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Foreword

The COVID-19 pandemic has significantly disrupted everyday life, but it has also brought
increased workload and new research opportunities for professionals and scientists in various
fields. Their primary objective is to protect and improve public health.

At the Faculty of Medicine, Comenius University in Bratislava, several pre-clinical and clinical
departments have undertaken research projects to investigate the characteristics of SARS-
CoV-2, the human body's response to the infection, the progression and treatment of COVID-
19, the mechanism and dynamics of the transmission, and other related areas.

These research activities have not only produced valuable findings but also fostered
collaboration among different faculty departments and cooperation with scientific institutions
in Slovakia and abroad.

In light of recent progress, the Faculty of Medicine of Comenius University in Bratislava is
organizing a conference titled "COVID-19: A Look Back" on 23-24 June 2023. The conference
will provide an opportunity to present the results of joint efforts while also raising new
questions. It will facilitate the exchange of experiences and participation in scientific meetings,
contributing to future research endeavors.

Alexandra Brazinova

Pavol Janega

Predslov

Pandémia ochorenia COVID-19 znamenala v mnohych aspektoch ochromenie bezného Zivota.
Pre odbornikov a vedcov pdsobiacich vo viacerych oblastiach vSak znamenala najméa nérast
objemu prace a otvorenie novych moznosti pre vyskum s primarnym cielom chrénit a
zlepSovat zdravie populacie.

Viaceré predklinické a klinické pracoviska Lekdrskej fakulty Univerzity Komenského v
Bratislave realizovali vyskumné projekty zamerané na objasnenie charakteristik virusu SARS-
CoV-2, reakcie ludského organizmu na infekciu spdsobent tymto patogénom, priebeh a liecbu
ochorenia COVID-19, mechanizmus a dynamiku jeho Sirenia a dalSich stvisiacich oblasti.

Tieto aktivity priniesli nielen cenné zistenia, podnietili aj spoluprdcu medzi pracoviskami
fakulty a spolupracu s dalsimi vedeckymi institiciami na Slovensku aj v zahranici.

Vzhladom na tento vyvoj organizuje Lekarska fakulta Univerzity Komenského v Bratislave 23-
24. juna 2023 konferenciu "COVID-19: Pohlad spat". Konferencia prindsa prilezitost
prezentovat vysledky spolo¢ného Usilia ale aj nastoluje nové otdzky. UmoZiuje vymenit si
skusenosti a zucastnit sa na vedeckych stretnutiach, ktoré pom6zu budidcemu vyskumu.

Alexandra BrazZinova

Pavol Janega
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1. The monitoring of immunological parameters in patients with
COoVID-19

Elena Tibenska 2, Kinga Szabdova 3
1 Medirex Group Academy, Nitra
2 Faculty of Medicine Comenius University Bratislava

3 Medirex a.s. Bratislava

Introduction

The coronavirus disease 2019 (COVID-19) has been a global pandemic for more than 3 years
and has affected more than 700 million people so far. While in some patients the course of
this infection may be mild or even asymptomatic, for many others, especially older patients
with chronic diseases, it may be life-threatening or even fatal (1,2).

Why some individuals develop severe disease when others are asymptomatically infected
remains unclear, the immune protection being one explanation.

Several studies show that the immune response to the coronavirus SARS-CoV-2 is complex
and includes both specific and non-specific, humoral and cellular immune responses.
Significant differences in immunological parameters have been described between patients
with mild and severe COVID-19 disease. The available results show that the most significant
changes were mainly observed in the specific cellular immune response, in patients
lymphopenia with a significant decrease in T lymphocytes was observed in all populations
(CD3+, CD4+, CD8+) with a significant representation of naive T Ilymphocytes
(CD3+CD4+CD45RA+) with a simultaneous decrease in memory T lymphocytes, especially in
patients with a severe course of the disease. A reduced incidence of cytotoxic T lymphocytes
and regulatory T lymphocytes was also noted in these patients. On the other hand, it is
interesting that changes in the expression of HLA-DR antigen on helper T lymphocytes were
not recorded. The observed eosinopenia is also an interesting phenomenon, while it is known
that eosinophils have a wide spectrum of antiviral mechanisms and effects. Publications show
that eosinopenia and lymphopenia can represent an important diagnostic and prognostic
factor for COVID-19. An interesting observation from non-specific cellular immunity is the
massive secretion of cytokines, the so-called cytokine storm, increased values of a wide range
of pro-inflammatory cytokines were observed in patients with a severe course of the disease:
IL-2R, IL-6, IL-8, IL-10 and TNF-a, another interesting observation is the cytokine profile
characteristic of Th17 lymphocytes.

In contrast to observed changes in cellular immunity, on the side of humoral immunity,
significant and statistically significant changes were not observed in patients with COVID-19.
On the side of humoral immunity the occurrence of specific antibodies against SARS-CoV-2
was mainly monitored.



Many publications show that the monitoring of selected immunological parameters could be
beneficial in identifying patients at risk of a severe course of the disease. (3 - 7).

In our study, we aimed to analyse the changes in inflammatory parameters and selected
immune parameters in relationship to various degrees of COVID-19 severity and clinical
outcomes.

Patients and methods

All patients included in the study were RT-PCR confirmed positive for SARS-CoV-2 RNA
retrieved from nose and throat swabs. Patients were divided into 3 groups according to the
severity of their COVID-19 disease (according to the clinical manifestations of cough, shortness
of breath, fever, pneumonia):

1. asymptomatic patients (none of the clinical manifestations, N = 37),

2. patients with mild/moderate symptoms (at least one of the clinical manifestations, but
a condition not requiring hospitalization of the patient, N = 296),

3. patients with severe symptoms (at least one of the clinical, condition requiring patient
hospitalization, N = 41).

The immune profile was analysed at the latest on the 5th day after finding out the positive
result of the PCR test and consisted of:

inflammatory parameters: CRP, procalcitonin,

_ 5-parameters differential blood cell count,

_ lymphocytes  immunophenotyping by  flow  cytometry:  (CD3+HLADR+,
CD3+CD4+HLADR+, CD14+HLADR+) the basic panel
(CD3+,CD3+CD4+,CD3+CD8+,CD19+,CD3-CD16+56+), T regulatory lymphocytes,
memory/naive T lymphocytes (CD45RA+CD4+/CD45R0O+CD4+) and markers of cell
activation (CD3+HLADR+, CD3+CD4+HLADR+, CD14+HLADR+)
cytokines: IL-2, IL-6, IL-8, IL-10, IL-17, TNF-a.

Results

As anticipated, the different clinical subsets according to COVID-19 severity (groups 1-3) were
characterized by different changes in immune biomarkers and lymphocytes subsets. We found
elevated concentrations (out of reference range) of inflammatory markers CRP and IL-6, but
nor PCT in patients with severe symptoms (group 3) compared to the asymptomatic patients
and patients with mild/moderate symptoms (group 1 and 2) (1 and 2), these differences were
statistically significant (CRP - group 3 versus group 1: p = 7.32E-07, group 3 versus group 2: p
= 2.00E-06, IL-6 - group 3 versus group 1: p = 0.016, group 3 versus group 2: p = 0.016). The
total leucocytes (Leu), platelets (PLT) and both neutrophiles percentage (Neu %) and absolute
count (Neu Abs) was significantly higher in patients with severe symptoms (group 3) compared
to the asymptomatic patients and patients with mild/moderate symptoms (group 1 and 2)
(Leu - group 3 versus group 1: p = 3.64E-07, group 3 versus group 2: p = 7.33E-08, PLT - group
3 versus group 1: p = 0.00784, group 3 versus group 2: p = 0.00153, Neu Abs- group 3 versus
group 1: p = 8.89E-09, group 3 versus group 2: p = 2.80E-09). In the opposite, we found
statistically significant decreased amount (in percentage and also absolute number) of
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lymphocytes (Ly) and in percentage of eosinophiles (Eo) in patients with severe symptoms
(group 3) in comparison with the asymptomatic patients and patients with mild/moderate
symptoms (group 1 and 2) (Ly % - group 3 versus group 1: p = 2.86E-20, group 3 versus group
2: p = 3.21E-26, Ly Abs — group 3 versus group 1: p = 3.62E-06, group 3 versus group 2: p =
5.08E-08, Eo % - group 3 versus group 1: p = 3.74E-05, group 3 versus group 2: p = 2.53E-07).
In the subpopulations of lymphocytes we found the statistically significantly increased
percentage but not the absolute count of B lymphocyte in the group 3 compared to group 1
and 2, however, these values were within the reference range (Bly % - group 3 versus group
1: p = 3.81E-04, group 3 versus group 2: p = 1.05E-06). For the other lymphocyte
subpopulations, we recorded a statistically significant decrease in the absolute numbers of T
lymphocytes and NK cells, which is related to the decrease in the absolute number of total
lymphocytes. Concerning to the activation markers, we noted the statistically significant
decreased amount of HLA-DR antigent on monocytes (HLA-DRCD14+) in patients with severe
symptoms (group 3) compared to the asymptomatic patients and patients with
mild/moderate symptoms (group 1 and 2) (HLA-DR+CD14+ % - group 3 versus group 1: p =
6.57E-09, group 3 versus group 2: p = 3.20E-11).

Conclusions

In our study, we demonstrated statistically significant differences in several monitored
parameters between groups of patients with severe symptoms compared to the
asymptomatic patients and patients with mild/moderate symptoms. The biggest differences
we noticed in inflammatory parameters (CRP, IL-6) and in almost all values of blood count
parameters (e.g. absolute count of leucocytes, platelets, lymphocyte, neutrophiles and
eosinophiles). Concerning lymphocytes subpopulations we noted the most significant
differences between the mentioned groups in the percentage of B lymphocytes, although the
values were in the reference range in all three groups. In the group with a severe symptoms
the values were statistically significantly higher, which may be due to their activation during
the production of specific anti SARS-CoV-2 antibodies. In the case of monitored activation
markers (HLA-DR on lymphocytes and monocytes), we recorded a statistically significant
decrease of HLA-DR on monocytes in patients with a severe symptoms, which may indicate a
failure of the function of monocytes as antigen-presenting cells.

Immune system and the changes in its reactivity play an evident role in various aspects of the
COVID-19 pathology, from the increased susceptibility to infection in general, to the
modulation of the clinical course and determining the clinical outcome of the disease.

Acknowledgments

This research was conducted with the support of the OP Integrated Infrastructure for the
project: Research on COVID-19 progressive diagnostic methods and biomarkers useful in early
detection of individuals at increased risk of severe disease, ITMS: 313011ATA2, co-financed by
the European Regional Development Fund."
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2. Longitudinal analysis of antibody dynamics after vaccination
against SARS-CoV-2

Mikovd Emilia !, Tibenska Elena %3
1 Department of virology, serology and molecular biology, Medirex JSC, Bratislava
2 Department of imunology, Medirex JSC, Bratislava

3 Medirex Group Academy, Nitra

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) belongs to 7 coronaviruses
that are pathogenic for humans and is responsible for COVID-19 pandemic. Coronaviruses are
enveloped, single-stranded RNA viruses with positive RNA polarity. They have 4 main
structural proteins: nucleocapsid (N), spike (S), small envelope protein (E) and membrane
protein (M). Protein S has two subunits; S1 ensures attachment to the host cell and S2 fusion
with the cell membrane when the virus enters the cell. The M protein forms an essential part
of the viral membrane. N protein is attached to the virus genome. The E protein is the smallest
protein of the virus. M, N and E proteins are involved in viral replication. (1). After the initial
outbreak in Wuhan, China, SARS-CoV-2 quickly spreads worldwide, including Slovakia. During
the first wave we succesfully managed to minimize the number of cases, but the following
waves overwhelmed us. Although most people infected with SARS-CoV-2 may be
asymptomatic or develop only mild to moderate disease, some have developed life-
threatening and often fatal pneumonia (2,3). As the virus strains evolved, the rate of
symptoms decreased and now the infection is considered as a common cold virus.

Vaccination against the SARS CoV2 virus is aimed at creating neutralizing antibodies against
the surface S protein of the virus. Several types of mRNA or vector-based vaccines are
available. After the introduction of the mRNA vaccine on the Slovak market, we began to
monitor the development of the level of antibodies after vaccination. We monitored the level
of antibodies against S1/S2 protein for 11 months after vaccination.

Aims

The primary aim was to determine the antibody response after vaccination. The second goal
was to monitor the development of antibody levels in the time since vaccination and to
determine which factors influence these antibody levels.

Methods

Our cohort consisted of subjects vaccinated with the Comirnaty mRNA vaccine from BioNTech
Manufacturing GmbH. Vaccination was carried out during January / February 2021. The group
consisted of 250 employees - medical workers of Medirex JSC laboratories in the age range
from 21 to 69 years. 202 women and 48 men were represented. Quantitative determination
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of IgG antibodies against the S1/S2 protein of SARS CoV2 was performed on a LIASON® XL
device by chemiluminescence analysis. The measurement range of the diagnostic kit is from
3,8 to 400 AU/ml. The positivity level of antibodies is equal or more than 15 AU/ml. A total of
6 measurements of antibody levels were carried out. The observation period was set at 2
weeks after the first dose, and 2, 12, 24, 36 weeks after the second dose. After 36 weeks, our
group was divided into two subgroups. The first subgroup was boosted with the 3rd dose of
vaccine (159 people) and the second subgroup remained as a control group (91 people). In the
boosted group the sixth measurement was performed 2 weeks after the third dose of vaccine
and in the control group at 48 weeks after the second dose of vaccine, which corresponds to
the 11th month.

We also monitored the influence of selected factors on antibody levels in our group. We
compared the effect of age, gender, occurrence of associated diseases and BMI on the level
of antibodies. From associated diseases, we focused on the presence of diseases of the
cardiovascular system, oncological diseases, immunosuppressive diseases, respectively the
use of drugs affecting the activity of the immune system and autoimmune diseases.

Due to the research methodology and data quality requirements, we excluded 29 probands
from the set of further analyses. We excluded 14 persons from the beginning of the
measurement to the 5th sampling, due to the overcome or suspected overcome SARS-CoV-2
infection. In another 15 persons, by comparing the interquartile range, we identified extreme
values in samples 1 to 5, which could significantly distort the results of the statistical analysis.

We tested the statistical significance of the differences in the average level of antibodies in
the R language using the ANOVA method for repeated measurements.

Results

Of the 250 employees tested, 221 participants had positive antibody levels two weeks after
the first dose (88.4%); 7 participants had borderline or equivocal values (2.8%) and 22
participants did not develop antibodies (8.8%). After the application of the second dose of the
vaccine, we noted the presence of antibodies in the entire test set, and in all study participants
antibodies were detected up to the 36th week (5th collection) from the administration of the
second dose of vaccine. In one participant, at week 36, antibodies dropped below the
positivity threshold. In the sixth sampling, all boosted with 3rd dose of vaccine exceeded the
upper limit of antibody level measurement (400 AU/ml) but two probands, who had levels
approaching 400 AU/ml. In the control group, antibodies continued to decline, except for
those infected with SARS-CoV-2. The average antibody level in the non-infected control group
was 126.9 AU/ml.

As part of the comparison of the influence of selected factors, we noted a significant influence
of gender and younger age on the development of the average value of antibodies over time.
Antibody levels in women were statistically significantly higher during the entire
measurement period [F(3.02;661.71)=4.39; p=0.004]. When analyzing the formation of
antibodies in connection with age, we noted differences in the level of antibodies depending
on the age category [F(12.09;652.68)=1.81; p=0.043]. During all samplings there was a
statistically significant difference between the group under 39 years and the group over 60
years old. After taking into account age and gender, we did not confirm the effect of BMI on
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antibody levels in our cohort. The influence of associated diseases was also not confirmed in
our group. Only 25 probands had associated diseases within the set. Some had combinations
of the observed diseases.

Conclusions

In our study we can clearly confirm 88.4% presence of antibody response after the first dose,
100% after the second dose and its persistence in the 36th week in 99.6% of participants.
During all measurements, mean antibody levels were higher in women and younger age
groups under 39 years. Many other studies have confirmed higher levels of antibodies in
women and younger ages (4,5,6). We did not confirm the effect of BMI or associated diseases
on antibody levels. Obesity is an important factor influencing the level of antibodies, but BMI
is not an optimal indicator of obesity (7,8). Until now, a protective level has not been
established on the basis of which a vaccine booster would be recommended. Previous
recommendations were based on time since last dose and did not consider individual antibody
status. The effort to unify the results of the antibody response into BAU/ml units (binding
antibody units) could facilitate the definition of the minimum protective level. Even for
potential other pandemics, the unification of measurement units would contribute to a better
interpretation of results and the setting of vaccination schemes.
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Introduction

During COVID-19 infection, significant changes in cell-free DNA (cfDNA) composition and
quantity occur, primarily due to cell death mechanisms such as apoptosis, necrosis, NETosis,
and active DNA release . The level of cfDNA has the potential to predict the severity
of the disease. Lymphocytes and leukocytes, undergoing apoptotic and necrotic cell death, are
considered the primary sources of cfDNA in COVID-19 patients. However, the clearance of
dead cell material by phagocytes may be overwhelmed in severe cases, leading to an
accumulation of cfDNA 2.

NETosis, the formation of neutrophil extracellular traps (NETs), is another mechanism that
plays a role in response to viral infections, including COVID-19. NETs are networks
of decondensed neutrophil DNA, histones, and antimicrobial proteins that are released to
capture and eliminate pathogens. While NETs have a beneficial role in neutralizing
microorganisms, their persistence and inefficient clearance in SARS-CoV-2 infection can
contribute to inflammation and tissue damage, potentially leading to increased levels of
cfDNA 3,

In severe cases of COVID-19, where multiple organs are affected, excessive activation
of inflammasomes and the release of pro-inflammatory cytokines can occur, known as a
"cytokine storm." Inflammasomes are protein complexes of the innate immune system that
regulate inflammation during viral infections. Additionally, pyroptosis, an inflammatory form
of cell death, may also be involved, particularly in monocytes. These mechanisms further
contribute to the inflammatory response and the release of cfDNA “.

Overall, the release and accumulation of cfDNA in COVID-19 patients can be influenced by
apoptotic and necrotic cell death, NETosis, and inflammatory processes such as the cytokine
storm and pyroptosis °. Monitoring cfDNA levels may provide insights into the severity
of the disease and its impact on different organs. The aim of our study was to determine
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whether cfDNA has the potential to serve as a non-invasive biomarker in COVID-19, similar to
its established role in other pathologies.

Methods
Collecting samples

The total number of samples used for the analysis of cfDNA in the presented study is 322 and
consists of two groups: samples from positive-tested individuals for the SARS-CoV-2 virus
within the PanClinCov project (ITMS2014: 313011ATL7), and a control group of samples.
The control group comprised 104 samples from the population branch collected within two
projects, PREVELynch (ITMS: 13011V578) and GENOScan (ITMS2014: 313011Q927).
The positivity of patient samples was confirmed through antigenic or PCR tests. They were
divided into three groups based on the virus variant: Alpha, Delta, and Omicron. The samples
were collected during different COVID-19 waves, and based on this criterion, they were
divided into three groups according to the dominant prevailing virus variant: Alpha - 80
samples, Delta - 80 samples, and Omicron - 58 samples. The variants in individual patients
were not confirmed by sequencing nasopharyngeal swabs.

Isolation of cell free DNA

Cell free DNA from plasma samples was isolated using the QlAamp® DNA Blood Mini Kit
(QIAGEN GmbH, Hilden, DE, USA) following the manufacturer's instructions with some
protocol modifications. For the isolation, 680 ul of plasma was used. To maintain the ratios,
the volumes of all other solutions used, such as Proteinase K, AL buffer, and absolute ethanol,
were adjusted accordingly. The wash solutions were increased to 600 pl for AW1 and 700 pl
for AW2. An extra purification step using 700 pl of absolute ethanol was added for column
purification. The elution volume was 37 pl of millipore water. After isolation, the samples were
quantified using the Qubit dsDNA HS (High Sensitivity) Assay Kit on a Qubit 3.0 fluorometer
(Invitrogen Inc., Waltham, MA, USA).

Library preparation and quality control

The sequencing libraries were prepared using the TruSeq® Nano DNA Library Prep Kit (Illumina
Inc., San Diego, CA, USA) according to the manufacturer's protocol with some modifications.
Library preparation started by end-repair step omitting DNA fragmentation. After that, the
size selection step was replaced by capturing all fragments using paramagnetic beads
at a ratio of four times the bead volume to the sample volume. The remaining steps followed
the manufacturer's protocol. The resulting volume of the sequencing library was 25 pl.

The final sequencing libraries were quantified by the Qubit dsDNA HS Assay Kit on a Qubit 3.0
fluorometer (Invitrogen Inc., Waltham, MA, USA) following the manufacturer's instructions.
The distribution of fragment lengths was evaluated using an Agilent 2100 Bioanalyzer (Agilent
Technologies Inc., Santa Clara, CA, USA) with the Agilent High Sensitivity DNA Kit, prepared
according to the manufacturer's instructions.

NGS sequencing

The prepared libraries were normalized to 4 nM, pooled, denatured, and diluted to a final
loading concentration of 1.6 pM. An estimated read count of 5 million reads per sample was
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used. Pair-end sequencing with 2 x 76 bp read length on NextSeq 500 instrument was
performed.

Bioinformatic analysis

The sequencing quality was assessed using the FastQC tool, and subsequently, the sequencing
reads were trimmed using Trimmomatic to remove adapters, low-quality ends, and short
ambiguous reads. The trimmed reads were then mapped to the reference human genome
GRCh38.P14 (HG38) using the BWA-MEM tool. The mapped reads were sorted, deduplicated,
and converted to binary format using Samtools. Mapping quality was checked and mapping
statistics were generated using Qualimap 2.

All statistic analysis and differences between sample groups were evaluated using
Mann-Whitney U test at significance level of 0.05.

Results

To identify the potential use of circulating free DNA (cfDNA) as a diagnostic tool, we focused
on plasma-derived cfDNA. In our analysis of a potential biomarker for COVID-19 diagnosis, we
have investigated two parameters so far: the concentration of cfDNA after isolation and the
length profile of this DNA in control samples and samples from COVID-19 patients obtained
during different waves of the pandemic.

Based on the evaluation of the obtained data, we observed a statistically significant difference
in the concentration of cfDNA after isolation between the two previously mentioned groups
(control and COVID-19 patients) with p<0.0001. The weighted median concentration in the
control group was 0, and the average concentration reached 0.076 ng/ul. The weighted
median concentration in the COVID-19 patient group was 1.148, and the overall average
concentration was 3.179 ng/ul (Figure 1).
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Figure 1: Box plots displaying the weighted median concentrations of isolated cfDNA
in the control group (blue) and COVID-19 patient group (red). The Y-axis represents
the concentration in ng/pl.
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After dividing the patient group into three categories (Alpha, Delta, and Omicron) based on
the timing of sample collection, all three groups were significantly different from the control
group (p<0.0001), with no statistically significant difference in cfDNA concentrations among
the individual categories of patient samples. The average concentration of cfDNA in the Alpha
category was 3.28 ng/pl, in the Delta category was 3.48 ng/ul, and in the Omicron category
was 2.61 ng/ul (Figure 2).
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Figure 2: Box plots displaying the weighted median concentrations of isolated cfDNA
in the control group (blue) and patient samples divided into three groups: Alpha (red), Delta
(green), and Omicron (purple). The Y-axis represents the concentration in ng/ul.

As the second parameter for cfDNA analysis, we evaluated its length profile. After
bioinformatic processing of sequencing reads and their mapping to the human reference
genome GRCh38, we observed a statistically significant difference in the length of cfDNA
fragments between the control and patient groups with a value of p<0.0001 (Figure 3),
similar to the concentration of cfDNA. Control samples had, on average, a 5.27 bp longer
weighted median than patient samples (133.35 bp vs. 128.08 bp).
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Figure 3: Box plots displaying the weighted median lengths of sequenced cfDNA fragments
in the control group (blue) and COVID-19 patient group (red). The Y-axis represents the length
in bp.
20



When COVID-19 samples were divided into separate groups, significant differences were
found between the control group and the Alpha, Delta, and Omicron groups (p<0.0001 for
Alpha and Delta, p<0.001 for Omicron). Fragment length differences were observed within
the COVID-19 groups. The Delta group had the shortest fragments (126.01 bp), 7.34 bp shorter
than the control group. Alpha and Omicron groups had weighted median lengths of 127.58 bp
and 128.38 bp, respectively. Significant differences were observed between Alpha and Delta
(p<0.05) and between Delta and Omicron (p<0.0001), but not between Alpha and Omicron
(p=0.149) (Figure 4).
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Figure 4: Box plots displaying the weighted median lengths of sequenced cfDNA fragments
divided into four groups: control (blue), Alpha (red), Delta (green), and Omicron (purple).
The Y-axis represents the length in bp.

Discussion

Increased cfDNA levels have been observed in various pathologies, including COVID-19, and
can serve as a biomarker. Further research aims to predict disease severity based on cfDNA
profiles. It is worth noting that several studies focusing on free nucleic acids have reported
increased concentrations of cfDNA as a potential non-invasive biomarker in various
pathological conditions. These conditions include monitoring graft acceptance or rejection 6,
oncological diseases 7, non-invasive prenatal diagnostics, and as a biomarker for the
development of sepsis 8. One of the most significant advantages of cfDNA as a biomarker is its
potential to detect the disease state before clinical symptoms or histopathological changes
become apparent. This early detection capability is exemplified in cases of transplant rejection
and has the potential to be utilized in the context of COVID-19 as well. Notably, Andargie et
al. ° conducted a study that revealed a positive correlation between elevated cfDNA levels,
the severity of COVID-19, and markers such as C-reactive protein and D-dimers. Furthermore,
the amount of cfDNA detected upon admission allowed the identification of patients who
would later require intensive care or face mortality during hospitalization. This critical insight
implies that cfDNA analysis could be utilized in managing the hospitalization of COVID-19
patients, especially in overcrowded healthcare facilities.

Another difference was observed in the length of cfDNA fragments, which can serve
as emerging biomarkers. COVID-19 patient samples showed higher proportions of short cfDNA
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fragments, possibly due to tissue damage caused by the virus. Variation in fragment size was
also observed among different variants, potentially reflecting inflammatory processes. Lower
mortality and milder inflammation were found in patients infected with the Omicron variant
compared to Alpha and Delta variants. These changes may be caused by increased necrosis,
apoptosis, and metabolic burden.

Conclusion

Comprehensive studies on cfDNA fragmentomics in COVID-19 patients are lacking, but they
could greatly contribute to diagnostic biomarkers and disease monitoring. We have ongoing
research on cfDNA and plan to predict disease severity using cfDNA profiles. This next phase
will provide valuable insights into cfDNA as a predictive tool in COVID-19 management.
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Introduction

The coronavirus SARS-CoV-2 is a causative agent of Covid-19, a highly infectious disease, that
has had a global impact with more than 767 million confirmed cases and 6.9 million deaths
from March 2020 to June 2023(1). Several new variants of the virus have been described
during the Covid-19 pandemic, including the so-called variants of concern (VOCs): Alpha; Beta;
Gamma; Delta; Omicron (2). VOCs have a potential to increased transmission or virulence, the
ability to reduce the effectiveness of vaccination and also to reduce neutralization by
antibodies obtained through natural infection. Our understanding of the global scale of SARS-
CoV-2 infection remains incomplete (3). Routine surveillance data underestimates infection,
there is an occurrence of asymptomatic infections and uneven access to diagnostics.
Seroprevalence studies allow to understand the true extent of infection as well as to estimate
the rate of undiagnosed and unreported cases.

Here we describe the results of the seroprevalence study of SARS-CoV-2 specific antibodies in
Slovakia. The aim of the study was to find out the infection-induced seroprevalence and the
overall seroprevalence (from infection or vaccination) of selected regions of Slovakia.

Methods

This is a cross-sectional observational study of the state of the antibody response to the
SARS-CoV-2 virus in non-vaccinated residents of selected regions of Slovakia. The study is
population-based, age-stratified, cross-sectional and it took place in November 2021.
Participants of the study were volunteers who met the following criteria:

e permanent/temporary residence in the given region
e age 12 years and more
e not vaccinated against Covid-19

Study participants underwent sampling of capillary blood from the finger and completing a
questionnaire for the collection of personal and epidemiological data, such as age, data on
vaccination status, data on overcoming and the course of the disease Covid-19 and on the
contact with a person tested positive for SARS-CoV-2 using the Ag/real time PCR test.

Participants were tested in 27 sampling sites in five districts and two cities of Slovakia: Cadca
(CA; 4 sampling sites), Povazska Bystrica (PB; 5 sampling sites), Komarno (KN; 3 sampling sites),
Kezmarok (KK; 3 sampling sites), Lu¢enec (LC; 2 sampling sites), Kosice (KE; 4 sampling sites)
and Bratislava (BA; 6 sampling sites).
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Antibodies of the IgG class against the S1 subunit of the S protein of the SARS-CoV-2 were
determined from the collected biological samples of capillary blood from the finger using the
ELISA method. Samples were examined in the Biomedical Research Centre of the Slovak
Academy of Sciences, where they were checked and arranged according to the assigned codes.
Then an area of the dried blood drop pinched with pliers was defined. The dried blood sample
was dissolved in an extraction buffer and analysed using the ELISA sets (EUROIMMUN,
Germany) for the presence and level of antibodies against SARS-CoV-2.

In the resulting statistics, we distinguished several levels of the test result according to the
measured numerical test result (S/C unit, i.e. the signal intensity ratio compared to the
calibrator):

e negative result (<0.8 S/C),

e borderline result (0.8 - 1.1 S/C),

e low antibody result (1.1 - 3.5 S/C)

e aresult with a high level of antibodies (>3.5 S/C)

The estimate of overall seroprevalence in population includes the percentage of fully
vaccinated two weeks before the study and those unvaccinated who had a positive antibody
test in the study.

Results

A total of 3785 volunteers participated in the study. Out of them 1477(39%) were males and
2308 (61%) were females. The mean age was 43,3 years. The study group was divided in four
age categories: 12 — 18 years (303/8%), 19 — 39 years (1249/33%), 40 — 59 years (1476/39%)
and 60 and over (757/20%). According to the questionnaire answers 2546 (67%) of the
participants were not aware about overcoming Covid-19, 116 (3%) stated overcoming without
any symptoms and 1123 (30%) had Covid-19 with clinical symptoms. In 1476 (39%) of the
participants, the presence of antibodies against SARS-CoV-2 was detected, 2157 (57%) of the
participants had a negative result, in 152 (4%) the result was borderline. In all age categories
were negative results in more than 50% of participants (Fig.1). The highest proportion of
detected antibodies was in category 12 — 18 year. A high antibody level had 25% participants
in categories 12 -18 years and 60 and over.
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Figurel: Infection-induced SARS-CoV-2 antibody levels by age group in percentage
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Figure 2: Infection-induced SARS-CoV-2 antibody levels according to the way of overcoming
Covid-19

Up to 82% of those who did not overcome the disease of Covid-19 had a negative result of the
antibody test (Fig.2). On the other hand, 18% of them had SARS-CoV-2 specific antibodies
which suggests they had overcome the infection without knowing. Among those who
overcame the disease of Covid-19 asymptomatically, up to 32% had a negative result of the
antibody test, frequently even after it was recently overcome. Among those who overcame
the symptomatic course, including mild symptoms, the antibody test was negative in only 16%
of cases, mostly when the disease had been overcome earlier. In this group, 44% had a high
level of antibodies, among them mainly those who had overcome the disease during the last
8 months.
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Figure 3: Infection-induced SARS-Cov-2 seroprevalence in selected districts of Slovakia
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Figure 4: The overall SARS-CoV-2 seroprevalence in selected districts of Slovakia

The range of the antibody response present in the selected regions was from 26% in Bratislava
to 52% in Cadca (fig.3). Cadca district was the only one where the percentage of people tested
positive for antibodies exceeded the percentage of people with a negative result. The total
estimated level of immunization of the population is estimated as the sum of the number of
fully vaccinated in a given region and the percentage of those who were tested positive in this
study (Fig. 4). The range of the population with antibody response against SARS-CoV-2 was
from 67% in KeZmarok to 80% in Bratislava district. The highest vaccination coverage and at
the same time the lowest percentage of those who overcame Covid-19 was in Bratislava. On
the contrary, the Cadca district had the lowest vaccination coverage and at the same time the
highest percentage of people who have overcame the infection.
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Discussion

We conducted a population-based, cross-sectional seroprevalence study in Slovakia in
November 2021. Up to now (June 2023) there are more than 4000 seroprevalence studies
from 145 countries all around the world registered in a global SARS-CoV-2 seroprevalence
dashboard (SeroTracker) (4). This allows to estimate the true extent of the pandemic and
compare estimates between regions. Confirmed and reported Covid-19 cases undercount the
true number of infections because many people have asymptomatic infections or were not
diagnosed especially in the case of a mild course of the infection.

In September 2021, global seroprevalence attributable to infection was 35.9% and global
seroprevalence from infection or vaccination (overall seroprevalence) was 59.2%, which
means that 40% of global population was susceptible. (3). There were regional variations
driven by differences in the extent of SARS-CoV-2 infection and vaccination. In European high-
income countries (HIC EUR) overall seroprevalence in November 2021 was around 90% mostly
because of approximately 70% vaccination coverage (3,5). Our findings in Slovakia were 39%
seroprevalence attributable to infection and overall seroprevalence 71%. This follows that a
third (29%) of the population of Slovakia was completely susceptible to SARS-CoV-2 infection.

To assess the true burden of disease we compared reported cases of Covid-19 in the year 2021
and infection-induced seroprevalence. The incidence of Covid-19 in Slovakia in 2021 was
17,73% (6). Infection-induced seroprevalence was 39%. Estimated seroprevalence to case
ratio is 2.2:1, suggesting that there were actually twice as many cases of infection as were
reported. Seroprevalence to case ratio in HIC EUR was 1.9:1 and globally 10.5:1(3). Moreover,
waning immunity after infection likely underestimates the extent of past infections.

Considering infection-induced seropositivity in different age groups, in the 12 — 18 years olds
it points to the possible exposure to Covid-19 in schools. Lower seroprevalence (63%
seronegative persons) in adults 60+ could be explained by immunosenescence or extra careful
behaviour to avoid the infection and hence a lower proportion of people with evidence of past
infection.

However, the study results should be interpreted considering a few limitations of the study:
First, the size of the tested sample in each of these locations is sufficient for statistical
representativeness, but its composition did not fully correspond to the age composition or
gender distribution in the given region. Second, people who participated in the study were
volunteers, so it may be affected by selection bias.

The testing in our study took place in different districts in November 2021, somewhere before
the peak of the wave of the delta variant SARS-CoV-2 at the regional level, somewhere after
it. Therefore, the infection-induced seropositivity was after overcoming SARS-CoV-2 infection
caused by the alfa or delta virus variant, which were circulating in Slovakia in 2021.
Immediately after the retreat of the delta wave more transmissible and immune-escaping
Omicron variant exceeded the previous variants in the number of cases in January — February
2022. In both vaccinated and previously infected individuals there is a high risk of reinfection
with the Omicron variant.

Seroprevalence studies give an estimate of the exposure to infection, do not serve as a
calculation of the size of the population that cannot be infected with the virus or does not
spread the infection. They may help to identify high-risk groups in population and lead to
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targeted disease control strategies. However, seroprevalence estimates remain indicative of
protection against severe disease and death.
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Introduction

When COVID-19 pandemic reached Slovakia in March 2020, the research teams of the
Biomedical Research Center of the Slovak Academy of Sciences (BMC SAS) immediately
adapted spaces of the BSL3 laboratory, introduced RT qPCR detection of SARS-CoV-2 viral RNA
and offered their testing expertise and capacity to the Public Health Authority (PHA) of the
Slovak Republic. During the first and second wave of the pandemic, when the state testing
capacity was at critically low level, the BMC SAS researchers performed routine testing of
more than 20,000 samples from PHA and several hospitals. Later, the testing was provided to
artists, sportsmen, to policymakers to ensure safety during the GLOBSEC meetings, and to
other professionals endangered by the pandemics. Testing was also performed at weekly basis
to the employees of the Slovak Academy of Sciences.

