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Abstract: We intended to assess the humoral response induced by the Pfizer/BioNTech Comirnaty
COVID-19 vaccine with commercially available immunoassays: anti-spike (S) IgG and IgM, and
anti-nucleocapsid (N) IgG antibodies, over a 4-month course. One hundred subjects, including
15 COVID-19 convalescents, comprised the study cohort. The SARS-CoV-2 antibodies concentrations
were measured on day 0′ and 10′, 20′, 30′, 60′, 90′, and 120′ after the first dose administration. Over
the course of the study, 100% of the participants developed and sustained anti-SARS-CoV-2 S IgG
antibodies. The highest concentration, exceeding the quantification range of the test (2080 BAU/mL),
was reached by 67% of the subjects on day 30′. The concentration of the antibodies remained stable
between days 30′ and 90′ but was followed by a significant decrease between days 90′ and 120′. The
stronger and more persistent humoral response was noted for women. The COVID-19 convalescents
developed higher antibody levels, particularly 10 days after the first Comirnaty dose. Twenty-three
out of the eighty-five naïve vaccinees failed to develop a detectable IgM response. LIAISON® SARS-
CoV-2 TrimericS IgG (DiaSorin S.p.A, Saluggia, Italy) may be useful in the assessment of the humoral
response to the Comirnaty vaccine. In contrast, Abbott’s anti-S SARS-CoV-2 IgM has a limited utility
in this context.

Keywords: SARS-CoV-2 antibodies; COVID-19 testing; COVID-19 vaccines; COVID-19 vaccines
booster shot

1. Introduction

Considering the scarcity of an available effective COVID-19 treatment [1], the vaccina-
tions have become the focal point of the efforts to hamper the pandemic. The COVID-19
vaccines have been developed at an unprecedented speed, with the first being endorsed
within less than a year from the identification of the infectious agent: severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2). The attitude towards vaccination varies, and
many people are hesitant about getting inoculated [2], which is likely to curb the achieve-
ment of the herd immunity. Studies show that people with a higher level of knowledge of
COVID-19 vaccines are more likely to get vaccinated [3]. Apart from the data from the clini-
cal trials, the real-world observations may contribute to the public’s knowledge and, hence,
a positive approach towards the COVID-19 vaccination. One such observation may be the
proof of the immunogenicity of the vaccines—high levels of specific antibodies—obtained
by a simple, commercially available blood test.

The serological assays detecting SARS-CoV-2 antibodies have evolved dramatically
since the beginning of the pandemic. The lateral flow chromatography assays (LFIAs) were
the first available, allowing for a qualitative assessment of IgG and IgM antibodies [4]. The
design of these simple cassette tests initially employed a mixture of undefined SARS-CoV-2
antigens. Before long, the attention switched to the automated immunochemical tests:
enzyme-linked immunosorbent assays (ELISAs) and chemiluminescent immunoassays
(CLIAs) [5]. These methods allowed for the semi-quantitative or quantitative measurement
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of IgA, IgM, and IgG antibodies solely against the nucleocapsid (N) antigen or against spike
(S) antigen, and, in some tests, both antigens [6–8]. It was also recognized that the antigenic
specificity of the antibodies is an important feature, influencing the clinical specificity
and sensitivity of the assays [9–13]. The anti-SARS-CoV-2 antibodies recognizing the S
protein of the virus, especially its receptor binding domain (RBD), were proven to be of the
utmost importance for the virus neutralization capacity [14]. All four vaccines approved
currently in the EU are designed to induce an immune response against the SARS-CoV-2
spike protein.

The importance of the serological testing in the immune response against SARS-CoV-2
manifests in two fields: natural infection and vaccination. For the latter, the tests using
antigen S should only be used. Natural infection in vaccinated subjects may only be
discerned with the tests based on the N antigen.

The aim of this study was to assess the humoral response induced by the vaccination
over a 4-month course following the administration of the first dose of the Pfizer–BioNTech
COVID-19 vaccine (Comirnaty).

Observations of this nature may guide the future vaccination strategies, including
those directed at the identification of the non-responders and those verifying the necessity
of the administration of a third dose.

2. Materials and Methods
2.1. Study Design

The study participants (n = 100) were recruited from professionally active healthcare
workers vaccinated against COVID-19 between 4 January 2021 and 26 March 2021 in
Cracow, Poland. The subjects were selected randomly, with no exclusion criteria. All
subjects received Pfizer–BioNTech Comirnaty vaccine (BioNTech Manufacturing GmbH,
Mainz, Germany), with two doses administered 21 days apart. The cohort included one
hundred subjects, 86% females and 14% males. The mean age of the study group was 45
(23–74), and there was no statistically significant difference in age between the sexes. There
were 89 subjects under 60 years old.

The blood for antibodies assessment was drawn on day 10′, 20′, 30′, 60′, 90′, and 120′

after the first dose of the vaccine. For 67 subjects, the samples were obtained on the day of
the vaccination (0′) as well.

All of the subjects provided informed consent for the participation in the study and
filled out a questionnaire about their history of COVID-19.

