anti-SARS-CoV-2 IgG 
II. Sera RU/ml

15.10 (2.18-37.4) 14.95 (1.69-34.40) 12.05 (0.61-37.80) 23 (8.45-41.80) 0.609

Anti-SARS-CoV-2 IgG 
II. Sera BAU/ml

48.32 (6.96-119.68) 47.84 (5.39-110.08) 38.56 (1.95-120.96) 73.6 (27.04-133.76) 0.609

Parameters, median (IQR)

Lymphocyte count, 
x109/L

30.95 (22.9-35.5) 30.1 (22.7-37.3) 31.35 (23.23-33.43) 31.7 (21.7-36.3) 0.816

C-reactive protein, 
mg/L

5.685 (1.2175-29.5) 2.84 (0.73-6.745) 16.775 (3.1-32.75) 91.5 (12-127) <0.001 Mild x Mod. 0.04

Mild x Severe 0.010

Mod. x Severe 0.035
Results are median (IQR) or n (%).  Kruskal-Wallis and Dunn’s post hoc tests multiple comparisons test for used for the comparisons.
SARS-CoV-2, severe acute respiratory infection-coronavirus-2; IgG, immunglobulin G

TABLE 2.  The Changes in the Anti-SARS-CoV-2 IgG QuantiVac ELISA Test 
Results of the Patients with COVID-19 According to the First- and Seventh-
Month Tests

Variables
Anti-SARS-CoV-2 IgG levels (n=113)

First  
month

Seventh 
month Z P-value

RU/mL 44.2 15.1 -5.204 <0.001

BAU/mL 141.44 48.32 -5.204 <0.001

Values are presented as median; p-value calculated using paired Wilcoxon signed rank 
test; significance level p < 0.05.
COVID-19, Coronavirus disease-19;  IgG, immunglobulin G
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-2.793, p = 0.005). Therefore, the nAb IH% results measured in 
the second serum samples of patients with COVID-19 without 
family contact were significantly lower than the nAb IH% results 
measured in the first serum samples but higher in the second serum 
samples of patients with COVID-19 with family contact (Figure 1).

A positive and significant relationship was detected between 
the SARS-CoV-2 IgG quantitative antibody levels and the nAb 
IH% levels detected in the first serum samples of patients with 
COVID-19 according to Spearman’s Rank Correlation Coefficient 
analysis (rs = 0.496, p < 0.001), without significant correlation 
between the SARS-CoV-2 IgG quantitative antibody and nAb IH% 
level in the second serum samples taken on 7 months (rs = 0.158, p 
> 0.05). The nAb IH% levels in the first serum samples are higher 
than that in the second serum samples; however, a positive and 

significant relationship was found between the two test results (rs: 
0.733, p < 0.001) (Table 4).

The nAb IH% levels detected in the first serum samples taken at 1 
month and the second serum samples were taken at 7 months were 
evaluated according to COVID-19 severity revealed no difference 
in the nAb IH% levels in terms of the first serum samples (p = 
0.256). The results of the second serum samples revealed that the 
nAb IH%s of patients with moderate COVID-19 was statistically 
significantly different than that of patients with mild COVID-19 
(p = 0.018) but without significant differences between the nAb 
IH% of patients with severe and moderate or mild COVID-19. A 
significant decrease was found in nAb IH% between all patients’ 
first and second serum samples, and this decrease was observed at 
the lowest level in patients with moderate COVID-19 (Table 5).

DISCUSSION

Long-term follow-up of the natural and acquired immunity against 
SARS-CoV-2 in patients with COVID-19 is critical for early 
infection detection and prediction.6 However, our knowledge of the 
immune response to SARS-CoV-2 is still limited.7 The outcomes 
of patients’ demographic data analysis reveal that COVID-19 
severity is statistically significant with the increase in age and CRP 
level. However, the gender difference and lymphocyte count do not 
alter the disease severity. A population-based case-control study 
by McKeigue et al.8 revealed that age increase and male gender 
were effective risk factors for COVID-19 severity. A meta-analysis 
by Romero Starke et al.9 revealed that an increase in age was a 
2.7-fold risk factor of COVID-19. Another study10 revealed that 
high CRP levels were an important marker for COVID-19 severity 
as CRP induced the overproduction of inflammatory cytokines 
and caused tissue destruction. Lu et al.11 reported increased CRP 
levels in patients with severe COVID-19 but observed a decrease 
in lymphocyte count. The severity of the disease improved upon 
corticosteroid administration to these patients.11 Yamasaki et al.12 

