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ABSTRACT
Background/Introduction: The SARS-CoV-2 B.1.1.529 variant (Omicron) has shown high infectivity worldwide, even in vaccinated patients. Little is known about how well
naturally acquired immunity protect against further COVID-19 infections in unvaccinated or vaccinated patients. We investigated whether vaccination is still warranted, and if

s0, what type of vaccine should be used.

Methods: 36 patients with previous PCR-confirmed SARS-CoV-2-omicron infection (10 unvaccinated, 10 with Valneva booster vaccination and 16 triple vaccinated with mRNA),
were included in this six-month prospective observational study from Oct2022 to Mar2023. SARS-CoV-2-Omicron immune status (SARS-CoV-2 immunoblot nucleoprotein
IgG (BLOT-NP)) was analyzed four weeks after acute illness or Valneva booster vaccination, along with neutralizing antibodies IgG-S1 spike (NAB-S1) and T-cell response
interleukin2 (ITT-BA5-IL2) or interferon (ITT-BA5-IFN) against Omicron-BA5 in blood samples. Endpoint at follow-up was PCR-confirmed reinfection with a SARS-CoV-2

variant. Wilcoxon-, Pearson-Chi-Square- and Whitney-U-tests were used for statistical analysis. p<0.05 was assumed to be significant and p<0.01 highly significant.

Results: The ten patients in the Valneva group, all older than 60 years (75.4 + 13.3 y) showed no persisting humoral or cellular immunity to SARS-CoV-2-Omicon in their
blood at baseline. These patients were boosted with inactivated whole virus vaccine VLA2001 against SARS-CoV-2. Immunity was fully restored within 4 weeks (BLOT-NP
before 0 vs. after 1.2 + 1.2 [p=0.026], ITT-BA5-IL2 before 5.7 + 7.5 pg./mL vs. after 11.2 + 9.9 pg./mL [p=0.063], ITT-BA5-IFN before 1.7 + 2.6 pg./mL vs. after 5.5 + 4.5 pg./mL
[p=0.011]). There were no side effects of vaccination. Compared to the group of unvaccinated patients (N=10) or the triple mRNA-vaccinated patients (N=16), patients in the
Valneva group suffered fewer reinfections with a SARS-CoV-2 variant during follow-up (40% vs. 25% vs. 20% [p=0.575]). All patients reinfected with SARS-CoV-2 (N=10) had
either a metabolic syndrome (N=5: diabetes mellitus and obesity) or a neuro-degenerative-psychiatric disease [N=5: dementia (2), anxiety disorder (2), depression (1)]. In the
BLOT-NP, patients with reinfection showed a significantly poorer immune response compared to patients without reinfection, both in the group of unvaccinated patients and in
the group of Valneva-vaccinated patients, but not in the group of mRNA-vaccinated patients (BLOT-NP reinfection yes vs. no unvaccinated: 0.5 + 0.7 vs. 1.38 + 1.30 [p=0.041]
/ Valneva-vaccinated: 1.0 + 0.82 vs 2.32 + 0.82 [p=0.046] / mRNA-vaccinated: 2.0 + 0.82 vs 2.42 + 0.79 [p=n5.]). In ITT-BA5-IL2 and ITT-BA5-IFN, patients with reinfection
showed significantly poorer cellular immunity to SARS-CoV-2-Omicron compared with patients without reinfection, not only within the Valneva-vaccinated group, but also in
the groups of unvaccinated and mRNA-vaccinated patients (ITT-BA5-IL2 reinfection yes vs. no with Valneva vaccination vs. 0 vaccination vs. 3 vaccination: 0 vs. 14 + 8.99 pg./
mL [p=0.036] / 4.75 + 5.5 vs. 17.5 + 26.82 pg./mL [p=n’s.] / 40.5 + 31.98 vs. 47.25 + 91.14 pg./mL [p=n5s.] - ITT-BAS5-IFN reinfection yes vs. no with Valneva vaccination vs. 0
vaccination vs. 3 vaccination: 0 vs. 6.88 + 3.83 pg./mL [p=0.034] / 2.5 + 4.36 vs. 4.83 + 4.88 pg./ml [p=n’s.] / 10.25 + 8.18 vs. 30.17 + 34.07 pg./mL [p=n’s.]).

