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Abstract. — OBJECTIVE: This study aimed
to better understand the link between SARS-
CoV-2 infection and autoimmune rheumat-
ic diseases (ARDs) development by analyz-
ing blood samples from 200 registered par-
ticipants, and measuring biomarkers, such as
cell-free DNA, MPO (myeloperoxidase), cathep-
sin S, and complement type 2 receptor.

PATIENTS AND METHODS: Blood samples
were collected from 200 participants (100 fe-
males and 100 males; age range: 17-55 years).
Participants were divided into five groups based
on their COVID-19, SARS-CoV-2 nucleocap-
sid-specific 1gG, and COVID-19 vaccination sta-
tus. The Enzyme-Linked Immunosorbent Assay
(ELISA) was used to identify the biomarkers.

RESULTS: ANOVA and t-tests revealed that
the group of COVID-19 positive, SARS-CoV-2
nucleocapsid-specific 1gG negative, and
non-vaccinated individuals had the greatest
average value for cathepsin S (p = 0.03). This
suggests a correlation between the presence
of COVID-19 and autoimmune disorders. The
group with the greatest average value of cell-
free DNA was the COVID-19-negative, SARS-
CoV-2 nucleocapsid-specific IgG-negative,
vaccinated group (p = 0.03). This may suggest
that even though they had not contracted the
disease, they may have had a stronger immune
response to the virus since vaccines can stim-
ulate an immune response even in individuals
who have not been infected by the virus. Fur-
thermore, the SARS-CoV-2 nucleocapsid-spe-
cific IgG+ and COVID-19 positive groups had
higher levels of myeloperoxidase, a neutrophil
protein linked to inflammation and tissue dam-
age, suggesting a higher risk of autoimmune
rheumatologic ilinesses (p = 0.02).

CONCLUSIONS: The study suggests a cor-
relation between COVID-19 status and the devel-
opment of autoimmune disorders, as well as a
potential link between a COVID-19 infection and
a strong immune response. However, this study
had limitations — the selection of participants
and a small sample size, which offers potential
for further research and examination.
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Introduction

SARS-CoV-2, a virus that has claimed millions
of lives globally causes respiratory infections in
patients. It has already been associated with au-
toimmune diseases, as in a review of 64 articles
concluded by Sheikh et al' (2021). The authors
mentioned the Guillain-Barre syndrome (GBS) as
one of the manifestations of COVID-19'. Another
study by Yazdanpanah et al* (2021) concluded
the possible involvement of COVID-19 in ADs
by presenting 33 post-COVID patients with au-
toimmune disorders (ADs — GBS, autoimmune
hemolytic anemia, immune thrombocytopenia —
ITP, Kawasaki disease — KD, subacute thyroi-
ditis)>. The ADs linked with COVID demand
an early diagnosis along with an expeditious
induction of treatment measures for successful
rehabilitation and reduced mortality rate. This
quantitative analysis was done using 4 biomar-
kers, namely, cathepsin S, cell-free DNA, myelo-
peroxidase, and complement receptor 2.

Cathepsin S (CTSS) is a lysosomal cysteine
protease which is involved in the degradation
of the extracellular matrix and the activation of
proinflammatory cytokines®?. CTSS can be found
in macrophages which contain elastase activity. It
is known to play roles in tissue destruction and
invasion. Previously, CTSS has been known to
be a biomarker for chronic obstructive pulmonary
disease (COPD), sepsis, autoimmune diseases su-
ch as rheumatoid arthritis (RA), osteoarthritis,
and systemic lupus erythematosus (SLE)®’.
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Human complement receptor type 2 (CR2,
CD21) is a multifunctional surface glycoprotein
(GP) that adheres to many target molecules, such
as the type I cytokine interferon-alpha (IFN-al-
pha), C3 components iC3b, C3dg, and C3d. It is
most commonly present on follicular dendritic
cells (DCs) and during different phases of B-lym-
phocyte maturation. C3d ligand also regulates
the cell cycle of B cells. As compared to acute
infections of Epstein-Barr virus (EBV), soluble
CD21 has been recorded in lower quantities in
patients having autoimmune diseases, including
RA, SLE, Stevens-Johnson syndrome (SjS), and
multiple sclerosis (MS). A rise in CD2llow B
cells has been reported in various conditions lin-
ked to prolonged immunological activation, such
as immunodeficiency or autoimmune illness. A
substantial decline has been noted in the SLE
patients’ B cells’ CR1/CR2 density as well as in
synovial B cells in RA patients. According to
recent data®, CD2l-/low B cells were found in
abundant quantities in SjS, SLE, and R A patients’
blood samples as compared to healthy donors’
blood. An increased amount of this cell type was
also found in the blood of individuals having
chronic viral infections (human immunodeficien-
cy virus — HIV, hepatitis C virus — HCV) along
with malaria patients. In SLE patients, a positive
link between the increasing presence of these
cells and the rising severity of the disease has
been established as well. In humans, B cell CR1/
CR2 levels are halved, if not less, in SLE patients
and might be inversely related to the disease se-
verity. In regard to COVID-19, research indicated
that reduced levels of CD21 expression can be
used as a marker to predict the occurrence of he-
mophagocytic lymphohistiocytosis in COVID-19
patients. Henoch-Schoenlein Purpura (HPS) is an
immune-mediated life-threatening disease cul-
minating from defective NK cells and CTLs’.