The activities of the BMC SAS proved to be highly useful in several aspects of the pandemic
management in Slovakia. Besides systematic testing, they included isolation, characterization
and deposition of SARS-CoV-2 virus from Slovak patients, infectivity testing for the needs of
clinical facilities, sequencing and genomic analyses of the SARS-CoV-2 variants. Sequencing
allowed early identification of the onset of alfa, delta and Omicron variants with direct impacts
on decisions of state authorities on anti-pandemic measures. All these activities contributed
to the development and clinical validation of innovative diagnostic tests in collaboration with
MultiplexDX. The kits were equipped with the positive control RNA obtained at the BMC SAS
from the virus isolates and certified by the State Institute for Drug Control for IVD use. Our
studies were the basis for the introduction and validation of gargling as an alternative
sampling method, suitable for testing of school children, into the standard operational
procedure for SARS-CoV-2 diagnostics in Slovakia and for the evaluation of saliva for virus
diagnostics in combination with LAMP methodology. The laboratories of the BMC SAS
performed the quality tests and provided expert background to the concluding statement on
pharmaceutical quality of the SputnikV vaccine. In connection with the efforts to resolve
pandemic situation, our renowned researchers participated in expert discussions with the
authorities of the Slovak Republic - the President, the Prime Minister, the Deputy Prime
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Minister, representatives of several ministries and members of the crisis staff. They
communicated their expert opinions individually or as part of an initiative “Science helps -
COVID-19”.

Furthermore, BMC offered antibody testing for the employees of the institutes and non-
research organizations of the SAS located throughout the country in two consecutive studies
(summer 2021 — (1), September 2022 — (2) and a pre- and post-Omicron wave antibody testing
(mid-January 2022 and end-April 2022) for the BMC employees (3).

Subjects and Methods

The study, performed under the IMPROVE project (APVV-PP COVID-20-0017), was approved
by the Ethic committee of Bratislava Self- Governing Region by its decision No. 09833/2020/HF
and amendment 07071/2021 from June 30, 2021. All volunteers received detailed written
information about the study, signed informed consent, and provided relevant anamnestic
information.

We introduced and validated a new approach based on the self-sampling of capillary blood on
a card for dry blood collection from finger pricks using lancet as a suitable alternative to a
venous blood serum sample. Defined area of the card was punched out, submerged into the
sample buffer of the ELISA and incubated for 1 hour at 37°C. The extracted sample was used
for serological analysis by an anti-SARS-CoV-2 IgG ELISA (EUROIMMUNE Medizinische
Labordiagnostika AG, Germany) according to manufacturer’s protocol. Levels of IgG
antibodies specifically binding to the SARS-CoV-2-encoded spike protein subunit 1 (anti-S1
IgG) containing the receptor binding domain were measured, considering the signal-to-
calibrator (S/C) ratio of <0.8 negative, 0.8 and <1.1 borderline, and >1.1 positive. Participants
received detailed description on their personal results with a remark that the test result
represents only partial information of the immune response and cannot determine an
individual’s risk of subsequent infection.

Results and discussion

We conducted a total of 3 serological studies among SAV employees, each in a different,
specific phase of the development of the pandemic. Thanks to early introduction and good
compliance of the society to strict epidemiological measures, the country has managed the
first pandemic wave (3/2020 — 5/2020; ancestral Wuhan-Hu-1 strain) relatively successfully.
However, the second wave between 10/2020 and 4/2021, caused by the spread of the B.1.1.7
(alpha) variant of the virus, resulted in devastating consequences in sense of several thousand
deaths, exhausting of the health care system and decreased cooperation and compliance of
the society. During the second wave, the public vaccination program started in Slovakia
(1/2021). Our first study from August 2021 (1928 participants) gave us an insight into the state
of antibody immunity after the wave of the SARS-CoV-2 B.1.1.7 variant and at the same time
after about half a year of nationwide vaccination in Slovakia (1). The third wave, caused by the
spread of the B.1.617.2 (delta) variant, hit the country in 9/2021 with gradual transition to the
fourth wave (B.1.1.529, omicron variant) in January 2022. The fourth wave lasted until the end
of 4/2022. In our second study (3), only BMC employees took part (263 participants), two
blood samples were analyzed - before the start of the Omicron wave in Slovakia (January 2022)
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and after it subsided (April 2022). We therefore had the opportunity to monitor the effect of
this variant on the development of antibody immunity in specific individuals and the effect of
initial antibody levels on subsequent infection. So far, the last serological study (2), in which
1365 SAS employees participated, was carried out in October 2022. The monitoring of
antibody levels during this period gave us a comprehensive view of immunity after all the main
waves of the COVID-19 pandemic had subsided, at a time when most of the participants were
vaccinated with booster doses of vaccines and many have overcome the disease repeatedly.
The pandemic in Slovakia resulted in over 21 thousand deaths from more than 1.8 million
reported coronavirus cases (https://www.worldometers.info/coronavirus/country/slovakia/).

The works brought several significant results, however, we can consider realization on
academic grounds to be a disadvantage, due to the much higher vaccination rate compared
to the Slovak average, and probably the higher willingness to comply with anti-pandemic
measures.

The most important findings of our studies regarding the humoral immune response to the
SARS-CoV-2 virus and the vaccine against COVID-19 are the following:

mRNA vaccines appear to be more effective in inducing antibody response compared to
adenovirus vector vaccines. Comparison of the relative levels of anti-S1 1gG induced by full
vaccination revealed considerable differences among the vaccine types (Fig. 1a). The highest
relative antibody levels were induced by mRNA vaccines Comirnaty and Spikevax, whereas
Vaxzevria and SputnikV induced medium antibody levels. The lowest I1gG levels were induced
by the one-shot vaccine Janssen. This observation is in line with the published data showing
similar vaccine type relationships not only with respect to I1gG levels, but also to the levels of
neutralization antibodies, which represent only a fraction of the total anti-S1 1gG that is
considered a surrogate of vaccine protective effect (4,5)

Immune protection of hybrid immunity, repeated infection, bolus vaccination. As expected,
data analysis revealed that antibody levels principally reflected the disease severity in the
subgroup of participants who reported COVID-19 and remained without subsequent
vaccination. Importantly, in persons who underwent full vaccination by any vaccine following
COVID-19, the antibody levels significantly increased irrespective of the symptoms. This was
particularly striking in the category of participants with no, mild and moderate symptoms,
who, if not vaccinated, did not develop robust humoral response to natural infection (Fig. 1b).
This finding suggested that in those cases, vaccination is very beneficial (or critical) for
providing better immune protection from reinfection.

We also confirmed increasing levels of anti-S1 IgG with increasing number of vaccine doses
administered, and/or with multiple overcoming of the disease.
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Figure 1: Relative anti-S1 IgG levels in (a) study participants vaccinated by indicated vaccines
and (b) participants who reported COVID-19 (stratified according to self-reported severity of
COVID-19 symptoms) and/or vaccination. (1)

Time-related decrease of anti-S1 IgG in response to infection. The levels of virus-specific IgG
antibodies showed a decreasing trend of dependence on the time elapsed from the date of
detection of the infection. The estimated average rates of decline were comparable for groups
of participants who overcame COVID-19 with mild and moderate symptoms and slightly higher
for those with severe and critical symptoms.

Higher initial anti-S1 IgG prevented Omicron infection. The key result of “Omicron serological
study” is the finding of a significant difference (p = 0.005) in the median levels of anti-S1 IgG
antibodies in the group of participants who were subsequently infected with the Omicron
variant of SARS-CoV-2 ("+OMI, BEFORE") versus the group in which no breakthrough infection
occurred during the monitored period ("-OMI, BEFORE"). The results also naturally showed an
increase in antibody levels after overcoming the infection (p < 0.0001) and an expected
decrease in antibody levels caused by the effect of waning immunity in the "-OMI" group (p
<0.001) (Fig. 2).
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Figure 2: Levels of anti-S1 1gG (BAU/ml) before and after Omicron wave in those who got
infected with the Omicron variant (“+OMI”) and those who did not (“-OMI”) (3)

Lower immunogenicity of Omicron variant. A very interesting finding is also the fact that the
Omicron variant of SARS-CoV-2 (B.1.1.529) elicits a much lower antibody response than the
previous variants of the virus (Fig.3). We observed this in a group of unvaccinated participants,
by comparing those who overcame the COVID-19 disease in 2020 or 2021 with those who
overcame it only in 2022 (dominance of the Omicron variant in the EU).

Seroprevalence at the end of the pandemic. In the period between the first and the last study,
the administration of booster vaccine doses against COVID-19 began in Slovakia (October
2021) and new variants of SARS-CoV-2 (delta and omicron) caused 2 significant waves of the
COVID-19 disease. It is therefore not surprising that in the last study (10/2022), the total
seropositivity to the Sl-protein of the SARS-CoV-2 virus was 96.04%, 87.11% of the
participating employees were vaccinated, and 65.05% of the participants had overcome the
COVID-19 disease at least once.

Since 1004 individuals participated in both studies, we observed a significant (p<0.0001)
increase in the median of anti-S1 IgG (Fig. 4a). We divided the both studies participants into
four groups: "-VAC, -C19 T"; “+VAC, -C19 T”; “-VAC, +C19 T” and “+VAC, +C19 T”, according to
their vaccination status (+VAC = vaccinated whenever since December 2020) and according to
their COVID-19 test positivity (+C19 T = had at least one positive test for COVID-19 during the
pandemic). An increase in antibody levels in all groups could be observed (Fig. 4b). In the “-
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VAC, -C19 T” group, the significant increase of anti-S1 1gG (p <0.0001) was probably caused by
asymptomatic infections or by not confirming the suspicious infection by a test for COVID-19.
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Figure 3: Levels of anti-S1 IgG (S/C) in unvaccinated participants stratified according to the
date of positive testing for COVID-19. 2020, 2021 — assumption of overcoming the original

strain/Alpha/Delta variant of SARS-CoV-2; 2022 — assumption of overcoming the Omicron
variant of SARS-CoV-2 (2)
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Figure 4: Comparison of relative levels of anti-S1 1gG in 2021 and 2022. (a) Truncated violin
plot visualization of antibody levels in participants who participated in both serological
studies. (b) Participants stratified according to the vaccination status (one or more doses
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whenever since December 2020) and/or COVID-19 overcoming (one or more times) during the
period between studies (September 2021 — October 2022). (2)

COVID-19 pandemic represented an unprecedented burden for public health systems
worldwide including Slovakia. The goal of the studies was to reduce the negative impact of the
pandemic through the improvement of our understanding of SARS-CoV-2 immune response.
One of the main objectives of the studies was to improve our understanding of the immune
response to SARS-CoV-2 infection and vaccination. Cross-sectional seroprevalence studies
performed on more than 1900 Slovak Academy of Sciences employees in the period before
the onset of the second pandemic wave revealed that mRNA vaccines produce higher
antibody response than the adenovirus-based vector vaccines, antibody levels reflect the
clinical course in COVID19 patients, vaccination significantly improves antibody levels in
patients with asymptomatic or mild clinical course, antibody levels decrease with increasing
time since vaccination or infection. Long-term analyses confirmed that antibody levels are
significantly increased by vaccination also in the patients with moderate and severe disease
and that the second vaccine dose is crucial for the improvement of antibody level longevity.
We observed, that higher initial anti-S1 1gG antibodies prevented the infection with the
Omicron variant, the one with lower immunogenicity.
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Introduction

Since emergence of COVID-19 disease caused by virus named SARS-CoV-2, disease became
worldwide and target of investigations (Edwards et al., 2022; Koelle et a., 2022; Wu et a.,
2020) Many procedures of bioinformatics, that have been used daily on various analyses were
applied to research of COVID-19 disease. One of them, an assembly of a genome is necessary
for many downstream analyses. There are multiple assemblers suitable for an assembly of
transcripts or RNA genomes (like SARS-CoV -2 virus genome) from RNA-seq reads. Although
usually combination of long and short reads is suggested, we tested performance of SPAdes
and Trinity on our short-RNA reads data (Grabherr et a., 2011; Prjibelski et al., 2020). Quality
of assemblies can be measured by contiguity, completeness and accuracy. These parametersare
represented by various metrics — N50, L50 and their derivations, proportion of the genome
assembled compared to complete genome and its fidelity.

Not only virus itself can be studied by RNA-seq method, but also changes in human
transcriptome caused by the virus presence. Infection by virus results in changes in human
metabolism. There are changes in signaling pathways that regulate processes of DNA repair
and replication, immune response, transcription, metabolism, cell cycle, and apoptosis (Jamison
et al., 2022). Significant for clinical purposes are cytokine storms (excessive and uncontrolled
immune response), which cause release of a large amount of pro-inflammatory cytokines into
the bloodstream, followed by widespread inflammation and damage to tissues and organs
(Henderson et d., 2020; Mehta et a., 2020; Wang et al., 2020). These changes are reflected at
transcriptome profile, which were studied in our research.

Methods
Study Approval

Sample collection was performed as part of the clinical study approved by the Ethical
Committee of Bratisava Self-Governing District under the identifier 03228/2021/HF from
January 12, 2021. All patients have filled out the questionnaires with relevant in-formation
regarding their health statusin relation to COVD-19 and signed informed consent.

Sample collection

Nasopharyngeal swabs from patients suspected of having COVID-19 were obtained in two
primary regimens. Patients hospitaized with severe symptoms of the disease at the
collaborating hospitals were enrolled in the study. Patients with mild or any symptoms of the
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disease were recruited in mobile testing facilities for SARS-CoV-2 by a company providing
routine laboratory diagnostics from the popul ation during the COVID-19 pandemic. In total, 96
samples were part of this study (72 COVID-19 positive patients and 24 healthy donors) were
used for analysis of transcriptome. Additional 7 COVID-19 positive patients were part of
genome assembly testing.

Nucleic acid extraction

Nasopharyngeal swabs specimens were collected from COVID-19 patients and controls and
stored in ViRNAtrap collection medium (GeneSpector, Czech Republic) at 4°C. Total RNA was
extracted using Sera-Xtracta Virug/Pathogen Kit (Cytiva, UK) according to manufacturer
instructions. 400 pl of the nasopharyngeal swab medium was used for the extraction with a final
elution volume of 50 ul. RNA was quantified with the Qubit™ RNA High Sensitivity Assay
Kit (Invitrogen). RNA isolates were stored at -80°C.

RT-qPCR

The presence of SARS-CoV-2 was determined by RT-qPCR using the COVID-19 Rea-Time
Multiplex RT-PCR Kit (Labsystems Diagnostics, Finland) and RT-qPCR plat-form ABI
QuantStudio 6 Rea-Time PCR System (ThermoFisher, USA) utilizing the original
manufacturers protocols. Amplification cycles threshold of Ct vaue <40 was needed to
evaluate the sample as positive.

RNA library preparation and sequencing

The metatranscriptomic libraries were prepared using KAPA RNA HyperPrep Kit with
RiboErase (HMR) (Kapa Biosystems, South Africa) according to the original protocol of the
manufacturer. For quantity and quality control of prepared libraries a Qubit 1X dsDNA High
Sensitivity Assay Kit on Qubit 3.0 (Invitrogen) and Agilent High Sensitivity DNA Kit on
Agilent 2100 Bioanalyzer (Agilent) instruments were used. Sequencing of pooled libraries was
performed on NextSeq 500 and NextSeq 2000 (I1lumina) platforms using 2x75 or 2x100 paired-
end sequencing setup, respectively.

Data analysis

Quality control of raw readswas done by FastQC v0.11.9 (Andrews, 2010). Subsequently, reads
were processed by Trimmomatic (Bolger et a., 2014) and again checked on quality by FastQC.
After fina affirmation of sufficient quaity of reads by FastQC, reads were mapped to the
human genome hg38 by BWA-MEM agorithm v0.7.17 (Li, 2013). Reads were mapped as
paired set, otherwise parameters of mapping were set to default. Same way it was done on
SARS-CoV-2 genome.

Genome assembly

We performed an assembly of SARS-CoV-2 genome by Spades and Trinity assemblers
(Grabherr et a., 2011; Prjibelski et a., 2020). We tested multiple strategies of assembly. In 2
strategies we proceeded with reads mapping on SARS-CoV-2 genome, in other cases, wetested
Spades assembler on reads that didn’t map to human genome. All strategies tested are shown
on the Table 1. For deeper evauation and comparison of performance (resemblance to a
reference genome, N50 value and other values), we used command line (Conda) instance of
Quast software (Gurevich et al., 2013).
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Table 1. Strategies of SARS-CoV-2 assembly.

Strateg | Reads filtering Assembler Mode

y

1 mapping on SARS-CoV-2 genome coronaspades.py

2 not mapping on human hg38 genome | coronaspades.py

3 not mapping on human hg38 genome | Spades --rna

4 not mapping on human hg38 genome | Spades --rnaviral
5 mapping on SARS-CoV-2 genome Trinity

Differentially expressed genes analysis

In search of human genes affected by infection of SARS-CoV-2 or category of infection, we
further analysed .bam file with human-mapped reads. Gene expressions were quantified by
FeatureCounts v.2.0.1 (Liao et al., 2014). Statistical comparison was done by R instance of
Deseg?2 v.1.38.3. (Love et d., 2014). Genes under condition of adjusted p-value < 0.1 were
considered significant hits, which is a default value according to DESeq2 manual.

Identification of altered pathways

To find out which pathways are altered from the set of differentially expressed genes, we used
Rinstance of gProfiler2v.0.2.1. (Kolberg et a ., 2020). Genes, which were under p-valuethresh-
old 0.1 were used as a query for the analysis, ordered by p-values and separated to down-
regulated and up-regulated set. Databases of KEGG pathways, Wiki pathways and Reactome
were used, for the purpose of better visihility, just KEGG terms were chosen for visualization.
Set of genes which were part of differentially expressed genes analysis were set as custom
background. Domain scope were set to “known”. For the visualization, barplot function in R
was used.

Results

In this paper, we report results of the analysis of RNA-seq data from nasopharyngeal swabs.
Multiple assembly strategies of the SARS-CoV-2 genome were performed on 79 samples by
tools Spades and Trinity assemblers. We tested their performance and tried to answer the
question if it is possible to assemble RNA virus genome from short RNA-seq reads either in
de-novo fashion or with a help of reference genome and tool s adjusted to specific virus. Results
showed that although using only reads mapping on SARS-CoV-2 genome and mode
specifically designed to it led to improvement of genome assembly. However, less specific
SPAdes modes and Trinity assembler were able to assemble genomes as well. Our data shown,
that it is possible to predict assembly success by RT-qPCR Ct vaue. Samples with Ct value <
25 were always successfully assembled.

Analysis of differentially expressed genes was performed on 72 COVID-19 positive patients
and 24 healthy donors to characterise changes for diseased patients and changes based on
disease severity. By statistical test (using DESeq2) 16,365 genes were reported with an adjusted
p-value < 0.1 compared to COVID-19 negative controls while 4539 genes were reported with
ap-vaue < 0.1 when comparing mild and severe disease. Subsequently, pathway anaysis was
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performed, where unsurprising pathways where reported to be overrepresented in the set of
differentially expressed genes. Most of the reported pathways were related to the immune
response to various diseases, other immune-related pathways, and signaling pathways mostly
related to the immunity.

Discussion

This work is the report about our recent research on RNA-sequencing of COVID-19 patients.
We investigated possibilities of SARS-CcoV-2 virus assembly from short read Illumina
sequencing from 79 samples and performed differentially expressed genes analysis on human
transcripts on 96 samples (72 COVID-19 positive and 7 COVID-19 negative controls). We
proved that SARS-CoV-2 or other RNA-virus assembly is possible even from short read RNA-
seq and success of assembly can be predicted by RT-qPCR Ct value. Here we tested how can
be genome assembled when using advantages of aready available and annotated reference
genome, but also without it. Since assembly was possible even de-novo without using reference,
we concluded this method would be possible for assembly of unknown new viruses that might
come in the future.

We studied transcriptome of 72 COVID-19 positive patients and 24 healthy donors. By
comparison of measured gene expressions between COVID-19 positive patients and healthy
controls or comparison between patients with severe and mild symptoms, we observed dramatic
changes in gene expressions. Because of the extent of these changes, we couldn’t assign some
specific genes as markers, but we were able to assign pathways to them. Comparing to similar
studies and previous knowledge results were not surprising (Rhoades et a., 2021). Immunity
related terms and signaling pathways were assigned, apart from the different disease terms,
which observation is probably caused by similarities between processes in different diseases.
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Introduction

In the early stages of the COVID-19 pandemic, it was observed that a severe SARS-CoV-2
infection results in the destruction of lung tissue and impaired oxygenation. Initial treatment
approaches utilizing mechanical ventilation were however met with high mortality,
highlighting the need for a better understanding of COVID-19 pathology.(1) Subsequent
studies associated thrombosis with disease severity and identified neutrophilia as a marker of
poor outcome.(2, 3) This led to the hypothesis that the neutrophil extracellular traps (NETs)
cause thrombi formation, thereby reducing the efficiency of artificial ventilation. NETs are
web-like structures composed of DNA and antimicrobial proteins, capable of capturing and
eliminating bacteria.(4) While the primary function of NETs is host defense, their excessive
production is implicated in disseminated intravascular coagulation during systemic
inflammation. Multiple studies have also observed an association between increased NETs
production and the severity of COVID-19.(5) In order to improve the treatment not just for
COVID-19 patients, but also other viral respiratory tract infections, a comprehensive
understanding of the mechanisms underlying NETs induction is crucial. In this work, we have
therefore aimed to analyze the potency of SARS-CoV-2 to induce NETs formation.

Methods
Neutrophil isolation

Healthy adult donors volunteered and consented to the blood collection under ethical
approval given by the Ethics Committee of the University Hospital Bratislava (workplace
Ruzinov under number EK 218/2020). Blood was collected by venous puncture into
heparinized tubes, neutrophils isolated by 1-Step Polymorphs (Accurate Chemical & Scientific
Corp, USA) and resuspended in RPMI 1640 with 10% FBS (PAN-Biotech, Germany).

SARS-CoV-2 preparation

SARS-CoV-2 was cultured on Vero E6 cell line in complete DMEM medium with 10% FBS
(Gibco, UK). Virus titter was calculated by plaque forming assay. Live virus was used for
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induction of NETs detected via fluorescence microscopy. All following experiments used a
heat-inactivated virus.

Mitochondria isolation and quantification

Placental tissue was homogenized in STE buffer (250 mM saccharose, 2 mM EGTA, 5 mM Tris-
HCI, pH=7.4) and mitochondria were isolated by performing a series of three differential
centrifugations at 500 x g for 3 minutes at 4°C and 8000 x g for 10 min at 4°C.

Isolated mitochondria were quantified by qPCR (forward: 5'-CATAAAAACCCAATCCACATCA-3’,
reverse: 5'-GAGGGGTGGCTTTGGAGT-3') on the QTower3 (Analytik Jena GmbH, Germany)
using the Advanced Universal SYBR Green Supermix (Bio-Rad, USA).

Detection of NETs by fluorescence microscopy

Neutrophils were seeded onto 0.01% poly-L-lysine coated coverslips and stimulated with
DMEM medium collected from control or SARS-CoV-2 infected Vero cells and 100 nM phorbol
12-myristate 13-acetate (PMA) for 3 hours at 37°C and 5% CO.. Neutrophils were then fixed
with 2% paraformaldehyde and stained with anti-citrullinated histone H3 antibody (ab219407,
Abcam, UK) followed by and 200 nM SYTOX™ Green Nucleic Acid Stain (Invitrogen, USA). Slides
were mounted and images collected with an Axiolab 5 fluorescence microscope (Zeiss,
Germany).

Detection of NETs by live-cell microscopy

Neutrophils were seeded on a 96-well tissue culture flat bottom plate and stained with 1.25
ug/ml Hoechst 33342 (Merck, USA) and 200 nM SYTOX™ Green Nucleic Acid Stain (Invitrogen,
USA). Neutrophils were treated with isolated mitochondria (MOI20) and media from control
or SARS-CoV-2 infected Vero cells and immediately imaged using a Cytation 7 Cell Imaging
Multi-Mode Reader (BioTek, USA). NETs were considered to be >20 um SYTOX™ Green
positive objects and relative NETs formation was calculated from the area under the curve
(AUC) of NETs formed over time normalized to the number of Hoechst positive cells.

Flow cytometry of mitochondria and DNA containing particles

Quantity and size of DNA-associated microparticles stained with 200 nM SYTOX™ Green
Nucleic Acid Stain (Invitrogen, USA) and cell-free mitochondria stained with 100 nM
Mitoview™ (Biotium, USA) was analysed by a DxFlex flow cytometer (Beckman Coulter, USA)
on a combination of V-SSC-A and FITC-A channels. Particle size was calculated according to
Flow Cytometry Sub-micron Particle Size Reference Kit (Invitrogen™, USA).

Statistical analysis

T-test and ANOVA was performed using GraphPad Prism v8.00 for Windows (GraphPad
Software, La Jolla, CA, USA). Data are presented as a mean and standard deviation (SD). P
values < 0.05 were considered statistically significant.

Results

SARS-CoV-2 infected and control medium induce NETs formation
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The induction of NETs by live SARS-CoV-2 virus was first analysed by fluorescent microscopy.
NETs were identified according to positive staining for histone H3 citrullination and a web-like
morphology of released DNA. Treatment with both SARS-CoV-2 conditioned medium and
uninfected medium from Vero cells induced the formation of NETs with a comparable
intensity and promoted histone citrullination in majority of the neutrophils. PMA used as a
positive control induced massive NETs formation while control neutrophils were negative for
both histone H3 citrullination and NETs release (Fig 1).

SARS-CoV-2 infected and control cell media contain extracellular mitochondria

Control PMA SARS-CoV-2 Vero cell medium

cit. Histone H3 DNA

merge

Fig 1 — Detection of NETs in response to SARS-CoV-2 conditioned and control media.
Representative images of NETs formation in response to mitochondria (MOI 20), medium from
SARS-CoV-2 infected cells (PFU) and control cells incubated with neutrophils for 3 h. NETs are
identified according to positive staining for citrullinated histone H3 (red) and DNA (green).

Content of both cell media that induced NETs formation was then analysed by flow cytometry
for the presence of DAMPs respresented by submicron particles associated with nucleic acids
or mitochondrial components (Fig 2A). The concentration of nucleic acid-associated particles
was ~11-times higher in media from SARS-CoV-2 infected cells when compared to the control
media, with more than 90% of the particles forming a population with an estimated size up to
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150 nm (p < 0.01) (Fig 2A, B). When analysed for the presence of mitochondrial components,
both media from control and SARS-CoV-2 infected cells contained a similar amount of particles
sized between 120-500 nm (Fig 2A, C). Quantity of mtDNA in both media was additionally
assessed by qPCR with no difference being observed in mitochondrial DNA copy number (Fig
2D).
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Fig 2 — Analysis of submicron particles in SARS-CoV-2 conditioned and control media. (A)
Calibration of flow cytometry for the detection of submicron particles with representative
images of nucleic acid-associated particles detected by SYTOX Green and MitoTracker Green.
(B, C) Quantity of nucleic acid- and mitochondria-associated particles in media analysed by
flow cytometry. (D) Analysis of mtDNA quantity by qPCR expressed as concentration of
genomic equivalents / pl. All analyses were independently repeated 3 times. ** = p <0.01
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Fig 3 —Live-cell microscopy analysis of NETs formation. (A) Representative image from live-
cell microscopy. NETs marked by white arrows are identified according to positivity for SYTOX
Green and size > 20 um. (B) Relative NETs formation in response to mitochondria (MOI20) and
medium from SARS-CoV-2 infected (PFU/ml) and control cells. n = 11, * = p < 0.05.

Exogenous mitochondria induce NETs similarily to SARS-CoV-2 infected and control media

Finally, NETs formation in response to exougenously administered mitochondria and
inactivated SARS-CoV-2 infected or control Vero cell media was analysed by live-cell
microscopy (Fig 3A). Concentration of extracellular mitochondria was set to MOI20, which is
an average concentration of mitochondria found in both types of previously tested media. All
of the samples induced NETs when compared to control and the intensity of the response did
not differ between the treatments (p < 0.05) (Fig 3B).

Discussion

Formation of NETs was since their discovery found to be induced by a plethora of stimuli
including viruses, although their antiviral properties still remain questionable. At the
beginning of the pandemic, several studies have shown that SARS-CoV-2 infection results in
an aberrant neutrophil activation and release of NETs. Herein, we have tested the capacity of
both live and inactivated SARS-CoV-2 virus harvested from media of infected Vero cells to
induce NETs formation.

Back in 2020, two research teams were fast to report that both live and heat-inactivated SARS-
CoV-2 induce the formation of NETs, but a formaldehyde fixation inhibits their capacity to do
so.(6, 7) Veras and colleagues have even proposed a mechanism were the virus stimulates
NETs release upon binding to neutrophil angiotensin converting enzyme (ACE2).(6) In both
studies, it was observed that SARS-CoV-2 could induce the formation of NETs even at very low
concentrations, starting from a MOI of 0.5-1. This dose was surprisingly found to be lower
than what is typically required for other pathogenic stimuli, such as bacteria or fungi.

Similar to these studies, we have also cultivated SARS-CoV-2 on an immortalized Vero cell line
that is standardly used as a substrate for virus isolation. Interestingly, we have observed that
both media derived from SARS-CoV-2 infected Vero cells containing live or heat-inactivated
virus and the control media exhibited equal potency in inducing NETs formation. This suggests
that the neutrophils can be activated by other components of the media than just the virus
itself. Successful spread of a virus requires lysis of the infected cell, which in the case of
coronaviruses results in a massive destruction of pneumocytes.(8) We have therefore
hypothesized that mitochondria released from dead cells accumulated in cultivation media
and were acting as so-called DAMPs (damage-associated molecular patterns). Due to their
evolutionary origin, mitochondria share several bacterial features such as formylated peptides
and unmethylated DNA that were already described to induce NETs.(9, 10) Indeed, our flow
cytometry analysis revealed that media derived from both SARS-CoV-2 infected and control
cells contained a lot of mitochondria, which was also confirmed by gPCR.

We have therefore stimulated neutrophils with isolated mitochondria set to a dose found in
the Vero cell media and observed a similar rate of NETs induction. We thus propose that
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mitochondria released from dying cells during SARS-CoV-2 infection contribute to the
aberrant activation of neutrophils resulting in formation of NETs. While this phenomenon
needs a more extensive verification, understanding the mechanism of NETs induction during
viral infection is vital not just for the COVID-19 pandemic but extends to other viral infections
as well.
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Uvod

Ako je dnes uz zname, pandémia Covid-19 je v modernej svetovej histérii bezprecedentna
a spustila prival vyskumnych aktivit v réznych oblastiach verejného zdravia, pricom toto Usilie
prinieslo rovnako bezprecedentnu zaplavu referencnych epidemiologickych udajov [1].
Od prvého pripadu detekcie virusu SARS-CoV-2, ktory bol zaznamenany v decembri 2019
v ¢inskom Wu-chane, sa globdlna priestorova dynamika ndkazy tymto ochorenim rychlo
menila a stale sa meni. Infekcia sa rozsirila z Azie do Eurdpy a USA, Juznej Ameriky a napokon
do celého sveta [2].

Moznym spdsobom, ako monitorovat Sirenie choréb a odhadovat vyvoj nérastu/ poklesu
Covid-19 pripadov, je vykonat rozsiahle laboratdrne, ale aj domdce testovanie na detekciu
SARS-CoV-2 v populdcii — toto opatrenie bolo prijaté aj na uzemi Slovenska. Optimélnou
laboratérnou testovacou metddou na zistenie pritomnosti virusu SARS-CoV-2 vo vzorke je RT-
gPCR (Quantitative Real-Time Reverse Transscription Polymerase Chain Reaction). K 6. junu
2023 Slovensko zaznamenalo celkovo 1981096 pozitivnych pripadov koronavirusu
z7 412 925 vykonanych RT-qPCR testov [3].

Monitorovanie RT-gPCR amplifikdcie je zaloZené na principe fluorescencie za vyuZitia
fluorescenénych latok viazucich sa na amplifikovani DNA. Pre kazdu vySetrovanu vzorku je
nasledne na zéklade nameranych fluorescencnych signalov vytvorena amplifikacna krivka [4].
Prahova hodnota cyklu (Ct) predstavuje pocet PCR cyklov potrebnych na to, aby generovany
fluorescenény signal prekrodil uroveri pozadia — detegovany udaj Ct hodnoty je sucastou
pozitivneho vysledku RT-gPCR testu [5]. | ked ide o relativnu veli¢inu, existuje konsenzus, Ze
jej hodnota mézZe do urditej miery odrazat virusovu zataZz a nasledne indikovat stav infekcie —
nizke Ct hodnoty napovedaju o vysokej virusovej zatazi jedinca a naopak vysoké Ct hodnoty
naznacuju potencidlne nizku virusovu zataZ a teda relativne nizku droven infekénosti jedinca

[e].

Nakolko méa virus SARS-CoV-2 schopnost vysokej frekvencie rekombindcie gendmu, hrozbou
na Urovni populacie si mozné nepredvidatelné zmeny virulencie [7]. Pre dohlad nad Sirenim
obdobnych virusovych infekénych ochoreni je preto doélezité najst taky indikator, ktory dokaze
predpovedat epidemické/ pandemické trendy v populdcii. Autori Pujadas akol. svojimi
vysledkami determinuji, Ze virusova zataz detegovana na zdklade Ct hodnét méze
predpovedat umrtnost pacientov s Covid-19 [8]. Vysledky ¢eskych kolegov Musalkova a kol.
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potvrdzuju, Ze zaznamenana priemerna tyzdenna Ct hodnota s uréitym ¢asovym oneskorenim
moze predpovedat zmeny, resp. narast poctu pozitivnych Covid-19 pacientov [9].

Na zaklade vyssie uvedenych zisteni sme sa v nasej Studii zamerali na vysledky RT-gPCR
detekcie virusu SARS-CoV-2 v laboratéridach Medirex a.s. v kontexte s parametrami virusovej
zataze (odhadom pomocou hodnét Ct) medzi charakterizovanymi podskupinami pozitivnych
jedincov detegovanych v datumovom obdobi marec 2020 — september 2022 s ciefom zhrnat
vysledky atrendy laboratérneho testovania pritomnosti SARS-CoV-2 vo vzorkdch
pochadzajucich zo slovenskej populécie z obdobia masivnej Covid-19 PCR detekcie.

Material a metédy

Studia analyzovala Gdaje poskytnuté akreditovanym laboratériom Medirex. Udaje predstavuju
vysledky RT-qPCR testov hodnotenych od marca 2020 do septembra 2022. RT-qPCR detekcia
bola vykonana v centrélnych laboratdriach v Bratislave, KoSiciach a Nitre. Pocas tohto obdobia
laboratéria zanalyzovali 1 420 572 testov.