Conclusion: Recurrent mutations of the SARS-CoV2 virus continue to cause acute infection, the current variant EG5 triggering signiﬁcantly more severe COVID-19 symptoms
than the previous variant Omicron BA5. Patients over 65 years of age with high-risk underlying illnesses and a lack of humoral protection (SARS-CoV-2 nucleoprotein IgG
antibodies) as well as limited or no cellular protection (ITT-BA5-IFN) are highly likely to experience reinfection. In this prospective study the whole virus vaccination VLA2001

was found to be effective in restoring humoral or cellular immune protection. mRNA vaccination, on the other hand, failed to restore humoral immune protection (SARS-CoV-2

nucleoprotein IgG antibodies) and can therefore no longer be recommended for immune boosting.
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Introduction vaccination with BNT162b2 or mRNA1273 or a combination
The SARS-CoV-2 B.1.1.529 variant (Omicron) with its 34 of infection with Wuhan- or Delta-SARS-CoV-2 followed by
mutations in the spike protein showed a high infectivity and disease ~ vaccination, increased the concentration of neutralizing antibodies
rate worldwide in 2022, even in vaccinated patients [1]. Triple in serum compared to double-vaccinated or convalescent
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patients. However, the neutralizing effect against Omicron- was
drastically lower than against the Wuhan- or Delta-variants,
which explains the high transmission rate of Omicron variant in
vaccinated individuals [2-7]. Only antibodies against SARS-CoV-2
nucleoprotein IgG (BLOT-NP) and T-cell response (interleukin2
[IL2] or B-interferon [IFN]) against the SARS-CoV-2 variant
BAS5 have been found to be therapeutically effective in protecting
against further COVID-19 infection [8]. Patients immunized
with the inactivated whole virus vaccine (VLA2001) against
SARS-CoV-2 show these protective immune responses in the
BLOT-NP as well as in the T-cell response IL2 or IFN [9,10]. The
aim of this study was to compare humoral and cellular immune
response and the occurrence of acute reinfection with SARS-
CoV-2 variants in high-risk patients boosted using the whole virus
vaccine VLA2001 with those of unvaccinated and triple mRNA
(BNT162b2)-vaccinated patients after acute Omicron-SARS-
CoV-2 infection. In addition, we sought to discover, whether
immunological threshold values in the BLOT-NP or ITT-BAS-
IL2/-IFN can be determined to predict the risk of reinfection and
whether mRNA vaccination currently offers the best possible
protection.

Methodology

Of the 36 patients with PCR-verified SARS-CoV-2-Omicron
infection included in this prospective follow-up study, ten were
unvaccinated, ten received a subsequent whole virus (VLA2001)
booster vaccination, and 16 participants had received three mRNA
(BNT162b2) vaccinations. All patients gave written informed
consent to participation in the study. The ten participants boosted
with VLA2001 no longer had detectable humoral (BLOT-NP) or
cellular (ITT-BAS-IL2/IFN) immune status at the time of boosting.
The SARS-CoV-2 Omicron immune status of the patients was
tested in whole blood samples as follows 4 weeks after acute
COVID-19 infection or VLA2001 booster vaccination: SARS-
CoV-2 immunoblot nucleoprotein IgG (BLOT-NP), IgG-S1
neutralizing antibodies (NAB-S1), T cell response interleukin2
(ITT-BAS-IL2) or interferon (ITT-BAS-IFN) against Omicron-
BAS. All patients were followed up for six months (October 2022
through March 2023). The follow-up endpoint was PCR-confirmed
reinfection with a SARS-CoV-2 variant.

SARS-CoV-2 Blot Antibody (BLOT-NP)

Semi-quantitative detection of IgG antibodies against the
nucleocapsid protein of SARS-CoV-2 was carried out according
to the manufacturer’s instructions using a commercial CE strip
immunoassay from Mikrogen, Neuried (Recom Line SARS-
CoV-2 IgG, article no. 7374) with recombinantly produced
antigens. Results were evaluated automatically using the Recom-
Scan software from the same manufacturer according to the
manufacturer’s instructions.

SARS-CoV-2 Neutralizing Antibody IgG-S1 (NAK-S1)

Quantitative detection of IgG antibodies against SARS-CoV-2 was
carried out using the commercial, CE-labeled assay from Diasorin,
Dietzenbach (SARS CoV-2 TrimericS IgG, article no. 311510)

on their LIAISON® automated laboratory system according to
the manufacturer’s instructions.