Myeloperoxidase, also known as MPO, is a
member of the heme-containing peroxidase class
that is primarily generated by polymorphonucle-
ar neutrophils (PMNs). The MPO gene, which
is found on chromosome 17’s long arm, encodes
MPO. By means of degranulation/exocytosis, it
is released outside the cell. It is the only variety
of peroxidase that utilizes hydrogen peroxide to
oxidize various halides as well as pseudo-halides
to produce various HOX. Thus, MPO produces
reactive oxygen and nitrogen molecules as part
of its antimicrobial actions. For MPO to fun-
ction effectively, regulated MPO production at
the infection location is crucial. An unrestrained

degranulation enhances the inflammatory response
and can result in tissue injury despite the lack of any
inflammation’. Multiple inflammatory illnesses and
neurodegenerative disorders have been associated
with raised MPO levels, such as Alzheimer’s, rheu-
matoid arthritis, MS, and Parkinson’s'.

Most endogenous DNA is located inside the
cell in the nuclei as well as organelles like mito-
chondria. cf-DNA or cell-free DNA refers to all
non-encapsulated DNA in the bloodstream. It is
secreted into the circulation following cell death,
caused by various methods (apoptosis, pyropto-
sis, etc.). Because of its rapid breakdown and
lack of access to DNA sensors inside the cell,
cf-DNA usually does not cause inflammation
under physiological circumstances. However, the
discovery of extracellular, cell-free DNA in a
number of clinical states, such as autoimmune
disorders, has sparked interest in the study of
cf-DNA as a possible biomarker. Cells release
significant quantities of cf-DNA in pathological
processes in the form of tiny vesicles bound by
a membrane or microparticles (MPs)''2. In the
presence of microbial nucleic acid, usually pla-
smacytoid dendritic cells (pDCs) react power-
fully but fail to elicit immunological responses
in response to cf-DNA. Initially, it was believed
that this tolerance to self-DNA was caused by
the distinct sequence variations between self and
microbial DNA. These carrier proteins, which
are frequently enhanced in inflammatory circu-
mstances, can help DNA uptake while also pro-
tecting it from deterioration, which encourages
the production of pro-inflammatory responses'.

Patients and Methods

We analyzed blood samples from 200 registe-
red participants (100, 50.0% females; 100, 50.0%
males) in this study. Included participants fell
under the age distribution of 17 to 55 years. Five
groups were formed based on their COVID-19 in-
cidence, SARS-CoV-2 nucleocapsid-specific IgG,
and COVID-19 vaccination status (Table I).

COVID-19-positive patients recovered from
COVID-19 after paucisymptomatic disease
and did not require hospitalization or cortico-
steroid therapy. Clinical signs and symptoms
and a PCR screening for SARS-CoV-2 using
a nasopharyngeal swab were used to identify
SARS-CoV-2 infection in all subjects. Patients
without a clinical history of the illness were
considered as COVID-19 negative.
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Table I. Study subjects five groups, formed based on their COVID-19 incidence, SARS-CoV-2 nucleocapsid-specific IgG, and

COVID-19 vaccination status.

Groups Cov Status IgG Status Vaccination Status
Group 1 Negative Positive Vaccinated

Group 2 Negative Negative Vaccinated

Group 3 Positive Positive Vaccinated

Group 4 Positive Positive Unvaccinated

Group 5 Positive Negative Unvaccinated

The NovaLisa SARS-CoV-2 (COVID-19) IgG
ELISA diagnostic kit (NovaTec Immunodiagno-
stics GmbH, Dietzenbach, Germany) was used to
determine IgG directed against the SARS-CoV-2
nucleocapsid protein. Analytical sensitivity is the
likelihood that the assay will lead to a positive
result in the presence of the analyte, and in ac-
cordance with the manufacturer’s directions, the
measured positive results correlate to a specificity
of 99.53%. The research was carried out in line
with the instructions for the ELISA kit.