Pritomnost SARS-CoV-2 sa stanovovala z nazofaryngealnych vyterov a vzoriek slin, nakolko
odberové miesta na Slovensku poskytovali tieto dve moznosti odberu biologického materialu.
Automatizovand izolacia nukleovej kyseliny (RNA) na magnetickych Ccasticiach bola
uskutocnena pomocou suprav Sera-Xtracta Virus/Pathogen Kit (Cytiva) a Zybio Nucleic Acid
Extraction Kit (Zybio) s vyuZitim systému KingFisher™ Flex Purification System (Thermo
Scientific), Zybio EXM 3000 Nucleic Acid Isolation System a Zybio EXM 6000 Nucleic Acid
Isolation System (Zybio). Testovanie sa uskutocnilo metéddou RT-gPCR s pouZitim suprav
COVID-19 Real Time Multiplex RT-PCR Kit (Labsystems Diagnostics), SARS-CoV-2 Nucleic Acid
Detection Kit (Zybio) a Real Time Multiplex RT-PCR Kit (Liferiver) pomocou gPCR platforiem
ABI 7500 (Fast) Real-Time PCR System (Applied Biosystems), QuantStudio 5 a QuantStudio 6
Real-Time PCR System (ThermoFisher). Udaje ziskané pre kazdy test zahffiali denné ¢islo
vzorky, ddtum odberu, ID pacienta, vek, pohlavie, miesto odberu vzorky, vysledok testu, a v
pripade pozitivneho vysledku aj hodnotu Ct virusového génu E - hrani¢na hodnota do 40 (pre
kit SARS-CoV-2 Nucleic Acid Detection Kit (Zybio)) alebo 41 (pre kity Real Time Multiplex RT-
PCR Kit (Labsystems Diagnostics) a Real Time Multiplex RT-PCR Kit (Liferiver)) - t.j. sekvencia
nukleovej kyseliny bola identifikovana v ¢ase, ked PCR presla 39 alebo 40 cyklami. Hodnota Ct
bola spolu s pozitivnym vysledkom testu laboratériom Medirex, a.s. uvadzana a archivovana
od 3. decembra 2020, ¢o vysvetluje nizsiu pocetnost pozitivnych PCR testov s uvedenou Ct
hodnotou v porovnani s celkovym poctom pozitivnych PCR testov v ramci tejto studie.

Udaje boli kategorizované do deviatich skupin podla veku/ Grovne navitevovanej $koly:
novorodenci a batolata (0-2 roky); deti predskolského veku (3-5 rokov); Ziaci Z5 | (6-8 rokov);
Fiaci Z8 11 (9-13 rokov); Ziaci ZS Il (14-15 rokov); mlade? I/ Ziaci SS (16-19 rokov); mladez I/
tudenti VS (20-26 rokov); dospeli (27-65 rokov) a seniori (66 rokov a starsi).

Vysledky

Od marca 2020 do septembra 2022 laboratérid Medirex, a.s. vykonali celkovo 1420 572 RT-
gPCR testov na diagnostické ucely detekcie SARS-CoV-2 vo vzorke, ¢o za dané obdobie
predstavuje viac ako 19 % z celkového poctu testov RT-qPCR na Slovensku. Celkova pozitivita
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analyzovanych testov bola 24,64 % (350067 testov), pricom najvys$siu mieru pozitivity
(nad 30 %) dosiahli vekové kategoérie: 6-8 r, 9-13 r, 14-15r, 16- 19 r (Tabulka 1).

Obrazok 1 zobrazuje vekové rozdelenie testovanych jedincov a pozitivnych jedincov (1A),
respektive vekové rozdelenie testovanych a pozitivnych jedincov v zévislosti od pohlavia —
muz/ Zena (1B). Najviac testovanych jedincov bolo vo veku 43 rokov (30 895 jedincov).
Rozdelenie hodn6t Ct u pozitivne testovanych jedincov pravdepodobne nie je unimodalne,
pricom priemerny median hodnét Ct je rovny 27,9 (1C). Zistené hodnoty Ct sa pohybovali
od 9,5 do 41. Najvyssie priemerné hodnoty Ct boli dosiahnuté vo vekovej skupine 3-5 r, rovné

a dosahovali Cislo 27 (1D).

Obrézok 2 znazornuje rozdelenie hodnét Ct/ celkovej pozitivity v zavislosti od vekovej skupiny
jedincov. Huslovy graf ukazuje postupné znizovanie hodnét medianu Ct spolu so zvySujicim
sa vekom kategorizovanych vekovych skupin. Najvyssia hodnota medianu Ct bola zistena
v skupindch 20-26 r a 27-65 r, rovnala sa ¢islu 26,7 (2A). Celkova pozitivita nad 30 % bola
zaznamenana u jedincov vo veku 7-19 r (2B).

Tabulka 1: Pocet pozitivnych/ negativnych RT-qPCR testov a celkova pozitivita testov pre
jednotlivé vekové kategdrie.

Vekova Pocet pozit.[||Pocet negat./|Celkovy pocet|Pozitivita
kategorial |testov testov testov (%)
0-2r 1806 9273 11079 16,30
3-5r 4757 14 201 18 958 25,09
6-8r 10 689 21112 31801 33,61
9-13r 26193 42 544 68 737 38,11
14-15r 9983 17 968 27951 35,72
16-19r 18 839 37543 56 382 33,41
20-26r 28 861 90078 118 939 24,27
27-65r 216 104 703 904 920 008 23,49
>65r 32835 133 882 166 717 19,70
Celkovo 350 067 1070 505 1420572 24,64
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Obrazok 1: (A) Vekové rozloZenie vsetkych testovanych jedincov (modrd krivka), pozitivhe
testovanych jedincov (Cervend krivka). (B) Vekové rozdelenie vsetkych testovanych Zien
(zelend krivka), pozitivne testovanych Zien (Cervena krivka), vSetkych testovanych muZov
(modra krivka), pozitivne testovanych muzZov (ruzova krivka). (C) Rozdelenie Ct hodnot
vsetkych diagnostickych testov (Cierna krivka), testov vykonanych u Zien (Cervend krivka),
testov vykonanych u muzov (modra krivka). (D) Rozdelenie Ct hodnét vsetkych diagnostickych
testov — Gidaje st rozdelené podla vekovych skupin jednotlivcov. (A-D) Udaje st zobrazené ako

grafy hustoty.
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Obrazok 2: (A) Distribucia Ct pozitivnych diagnostickych testov v réznych vekovych
skupinach. Data su zobrazené ako huslové grafy a vribkované boxploty su doplnené o
hodnoty Ct medianu (oranZové segmenty). (B) Rozdelenie miery pozitivity podla veku
jedincov (zelenad krivka) a rozdelenie poctu testov podla veku jedincov (modra krivka).

Diskusia

Pandémia Covid-19 zasiahla mnohé oblasti mediciny a zdravotnej starostlivosti po celom
svete. Jej dalsi vyvoj bolo/ je velmi tazké predpovedat, pricom neschopnost predvidat narasty
alebo poklesy v pripadoch infekcie SARS-CoV-2 wvyrazne ovplyvnila schopnost autorit
verejného zdravotnictva reagovat na krizu vyvolanu pandémiou a prijimat potrebné opatrenia
vo verejnom sektore. V¢asnd detekcia virusu SARS-CoV-2 pomocou diagnostickych metdd je
preto stale kli¢ova — RT-gPCR poskytuje vysoky diagnosticky potencial vdaka v sucasnosti
dobre rozvinutej laboratdrnej infrastrukture. V nasej studii sme analyzovali, ¢i a ako koreluju
priemerné Ct hodnoty pozitivnych RT-qPCR testov so zvySujicim savekom jedincov
subpopuldcie obyvatelov Slovenska testovanych v jednom akreditovanom laboratériu.

Skutoc¢na lokalna prevalencia a pocet vykonanych testov ovplyviiuju hodnotu miery pozitivity.
Vo vSeobecnosti, ¢im viac testov bolo diagnostikovanych, tym sa miera pozitivity viac priblizuje
skutocnej prevalencii [10]. Analyzované testy tejto Studie predstavuju > 19 % vsetkych
diagnostickych RT-qPCR testov na Slovensku (za dany datumovy interval) z > 93 % okresov SR,
takZe by mali byt reprezentativne pre populaénd mierku.

Z udajov vyplynulo, Ze najvyssiu mieru pozitivity mali Ziaci zakladnych a strednych 3kol
(6-19 r) (Tabulka 1, Obrazok 2B), tento jav pravdepodobne suvisi s nizSou frekvenciou testov
v danych vekovych podskupinach. Okrem toho mali Ziaci pocas velkej casti pandémie
zatvorené $koly [11] a nemuseli sa podrobovat pravidelnému PCR testovaniu (povinné napr.
pre niektoré skupiny zamestnancov na pracovisku). Preto boli maloleti zrejme podrobeni PCR
diagnostike pritomnosti SARS-CoV-2 aZ v pripade priznakov ochorenia Covid-19, ¢o mohlo
prispiet k zistenej vyssej miere celkovej pozitivity v tejto vekovej podskupine.

Vysledky niekolkych studii preukazuju, Ze distriblcie Ct hodndt v pripadoch skriningu SARS-
CoV-2 su typicky bimodalne [12, 13]. Existuje predpoklad, Ze nizsia maximalna Ct hodnota
zodpoveda pacientom s vysokou infekénostou a vyssia maximalna Ct hodnota bimodalneho
rozdelenia zodpoveda pacientom s nizkou infekénostou [13]. Bimodalna distribdcia je typicka

52



virusovou zétaZzou v akutnej faze infekcie a vyssie Ct hodnoty su typické pre skoru fazu infekcie
alebo fazu rekonvalescencie [6, 14, 15]. Tento predpoklad by mohol vysvetlovat, preco
rozdelenie priemernych Ct hodn6t nasich udajov nie je unimodaine.

Dalej sme sa zamerali na distribtciu Ct hodn6t v réznych vekovych skupinéch, aby sme ur¢ili,
ktoré skupiny moézu najviac prispiet k Sireniu infekcie. Graf na obrazku 2A determinuje, Ze
pokles priemernych Ct hodndét bol konzistentny so zvySujucim sa vekom jedincov
v kategorizovanych vekovych podskupindch. Toto pozorovanie je v stlade s tvrdenim, Ze deti
s infekciou SARS-CoV-2 su Casto asymptomatické alebo mierne symptomatické a len zriedka
su pripadom indexu v prenosovych retazcoch v domacnostiach [16].

Existuje niekolko faktorov, ktoré mozu potencidlne ovplyvnit zistené Ct hodnoty, jednym
z nich je typ vzorky (napr. nazofaryngedlna, predna sliznica nosa, sliny, spitum) [17]. Detekcia
nizsich Ct hodnét u deti moze suvisiet s kvalitou odberu, nakolko je potrebné zaviest odberovi
pali¢ku do nosohltana [18]. Odber slin bol zavedeny do praxe prave pre komplikacie odberov
z nosohltanu u uréitych skupin jedincov — vyraznu bolest pri vyteroch z nosohltanu popisalo
58 % mladych ludi oproti Ziadnej pri odbere slin, pricom odber slin preferuje az 90 % deti. [19].
Vysledky studii preukazuju, Ze detekcia zo vzoriek slin funguje rovnako alebo lepsie ako vytery
z nosohltanu v nemocni¢nych, pohotovostnich ¢i skriningovych zariadeniach na detekciu
SARS-CoV-2 pomocou RT-qPCR [20-23]. Priemernd hodnota Ct v slinach viak moze byt vyssia
v porovnani s priemernou hodnotou Ct z nazofaryngedlnych vyterov [24]. Preto sa ako
vhodnejsia vzorka na diagnostiku RT-qPCR zvycajne odporuca kombinovany vyter z nosa a
hrdla [17]. KedZe sme do tejto Studie chceli zahrnit vsetky vzorky od marca 2020
do septembra 2022 poskytnuté laboratériom Medirex, a.s. s priradenym pozitivnym/
negativnym vysledkom, Udaje zahffiaju vytery z nosohltanu aj vzorky slin. Vysledky
reprezentujuce detekciu SARS-CoV-2 zo vzoriek slin vSak predstavuju menej ako 5 % vsetkych
vzoriek, a preto nepredpokladédme, Ze by této skuto¢nost mohla ovplyvnit celkovi vypovednu
hodnotu priemernych hodnét Ct pre Udaje tejto Studie.
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Introduction

The first cases of unknown acute atypical respiratory infection emerged in the city of Wuhan
(China) in December 2019. Soon, novel betacoronavirus SARS-CoV-2 [1] was identified. Due to
the rapid spread worldwide, the World Health Organization (WHO) declared a pandemic in
March 2020 [2]. Testing and rapid identification of infected persons continues to play a key
role in limiting the spread of the virus in the population.

Reverse real-time polymerase chain reaction (qRT-PCR) became very quickly the standard and
accurate diagnostic method for the detection of SARS-CoV-2 ribonucleic acid (RNA) in
nasopharyngeal swab samples. However, the collection of nasopharyngeal swabs faces
several challenges. Firstly, it requires specialized medical personnel to perform the sample
collection. These medical personnel are exposed to the risk of transmission of the virus from
the infected patients. Secondly, laboratory facilities and time to provide results (from several
hours to 1 day) are important factors when comes to prompt diagnostic. Moreover, other
disadvantages are possible difficulties in sampling and patient discomfort [3]. Non-invasive
sampling suitable for the diagnostic of viral infection — such as saliva collection, could resolve
many difficulties associated with nasopharyngeal swabs. Patients can collect saliva by
themselves, not exposing medical personnel to the risk of infection [4].

Even though qRT-PCR is the diagnostic standard for the presence of viral RNA in samples, it
requires technical equipment such as temperature cycler with fluorescence detection. An
alternative method to qRT-PCR is loop-mediated isothermal amplification coupled to reverse
transcription (RT-LAMP), which can also detect specific viral RNA sequences [5]. RT-LAMP
reaction is isothermal, and it does not require a temperature cycler or other special equipment
except for a thermostat maintaining the temperature at 65°C [6]. The result can be analyzed
by visual inspection using a pH-sensitive dye after only 30 minutes of incubation [7]. The
reaction time, simple procedure, use of saliva as a sample and visual analysis of the result are
ideal and important for quick diagnosis of the patient, for example in the hospital. The aim of
this study was to verify whether the diagnosis of the SARS-CoV-2 is possible using the RT-LAMP
method on saliva samples.
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Materials and methods
Sample collection and processing

One cohort of saliva samples was collected from volunteers (n=120) suspected of being
infected with the SARS-CoV-2 virus at the University Hospital RuZinov in Bratislava. At the
same time, nasopharyngeal swabs were collected by the medical staff and sent to the
diagnostic laboratory for gRT-PCR. Diagnostic laboratory provided information whether
samples were positive or negative.

Second cohort of saliva samples was collected from volunteers (n=58) tested positive on
antigen test (STANDARD Q COVID-19 Ag, SD Biosensor, South Korea) at the University Hospital
RuZinov in Bratislava. Saliva samples were divided, and one aliquot was used for RNA isolation
and second aliquot was used directly in RT-LAMP. Total RNA was isolated from 400 pL of the
whole saliva using RNeasy Plus Mini kit (Qiagen, Hilden, Germany) followed manufacturer
protocol.

Whole saliva in both cohorts was collected by volunteers by spitting into a sterile tube and
delivered to our laboratory. To avoid potential infections, but also as a part of sample
processing, saliva samples were inactivated by heating at 95°C for 5 min. In the saliva samples,
with a sufficient volume, the pH value of the saliva was measured. Saliva samples were used
for direct testing in the RT-LAMP reaction and aliquots were stored at -20°C.

Colorimetric RT-LAMP

To assess sensitivity of RT-LAMP reaction 2-fold serial dilution from 100 copies to 1 copy of
the EDX SARS-CoV-2 RNA Standard (Exact Diagnostics, Fort Worth, Texas, USA) was used as
the RNA template for the RT-LAMP. Primers used in RT-LAMP are targeting spike protein S-
123 and were designed by Yan et al. 2020 [9]. All primers were synthetized by Microsynth AG,
Balgach, Switzerland. A 10 ul reaction mixture contained WarmStart® Colorimetric LAMP 2x
Master Mix DNA and RNA (New England Biolabs, Ipswich, MA, USA) — 5 pl; 10x primer mix —
1 pl; nuclease free H,0 — 3 pl and RNA template — dilutions of SARS-CoV-2 RNA Standard —
1 pl. The results of the color reactions were evaluated with naked eye after a 30 min
incubation at 65°C in an Eppendorf ThermoMixer C (Eppendorf, Hamburg, Germany).

For testing saliva samples, RT-LAMP reaction with a total volume of 10 pl was prepared by
mixing WarmStart® Colorimetric LAMP 2x Master Mix DNA and RNA (New England Biolabs,
Ipswich, MA, USA) — 5 pl; 10x primer mix [9] — 1 pl; nuclease free H,0 — 1 ul; examined saliva
sample or positive control (EDX SARS-CoV-2 RNA Standard) or negative control (H20) - 3 pl.
The RT-LAMP reaction was performed at 65°C for 30 min in an Eppendorf ThermoMixer C
(Eppendorf, Hamburg, Germany). After incubation, we observed the reaction with the naked
eye and determined the result based on color change. In the case of a positive sample or
control, the reaction mixture changed color from pink to yellow, and in the case of a negative
sample, the reaction mixture remained pink.

57



One-step qRT-PCR

gRT-PCR reaction with total volume 10 pL was prepared by mixing QIAGEN QuantiTect SYBR
Green RT-PCR master mix (Qiagen, Hilden, Germany) - 5 uL; 500 mM forward and reverse
primers [10] for N1 and N3 gene of SARS-CoV-2 (Microsynth AG, Balgach, Switzerland) — 0.5
uL each; QuantiTect RT mix — 0.1 pL; nuclease free H,0 — 1.4 pL and RNA template — 2.5 pL.
As a positive control we used viral RNA isolated from cell culture supernatant obtained from
Vero E6 cells infected with SARS-CoV-2 virus strain Slovakia/SK-BMC5/2020. One-step real-
time gRT-PCR thermocycling conditions were set as described in the Table 1 using Eppendorf
realplex* Mastercycler epgradient S (Eppendorf, Hamburg, Germany).

Table 1: Thermocycling conditions for one-step qRT-PCR detection of N1, N3 genes of SARS-
CoV-2.

Step Temperature | Time Cycles
1. Reverse transcription | 50°C 30 min 1
2. Initial denaturation 95°C 15 min 1

A. Denaturation 95°C 15 sec

45
B. Annealing 55°C 30 sec
C. Extension 65°C 30 sec
e melting curve

Statistical analysis

We compared the results of saliva RT-LAMP with the results of qRT-PCR of nasopharyngeal
swabs. Based on this, we determined which samples were positive, false positive, negative,
and false negative. Subsequently, we mathematically determined the accuracy, sensitivity,
and specificity of the RT-LAMP reaction. All graphs were done using GraphPad Prism 9.3.1
Software (GraphPad Software, San Diego, California, USA).

Results

The sensitivity of RT-LAMP reaction was assessed using 2-fold dilution of EDX SARS-CoV-2 RNA
Standard from 100 copies to 1 copy per reaction. We evaluated results based on color change
(yellow — positive or pink — negative) after 30-minute incubation at 65°C. The primer mix [9]
we used shown the lowest limit of detection (LOD) at 6 copies of the EDX SARS-CoV-2 RNA
Standard per reaction (Figure 1).
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Figure 1: Sensitivity of RT-LAMP using the 2-fold dilution of EDX SARS-CoV-2 RNA Standard.
Yellow color — positive result; pink color — negative result; NC - negative control.

In the first cohort, we have tested saliva samples (n=120) using RT-LAMP. We compared RT-
LAMP results to the gRT-PCR results (positive/negative) from diagnostic laboratory and
evaluated three samples as positive (2.5%), two samples as false positive (1.7%), one hundred
three samples as negative (85.8%) and twelve samples as false negative (10%) (Figure 2). We
calculated the accuracy of the RT-LAMP test as the proportion of positive and negative
samples against all tested parameters. Based on our results, the accuracy of the RT-LAMP
reaction is 88.3%. We calculated the sensitivity of the RT-LAMP test as the proportion of
positive samples to positive and false negative samples. Based on our results, the sensitivity
of the RT-LAMP reaction is 20%. As a third parameter, we calculated the specificity of the RT-
LAMP reaction as the proportion of negative samples against negative and false positive
samples. The specificity of the RT-LAMP reaction is 98% based on our results.

RT-LAMP analysis

= 2.5% Positive
Hl 17% False positive
E= 85.8% Negative
3 10.0% False negative

Total=120

Figure 2: Percentage analysis of RT-LAMP results with direct use of saliva.

In the second cohort, we have tested in RT-LAMP saliva samples (n=58) previously tested

positive on COVID-19 antigen test. We compared RT-LAMP results to the Ct values obtained

from one-step qRT-PCR (Figure 3) and evaluated twenty-three samples as positive (39.7%),

nine samples as false positive (15.5%), nine samples as negative (15.5%) and seventeen

samples as false negative (29.3%) (Figure 4). We calculated the accuracy of the RT-LAMP test

as the proportion of positive and negative samples against all tested parameters. Based on
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our results, the accuracy of the RT-LAMP reaction is 55%. We calculated the sensitivity of the
RT-LAMP test as the proportion of positive samples to positive and false negative samples.
Based on our results, the sensitivity of the RT-LAMP reaction is 58%. As a third parameter, we
calculated the specificity of the RT-LAMP reaction as the proportion of negative samples
against negative and false positive samples. The specificity of the RT-LAMP reaction is 50%
based on our results.
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Figure 3: Detection of SARS-CoV-2 in saliva samples using RT-LAMP. A — Comparison of RT-
LAMP and gRT-PCR results. Average Ct values of N1 and N3 gene (qRT-PCR) of 58 COVID-19
antigen positive samples (y-axis) were compared to the RT-LAMP readout (x-axis) after 30-
minute incubation at 65°C where yellow color presented positive (+) result and pink color
presented negative (-) result. B - Comparison of RT-LAMP and range of Ct values (qRT-PCR).
Average Ct values of N1 and N3 gene (qRT-PCR) of 58 COVID-19 antigen positive samples (y-
axis) were divided to two range groups from Ct <32 and Ct >32 and compared to the RT-LAMP
readout (x-axis) after 30-minute incubation at 65°C where yellow color presented positive (+)
result and pink color presented negative (-) result. Red dashed line indicates cut off — samples
with Ct values below 38 are positive and samples with Ct value 38 and above are negative for
presence of viral RNA.

60
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Figure 4: Percentage analysis of RT-LAMP results with direct use of saliva.

In the second cohort, we were able to measure pH value in 57 from 58 saliva samples. We
divided samples to four groups: true negative, true positive, false negative and false positive
samples and compared pH values (Figure 5). Analysis did not show any significant differences.
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Figure 5: Effect of salivary pH on RT-LAMP.
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Discussion

The aim of this study was to verify whether the diagnosis of the SARS-CoV-2 is possible using
directly saliva samples in the RT-LAMP method without previous nucleic acid extraction.
In our study we assessed sensitivity of RT-LAMP using EDX SARS-CoV-2 RNA Standard with LOD
6 copies per reaction. Furthermore, we tested two cohorts of saliva samples in RT-LAMP. Our
results showed that in the first cohort of saliva samples (n=120) we are able to detect SARS-
CoV-2 directly from saliva using the RT-LAMP with an accuracy of 88.3%, a specificity of 98%,
but a very low sensitivity - in our case, only 20% compared to qRT-PCR (positive/negative)
results. In the second cohort of saliva samples (n=58) we detected SARS-CoV-2 directly from
saliva with the accuracy of 55%, the specificity of 50% and sensitivity of 58% compared to Ct
values of SARS-CoV-2 N gene in gRT-PCR.

Saliva itself is probably one of the factors affecting the sensitivity of the RT-LAMP reaction.
The main disadvantage of saliva as a direct diagnostic fluid is low salivation in some patients
or high viscosity of saliva, which results in difficulties with its processing in the laboratory.
Furthermore, Uribe-Alvarez et al. in their study showed that a low pH of saliva leads to a false
positive RT-LAMP result, and at the same time, the stabilization of pH fluctuations due to the
acidity of saliva leads to a significant improvement in the reliability of the RT-LAMP test [8].
However, in our study comparison of pH values between true positive and false positive
results did not show any difference.

Based on our results, we can confirm that we can detect the SARS-CoV-2 virus directly in a
saliva sample without prior RNA isolation using the RT-LAMP method. Saliva as a diagnostic
fluid has many advantages — it can be simply, non-invasively collected anywhere, and at the
same time it does not require trained medical personnel. However, some characteristics of
saliva (e.g. low pH) can negatively affect the result of the RT-LAMP reaction [8]. Nevertheless,
RT-LAMP represents a rapid method with a simple procedure and detection of the result,
which are of utmost importance for testing at the point of care (bedside testing) in various
emerging diseases such as COVID-19. However, for the use of saliva and the RT-LAMP method
in clinical practice, further optimization to increase the sensitivity of the diagnostic test is
necessary.

Acknowledgements

The study was supported by the Agency for the Support of Research and Development (APVV)
with grant PP-COVID-20-0017.

References

1. Yice M, Filiztekin E, Ozkaya KG: COVID-19 diagnosis —A review of current methods.
Biosensors and Bioelectronics. 2020; 172 112752. doi: 10.1016/j.bios.2020.112752.

2. Parasher A: COVID-19: Current understanding of its pathophysiology, clinical
presentation and  treatment. Postgrad Med J. 2021; 97:312-320.
doi:10.1136/postgradmedj-2020-138577.

3. Azzi L, Maurino V, Baj A, et al.: Diagnostic Salivary Tests for SARS-CoV-2. J Dent
Res. 2021; 100(2):115-123. doi: 10.1177/0022034520969670.

62



10.

Kaczor-Urbanowicz KE, Carreras-Presas CM, Aro K, Tu M, Garcia-Godoy F, Wong DT:
Saliva diagnostics — Current views and directions. Exp Biol Med (Maywood). 2017;
242(5):459-472. d0i:10.1177/1535370216681550.

Wong YP, Othman S, Lau YL, Radu S, Chee HY: Loop-mediated isothermal amplification
(LAMP): a versatile technique for detection of micro-organisms. J Appl Microbiol. 2018;
124(3):626-643. doi: 10.1111/jam.13647.

Notomi T, Mori Y, Tomita N, Kanda H: Loop-mediated isothermal amplification (LAMP):
principle, features, and future prospects. J Microbiol.2015; 53(1):1-5. doi:
10.1007/s12275-015-4656-9.

Baek YH, Um J, Antigua KJ, et al.: Development of a reverse transcription-loop-
mediated isothermal amplification as a rapid early-detection method for novel SARS-
CoV-2. Emerg Microbes Infect. 2020; 9(1):998-1007. doi:
10.1080/22221751.2020.1756698.

Uribe-Alvarez C, Lam Q, Baldwin DA, Chernoff J: Low saliva pH can yield false positives
results in simple RT-LAMP-based SARS-CoV-2 diagnostic tests. PLoS ONE. 2021; 16(5):
€0250202. https://doi.org/10.1371/journal.pone.0250202.

Yan C, CuiJ, Huang L, et al.: Rapid and visual detection of 2019 novel coronavirus (SARS-
CoV-2) by a reverse transcription loop-mediated isothermal amplification assay. Clin
Microbiol Infect. 2020; 26: 773-779.

Lu X, Wang L, Sakthivel S, et al.: US CDC real-time reverse transcription PCR panel for
detection of severe acute respiratory syndrome coronavirus 2. Emerg Infect Dis. 2020;
26: 1654-1665.

63



10. The national wastewater surveillance program: a useful
method for regular monitoring of circulating SARS-CoV-2
variants

Peter Radvék %2, Diana Rusfidkova 345, Tatiana Sedla¢kova **, Tomas Sladelek 4, Jozef
Sitarcik 24, Miroslav Bohmer 145, Jaroslav Budi$ 124, Edita Starofiova °, Barbora Kotvasova 5,
Jan Turfia Y23, Tom4s Szemes 134

! Comenius University Science Park, Bratislava, Slovakia
2 Slovak Centre of Scientific and Technical Information, Bratislava, Slovakia

3 Department of Molecular Biology, Faculty of Natural Sciences, Comenius University,
Bratislava, Slovakia

4 Geneton Ltd., Bratislava, Slovakia

5 Public Health Authority of the Slovakia, Bratislava, Slovakia

Introduction

The World Health Organization still considers the pandemic caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) a public health threat, even three years
after the declaration of the Coronavirus disease (COVID-19) pandemic (1). The recent
statement from the WHO ending the global health emergency does not mean that the system
built to cope with the pandemic will be dismantled (2). Many states initially developed
surveillance systems to detect and monitor the SARS-CoV-2 virus, but as the pandemic
evolved, new variants of concern emerged. Clinical based surveillance tended to be
outbalanced due to limitations like the availability of testing capacities and high costs of
individual testing (3). Wastewater based (WWB) surveillance emerged as a viable alternative
to estimate the percentages of circulating variants in the population, but there are limitations
in the quality of isolated RNA and different viral loads (4). To overcome these limitations,
pipeline processing and new bioinformatic tools needed to be developed to analyze
wastewater based WWB samples.

This study presents data collected from more than 60 municipal wastewater collecting
facilities in the Slovak Republic from January to August 2022. We compared WWB data with
clinical specimens to show how these two separate epidemiology approaches worked
alongside during the observed time. Collecting sludge from all environments is a feasible
method to monitor SARS-CoV-2 virus abundance and variant composition circulating in the
community. WWB surveillance can play an essential role in the next epidemic or pandemic of
human pathogens, as data generated by WWB are very informative, just like data gained by
collecting and sequencing individual clinical samples.

Methods

Wastewater sample collection and processing
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This study analyzed data from wastewater samples collected over a period of nine months in
2022 (January-August) from 64 different municipal wastewater treatment plants (WWTP). The
samples, collected once per week or every second week, were taken by external partners and
consisted of sewage influent water prior to any treatment. Using an automatic collector, the
samples were collected over 24 hours and transported in 250 mL composite samples at 4°C to
Regional Public Health Authorities (RPHA) including the Public Health Authority of the Slovak
Republic in Bratislava (PHA SR).

The primary sewage influent samples were processed (centrifugation, clarification of
supernatant and final pellet resuspension) by PHA SR. RNA was extracted with the QlAamp
Viral RNA Mini kit following the manufacturer's protocol.

SARS-CoV-2 clinical samples data

For this study, we analyzed data from positive SARS-CoV-2 cases in the Slovak Republic that
were deposited in the public repository Global Initiative on Sharing All Influenza Data — GISAID
(5). The data is readily available to the public. We selected individual samples and their
corresponding metadata (n = 24,247) based on the date of sample collection, which ranged
from January 1, 2022 to August 31, 2022. The samples were collected randomly from all
districts of the SR through testing centers (6).

RNA isolation

We extracted nucleic acid from all concentrated wastewater samples. The RNA isolation
process was carried out at the PHA SR. Using the QlAamp Viral RNA Mini Kit, we extracted viral
RNA from the concentrated samples according to the manufacturer's protocol. After RNA
isolation, we stored the samples in a 96-well plate at -80 °C. The plates with isolated RNA
were then processed by Comenius University Science Park in Bratislava (CU SP) sequencing
center.

NGS sequencing

The genomic laboratory at CU SP used Illumina sequencing platforms to sequence the SARS-
CoV-2 virus. We prepared whole-genome sequencing libraries in 96-well plates, with 95
samples and one non-template control, following the lllumina COVIDSeq Test protocol. The
libraries were amplified using the COVIDSeq V4 Primer Pool based on the ARTIC protocol and
tagmented with IDT for Illlumina PCR Unique Dual Indexes Set 1-4 (384 Indexes). The libraries
were then purified, pooled according to the manufacturer's guidelines, quantified, and
normalized to 2 nM. The Illumina sequencing systems used were NextSeq 500 and NextSeq
2000, with 2 x 74 bp paired-end sequencing parameters for NextSeq 500 and 2 x 100 bp paired-
end for NextSeq 2000.

Bioinformatic pipeline

We used the Cutadapt tool (7) to remove any adapters and low-quality ends from the
sequenced reads, based on quality control statistics generated by FastQC (v0.11.5) (8). Then
we eliminated any extraneous RNA fragments using a decontamination process. To map the
reads to the SARS-CoV-2 reference genome, we used BWA (9) and to sort and index the
generated SAM/BAM files, we used SAMtools (10). We removed duplicated reads originating
from the same DNA fragment and produced by PCR using the Picard tool (11). Quality statistics
were summarized using the Qualimap 2 tool (12). Finally, we used the Freyja tool (13) to
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determine the proportions of the selected SARS-CoV-2 variant (Delta, Omicron -
BA.1/BA.2/BA.3/BA.4/BA.5) by measuring SNV frequency and sequencing depth at each
position in the genome. All computational analyses were written and executed using the
SnakeLines framework (14,15), and they are independent of the length of the sequencing
reads.

A new system called NarCoS (short for Narodné COVID-19 Sekvenovanie) was launched in
February 2022 to improve data transfer during sequencing processes. It integrates sample
data, metadata management, and processing information, allowing for unified analysis,
verification, and batch uploading to repositories. The system's data analysis module is the
previously mentioned pipeline. NarCoS is an integrated system for national COVID-19
sequencing.

Results
Wastewater sample collection

In Slovakia, 69.3% of the population is connected to public sewage systems (16). This study
analyzed samples from 64 WWTPs. Based on the 2021 census, cities where participated
WWTPs are located represents approximately 2,180,000 residents (17). The samples were
collected from eight regions in the Slovak Republic, with coverage ranging from 31% to 59.6%
of the population in each region. The WWTPs serve areas with populations ranging from 5,870
to 172,000 people (17). SARS-CoV-2 positivity in all samples was confirmed by PHA SR. A total
of 1,715 virus-positive sewage samples were collected over nine months in 2022, and 1,126
high-quality samples were used for further analysis.

Wastewater SARS-CoV-2 lineages compositions

We used the bioinformatic deconvolution tool Freya (13) to analyze all wastewater samples
and received results in the form of the proportion of selected SARS-CoV-2 variants and
sublineages. The category - Minor sublineages, represents data of virus genomes with small
proportions from entire sample set for specific time point. At the start of 2022, the most
prevalent VOC Delta (B.1.617.2) began to decline and be replaced by the next VOC Omicron
(B.1.1.529). In February 2022, most of the viruses detected in positive wastewater samples
were new VOC Omicron. The dominant BA.1 sublineage (B.1.1.529.1) was gradually
outcompeted in March and April 2022 by the BA.2 (B.1.1.529.2) sublineage. BA.2 was detected
in wastewater samples until the end of May (21-22/2022). However, the new Omicron
sublineage BA.5 (B.1.1.529.1.5) started to spread in the population and continued to do so
until week 28 and beyond. From weeks 24-26/2022, most of the wastewater samples were
marked as unknown, and we could not assign to specific sublineage. These results were the
similar across all state WWTPs. At the beginning of June (22-23/2022), we started to detec
Omicron sublineage BA.5 in some wastewater samples. By week 28 and beyond, almost all
positive samples showed the presence of the BA.5 sublineage (Figure 1).

We also analyzed wastewater samples separately for each region to track development of the
SARS-CoV-2 epidemic in different parts of Slovakia. Delta variant decreased similarly in all
regions and was not detected after the fourth week of most regions. From the fifth week,
Omicron outcompeted Delta in all regions and the pattern shown in figure 1 was similar on
regional level.
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Figure 1: The weekly occurrence of SARS-CoV-2 lineages in Slovakia, as determined from
samples taken from wastewater.

Wastewater and clinical surveillance comparison

We compared and verified longitude observations of wastewater based epidemiology by
integrating surveillance data from SARS-CoV-2 sequenced clinical cases. Using metadata from
public repositories and samples collected from January to August 2022, (n = 24,247), we
divided SARS-CoV-2 samples and their corresponding variants into six groups. We expressed
the total cases per week for each sublineage as a proportion and analyzed them. The result
was that wastewater based epidemiology system accurately detected the onset of new
sublineages within one or two weeks after detection of first clinical cases.

Discussion

In 2022, two years after the first cases of an unidentified lung disease, later linked with the
SARS-CoV-2 virus (18), the Delta variant and its sublineages were still the most prevalent in
Slovakia (19). However, many countries, including those in Europe, began to see a surge in a
new variant called Omicron (20), which had more mutations than any previous variants. In
Slovakia, the WWB epidemiology team already started a virus-sequencing program a few
weeks before Omicron wave. As part of this effort, all regions of Slovakia began routinely
collecting wastewater for sequencing and variant determination.