T Cell Response (ITT) Omicron-BAS-IL2 / -IFN
Heparinized whole blood was diluted 1:1 with Roswell Park
Memorial Institute (RPMI) medium and then left unstimulated
(negative control), incubated with influenza antigen (positive
control), or incubated with validated concentrations of
commercially available SARS CoV-2-Omicron Spike S1 full
antigen (amino acids 14-681) for 24 hours at 37°C. The supernatant
of the whole blood cultures was taken and the concentration of
the cytokines interferon-gamma (IFN) and interleukin 2 (IL2) was
determined. Luminex technology and commercially available,
CE-labeled reagent kits for IL2 (Art.No.171-B5003M) and IFN-y
(Art.No.171-B5019M) from Biorad Laboratories, Feldkirchen,
were deployed according to the manufacturer’s instructions.

Statistical analyses were performed using the IBM Statistical
Package for the Social Sciences (SPSS) 24 (IBM Corporation,
Armonk, NY, USA) and Microsoft Excel 2016 (Microsoft
Corporation, Redmond, WN, USA). Due to the small size of
the subgroups, quantitative parameters were described by mean,
median and minimum-maximum values. Pairwise comparisons
were conducted using Wilcoxon- and the non-parametric Mann—
Whitney-U test. Absolute and percentage frequencies were used
to describe nominal values and the chi-square test was used to
determine relationships between categorical variables. In all
statistical tests, results were interpreted as statistically significant
where p was less than 0.05, with p < 0.01 considered highly
significant.

Results

36 patients who previously had a PCR-confirmed acute COVID-19
infection with the Omicron variant were included in the study. Ten
patients (age: 50.2 + 10.3 6 women - 4 men) were unvaccinated
prior to acute COVID-19 infection with the Omicron variant
and 16 patients (age: 57.6 = 12.8, 11 women - 5 men) were
vaccinated three times with an mRNA vaccine [BNT162b2
(Pfizer/BioNTech)]. Ten patients (age: 75.4 £ 13.3 6 women - 4
men), in whom neither humoral (BLOT-NP) nor cellular (ITT-
BAS-IL2/IFN) immunity was detectable after infection with the
Omicron variant before inclusion in the study, were vaccinated
once with an inactivated whole virus (VLA2001) vaccine. These
participants were considered high-risk patients (age > 65 years
with one or more underlying diseases with increased risks) and
were significantly older than the unvaccinated or triple mRNA-
vaccinated participants. However, they did not differ in terms
of gender (Table 1). In these ten patients a single vaccination of
inactivated whole virus VLA2001 against SARS-CoV-2 led to
restoration of immunity within 4 weeks (BLOT-NP before 0 vs.
after 1,2 £ 1.2 [p=0.026], ITT-BAS5-IL2 before 5.7 = 7.5 pg/mL
vs. after 11.2 = 9.9 pg/mL [p=0.063], ITT-BAS-IFN before 1.7
+ 2.6 pg/ml vs. after 5.5 + 4.5 pg/mL [p=0.011]). There were no
vaccination side effects (Figure 1a-d).
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Table 1: Demographic Characteristics (participants). N = Number, SD = Standard Deviation, Min = Minimum, Max =
Maximum - * p=0.001 - ¥ p=0.002 - § p=0.109

Characteristics VLA2001-Vaccination No Vaccination 3xBNT162b2- Vaccination
Age at baseline (years)
N 10 10 16
Mean (SD) 754 (13.3) * ¢ 50.2 (10.3)* § 57.6 (12.8) t §
Median 80.5 52.0 56.5
Min, Max 48, 89 35, 66 31,75
Gender
Male 4 4 5
Female 6 6 11
p=0,863
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Figurel a-d: MEAN Values of Neutralizing Antibodies (NAK) S1-IgG, Immunoblot Antibodies Against Nucleoprotein (Blot-NP),
T Cell Response to SARS-CoV2-Omicron BAS5-Interleukin2 (ITT_BAS-IL2) and -Interferon (ITT _BAS5-IFN) before (red dots) and
4 weeks after Vaccination with VLA2001 (green dots) in 10 Selected Patients (< 60 years with risk diseases). v = Before Booster
Vaccination with VLA2001 - n = after Booster Vaccination with VLA2001