2.2. Laboratory Testing

The LIAISON® SARS-CoV-2 TrimericS IgG (DiaSorin S.p.A, Saluggia, Italy) immunoas-
say was performed on fresh blood sera on the day of blood collection, and the remaining
sera were aliquoted and frozen (−20 ◦C) for additional testing. The testing was performed
on the LIAISON® XL analyzer strictly according to the manufacturer’s instructions. This
assay allows for a quantitative measurement of IgG class antibodies against a trimeric
S-protein. The quantification is based on the chemiluminescent signal that is induced at
the final stage of the procedure and measured in relative light units (RLU). The reading is
proportional to the concentration of the antibodies in the sample, which is expressed in
arbitrary units (AU/mL). Owing to the correlation of the results of LIAISON® SARS-CoV-2
TrimericS IgG to the values and units of the first WHO International Standard (IS) for anti-
SARS-CoV-2 immunoglobulin binding activity (NIBSC 20–136) [15], the AU/mL may be
converted to the binding antibody units (BAU/mL) through a multiplication by a factor of
2.6. The assay’s quantification range is between 4.81 and 2080 BAU/mL, and a cut-off for a
positive result is 33.8 BAU/mL. The samples for which the results exceeded 2080 BAU/mL
were diluted 1:20, according to the manufacturer’s instructions, and re-tested. The producer
had correlated the LIAISON® SARS-CoV-2 TrimericS IgG results ≥520 BAU/mL with a
high neutralization capability in the microneutralization assay. Hence, the presence of this
type of antibodies may be considered one of the correlates of immunity.
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The additional testing was conducted on the remnant serum samples frozen on the
day of blood collection. Anti-SARS-CoV-2 spike-specific IgM antibodies were assessed to
provide a full picture of the seroconversion induced by the vaccination. Nucleocapsid-
specific IgG antibodies were tested to check for the possible unknown SARS-CoV-2 infection
prior to the study, as well as for the contact with the virus over the course of the study.
The testing was performed with Abbott’s SARS-CoV-2 chemiluminescent microparticle
immunoassays (CMIA) on Alinity i analyzer (Abbott Ireland, Sligo, Ireland), strictly to the
manufacturer’s instructions. These assays allow for a qualitative detection of the antibodies.
The results are expressed as indices, calculated as a ratio of sample and calibrator signals.
A cut-off for a positive result of IgM test is 1.0, and the cut-off for IgG test is 1.4.

2.3. Statistical Analysis

The statistical analysis was performed with STATISTICA software ver. 13 (TIBCO
Software Inc., Palo Alto, CA, USA). Friedman’s average rank test was applied to assess
the statistical differences in the antibody titers between the time points. Dunn’s test with
Bonferroni adjustment was used as a post hoc test for Friedman’s test. Mann–Whitney
U test was applied to detect the statistical differences in the antibody titers between the
subgroups. Student’s t-test was used to verify the statistical significance of the difference
in age between the sexes. The Spearman’s rank correlation coefficient was used to assess
the correlation between the age and the level of antibodies. The significance level was set
to 0.05.

3. Results

The history of COVID-19, confirmed by RT–PCR or antigen testing in the past
2–10 months, was reported in the questionnaire by eight subjects. Additionally, the sero-
logical status of those convalescents was checked. The day 0′ samples were available for
six of the eight confirmed COVID-19 cases. Four of these six patients were positive in the
LIAISON® SARS-CoV-2 TrimericS IgG assay. One of the remaining convalescents was
positive in both Abbott assays (anti-N IgG and anti-S IgM), and the other was positive only
in anti-N IgG. In one of the cases without a 0′ sample, a positive result was obtained for
anti-N IgG in day 10′ sample, but, in the other case, confirmed with a positive RT–PCR test
ten months prior to the vaccination, anti-N IgG antibodies were already absent.

Additionally, a serological assessment was used to detect the possible undiagnosed
COVID-19 cases. Out of the 61 subjects with no history of COVID-19 tested on the day of
the first dose administration (day 0′), seven (11.47%) were seropositive in at least one of
the assays. Hence, they were considered convalescents in the following analyses. For the
subjects with no COVID-19 history without available day 0′ samples, we also analyzed the
anti-N IgG results on day 10′. None of them were positive.

Eight cases with a history of COVID-19 and seven cases serologically positive on day
0′ constituted a group of 15 COVID-19 convalescents.

3.1. LIAISON® SARS-CoV-2 TrimericS IgG Results

3.1.1. LIAISON® SARS-CoV-2 TrimericS IgG Results in the Whole Cohort

Over the course of the study, 100% of the participants developed and sustained a
measurable concentration of anti-SARS-CoV-2 trimeric S IgG antibodies.

The seropositivity rates increased at the consecutive time points—from 73% on day
10′ to 97% on day 20′ (just before the second dose)—and reached 100% on day 30′ (almost
10 days after the second dose of the vaccine). All the subjects remained seropositive
until the end of this study—four months after the first vaccine dose administration. The
highest concentration of anti-S IgG antibodies, exceeding the quantification range of the
test (2080 BAU/mL), was reached by the majority of the subjects (67%) on day 30′. The
number of patients with an extremely high level of antibodies gradually declined after that
time point. However, the level of antibodies higher than 520 BAU/mL, correlated by the
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producer with a high neutralization capability, was still observed in 83% of the patients on
day 120′ (Figure 1).
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Figure 1. The percentage of the patients reaching given antibody levels at the consecutive time
points after vaccination. Results obtained with LIAISON® SARS-CoV-2 TrimericS IgG assay;
>33.8 BAU/mL—cut-off for the positive result; >520 BAU/mL—antibody concentration correlated
with a high neutralization capability; >2080 BAU/mL—upper limit of the assay’s quantification range.

One-hundred eighty-three samples with the results exceeding the upper limit of
quantification (ULQ) of the assay, 2080 BAU/mL, were diluted 1:20 according to the
manufacturer’s instructions and re-tested. Eighty-seven of the obtained results were
lower than two times the ULQ (4160 BAU/mL), fifty-one were between two and four
times the ULQ (up to 8320 BAU/mL), thirty-three between four and ten times, and seven
above 20,800 BAU/mL (>10 times). The statistical analysis of the differences between the
antibodies levels at the consecutive time points was performed. A statistically significant
increase was observed between day 0′ and day 10′, day 10′ and day 20′, which corresponds
to the first dose administration, as well as between day 20′ and day 30′—after the second
dose. The concentration of the antibodies decreased insignificantly between day 30′, 60′,
and 90′ but was followed by a significant drop between day 90′ and day 120′ (Figure 2).