This study provides an overview of the spread of SARS-CoV-2 variants in Slovakia using a
wastewater based (WWB) surveillance approach. Over 60 WWTPs were used to monitor the
situation across the country. The Omicron variant was detected in wastewater samples in the
second and third week of 2022, when a decline of Delta variant was noticeable in clinical
samples. The Omicron variant quickly became dominant in all regions of Slovakia. The BA.1
sublineage was initially dominant but was later outcompeted by the BA.2 sublineage, which
remained dominant until the emergence of the BA.5 sublineage. The quality of the samples
used in WWB monitoring is crucial to the surveillance process. We have found that this
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approach is sensitive and reliable, especially when compared to clinically positive cases.
Additionally, WWB surveillance is an effective method for monitoring the prevalence of SARS-
CoV-2 variants.

Overall, the study demonstrated the high potential, reliability, and accuracy of using the WWB
surveillance approach for future epidemiology tools for public health safety policy.
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Introduction

Soon after the beginning of COVID-19 pandemic, first research studies from around the world
started pointing out several negative consequences on children's mental health, e.g. problems
with concentration, irritability, restlessness, nervousness, loneliness, time spent in front of
screens increased at the expense of time spent outside with friends (1, 2). Parents were
observed to experience increased stress (3) and negative affect (4), while mothers, parents
with fewer social contacts, parents with more children or younger children (5) were even more
affected.

In times of natural disasters or pandemics, various vulnerable groups are prone to be
significantly more affected, including people with previous mental disorders (6). Autism
spectrum disorder (ASD) is a pervasive neurodevelopmental disorder characterized by deficits
in reciprocal social interaction and communication and narrowly defined, repetitive patterns
of behavior and interests (7). Other symptoms of ASD, which could cause specific challenges
during the pandemic, include difficulty coping with changes, poor adaptation strategies, low
tolerance of uncertainty, cognitive deficits, executive dysfunction, poor emotion recognition
and self-regulation, or frequent comorbidities such as ADHD, anxiety or depression (8).

When comparing the negative consequences that the pandemic had on children with ASD
versus neurotypical children, children with ASD were mainly negatively affected by disruption
of their everyday routines, while neurotypical children by social isolation (9). The closure of
schools and the introduction of online learning resulted in either increase or decrease of stress
in different individuals with ASD (10), as it caused loss of some interventions previously
offered by school facilities, but on the other hand it also reduced demands for obligatory
socialization. Other research studies reported an increase in aggression, negative changes in
diet, deterioration of communication skills, sleep problems or worsening of ASD symptoms
such as mannerisms, movement and speech stereotypies in individuals with ASD since the
beginning of the pandemic (11). Problem behavior increased in more than one third of
children with ASD, and the children who struggled with problem behavior before the
pandemic had a two times higher chance of experiencing it more intensively and more often
(12).

Caring for children with ASD is generally more challenging, due to the disorder symptoms, a
stigma associated with the condition, as well as frequent comorbidities such as
gastrointestinal or sleep problems. Even before the pandemic, parents and caretakers of
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children with ASD were found to experience more parental stress than parents of neurotypical
children, but also more than parents of children with disorders such as Down's syndrome,
cerebral palsy or intellectual disability (13). During the COVID-19 pandemic, the prevalence of
depression, anxiety and stress among parents of children with special needs increased (14),
as did their problems with managing daily responsibilities and free time planning (12). Both
children with ASD and their parents experienced a significant increase in anxiety, and higher
levels of stress were observed in parents of younger children or children with higher symptom
severity (15).

Methods

Due to the uneasy pandemic situation and related safety measures, out data collection was
conducted online. A robust parent survey was created (18), containing three main sections:
demographic questions, a section about the mental health of parents, and a section about
their children. To measure the prevalence of depression, anxiety and stress symptoms of
parents and caregivers we used Depression Anxiety and Stress Scale (DASS-42). Additionally,
we asked the parents about the most prominent stressors they experienced during each wave
of the pandemic, choosing between lockdown duration, fears of the infection, frustration and
boredom, unavailability of goods and services, insufficient or unclear information, work
insecurity/finances or more demanding child care. In the section about their children, we used
two subscales of Vineland Adaptive Behavior Scales—Third Edition measuring the prevalence
of internalizing (such as distress, sadness, apathy or social withdrawal) and externalizing
(attention deficits, problems with self-regulation, aggression or disobedience) maladaptive
behavior.

The survey was firstly sent to the parents of children recently diagnosed with ASD in the
Academic Research Centre for Autism, Institute of Physiology, Faculty of Medicine, Comenius
University in Bratislava and subsequently shared online. In three consecutive cross-sectional
surveys, we gathered answers from 506 parents and caregivers, 236 of whom have children
with ASD. 179 participants were surveyed during the first wave, 153 during the second wave
and 174 during the third wave of COVID-19 pandemic in Slovakia.

Data and statistical processing of the data was performed using a statistical program SPSS
(Statistical Package for Social Science) version 25. From the statistical methods package we
used Chi-square with Yate continuity correction, t-test for comparison of two independent
samples, Pearson correlation analysis, and analysis of covariance (ANCOVA).

Results
Depression, anxiety and stress of parents

To analyze the changes in prevalence of depression, anxiety and stress in parents of children
with ASD and parents of neurotypical children, we performed a two-way factorial analysis of
covariance. Parents of autistic children already experienced elevated anxiety during the first
wave, before any negative changes were found in parents of typically developing children. We
found the interaction effect of the pandemic period and the child's diagnosis with stress (F
(2,500) = 4,646, p =0.010, n2 = 0.018) and depression (F (2,500) = 4,233, p = 0.015, n2 = 0.017).
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Interaction effect of the pandemic period with the diagnosis (ASD vs neurotypical) was not
observed for anxiety (F (2,500) = 2.222, p = 0.109, n2 = 0.009). In all cases we also recorded
statistically significant main effects.

During the second wave, prevalence of anxiety, depression and stress experienced by parents
in both groups increased, but it increased significantly more in parents of autistic children. A
more detailed analysis showed the scores in all three subscales deteriorated in parents of
children with ASD between the first and the second wave (D: t = 4.393, p <0.001, d = 0.70; A:
t=3.648, p <0.001,d =0.58; S: t =4.373, p <0.001, d = 0.70), while the decline was confirmed
exclusively in anxiety (t = 2.26, p = 0.025, d = 0.33) for parents of neurotypical children. During
the second wave, we also observed statistically significant differences between the parents of
children with ASD and of neurotypical children, in all three subscales (D: t = 4.70, p <0.001, d
=0.75; A:t=3.57, p <0.001, d = 0.68; S: t = 4.26, p <0.001, d = 0.57).

There were no significant differences in stress, anxiety or depression in parents of children
with ASD between the second and third wave. On the contrary, we observed a significant
increase of stress in parents of neurotypical children (t = 2,018, p = 0.045, d = 0.31). Therefore,
during the third wave, both groups of parents only differed in the prevalence of depression,
which remained higher in parents of children with ASD (t= (177) = 3.560, p <0.001, d = 0.54),
as also illustrated in Graph 1.
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Picture. 1 Changes in the prevalence of parental depression, anxiety and stress between the
first and third pandemic wave

Parental stressors

In general, more demanding child care was the most prevalent pandemic stressor for both
groups of parents with maximum values of up to 78.87% for parents of ASD children and up
to 59.14% for parents of neurotypical children. During the second wave, the importance
decreased to 57.75% for parents of children with ASD and 37.80% for parents of neurotypical
children and was replaced by Insufficient or unclear information as the most prevalent
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stressor for both groups, selected by 42.25% of parents of children with ASD and 54.88% of
parents of neurotypical children.

Maladaptive behavior

To analyze the changes in maladaptive behavior of children with ASD and neurotypical
children, we performed a two-way factorial analysis of covariance. Autistic children scored
significantly higher in both internalizing and externalizing maladaptive behavior throughout
the pandemic. We did not observe the interaction effect of the pandemic period and the
child's diagnosis with internalizing (F (3,677) = 1.151, p = 0.328, n2 = 0.005) or externalizing
maladaptive behavior (F (3,677) = 2.132, p = 0.095, n2 = 0.009). More detailed analysis of the
main effects showed a significant effect of the diagnosis, children with ASD scored significantly
higher values in internalizing (F (3,677) = 203.022, p <0.001, n2 = 0.231) as well as externalizing
maladaptive behavior F (3,677) = 101.215, p <0.001, n2 = 0.130) during all data collections.
The main effect of pandemic waves was lower, there were no statistically significant changes
between the waves. Between the first and second wave, we found a significant increase in
internalizing maladaptive behavior of children with ASD (t = 2.324, p = 0.021, d = 0.38).
Contrastingly, in the group of neurotypical children, we recorded a statistically significant
decrease of externalizing maladaptive behavior between the first and the second wave (t =
2.594, p = 0.010, d = 0.39) as also shown in the Graph 2. During the third wave, there were no
significant changes for children with ASD, but for neurotypical children, we found another
increase almost to the original maximum from the first wave (t = 3.055, p = 0.003, d = 0.47)
(19).
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Picture. 2 Changes in the prevalence of interalizing and externalizing maladaptive behavior of
children, from before the pandemic to the third pandemic wave

Discussion

Our results turned out to be partially in contrast with foreign research studies, which reported
a significant deterioration of the mental health in both children and parents (1-5) during the
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first wave of the COVID-19 pandemic. In our research sample, the prevalence of depression,
anxiety and stress was relatively low in both groups of parents during the first wave, with the
exception of increased anxiety in parents of children with ASD. When interpreting the results,
it is necessary to consider the specifics of the development of the pandemic situation in
Slovakia during the first, second and third wave of the pandemic. During the first wave, despite
relatively low numbers of infected people, strict measures were quickly implemented to
reduce the spread of the virus, including closure of all services and shops except grocery shops
and pharmacies, the closure of all schools and facilities providing therapies for children with
ASD. However, thanks to the favorable pandemic situation, the first wave did not last long and
Slovakia was considered one of the countries that managed the first wave of the pandemic
well and with minimal losses.

During the second wave, Slovakia was dramatically more affected, whether in terms of the
number of infected, number of deaths or the impact on the health system and the economy.
According to our research, during the second wave, both groups of parents experienced an
increased level of symptoms of depression, anxiety and stress, but the mental health of
parents of children with ASD deteriorated much more significantly, in accordance with foreign
studies from this time period (12, 14, 16). Between the first and second wave, externalizing
maladaptive behavior (attention deficits, problems with self-regulation, aggression or
disobedience) of children with ASD did not change significantly, but it decreased in
neurotypical children, who probably adapted more flexibly to the situation. Conversely,
internalizing maladaptive behavior (anxiety, fear, sadness, apathy, withdrawal) did not change
in neurotypical children, but increased significantly in children with ASD.

While there were no significant changes in the psychological health of parents of children with
ASD between the second and third wave, we observed a significant increase in stress in
parents of neurotypical children. During the third wave, the differences between the parents
of both groups almost evened out, the differences in stress and anxiety were statistically
insignificant, but we found a persistently higher prevalence of depression in parents of
children with ASD. In neurotypical children, we observed a significant increase in externalizing
maladaptive behavior, with minimal changes on the part of children with ASD. The third wave
in Slovakia was very similar to the second wave in terms of the number of infected people, but
the safety measures were more relaxed and schools were being reopened. As we also
monitored in our research, the availability of various interventions for children with ASD also
increased significantly. We can assume that the improvement in the availability of
inverventions as well as the return to schools could mean that the parents of autistic children
received more necessary support, which prevented any further deterioration of their mental
health. In line with another comparable research study (17), our conclusions indicate that
there are significant differences in the mental health challenges that people faced during each
of the COVID-19 pandemic waves.

Naturally, the results of our research must be interpreted with regard to its limitations,
especially the fact that the data collection was realized online using self-report methods, and
that it was a series of three cross-sectional studies. However, our results clearly show that the
COVID-19 pandemic had a negative impact on the mental health of many families in Slovakia,
but the impact on families with children with autism spectrum disorder was more severe. The
increased availability of various interventions and the opening of schools, which can provide
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more support mainly for parents of children with ASD, are one of the possible explanations
why these differences have almost leveled off during the third wave.

These findings provide several practical implications, in case of future global pandemics as
well as for the future of mental health research. One of our main missions is to draw the
attention to individuals with autism and their families and to ensure their needs are
considered, even when creating pandemic safety measures. For example, as our results
indicate, keeping at least the schools for children with special needs open during the pandemic
can be greatly beneficial to the children because of many necessary interventions the schools
provide, as well as could significantly lighten the strain on their parents. Additionally, for
psychologists and other specialists providing different interventions and therapies for children
with ASD, being able to swiftly adapt them into the online form is imperative.

Furthermore, even though this research can only provide the data about the immediate
impact of the pandemic, we believe that the full extent of consequences can perhaps only be
assessed after the passage of some time. Our clinical observations, acquired while providing
diagnostics in the Academic Research Center for Autism, provide additional information about
these children, who are now in our waiting list or coming for a differential diagnosis. We
observe two distinct groups that were significantly affected, 1) children born during the
COVID-19 pandemic, which had limited possibilities to freely socialize with broader family,
their peers or any new people and missed valuable communication learning possibilities 2)
children who turned two years during the pandemic, which is the age when parents
oftentimes notice the first differences, while comparing the children to their peers, which was
limited because of the lockdowns and social distancing.

To sum up, even though it can be easy to underestimate long-term consequences of COVID-
19 pandemic, for all the specialists working with children with or without ASD, it is absolutely
crucial to take into consideration the possible impact that the pandemic could have on their
development and overall mental health.
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Abstract

Coronavirus disease 2019 (COVID-19) has rapidly infected millions of people worldwide.
Recent studies suggest that patients with comorbidities are at higher risk of Covid-19. We
established a Medirex Group Academy n.p.o. (MGA) project biobank with the aim of collecting
high-quality and well-annotated human biospecimens, in the effort to understand the
pathogenic mechanisms underlying oncologic, civilization and infectious diseases (e.g., COVID-
19) and identify potential screening, diagnostics or therapeutic targets. Here we describe our
experience and briefly review the characteristics of the biobanks for COVID-19 that have been
so far established. The aim of the article is to inform about the current state of studies, a set
of data and results obtained thanks to the Medirex Group Academy projects primary focused
on COVID-19 topic (Promedicov-19, DIACOVID) for use in current and future basic and applied
research and to define future perspectives and development strategies for the established
biobank of samples and clinical data. In the article, we present examples of collected
anamnestic and clinical data and discuss various advantages or disadvantages of the currently
used approach of collecting samples and data for a better adjustment of the results of studies
in the future.

Introduction

SARS-CoV-2 infection causing COVID-19 has continued to spread across the world and
represents a severe clinical, diagnostic and epidemiological challenge. It is important to react
to this challenge and support disease-related research by standardized high quality biobanking
and acquisition of related data by an established network and infrastructure. The pandemic
showed the need and demand for information sharing and research. This includes rapid and
safe collection as well as sharing of subsequent analysis of high-quality biosamples and
associated data to globally support research (2).

MGA project biobank was founded as a local unit to support specific research projects of
Medirex Group Academy n.p.o. (MGA). MGA is a non-profit organization settled in Nitra,
Slovakia and focused primarily on the field of science and research, especially in biomedicine.
The main goal of the projects implemented by MGA is the search for new biomarkers in order
to increase preventive, diagnostic and therapeutic approaches with the potential to
implement the knowledge of science and biomedical research into diagnostic and therapeutic
practice. In connection with the implementation of many biomedical projects focused on
different medical fields (oncology, infectiology, civilization diseases), there was a need for
systematic and organized sample collection. Therefore, MGA biobank was established in
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October 2020 as a multispecialistic academic project research biobank. The systematic
collection of samples continues to these days in cooperation with many health care providers
from Slovakia and Czech Republic.

Among projects focused on topic of infection diseases especially on COVID-19 are projects
Promedicov-19 and DIACOVID, which are supported by VA-COVID-19 study. The main goal of
Promedicov project is to create a (universal) system for early and rapid detection,
identification and diagnosis of new infectious diseases with pandemic potential, implemented
in the pilot phase in direct connection with the current COVID-19 pandemic (3). The goal of
DIACOVID project is through research of serious civilizational diseases (diabetes mellitus,
intestinal bowel diseases) and their complications caused by acute respiratory tract targeting
viral diseases (the disease COVID-19 will serve as a model) obtain such knowledge that will
enable the support and development of laboratory and clinically applicable innovative
procedures for personalized diagnostics and therapy of such patients (4). All these projects
were designed under the professional supervision of the guarantor of the entire project with
regard to the fulfilment of the set scientific goals and were approved by the relevant ethical
committees. The protocol and sampling schedules for patients enrolled in these studies
differed depending on the branch of the study in which they were included or according to
the primary diagnosis. The samples and data obtained in these studies were subsequently
used for research by our project partners from various academic and scientific institutions in
Slovakia. (e. g. Slovak Academy of Science, Geneton s.r.o., Comenius University Science Park).

Methods
Ethics committee and patient informed consent form

The clinical study was approved by the relevant multicentric and local ethics committee of the
participating clinical sites before the actual implementation. The multicentric ethics
committee was the Ethics Committee of the Bratislava Self-governing Region (EK BSK), which
issued approval for VA-COVID- 19 study realization (decision number: 03228/2021/HF). The
involved hospitals included University hospital Bratislava Ruzinov, University hospital
Bratislava — Academician Ladislav Dérer hospital, Hospital Malacky). All patients signed an
informed consent prior to participating in the study, in which all information regarding the
research, the collection protocol, and the use of the provided information and samples for
research purposes were stated.

Collection of anamnestic and clinical data

We obtained several types of information from the participants involved in the study. In
addition to the anamnesis, which consisted of basic physiological and anthropometric data,
information was also collected about the participant's state of health, clinical history,
medication use, family history, various sociodemographic indicators, and the results of
laboratory and experimental examinations. All anamnestic and clinical data were obtained
mainly by questionnaire. Some parts of the questionnaires could be filled in by the participants
themselves, mainly the parts that contained questions about the participant's lifestyle,
sociodemographic characteristics of the participant. The next part consisted of questions
focused on the participant's clinical history, and these parts were filled in together with the
admitting doctor or nurse. Some groups of patients were also sampled for biochemical,
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serological and immunological examinations. The results of these examinations were also
collected and recorded in an electronic system for administration and management of studies.

Promedicov-19

Patients with a different course of COVID-19 were part of the VA-COVID-19 study and the
Promedicov-19 project. In the case of COVID-19 positive patients, regardless of the course,
repeated blood samplings were carried out in the biobank (1x 5 ml of blood in a serum gel
tube, 1x 10 ml of blood in an EDTA tube) and naso and oropharyngeal swabs (1x tube with
viRNAtrap medium) in three terms after diagnosis of infection. At the same time, a set of
biochemical, serological and immunological examinations was carried out to monitor the
development of the infection. For patients whose infection was not confirmed, only swab
samples were taken, which remained after the diagnosis and were sent to the biobank in a
tube with viRNAtrap medium. Patients with post-covid syndrome had 1x 10 ml of blood drawn
into an EDTA tube, which was stored in the biobank for genomic analyses.

DIACOVID

Patients with a primary diagnosis of diabetes mellitus (DM) and/or inflammatory bowel
disease (IBD) (ulcerative colitis or Crohn's disease) were included in the DIACOVID project. In
addition to the listed diagnoses, another inclusion criterium for these patients was
overcoming the disease of COVID-19. The study also included the recruitment of individuals
into the control group, in whom the presence of DM or IBD was ruled out by anamnesis and
who had overcome COVID-19. All patients underwent a venous blood sampling of 3x10ml into
an EDTA Vacutainer tube and a stool collection of 1x10ml into a tube with DNA/RNA Shield
solution (Zymo Research). In addition, patients with IBD underwent sampling of native tissue,
which was obtained by biopsy during an endoscopic examination indicated as part of standard
diagnostic and treatment procedures.

Primary processing and archiving of samples in the biobank

After the samples were delivered to the laboratory, some samples were primarily processed
according to a standardized protocol. Blood samples collected in EDTA Vacutainer tubes
intended for proteomic and genomic analyses were processed by one-step (2200 g, 10 min.,
4°C) and two-step (2200 g, 10 min., 4°C; 16000 g, 10 min., 20 °C) centrifugation, and the blood
samples collected in serum-gel tubes were processed by one-step centrifugation (3000 g, 10
min., 4 °C). After centrifugation, the samples were preserved in the form of aliquots of whole
blood (2-3x 500ul), plasma (proteomics - 2x 500ul, remaining aliquots of 1800 pl; genomics -
2x 680ul, remaining aliquots of 1800 pl) or serum (2x1ml). Stool and swab samples were
prepared in the form of 1 ml aliquots and stored in the biobank. Native tissues and FFPE blocks
were stored without primary processing.

Results
Current status of patient recruitment in projects focused on COVID-19 topic
Promedicov -19

The recruitment of patients with a diagnosis of COVID-19 began in April 2021. Patients with
asymptomatic and mild manifestations of the disease, or a control group of COVID-negative
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patients, were obtained through the sampling centres Medirex a.s.. 2 hospital workplaces
ensured the recruitment of patients with a severe COVID-19 (University Hospital Bratislava -
University hospital Bratislava — Academician Ladislav Dérer Hospital, University Hospital
Bratislava — Ruzinov). Sanatorium Dr. Guhra in Tatranska Polianka was involved in the
recruitment of patients with post-covid syndrome. The recruitment of patients has ended and
the current status of the number of enrolled patients in individual groups is 288 COVID-19
negative, 48 COVID-19 positive - asymptomatic, 305 COVID-19 positive with a mild course, 78
COVID-19 positive with a severe course and 258 patients with post-covid syndrome (Table 1).

DIACOVID

The recruitment of patients began in June 2022 at the IBD gastroenterology centre and at the
internal clinic of the University Hospital Bratislava — Ruzinov. In this study, we are currently
registering 50 patients with a diagnosis of DM, 53 patients with IBD, 11 patients with IBD and
DM, and 154 patients in the control group (as of March 31, 2023).

Analysis of selected anamnestic data about the participants enrolled to DIACOVID and
Promedicov-19

Part of the collection protocol for all participants was the acquisition of anamnestic and clinical
information through an anamnestic questionnaire, which was filled in by the patient himself
or by a doctor with the patient. During the implementation, our goal was to obtain the most
consistent data about patients, so that, if necessary, we could compare these data between
patients from different studies and thus obtain more information for possible use in future
research. An example of the same data collected across studies was basic anthropometric and
physiological information about the participant. For the purposes of this report, we have
chosen for comparison some basic data about the participant, such as gender, age, height,
weight, waist, BMI, blood group, education. Detailed results from the analysis of these data
for participants enrolled in individual studies (DIACOVID, Promedicov-19) and groups as well
as summary results are shown in Table 1. Although a total of 1,244 participants were included
in the studies, 1,227 patients completed the anamnestic questionnaire as of March 31, 2023.
In DIACOVID study 168 (62,45%) women and 96 (35,69%) men were enrolled. The median age
of the patients in the study was 44,5 years. The height median of the patients was 173 cm,
weight 81 kg, waist 91,25 cm and BMI 25,4. The most frequent blood group was A with 85
cases and 0 with 61 cases. In the study Promedicov-19, the gender ratio between men and
women was more balanced. Median Age of participants was 48,6 years, hight 173,1 cm,
weight 81,8, waist 72,8 cm, BMI 26,6. The most frequent blood type was A and 0. In the both
studies, the common level of the highest education attained was university.
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Table 1: The basic anthropometric and physiological information about the participants
enrolled to DIACOVID and Promedicov-19 study. DM+ - diabetes mellitus positive; IBD+ -
intestinal bowel disease positive

High ~ Weight = Waist
Age | Median ~ Median | Median

Gender Median (em) (kg) (cm) BMI Blood group (N) Education (N)
Subjects | Male | Male  Female | Female T
Patient group ® ) ) ™ ©4) 0 A B AB VS S5 Z§
DIACOVID
DM+ 50 2 3 495 1m 88,5 94 275 | 5 |19 8 |1 20 25 0
IBD+ 53 2 2 3 176 75 % #1515 5 7 3 a0
DM+IBD- 12 5 6 555 | 1 %0 00 28 33 1 0191
Healthy control 154 3 2403% 116 34 170 o 81 2 38 48 24 12 97 40 2
DIACOVID total
subjects 269 96 35,69 % 168 45 173 81 9125 254 61 85 38 20 149 95 3
Promedicov
19
COVID negative 288 146 | 5069% 135 | 4688% 40 175 b 80 25 |81 80 | 41 20 214 @ 3
COVID positive
Asymptomatic cases | 46 26 | 562% | 20 2 | 1765 I 89 25 15 16 6 4 26 20 0
Mildcases | 305 126 | 4131 179 395 | 11 75 88 24 76 95 | 36 27 195 103 7
Severe cases 78 43 55,13 % 32 63,5 170 88 0 29 4 7 2 2 22 38 4
Post covid syndrome 258 138 5349 % 118 58 172 20 107 30 4“4 51 20 13 66 172 13
Promedicov-19 total
subjects 975 479 49.13 % 484 49,64 % 486 1731 818 72.8 26,6 220 249 105 66 523 395 27
Total 1244 575 46.22 % 652 5241%

Comparison of serum total IgA and 1gG levels in patients with varying COVID-19 severity
enrolled to Promedicov-19 project

In addition to selected anamnestic data, information about the results of selected laboratory
parameters that were examined during the course of the study was also collected from
subjects included in the Promedicov -19 project. For the purposes of this article, we have
chosen to evaluate the levels of total serum immunoglobulins of the IgA and IgG classes. These
parameters were investigated in patients with acute COVID-19 who, based on initial
symptoms, were assigned to the group with asymptomatic, mild or severe course of COVID-
19. They were examined 3-5 days after confirming the positive result of the PCR test (Sampling
1).

The mean + SD of IgA in asymptomatic subjects was 2.01 + 0.88 (g/L), in mild cases 2,23 + 0.94
(g/L) and in severe group 3,32 + 1.82 (g/L). Figure 1 A shows the mean + SD of total IgA among
the three groups. According to the Welch's t-test, there were statistically significant changes
in terms of IgA among the asymptomatic and severe group (P value < 0.05). Among mild and
severe group, the difference was on the borderline of significance.

The mean + SD of IgG in asymptomatic subjects was 11,34, in mild cases 11,44 + 2.34 (g/L) and
in severe cases 11,11 +0.54 (g/L). The mean +SD of the total IgG among three groups of
asymptomatic, mild, and severe is shown in Figure 1B. According to the Welch's t-test, there
were no statistically significant changes in IgG among the three groups.
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IgA - Sampling 1

p =4.85E-04

p=1.18E-01

IgG - Sampling 1
p =7.34E-01

l p = 8.00E-01

p =5.70E-01

Figure 1.: Total IgA and IgG in Sampling 1 between asymptomatic, mild and severe COVID-19
patient. A: Total IgA levels B. Total IgG levels.

Current status of samples from patients with COVID-19 in the biobank

Currently (as of March 31, 2023), the biobank is a repository of 4,669 different biological
samples (blood, stool, nasopharyngeal swab, native tissue) stored in the form of aliquots
obtained from 1,244 patients with acute or overcome COVID-19 participating in the
Promedicov-19 and DIACOVID project.

Table 2: The current status of MGA biobank for DIACOVID and Promedicov-19 study.

MGA biobanking - stage

MGA biobanking - sample distribution

Number Number
. Number  of
Sampling K of! Type of [ Input of
X received . .
material received| analysis volume/amount [ released
samples A .
aliquots aliquots
Blood 906 604 genomics
1,510 genomics
Plasma
DIACOVID 1,208 proteomics
Stool 275 275 microbiome
Tissue 63 63 genomics
Blood 2,235 3,352 genomics
P i A
lgomedlcov Serum 2,235 serology 1Iml 921
Swab 1,190 2,380 genomics 400 pl 87
Total 4,669 11,627 1008
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The first samples began to be collected in April 2021 (Promedicov-19) and June 2022
(DIACOVID). 3,141 blood samples, 275 stool samples, 1,190 naso- and oropharyngeal swab
samples, and 63 native tissue samples are stored in the biobank (Table 2). The collection and
storage of samples in the biobank continues throughout the entire duration of individual
projects. Archived biological material is gradually used for various types of analysis (genomics,
proteomics, microbiome, serology, immunology, histology). So far, more than 921 aliquots
have been released for serology analysis and 87 aliquots from swab samples for genomics
analysis for the participating partner research organizations (Comenius University Science
Park, Medirex Group Academy, Geneton s.r.o.) (Table 2). The results of the implemented
experimental analyses are currently in the processing phase and will be part of professional
publications that will be gradually published during the years 2023, 2024 and 2025.

Discussion

Biobanking plays a critical role in diagnostics, biomarker research and development of
novel treatment approaches for various diseases. In urgent need of understanding,
preventing and treating coronavirus disease 2019 (COVID-19), caused by the severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), the importance of biobanking including
data sharing and management further increased (1). In Slovakia, during COVID-19 pandemic,
MGA n.p.o. established a project biobank for collecting the COVID-19 patient biospecimens
of different kind (blood, swab, stool, tissue). We evolved a sustainable biobanking mechanism
for the standardised collection, characterisation, and archiving of specimens, and sharing
these specimens to facilitate and accelerate diagnostic test development and evaluation for
diseases of epidemic potential. Our long-term goal is to continue building a biobank of
biological samples and clinical data from different medical fields therefore we plan to continue
with the implementation of further clinical studies and continue to work on improving and
optimizing the processes of data collection, samples and biobanking.
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Uvod

Mikrobidom respira¢ného traktu hra doleZitu ulohu v zachovani respiraéného zdravia. Mnoho
studii poukazuje na vplyv mikrobidomu respiraéného traktu na nachylnost na infekcie
respiracného traktu vratane ochorenia COVID-19. Pochopenie interakcii medzi hostitelom,
virusom a respiratnym mikrobiémom méze vniest svetlo do hladania novych potencialnych
terapeutickych ciefov pri prevencii aliecbe tychto infekcii. Virus SARS-CoV-2 primarne
vstupuje do organizmu cez respiracny trakt, Ustnu dutinu a nos (1). Mikrobidom je teda jednou
z prvych entit, ktora celi infekcii. Hra dolezita ulohu pri stimuldcii imunitného systému a
ochrane pred patogénmi (2). Ked je narusend homeostaza mikrobiomu (mikrobidlna
dysbidza), patogény prerastu a kolonizuju dychacie cesty, ¢o nakoniec vedie k infekcii dolnych
dychacich ciest (3).

Kolonizacia horného dychacieho traktu zacina pri narodeni a je ovplyvnena sp6sobom porodu.
Pocas vaginalneho porodu je dieta vystavené materskému vaginalnemu mikrobidmu a pocas
pérodu cisarskym rezom je dieta vystavené matkinej pokozke a mikrobiému prostredia. Pocas
prvého tyzdna Zivota je nosohltan kolonizovany Staphylococcus aureus bez ohladu na spésob
pérodu. Hoci S. aureus je primarne znamy ako patogénna baktéria, méZe byt déleZitou
komenzalnou baktériou v nosohltane pocas raného Zivota. Wang a kol. ukazuju, Ze S. aureus
vyznamne zmiernuje chripkou sprostredkované imunitné poskodenie pluc u mysi indukciou
alveolarnych makrofagov (4). V neskorsich tyzdnioch sa pocetnost S. aureus znizuje a druhom
ako Corynebacterium, Dolosigranulum a Moraxella sa poetnost zvy$uje. Zvy3ena pocetnost
tychto 3 druhov je doéleZita pre zdravy vyvoj nosohltanovej mikroflory v neskorsich stadiach
Zivota. V prvych mesiacoch Zivota deti narodené cisarskym rezom vykazovali variabilny
mikrobialny profil a Ubytok mnoZstva Corynebacterium a Dolosigranulum, ¢o viedlo k narastu
respiraénych infekcii. PoCetnost S. aureus nie je vyznamne znizend, zatial ¢o sa zacinaju
objavovat Prevotella, Veillonela a Porphyromonas (5). Naproti tomu deti narodené prirodzene
a dojéené vykazovali vyssi vyskyt prospesnych baktérii (6). Mohlo by to byt spdsobené aj
prenosom prospesnej mikrofléry, ako je Lactobacillus a Bifidobacterium, do mlieka pocas
dojcenia (7). Dojcené deti maju tiez vyssi vyskyt Corynebacterium a Dolosigranulum a nizsi
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vyskyt respiracnych ochoreni v porovnani's detmi kimenymi umelym mliekom. Mikrofléra deti
moéze byt ovplyvnend mnohymi roznymi aspektmi, ako je napriklad typ pérodu a kimenia,
pritomnost strodencov, predchadzajuce infekcie, pouZivanie antibiotik, ockovanie, ro¢né
obdobie, vystavenie roznym prostrediam (domov, $kélka, park), atd. V prvom roku Zivota je
expozicia mikrobidlnym spolocenstvdm rozhodujica pre tvorbu imunitného systému (8).
Mikrobiém sa pocas zivota vyvija a je vidiet rozdiely medzi dietatom, dospelym jedincom
a stars$im ¢lovekom. Mikrobiém respira¢ného traktu dospelych je menej denzny zato diverzita
je vys8ia. U starsich ludi zadina bakterialna diverzita klesat, mikrobidm je menej stabilny a
pocetnost patogénnych baktérii stipa. Tieto zmeny maju pravdepodobne za nasledok vyssiu
nachylnost na respiraéné ochorenia (9).

Ciefom prace bolo zistit odlisnosti v kompozicii nazofaryngedlneho mikrobiému medzi
negativnymi jedincami a pacientmi s ochorenim COVID-19. Zarover sme chceli zistit ¢i sa lisia
medzi sebou aj jednotlivé skupiny s réznou zavaznostou priebehu COVID-19.

Material a metody

Do studie bolo zapojenych 151 pacientov, ktori boli rozdeleni do skupin podla vysledku PCR
testu. Negativni pacienti (n=72) sltzili ako kontrolna skupina. Pacienti s pozitivnym vysledkom
PCR testu boli nasledne rozdeleni do troch skupin podla zdvaznosti priebehu ochorenia:
bezpriznakovd skupina (n=24), skupina s miernym priebehom ochorenia (n=25) a skupina
s tazkym priebehom (n=30). Pacienti so zavaznym priebehom ochorenia boli hospitalizovani
univerzitnych nemocniciach v Bratislave: RuZinov a Kramare. Charakteristika pacientov
zameranad na vek a pohlavie je zhrnutd v tabulke 1 a grafe 1. Odbery vyterov z nosohltanu boli
realizované od marca 2021 do oktébra 2022 do skiimavky obsahujucej viRNAtrap médium
(GeneSpector, CR) a uskladnené pri 4°C. Pomocou kitu Sera-XtractaTM virus/Pathogen Kit
(Cytiva, UK) bola vyizolovana celkova RNA, ktord bola uskladnena pri -80°C. Vsetky vzorky boli
podrobené RT-PCR analyze na potvrdenie alebo u negativnych kontrol na vyvratenie
pritomnosti SARS-CoV-2 virusu. Vzorka bola COVID pozitivha ak mala hodnotu Ct < 40. Na RT-
PCR sme poufZili COVID-19 Real-Time PCR system RT-gPCR kit (Labsystems Diagnostic, Finsko)
na ABI QuantStudio 6 Real-Time PCR System RT-qPCR (ThermoFisher Scientific,
USA). Transkriptomové kniznice boli vytvarané podla protokolu KAPA RNA HyperPrep Kit with
RiboErase (HMR) (Roche, USA) s pouZitim dudlnych adaptérov TruSeq CD (lllumina, USA).
Kvalita kniznic bola skontrolovand pomocou fluorometrickej analyzy za pouzitia QubitTM
dsDNA HS Assay (Invitrogen, USA) a fragmentovej analyzy za pouZitia High Sensitivity DNA
(Agilent Technologies, USA). Obojstranné sekvenovanie sa uskutoc¢nilo na platforme NextSeq
BWA-MEM a nemapované Citania boli analyzované pomocou Kraken 2 v2.1.2, aby sa odhalila
a zmerala pritomnost mikrobialneho transkriptu.
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Tabulka 1. Charakteristika pacientov s jednotlivych Studovanych skupin zamerana na vek
a pohlavie (M-muzi, Z-7eny, SD-smerodajna odchylka).

vek
Pocet|M |Z |(medidn) (SD |M sD |2 SD

negativni pacienti |72 26 |46 |37 (25-75) |10.59 (42 (25-58) |9.5 35 (25-75) [ 11.45
bezpriznakovi

pacienti 24 1410 |42 (20-49) |7.86 |39 (21-49) |9.35 |43 (36-48)|3.72

325 (19-
mierni pacienti 25 13|12 |37 (17-57) |11.83|38(17-57) |12.77 |57) 10.54
69.5 (32-

tazki pacienti 30 16 |14 |68 (32-90) |13 90) 13.6 |64 (41-77)|11.7
celkom 151 |69 |82 |39.5 40.5 39

mMuzi mZeny

Graf 1. Percentualne zastupenie pohlavi v ramci vSetkych Studovanych skupin.