FIG 1. The time-dependent changes of neutralizing anti-SARS-CoV-2 IgG and SARS-CoV-2 neutralizing antibodies in the first and second blood 
samples of patients with COVID-19 with and without family contact

TABLE 3. The Comparison of the time-Dependent Changes of Neutralizing 
Anti-SARS-CoV-2 IgG Antibodies Detected by Quantivac ELISA and SARS-
CoV-2 Neutralizing Antibodies Detected by NeutraLISA

Variables
Anti-SARS-CoV-2 IgG Levels (n=21)

First 
month

Seventh 
month Z P-value

RU/mL 37.1 41.8 -0.504 0.614

BAU/mL 118.72 133.76 -0.504 0.614

nAb IH% 4.59 11.85 -3.424 0.001

Variables Anti-SARS-CoV-2 IgG Levels (n=36)

First  
month

Seventh 
month

Z P-value

RU/mL 46.1 29 -2.357 0.018

BAU/mL 147.52 92.8 -2.197 0.028

nAb IH% 58.54 37.54 -5.232 <0.001
Values are presented as median; p-value calculated using paired Wilcoxon signed rank 
test; significance level p < 0.05.
SARS-CoV-2, severe acute respiratory infection-koronavirüs-2; IgG, immunglobulin G
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revealed similar results to that of Lu et al.11, revealing a decrease 
in lymphocyte count with the disease severity, which could be 
used as a marker to determine severe infection in patients with 
COVID-19.12

Our results revealed that COVID-19 severity, CRP, and age 
are consistent with previous studies; however, no relationship 
is noted between the disease severity, lymphocyte count, and 
gender. The differences might be associated with the low number 
of patients and its single-center nature. Regarding the long-term 
serological analysis and neutralizing antibody levels of patients 
with COVID-19, Legros et al.7 revealed no statistical difference 
between anti-SARS-CoV-2 IgG (AU/ml) levels in the serum 
samples of patients with mild, moderate, and severe disease, 
and without changes in antibody titer with the disease severity. 
However, neutralizing antibody responses were correlated with 
the disease severity. The same study7 examines the nAb responses 
of 11 patients after 60 days and revealed that nAb response could 
not be detected in 7 patients. However, nAb response decreased 
4-fold in four patients.7Muecksch et al.6 studied the serum samples 
of patients with COVID-19 at hospital re-visits at 2, 4, and 8 
weeks using in vitro diagnostic serological systems. The IgG 
antibody levels decreased in the Abbott Nucleocapsid-targeted test, 
increased in the Diasorin spike-targeted test, but remained stable 
in the Roche and Siemens total antibody-targeted tests at second 
and third re-visits of patients with COVID-19. The same study 
performed a pseudotype-based neutralization assay. The above 

study found a correlation of the quantitative serological results of 
Siemens and Diasorin from S protein-based analysis, showing a 
stronger correlation than Abbott and Roche systems, performed 
with N protein-based serological analysis.6 Wang et al.13 revealed 
that anti-SARS-CoV-2 IgG titers against the S or N regions were 
moderately correlated with nAb titers. In this study, we used 
the Euroimmune brand kit to present the quantitative S1/RBD-
specific SARS-CoV-2 IgG results. The correlation of anti-SARS-
CoV-2 IgG titers with the nAb IH% was similar to the data in the 
literature[AME5]. The plaque reduction neutralization test was 
used in most studies and the use of surrogate neutralization tests 
was uncommon; however, our study showed a correlation between 
the nAb titers in the first serum samples and the quantitative S1/
RBD IgG titer results. However, this correlation was not found in 
the second serum samples. We believed that the decrease in IgG 
titers at 7 months might be associated with the decreased nAb IH%.
Zhang et al.14 demonstrated that SARS-CoV-2-specific humoral 
immunity was present in 95% of convalescents and T-cell memory 
of patients at 12-month post-infection against at least one viral 
antigen in ~90% of patients. Moreover, researchers revealed that 
from 6 to 12 months post-infection, anti-SARS-CoV-2 IgG and 
IgM levels have a declining trend, but the levels of NAb and CD8+ 
and CD4+ T cells against SARS-CoV-2 were sustained. Another 
study revealed that most patients with COVID-19 at 6 months post-
symptom onset were still positive for neutralizing antibodies (N = 
44/52, 84.6%).15