3.1.2. LIAISON® SARS-CoV-2 TrimericS IgG Results in in Convalescents
and Non-Convalescents

COVID-19 convalescents developed higher antibody concentrations than patients
with no history of this disease at all of the studied time points. The difference between
the antibody levels was statistically insignificant only on day 30′ (Table 1). Between days
10′ and 30′, a constant rise in the antibody concentration was noted in the naïve vaccinees,
whereas, in the convalescent group, the level was already decreasing.

Particularly pronounced was the difference in the amount of the antibodies on day 10′.
At this time point, 86.7% (13 out of 15) of the convalescents reached the upper quantification
limit of the test (2080 BAU/mL). Such a value was reported in none of the non-convalescents
on day 10′.
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Table 1. SARS-CoV-2 TrimericS IgG over 4 months course after COVID-19 vaccination in convalescents vs. naïve vaccinees.

Naïve Vaccinees vs. COVID-19 Convalescents

Days after the First
Comirnaty Dose
Administration

Prior
SARS-CoV-2

Contact

Number of
Subjects

% of the Subjects Reaching
a Given Antibody Concentration

Median Antibody
Concentration

>33.8
BAU/mL

>520
BAU/mL

>2080
BAU/mL BAU/mL p

0′
Naïve vaccinees 54 0 0 0 4.81

p = 0.000COVID-19
convalescents 13 61.5 0 0 41.5 *

10′
Naïve vaccinees 85 68.2 1.2 0 67

p = 0.000COVID-19
convalescents 15 100 93.3 86.7 7945 *

20′
Naïve vaccinees 85 96.5 38.8 0 408

p = 0.000COVID-19
convalescents 15 100 93.3 80.0 7180 *

30′
Naïve vaccinees 85 100 96.5 65.9 2865

p = 0.175COVID-19
convalescents 15 100 93.3 80.0 6165

60′
Naïve vaccinees 85 100 95.3 34.1 1776

p = 0.047COVID-19
convalescents 15 100 100 66.7 2325 *

90′
Naïve vaccinees 85 100 91.8 27.1 1522

p = 0.022COVID-19
convalescents 15 100 100 66.7 2165 *

120′
Naïve vaccinees 85 100 81.2 14.1 1010

p = 0.024COVID-19
convalescents 15 100 93.3 46.7 1485 *

* Indicates a statistically significant difference between the median antibody concentrations at the given time points between the subgroups.
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The first dose administration caused in COVID-19 convalescents a sharp and sta-
tistically significant increase in the antibody concentrations between day 0′ and day 10′.
Afterwards, the levels of antibodies in the convalescents remained at a high level, with
no statistically significant differences between the antibody concentrations at the consec-
utive time points (10′–20′–30′–60′–90–120′). However, when the antibody titers peaking
after the first vaccine dose administration were compared with the furthest time points
of the study (day 90′ and day 120′), the decline in the concentrations was significant. In
non-convalescents, a statistically significant increase was seen between days 0′, 10′, 20′,
and 30′. Similar to the convalescents, there was a significant drop between the peak of
the humoral response (day 30′) and time points 90′ and 120′. There were no significant
changes between the consecutive days 30′, 60′, and 90′ (insignificant decrease), whereas, in
contrast to the COVID-19 convalescents, a significant decrease of the antibody levels was
observed between day 90′ and 120′ (Figure 3).
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Figure 3. The comparison of the serodynamics of the anti-spike IgG production in the subgroup
of COVID-19 convalescents (blue) and naïve vaccinees (orange). The results were obtained with
LIAISON® SARS-CoV-2 TrimericS IgG and are shown as median (q25, q75). The significant differences
(p < 0.05) between the measurements at the consecutive time points are indicated with *.

3.1.3. LIAISON® SARS-CoV-2 TrimericS IgG Results in Females vs. Males

Due to the observed differences between the COVID-19 convalescents and naïve
vaccinees, the convalescents were excluded from the analyses regarding the influence of
sex and age on the concentration of anti-S SARS-CoV-2 IgG antibodies.

The median antibody concentrations differed between the sexes, with females devel-
oping higher titers at each of the time points, except for day 30′. The differences were,
however, statistically significant only from day 60′ (Table 2).

On day 10′, almost 74% of the women and only 38% of the men were seropositive.
After 4 months, the concentration of antibodies higher than 520 BAU/mL was observed in
84% of women and only 61% of men (Table 2).

The females tended to respond to the vaccination quicker than the males, with a
significant increase in the antibody titer observed already between day 10′ and 20′. For
both sexes, the statistically significant decrease in the antibody concentrations was seen
between day 30′ and day 120′ (Figure 4).
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Table 2. SARS-CoV-2 TrimericS IgG over 4 months after COVID-19 vaccination in non-convalescent females vs. males.

Females vs. Males
n = 85 (72 vs. 13)

Days after the First
Comirnaty Dose
Administration

Sex

% of the Subjects Reaching a Given Antibody
Concentration

Median Antibody
Concentration

>33.8
BAU/mL

>520
BAU/mL

>2080
BAU/mL BAU/mL p

10′
Females 73.6 1.4 0 76.4

0.082
Males 38.5 0 0 15.2

20′
Females 97.2 41.7 0 421

0.089
Males 92.3 23.1 0 253

30′
Females 100 95.8 66.7 2760

0.692
Males 100 100 61.5 3260

60′
Females 100 98.6 37.5 1932

0.017
Males 100 76.9 15.4 1193 *

90′
Females 100 94.4 29.2 1570

0.004
Males 100 76.9 15.4 1089 *

120′
Females 100 84.7 16.7 1070

0.024
Males 100 61.5 0 615 *

* Indicates a statistically significant difference between the median antibody concentrations at the given time points between the subgroups.
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3.1.4. LIAISON® SARS-CoV-2 TrimericS IgG Results in Subjects below and over 60 y/o

The younger subjects (below 60 y/o) displayed higher antibody titers over the first
month after the vaccination. However, the differences observed were only significant on
day 30′. After that time point, there were no statistically significant differences between
the younger and older vaccinees in the antibody titers, with the median antibody titers
observed in vaccinees >60 y/o being actually slightly higher than in younger subjects.
(Table 3).