Vysledky

151 vzoriek zo 4 Studovanych skupin sme podrobili metatranskriptomovému sekvenovaniu,
pricom priemerny pocet ¢itani na vzorku bol 45,3 miliéna (27,7-133 miliéna). Vo vietkych 4
skupindch bolo odlisné zastUpenie bakteridlnych taxénov. Pacienti z negativnej a tazkej
skupiny mali vyrazne znizenu relativnu po¢etnost v porovnani's pacientami z asymptomatickej
amiernej skupiny (graf 2.). U vsSetkych skupin sCOVID pozitivnymi pacientmi boli
najpocetnejsimi  kmenmi  Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria
a Fusobacteriales. Avsak kontrolna skupina mala vyrazne odliSné zastipenie bakteridlnych
kmeriov, najpocetnejSimi boli kmene Actinobacteria, Proteobacteria a Firmicutes. Zvy$né dva
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bakteridlne kmene Bacteroidetes a Fusobacteriales mali u negativnej skupiny zanedbatelny
pomer (graf 3.). Celkovo sme vo vSetkych skupinadch identifikovali 944 druhov a 531 rodov.
niekolko nasobne nizsi ako v COVID-19 pozitivnych skupinach (tazkd 725, bezpriznakova 692
amierna skupina 574 druhov). Co sa tyka zasttpenia rodov v jednotlivych skupinach,
v negativnej skupine je najpocetnejSim rodom Stenotrophomonas nasledovany rodmi
Mpycobacterium a Pseudomonas. Bezpriznakovej a miernej skupine dominoval rod
Streptococcus nasledovany rodmi Prevotella a Veillonella. Skupina s pacientmi s tazkym
priebehom COVID-19 bol najpocetnejsim druhom rovnako ako u kontrolnej skupiny
Stenotrophomonas, dalej Staphylococcus a Corynebacterium (graf 4.). Na drovni druhov boli
v kontrolnej skupine najpocetnejsie baktérie Stenotrophomonas maltophilia, Halomonas sp.
JS92-SW72 a Mycobacterium canettii. V oboch skupindch bezpriznakovych a miernych
pacientov boli najviac zastupené druhy Veillonella atypica a Prevotella melaninogenica. Tak
ako aj na Urovni rodov, tak aj na urovni druhov kontrolnd skupina a skupina stazkym
priebehom zdiela najpocetnejsie druhy Stenotrophomonas maltophilia, Halomonas sp. 1592-
SW72 nasledované Mycobacterium canettii (graf 5.).

tazka
1,1%

mierna
30,0%

kontrolna
0,1%

bezpriznakova
68,8%

Graf 2. Relativna pocetnost baktérii vo vsetkych studovanych skupinach
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Asymtomaticki
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Graf 4. Relativna pocetnost rodov vo vietkych 4 skupinich
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Graf 4. Relativna pocetnost druhov vo vietkych 4 skupinach

Diskusia

V nadej $tudii sme zistovali odlidnosti v kompozicii nazofaryngedlneho mikrobiému medzi
negativnymi jedincami a pacientmi s ochorenim COVID-19 s roznou zdvaznostou ochorenia od
bezpriznakového priebehu, mierneho priebehu aZz po tazky priebeh kedy boli pacienti
hospitalizovani v nemocnici. Poéetnost baktérii je v skutoénosti pocetnost transkriptov, ktoré
ale predstavuju aktivnu ¢ast mikrobidomu. Kontrolna skupina mala najnizsiu pocetnost baktérii
pocetnost mali skupiny s bezpriznakovym a miernym priebehom. Zaujimavé je, Ze skupina
pacientov so zavaznym priebehom COVID-19 mala nizku poéetnost baktérii ale najvyssiu
pocetnost identifikovanych bakteridlnych druhov. Nizku pocetnost baktérii moze vysvetlit
vysvetlenim vyssej pocetnosti bakteridlnych druhov v ramci COVID-19 pozitivnych skupin voci
negativnym kontroldam méze byt fakt, Ze virusova infekcia zvySuje pravdepodobnost
bakteridlnej superinfekcie. Pri pohlade na COVID-19 pozitivne skupiny, vSetky 3 vykazuju
rovnaké percentudlne zastupenie profilu bakterialnych kmeriov s najdominantnejsim kmeriom
Firmicutes, nasledovany Bacteroidetes, Proteobacteria, Actinobacteria a Fusobacteriales.
Avsak ak sme sa pozreli na negativnu skupinu, najpocetnejSim kmeriom bol Actinobacteria,
nasledovany Proteobacteria a Firmicutes, pravdepodobne preto, lebo v nosovej dutine
zdravych ludi su zvyCajne pritomné baktérie beine vyskytujice sa na pokozke z kmena
Actinobacteria (rod Corynebacterium), Proteobacteria a Firmicutes (rod Staphylococcus) (10).
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14. Severe retroperitoneal hemorrhage in covid-19 with low-
molecular-weight heparin therapeutic dose — case report

Martin Dubovsky, Marianna Hajska, Arpad Panyko, Marian Vician

IV. Department of Surgery, Medical faculty of Comenius University and University hospital
Bratislava

Introduction

COVID-19 has been associated with thrombosis as one of the disease’s complications [1]. Once
patients are hospitalized with COVID-19, they usually receive treatment accompanied by
anticoagulants to prevent thrombosis [2]. The drug name, dosage, or duration are not yet
strictly defined, as there is still a lack of guidelines in this matter. The thromboembolic
pathologies and mortality have increased in individuals who are infected with COVID-19 [3].
Clinical studies [4, 5, 6] already in first pandemic period described that COVID-19 patients
show a predisposition to thromboembolism. On the other hand, as mentioned by
Tanal [2] findings of nontraumatic focused haemorrhages are unexpected. Several clinical
reports [7-12] describing cases of severe spontaneous abdominal or retroperitoneal bleeding
were published during the most fulminant phase of pandemic. Retroperitoneal hematoma is
a radiologically diagnosed rare diagnosis, defined as the bleeding in the retroperitoneal space
usually without associated trauma or iatrogenic manipulation. It is usually seen in patients
receiving systemic anticoagulation, mostly including Warfarin [13]. Other than anticoagulant
therapies and clotting disorders, it has been associated with hematologic diseases,
malignancies, trauma, and Evans syndrome [14] . Compared to other areas of bleeding, as
shown by Tanal [2], retroperitoneal hematoma diagnosis can be challenging due to
asymptomatic or non-specifically symptomatic conditions. Its treatment can be even more
challenging, because there are usually other comorbidities that should be taken care of [2].

Case presentation

A 43-year-old patient was admitted to the intensive care unit (ICU) of the Pneumological
Department on the 28th December 2020, because of bilateral coronavirus disease 2019
(COVID-19) bronchopneumonia. According to the chest X-ray the bilateral inflammatory
infiltrates were present. The blood test showed signs of dehydration, severe hypoxemia and
hypocapnia and the inflammation parameters were elevated. Initial management included the
high flow nasal oxygen therapy treatment and intravenous antibiotic therapy (ceftriaxone,
moxifloxacin, fluconazole), systematic corticoids (dexamethasone) and low-molecular-weight
heparin (LMWH) in the full anticoagulation dose (Clexane - 2x0,8ml subcutaneously). Also the
regular antiviral therapy during the treatment (acidum ascorbicum, vigantol, cetirizine,
famotidine) was applied. Because the patient underwent in past bilateral transplantation of
lungs, standard post-transplant treatment with tacrolimus for immunosuppression at a dose
of 2.5 mg / 24 h was continued. From 5th January 2021, the patient complained about
experiencing stomach pain within hypogastrium, bilaterally, more on his left side. The
symptoms and pain worsened with time. During the ultrasound examination of the abdomen,
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the fluid formations were described in the left mesohypogastrium of the size 120x100x80mm,
suspicious in retroperitoneum and in the right musculus rectus abdominis - suspicious
hematomas. The patient was hemodynamically unstable, in objective findings dominated
hypotension, tachycardia, anaemia (Hb 90g/l). Diagnosis was confirmed by
Computed tomography (CT) of the abdomen and small pelvis - discovered active bleeding into
the abdominal cavity, in left retroperitoneum (Fig. 1, 2) and right musculus rectus abdominis.
Surgical revision was indicated and performed in biosafety level 3 (BSL-3), 150 minutes after
the CT examination. The duration of the surgery was 1 hour, and revision, haemostasis,
Mikulicz tamponade and drainage were done, with perioperative blood loss approx. 2500ml.
After the surgery, the patient was transferred to the ICU of the anaesthesiology department,
where the complex therapy (vasopressor support, supplementing the circulating volume with
crystalloids and blood derivatives, 6x blood transfusions, 7x fresh frozen plasma and 6g of
fibrinogen. Protamine and Tranexamic acid were given for antagonization of LMWH)
continued. Unfortunately, multiple organ failure (MOF) with fatal complications developed 10
hours after the surgery.

Discussion

The pandemic period of more than two years has brought a number of challenges to all parts
of our society, especially to medical professionals, including surgeons. COVID-19 may appear
in severe, complicated form and as shown by Al-Ani et al., Huang et al. and Chen et al. [4, 5,
6], it creates a thromboembolic situation in patients, independent of their age and
comorbidities [15]. Thus, anticoagulant therapies are usually added to these patients, and this
is recommended in international guidelines [16] as well. In our hospital, the therapeutic
strategy is to reach the therapeutic dose of LWMH therapy, which seems beneficial to the
majority of patient. However, as presented in this case, a life-threatening condition may
develop. The work of Yeoh et al. [17] shows, that diagnosis of retroperitoneal hematoma
requires a high degree of clinical suspicion as patients do not exhibit any clinically apparent
signs and symptoms until a substantial amount of blood loss has occurred. Yeoh et
al. [17] recommend to suspect it in patients who present with significant groin, flank,
abdominal, back pain or hemodynamic instability after an interventional procedure or in
patients who are anticoagulated. As shown by Kalayci [11,12], the ideal and simple diagnostic
method is to check the haemoglobin level regularly. A contrast enhanced CT scan of the
abdomen remains the imaging modality of choice for early detection and prompt
intervention [17]. As showed in our case report, COVID-19 patients treated with
anticoagulants were at risk of developing spontaneous retroperitoneal hematoma. Although
rare, it should remain as a probable cause of bleeding, especially when patients present with
flank pain, anaemia and signs of hypovolemia.

Conclusions

In COVID 19 hospitalized patients we rarely had to deal with a specific surgical complication -
severe bleeding into the retroperitoneal space and abdominal cavity. There was no history of
previous injury and also clinical signs were non-specific. Patient complained of abdominal
pain, objective signs were hypotension, tachycardia and anaemia. The only possible life-saving
method is quick diagnosis and follow-up surgery. Prevention could be the optimization of
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anticoagulant therapy. Although treatment of LMWH in patients with severe COVID-19
bronchopneumonia was necessary, a high risk of spontaneous bleeding should be considered
at therapeutic doses. Treating physicians must keep in mind the high risk of profuse bleeding,
which is very difficult to treat, even surgically. It may be suspected in unexpected anaemia and
non-specific abdominal symptoms. Indication for an immediate imaging examination is the
only way to get us to the right diagnosis.

Fig. 7 and 2: The hematoma in the left retroperitoneum was of size 170x125x120mm, attached
to the left musculus psoas major and presented with active bleeding.
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15. Effect of covid-19 pandemic on surgical treatment in
general surgical department

Marianna Hajska, Martin Dubovsky, Arpad Panyko, Marian Vician

IV. Department of Surgery, Medical faculty of Comenius University and University hospital
Bratislava

Goals of the study

This study is focused on routine surgical praxis in hospital during the pandemic of COVID 19
disease. We observed the influence on surgical therapy, planed operations as well as on acute
ones. Except of general effect of pandemics on surgery we observed the changes in
management of patients with acute appendicitis and described case of massive non-traumatic
abdominal bleeding caused by anticoagulant therapy.

Methods

In order to evaluate the effect of COVID 19 pandemics on surgical therapy in IV. Department
of Surgery we performed a retrospective study, that compared the periods of reprofilization
to COVID department with control periods of the same duration length (as showen in Tab 1.)

Table 1: Observed time periods included in the study

Second pandemic wave of COVID 19 in
COVID group A 1.11.2020 - 30.4.2021 | Slovakia

Third pandemic wave of COVID 19 in
COVID group B 1.11.2021 - 30.4.2022 | Slovakia

Control group 1 1.11.2018 - 30.4.2019 | Control to COVID group A

Control group 2 1.11.2019 - 30.4.2020 | Control to COVID group B

The main factors observed during higher mentioned periods were the numbers of surgeries in
total, planed and acute surgeries, oncological and non-oncological cases and we focused
separately on patients admitted acutely because of acute appendicitis. All the criteria
summarised in Tab. 2.
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Table 2.: Factors observed in our study

Surgery planed oncological case
planed non-oncological
case
acute case
Acute appendicities | Age
Sex
Acute appendicities | Therapy conservative
surgery laparoscopy
laparotomy
BSL- 3
time from onset to
Acute appendicities | operation
Acute appendicities | total hospitalisation time
Acute appendicities | histological result phlegmon
gangrene

chronic appendicities

negative

Results

In order to compare the number of surgeries, we analysed in Covid group A 211 surgeries in
total, this number consisted of 38 planed operations and 173 acute ones. Covid group B
included 355 surgeries in total, 121 planed and 234 acute ones. Control group 1 included 406
planed and 298 surgeries. Control group 2 included 518 planed and 239 acute surgery. Overall
findings show, that during the reprofilization planed surgeries formed only 28% of all
compared to the controls, where planed surgeries were 63%. The most alarming effect was
in the planed surgery cases. Meanwhile in control groups together 924 patents were operated,
in both COVID groups only 159 underwent planed surgery. It means decrease of more than
82%. In acute patients the fall-off was not so massive, only 24%. (Tab. 3, Fig 1-4)
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Table 3: Numbers of surgeries

Planned surgeries Acute surgeries Total
COVID group A 38 173 211
COVID group B 121 234 355
Control 1 406 298 704
Control 2 518 239 757
COVID group A COVID group B

82%

Figure 1 and 2: Number of surgeries in COVID groups. BLUE = planned, ORANGE = acute

Control 1 Control 2

Figure 3 and 4: Number of surgeries in Control groups. BLUE = planned, ORANGE = acute

Also, in oncological surgeries we observed asignificant decrease. In both control groups
together 112 patients underwent surgical intervention, meanwhile in both Covid groups
together it was only 52. (Tab 4)
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Table 4: Numbers of surgeries

Number of planned oncological surgeries
COVID group A 26
COVID group B 26
Control 1 60
Control 2 52

Part of our study specially focused on patients admitted to our department because of acute
appendicitis. Together 314 patients were included and 237 (100 female and 137 male)
underwent surgery. In Covid group A we performed 46 appendectomies, in Covid group B 66,
in Control 1 we performed 52 appendectomies and in Control 2 we performed 73
appendectomies (Tab.5)

Table 5 — Patients admitted with signs of acute appendectomy

Hospitalized Surgical therapy Conservative
COVID group A 59 46 13
COVID group B 84 66 18
Control 1 76 52 24
Control 2 95 73 22
Together 314 237 77

Relation between conservative and surgical therapy in all the observed groups show no
important difference. Conservative therapy was 22% in Covid group A, 21% in Covid group B,
32% in Control 1 and 23% in Control 2.

Interesting results showed the observation od COVID 19 patients, admitted because of acute
appendicitis. Together 10 patients (4 female and 6 male) with average age 55,2 years
underwent appendectomy laparotomicly in BSL-3 conditions (Tab.6). The rate between female
and male did not show any significant difference (Tab.7), but the average age in non-Covid
patients was 43,5 year, but in Covid positive patients with acute appendectomy it was 12 years
more. Difference was also in the rate between appendectomies and all the acute operations
performed. In Covid group A appendectomies formed 21,8% of all the surgeries performed, in
Covid group B 18,5%, but in Control 1 it was only 7,3% and in Control 2 in was 9,6% (Tab. 8
and 9).
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Table 6: — Appendectomies

Surgery Surgeryin BSL—-3
COVID group A 46 6
COVID group B 66 4
Control 1 52 0
Control 2 73 0

Table 7: Patients treated surgically - appendectomy

APPENDECTOMY Female Male Together
COVID group A 23 (50%) 23 (50%) 46
COVID group B 25 (38%) 41 (62%) 66
Control 1 22 (42%) 30 (58%) 52
Control 2 30 (41%) 43 (59%) 73

Table 8: - Appendectomies vs. all the surgeries

Surgeries in total Acute Appendectomy
COVID group A 211 173 46
COVID group B 355 234 66
Control 1 704 298 52
Control 2 757 239 73

Table 9: - Appendectomy — laparotomy vs laparoscopy

APPENDECTOMY Surgery Laparotomy Laparoscopy
Covid group A 46 28 18

Covid group B 66 39 27

Covid 19 positive 10 10 0

Control 1 52 30 22

Control 2 73 36 37

Last very interesting finding was in histopathological result. We observed the rate of
gangrenous / perforated appendicities. In Covid group A it was 34,8%, in Covid group B it was
44%, meanwhile in control groups the rate of gangrene was lower, 21,2% in Control 1 and
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28,8% in Control 2 (Tab 10). So, in the Covid periods there was a higher rate of complicated
appendicities. All the histopathological results of patients in Covid periods confirmed the
diagnosis, so no surgery was incorrectly indicated (Tab. 10).

Table 10: Appendectomies — histopathological results

APPENDECTOMY Phlegmon Gangrene Chronic NEGAT
COVID group A 30 16 (34,8%) 0 0
COVID group B 34 29 (44%) 3 0
Control 1 36 11 (21,2%) 3 2
Control 2 48 21 (28,8%) 0 4

The reason of higher rate of gangrenous / perforated appendicities first seemed to be the
delay between onset and operation in pandemic situation. On one hand patients were afraid
to go to the emergency department, because it was the ideal place to catch COVID 19, on the
other hand, the time patients had to spend in emergency in order the estimate their diagnosis
could be influenced by numbers of Covid 19 patients needed diagnostics and therapy. After
the statistical evaluation between the onset of symptoms and surgery surprisingly we found
out, that during Covid periods the time between onset to surgery was shorter than in non-
pandemic periods. This was valid also for gangrenous/perforated appendicities (Tab. 11 and
12).

Table 11: - Appendicities — average time between onset of first simptoms and surgery

AVERAGE TIME BETWEEN ONSET OF FIRST
APPENDECTOMY SIMPTOMS AND SURGERY
COVID group A 34 hours
COVID group B 44 hours
Control 1 41 hours
Control 2 40,4 hours
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Table 12: Gangrenous / perforated appendicities - average time between onset of first
symptoms and surgery

GANGRENOUS / PERFORATED | AVERAGE TIME BETWEEN ONSET OF FIRST
APPENDICITIES SIMPTOMS AND SURGERY

COVID group A 45,8 hours

COVID group B 54,4 hours

Control 1 59,3 hours

Control 2 63 hours

COVID positive patients 33,6 hours

In spite of all challenges pandemic era brought to our society, we were able to provide the
same quality of medical care to patients with acute appendicitis. | tis shown in time necessary
for hospitalisation. There is no difference between Covid ang Control group. The only
exception, were the patient Covid 19 positive with appendicities. They required longer
hospital

Table 13: - Length of hospital stay

Hospital stay
ACUTE APPENDICITY average Hospital stay median |Time frame (days)
Covid group A 53 4 2-18
Covid group B 5,2 5 2-18
Control 1 5,7 5 2-19
Control 2 5,2 5 2-13
COVID positive 8,4 8 4-18

Discussion

COVID 19 brought many challenges also to surgeons. A lot of stereotypes were changed,
surgeons had to face a lot of new situations, some surgeries had to be performed under
complicated condition in BSL-3 and as showen in Results both planned and acute surgeries
were restricted. In order to evaluate the effect of COVID 19 pandemics on surgical treatment
we realized a retrospective study and compared our experience with similar cases from
abroad. The transformation to covid department underwent also the Department of Plastic
Surgery of Elizabeth Queen Hospital in Birminghame Y, where 83 medical doctors were
responsible for covid department with 36 beds, meanwhile in our department 22 medical
doctors were responsible for covid department with 52 beds. Both departments provided also
standard surgical care to non-covid patients with serious restriction of planned surgeries.
Department in Birmingham was reprofilised for period of 6 weeks and doctors worked in 12
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hours shift, but our department was work for 6 months in second and also 6 months in third
pandemic way and work was 8 or 24 hours.

From surgical point interesting findings were observed in acute appendicities. Similar work
was published by authors from Ankara, Turkey ?. The number of patients included was
similar, we had 237 and study from Turkey included 214 patients. Both studies showed higher
rate of gangrenous / perforated appendicities, in Ankara 27,8%, in our study up to 44%.

Interesting was the change of the therapeutic strategy in Scotland, Ninewells @, were
surgeons limited surgical therapy of acute appendicities to 56,3% of cases, the rest was
treated by antibiotics only, what is in contrast to our therapeutic management -
appendectomy in both pandemic and non-pandemic period.

Acute appencitis was observed in multicentric study in Germany ), in 41 departments on 1915
patients. Similar to our results, the number of appendectomies during pandemic was a little
bit lower — 10,4% less in Germany, 13,5% less in our department and the number of
complicated appendicities was higher from 58,2% to 64,4% in Germany and form 25,6% to
40,2% in our department.

We also observed a specific complication of COVDI 19 treatment ), that required surgical
therapy — sever non-traumatic intraabdominal haemorrhage, that occurred also in other
hospitals, as showed in work of Kovécsova et. al. (©).
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Introduction

The Coronavirus disease (COVID-19) pandemic, declared by the World Health Organization
(WHO) on March 11th, 2020 (1), has resulted in over 767 million confirmed infections and over
6,9 million deaths as of June 7th, 2023 (2). The recent declaration by WHO, ending COVID-19
global health emergency (3), can lead to wrong conclusion that all countermeasures created
last three years are already not necessary at all. For example, next-generation sequencing
(NGS) has been the primary method to track emerging changes in the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) virus genome, with significant mutational changes
observed throughout the pandemic (4,5). The resulting sequencing data are increasingly being
analyzed to understand the links between transmission dynamics, pathogenicity, vaccine
efficacy, and immune escape.

The SARS-CoV-2 virus genome is approximately 29.9 Kb in size, with mutations occurring in
various regions (6). Changes in structural proteins have had the most significant impact on
virus properties, resulting in different genetic lineages. Nomenclature systems from GISAID
(7), Nextstrain (8), and Pango (9) are currently used to track and name SARS-CoV-2 genetic
lineages. WHO has introduced a uniform nomenclature using Greek letters and has divided
the lineages into three categories: Variants of Concern (VOCs), Variants of Interest (VOls), and
Variants under Monitoring (VUMs). VOCs, such as the Alpha (B.1.1.7), Beta (B.1.351), Delta
(B.1.617.2), and Omicron (B.1.1.529) variants, have had a significant impact on
transmissibility, severity, and immune response (10).
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To monitor novel or emerging variants, the European Center for Disease Prevention and
Control (ECDC) recommends a sequencing rate of 5% of all COVID-19 positive samples (11).
Many countries in the world have launched national viral genome surveillance programs,
allowing real-time tracking of SARS-CoV-2 viruses' diversity. For the same purpose, the Slovak
Republic formed an expert workgroup for genomics surveillance under the Ministry of Health,
coordinated by the Public Health Authority of the Slovak Republic (PHA SR). The national SARS-
CoV-2 sequencing program, launched in March 2021, has contributed to the global endeavor
to monitor the COVID-19 pandemic's development (12). Additionally, an integrated central
information system has been developed to facilitate the scheduling of lllumina sequencing
laboratories, enabling more robust and automated data and metadata transfer, and unifying
analysis through automated batch database uploading. This system, abbreviated as NarCoS
(National COVID-19 Sequencing), has been operating since late February 2022 and has
significantly enhanced the robustness, speed, and accuracy required to accommodate the
rapidly increasing number of sequenced samples. This study presents the major results
obtained by six participating laboratories using Illlumina sequencing technology from the
program's launch until March 2023.

Methods
Collecting SARS-CoV-2 samples

Medical subjects provided nasopharyngeal swabs for routine COVID-19 testing. Swabs were
refrigerated and transported to a central laboratory PHA SR in Bratislava. Samples were
selected randomly and selectively (positive travel anamnesis, atypical course of COVID-19,
severe case subgroups) for genome sequencing, with a limit of RT-PCR cycle threshold < 30 for
successful sequencing.

RNA isolation of selected samples

The samples selected for sequencing had fresh nucleic acid extracted from the primary source,
independently of the initial RT-PCR testing material. RNA isolation was done at four different
workplaces (PHA SR in Bratislava and Regional PHA in Trencin, Banska Bystrica and Kosice).
RNA was isolated using various kits (RNAdvance Viral RNA Extraction Kit, QIAamp Viral RNA
Mini Kit and Quick-RNA™ Viral Kit) following the manufacturer's protocol. RNA was stored in
a 96-well plate at -80°C and processed by the relevant sequencing center.

Massive parallel sequencing of SARS-CoV-2 genome

Six genomic laboratories performed sequencing on lllumina sequencing platforms (Comenius
University Science Park in Bratislava - CU SP, PHA SR; Jessenius Faculty of Medicine of
Comenius University - JFM CU; Regional Public Health Authority in Banska Bystrica - RPHA BB;
Regional Public Health Authority in Trenéin - RPHA TN; Regional Public Health Authority in
KosSice - RPHA KE). The SARS-CoV-2 whole-genome sequencing libraries were manually
prepared in 96-well plates (95 samples, 1 non-template control) based on the lllumina
COVIDSeq Test protocol. After cDNA synthesis and amplification using COVIDSeq™ V3 Primer
Pool Pool (replaced by the new COVIDSeq™ V4 Primer Pool from December 2021), PCR
amplicons were tagmented using IDT® for lllumina PCR Unique Dual Indexes Set 1-4 and
libraries were purified and pooled following the manufacturer's guidelines. All laboratories
used lllumina platforms - three used MiniSeq, one used MiSeq, one used NextSeq 550, and
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one used NextSeq 500 and NextSeq 2000. The sequencing parameters were initially different
for each platform, but they were later unified for all platforms for 2 x 74 bp paired-end reads
except NextSeq 2000 with 2 x 100 bp paired-end.

Bioinformatic analysis

Detailed information about the pipeline is available in Goga paper (13). To study the SARS-
CoV-2 virus, the researchers used a pipeline process that involved trimming the reads,
removing human RNA fragments, mapping the reads to the SARS-CoV-2 virus's genome, and
checking the quality of the consensus sequences. The sequences that met the coverage
criteria were uploaded to public repositories - European Nucleotide Archive (14) and GISAID
(7). The computational analyses were independent of the sequencing reads length. In
February 2022, an integrated system called NarCoS (Ndrodné COVID-19 Sekvenovanie—
National COVID-19 Sequencing) was launched to optimize data transfers and allow unified
analysis, verification, and batch uploading to repositories. The previously mentioned pipeline
became the data analysis module of this system.

Results
SARS-CoV-2 capture in the Slovak population

We conducted an analysis of Slovak Republic's SARS-CoV-2 pandemic data by examining a
specific set of sequenced samples from a particular period (March 1, 2021 — March 31, 2023).
During a span of 25 months, more than 1.8 million (n = 1,865,471) positive SARS-CoV-2 cases
were confirmed by RT-PCR [32]. Of all the positive samples, COVID-19 dedicated laboratories
randomly selected and sent an over 47,000 samples (n = 47,677) for sequencing and SARS-
CoV-2 variant determination, representing 2.56% of the total. Needs to be mentioned, that
this percentage is slightly higher as only data generated by collaborating laboratories using
lllumina sequencing and described in the methods are included here. Out of all the suitable
RNA samples, 94.2% (n = 44,890) were successfully sequenced and analyzed to determine the
SARS-CoV-2 virus variant. Finally, 86.2% (n = 41,079) of the high-quality consensus sequences
met all criteria for submission to the GISAID repository for sharing with the scientific
community.

Of these, 54.8% were female with an average age of 46.1 (median = 45), and 45.1% were male
with an average age of 44.5 (median = 44). Unknown sex was associated with only 0.1% of
samples. Samples were collected randomly from all districts of the Slovak Republic.

The surveillance program and its sequencing volume over time

Slovakia's strategy for monitoring the SARS-CoV-2 virus focused on collecting samples from
state and private laboratories, hospitals, and citizens returning from countries where new
virus variants had been reported. Depending on the current epidemiological situation,
genomic laboratories sequenced statistically anywhere from 12 to 1650 samples per week. In
the summer of 2021, the number of positive cases decreased, resulting in a drop in sequencing
volume to an average of 100 samples per week. However, in early 2022, the new Omicron
variant and its sublineages caused a surge in infections, leading to increased sequencing
numbers of over 1500 positive cases per week. As a result, a more comprehensive approach
to handling and analyzing data became necessary.
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Figure 1: Number of confirmed cases of SARS-CoV-2 in Slovakia over time. The purple bars
indicate the daily number of positive test results, while the red line shows the weekly
coverage. The blue bars represent the number of samples that were sequenced. The data
reveals that there was a peak in positive cases in late 2021 and early 2022.

In order to accurately determine the prevalence of virus variants, a sufficient number of
samples need to be sequenced. Ideally, this would be 5% of all positive cases during the same
period. We analyzed the proportion of weekly sequencing volumes compared to weekly
positive cases and found that during June, July, and August of 2021, the proportion of
sequenced cases was over 40%. However, from the beginning of October 2021 till April 2022
of the analyzed period, the VOCs Delta (B.1.617.2) and Omicron (B.1.1.529) variants were
dominant. This period is characterized by a very high number of SARS-CoV-2 positive cases in
the population, which was reflected in a lower percentage of sequencing coverage, averaging
2.35%. During the summer months of 2022 (June to September), the proportion of samples
determined to be variants ranged from 10% to 15%. Towards the end of 2022 and the
beginning of 2023, the percentage of SARS-CoV-2 samples with a determined variant
fluctuated between 2% and 30% of the total positive samples obtained during that time
(Figure 1).

Virus lineages proportions in Slovak population over time

We analyzed each SARS-CoV-2 consensus sequence using the GISAID Pangolin pipeline to
determine the lineage in time of deposition to the GISAID repository. Our study identified 425
unique sublineages of the SARS-CoV-2 virus. We have selected a list of the 18 most prevalent
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lineages, which accounted for over 1% of all analyzed samples (Table 1). The most common
lineage detected during the analyzed period was BA.2, present in 17.14% of SARS-CoV-2
positive cases, followed by BA.1.1, B.1.1.7, AY.43 and BA.2.9 (Table 1). We identified four
variants of concern (VOC) out of 5 WHO: Alpha, Beta, Delta, and Omicron. We also detected
two variants of interest (VOI): Kappa and Mu. Alpha was prevalent in the Slovak population
until the end of June 2021, followed by an increase in Delta lineages until the last weeks of
2021. The Omicron variant was detected at the beginning of 2022, with dominant sublineage
BA.2 followed by BA.5. During the end of 2022 and throughout 2023, multiple SARS-CoV-2
recombinants were spreading throughout the population. The XBB recombinants have been
particularly prevalent since February 2023.3.

Table 1: List of 18 sublineages with more than 1% proportion among all determined SARS-
CoV-2 samples collected in Slovak Republic.

Sublineage % Sublineage % Sublineage %

BA.2 17.14 AY.122 3.66 BA5.2.1 211
BA.1.1 8.42 BA1l 3.37 BF.S5 1.92
B.1.1.7 7.67 BAS5.1 3.35 AY.126 1.64
AY.43 7.63 BAS5.2 2.63 AY.439 1.45
BA.2.9 6.47 BA.l.1l.1 2.47 BE.1.1 1.28
AY.4 3.87 AvY.9.2 246 BA.1.17.2 1.23

Discussion

We analyzed the COVID-19 pandemic in Slovakia, focusing on genomic surveillance of the
SARS-CoV-2 virus. This was done through Illumina technology-based labs coordinated by the
PHA SR. We used publicly available sequences and metadata to describe the pandemic's
development in the Slovak population (population 5.45 x 108) (15).

The first global wave of the virus in Slovakia was under control due to strict government
measures, but the situation worsened in October 2020 with the new lineage Alpha (B.1.1.7).
(16) This variant, which originated in England, caused a worldwide increase in COVID-19 cases
(17). Despite facing challenges with the new lineage B.1.1.7, Slovakia implemented a national
sequencing program in March 2021 to stay on top of the virus's developments (18). With the
collaboration of six sequencing laboratories, the country continues to monitor and detect
SARS-CoV-2 variants and sublineages. Slovakia's proactive approach serves as an inspiration
for other nations in the fight against COVID-19 (19).

We looked at three significant waves of SARS-CoV-2 VOCs. The first wave, known as the Alpha
variant (B.1.1.7), lasted from March 1, 2021, to mid-July 2021, and had fewer daily positive
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cases compared to the subsequent waves. However, the impact on total confirmed deaths
was higher than the Delta or Omicron waves, with a total of 81,098 positive tests and 5,136
confirmed deaths. This was due to the high number of hospitalized and ICU patients, with the
highest daily hospital occupation being 715/1x106 people and the highest daily ICU occupation
being 112/1x10° people (16).

The Delta (B.1.617.2) variant and its AY lineages caused the second wave of COVID-19 in Slovak
Republic, with the first cases being detected and sequenced in July 2021. These variants and
their sublineages led to an increase in SARS-CoV-2 positive cases among the population (n =
498,683) but resulted in fewer total deaths (n = 4,932) compared to the previous period
analyzed. The highest daily statistics included 2083/1x10° people for positive cases,
17.8/1x10° people for confirmed deaths, 615/1x10° people for hospitalizations, and
115/1x106 people for ICU patients (16).

Starting in January 2022, the third wave of the COVID-19 pandemic began with the discovery
of the Omicron (B.1.1.529) variant, which was followed by subsequent variants BA.1, BA.2 and
BA.5 The impact of the Omicron variant was different from previous waves of the pandemic
until the end of March 2023. During the 15 months, there were around 1,000,000 positive
SARS-CoV-2 samples, with the highest daily positive cases being 4148/1x10° people.
Unfortunately, the high increase in infections resulted in 1848 confirmed deaths, with the
highest daily number being 7.16/1x10° people. However, hospitals had a lower burden, with
the highest hospital and ICU patient occupancy at 534 and 50/1x10° people, respectively (16).

The number of COVID-19 samples being sequenced varies over time and depends on the
number of positive cases. During months with a high number of positive cases, the surveillance
program was only able to identify variants in about 2% of the samples tested, despite original
plans to sequence 500 samples per week. However, this number increased during the Delta
and Omicron waves, leading to bottlenecks in processing and uploading data. To address this
issue, an integrated central information system called NarCoS was developed and has been in
operation since February 2022. NarCoS has helped increase the efficiency and accuracy of
sample sequencing by allowing for the scheduling of lllumina sequencing laboratories, more
robust and automated data transfer, unified analysis, and automated batch database
uploading. This system has been instrumental in accommodating the need to increase the
number of samples sequenced rapidly.