Compared to the group of unvaccinated patients (N=10) or the triple BNT162b2-vaccinated patients (N=16), the patients in the
Valneva group suffered fewer reinfections with a SARS-CoV-2 variant during follow-up (40% vs. 25% vs. 20% [p=0.575]) [Table
2]. All patients with SARS-CoV-2 reinfection (N=10) had either a metabolic syndrome (N=5: diabetes mellitus and obesity) or a
neuro-degenerative-psychiatric disease [N=5: dementia (2), anxiety disorder (2), depression (1)]. In the IMMUNOBLOT antibody
against nucleoproteins (BLOT-NP), patients with reinfection showed a significantly worse immune response compared to patients
without reinfection both in the group of unvaccinated patients and in the group of VLA2001-vaccinated patients, but not in the group
of triple mRNA-vaccinated patients (BLOT-NP reinfection vs. without reinfection - VLA2001-vaccinated: 0.5 £ 0.7 vs 1.38 £ 1.30
[p=0.041] / unvaccinated: 1.0 + 0.82 vs 2.33 + 0.82 [p=0.046] / 3xBNT162b2-vaccinated: 2.0 + 0.82 vs 2.42 + 0.79 [p=0.321]). In
ITT-BAS-IL2 and ITT-BAS-IFN, T cell response indicated significantly poorer cellular immunity to SARS-CoV-2-Omicron in patients
with vs. without reinfection only within the VLA2001-vaccinated group. In the groups of unvaccinated and BNT162b2-vaccinated
patients, patients with reinfection also had worse cellular immunity than the patients without reinfection (ITT-BAS5-IL2 reinfection
vs. without reinfection - VLA2001 vaccination: 0 vs. 14 £ 8.99 pg/mL [p=0.036] / unvaccinated: 4.75 = 5.5 vs. 17.5 + 26.82 pg/
mL [p=0.336] / 3xBNT162b2 vaccinated: 40.5 = 31.98 vs. 47.25 £ 91.14 pg/mL [p=0.504] - ITT-BAS-IFN reinfection vs. without
reinfection - VLA2001 vaccination: 0 vs. 6.88 = 3.83 pg/mL [p=0.034] / unvaccinated: 2.5 = 4.36 vs. 4.83 + 4.88 pg/mL [p=0.330]
/ 3xBNT162b2-vaccinated: 10.25 £ 8.18 vs. 30.17 + 34.07 pg/mL [p=0.300] [Table 2].
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Table 2: Immunoblot Antibody Nucleoprotein, T Cell Response in the Immune Tolerance test (ITT)-OmicronBAS-Interleukin2
and -Interferon and IgG-S1-Spike Neutralizing Antibody of the 3 Groups (VLA2001-Vaccinated, Unvaccinated, 3xBNT162b2-
Vaccinated) in Participants with Re-Infection Versus without Re-Infection. N = Number, SD = Standard Deviation, Min =

Minimum, Max = Maximum

Characteristic VLA2001 No 3x-BNT162b2

Vaccination vaccination Vaccination
N=10 N=10 N=16

Re-infection (%) 2/10 (20) 4/10 (40) 4/16 (25)

IMMUNBLOT antibody nucleoprotein (range: 0-3)

with reinfection

Mean (SD) 0.5 (0.71) 1.0 (0.82) 2.0 (0.82)

Median 0.5 1.0 2.0

Min, Max 0,1 0,2 1,3

without reinfection

Mean (SD) 1.38 (1.30) 2.33(0.82) 2.42 (0.79)

Median 1.5 2.5 3.0

Min, Max 0,3 1,3 1,3

Significance 0.041 0.046 0.321

IgG-S1-Spike Neutralizing Antibodies (norm < 34 BAU/ml)

With Reinfection

Mean (SD) 762 (633.57) <34 (0) 9662.50 (6230.17)

Median 762 <34 9880

Min, Max 314, 1210 <34, <34 2790, 16100

Without Reinfection

Mean (SD) 4799 (8042.68) <34 15707.50 (11257.79)

Median 1745 <34 14400

Min, Max 876, 24400 <34, <34 1360, 32600

Significance 0.117 1.000 0.467

Discussion side effects even in patients with high-risk underlying diseases

Rapidly progressing mutations of the SARS-CoV-2 virus continue
to cause acute COVID-19, with the current variant EGS5 triggering
significantly more severe symptoms than the previous variant,
Omicron BAS. In particular, patients over 65 years of age with
high-risk underlying disease and a lack of humoral protection
(SARS-CoV-2 nucleoprotein IgG antibodies) as well as limited
or no cellular protection (ITT-BAS5-IFN) are extremely likely to
experience reinfection. Since detection of the Omicron variant
in 2022, new mutations of the SARS-CoV2 virus (BA1l, BA4,
BAS5, XBB1.5, XBB1.9, XBB1.16, EG5, EG5.1) have emerged at
increasingly shorter intervals. Characteristic for these mutations
is that they bypass the spike protein, including a high resistance
to IgG-S1-spike neutralizing antibodies and thus, a high rate of
breakthrough infections [11]. Recently, an et al demonstrated that
the SARS-CoV2 variants XBB1.5, XBB1.16, EG5 and EG5.1
showed significant resistance to vaccine-induced neutralizing
immunity, with geometric mean titers (GMTs) close to or below
the limit of detection (LOD) [12]. Thus, only therapeutically
effective humoral antibodies against SARS-CoV2 nucleoprotein
IgG (BLOT-NP) and a therapeutically effective T cell response
(interleukin2 or B-interferon) can protect against SARS-CoV-2
variants and thus against COVID-19 reinfections [8]. In previous
research, patients administered a basic immunization with
inactivated whole virus vaccine (VLA2001) against SARS-CoV-2
showed these protective immune responses in the BLOT-NP
as well as in the IL2 or IFN T cell response and had no serious
side effects related to the vaccine [9,10]. In our study, the single
booster vaccination with VLA2001 was well tolerated, with no