Table 3. SARS-CoV-2 TrimericS IgG over 4 months after COVID-19 vaccination in non-convalescent subjects below and
over 60 years old.

<60 y/o vs. >60 y/o
n = 85 (76 vs. 9)

Days after the First
Comirnaty Dose
Administration

Age Group

% of the Subjects Reaching a Given Antibody
Concentration

Median Antibody
Concentration

>33.8
BAU/ml >520 BAU/ml >2080

BAU/ml BAU/ml p

10′
<60 y/o 69.7 1.3 0 76.4

0.241
>60 y/o 55.6 0 0 33.8

20′
<60 y/o 97.4 38.2 0 416

0.241
>60 y/o 88.9 44.4 0 222

30′
<60 y/o 100 98.7 71.1 3360

0.009
>60 y/o 100 77.8 22.2 1050 *

60′
<60 y/o 100 94.7 32.9 1771

0.478
>60 y/o 100 100 44.4 2000

90′
<60 y/o 100 92.1 26.3 1520

0.868
>60 y/o 100 88.9 33.3 1755

120′
<60 y/o 100 82.9 14.5 1000

0.885
>60 y/o 100 66.7 11.1 1070

* Indicates a statistically significant difference between the median antibody concentrations at the given time points between the subgroups.

The dynamics of the humoral response to the vaccination were influenced by the age
of the subjects. The younger ( <60 y/o) vaccinees quickly mounted a strong response that
was muted shortly afterwards. The antibody production in the older ( >60 y/o) vaccinees
was less dynamic: the antibody titer increased gradually to reach titers similar to the
younger subjects on day 60′. No statistically significant decrease in the antibody titer in
this subgroup was seen over the course of 4 months. In the younger subjects, the decrease
between day 90′ and 120′ was statistically significant (Figure 5).

In the naïve vaccinees, a correlation between the antibody concentration and age was
assessed on day 120′. No association between these two variables was found (r = −0.045
p = 0.685) (Figure 6).
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3.2. Alinity SARS-CoV-2 S IgM Testing Results

Early phase IgM class antibodies recognizing the spike protein of SARS-CoV-2 are
induced by both natural infection and vaccination. In our study, positive results of this
type of antibodies on day 0′ were only observed for COVID-19 convalescents (four cases).
Starting from day 10′, these antibodies began to be detectable in the vaccinated subjects
without a prior infection. However, at none of the time points studied did the seropositivity
rates reach 100%. The percentage of the convalescents showing positive IgM titers did not



Vaccines 2021, 9, 1367 10 of 15

increase significantly at any point over the course of the study, whereas the seropositivity
rates in the naïve vaccinated subjects increased during the first month after the vaccination
and decreased later. Of note, 23 out of the 85 subjects without a prior SARS-CoV-2 contact
failed to develop any detectable IgM response, and only 72.84% were seropositive for anti-S
IgM antibodies at the peak of the vaccination-induced response (day 30′). On day 120′,
anti-S IgM antibodies were only detected in two out of the eighty-five naïve vaccinees
(Figure 7).
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3.3. SARS-CoV-2 N IgG Testing Results

Anti-nucleocapsid (N) SARS-CoV-2 antibodies can only be detected after a natural
infection. Hence, the seropositivity rates obtained in this assay in our study were low and
observed, as expected, in some of the COVID-19 convalescents (eight out of fifteen). It
should be outlined that, in the RT–PCR or antigen-confirmed COVID-19 convalescents,
anti-N IgG antibodies were not detected over 4 months after the diagnosis. During the
study, the declining rate of this type of antibodies was seen in all cases.

Over the course of the study, anti-N IgG antibodies were also discovered in four fully
vaccinated subjects. Two of them started to be positive on day 60′, one on day 90′, and one
on day 120′ (Table 4). Most probably, they were in contact with the virus. In two of those
cases, there was a noticeable increase in the level of anti-S IgG antibodies, concomitant to
the emergence of anti-N antibodies. This indicates that a SARS-CoV-2 encounter in the
vaccinated subjects may act as a booster of the immune response.

Taking into consideration the possible confounding influence of the infection on the
results of this study, we excluded those four patients from the cohort and re-analyzed
all the results. No change in the statistical significance of the results was noticed (data
not shown).
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Table 4. The dynamics of anti-N SARS-CoV-2 IgG response in all subjects (n = 12) with at least one positive result of
SARS-CoV-2 anti-N IgG Abbott assay (cut-off: 1.4) over the course of the study.