Although the COVID-19 pandemic has calmed down, it has not yet displayed a typical seasonal
respiratory disease pattern. However, recent months have shown that newly detected
lineages cause fewer issues compared to those that spread two to three years ago. Even the
current recombinant XBB.1.16 circulating strain does not tend to produce severe COVID-19
symptoms compared to previous Omicron sublineages (20). Nonetheless, genomic
surveillance remains a crucial aspect of epidemiology tools for future epidemics and
pandemics, as emphasized by the WHO's global genomic surveillance strategy for pathogens
over the next ten years (21).
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Introduction

Clinical presentation of Coronavirus infection disease 2019 (COVID-19) varies from
asymptomatic or mild infection of upper respiratory airways to life threatening respiratory
failure requiring admission to intensive care unit (ICU)1. At the ICU setting, the bacterial or
fungal superinfections are relatively common, especially during large COVID-19 outbreaks
associated with significant strain to local health care system 2. One of the most important
bacterial pathogens causing superinfections in COVID-19 patients at the ICU setting during
outbreaks is multidrug resistant Acinetobacter species (MDR-Ab). It is well known that
development of superinfection caused by MDR-Ab impairs the prognosis of COVID-19 patients
significantly. 3,4Despite the fact that COVID-19 is primarily a viral disease, the antibiotics are
abundantly prescribed in COVID-19 patients, even without any clinical proofs of bacterial
superinfection.7 The inadequate use of antibiotics in COVID-19 might be associated with the
risk of development of multidrug resistant bacterial superinfection, especially in ICU setting.

Methods

To investigate the association of empiric antibiotic therapy with the risk of MDR-Ab infection
in COVID-19 patients admitted to ICU, we conducted a retrospective case-control study. The
study included 90 patients admitted to the ICU of the Department of Infectology and
Geographical Medicine, University Hospital in Bratislava, with severe COVID-19 requiring High
flow nasal oxygen treatment or mechanical ventilation. The inclusion criteria were SARS-CoV-
2 infection verified by PCR and presence of respiratory failure requiring high flow nasal oxygen
therapy or mechanical ventilation. All patients underwent standard microbial screening on a
regular basis. Bacterial superinfection was defined as clinically, laboratory and microbiological
verified infection occurring > 48 h after ICU admission. Acinetobacter strains were isolated
and identified using blood agar cultivation followed by matrix-assisted laser
desorption/ionization (MALDI-TOF). Acinetobacter isolates were considered as multidrug-
resistant according to international expert proposals for standard definitions for acquired
resistance.8
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Results

The study included 58 male and 32 female patients. MDR-Ab was isolated in 37 patients. The
isolation of MDR-Ab was regarded as superinfection in 33 patients (36.7%). Fifty-four (60%)
patients were exposed to antibiotics during ICU stay. Ceftriaxone was the most utilized
antimicrobial drug used in 35 (64.8%) patients. Exposure to ceftriaxone was independently
associated with the risk of MDR-Ab superinfection (odds ratio [OR] 4.1, 95% confidence
interval [CI] 1.4-11.9, P < 0.05) in multivariate binary logistic regression. Other antimicrobials
were not associated with the risk of MDR-Ab superinfection.

Discussion

MDR-ADb is one of the most important pathogens causing superinfections in COVID-19 patients
in ICU settings 3,4,5,6. MDR-Ab was also the most common pathogen isolated in our study
population. It was also the most common pathogen causing clinically relevant superinfection.
Its ability to develop resistance to various antimicrobials, to avoid standard decontamination
procedures and to be easily transmitted by hands of hospital personnel are the features that
facilitate development of large MDR-Ab outbreaks during pandemic. 3 The overuse of
antibiotics was proposed as possible factor contributing to the risk of development of MDR-
Ab infection in COVID-19 patients, however the more solid evidence are scarce. The
ceftriaxone was the most utilized antimicrobial drug in our study cohort. It was found to be
independently associated with the risk of development of MDR-Ab superinfection. Previous
authors found association with use of other broad spectrum antibiotics like piperacillin-
tazobactam and carbapenems.9, 10 The lack of association of carbapenem or other
antimicrobial drugs with MDR-Ab development in our study was caused by low number of
subject treated by these antibiotics. According to results of our study and also evidence from
previous studies, we propose that exposure to broad-spectrum antibiotics increases the risk
of Acinetobacter colonization in COVID-19 ICU patients and therefore facilitates the MDR-Ab
superinfection. Therefore, antibiotics should be used in COVID-19 patients only if there is
strong suspicion for bacterial superinfection.
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Coronavirus disease is a clinical presentation of the infection of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which became global pandemic in 2020. Though
respiratory symptoms are the most common clinical indicators, multiple neurological
symptoms and related complications have also been reported. Among the neurological
symptoms, headache has been consistently identified as a widespread and debilitating
symptom, impacting anywhere from 6 to 70% of individuals infected with the virus. This broad
spectrum of reported prevalence is likely due to methodological discrepancies among studies,
such as how data was collected, the specific population studied, whether the study was
prospective or retrospective, the severity of the disease in the studied population, and
whether the primary focus of the research was headaches specifically or COVID-19 symptoms
in general. Although headache associated with COVID-19 has proven to be a common,
disabling, often persisting and difficult to treat symptom for neurologists worldwide,
epidemiological data in Slovakia are lacking. Therefore, the goal of our study was to establish
the prevalence and characteristics of headache associated with COVID-19 infection in
hospitalized patients in Slovakia.
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Uvod

Vitamin D je v kontexte pandémie ochorenia COVID-19 (z angl. Coronavirus Disease 2019)
velmi diskutovanou témou a viaceré prace poukazali na fakt, Ze hodnoty vitaminu D v sére su
nezavislym prediktorom mortality u pacientov s COVID-19 pneuméniou a tazky deficit
vitaminu D je spojeny s excesivnou mortalitou u tychto pacientov (1). Tazka forma ochorenia
COVID-19 spoésobuje hyperaktivaciu systémovej imunitnej odpovede, ktora je vyvoland
najskor hypoxickym prostredim v dosledku respiracného zlyhania a neskér sa rozvijajuicou
cytokinovou burkou (2). Pocas tejto akutnej fazy systémového zapalu mozno na Grovni
organizmu ocakdvat metabolické zmeny tak makronutrientov, ako aj mikronutrientov;
metabolity vitaminu D nie su vynimkou. Koncentracia 25-hydroxyvitaminu D (25[0OH]D) v sére
reflektuje zasoby vitaminu D v tele a za normalnych okolnosti je najlepsim biomarkerom,
ktorym mézeme zhodnotit status vitaminu D u konkrétneho pacienta (3). Uloha 25(0H)D ako
biomarkera pocas akutneho zapalového ochorenia je vSak ovela menej jasna. Niektoré prace
popisuju signifikantné zmeny v koncentrécii 25(0OH)D, ktoré sa moézu u akutne chorého
pacienta objavit uZz v priebehu hodin (4). Preto niektori autori uvadzaju, Ze jednorazové
stanovanie koncentracie 25(0OH)D v sére nie je dostacujlce na adekvatne zhodnotenie zdsob
vitaminu D pocas akdtnej fazy zapalu (4). Vzhladom k diskutovej role vitaminu D v kontexte
pandémie ochorenia COVID-19, nasim Cielom bolo prospektivne sledovat zmeny
v koncentracii 25(0OH)D pocas akutnej COVID-19 infekcie u pacientov s pneumoéniou a
hypoxemickou respiraénou insuficienciou a identifikovat vhodné ¢asové okno pre
zhodnotenie koncentracie 25(0OH)D pocas akutneho ochorenia.

Material a metédy

Do prace boli zaradeni pacienti, ktori boli hospitalizovani s diagnézou akutnej COVID-19
pneumonie na V. internej klinike Lekdrskej fakulty Univerzity Komenského v Bratislave a
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Univerzitnej nemocnice Bratislava v casovom obdobi od 1. novembra 2021 do 31. decembra
2021.

Exklazne kritéria boli nasledovné: (a) pacienti bez potreby oxygenoterapie, (b) pacienti, ktori
nespliiali kritéria pre tazku formu ochorenia, (c) pneumdnia COVID-19 nebola primarnou
diagndzou v ¢ase prijatia do nemocnice, (d) pacienti mali inu infekciu (napr. uroinfekciu) pocas
sledovaného obdobia.

Pacienti pocas hospitalizacie nedostavali preparaty vitaminu D. Tazkd forma ochorenia bola
definovana nasledovne: pocet dychov za minGtu >30; zavazny respiracny distres; alebo
saturacia krvi kyslikom <90% bez oxygenoterapie (5).

Prvy odber vendznej krvi sme realizovali hned' pri prijati pacienta (deri 0), a nasledne sme
realizovali odber vendznej krvi kazdych 24 hodin: 2. vzorka odobrana v 24. hodine (der 1), 3.
vzorka odobrana v 48. hodine (den 2), 4. vzorka odobrana v 72. hodine (den 3), a 5. vzorka
odobrana v 96. hodine (der 4).

Hodnota 25(0OH)D (ng/ml) v sére bola stanovena pomocou automatického
elektrochemiluminisencného systému (Eclesys Vitamin D Total Il, 2019, Roche Diagnostics
GmBH, Mannheim, Germany). Detekény limit 25(0H)D bol 3 ng/ml.

Statisticka analyza bola realizovana poocou $tatistického sowftvéru Analyse-it (Leeds, UK)
v 5.40.2 alebo R (v 3.6.0). Vysledné data su prezentované ako priemer * Standardnd odchylka,
ak boli normalne distribuované, alebo ako median a kvartilové rozpatie, ak neboli normélne
distribuované. Shapiro-Francia test bol pouZity na testovanie normality distriblcie
Studovanych parametrov. Zmeny medzi jednotlivymi ¢asovymi bodmi boli hodnotené
parovym t-testom u normadlne distribuovanych parametrov a Wilcoxonovym testom u
ostatnych parametrov. Vztahy medzi sledovanymi parametrami boli vypocitané pomocou
Pearsonovho korelacného koeficientu alebo binominalnou logistickou regresiou. P hodnota
menej ako 0.05 bola povazovana za signifikantnu.

Studia bola realizovana v stlade s Helsinskou deklaraciou a schvalend Etickou komisiou
Univerzitnej nemocnice Bratislava (rozhodnutie Etickej komisie: EK/011/2021).

Vysledky

Inkldzne kritérid splnilo 22 pacientov (6 Zien, 16 muzZov, priemerny vek 60,6 roka). 12
pacientov (55%) malo anamnézu artériovej hypertenzie, 7 pacientov (32%) malo diabetes
mellitus, 2 pacienti (9%) mali koronarnu chorobu srdca a 5 pacientov chronické ochorenie
obli¢iek. Priemerna hodnota BMI bola 29,74; 10 pacientov malo nadvahu (BMI > 25) a 8
pacientov bolo obéznych (BMI > 30). VSetci pacienti vyZadovali liecbu kyslikom, 12 pacientov
(55%) bolo liecenych vysokoprietokovou oxygenoterapiou cez nazdlnu kanylu (HFNV). 2
pacienti vyZadovali intubdciu a umeld plicnu ventildciu. 4 pacienti po sledovanom obdobi
zomreli (po 4 drioch hospitalizacie). Symptdémy ochorenia COVID-19 (horucka, triaska, kasel,
nauzea, celkova slabost, myalgie, cefalea) boli pritomné v priemere 7,45 dria pred prijatim do
nemocnice. Dychavica bola pritomnd u 36% pacientov dlhSie nez 48 hodin pred prijatim a u
64% pacientov do 48 hodin pred prijatim do nemocnice. Priemerna koncentracie 25(0OH)D pri
prijati bola 30,71 ng/mL; 59% pacientov malo suficientné hodnoty
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25(0OH)D (>30 ng/mL), 18% pacientov bolo v pasme insuficiencie (30-20 ng/mL) a 5% pacientov
bolo v pasme deficitu vitaminu D (<20 ng/mL). 45% pacientov uZivalo preparaty vitaminu D
pred prijatim do nemocnice.

Priemerna sérova koncentracia 25(0OH)D signifikantne klesla za prvych 48 hodin po prijati do
nemocnice (30,7 ng/mL vs. 26,4 ng/mL; p<0.0001) (Obrazok 1A). Po prvych 48 hodinach sme
nepozorovali dalsi signifikantny pokles medzi 2. a 3. dfiom (26,4 ng/mLvs. 25,9 ng/mL; p=0.23)
a medzi 3. a 4. diiom (25.8 ng/mL vs. 25,9 ng/mL; p=0.70). Pokles v sérovej koncentracii
25(0OH)D bol pritomny u muzov aj u Zien, ale pokles koncentracie bol pocas prvych 48 hodin
vyraznejsi u muzov (p<0.005 vs p<0.05). Dalsi pokles v sérovej koncentracii 25(0H)D po 48

v sledovanom obdobi (n=17) doslo k poklesu koncentracie 25(0H)D (Obrazok 1D).
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Obrazok 1.: Kinetika koncentracie 25(OH)D v sére pocas sledovaného obdobia u vietkych
pacientov (A), u Zien (B), a u muzZov (C). Pocas sledovaného obdobia doslo k poklesu
v koncentracii 25(0OH)D takmer u vsetkych pacientov (D).
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Absolutna zmena koncentracie pocas sledovaného obdobia (od prijatia po den 4) bola 4,8
ng/mL (p<0.0001) a nebola asociovana s mortalitou (p=0.21) alebo s nutnostou HFNV

(p=0.64). Na 4. sledovany den pocet pacientov s neadekvatnou koncentraciou 25(0OH)D (<30
ng/mL) vzréastol o 18% (p=0.018).
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Obrazok 2.: Kinetika zapalovych parametrov pocas sledovaného obdobia. A: C-reaktivny
protein a interleukin-6. B: neutrofily, lymfcyty a monocyty.
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Pocas sledovaného obdobia sme pozorovali signifikantny pokles kreatininu, albuminu,
hemoglobinu a hematokritu (der 1 vs den 5, vSetko p<0.05).

Koncentracie C-reaktivneho proteinu (CRP) a interleukinu-6 (IL-6) pocas sledovaného obdobia
signifikantne poklesli (den 0 vs den 4, vSetko p<0.0005) (Obrazok 2A). Pritomny bol
signifikantny vzostup neutrofilov medzi prijatim a 1. driom a nasledny pokles medzi 1. a 3.
driom (p<0.0001) (Obrazok 2B). Lymfocyty sa pocas prvych 48 hodin vyraznejsie nemenili; po
48 hodinach sme pozorovali vzostup v koncentrécii lymfocytov (den O vs. den 4; p<0.05)
(Obrazok 2B). Koncentracia monocytov pocas sledovaného obdobia signifikantne vzrastla
(p<0.005) (Obrazok 2B).

Diskusia

V nasej praci sme preukazali signifikantny, 16%-ny pokles v koncentracii 25(0H)D u pacientov
s COVID-19 pneumoniou pocas prvych 2 dni hospitalizacie. Vysledkom tohto poklesu je narast
poctu pacientov s neadekvatnymi hodnotami vitaminu D pocas hospitalizacie (vzostup zo 41
na 59% pocas sledovaného obdobia). V tejto Studii zmeny v koncentracii 25(0OH)D neboli
inverzne asociované s markermi zapalu CRP a IL-6. Pokles 25(OH)D sme pozorovali u oboch
pohlavi, u muzov bol pokles vyraznejsi a pretrvéval aj po prvych 48 hodinach.

Existuju viaceré prace hodnotiace zmeny 25(0OH)D v kontexte zdpalovej reakcie rbznej
etioldgie (najCasteSie operacny vykon). Tato Studia je vsak prva, ktora hodnoti zmeny
v koncentracii 25(0OH)D prospektivne u pacientov s akutnou zapalovou reakciou infekénej
etioldgie.

Koncentracia 25(0OH)D klesa uz hodiny (6-48 hodin) po zaciatku operacného vykonu, a zmena
v koncentrécii oproti vychodzej hodnote méze byt az 40% (4). Vzhladom k inverznému vztahu
medzi CRP a 25(0OH)D v perioperacnom obdbi v tychto Stidach, viaceri autori uvazuju o sérovej
koncentracii 25(0H)D pri akdtnych stavoch iba ako o negativnom reaktante akatnej fazy
zapalu (6). Pozorované zmeny v tychto studidch vsak moézu byt skor v désledku samotného
operaéného vykonu alebo anestézy, nez v désledku zapalu ako takého. Inverzny vztah medzi
hodnotami CRP a 25(OH)D bol vSak pozorovany aj pri akutnej pankreatitide (7) a po
intravendznej infuzii bisfosfonatov (8). Naproti tomu u pacientov po akutnom koronarnom
syndréome (9) a u pacientov po malarii (10) neboli pozorované signifikantné zmeny
v koncentracii 25(0OH)D ani vyznamna koreldcia s markermi zapalu. Treba viak podotknut, Ze
v oboch pripadoch boli hodnoty 25(0OH)D merané aZ po viacerych dnoch po nastupe
symptémov, ¢o mohlo ovplyvnit schopnost pozorovat zmeny v koncentracii, respektive pokles
25(OH)D.

V tomto kontexte je zaujimavé, Ze nasi pacienti boli symptomaticki v priemere viac ako 7 dni
a pocitovali dychavicu takmer 2,5 diia pred prijatim, a napriek tomu sme u vacésiny z nich
detekovali signifikantny pokles koncentracie 25(0H)D. Tazka forma ochorenia COVID-19 sa
vSak rozvija najcastejSie 8-12 dni po zaciatku symptémov a rozsah plucnych Iézii je
najvyraznejsi medzi 6-11 diiom po zaciatku symptémov (11). Je teda mozné, Ze u nasich
pacientov bol rozsah plticnej manifestacie ochorenia na svojom vrchole a pozorovali sme
funkény deficit vitaminu D. Klesajuca koncentracia vitaminu D by potom suvisela
s poziadavkami periférnych tkaniv, vtomto pripade plicneho parenchymu. Cirkulujuci
25(0OH)D predstavuje substrat pre konverziu na aktivnu formu vitaminu D — 1,25(0OH)D2
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bunkami respiracného epitelu a alveolarnymi makrofdgmi. Metabolicka draha vitaminu D
zohrava kltcovu ulohu v homeostaze zépalovej reakcie na Urovni plicneho parenchymu a
brani rozvoju syndrému akutnej respiracnej tiesne (ARDS) viacerymi mechanizmami (12).
Abrishami s kolektivom autorov preukazali, Ze hospitalizovani pacienti s COVID-19 a vy$simi
hodnotami 25(0OH)D maju signifikantne mensie postihnutie plicneho parenchymu na CT
hrudnika (13).

Aj iné faktory, neZ priamy efekt zapalu mozu ovplyvnit sérové koncentracie 25(0OH)D pocas
akutneho ochorenia. Méze sa jednat o hemodiluciu pri podavani vaésieho mnozstva infuznych
roztokov, redistribuciu telesnych tekutin v jednotlivych kompartmentoch pocas akutneho
stavu, alebo pokles viazucich bielkovin pre 25(0OH)D u kriticki chorych pacientov, ¢i uz sa jedna
o vitamin D viaZuci protein (VDBP) alebo o albumin. V kontexte predkladanej Studie je dolezité
spomenut aj mozny efekt glukokortikoidov. Vsetci pacienti dostavali poéas sledovaného
obdobia denne 6 miligramov dexametazonu intravendzne. Dexametazdn zvysuje expresiu
vitamin D-24-hydroxylazy, ktord degraduje metabolity vitaminu D, medzi inymi aj 25(0OH)D
(14).

Nasa praca ma niekolko limitacii. Po prvé, sledovali sme malu skupinu pacientov. Nasim
primarnym cielom bolo pozorovat zmeny 25(0OH)D a preto nasa praca nemd dostato¢nu silu
preukazat vztah medzi zmenami v koncentracii 25(0H)D a mortalitou. Po druhé, nemali sme
kontrolnd skupinu. Liecba glukokortikoidmi bola, a aj stdle je zdkladom liecby pacientov
s hypoxemickou respiracnou insuficienciou pri ochoreni COVID-19. Preto nebolo mozné
hodnotit zmeny u pacientov s tazkym priebehom COVID-19 bez podavania glukokortikoidov,
a tak jednoznatne nemdzeme vyluéit mozny efekt podavanej lie€by glukokortikoidmi na
zmeny koncentréacie 25(0OH)D. Po tretie, nemali sme k dipozicii hodnoty sérového 25(0OH)D u
nasSich pacientov pred hospitalizaciou. TieZ sme nestanovovali VDBP, takie nemdieme
zhodnotit mieru, v akej ovplyvnili koncentraciu 25(0OH)D zmeny v koncentrécii VDBP. Prinos
nasej prace spociva vtom, Ze sme prospektivne sledovali pomerne homogénnu, jasne
zadefinovanu skupinu pacientov s akdtnou tazkou hypoxemickou respira¢nou insuficienciou
pri COVID-19 pnuemonii. VSetky hodnoty 25(0OH)D boli stanovené rovnakou metodikou u
vsetkych pacientov v presne definovanych intervaloch. Nasa praca je prva, vktorej boli
hodnoty 25(OH)D u pacientov s tazkou formou COVID-19 sledované prospektivne pocas
dihsieho ¢asového obdobia. Je to tieZ prva praca s prospektivnym dizajnom, ktora skuma
zmeny 25(0OH)D pocas akutneho infekéného ochorenia.

Zéverom mozno povedat, Ze sérovd koncentracia 25(0OH)D u akuitne chorych pacientov
s COVID-19 pocas prvych 48 hodin po prijati signifikantne klesa. Pocet pacientov
s neadekvatnou sérovou koncentraciou 25(0OH)D sa pocas hospitalizacie zvysil o 18%. Po 48
hodinach sme nepozorovali dalsi signifikantny pokles v koncentracii 25(0H)D, ¢o méze mat
praktické implikacie pre stanovovanie hodnét vitaminu D pocas akutnych zapalovych
ochoreni. To, ¢i nizka hodnota 25(0OH)D pri ochoreni COVID-19 reflektuje funkény deficit
vitaminu D a ma kauzalny vztah k horSej progndze ochorenia, alebo predstavuje ,iba“
negativny reaktant akutnej fazy zdpalu, sa musi objasnit v prospektivnych, randomizovanych
Studiach so suplementaciou vitaminu D.
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Uvod

Novy koronavirus SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2) vyuZiva
ACE-2 (Angiotensin-Converting Enzyme 2) receptor na vstup do makrofagov a monocytov, ¢o
u niektorych pacientov vedie k rozvoju hyperinflamaéného syndromu, syndromu akutnej
respiracnej tiesne a orgdnovému poskodeniu (1). Imunomodulacné ucinky vitaminu D by
mohli pozitivne ovplyvnit excesivhu zdpalovi odpoved pri ochoreni COVID-19 (Coronavirus
Disease 2019) (2). Hoci je 25-hydroxy vitamin D (25[OH]D) povaZovany za najlepsi marker
zasob vitaminu D v tele, presné definice deficitu respektive nedostatocnej koncentrécie
vitaminu D su stale predmetom diskusie (3). Vysokd miera zhody vsak panuje v tom, Ze
hodnota 25(0OH)D < 12 ng/ml predstavuje absoldtny deficit vitaminu D (4). V kontexte
ochorenia COVID-19 mézeme predpokladat, Ze pacienti s aboslitnym deficitom vitaminu D
nemaju dostato¢nu koncentraciu 25(0OH)D v periférnych tkanivdch (napr. plicnom
parenchyme), ¢o v kone¢nom désledku moze viest k nedostatoénej imunomodulaénej funkcii
vitaminu D v tychto tkanivach a tym k tazSiemu priebehu ochorenia COVID-19 (5). Nasim
ciefom bolo vyhodnotit mortalitu pacientov hospitalizovanych s COVID-19 pneumdniou v
kontexte absolutneho deficitu 25(0OH)D.

Material a metody

Stidia bola realizovana na V. internej klinike LF UK a UNB v Bratislave. Do $tudie boli zaradeni
hospitalizovani pacienti medzi 1. novembrom 2020 a 30. aprilom 2021, ktori spifiali vietky
nasledovné inkltzne kritéria:

e pneumodnia asociovana s COVID-19 bola primarnou diagndzou pri prijati,
e pacient mal pozitivny RT-PCR test na SARS-CoV-2,
e pacienti mali pri prijati vySetrenu sérovu koncentraciu 25(0OH)D,
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e pacienti pocas lieCby neboli preloZeni do iného zdravotnickeho zariadenia.

Pacienti boli monitorovani do prepustenia z nemocnice (prezivsi) alebo do doby umrtia v
nemocnici (zomreli). Terapeuticky manazment bol realizovany v sulade s vnutornymi
odporucaniami pre liecbu ochorenia COVID-19 v Univerzitnej nemocnici Bratislava, RuZinov.
Tieto odporucania vychadzali z odporucani publikovanych Centrom pre kontrolu a prevenciu
choréb (USA) dostupnych online (https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-
guidance-management-patients.html). Laboratérne paramtere boli stanovované pomocou
Standardnych komerc¢nych laboratérnych setov. Odber vendznej krvi bol realizovany u
kazdého pacienta v ranajsich hodinach medzi 7:00-8:00 hod. Odber arterialnej krvi za ucelom
stanovenia hodnot krvnych plynov bol realizovany + 2 hodiny od odberu vendznej krvi.
Hodnota 25(0OH)D (ng/ml) v sére bola stanovena pomocou automatického
elektrochemiluminisencného systému (Eclesys Vitamin D Total Il, 2019, Roche Diagnostics
GmBH, Mannheim, Germany). Detekény limit 25(0OH)D bol 3 ng/ml. Hodnota 25(0OH)D < 12
ng/ml bola povaZzovana za absolutny tkanivovy deficit vitaminu D (4). Charlson Comorbidity
Index bol pouzity za Gcelom ziskania Ciselného Udaja vyjadrujuceho mieru polymorbidity u
daného pacienta. Na jeho vypocet bola pouZitd online aplikdcia (www.mdcalc.com/charlson-
comorbidity-index-cci.com). Vysledné data su prezentované ako priemer t Standardna
odchylka alebo ako ¢isla a percentd. Pre porovnanie skupin (prezivsi vs zomreli a < 12 ng/ml
vs > 12 ng/ml) sme poufZili analyzu rozptylu pre kontinudlne premenné a chi-square test pre
kategorické premenné. Za uGcelom zhodnotenia prediktorov mortality bola pouZita
multivariantnd regresnd analyza. Do modelu boli zaradené nezdvislé premenné na zaklade
prestudovania publikovanej literatiry na danu problematiku.Vo findlnom modeli bola pre
identifikovanie nezavislych prediktorov mortality vyuZitd metdda backward selection.
Hodnoty p < 0.05 boli povazované za signifikantné.

Vysledky

Celkovo bolo v sledovanom obdobi hospitalizovanych 558 pacientov, 201 pacientov nespifialo
inklizne kritéria. Analyzovanych bolo 357 pacientov (198 muZov a 159 Zien). 168 (47%)
pacientov zomrelo pocas hospitalizacie. Rozdiely medzi zdkladnymi demografickymi,
klinickymi a laboratérnymi parametrami u prezivsich a zomrelych su uvedené v tabulke €. 1.

Tabulka 1: Zakladné demografické, klinické a laboratérne charakteristiky prezZivsich a
zomrelych.

Parameter Prezivsi (n=189) Zomreli (n=168) p hodnota
Vek (roky) 63.5+13.9 73.5+10.5 <0.0001
BMI (kg/m2) 29.847.6 30.417.1 0.45
Muzi/zeny, n (%) 104(55)/85(45) 94(56) /74(44) 0.86
Artériovd hypertenzia, | 130 (69) 132 (78.5) 0.05

n (%)
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Tabulka 1 (pokracovanie): Zikladné demografické, klinické a laboratérne charakteristiky
prezivsich a zomrelych.

Chronické srdcové | 17 (9) 35(21) 0.002
zlyhavanie, n (%)

Diabetes mellitus bez | 48 (26) 27(16) 0.03
komplikacii, n (%)

Diabetes mellitus s | 23(12) 40(24) 0.003
komplikaciami, n (%)

Chronické ochorenie | 34 (17) 65(39) <0.0001
obliciek, n (%)

Charlson comorbidity | 3.6 £2.7 5.7+2.6 <0.0001
index

Preparaty vitaminu D | 31(16) 32 (19) 0.51
pred hospitalizaciou, n

(%)

Vysokoprietokova 44 (24) 132 (79) <0.0001
oxygenoterapia, n (%)

Umela plicna | 2 (1) 22 (13) <0.0001
ventilacia, n (%)

Leukocyty (10x9/L) 74433 9.0#5.1 0.0006
Neutrofily (10x9/L) 6.013.1 7.7+4.6 0.0001
Lymfocyty (10x9/L) 1.0+0.8 0.8 +0.9 0.08
Trombocyty (10x9/L) 263.2 £110.5 231.2 £97.0 0.0042
CRP (mg/L) 107.3 +88.1 153.6 +90.9 <0.0001
IL-6 (ng/L) 122.7+435.5 215.5+476.5 0.07
D-dimér (mg/L) 2.7+4.6 3.645.1 0.09
Procalcitonin (ug/L) 1.5+10.4 2.619.7 0.30
25(OH)D (ng/ml) 24.6+14.6 20.8+11.1 0.007
Virusovd naloz (CT e | 24.2+5.0 21.0t4.6 <0.0001
gene)

Saturacia krvi kyslikom | 89.6+7.47 86.1+10.3 0.0003
(%)

80% pacientov malo bud insuficientné alebo deficientné hodnoty 25(0OH)D pri prijati (<30

ng/ml). 74 (21%) pacientov malo tazky tkanivovy deficit 25(0OH)D (<12 ng/ml). Pozorovali sme

nizsiu koncentraciu 25(0OH)D, niZséi pocet trombocytov, nizsiu hodnotu saturacie krvi kyslikom
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(Sp02), a vyssi vek, hodnotu C-reaktivneho proteinu (CRP), virusovu naloz, pocet leukocytov,
neutrofilov, a vyssiu hodnotu Charlson Comorbidity indexu u pacientov, ktori zomreli v
porovnanis prezivsimi (vietko p<0.005). Sérova koncentracia 25(0OH)D pri prijati bola nezavisle
asociovana s mortalitou (p=0.0398). Vek, CRP, Sp0O2, trombocyty, BMI a Charlson Comorbidity
Index boli takisto nezavisle asociované s mortalitou (vSetko p < 0.05). Vysledky multivariantnej
linedrnej regresnej analyzy s uvedené v tabulke €. 2.

Tabulka 2: Vysledky linearnej regresnej analyzy. Uvedené su iba vysedky s p < 0.05.

Comorbidity Index

Nezdvislé Coefficient | Std. Error |t p I'partial Fsemipartial | VIF
premenné

0,2628
Vek (roky) 0,01049 0,002462 4,258 | <0.0001 | 0,2365 | 0,2075 1,815
BMI (kg/m2) 0,007869 0,003524 2,233 | 0,0263 0,1266 | 0,1088 1,063
CRP (mg/L) 0,001071 0,000275 3,899 | 0,0001 0,2176 | 0,19 1,086
Charlson 0,02327 0,01136 2,048 | 0,0414 0,1163 | 0,09976 | 1,797

Trombocyty -0,0007356 | 0,000239 | - 0,0023 |- 0,1499 | 1,031

(10x9/L) 3,077 0,1732

Saturdcia krvi | -0,008144 | 0,002905 | - 0,0054 | - 0,1366 | 1,09

kyslikom (%) 2,803 0,1582

25(0OH)D (ng/mL) -0,00395 0,001913 | - 0,0398 | - 0,1006 | 1,028
2,065 0,1172

Pacienti s hodnotou 25(0OH)D < 12 ng/ml mali v porovnani s pacientmi s hodnotou 25 (OH)D >
12 ng/ml vyssiu prevalenicu chronického ochorenia obli¢iek, vy3siu hodnotu Charlson
Comorbidity Indexu a vysSiu virusovu naloZz. Nebol pritomny rozdiel v hodnotach zapalovych
parametrov (CRP, IL-6, prokalcitonin,neutrofily, celkové leukocyty, lymfocyty) medzi
jednotlivymi podskupinami. Pacienti s hodnotou 25(0H)D < 12 ng/ml mali o 11% vysSiu
mortalitu oproti pacientom s hodnotou 25(0OH)D > 12 ng/ml (p<0.05). Porovnanie klinickych
parametrov vo vztahu k absolutnemu deficitu 25(0H)D (<12 ng/ml) je uvedené v tabulke 3.
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Tabulka 3: Porovnanie klinickych a laboratérnych parametrov vo vztahu k absolitnemu

deficitu 25(0OH) (< 12 ng/ml vs > 12 ng/ml).

Parameter 25(0OH)D 212 ng/ml | 25(0H)D <12 ng/ml | p hodnota
(n=283) (n=74)

Vek (roky) 67.9+13 69.4+14.7 0.39

BMI (kg/m2) 30.5+7.4 28.717.2 0.08

MuZi/zeny, n (%) 164(58) / 119 (42) 34 (46) /40 (54) 0.07

Artériova 210 (74) 52 (70) 0.60

hypertenzia, n (%)

Chronické  srdcové | 38 (13) 14 (19) 0.41

zlyhavanie, n (%)

Diabetes mellitus | 62 (22) 13 (17) 0.41

bez komplikacii, n

(%)

Diabetes mellitus s | 50 (18) 13(18) 0.8

komplikaciami, n (%)

Chronické ochorenie | 70 (25) 29 (40) 0.007

obliciek, n (%)

Charlson 4.4+2.8 5.3+3.09 0.022

Comorbidity Index

Preparaty vitaminu D | 50(18) 13 (17) 0.81

pred hospitalizaciou,

n (%)

Vysokoprietokova 141 (49) 35(46) 0.56

oxygenoterapia, n

(%)

Umeld plicna | 18 (6) 4 (5) 0.61

ventildcia, n (%)

Leukocyty (10x9/L) 8.414.6 8.1+3.6 0.65

Neutrofily (10x9/L) 7+4.2 6.8+3.5 0.73

Lymfocyty(10x9/L) 0.97+0.8 1.07+1.1 0.43

Trombocyty (10x9/L) | 2514108 2464100 0.75

CRP (mg/I) 131.6193 125.15+91 0.59

IL-6 (ng/l) 171.1+475 143.6+330 0.65
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Tabulka 3 (pokracovanie): Porovnanie klinickych a laboratérnych parametrov vo vztahu k
absolutnemu deficitu 25(0OH) (< 12 ng/ml vs > 12 ng/ml).

