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Abstract: A group of 110 patients from the West Bohemian region who had been infected with
COVID-19 was monitored for the purposes of this study. We focused on cases of mild or moderate
COVID-19; statistically the most likely to occur. Day zero was defined as the day on which a positive
PCR test was first established. The mean length of observation was 6.5 months, the maximum length
12 months. The first blood samples were taken from a smaller cohort during the 1–3 months following
the first positive PCR test. We assumed that SARS-CoV-2 antibodies would be present during this
period and therefore a limited number of samples were taken for the purpose of detecting antibodies.
More samples were collected, starting 4 months after the first positive PCR test. A subsequent set of
blood samples were drawn, mostly 6 months after the first ones. Our study confirmed the presence
of total IgG SARS-CoV-2 antibodies up to 1 year after the onset of the disease. The peak of antibody
production was observed in the third month after the first positive PCR test. A mathematical estimate
of the median duration of antibody positivity was calculated to be 18 months from the onset of the
COVID-19 infection.

Keywords: antibody; SARS-CoV-2; COVID-19; time period; nucleocapsid protein; serological
diagnostics; immunoassay

1. Introduction

Understanding the antibody response, including the long-term presence of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibodies in the human body
is essential for developing strategies to fight against COVID-19 [1]. The clinical picture
of COVID-19 can vary widely: from an asymptomatic course of disease to mild or severe
symptoms [2]. Detection of antibodies in human serum can help us confirm whether
a patient’s immune system has encountered SARS-CoV-2 virus and whether they have
developed an immune response against it. A patient who has developed antibodies is more
likely to be protected from future infection [3,4]. Clinical data suggest that the course of
disease in patients who were reinfected with other types of coronavirus was weaker and
sometimes they remained immune to the disease 6–12 months after the first infection [4,5].
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The aim of this study was to monitor the presence of the SARS-CoV-2 antibodies in
patients with the most frequent course of the COVID-19 disease (mild or moderate) and to
define a curve depicting the production of SARS-CoV-2 antibodies over time.

2. Material and Methods
2.1. Group of Patients

The selected patients were monitored during the period of March 2020–April 2021.
The group consisted of 110 patients (51 men, 59 women). All patients enrolled in the study
were examined in the University Hospital in Pilsen and came from the West Bohemian
region. They had mild or moderate symptoms; COVID-19 disease was confirmed using
PCR. Day zero of the observation was defined as the day on which a positive PCR test was
first established. The clinical characteristics of the patient group are shown in Table 1.

Table 1. Clinical characteristics of the patient group.

Characteristic Category N (%)

Gender

Female 59 (53.6)

Male 51 (46.4)

Total 110

Age Median [range] 49 (4–73)

Clinical symptoms

fever ≥37.5 ◦C 56 (50.9)

dry cough 32 (29.1)

difficulty breathing or shortness of breath 28 (25.5)

loss of taste or smell 47 (42.7)

headache 54 (49.1)

tiredness 78 (70.9)

Risk factors

obesity 16 (14.5)

smoking (last 10 years) 15 (13.6)

diabetes 9 (8.2)

cardiovascular disease 10 (9.1)

Flu vaccination for season 2019 7 (6.4)

Informed consent was obtained from all the patients enrolled in the study. The study
was approved by the Ethics Committee of University Hospital and Medical Faculty in
Pilsen on 8th August 2020 (approval number 354/2020).

2.2. Serum Samples

Peripheral venous blood was collected using a VACUETTE blood collection system
(Greiner Bio-one Company, Kremsmünster, Austria). Serum was separated by centrifu-
gation at 1300× g, aliquoted into two aliquots of 500 µL each and frozen at −80 ◦C. One
aliquot was used for SARS-CoV-2 antibody determination, a second aliquot was used as
back-up. The aliquots were thawed only once, just prior to the analyses.

The first blood samples used to determine anti-SARS-CoV-2 antibodies were taken
from a smaller cohort of patients 1–3 months after the first positive PCR test (16 patients,
see Table 2). During this period the presence of anti-SARS-CoV-2 antibodies was presumed
and therefore only a limited number of samples were taken to ensure that the production
of antibodies is taking place. More samples were collected starting in month 4 following
the positive PCR test. The second set of blood samples were drawn mostly 6 months after
the first set. In a smaller group of patients, a third set of samples was taken approximately
one year after COVID-19 disease had been confirmed. In total, 242 blood samples were
drawn. The overview of the sample collection is shown in Table 2.
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Table 2. Overview of the sample collection.