SARS-CoV-2 Anti-N IgG [Ratio]

Days after the First Comirnaty
Dose Administration 0′ 10′ 20′ 30′ 60′ 90′ 120′

CASES:

Convalescent
(confirmed 4 months prior

to day 0′)
2.44 2.67 2.69 2.29 1.74 1.32 0.58

Convalescent
(confirmed 4 months prior

to day 0′)
2.17 1.55 1.43 1.22 0.89 0.58 0.46

Convalescent
(confirmed 3 months prior

to day 0′)
2.64 1.98 1.98 1.82 1.6 1.04 0.54

Convalescent
(confirmed 2 months prior

to day 0′)
1.65 1.49 1.41 1.42 0.97 0.9 0.71

Convalescent (confirmed
2 months prior

to day 0′)
- 5.01 4.62 4.28 3.11 2.11 1.48

Convalescent
(baseline seropositive) 6.09 5.85 5.59 5.68 5.77 5.88 5.65

Convalescent
(baseline seropositive) 2.11 1.15 0.95 0.9 0.49 0.39 0.25

Convalescent
(baseline seropositive) 1.24 1.68 2.0 1.9 1.62 1.89 1.11

Non-convalescent - 0,06 0,05 0,08 4.21 1.59 1.6

Non-convalescent 0.03 0.03 0.03 0.04 3.01 1.65 0.27

Non-convalescent 0.02 0.02 0.01 0.02 0.02 0.02 1.59

Non-convalescent 0.02 0.02 0.03 0.02 0.02 1.94 1.25

4. Discussion

The serological testing proved useful in both natural disease recognition and in vaccine
immunogenicity studies. Using serology in the context of the COVID-19 vaccination has
been a subject of experts’ scrutiny for a few months [16,17]. The main questions raised
concern the type of antibodies that should be assessed, the assays to be used, and the time
points at which the testing should be performed. The last involves both the time points at
which non-responders may be detected, as well as those when the need for a booster should
be considered. Follow-up questions involve the correlates of immunity: could specific
antibody titer be one of them, and, if so, what values could be considered protective?

Our study was not aimed at providing the definite answers to the above questions.
However, observations like ours add to the public’s knowledge on the immune response to
the immunization and may help to optimize the vaccination strategies.

This study provides evidence for a robust humoral response to the Pfizer–BioNTech
Comirnaty vaccine that may be detected and quantified by a commercially available
immunoassay. We showed that 100% of the participants were seropositive for anti-trimeric S
SARS-CoV-2 IgG antibodies within 30 days from the first vaccine dose administration (nine
days after the second dose) and, in all the subjects, these antibodies were still detectable
on day 120′. The dynamics of the antibody production differed between the COVID-19
convalescents and the participants without a previous SARS-CoV-2 infection. Similar
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to Terpos et al. [18] and Manisty et al. [19], we proved that the first dose of the vaccine
acts in the convalescents as a strong booster of an already existing humoral response and
manifests by extremely high antibodies concentrations as early as 10 days after the first
dose administration. A similar increase was seen in the non-convalescents only after the
second dose, i.e., on day 30′. Of note, this phenomenon was seen in both swab-confirmed
and serologically confirmed convalescents. This is contrary to the results of the study of
Demonbreun et al. [20], who reported significantly stronger responses to the first dose
of COVID-19 vaccination in convalescents with a history of acute viral testing (n = 46) in
comparison to those who were solely baseline seropositive (n = 144). This difference may
be caused by the small size of our study group and requires further elucidation. Our study
was of the observational type, so the convalescents underwent the vaccination according
to the guidelines and received a second dose. We did not observe a significant increase in
the antibody concentrations in the convalescents after the second dose. On the contrary,
the antibody level reached its peak on day 10′ and gradually declined after that time point.
Similar findings had been reported in a pre-print study [21]: a robust humoral response
after the first dose followed by a muted reaction after the second administration of an
mRNA COVID-19 vaccine in SARS-CoV-2-experienced individuals. Salvagno et al. [22]
observed only a modest rise in the antibody levels in the convalescents after the second
dose. The above observations may be a preliminary indication that the booster dose may be,
if not neglectable, then at least delayed in time in COVID-19 convalescents. This has already
been considered and commented on by, e.g., Focosi et al. [23]; however, further research
directed at that issue will be needed. Some data on the relationship between the response
to the COVID-19 vaccination in convalescents and factors such as the baseline antibody
level and symptoms developed over the disease course were provided by Levi et al. [24].
Those researchers concluded that a single dose may be sufficient in certain groups of
COVID-19 convalescents.

An important observation from our study is also a strong decline of the antibody
levels 4 months after the first dose administration. This supplements and particularizes
the findings of Tré-Hardy et al., who reported a significant antibody decline between the
measurements 3 and 6 months after the first dose of the mRNA vaccine administration [25].
Based on Tré-Hardy’s and similar findings, Lippi et al. suggested that the antibody titration
in the context of the COVID-19 vaccination could be performed at the baseline, after a
month, and then after 6 months [16].

In agreement with a few previously published papers [18,22,26–28], we found that
the antibody concentrations depended on the sex and age of the subjects. For example, Lo
Sasso et al. reported significantly higher basal post-vaccination anti-S-RBD IgG levels in
females in comparison to males but no significant difference in the rate of the antibody
decay [27]. In contrast to that, we observed similar levels of the antibodies at the peak
of the response (day 30′), with the differences between the sexes revealing themselves
afterwards. In our study, the higher level of the antibodies in women versus men was
particularly pronounced on days 60′, 90′, and 120′, which could indicate a more sustained
IgG production in women.