D-dimer (mg/L) 3.415.2 3.214.8 0.79
Prokalcitonin 1.749.3 2.8+12.1 0.41
25(OH)D (ng/ml) 26.7+12 8.212.6 <0.0001
Saturacia krvi | 87.749.3 87.6+10.5 0.9
kyslikom (%)
Virusovd naloZ (CT e | 23.245.2 21.5+4.9 0.04
gene)
Zomreli/PreZivsi, n | 127(44)/166(54) 41(55)/31(46) 0.05
(%)

Diskusia

Vysledky studii uz z obdobia pred pandémiou ochorenia COVID-19 naznacuju, Ze imnuologické
Ucinky vitaminu D méZu zohréavat vyznamnu dlohu v modulovani excesivnej zapalovej reakcie
na urovni plicneho parenchymu (6). Suplementdcia vitaminu D napriklad znizuje incidenciu
akutnych respiraénych ochoreni, priCom pacienti s najtaz$im deficitom 25(0OH)D zo
suplementdcie najviac benefituju (7). Viaceré prace naznacuju, Ze nizka hodnota 25(0OH)D je
asociovana aj s horsim priebehom a vy$Sou mortalitou ochorenia COVID-19 (8). Podla
niektorych autorov vsak nizka hodnota 25(OH)D je u pacientov s COVID-19 pneumdniou
spbsobena dosledkom tzv. reverznej kauzality. Sérova koncentracia 25(0OH)D v tomto pripade
predstavuje negativny reaktant akutnej fazy zépalu, a nizka hodnota jednoducho znamena
silnejSiu zdpalovu reakciu (9). V nasej studii sme zistili, Ze hodnota 25(OH)D pri prijati je
nezavisle asociovana s mortalitou. Absolutny deficit 25(0OH)D (<12 ng/ml) je spojeny s 11%
vzostupom mortality. Napriek tomu, Ze pacienti s absolitnym deficitom 25(OH)D mali
signifikantne vy33iu mortalitu, medzi skupinami (<12 ng/ml vs. > 12 ng/ml) sme nepozorovali
vyznamné rozdiely v hodnotach zapalovych markerov. Toto zistenie by mohlo podporovat
tvrdenie, Ze deficit 25(OH)D nie je iba vedlajsi produkt zapalovej reakcie, ale skor potencidlne
modifikovatelny rizikovy faktor ochorenia COVID-19. Zistenie, Ze absolutny deficit 25(OH)D je
signifikantne asociovany s mortalitou, moZe byt relevantné aj pre planovanie intervenénych
studii so suplementaciou vitaminu D pri ochoreni COVID-19. Vitamin D je tzv. prahovy
mikronutrient, t.z. pokial sa dosiahne urcita prahova koncentracia pre konkrétny fyziologicky
ucinok, dalsim zvySenim koncentrdcie mikronutrientu nad tuto prahovd hodnotu neddjde k
zvyrazneniu Zelaného efektu (10). Teda ak sa do intervencnej Studie zaradia iba pacienti s
koncentrédiou 25(0OH)D nad touto prahovou hodnotou, nemozno zo suplementacie o¢akdvat
vyznamnejsi benefit. To moze byt jednym z hlavnych dévodov, preco vysledky intervenénych
studii nepreukazuju pri suplementacii vitaminom D Zelany efekt (10). Napriklad Studia
realizovana v Brazilii nepreukdzala signifikantny benefit suplementacie vitaminu D na redukciu
dizky hospitalizacie u pacientov so stredne tazkym az tazkym ochorenim COVID-19. Aviak ani
do placebo skupiny, a ani do intervenénej skupiny neboli zaradeni pacient s tazkym deficitom
25(0OH)D, pri¢om v oboch skupindch mali pacienti koncentraciu 25(OH)D vyssiu nez 20 ng/ml
(11). Zaverom mozno konstatovat, Zze hodnota 25(0OH)D sa javi ako potencidlny prediktor
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tazkého priebehu ochorenia COVID-19 a jeho stanovovanie méze byt relevantné z hladiska
stratifikacie rizika ale aj planovania liecebnej stratégie (12).
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Uvod

UZ v prvej polovici roka 2020, na zaciatku pandémie ochorenia COVID-19 (Coronavirus Disease
2019), viaceré krajiny zaviedli rozsiahle prisne opatrenia s cielom obmedzit Sirenie virusu
SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus-2). Zatial' ¢o z hladiska Sirenia
ochorenia boli tieto aktivity prevazne Uspes$né, v odbornej literatire sa zacalo diskutovat
o moznych negativnych vplyvoch tychto opatreni na Zivotny Styl, spdsoby stravovania, fyzicku
aktivitu, ndladu a socialny Zivot. Ammar a kolektiv preukazali, Ze lockdown pocas pandémie
viedol k vyznamnému zniZeniu vSetkych foriem fyzickej aktivity, k zvySeniu Casu straveného
v sede, a k negativnym zmenam v stravovacich navykoch (1). Bogataj Jontez a kolektiv v malej
studii poukazali na to, Ze po lockdowne mali aj mladi zdravi jedinci zvy$ené hodnoty glykémie,
celkového aj LDL cholesterolu (2).

Vitamin D ajeho vplyv na ochorenie COVID-19 bol od zaciatku pandémie diskutovany
odbornou aj laickou verejnostou. Viaceré studie poukazovali na negativny prognosticky
vyznam deficitu vitaminu D z hladiska zavazného priebehu ochorenia COVID-19 (3). Vitamin D
vznika v koZi po expozicii slneénému UV-B Ziareniu (hlavny zdroj vitaminu D), alebo ho
ziskavame v jedle, ¢i formou suplementacie (4). Viaceri autori uvazovali o tom, ¢i pocas
pandémie vzhfadom k zmene stravovacich navykov a najma k menej éasu straveného na sinku
pocas lockdownu, neddjde k prehibeniu deficitu vitaminu D na populaénej Grovni (5). Na
druhej strane, rastucie povedomie o potencidlnych extraskeletalnych Géinkoch vitaminu D
(najma vo vztahu kimunitnému a respiraénému systému) mohlo viest k zvy$enej miere
suplementdcie vitaminom D a tym aj k zlepSeniu statusu vitaminu D na Urovni populacie.

Ciefom predkladanej prace bolo porovnat priemerné koncentracie 25(0OH)D v sére medzi
druhou (2020/2021) a tretou (2021/2022) vinou pandémie u hospitalizovanych pacientov
s ochorenim COVID-19 v Slovenskej republike.
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Metody

Analyzovali sme pacientov hospitalizovanych na V. internej klinike LF UK a UNB RuZinov pocas
druhej (Skupina 1) a tretej (Skupina 2) viny pandémie ochorenia COVID-19. Pacienti z oboch
vin pandémie boli hospitalizovani po¢as zimného obdobia: analyzovani pacienti z druhej viny
boli hospitalizovani v obdobi od 1. decembra 2020 do 28. februdra 2021 a pacienti z tretej viny
pandémie boli hospitalizovani v obdobi od 1. decembra 2021 do 28. februara 2022. 101 (61
muzov/ 40 %ien) pacientov ztretej viny pandémie spifialo nase inklizne kritéria. Tychto
pacientov sme porovnavali so 101 (61 muzov/ 40 Zien) pacientmi z druhej viny pandémie.
Pacientov sme parovali najskor podla pohlavia a nasledne podla veku * 1 rok. Ak bolo k vyberu
viac moznosti, vybrali sme pacienta s najblizSou hodnotou BMI. Celkovo sme analyzovali 202
pacientov (102 muzov a 100 Zien), ktori spifiali nase inkltzne kritéria. Inkltzne kritéria boli
nasledovné: a) COVID-19 primarna diagndza pri prijati, b) tazky priebeh ochorenia COVID-19,
c) detekcia SARS-CoV-2 pomocou RT-PCR, d) hodnota 25(0OH)D vysetrena pri prijati do
nemocnice.

Tazky priebeh ochorenia COVID-19 bol definovany ako klinicky obraz pneuménie a aspofi
jedna z nasledujucich situdcii: a) pocet dychov za minatu > 30, b) tazky respiraény distres, c)
saturacia krvi kyslikom < 90 % bez oxygenoterapie (6).

Zmeny koncentracie 25(0OH)D boli hodnotené na urovni celej kohorty, ale aj vzhladom na
pohlavie (muZi, Zeny) a vek (< 65 rokov, > 65 rokov).

Hodnota 25(0H)D (ng/mL) v sére bola stanovend pomocou automatického
elektrochemiluminisencného systému (Eclesys Vitamin D Total Il, 2019, Roche Diagnostics
GmBH, Mannheim, Germany). Detek¢ny limit 25(0OH)D bol 3 ng/mL.

Koncentracia 25(0OH)D > 30 ng/mL bola povazovanda za dostatoénu, koncentracia 25(OH)D
medzi 20-30 ng/mL za insuficientnu, a koncentracia 25(0OH)D < 20 ng/mL za deficit vitaminu D.

Na Statistickd analyzu kontinualnych premennych sme vyuZili neparovy t-test priemernych
hodnét ana Statisticki analyzu kategorickych premennych sme vyuzili chi-kvadrat test
nezavislosti. Za u¢elom analyzy kategorii vitaminu D (dostato¢nd koncentrécia, nedostato¢na
koncentracia a deficit) sme poutZili chi-kvadrét test s kontingencnymi tabulkami. Priemerné
koncentracie 25(0OH)D sme na urovni celej kohorty avramci pohlavi a vekovych skupin
porovnavali pomocou neparového t-testu priemernych hodnot. Na urovni celej kohorty sme
analyzovali vztah medzi mortalitou a sérovou koncentraciou 25(0OH)D po Uprave stboru
vzhladom k pohlaviu a veku. Bola pouZitd logisticka bindrna regresna analyza s umrtim na
COVID-19 ako zavislou premennou. Statisticki analyzu sme realizovali pomocou programu
SPSS (ver. 21.0; IBM Corp., Armonk, NY, USA). P hodnota < 0.05 bola povaZovana za Statisticky
vyznamnu.

Vysledky

Z kazdej viny pandémie sme analyzovali 101 pacientov (61 muZov, 40 Zien, priemerny vek 69
rokov). Priemerna koncentracia 25(OH)D pri prijati pocas druhej viny pandémie (Skupina 1)
bola 17.8 ng/mL a vzrastla na hodnotu 25.2 ng/mL pocas tretej viny pandémie (Skupina 2)
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(p < 0.0001). Pri prijati malo zo Skupiny 1 82 % pacientov deficit 25(0OH)D a 10 % pacientov
malo dostatocné koncentracie 25(0OH)D. V Skupine 2 malo 54 % pacientov deficit 25(0OH)D
a 34 % pacientov malo dostatocné koncentracie 25(OH)D v sére (p < 0.0001) (Obrazok ¢. 1).

A: Obe pohlavia B: Zeny C: Muzi
p<0.0001 p=0.29 p<0.0001
n
Skupina 1 Skupina 2 Skupina 1 Skupina 2 Skupina 1 Skupina 2
VIna 2020/2021  Vina 2021/2022 Vina 2020/2021 Vina 2021/2022 Vina 2020/2021 Vina 2021/2022

Obrazok 1: Percentudlne zastUpenie pacientov podla jednotlivych hodnét 25(0OH)D v sére pri
prijati azmeny medzi vinami pandémie COVID-19 vramci celej kohorty (A), uZien (B)
a u muzov (C).

Nepozorovali sme vyraznejsi rozdiel v prevalencii chronickych ochoreni medzi skupinami
s vynimkou chronického ochorenia obliciek, ktoré sme castejsie pozorovali v Skupine 1 (p <
0.0001) a demencie, ktord bola castejsia v Skupine 2 (p = 0.02). ZastUpenie ochoreni
najéastejsie asociovanych s kardiopulmonalnou rezervou — chronické srdcové zlyhdvanie,
chronické plucne ochorenia, anémia aembdlia do pllucnej artérie, sa medzi skupinami
signifikantne neliSilo. MnoZstvo pacientov, ktori predhospitalizacne uZivali preparaty vitaminu
D vzrastlo medzi vinami z 18 % na 44 % (p < 0.0001).

U muzov pocet vitamin D deficientnych pacientov klesol z 84 % na 48 % a pocet pacientov
s adekvatnou hodnotou 25(0OH)D stupol z 8 % na 37 % (p < 0.0001) (Obrazok ¢. 1). Priemerna
koncentrécia 25(0OH)D vzrastla 0 9.1 ng/mL, z priemernej hodnoty 17.2 ng/mL na 26.3 ng/mL
(p < 0.0001). U Zien pocet vitamin D deficientnych pacientov klesol z 80% na 62 % a mnoistvo
pacientov s adekvatnou hodnotou vzrastlo z 13 % na 28 % (p = 0.29) (Obrazok ¢. 1).

Prevalencia deficitu vitaminu D klesla u mladsich aj starsich pacientov. U pacientov < 65 rokov
pocet vitamin D deficientnych pacientov klesol z81 % na 44 %, a mnozZstvo pacientov
s adekvatnou koncentraciou 25(0OH)D stuplo z 3 % na 34 %. U starsich pacientov (>65 rokov)
prevalencia deficitu vitaminu D klesla 0 24 % a prevalencia adekvatnych hodnét 25(0OH)D
vsére stipla 020 %. U muZov sme pozorovali Statisticky vyznamny pokles vitamin D
deficientnych pacientov v oboch vekovych skupinédch; v podskupine mladsich muzov (< 65
rokov) 0 44 % a v podskupine starsich muZov (> 65 rokov) 0 29 % (p < 0.001, resp. p = 0.002).
U Zien prevalencia deficitu vitaminu D klesla v oboch vekovych skupinéch, avsak pokles nebol
Statisticky vyznamny. U starSich Zien (> 65 rokov) sme pozorovali pokles prevalencie deficitu
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Priemerna koncentrécia 25(OH)D v ng/mL

vitaminu D 0 19 % a vzostup prevalencie adekvatnej sérovej koncentracie 25(0OH)D o 16 %,
ktory bol hrani¢ne statisticky vyznamny (p = 0.056).

O Skupina 1 (vina 2020/2021)

45
p=0.68
40

35

Zeny < 65 rokov

p=0.049

Zeny > 65 rokov

@ Skupina 2 (vina 2021/2022)

p=0.002

MuZi < 65 rokov

p=0.005

MuZi > 65 rokov

Obrazok 2: Zmeny priemernych koncentracii 25(0OH)D pri prijati u hospitalizovanych
pacientov s ochorenim COVID-19 medzi druhou (vina 2020/2021) a tretou (vina 2021/2022)

vinou pandémie.
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Obrazok 3: Vztah medzi koncentraciou 25(0OH)D v sére pri prijati a rizikom Umrtia v nemocnici
pre celt kohortu pacientov hospitalizovanych pre tazky priebeh ochorenia COVID-19. Y =
zavisla premenna (Umrtie pocas hospitalizacie), b1 = nezavisla premenna (vek), b2 = nezavisla
premenna (pohlavie), b3 = nezavisla premenna (koncentracia 25(0OH)D)

Najvacsiu zmenu priemernej koncentracie 25(0H)D sme zaznamenali v kohorte muZov < 65
rokov (10.7 ng/mL, p = 0.002) a najmensiu zmenu priemernej koncentracie 25(0H)D sme
pozorovali v kohorte Zien < 65 rokov ( 2.5 ng/mL, p = 0.68) (Obrazok ¢. 2). Okrem podksupiny
mladsich Zien bola zmena priemernej koncentracie 25(0H)D pri prijati vo vietkych ostatnych
sledovanych podksupinach Statisticky vyznamna (Obrazok ¢. 2).

Bindrna logistickd regresna analyza na celej kohorte pacientov preukazala, zZe v sledovanom
subore existuje signifikantny inverzny vztah medzi koncentraciou 25(0OH)D a mortalitou, ktory
pretrvdva aj po Uprave suboru vzhladom kveku a pohlaviu. Vzostup sérovej koncentracie
o jeden ng/mL viedol k 7 % redukcii rizika Umrtia na ochorenie COVID-19 (p < 0.0001).

Diskusia

V predkladanej studii sme pozorovali signifikantny pokles v prevalencii deficitu vitaminu D
v kohorte hospitalizovanych pacientov pre ochorenie COVID-19 medzi druhou a tretou vinou
pandémie v Slovenskej republike. Prevalencia deficitu vitaminu D poklesla 028 %
a prevalencia adekvatnej hodnoty vitaminu D stupla 0 24 %. V sledovanom obdobi sa viac nez
zdvojnasobil pocet pacientov, ktori predhospitalizacne uZivali preparaty vitaminu D. Tieto
vysledky su prekvapujice vzhladom kznamej vysokej prevalencii deficitu vitaminu D
v eurdpskych krajinach (7). Vzostup sérovej koncentracie 25(0OH)D o jeden ng/mL bol
asociovany so 7 % redukciou rizika Umrtia na ochorenie COVID-19.

Bolo publikovanych niekolko prac skumajucich zmeny koncentracii 25(0H)D v sére pocas
pandémie ochorenia COVID-19, pricom vacsina z nich sa sustredila na populaciu mladsiu nez
18 rokov. Meta-analyza 5 studii zahfriajuca 4141 [udi < 18 rokov preukdzala signifikantny
pokles priemernych koncentrécii 25(0OH)D pocas pandémie v porovnani s hodnotami pred
pandémiou COVID-19. Tento pokles nebol pozorovany v podskupine pacientov < 1 rok, kde
nebola pozorovana Ziadna zmena, alebo dokonca vzostup priemernej koncentracie (8).

V studii u pacientov > 19 rokov (sledované obdobie pandémie do novembra 2021) z Juznej
Kérey sa podobne ako v nasej praci preukazal signifikantny vzostup priemernej koncentracie
25(0OH)D pocas pandémie (9). V kontraste s nasou pracou, vtejto kohorte pacientov boli
zmeny vyzamnejsie u Zien, pricom najvacsi vzostup bol pozorovany v podskupine starsich Zien.

V analyze porovnavajucej 12 predpandemickych mesiacov a prvych 12 mesiacov pandémie
COVID-19 v irsku sa preukazal signifikantny medziro¢ny narast priemernej koncentracie
25(0OH)D o 2 ng/mL (10).

Somagutta a kolektiv analyzovali trendy vo vyhladdvani jednotlivych mikronutrientov
prostrednictvom internetovych prehliada¢ov. Zadavanie klicovych slov suvisiacich
s vitaminom D vzrastlo od roku 2004 do roku 2021 osemndasobne a medzi rokmi 2019-2021 sa
zdvojndsobilo (11). Toto bolo spdsobené zrejme rastlcim zaujmom o mozné imunomodulacné
funkcie vitaminu D a mohlo sa pretavit aj do va¢sej miery suplementacie na populaénej drovni.
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Pocas pandémie COVID-19 bolo zéroveri o lie¢ebnych modalitdch diskutovanych mnozstvo
dezinformacii. Podla studii az 73 % [idi udava, Ze boli pocas pandémie vystaveni nejakej forme
dezinformacii (12). Zaroven existuje priamy vztah medzi mierou dezinformécii a nedéverou
voéi vakcinacii (12). V kontexte pandémie CVID-19 treba spomenut, Ze potencidlne
imunomodulaéné ucinky vitaminu D boli ¢asto nadhodnotené avysledky Sstudii casto
dezinterpretované. Podla studii informacné portély, ktoré oznacovali epidemiologické
opatrenia za zbytoc¢né, zarover casto zddraziovali preventivne ¢i kurativne Gcinky vitaminu D
voci COVID-19 (13). Viac nez 70 % hospitalizovanych pacientov na nasej klinike pocas tretej
viny pandémie nebolo plne zaockovanych napriek tomu, Ze vtom c¢ase bola uz vakcinacia
v Slovenskej republike iroko dostupnd. MéZeme $pekulovat, Ze za pozorovanym vzostupom
priemernych koncentracii 25(0H)D pocas pandémie moZe byt scasti tendencia tychto
pacientov inklinovat k alternativnym lie¢ebnym stratégiam (14).

Nasa praca ma niekolko limitacii. Analyzovali sme realtivne malu skupinu pacientov. Jedna sa
o kohortu pacientov iba z jedného centra v Specifickom geografickom regione (nadmorska
vyska, pocet slnecnych dni, stravovacie navyky). Nepoznali sme presné davky vitaminu D,
ktoré pacienti predhospitalizacne uzivali. Predkladana praca je vSak prvd, ktora porovnava
zmeny sérovych koncentracii u hospitalizovanych pacientov s chorenim COVID-19 medzi
jednotlivymi vinami pandémie. Faktory, ktoré moZu vyznamnou mierou ovplyvnit
koncentraciu 25(0OH)D ako vek, pohlavie a hodnota BMI nehraji v naSom porovnani vyznamnu
ulohu, vzhladom k tomu, Ze pacienti boli medzi jednotlivymi vinami parovani na zaklade tychto
premennych. Vzorky krvi na stanovenie 25(OH)D boli zaroveri poéas jednotlivych vin
odoberané v rovnakom ¢asovom obdobi (zimné mesiace).

Zaverom mozino povedat, e pocas obdobia pandémie medzi rokmi 2020 ai 2022 sme
pozorovali u hospitalizovanych pacientov s ochorenim COVID-19 singifikantny medziro¢ny
vzostup priemernej koncentracie 25(0OH)D o 7.45 ng/mL. Do budicna je potrebna analyza
tohto trendu na Sirsej populacnej drovni.
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Uvod

Pandémia koronavirusu SARS-CoV-2 sp6sobujica ochorenie COVID-19 bola spojend s kritickou
situdciou tykajucou sa nemocninej sféry zdravotnickeho systému, ale aj kladenim
bezprecedentne vysokych narokov na klinické diagnostické laboratéria, ktoré museli
v krdtkom case riesit mnoZstvo problémov spojenych so zabezpedenim potrebnych
testovacich kapacit pri dodrzani poZzadovanych principov spravnej laboratérnej praxe. Rychla
a vysokovykonna laboratérna diagnostika sa totiz v ¢ase celosvetovej pandémie ukazala ako
jeden z hlavnych nastrojov monitorovania a hodnotenia priebehu pandemickych vin, &im bola
nosnou pri nastavovani bezpeénostnych opatreni, ¢i uz na regionalnej alebo celostatnej Grovni
rovnako v Ceskej aj v Slovenskej republike. Bolo teda potrebné realizovat dovtedy nevidané
pocty diagnostickych testov v ¢o najkratSom dase. Vramci timov zo Slovenska a Ceskej
republiky, boli vytvorené vysokovykonné pracoviska, ktoré umoznili dosiahnutie poctov
analyzovanych vzoriek plne porovnatelnych so Specializovanymi rieSeniami od poprednych
vyrobcov laboratdrnych systémov.

Medzi hlavné problémy patrili absencia jasne definovanych laboratérnych postupov (,,zlatych
Standardov”) pre vyZzadovany typ ploSného testovania, nedostatok zédkladnych pomdcok pre
odber biologického materidlu a odberovych miest, nedostatok certifikovanych vySetrovacich
suprav a asociovaného laboratérneho pristrojového vybavenia a v neposlednom rade
nedostatocné kapacity laboratorii, ktoré by mali vybudovanu infrastruktdru uréenu na pracu
v reZime s vysokou priepustnostou analyz. Hoci boli zndme a funkéné automatizované
laboratdrne riesenia, problémom bola ich nedostupnost na svetovom trhu, kedZe zdujem o
ich vyuZivania prudko narastol a ich vyroba nedokazala pokryt véeobecné poZiadavky. To bol
hlavny dévod, preco laboratérid na celom svete museli za¢at zostavovat laboratérne systémy
z aktudlne dostupnych zariadeni a vysledkom bola ich velkd heterogenita a tieZ vznik
Specifickych poZiadaviek na optimalizdciu a nastavovanie takychto castokrat unikdtnych
rieSeni pre ¢o najlepsiu ekonomicku a pracovnu efektivitu.

Ciefom prace je popisat optimalizaciu laboratérnych procesov vzniknutych kombinaciou
manualneho a automatizovaného spracovania aanalyzy pacientskych vzoriek veducu k
zvySovaniu vykonu diagnostickych laboratérii, Medirex a.s. (Slovensko) a Spadia Lab a.s.
(Ceska republika), pocas pandémie SARS-CoV-2. Okrem toho praca poukazuje na vyuZitie
konkrétneho laboratérneho pipetovacieho poloautomatu, ako nastroja pre rutinnu pracu
v postpandemickom obdobi.
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Material a metédy

Cely postup mozno zhrnut do 6 bodov: Odber a prijem vzoriek (za ,zlaty standard” odberu vo
vSeobecnosti povaZoval nazofaryngedlny ster), primarne spracovanie vzoriek, extrakcia RNA,
priprava PCR mastermixu, RT-qPCR (real time quantitative PCR), vyhodnotenie vysledkov.

Extrakcia RNA

V prvych fazach rutinného diagnostického testovania SARS-CoV-2, kedy v laboratériach
Medirex ani Spadia neexistovala automatizaciu umoznujlica infrastruktura bola extrakcia
nukleovych kyselin realizovana prostrednictvom zauzivanych kolénkovych kitov. Ich pouZitie
vyZzaduje zna¢nU manudlnu pracnost a viackrokovy protokol. V zdujme automatizicie sa
vSeobecne akceptovanym priemyselnym Standardom stalo vyuZivanie kitov obsahujucich
magnetické partikuly. Prave tento spdsob extrakcie spolu s dobrou dostupnostou relativne
konstrukéne a ovladatelnostou jednoduchych automatickych systémov pracujicich v
Standardizovanom 96-jamkovom formate viedol k tomu, Ze sa takyto spdsob extrakcie stal v
nasich krajinach najpouzivanejsi.

RT-qPCR

V Case, kedy sa pandemicka vina dostala po prvykrat do nasich krajin, boli uz vo svete dostupné
Standardizované a validované protokoly pre detekciu SARS-CoV-2 v klinickych vzorkach na
zaklade $tudii publikovanych vieobecne akceptovanymi autoritami (napr. protokol WHO (1)),
ktoré metodicky odkazovali na metédu RT-gPCR a aj preto sa stala akceptovanym ,zlatym
Standardom” (2). Realtime PCR cykléri su sice relativne ¢asto pouZivané v molekuldrno-
genetickych laboratdriach, preto bolo mozné relativne rychlo prevziat takto dostupné
protokoly, ¢asto uz v podobe komeréne dostupnych kitov, a pouZivat ich bez dalSieho zdrzania
v rutinnych diagnostickych laboratériach.

Vyhodnotenie a manaZment vzoriek — laboratérny informacny systém

Laboratérny informaény systém (LIS) bol nedielnou suéastou prijmu, spracovania vzoriek a
vyhodnotenia ich analyz. V ¢eskych aj slovenskych laboratdriach uz boli zavedené LIS systémy,
na ktorych pozadi s komplexné a robustné softvérové riesenia, ktorych zmeny si Casto
vyZaduju samotné Upravy v tychto softvéroch, ale aj ich detailné testovanie, kedZe
diagnosticka sféra musi podliehat najvy3sej Grovni ochrany z pohladu citlivosti spracivanych.
Pre minimalizaciu rizika zdmeny vzoriek boli ¢asto uz na odberovych miestach oznacené
unikatnymi, pseudoanonymnymi identifikdtormi (v laboratdridch ciarovymi kédmi), ktoré
vzorku sprevdadzali celym procesom po vydanie vysledku a jeho analyzu. Pre zabezpedenie
posunu informdcii centralnym institdcidam, ktoré mali Glohu v monitoringu priebehu pandémie
a v manazmente protipandemickych opatreni, bolo nevyhnutné upravit funkcionality LIS
systémov tak, aby vymena tychto informécii prebiehala paralelne a bez neziaduceho ¢asového
zdrzania. Pri  manudlnom aautomatickom spracovani (Medirex) aaj pri plne
automatizovanom rieSeni (Spadia Lab) CcCiarové kddy automatizaciu zjednodusili a
minimalizovali potencialne riziko zameny vzoriek, ktoré su najcastejsie zdrojom problémov pri
manudlnom spracovani a analyze vzoriek. LIS systémy boli upravené tak, aby bolo mozné
pouzivat na ziskanie informdcii o vzorkéach prichadzajucich do laboratérii na formatovanie bud’
manudlne citacky Ciarovych kédov alebo sa Ciarové kddy nacitavali aj priamo v pipetovacich
automatoch. Samotny vysledok bol prostrednictvom automatizovanych IT sluZieb odosielany
jednak klientom (pacient, lekar, klinika) ale aj do ndrodnych informacnych systémov, v ktorych
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sa data tohto typu zbierali zo vSetkych laboratérii v ramci Slovenska — Narodné centrum
zdravotnickych informacii (NCZI) a Ceskej republiky - Informaéniho systému infekénich nemoci
(ISIN).

Vysledky
Laboratéria Medirex a.s.

Kapacita laboratdrii sa s narastajucim poctom zariadeni (sUvisiacou aj s optimalizaciou
priestorového usporiadania) ako aj s prechodom aZ na trojzmenny reZim prace postupne
zvySovala.
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Obrazok 1: Prehlad poctov analyzovanych vzoriek v SARS-CoV-2 diagnostickych laboratéridch
spolo¢nosti Medirex a.s. v obdobi od marca 2020 do septembra 2022.

Laboratériad sa nachddzali na 3 miestach — v Bratislave, KoSiciach a Nitre, pricom posledné
menované bolo najva¢smi automatizované. Laboratérne priestory v Nitre (,kovidovria“) boli
vo findlnej podobe vybavené 2 BSL2 lamindrnymi boxami pre manualne formatovanie vzoriek
do 96-jamkového formatu, 3 izolatné automaty KingFisher Flex (ThermoFisher Scientific, USA)
pre extrakciu nukleovych kyselin, 1 pipetovaci systém Opentrons OT2 (Opentrons, USA) pre
pripravu PCR platni, 3 realtime PCR systémy QuantStudio 5 a 1 systém QuantStudio 6 (Life
Technologies, USA) pre samotnu RT-qPCR. Bratislavské a KoSické priestory mali podobne
zavedené manualne formdatovanie, ale extrakcia nukleovych kyselin bola realizovana
automatizovanymi systémami KingFisher Flex (ThermoFisher Scientific), Zybio EXM3000
a Zybio EXM6000 (Zybio, Cina). Bratislavské laboratéria navyse disponovali aj pipetovacim
systémom Agilent Bravo (Agilent, USA). Na RT-gPCR v Bratislave a KoSiciach slizili 3 Roche
LightCycler 480 (Roche, USA) a 3 QuantStudio 5 (Applied Biosystems). Z pohladu poctov
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vzoriek bolo v obdobi od marca 2020 do septembra 2022 realizovanych v laboratériach
Medirex a.s. 1 420 572 testov. Za sledované obdobie bolo najviac testov realizovanych na
prelome janudra a februdra 2022, kedy bolo za Styri tyZdne analyzovanych 195 589 vzoriek. V
trojzmennej prevadzke len v laboratdriach v Nitre bolo mozné vysetrit > 9 000 vzoriek denne
(Obr. 1).

Systém Opentrons OT2 (Opentrons, USA), hoci pren boli optimalizované pipetovacie
protokoly, ktoré bolo mozné vyuZit v nitrianskej ,,kovidovni“, na jeho vyuZitie v rutine nedoslo.
V sucasnej dobe prebieha testovanie a optimalizacia pre pripravu sekvenacnych DNA kniZnic
podla protokolu vyuZivaného na inom diagnostickom oddeleni. Testované su protokoly na 8
a na 24 vzoriek s roznou koncentraciou.

Spadia Lab a.s.
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Obrazok 2: Prehlad poctov analyzovanych vzoriek v SARS-CoV-2 diagnostickych laboratériach
spoloc¢nosti Spadia Lab a.s. v obdobi od marca 2020 do novembra 2022.

Laboratéria Spadia Lab a.s.

Podobne ako na Slovensku, aj Ceské laboratéria Spadia Lab postupne navysSovali svoju
kapacitu. Okrem prechodu na dvojzmenny rezim doslo k navySovanie poltu pipetorov,
izolatorov a cyklerov a preusporiadaniu laboratérii. Ich centralizacia v Ostrave ale zabezpecila
unifikovany pristup a pInt automatizaciu uz od formatovania vzoriek z odberovych skiimaviek
do 96-jamkovych platni pomocou Biomek i5 (Beckman Coulter) platformy. Takéto zvysenie
kapacity aj nad 10 000 vzoriek denne predislo spusteniu trojzmennej prevadzky. Findlna plne
automatizovana linka obsahovala 3 pipetovacie systémy na formatovanie primarnych vzoriek
Biomek i5 (Beckman Coulter), 4 extraktory KingFisher Flex (Thermo Scientific), pipetovaci
systém Biomek i7 (Beckman Coulter) na predpripravu reakénych platniciek pre extrakciu aj
PCR mastermix a pipetovaci systém Agilent Bravo (Agilent) na prenos RNA do PCR reak¢nej
platnicky. Takto pripravené platnicky sa vkladali do jedného z 18 RT-qPCR cyklerov Biorad
CFX96 resp. CFX Opus 96 (Biorad). Z pohladu poctov vzoriek bolo v obdobi od marca 2020 do
novembra 2022 realizovanych v laboratériach Spadia Lab a.s. 2 499 921 testov. Maximalnu
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kapacita laboratdria bola dosiahnutd v obdobi november 2021 aZ januar 2022, kedy bolo
mesacne vysetrenych priemerne viac ako 250 000 vzoriek, ¢o zodpoveda dennému priemeru
> 10 000 vzoriek (Obr. 2).

Diskusia

Nase vyhodnotenie poukazuje na to, Ze uz Ciasto¢na alebo plna automatizacia pracovnych
procesov umoziiuje vyznamné navysenie laboratérnych testov, aby boli kompletne schopné
pokryt poZiadavky zo strany objednavatelov testov. V uvadzanych laboratéridch boli pracovné
timy schopné realizovat rieenia ktoré mali potencial byt vo velkom rozsahu nasadené aj pocas
buducich pandémii alebo v inych pripadoch naliehavej potreby verejného zdravia. Okrem uz
uvddzanych vyhod automatizécie stoji za zmienku aj vzniknutd odolnost laboratérii voci
vypadkom pracovnej sily, ktord je problematicka predovsetkym v ¢ase pandémie, jednak
z doévodu pracovnej neschopnosti, ¢i z dovodu protipandemickych opatreni. V Medirex a.s.
stratifikacia laboratérii v troch mestach neumoznila vacsiu Uroveri automatizacie celého
procesu v takom rozsahu ako keby bolo testovanie Uplne centralizované.

Dalsie moznosti ako navysit laboratérne kapacity je spajat vzorky, resp. poolovat. Teda by sa
pripravil pool viacerych vzoriek a dalej by bol vysetrovany ako jedna vzorka av pripade
pozitivity by sa jeho vzorky vysetrovali samostatne (3). V priebehu pandémie bolo tiez
predstavenych niekolko profesionalnych jednoucelovych uzatvorenych diagnostickych
systémov, ktoré poskytuju porovnatelné a vyssie denné kapacity aké boli dosiahnuté v nasich
laboratériach. Napriklad Thermo Fisher Scientific Amplitude solution umozZriuje spracovat cca
8 000 vzoriek za 24 hodin (2) alebo extrémne automatickd linka LGC Biosearch Technologies’
SARS-CoV-2 testing system zaloZend na platforme Nexar, umozZriujuca dosiahnut az 150 000
testov za den s minimalizaciou manualnych ukonov (4). V ¢inskych velkomestach doslo aj
k vybudovaniu $pacializovanych Huo-Yan Air Laboratory, ktorych kapacita presahovala 10 000
vzoriek denne, no zaujimavymi st moznost ich vybudovania v expresnom ¢ase do 24 hodin (5).
VyuZitie takychto systémov je ale neflexibilné a pri narokoch v naSom regidne aj ekonomicky
neefektivne.

V porovnani s uzavretymi systémami boli komponenty nasich rieSeni zaradené v ramci
sucasnej infrastruktary laboratdrii a su tak k dispozicii pre dalSie pouZitie aj v pripade dalsich
situdcii vyZadujucich klinické diagnostické laboratéria. Prikladom je pipetovaci automat
Opentrons OT2 (Opentrons, USA), ktory je testovany na aktualizaciu krokov pre pripravu DNA
sekvenacnych kniznic.
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Introduction

Turn of the 20th and 21th century was linked in the field of the genetic research with huge
expectations put in the Human Genome Project. It was estimated that such program has
potential to uncover genetic background of the diseases and terminate decades-lasting effort
for disease risk prediction. The project revealed fascinating discoveries however the finding
that between genes and with them associated diseases don't pay simple relationships but on
the contrary, there were identified whole complex of interactions across the genome which
include hundreds to millions of single-nucleotide polymorphisms. Moreover, diseases
associated with such polymorphisms have polygenic character with only small effect from
single variants on overall phenotypic manifestation of the disease. The most passable fail-back
in research of disease risk prediction seemed to be return back to previous theory based on
estimation of cumulative risk of many factors influencing on disease development as possible.
Continuously expanding genetic-database network altogether with modern hardware
equipment for data-intensive statistical analytical approaches have enabled calculation of
common genetic risk for specific diseases and their combination. One such method is
polygenic risk score.