over 65 years of age. Patients boosted with VLA2001 developed
significant, therapeutically effective humoral (BLOT-NP) and T
cellular (ITTBAS-IL2 / -IFN) immune protection within 4 weeks.
The VLA2001 vaccine proved significantly more effective in
protecting against COVID-19 reinfection compared with either
naturally acquired immunity following infection with the Omicron
BAS variant, or a triple BNT162b2 vaccination (reinfection 20%
vs. 40% vs. 25%). Comparable studies are currently not available.
Comparisons of humoral (BLOT-NP) or T cellular immunity
(IL2/IFN) of patients with reinfection by SARS-CoV-2 variants
versus patients without reinfection are also unavailable in the
international literature. In our study, patients with reinfection -
regardless of whether they were unvaccinated or vaccinated (either
with the VLA2001 whole virus vaccination or triple BNT162b2
vaccination) - showed significantly worse humoral or T cellular
immunity (Table 2). A vaccination recommendation can be derived
from this, especially for patients over 65 years of age who are at
increased risk due to existing underlying diseases (Figure 2). If
humoral immunity in IMMUNOBLOT nucleoprotein < 1 and the
T cellular immune response in ITT-BAS interleukin 2 is below
5 pg/mL and ITT-BAS interferon is below 3 pg/mL, a single
vaccination with the whole virus VLA2001 vaccine should be
recommended, especially for patients over 65 years of age with
or without additional health risks. This also applies to patients
of any ages who suffer from metabolic syndrome, obesity with
diabetes mellitus or neuro-degenerative diseases, or who are being
treated with psychotropic drugs for depression, anxiety disorders
or other psychiatric illnesses. Unfortunately, in december 2023,
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the vaccination recommendation for VLA2001 was withdrawn
and the manufacturer therefore stopped production.

Immunoblot T cell response ITT- | T cell response ITT-
antibodies against BAS-Interleukin2 BAS-Interferon
nucleoprotein (norm > 3 pg/ml) (norm > 3 pg/ml)
(range: 0-3)
<1 <5 <3

Figure 2: Threshold Values of Immunoblot Antibodies Against

Nucleoprotein, T Cell Response in the Immunotolerance test

(ITT)-Omicron-BAS5-Interleukin2 or-Interferon (INF) for a

Vaccination Recommendation in Patients > 65 years of age with

these Additional Underlying Risk Factors:

- Metabolic syndrome

- Diabetes mellitus

- Obesity (BMI > 35)

- Heart failure

- COPD > grade 2 GOLD standard

- Neurodegenerative diseases (MS, dementia, Alzheimer’s,
Parkinson’s, ALS)

- Patients undergoing psychotropic drug therapy (depression,
anxiety disorder, obsessive-compulsive disorder,
schizophrenia)

- Immunotherapy patients (malignoma, autoimmune diseases)

Summary

Whole virus (VLA2001) vaccination was found to be effective in
restoring humoral or cellular immune protection against SARS-
CoV-2-vaiants. mRNA vaccination, on the other hand, failed to
restore humoral immune protection (SARS-CoV2 nucleoprotein
IgG antibodies). Consequently, although vaccination with a
bivalent mRNA vaccine can protect against fatality, it does not
prevent infection with the EGS5 variant [11]. Only antibodies
against nucleoproteins (NP) appear to be therapeutically effective
and can effectively protect against further COVID-19 infections.
The mRNA vaccine can therefore no longer be recommended
for immune boosting. Further studies in larger populations are
need to confirm whether booster vaccination with a whole-virus
vaccine is more useful and more effective in protecting against
further COVID-19 infections than bivalent or multivalent mRNA
vaccines.
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