It has also been reported [26–29] that the antibody production is affected by the age
of the subjects. Our results picture a similar tendency, but only over the first month of
the study, when the younger subjects (<60 y/o) produced more antibodies. However, the
differences observed were significant only on day 30′, when younger participants reached
the maximum median concentration (3360 BAU/mL). The older subjects mounted the
strongest response later, on day 60′ (median concentration of 2000 BAU/mL). This delay in
the immune reaction in the elderly was also noted by Schwarz et al. [28]. However, we did
not observe a correlation between the age and anti-spike IgG concentration four months
after vaccination. Together, these findings may indicate that, although it takes longer for
the elderly to develop the optimal response to the vaccination, once it is achieved, the
antibody concentrations are similar to the younger vaccinees.
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It may be assumed that the immunity to SARS-CoV-2 infection is at least to some
extent dependent on the specific binding and/or neutralizing antibodies. One of the studies
on mRNA COVID-19 vaccine effectiveness in the real-world setting reported decreasing yet
still strong protection against infection in vaccinees followed for 5 months [30]. This seems
to be reflected in the antibody titer waning observed over the course of our study, which
was, however, still high in the majority of the subjects 4 months after the vaccination. The
information or even clues on the protective antibody concentration are, unfortunately, still
lacking. Hence, the surrogate indicators tend to be used to provide some information on the
level of protection associated with a given antibody concentration. One such indicator is
the correlation between the anti-S antibody level and the neutralization capability. Since the
SARS-CoV-2 spike (S) glycoprotein promotes the entry into host cells [14], the antibodies
recognizing this protein, or its subunit, RBD, have been considered neutralizing. The
assay used in this study quantifies the antibodies targeting the trimeric structure of the
spike protein. This test design widens the spectrum of the exact antibodies specificities
that are detected and may be related to the overall neutralization capability. Based on the
producer’s validation studies, the results higher than 520 BAU/mL, obtained with the
LIAISON® SARS-CoV-2 TrimericS IgG, could be considered protective. Such a value was
reached at least at one time point of the study by all of the participants. Acknowledging
this optimistic finding, we must mention that, on day 120′, 17 subjects had antibody
concentrations below this threshold. Of note, five of them were male (more than 1/3rd

of the men included in this study), which further points to the weaker humoral response
in men.

The studies performed thus far concentrate on the assessment of anti-spike IgG anti-
bodies after COVID-19 vaccination. Our study provides some insights into the formation
of anti-spike IgM antibodies after vaccination. In the COVID-19 convalescents, no response
in IgM class antibodies was seen after the first and second dose administration. Clearly,
this is related to the immunological memory phenomenon that leads to the direct and
swift production of IgG class antibodies following the pathogen re-encounter. In the naïve
vaccinees, an increase in the IgM anti-S antibody levels was seen after the vaccine adminis-
trations and reached the peak on day 30′ after the first dose. However, a sharp decrease
was noted afterwards, and IgM were practically not detected after 3–4 months. Importantly,
not all of the naïve vaccinees mounted a detectable IgM response. In the context of an
extremely strong and specific immunization during vaccination, it may be suspected that
the immune response is shifted instantly towards the more efficient IgG antibodies. Hence,
in our opinion, the response to the vaccination should not be monitored with the IgM
class antibodies.

The results obtained in our study show that an anti-N response may be mounted,
presumably following a SARS-CoV-2 encounter, in COVID-19 fully vaccinated individuals.
This proves that, for the purpose of the epidemiological studies, even in the vaccinated
population, assays detecting anti-N IgG antibodies may still be used, provided that their
limitations are considered.

Our study is not devoid of limitations. The subgroups of the COVID-19 convalescents,
males, and subjects over 60 y/o were underrepresented, which may have affected the
significance levels observed in this study. Moreover, the samples for which the results of
the anti-trimeric SARS-CoV-2 spike IgG assay exceeded the upper quantification limit of
the test were diluted after being stored in a freezer (−20 ◦C) for a few months, which could
have affected the samples’ stability and falsely decreased the results obtained.

Nonetheless, the results obtained support and add to the increasing body of evidence
justifying the use of serology testing throughout the vaccination course. As we showed
above, the basal level of the antibody may be used as a predictor of the response to the
vaccination and possibly allow for an informed delay of the vaccination in certain cases.
A significant decrease observed in our study between the measurements on days 90′ and
120′ indicates that serology testing may be useful, especially 120 days after vaccination.
We are aware that the antibodies are just one of the indicators of the immunity to COVID-
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19 and the observed drop in their levels does not need to imply the lesser protection
against anti-SARS-CoV-2. Future studies should, therefore, be aimed at establishing a
correlation between the antibody levels, ideally complemented with the detection of the
T-cell SARS-CoV-2-specific reactivity [31], and the COVID-19 incidence and severity.
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7. Swadźba, J.; Bednarczyk, M.; Anyszek, T.; Kozlowska, D.; Panek, A.; Martin, E. The real life performance of 7 automated
anti-SARS-CoV-2 IgG and IgM/IgA immunoassays. Pract. Lab. Med. 2021, 25, e00212. [CrossRef]

8. Kohmer, N.; Westhaus, S.; Rühl, C.; Ciesek, S.; Rabenau, H.F. Brief clinical evaluation of six high-throughput SARS-CoV-2 IgG
antibody assays. J. Clin. Virol. 2020, 129, 104480. [CrossRef]

9. Okba, N.M.A.; Müller, M.A.; Li, W.; Wang, C.; GeurtsvanKessel, C.H.; Corman, V.M.; Lamers, M.M.; Sikkema, R.S.; De Bruin, E.;
Chandler, F.D.; et al. Severe Acute Respiratory Syndrome Coronavirus 2−Specific Antibody Responses in Coronavirus Disease
Patients. Emerg. Infect. Dis. 2020, 26, 1478–1488. [CrossRef]

10. Tang, Y.-W.; Schmitz, J.E.; Persing, D.H.; Stratton, C.W. Laboratory Diagnosis of COVID-19: Current Issues and Challenges. J.
Clin. Microbiol. 2020, 58, e00512-20. [CrossRef]

11. Seow, J.; Graham, C.; Merrick, B.; Acors, S.; Pickering, S.; Steel, K.J.A.; Hemmings, O.; O’Byrne, A.; Kouphou, N.; Galao, R.P.; et al.
Longitudinal observation and decline of neutralizing antibody responses in the three months following SARS-CoV-2 infection in
humans. Nat. Microbiol. 2020, 5, 1598–1607. [CrossRef]