Month After PCR Test 1st Blood Draw 2nd Blood Draw 3rd Blood Draw Total

0 2 0 0 2

1 5 2 0 7

2 4 3 1 8

3 5 0 1 6

4 34 2 0 36

5 48 7 0 55

6 10 7 1 18

7 2 10 0 12

8 0 22 1 23

9 0 16 10 26

10 0 29 3 32

11 0 10 5 15

12 0 2 0 2

Total 110 110 22 242

2.3. Immunoassays

An automated chemiluminescence (CLIA) assay ELECSYS Anti-SARS-CoV-2 was
used for the detection of the total immunoglobulin (total Ig: IgM, IgG, and IgA) antibodies
against the nucleocapsid protein (NP) (F. Hoffmann-La Roche, Basel, Switzerland). The
Roche assay reports the results as cut-off index (COI), without units. Assay characteristics
are shown in Table 3.

Table 3. Assay characteristics of CLIA ELECSYS Anti-SARS-CoV-2.

Manufacturer Methodology Antigen Used
Cut-Off Index (COI) Manufacturer’s

Catalog NumberNegative Positive

Roche CLIA Total Ig NP <1.0 ≥1.0 09 203 095 190

3. Statistical Methods

SAS, V. 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all statistical analysis.
Summary statistics for discrete variables are expressed as frequency counts and percentages,
for continuous variables as means and standard deviations or medians and quartiles, where
appropriate. For some variables, such as age range, the minimum and maximum are also
presented. Visualizations such as mean-course plots (means ± standard deviations) and
spaghetti plots are presented. Due to a relatively low number of patients, we advocated for
the use of data visualization methods. Different sampling times was statistically solved by
calculating of the time interval from the first positive PCR test to sampling date in days,
then this time interval was converted to months and rounded to whole numbers. For the
lowest months 1st, 2nd, 3rd, it was tested that the data are not biased in one direction
from an integer multiple of the month. Gender and age dependencies of the measured
parameters were also analyzed. The first-order elimination rate constant of the levels of
SARS-CoV-2 antibodies was used. It leads to the fitting of the linear regression model
for each patient where the dependent variable is the natural logarithm of the level of
SARS-CoV-2 antibodies and the independent variable is the time after the peak at 3 months.
By estimating the slope and intercept in this model, we estimate the duration of antibody
positivity for each patient with 95% confidence interval (CI). The half-life of the level of
antibodies is the time required to reach a 50% reduction in concentration.
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4. Results

The individual levels of SARS-CoV-2 antibodies are shown in Figure 1. Point “zero”
is the day of the first positive PCR test. The “x” axis represents the time from the first
positive PCR test in months, the “y” axis represents the serum concentration of the SARS-
CoV-2 antibodies. The mean length of observation, as well as the mean length of antibody
response was 6.5 months; the longest observation period, as well as the longest detected
presence of antibodies, was 12 months. After an initial increase in production, antibodies
decreased in most individuals during the observed period. This decrease was gradual,
and even 1 year after infection, antibody levels remained positive. Only one patient in
the monitored group exhibited a sharp decrease in antibody values during the period of
observation (below 1.0 COI).
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Figure 1. Individual curves of the levels of SARS-CoV-2 antibodies.

The detailed description of SARS-CoV-2 antibody levels in individual months is shown
in Table 4; graphic display in Figure 2. The peak of the antibody production was reached
in the monitored group of patients during the third month following the first positive
PCR test.

Subsequently, we tried to estimate the duration of antibody positivity. The half-life
of antibody concentration was 84 days (95% CI = 65–108). The rate of the decrease was
calculated using the natural logarithm and then converted to the decadic logarithm. The
rate of the decrease was 8.0 × 10−3, (95% CI = 6.1 × 10−3 − 9.0 × 10−3) per day. This means
that in our data, the logarithm is reduced by about 1 over a period of 4.11 months, (95%
CI = 3.56–4.62) (i.e., from 100 to 10 or from 10 to 1). Value 10 was chosen as the minimum
antibody level required for immunity which we used to calculate the individual rate of
antibody decrease because in our scale this value is sufficiently deep in the positive zone.
Thus, from the first PCR test to level 10 (COI), immunity lasts a median of 18.0 months,
(95% CI = 14.8–22.3). However, this is under the conditions of the expected standard
exponential decline (which corresponds to first-order kinetics). In fact, the decline seems to
be slightly faster and it appears that level 10 (COI) will be exceeded earlier; i.e., the median
immunity will be between 15 and 16 months.
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Table 4. Levels of SARS-CoV-2 antibodies in the monitored group of patients over the course of the observation period.