Basics of genetic alterations and their role in hereditary diseases

Differences in nucleotide sequence of DNA strand between individuals within population are
assigned as genetic variations. There are five main types of genetic alterations: i) structural
variants; ii) single-nucleotide variants; iii) variations assigned as insertions and deletions; iv)
copy number variations and v) variations assigned as translocations and inversions.

Replacement of one base in base pair is refered as single nucleotide variation (SNV) at level of
individuals and as single-nucleotide polymorphism (SNP) for whole population. It is estimated
that each person carries several millions of such single-nucleotide polymorphisms while
average nucleotide diversity (m), defined as average proportion of differences in nucleotides
among randomly selected subjects, is somewhere between 1:1000 and 1:1500 (1-2).

Above mentioned changes in genome can be either hereditary but these can occur also
spontaneously during cell division or can be shaped by environmental factors, respectively.
Majority of variants has minimal or any phenotypic expression and therefore don’t have any
impact on the health state of the carrier. On the other hand, there are also variants which
phenotypic expressions can be manifested even as disease. In comparison with Mendelian
inheritance, by which changes occur within one gene or small number of genes of large effect,
gene variants represent type of polygenic inheritance which is characterised by changes of
large amount of genes of weak to moderate outcome.
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Although single-nucleotide polymorphisms are already used in genetic analysis, the prediction
of risk for hereditary diseases based on multiple single-nucleotide polymorphisms remains big
challenge for the future with respect to polygenic character of heredity in large number of
diseases.

Projects for mapping of genomic variations like HapMap or 1000 Genome Project in
cooperation with smaller platforms enabled realization of Genome-wide association studies
(GWAS) on large cohorts (3-4). GWAS have enabled identification of thousands of genetic
variations (mostly single-nucleotide polymorphisms) that are tightly linked with some
phenotypic traits or directly with some disease. Newly acquired knowledge about genes as
well as with them associated pathways was successfully used for construction of model for
genetic risk prediction. Such an estimation for expression of genetic variation's impact across
human genome in one number is polygenic risk score (PRS).

Polygenic Risk Score

In one of the simplest way could be polygenic risk score expressed as sum of n- single-
nucleotide polymorphisms weighted by their effect size B:

2 %iBi

where n is count of the incorporated SNP, x;; is the number of copies for the i-th SNP in the
genotype of j-th subject and Bi represents effect size of appropriate polymorphism calculated
from GWAS analysis.

In graphical interpretation could be polygenic risk score expressed also as genetic risk
percentile (5). Individuals with a polygenic risk score close to the population mean have the
estimation of genetic risk similar to population's risk. Individuals with polygenic risk score up
to 10th percentile have the lowest genetic risk while a person with polygenic risk score in 91st
to 100th percentile would be considered to have the highest genetic risk.

Commonly, for calculation of polygenic risk score are commonly used hundreds to thousands
of single-nucleotide polymorphisms but with rising number of SNPs included in the analysis,
there is rising not only statistical power but also the noise ratio. Therefore in estimation of
polygenic risk score model, there is needed to find balance between lower number of
incorporated SNPs with overall highest accuracy on the one hand and on highest number of
included SNPs with overall lower accuracy of the analysis (6). Moreover, estimation of such
equilibrium is complicated also due to factors such as genetic background of the disease,
genotyping density and sample size. Therefore for the estimated model of polygenic risk score
is optimalization on independent validation dataset reacquired, by which is eliminated risk of
overfitting. One of the complications is also linkage disequilibrium associated with tightly
closeness of identified genes which can be cause of false positive.
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The aim in estimation of polygenic risk score model is applicability on the widest population
selection possible.

Despite the fact that polygenic risk score is relatively widespread in praxis, there is still limited
amount of guides for optimal polygenic risk score construction as well as for interpretation of
outcomes from such analysis (8).

With rising interest for polygenic risk score, there are improved not only models of calculations
but also data availability from already existing databases. Currently, there si also option to
share data required for analysis, for example via platforms like Polygenic Score Catalog or
Cancer PRS-Web (9-10).

Utilization of polygenic risk score for estimation of common risk for diabetes mellitus and
COVID-19

On the one hand, the world is influenced by the pandemic of coronavirus but with the respect
to the prevalence of diabetes, which is about 10 percent, we can also speak about period of
diabetes pandemic. Therefore there is enormous need to estimate cumulative risk for both
diseases with the respect to large number of evidence about mutual interplay of both
diseases.

Already at the beginning of the COVID-19 pandemic were estimated age, sex and associated
comorbidities as possible risk factors for disease risk prediction. In that time, there were not
available relevant data that could be usable for estimation of their effect on the disease
severity. This fact led to incorrect estimation of infection risk as well as risk of severe course
of the disease. From laboratories was relatively soon reported that almost all critically ill
patients suffer for severe hyperglycemia. Thus, it was used as one of the markers of disease
severity. Today is still unclear if SARS-CoV-2 infection is able to induce diabetogenic state by
similar mechanism as in pathogenesis of type 1 and type 2 diabetes or it is atypical form of
diabetes (11). There are known multiple mechanisms common for both diseases, such as
chronic inflammation state manifested by increased level of proinflammatory cytokines IL-11,
IL-16 and TNF-a as well as by increased level of C-reactive protein (CRP) and by adhesion of
monocytes to vascular endothelium (12-13). Increased levels of chemokines CCL1, CCL2, CCL4
and CXCL10 are also observed. Norouzi et al. described in COVID-19 patients significantly
higher levels of inflammatory cytokines and chemokines in state of acute hyperglycemia with
further increased risk of multiorgan failure (14).

The site of entrance for SARS-CoV-2 virus in the organism are angiotensin converting enzyme
(ACE2) receptors that are widely distributed in multiple type of tissues and which play
important role in diabetes. After the infection, the virus is replicated also in endocrine and
exocrine secretory cells of pancreas with further impairment of pancreatic B-cells. Estimated
is also relationship between systemic inflammation and immune dysfunction as well as
hyperglycemia and insulin resistance resulted from impaired function of pancreatic B-cells (14-
15). Reciprocally, in comparison with healthy individuals, diabetic patients have higher risk of
coronavirus infection with overall worse prognosis and with higher mortality rate (16).

With increasing knowledge about SARS-CoV-2 infection, there is also growing evidence of
genetic background of COVID-19 disease, which could contribute to the infection risk- and
diseases severity estimation. Dite et al. identified 64 single-nucleotide polymorphisms and
clinically important risk factors which were consequently used for creation of model of severe
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course of SARS-CoV-2 infection in patients over 50 years (17). They also show that their model
has higher discrimination ability for the severity of the disease course in comparison with
other models based only on age and sex. Although there is rising number of such a models,
there still aren’t available any systematic analysis of common loci that are characteristic for
both diseases.

Conclusion

The topic of disease course prediction has become more and more important from the point
of view of patient as well as from the socio-economic impact because of constantly rising
health care expenses paid from public resources. Constant technological development and
implementation of modern approaches in genetic research has led to creation of several
models for infection risk prediction as well as for course of disease prediction. One of such
method is polygenic risk score, which has wide potential for application in biomedical research
and in clinical praxis.
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Introduction

WHO named the disease caused by SARS-CoV-2 virus as COVID-19 (Corona Virus Diseases
2019) (1). The clinical symptoms of COVID-19 can be divided into two categories: Post-acute
COVID-19 (sub-acute COVID-19) including symptoms present between 4-12 weeks and post-
COVID-19 syndrome (long, chronic COVID-19) including symptoms present more that 12 weeks
up to several months (2). The main symptoms include shortness of breath, pain of muscle, and
joints, cough, hair, taste and smell loss, sleep and memory disturbances, depression, impaired
quality of life of patients.

Mitochondria have of key importance for the survival and replication of the SARS-CoV-2 virus.
They are involved in the regulation of several metabolic processes in health and diseases, and
in antiviral responses. The dynamics and bioenergetics of the host mitochondria can be
manipulated by a virus and the mitochondrial antiviral signaling protein (MAVS) activates NFi-
B and the induction of interferons (3). SARS-CoV-2 virus causes dysfunction and aggregation
of platelets, can increase the production of reactive oxygen species, reduce the antioxidant
protection of the organism and cause damage of the host mtDNA (4). The SARS-CoV-2 virus
can target intracellular and extracellular mitochondria, which play a central role in the primary
host defense mechanisms against viral infections. This virus changes intracellular distribution
of mitochondria. Hijacking of immune cells mitochondria by the SARS-CoV-2 virus belongs to
the molecular mechanisms that could be a key factor in the pathogenesis of the virus and in
the induction of the disease COVID-19 (5). The exact mechanism of the effect of the SARS-
CoV-2 virus on mitochondrial functions is not fully understood. We assumed that SARS-CoV-2
virus might manipulate mitochondrial bioenergetics and endogenous coenzyme Qio (CoQuio)
levels (6, 7).

It is believed, that the most effective strategy to prevent COVID-19 infection is vaccination (8).
New strategies to prevent and reduce the negative impact of the SARS-CoV-2 virus on society
include the environmental protection. Mountain spa rehabilitation in the High Tatras is
beneficial for chronic pulmonary diseases, improving fatigue, joint pain, depression and
quality of life of patients (9, 10, 11). CoQuoin the form of ubiquinol and ubiquinone is used for
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targeted supportive therapy of reduced mitochondrial energy production in patients with
various diseases.

We determined the effect of the SARS-CoV-2 virus on platelet mitochondrial bioenergetics
and endogenous levels of CoQio in patients with post-acute COVID-19 (vaccinated, non-
vaccinated) and the effect of targeted supplementary therapy with ubiquinol and mountain
spa rehabilitation on impaired of platelet mitochondrial bioenergetics and endogenous levels
of CoQuo in patients with post-COVID-19 syndrome.

Methods

1. High-Resolution Respirometry (HRR): In platelets isolated from whole blood, mitochondrial
bioenergetics was evaluated by the HRR method with the use of an O2k-Respirometer
(Orobors Instruments, Austria) (12, 13, 14) as described in detail previously (15). 2. High-
Performance Liquid Chromatography (HPLC): Coenzyme Quo-torat (ubiquinol + ubiquinone) in
platelets and plasma was determined by HPLC method (16, 17).

Human subjects: 1. Control group (C) - healthy volunteers; 2. Group of patients with post-
acute COVID-19 (PAC19); 3. Group of vaccinated patients with post-acute COVID-19
(V+PAC19); 4. Group of patients with post-COVID-19 syndrome on mountain spa rehabilitation
(MR); 5. Group of patients with post-COVID-19 syndrome on simultaneous supplementary
therapy with ubiquinol and mountain spa rehabilitation (MRQ).

Data analysis: Unpaired Student’s t-test was applied to evaluate differences between
parameters of post-COVID-19 patients and control group. Paired Student’s tests were
applicated to evaluate differences between parameter of MR and MRQ groups before and
after therapy. The P values <0.05 were considered statistically significant. The results are
expressed as the mean + sem.

ClinicalTrials.gov, Ethics Committees: These studies were carried out according to the
principles expressed in the Declaration Helsinki, study protocols were approved by the Ethics
Committee, Bratislava, Slovakia, No. EK/012/2021/UNB and Ethics Committee of Medical
Faculty, Comenius University in Bratislava, No. 34/2022. Studies are registered by
ClinicalTrials.gov ID: NCT05178225 and ClinicalTrials.gov ID: NCT05421234. Written informed
consent form was obtained from each subject before the start of the study.

Results

Study 1: Effect of SARS-CoV-2 virus on platelets mitochondrial energy production and
endogenous CoQuo level in patients with post-acute COVID-19

In January — February 2021 ten patients 4-7 weeks with post-acute COVID-19 were included
in the study (7 women and 3 men), with the mean age 59.915.4 years. Control group consisted
of 15 healthy volunteers (6 men, 9 women). No differences of basal values platelet
mitochondrial respiration were found in comparison with control data. The Cl-linked
respiration associated with adenosine triphosphate (ATP) production by oxidative
phosphorylation (OXPHOS) capacity in the post-acute-COVID-19 patients was significantly
reduced (p=0.027), reaching 65.0% of the control values. After addition of cytochrome c
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respiration was significantly decreased (p=0.040), reaching 69.0% of the control values. Cl-
linked electron transfer (ET) capacity, reached 68% (p=0.036) of control values. Complex ClI-
linked respiration was not affected by SARS-CoV-2 virus.

The concentration of coenzyme Quo-tora. (CoQuo-toral) (ubiquinone + ubiquinol) in platelets of
the patients with post-acute COVID-19 was significantly reduced (p=0.002) to 58.9+3.60
pmol.10° cells vs control data 84.1+5.3 pmol.10® cells, reaching 70% of control group values.
The concentration of CoQio-toraLin blood and plasma was reduced to 69.1% (p=0.014) and
76.3% (p=0.034) of control group values (18, 19, 20).

Study 2: Effect of vaccination on platelet mitochondrial energy production and endogenous
CoQuo level in patients with post-acute COVID-19

In October 2021 in Bratislava, ten vaccinated human volunteers (5 men, 5 women) were
included in the study, with the mean of age 41.5+3.8 years. All participants were infected with
the SARS-CoV-2 virus at a party. Five patients vaccinated twice with the Astra Zeneca vaccine
were infected with the SARS-CoV-2 virus two months after vaccination. Four patients
vaccinated with the BionTech/Pfizer vaccine were infected with the SAS-CoV-2 virus 2-3
months after the second vaccination. One patient vaccinated with the Moderna vaccine, was
infected with the SARS-CoV-2 virus one month after vaccination. The control group consisted
of 10 healthy volunteers.

The parameters of platelet mitochondrial function of vaccinated patients with post-acute
COVID-19 (V+PAC19) were not significantly changed in comparison with control data. The
concentration of CoQio was significantly lower in platelets (p=0.046), reaching 80+6% of
control values; in whole blood the CoQio concentration reached 78+10% (p=0.085); in plasma
the CoQuo concentration was significantly lower (p=0.010), reaching 67+8% of control values
(19, 20). Our pilot result showed that vaccination prevented damage of platelet mitochondrial
bioenergetics, while vaccination did not prevent the deficit of endogenous CoQjio levels of
patients with post-acute COVID-19.

Study 3: Effect of mountain spa rehabilitation on platelet mitochondrial energy production
and endogenous CoQuo level in patients with post- COVID-19 syndrome

Environmental strategies play avital role in pandemic prevention similar to COVID-19.
Mountain spa rehabilitation is beneficial for chronic pulmonary diseases, improving fatique,
joint pain, psychological stress, and improving quality of life of patients with various diseases
(10). In May and June 2021, fourteen patients with post-COVID-19 syndrome were included in
the study (MR group). The mean age of patients was 58.97+2.64 years (8 men, 6 women). The
patients were 4-6 months after COVID-19 infection. Platelets mitochondrial function was
evaluated before MR and after 16-18 days of MR in Sanatorium of Dr. Guhr, Tatranska
Polianka, Slovakia. The control group consisted of fifteen healthy individuals (6 men and 9
women). After MR improved lungs function (Borg Scale, 6-MWT, Sp0O,), and 51.8% clinical
symptoms of COVID-19 in patients disappeared.

Platelet mitochondrial bioenergetics parameters were reduced in patients with post-COVID-
19 syndrome in comparison with the control group. Basal mitochondrial respiration (Cl-linked
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LEAK respiration) was lower by 14.2%, Cl-linked respiration coupled with ATP production
(OXPHOS capacity) was significantly reduced (p=0.0004) by 45.8%; Maximal mitochondrial
oxidative capacity (the electron transfer capacity, ET) was significantly reduced (p=0.0002) by
45%; ET capacity with CI&ClI-linked substrates was decreased by 9.7% in patients with post-
COVID-19 syndrome in comparison with values of the control group. After MR mitochondrial
parameters improved. Basal respiration increased by 47.8% (p=0.029) vs before MR; OXPHOS
capacity associated with ATP production was improved by 12.3% vs before MR. Endogenous
concentration of CoQuio-totaL in platelets, blood and plasma in patients with post-COVID-19
syndrome did not significantly differ from the control group and did not change after MR (9,
10, 11, 21).

Study 4: Effect of ubiquinol with mountain spa rehabilitation on platelet mitochondrial
energy production and endogenous CoQio level in patients with post-COVID-19
syndrome

Patients with post-COVID-19 syndrome were on mountain spa rehabilitation and
simultaneously supplemented with ubiquinol in daily dose 2x100 mg (MRQ group) during 16-
18 days in Tatranska Polianka, Sanatorium Dr. Guhr, Slovakia. MRQ group consisted of 22
patients (14 men, 8 women) with the mean of age 57.842.5 years. Control group consisted of
15 healthy volunteers (6 men, 9 women), mean of age 51.3+2.3 years. After MRQ improved
lungs function (Borg Scale, 6-MWT, Sp0.), and 62.8% clinical symptoms of COVID-19 in
patients disappeared.

Platelet mitochondrial bioenergetics parameters were reduced in patients with post-COVID-
19 syndrome in comparison with the control group. After MRQ basal mitochondrial respiration
increased by 47.6% (p=0.0025) vs before MRQ. Cl-linked respiration coupled with ATP
production (OXPHOS capacity) increased by 25.4% vs before MRQ (p=0.043). ET capacity
increased by 22.4% (p=0.042), and ET capacity with CI&CII-linked substrates increased by 9.5%
(p=0.055) vs before MRQ (22, 23). The concentration of CoQuo-totaL in platelets in patients with
post-COVID-19 syndrome did not initially differ from the control values. After MRQ the
concentration of CoQuio-toraL significantly increased in blood and plasma, in PLT CoQuo-totac
increased by 68% compared before MRQ (p<0.0001) (21, 22).

Next our study showed platelet mitochondrial dysfunction and reduced endogenous CoQuo
levels in infertile men with post-COVID-19 (24).

Discussion

Study 1: Our results indicate modulation of mitochondrial function by SARS-CoV-2 virus. The
deficit of Cl-linked OXPHOS could be caused by a decreased activity of Clor by impaired
electron transfer from ClI to ClIl. Reduced CoQjo concentration in platelets indicated that its
deficit could be limiting for the electron transfer from Cl to Clll (18), or SARS-CoV-2 virus
reprogrammed energy production in platelets mitochondria towards the preference of
glycolysis instead of OXPHOS. We suppose that the protease (PDB 6Y84) of the SARS-CoV-2
virus may form a direct bond with the CoQio structure and block the endogenous CoQuo
biosynthesis in patients with post-acute COVID-19 (19).
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Study 2: Vaccines prevented declines in platelet mitochondrial respiration and energy
production in patients 2 weeks after acute infection with the SARS-CoV-2 virus. Parameters of
platelet mitochondrial function of vaccinated patients with post-acute COVID-19 (V+PAC19)
were not significantly changed in comparison with control data (20). We assume in agreement
with other that vaccination may protect platelet mitochondrial bioenergetics by next
mechanisms: by reduction of inflammatory signalling in megakaryocytes (25) and by blocking
the entry of the SARS-CoV-2 virus into blood and into cells (26). An alternative mechanism of
infection by the SARS-CoV-2 virus, independent on the ACE2 receptor, is the binding of the
spike protein of SARS-CoV-2 to platelets via the CD42b receptor (27).

During vaccination against the SARS-CoV-2 virus, the immune system recognizes the entry of
a foreign spike protein into the body, and antibodies begin to form. Vaccination prevent entry
of SARS-CoV-2 into platelets, virus cannot bind to ACE2 or CD42b receptors and mitochondrial
function is protected (27). A deficit of endogenous CoQio biosynthesis is one of the main
causes of muscle weakness and fatique in patients with post-COVID-19 disease, reduced
mitochondrial function can contribute to the COVID-19 progression. SARS-CoV-2 virus reduced
endogenous CoQio antioxidant level in vaccinated patients with post-acute-COVID-19. The
exact mechanisms for the depletion of CoQio during SARS-CoV-2 infection remain to be
determined (28).

Study 3: European Association of Spa Rehabilitation (ESPA) recommends spa rehabilitation for
the patients with post-COVID-19 syndrome (10). The rehabilitation improved pulmonary
function, exercise capacity, and quality of life of patients with post-acute phase of COVID-19
(10, 11). Mountain spa rehabilitation in High Tatra, Slovakia is beneficial for chronic lung
diseases, for alleviating fatigue, joint pain, mental stress, sleep disorders and the quality of life
of patients with various diseases (15). In our patients with post-COVID-19 syndrome, MR
improved the functional parameters of the lungs, increased the vitality and quality of life of
the patients. After MR, the mean improvement of mitochondrial parameters representing
OXPHOS and ET capacity was 11.4%. MR improved multiple clinical symptoms in patients with
post-COVID-19 syndrome. Endogenous concentration of CoQuoin patients with post-COVID-19
syndrome did not change after MR (15, 21).

Study 4: Mountain spa rehabilitation in combination with ubiquinol significantly improved
several clinical symptoms of patients with post-COVID-19 syndrome. MRQ improved
bioenergetics of platelet mitochondria, increased coenzyme Qio concentration in platelets by
68% (p<0.0001) and in plasma by 232% (p<0.0001) compared to the values before the
treatment (21, 22). Mountain spa rehabilitation and ubiquinol supplementation is
recommended for patients with post-COVID-19 syndrome.
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Highlight

1. In patients with post-acute COVID-19 (without vaccination) and in patients with
post-COVID-19 syndrome, platelet mitochondrial ATP production was significantly
reduced.

2. Vaccination prevented reduction of the platelet mitochondrial respiration and
energy production in patients with post-acute COVID-19.

3. In all patients with post-acute COVID-19 endogenous coenzyme Qio level was
decreased.

4. After mountain spa rehabilitation of patients with post-COVID-19 syndrome, lungs
function and clinical symptoms improved, mitochondrial energy production and
CoQio concentration increased. Better results were achieved with simultaneous
ubiquinol supplementation.

5. Mountain spa rehabilitation and ubiquinol supplementation is recommended for
patients with post-COVID-19 syndrome.

6. Determination of CoQio concentration and platelet mitochondrial function could
be useful for estimation of mitochondrial health and monitoring the treatment of
patients with post-COVID-19.

Funding:

These research were supported by Comenius University in Bratislava, Faculty of Medicine,
Slovakia, Grants of the Ministry of Education of the Slovak Republic: VEGA 1/0754/20, VEGA
2/0136/20. This publication was created thanks to the support of the Operational Program
Integrated Infrastructure for the project: Research and Development in Medical Sciences - the
path to personalized treatment of serious neurological, cardiovascular and cancer diseases
(ITMS code: 313011T431), co-financed from the European Regional Development Funds.

References

1.

Wu F, Zhao S, Yu B, et al. A new coronavirus associated with the human respiratory
diseases in China. Nature 2020; 579: 265-269.

Fugazzaro S, Contri S, Essrough O, et al. COVID-19 Working Group Rehabilitation
intervention as for post-acute COVID-19 syndorme: a systematic review. Int J
Environmental Research and Public Health 2022; 19: 5185.
https://doi,.org/10.3390/ijerph19095185.

Seth RB, Sun L, Ea CK, Chen ZJ. ldentification and characterization of MAVS,
a mitochondrial antiviral signalling protein that activates NF,-B and IRF3. Cell 2005;
122(5): 669-682.

Anand SK, Tikoo SK. Viruses as modulators of mitochondrial function. Hindawi,
Advances in Virology, Volume 2013; Article ID 738794.

Singh KK, Chaubey G, Chen JY et al. Decoding SARS-CoV-2 hijacking of host
mitochondria in COVID-19 pathogenesis. Am J Physiol Cell Physiol 2020; 19: C258-C267.
Gvozdjakova A, Klauco F, Kucharska J, Sumbalova Z. Is mitochondrial bioenergetics and
coenzyme Quo the target of a virus causing COVID-19? Bratis| Med J 2020; 121/11: 775-
778. doi: 104149/BLL_2020_126.

156



10.

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

22.

Gvozdjakova A, Kucharska J, Sumbalova Z. Hypotéza: Ter¢om virusu SARS-CoV-2 mbze
byt bioenergetika mitochondrii a koenzym Quo. In: Koenzym Qo v zdravi a v chorobéch.
A. Gvozdjikova, J. Kucharska, Z. Sumbalova, HERBA, s.r.0., Bratislava, 2020: 143-147.
Zhang C, Yang, M. Newly emerged antiviral strategies for SARS-CoV-2: From deciphering
viral protein structural function to the development of vaccines, antibodies, and small
molecules. Int. J. Mol. Sci. 2022, 23, 6083. https://doi.org/10.3390/ijms23116083.
Gvozdjakova A, Kucharska J, Rausova Z, et.al. Nové moznosti regeneracie pacientov po
prekonani ochorenia COVID-19 kupelnou rehabilitaciou a koenzymom Qio. Monitor
mediciny SLS, 2022; 1-2:10-16.

Gvozdjakova A, Jendfichovsky M, Kovaléikova E. Kupelnd rehabilitacia a cielend
energeticka a antioxidacna terapia pacientov s post-COVID-19 syndrémom. Praktické
lekdrnictvo 2021; 11/2: 96-98.

Gvozdjakova A, Sumbalovd Z, Takdcsovd T, Kucharska J, Rausova Z, Koval¢ikova E.
Kapelna rehabilitacia a koenzym Quo urychluju regenerdciu fyzického a psychického
zdravia pacientov s post-COVID-19 syndrémom. Praktické lekérnictvo, 2022; 12/2: 78-
81.

Pesta D, Gnaiger E. High-resolution respirometry: OXPHOS protocols for human cells
and permeabilized fibers from small biopsies of human muscle. Methods Mol Biol
2012, 810, 25-58.

Sjovall F, Ehinger JK, Marelsson SE, et al. Mitochondrial respiration in human viable
platelets—Methodology and influence gender, age and storage. Mitochondrion 2013,
13, 7-14.

Doerrier C, Sumbalova Z, Krumschnabel G, Hiller E, Gnaiger E. SUIT reference protocol
for OXPHOS analysis by high resolution respirometry. Mitochondr Physiol Netw 2016,
21, 1-12. https://doi.org/10.1016/j.mit0.2020.06.008.

Gvozdjakova A, Sumbalova Z, Kucharska J, et al. Mountain spa rehabilitation improved
health of patients with post-COVID-19 syndrome. Environmental Science nad Pollution
Research, 2022; https://doi.org/10.1007/s11356-022-22949-2.

Lang JK, Gohil K, Packer L. Simultaneous determination of tocopherols, ubiquinols, and
ubiquinones in blood, plasma, tissue homogenates, and subcellular fractions. Anal
Biochem 1986, 157: 106-116.

Kucharska J, Gvozdjakova A, Mizera S, et al. Participation of coenzyme Q10 in the
rejection development of the transplanted heart. Physiol Res 1998, 47: 399-404.

. Sumbalova Z, Kucharska J, Palacka P, et al. Platelet mitochondrial function and

endogenous coenzyme Quolevels are reduced in patients after COVID-19. Bratisl Med J
2022; 123/1: 9—15. DOI: 10.4149/BLL_2022_002.

Gvozdjakova A, Kucharskd J, Sumbalovd Z. Prevention and targeted therapy of
mitochondrial bioenergetics dysfunction of patients with post-COVID-19. Lek Obzor
2023, 72(4): 152-157.

Gvozdjakova A, Kucharskd J, Rausova Z, et al. Effect of vaccination on platelet
mitochondrial bioenergy function of patients with post-acute-COVID-19. Viruses, 2023;
15, 1085.

Kucharska J, Sumbalova Z, Rausova Z, et al. Benefit of mountain spa rehabilitation and
ubiquinol treatment in patients with post-COVID-19 syndrome. Bratis| Med J 2023; 124
(2): 89-96.

Sumbalova Z, Kucharska J, Rausova Z, et al. Reduced platelet mitochondrial respiration
and oxidative phosphorylation in patients with post COVID-19 syndrome are

157



23.

24.

25.

26.

27.

28.

29.

regenerated after spa rehabilitation and targeted ubiquinol therapy. Frontiers in
Molecular Biosciences - Cellular Biochemistry, 2022,
https://doi.org/10.3389/fmolb.2022.1016352.

Gvozdjakova A, Kucharska J, Rausovd Z, BartolCiCovd B, Palacka P, Sumbalova Z.
Ubichinol a kupelnd rehabilitacia urychluju regeneraciu pacientov s post-COVID-19
syndrémom. Lekarnické Listy 2023; 6-7 (in press).

Rausova Z, Sumbalova Z, Kucharska J, Svitok P, Harbuldk P, Gvozdjdkova A. Platelet
mitochondrial function and antioxidants level are impaired in infertile men (manuscript
is preparing for publication, 2023).

Li X, Hou P, Ma W, et al. SARS-CoV-2 ORF10 suppresses the antiviral innate immune
response by degrading MAVS through mitophagy. Cell Mol Immunol 2022, 19: 67-78.
Archer SL, Dasgupta A, Chen KH, et al. SARS-CoV-2 mitochondriopathy in COVID-19
pneumonia exacerbates hypoxemia. Redox Biol 2022, 58, 102508.

Li JY, You Z, Wang Q, et al. The epidemic of 2019-novel-coronavirus (2019-nCoV)
pneumonia and insight for emerging infectious diseases in the future. Microbes Infect
2020, 22:80-85.

Caruso F, Rossi M, Pedersen JZ, Incerpi S. Computational studies reveal mechanism by
which quinone derivatives can inhibit SARS-CoV-2. Study of embelin and two
therapeutic compounds of interest, methyl prednisolone and dexamethasone. J Infect
Public Health 2020; 13:1868-1877.

Schaeffer MR, Cown J, Milne KM, et al. Cardiorespiratory physiology, exertional
symptoms, and psychological burden in post-COVID-fatigue. Respir Physiol Neurobiol
2022; 302:103898. https:// doi. org/ 10. 1016/J.resp. 2022. 103898.

158



25. Can ACE2 blockade be a suitable rat model for monitoring
the consequences of COVID-19?

Olga Pechanova *?

Institute of Normal and Pathological Physiology, Centre of Experimental Medicine, Slovak
Academy of Sciences, Bratislava, Slovak Republic

2Institute of Pathophysiology, Faculty of Medicine, Comenius University, Bratislava, Slovak
Republic

Rising deaths due to the consequences of the COVID-19 pandemic necessitated an immediate
search for a relevant, most suitable animal model that would allow understanding the
mechanisms of this disease, developing targeted therapies, and testing more appropriate
drugs for the comorbidities that most often accompany COVID-19 (1). Indeed, 2- or 3-
dimensional models of tissue cultures and organoids derived from human lungs, bronchi,
alveoli, blood vessels and other tissues have strong limitations for more complex study targets
(2). Especially for purposes where fully differentiated cells and tissues, complete immune
functions or systemic circulation are required, animal models still remain essential.

Histological analysis, surface visual inspection, and radiological imaging were the predominant
approaches used to assess the development of inflammation and lung damage after
experimental SARS CoV 2 infection. However, these pathological observations have so far only
been documented in some experimental animals. This is probably due to the focus of studies
on early viral infection and its transmission. However, for rigorous drug efficacy studies, it is
important that disease-relevant clinical signs to be measured in such a way that the effects of
potential therapeutics on the consequences of COVID-19 can be statistically determined. That
is why it is important to develop a relevant biomodel for monitoring the consequences of
COVID-19. Previous studies for in vivo monitoring of COVID-19 infection have been described
in macaques (3), cats (4), ferrets (5), hamsters (6), mink (7) and transgenic mice that express
human angiotensin | converting enzyme 2 (ACE2). These models have been used successfully
for transmission and immunity studies, but only partially simulate the mechanisms involved
in the consequences of COVID-19 (8). The biggest limitation in these ACE2 transgenic mouse
model is its lethal effects caused by neuroinvasion affecting central nervous system (9, 10).

Ongoing studies continue to confirm that cardiovascular pathologies such as hypertension,
diabetes, obesity, and heart failure are the most common comorbidities in patients with
Covid-19 (11). Patients with cardiovascular disease are usually treated with renin-angiotensin
system (RAS) blockers, such as angiotensin-converting enzyme (ACEi) inhibitors or angiotensin
Il receptor (Ang Il) blockers. Part of this system - angiotensin converting enzyme (ACE2) is the
gateway for SARS-CoV-2 entry into the target cells. Both ACE and ACE2 belong to the ACE
family of dipeptidyl carboxydipeptidases and exhibit different physiological functions (2,3).
Explaining the relationship between SARS-CoV-2 and membrane ACE2 will help to better
understand not only the infection itself, but also the implications of COVID-19.
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Similar to other CoV, during viral, the spike proteins (S) on the envelope of SARS-CoV-2 are
cleaved into S1 and S2 subunits. The S1 contains the receptor binding domain and directly
binds to the peptidase domain of ACE 2 to enter host cells (12,13). ACE2 is a
monocarboxypeptidase, which cleaves Ang | into Ang 1-9 and Ang Il into a heptapeptide, Ang
1-7. Both peptides have vasodilatory and antiproliferative functions by activating the MAS/G
receptor. The ACE2/Ang 1-7/MAS1 axis provides a counter-regulatory mechanism within the
RAS that balances the deleterious effects of ACE/Ang II/AT1 receptor axis (14). Mice deficient
in MAS1 or ACE2 receptors exhibit cardiac systolic dysfunction, increased blood pressure,
myocardial interstitial fibrosis, endothelial dysfunction, and exhibit increased susceptibility to
intravascular thrombosis, chronic kidney disease, and metabolic abnormalities (15). ACE2
activation prevents the deleterious effects of Ang, such as cell death, fibrosis, angiogenesis,
and thrombosis formation (15). Recent autopsy results on SARS-CoV-2 infected humans
showed diffuse alveolar damage with capillary congestion accompanied by microthrombi in
vascular beds (16). However, pathological examinations have not investigated if SARS-CoV-2
infection leads to total destruction of ACE2 receptors.

Interestingly, in an animal model of SARS-CoV, Oudit et al. found a marked decreased ACE2
expression in the heart of infected mice (17). Ang-(1-7), the main product of ACE2, by binding
to MAS induces many beneficial actions, such as vasodilation, inhibition of cell growth and
anti-thrombotic effects. In addition, it has protective effect on the brain and prevents ischemic
stroke (18).

Clinical studies indicate that in most cases the respiratory distress occurs many days after the
infection, suggesting that this may not be a direct effect of the initial viral infection but rather
the hosts reaction to the loss of function of ACE2 and dysregulation of Ang II/ACE2 pathways
as well activation of host proteases. Binding of the spike protein to ACE2 leads to shedding of
ACE?2 receptors by various proteases, which in turn leads to the loss of protective function of
the ACE2/MAS axis (Fig. 1). In addition, activation of ACE/RAS/Ang |l and alternative pathways
leads to an excessive production of Ang Il at the tissue level. This process may further shift the
balance of protective Ang (1-7)/MAS and ACE2 function to the detrimental effects of increased
Ang Il (19). Therefore, induction of the downstream pathway of ACE2, by activating the
ACE2/Ang1-7/MAS axis may prove a useful strategy in preventing lung and cardiovascular
damage associated with SARS-CoV-2 infections. Conversely, ACE2 blockade, e.g. via MLN-4760
(20) can simulate pulmonary and cardiovascular complications associated with a SARS-CoV-2
infection. In this sense, ACE2 blockade may be suitable for the development of an animal
model of the consequences of COVID-19, including the rat.

Indeed, many laboratories prefer to use a rat model for their testing which does not require
the equipment of larger animals and compared to mice is better adapted to simulate human
diseases apart from transgenic mice. Although there is yet no relevant rat model for
monitoring the consequences of severe COVID-19, there is a relatively good basis of biomodels
including spontaneously hypertensive, obese, diabetic, or immunodeficient rats, in which
appropriate intervention including ACE2 inhibition can induce COVID-19-like consequences.
The development of a rat model for monitoring the consequences of COVID-19 would bring
new possibilities for monitoring drugs and substances that have the potential to treat COVID-
19. Future studies are needed to standardize relevant rat model of COVID-19 and protocols to
allow comparisons of different drug candidate interventions.
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