12. To, K.K.-W.; Tsang, O.T.-Y.; Leung, W.-S.; Tam, A.R.; Wu, T.-C.; Lung, D.C.; Yip, C.C.-Y.; Cai, J.-P.; Chan, J.M.-C.; Chik, T.S.-H.; et al.
Temporal profiles of viral load in posterior oropharyngeal saliva samples and serum antibody responses during infection by
SARS-CoV-2: An observational cohort study. Lancet Infect. Dis. 2020, 20, 565–574. [CrossRef]

13. Kontou, P.I.; Braliou, G.G.; Dimou, N.L.; Nikolopoulos, G.; Bagos, P.G. Antibody Tests in Detecting SARS-CoV-2 Infection: A
Meta-Analysis. Diagnostics 2020, 10, 319. [CrossRef] [PubMed]

14. Pinto, D.; Park, Y.-J.; Beltramello, M.; Walls, A.C.; Tortorici, M.A.; Bianchi, S.; Jaconi, S.; Culap, K.; Zatta, F.; De Marco, A.; et al.
Cross-neutralization of SARS-CoV-2 by a human monoclonal SARS-CoV antibody. Nature 2020, 583, 290–295. [CrossRef]
[PubMed]

15. First WHO International Standard for Anti-SARS-CoV-2 Immunoglobulin (Human). NIBSC Code: 20/136. Instructions for Use.
Version 2.0. Available online: https://www.nibsc.org/documents/ifu/20-136.pdf (accessed on 17 December 2020).

https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/treatments-covid-19/covid-19-treatments-authorised
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/treatments-covid-19/covid-19-treatments-authorised
http://doi.org/10.1016/j.vaccine.2021.05.069
http://www.ncbi.nlm.nih.gov/pubmed/34119349
http://doi.org/10.1016/j.nedt.2021.105010
http://www.ncbi.nlm.nih.gov/pubmed/34126322
http://doi.org/10.32394/pe.74.11
http://www.ncbi.nlm.nih.gov/pubmed/32500987
http://doi.org/10.5114/aoms.2020.98361
http://doi.org/10.12688/wellcomeopenres.15927.1
http://doi.org/10.1016/j.plabm.2021.e00212
http://doi.org/10.1016/j.jcv.2020.104480
http://doi.org/10.3201/eid2607.200841
http://doi.org/10.1128/JCM.00512-20
http://doi.org/10.1038/s41564-020-00813-8
http://doi.org/10.1016/S1473-3099(20)30196-1
http://doi.org/10.3390/diagnostics10050319
http://www.ncbi.nlm.nih.gov/pubmed/32438677
http://doi.org/10.1038/s41586-020-2349-y
http://www.ncbi.nlm.nih.gov/pubmed/32422645
https://www.nibsc.org/documents/ifu/20-136.pdf


Vaccines 2021, 9, 1367 15 of 15

16. Lippi, G.; Henry, B.; Plebani, M. Anti-SARS-CoV-2 Antibodies Testing in Recipients of COVID-19 Vaccination: Why, When, and
How? Diagnostics 2021, 11, 941. [CrossRef]

17. Bonanni, P.; Cantón, R.; Gill, D.; Halfon, P.; Liebert, U.; Crespo, K.; Martín, J.; Trombetta, C. The Role of Serology Testing to
Strengthen Vaccination Initiatives and Policies for COVID-19 in Europe. COVID 2021, 1, 20–38. [CrossRef]

18. Terpos, E.; Trougakos, I.P.; Apostolakou, F.; Charitaki, I.; Sklirou, A.D.; Mavrianou, N.; Papanagnou, E.-D.; Liacos, C.-I.; Gumeni,
S.; Rentziou, G.; et al. Age-dependent and gender-dependent antibody responses against SARS-CoV -2 in health workers and
octogenarians after vaccination with the BNT162b2 mRNA vaccine. Am. J. Hematol. 2021, 96, E257. [CrossRef] [PubMed]

19. Manisty, C.; Otter, A.D.; Treibel, T.A.; McKnight, Á.; Altmann, D.M.; Brooks, T.; Noursadeghi, M.; Boyton, R.J.; Semper, A.; Moon,
J.C. Antibody response to first BNT162b2 dose in previously SARS-CoV-2-infected individuals. Lancet 2021, 397, 1057–1058.
[CrossRef]

20. Demonbreun, A.R.; Sancilio, A.; Velez, M.P.; Ryan, D.T.; Saber, R.; Vaught, L.A.; Reiser, N.L.; Hsieh, R.R.; D’Aquila, R.T.;
Mustanski, B.; et al. Comparison of IgG and neutralizing antibody responses after one or two doses of COVID-19 mRNA vaccine
in previously infected and uninfected individuals. EClinicalMedicine 2021, 38, 101018. [CrossRef]

21. Samanovic, M.I.; Cornelius, A.R.; Gray-Gaillard, S.L.; Allen, J.R.; Karmacharya, T.; Wilson, J.P.; Hyman, S.W.; Tuen, M.; Koralov,
S.B.; Mulligan, M.J.; et al. Robust immune responses after one dose of BNT162b2 mRNA vaccine dose in SARS-CoV-2 experienced
individuals. medRxiv 2021. [CrossRef]

22. Salvagno, G.; Henry, B.; di Piazza, G.; Pighi, L.; De Nitto, S.; Bragantini, D.; Gianfilippi, G.; Lippi, G. Anti-SARS-CoV-2 Receptor-
Binding Domain Total Antibodies Response in Seropositive and Seronegative Healthcare Workers Undergoing COVID-19 mRNA
BNT162b2 Vaccination. Diagnostics 2021, 11, 832. [CrossRef]