Month After
PCR Test

Count of
Samples Mean Standard

Deviation Minimum Lower
Quartile Median Upper

Quartile Maximum

0 2 1.6 0.1 1.5 1.5 1.6 1.7 1.7

1 7 52.0 15.5 8.4 26.4 40.1 99.2 118.8

2 8 52.3 13.5 8.8 19.9 41.3 91.1 104.6

3 6 99.3 14.4 34.3 83.1 116.1 121.9 124.4

4 36 80.7 6.4 2.9 63.6 79.4 103.1 146.9

5 55 79.0 6.2 2.3 40.2 83.8 112.8 177.2

6 18 81.3 13.2 9.9 37.6 63.6 136.6 189.8

7 12 73.2 16.9 10.9 30.6 64.6 84.8 195.5

8 23 50.0 9.7 1.3 9.3 33.6 87.2 186.6

9 26 41.7 9.2 3.9 9.1 22.2 51.4 180.0

10 32 40.2 6.2 2.2 11.2 30.3 56.8 130.1

11 15 27.1 6.7 0.6 6.5 19.3 37.4 92.1

12 2 23.3 5.5 17.8 17.8 23.3 28.8 28.8
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We did not observe a statistically significant difference in the production of antibodies
between men and women. We did not observe a correlation between the production of
antibodies and age.

The results divided by age categories and genders, as well as the detailed data of
the group of patients, are available in the Supplementation Material (Suppl. Table S1:
anti-SARS-CoV-2 Total Ig Roche—Summary statistics by age category; Suppl. Figure S1:
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anti-SARS-CoV-2 Total Ig Roche—Mean course plot by age category; Suppl. Table S2:
anti-SARS-CoV-2 Total Ig Roche—summary statistics by gender; Suppl. Figure S2: Anti-
SARS-CoV-2 Total Ig Roche—summary statistics by gender; Suppl. Table S3: Individual
patient data.). Suppl. Table S1 shows the division into age groups with the goal of
differentiating between children + adolescents, adults and elderly populations.

5. Discussion

The COVID-19 pandemic has profoundly changed the healthcare system. Initial triage
of patients upon entrance to the medical facility, antigen and PCR testing, alongside with
health status questionnaires, have become everyday routine practice [6].

An understanding of the mechanism and duration of the antibody response during
and after a COVID-19 infection is essential in the development of a successful strategy
for the management of pandemic. As COVID-19 continues to spread worldwide, our
understanding of the antibody response is increasing, as is evidenced by a systematic
review of 150 studies describing the antibody response to SARS-CoV-2 [7].

Literature findings in antibody dynamics confirm the typical immunological paradigm:
the start of antibody production, increase, peak, plateau, decrease and persistence at lower
levels [8]. In our study, an automated CLIA assay of the total antibody measurement was
used. This method differs from the pure IgG assay: a higher sensitivity of total antibody
assay is visible at the beginning of the antibody production, making the earlier increase in
the antibody levels observable thanks to IgM detection.

This is advantageous when observing patients long-term, as it enables us to compare
the kinetics of antibodies found using the total antibody assay with the kinetics of antibodies
found using IgG assays. IgM disappears from the blood within a few weeks.

A number of studies confirm that IgM become undetectable within 5 weeks from
disease onset [9,10]. We focused mainly on the production of antibodies from the fourth
month onwards, which meant that the kinetics of the antibodies were no longer affected
by IgM.

According to a number of studies, IgG peaks in the seventh- or eighth-week following
disease onset and then, after a certain period during which their production plateaus, the
levels start to decline; the speed of the decline varies from individual to individual [10–14].
The kinetics of the antibody production observed by us corresponded with the literature. It
is clearly visible in Figure 2 that after an initial increase, the peak of the antibody production
was reached at the third month following the first positive PCR test and, after that, the
production gradually decreased in most individuals. This trend is also shown in Figure 1.