Hou et al.16 revealed that IgG levels remained at certain levels up 
to 48 days after examining the anti-SARS-CoV-2 IgG and IgM 
antibody titers in patients with mild, severe, and critical COVID-19. 
They reported a relationship between the disease severity and the 
antibody levels.16Wang et al.13 followed the levels of IgG antibody 
titers against different proteins of SARS-CoV-2, such as S1, S2, 
RBD, and N, in patients with mild and severe COVID-19 at 2, 3, 
and 4 weeks and revealed that the 4-week level of IgG antibody 
titers against the S1 protein was higher in patients with severe 
COVID-19 than that of mild COVID-19.Ren et al.17 revealed that 
the level of IgG antibody titers against the S protein was lower in 
patients who died on 22–28 days compared to those who recovered.

TABLE 4. The Spearman Correlation Analyses between the Anti-SARS-CoV-2 
IgG and nAb IH% Levels Detected in the First Month or the Seventh-Month 
Serum Samples of COVID-19 Patients (57 patients)

Variables N Correlation P-value

I. Sera Anti-SARS-CoV-2 IgG BAU/mL
I. Sera nAb IH%

57 0.496 <0.001

II. Sera Anti-SARS-CoV-2 IgG BAU/mL
II. Sera nAb IH%

57 0.158 0.240

I. Sera nAb IH%
II. Sera nAb IH%

57 0.733 <0.001

Correlation is significant at the 0.01 level (2-tailed).
SARS-CoV-2, severe acute respiratory infection-coronavirus-2; IgG, immunglobulin G; 
COVID-19, Coronavirus disease-19

TABLE 5. The Determination of nAb IH% Levels in COVID-19 Patients Due to the Severity of Disease

Variables
Total patients
(n=57)

The severity of COVID-19 p Comparisons of groups

Mild
(n=26)

Moderate
(n=16)

Severe/critical
(n=15)

I. Sera nAb IH% 44.74
(73.29)

40.95
(54.25)

54.46
(44.87)

68.01
(82.41)

0.256

II. Sera nAb IH% 25.11
(62.17)

11.15
(43.85)

44.42
(60.58)

20.33
(53.98)

0.018 Mild x mod. 0.048

Mild x severe 0.768

Mod. x severe 0.358
Values are presented as median (IQR).
COVID-19, Coronavirus disease-19
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The virus-specific neutralizing antibodies developed after 
infection are pivotal for protective immunity. The plaque reduction 
neutralization test (PRNT) is the reference standard method; 
however, it could not be used in biosafety level 3 laboratories 
and by experienced specialists. The competitive QuantiVac 
ELISA surrogate neutralization test was studied and was 98.6% 
compatible with PRNT.18A low number of patients and the single-
center nature are the limitations of our study. Therefore, we suggest 
a long-term follow-up of >7 months in patients. We believe that 
the mean of SARS-CoV-2 quantitative IgG antibody titers decrease 
by approximately 24% and nAb IH% titers decreased by 19% 7 
months after PCR positivity.

Moreover, nAb IH% decreased as SARS-CoV-2 IgG quantitative 
antibody levels decreased. The absence of correlation is noted 
between the mean SARS-CoV-2 quantitative IgG antibody titer and 
the average nAb IH% results in the serum samples taken 7 months 
after the PCR positivity although a decrease in the quantitative 
antibody results is recorded. Additionally, the increase in nAb IH% 
and SARS-CoV-2 quantitative IgG antibody titers of 21 patients 
after 7 months of PCR positivity may be attributed to a new contact 
with the virus, since we have the information that these 21 patients 
had a history of family contact after the first serum sampling. Due 
to limited information in the literature regarding seroconversion, 
comprehensive studies for the long-term follow-up of the immune 
response against SARS-CoV-2 should be conducted.
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