23. Focosi, D.; Baj, A.; Maggi, F. Is a single COVID-19 vaccine dose enough in convalescents? Hum. Vaccines Immunother. 2021, 17,
2959–2961. [CrossRef]

24. Levi, R.; Azzolini, E.; Pozzi, C.; Ubaldi, L.; Lagioia, M.; Mantovani, A.; Rescigno, M. One dose of SARS-CoV-2 vaccine
exponentially increases antibodies in individuals who have recovered from symptomatic COVID-19. J. Clin. Investig. 2021, 131,
e149154. [CrossRef]

25. Tré-Hardy, M.; Cupaiolo, R.; Wilmet, A.; Antoine-Moussiaux, T.; Della Vecchia, A.; Horeanga, A.; Papleux, E.; Vekemans, M.;
Beukinga, I.; Blairon, L. Six-month interim analysis of ongoing immunogenicity surveillance of the mRNA-1273 vaccine in
healthcare workers: A third dose is expected. J. Infect. 2021, in press. [CrossRef] [PubMed]

26. Müller, L.; Andrée, M.; Moskorz, W.; Drexler, I.; Walotka, L.; Grothmann, R.; Ptok, J.; Hillebrandt, J.; Ritchie, A.; Rabl, D.; et al.
Age-dependent Immune Response to the Biontech/Pfizer BNT162b2 Coronavirus Disease 2019 Vaccination. Clin. Infect. Dis. 2021.
[CrossRef] [PubMed]

27. Sasso, B.L.; Giglio, R.; Vidali, M.; Scazzone, C.; Bivona, G.; Gambino, C.; Ciaccio, A.; Agnello, L.; Ciaccio, M. Evaluation of
Anti-SARS-Cov-2 S-RBD IgG Antibodies after COVID-19 mRNA BNT162b2 Vaccine. Diagnostics 2021, 11, 1135. [CrossRef]
[PubMed]

28. Schwarz, T.; Tober-Lau, P.; Hillus, D.; Helbig, E.T.; Lippert, L.J.; Thibeault, C.; Koch, W.; Landgraf, I.; Michel, J.; Bergfeld, L.; et al.
Delayed Antibody and T-Cell Response to BNT162b2 Vaccination in the Elderly, Germany. Emerg. Infect. Dis. 2021, 27, 2174–2178.
[CrossRef] [PubMed]

29. Mahallawi, W.H.; Ibrahim, N.A.; Aljohani, A.S.; Shaikh, E.A.; Nafe, R.H.; Khan, A.M.; Mumena, W.A. Assessment of SARS-CoV-2
Anti-Spike IgG Antibody in Women and Children in Madinah, Saudi Arabia: A Single-Center Study. Int. J. Environ. Res. Public
Health 2021, 18, 9971. [CrossRef]

30. Bianchi, F.P.; Tafuri, S.; Migliore, G.; Vimercati, L.; Martinelli, A.; Lobifaro, A.; Diella, G.; Stefanizzi, P. on behalf of the Control
Room Working Group. BNT162b2 mRNA COVID-19 Vaccine Effectiveness in the Prevention of SARS-CoV-2 Infection and
Symptomatic Disease in Five-Month Follow-Up: A Retrospective Cohort Study. Vaccines 2021, 9, 1143. [CrossRef]

31. Le Bert, N.; Tan, A.T.; Kunasegaran, K.; Tham, C.Y.L.; Hafezi, M.; Chia, A.; Chng, M.H.Y.; Lin, M.; Tan, N.; Linster, M.; et al.
SARS-CoV-2-specific T cell immunity in cases of COVID-19 and SARS, and uninfected controls. Nature 2020, 584, 457–462.
[CrossRef]

http://doi.org/10.3390/diagnostics11060941
http://doi.org/10.3390/covid1010004
http://doi.org/10.1002/ajh.26185
http://www.ncbi.nlm.nih.gov/pubmed/33837984
http://doi.org/10.1016/S0140-6736(21)00501-8
http://doi.org/10.1016/j.eclinm.2021.101018
http://doi.org/10.1101/2021.02.07.21251311
http://doi.org/10.3390/diagnostics11050832
http://doi.org/10.1080/21645515.2021.1917238
http://doi.org/10.1172/JCI149154
http://doi.org/10.1016/j.jinf.2021.08.031
http://www.ncbi.nlm.nih.gov/pubmed/34437927
http://doi.org/10.1093/cid/ciab381
http://www.ncbi.nlm.nih.gov/pubmed/33906236
http://doi.org/10.3390/diagnostics11071135
http://www.ncbi.nlm.nih.gov/pubmed/34206567
http://doi.org/10.3201/eid2708.211145
http://www.ncbi.nlm.nih.gov/pubmed/34102097
http://doi.org/10.3390/ijerph18199971
http://doi.org/10.3390/vaccines9101143
http://doi.org/10.1038/s41586-020-2550-z

	Introduction 
	Materials and Methods 
	Study Design 
	Laboratory Testing 
	Statistical Analysis 

	Results 
	LIAISON® SARS-CoV-2 TrimericS IgG Results 
	LIAISON® SARS-CoV-2 TrimericS IgG Results in the Whole Cohort 
	LIAISON® SARS-CoV-2 TrimericS IgG Results in in Convalescents and Non-Convalescents 
	LIAISON® SARS-CoV-2 TrimericS IgG Results in Females vs. Males 
	LIAISON® SARS-CoV-2 TrimericS IgG Results in Subjects below and over 60 y/o 

	Alinity SARS-CoV-2 S IgM Testing Results 
	SARS-CoV-2 N IgG Testing Results 

	Discussion 
	References