The length of observation in our study corresponded with the length of the confirmed
presence of antibodies in the monitored patients. The mean length of observation, as well
as the mean length of antibody response, was 6.5 months; the longest observation period, as
well as the longest detected antibody response, was 12 months. The half-life of antibodies
concentration was 84 days (95% CI = 65–108). This is comparable with another literature
findings [15].

The duration of the antibody response is hard to compare with the literature because
the longest antibody response is limited by the length of the follow-up period among
published studies. As the body of research on SARS-CoV-2 increases, we are also seeing
that the confirmed length of the antibody response increases [16,17].

Due to the fact that our follow-up periods are limited at the moment, we used a
mathematical log-linear regression model to calculate the rate of the decrease in antibodies
and to estimate of period during which the antibodies will remain within the positive
ranges. The rate of the decrease was calculated as 8.0 × 10−3, 95% CI (6.1 × 10−3, 9.0 ×
10−3) per day. It was difficult to decide which level of antibodies is appropriate as the
cut-off point for the half-life calculation because we observed large differences in the rate
of decline between individuals. Taking into account the individual rates of decrease in
antibodies, we chose value 10 (COI), because in our scale this value is sufficiently deep in
the positive zone.
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We took the rate of the decrease in antibody concentration into account in a subset of
patient who had at least three antibody assessments after the 3rd month following the first
positive PCR test and we extrapolated that level 10 (COI) will be reached by a median (50%)
of the patients between 15 and 16 months after the COVID-19 infection onset. In order
to confirm this model, we need more patient with three or more antibody assessments.
Under the conditions of the expected standard exponential decline (which corresponds to
the first-order kinetics) immunity lasts a median of 18 months, 95% CI (14.8, 22.3).

Figure 1 shows more than the decreases in the individual antibody concentrations: It
also shows an increase in antibody levels during 1–3 months after the first positive PCR
test. This follows the model of antibody kinetics described above.

In our group of patients, a minority of patients exhibited a gradual increase in antibody
concentration after month 4 or 5. This trend was observed in 12 patients (11%). This increase
in antibody concentrations is probably caused by repeated contact with the virus, as is
described in the literature [18]. We tried to clarify the observed increase in antibody levels
directly with the individual patients. All 12 patients were interviewed and only one
patient confirmed that they had suffered a repeated infection with clinical symptoms. The
remaining 11 patients were probably repeatedly infected as well, which led to a rise in
antibody production despite the patients remaining asymptomatic.

The correlation between age and antibody production remains disputed. Some studies
have reported a positive correlation between antibody level and age [19,20], while other
studies found no correlation [21,22]. Aware of the extreme challenges faced by the senior
population during the pandemic [23], we focused on a separate evaluation of the antibody
response and antibody production dynamic in the group of over 60-year-olds and compared
our observations with the younger age categories of the population. In our previous
research [24], the positive correlation between age and the production of neutralization
antibodies was described. This finding was at the border of statistical significance (p = 0.040).
In our current study, the positive correlation between age and antibody production was
not significant if data are tested by timepoint (month) from the first positive test. When
we focused on the peak of antibody production, we observed a slightly lower level of
production at the peak of antibody production in young patients (20 and under), as well as
a lower level at the peak of production in old patients (60 and older). Larger population
studies are necessary to confirm this fact.

Despite information to the contrary in the literature [25,26], we failed to confirm a
difference in antibody production between genders.

6. Conclusions

Our study showed that IgG SARS-CoV-2 antibodies can remain present in the body
up to one year after the onset of the disease.

The peak of the antibody production was observed during the third month following
the first positive PCR test. The mean length of antibody response was 6.5 months; the
longest detected antibody response was 12 months. The half-life of antibody concentration
was 84 days. When we take the rate of the decrease in antibody concentration into account,
we can extrapolate that level 10 (COI) will be reached by a median of patients (50%) under
the conditions of the expected standard exponential decline (which corresponds to the
first-order kinetics) at 18.0 months, 95% CI (14.8, 22.3).

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/diagnostics11101915/s1, Figure S1: Anti-SARS-CoV-2 Total Ig Roche—summary statistics by
age category, Figure S2: Anti-SARS-CoV-2 Total Ig Roche—summary statistics by gender, Table S1:
anti-SARS-CoV-2 Total Ig Roche—summary statistics divided into age category, Table S2: anti-SARS-
CoV-2 Total Ig Roche—summary statistics by gender, Table S3: Individual patient data.
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