Statistical Analysis

ELISA diagnostic kit for routine analysis was
used for quantitative measurement of myelope-
roxidase (MPO, FineTest Biotech Inc., Boulder,
USA), cell free DNA (cf-DNA, FineTest Biotech
Inc., Boulder, USA), cathepsin S (CTSS, FineTest
Biotech Inc., Boulder, USA) and complement
receptor 2 (CD21, FineTest Biotech Inc., Boulder,
US). In accordance with the protocol unique to
the ELISA kit, the research was conducted.

Statistical analysis employed SPSS v.28.0.1.1
software (IBM Corp., Armonk, NY, USA), with
intra-group comparisons determining p-values;
significance was established at p<0.05.

Results

CTSss

To analyze all the groups for discrepancies of
CTSS, single-factor ANOVA was performed. The
statistical analysis revealed significant differences
among the groups, as evidenced by a p-value of
0.03, which is below the conventional significance
level of 0.05. The F-statistic exceeded the critical
F-value (Fstat > Fcrit), leading to the rejection of
the null hypothesis (Ho) that cathepsin S is not
a biomarker of COVID-19-related autoimmune
diseases. This rejection supports the alternative
hypothesis (H1) that cathepsin S is indeed a bio-
marker of COVID-19-related autoimmune dise-
ases. To further examine the specific variations
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between individual groups, #-tests were conducted
to assess differences in the COVID-neg/pos, IgG-
neg/pos, and vaccinated/non-vaccinated groups.
These additional analyses aimed to provide a de-
tailed understanding of the discrepancies within
each subgroup, shedding light on the significance
of Cathepsin S as a potential biomarker in the con-
text of COVID-19-related autoimmune diseases.

The COVID-neg IgG-neg vaccinated group has
an average of 34.04 ng/ml, SD= 4.56 (max — 39.8
ng/ml). The COVID-neg IgG-pos vaccinated has
an average of 33.83 ng/ml, SD= 6.36 (max — 41).
The COVID-pos IgG-pos vaccinated group has an
average of 32.22 ng/ml, SD= 40 (max — 40). The
COVID-pos IgG-pos non-vaccinated group has an
average of 33.55 ng/ml, SD= 5.01 (max — 41). The
COVID-pos IgG-neg non-vaccinated group has an
average of 36.06 ng/ml, SD= 6.9 (max — 49).

The results of #tests between IgG neg/pos
with a p-value of 0.02 showed that IgG pos indi-
viduals had an average of 33.20 ng/ml whereas
IgG neg individuals had an average of 35.05 ng/
ml which could indicate that IgG neg individuals
who did not have any memory immunity had
higher levels of CTSS (p=0.02). t-tests between
COVID-positive and COVID-negative were also
performed, which showed that the COVID-posi-
tive group had an average of 33.94 ng/ml and the
COVID-negative group had an average of 33.94
ng/ml (p=0.9). t-tests between vaccinated groups
that had an average of 33.36 g/ml and that of the
non-vaccinated were 34.81 with a p-value of 0.08.

cf-DNA

ANOVA test was also performed for cell-free
DNA wherein the p-value was 0.003 (p-value
<0.05), which means that the null hypothesis was
rejected. In order to prove an alternate hypothe-
sis, t-tests were also performed among the groups
that showed us that the COVID-neg IgG neg
vaccinated group had a much lower average of
45.225 than COVID-pos IgG pos vaccinated and
COVID-pos IgG pos non-vaccinated, average
of 59.47 ng/ml (p <0.007). Furthermore, r-tests
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between groups COVID negative and COVID po-
sitive had no significant difference as p (7<f) 0.78.
There was also no significant difference between
vaccinated and non-vaccinated groups with p
(T<?) 0.24. But on the other hand, the ¢-test of IgG
positive (62.725 ng/ml) and IgG negative (50.81
ng/ml) groups showed a statistically significant
result with a p-value of 0.006 (p<0.05).

cD21

To analyze all the groups for discrepancies, sin-
gle factor ANOVA was performed in excel which
implied that all the groups were different or had a
different pattern of readings as the p=0.01 (<0.05)
(F'stat > Fcrit). Subsequently, to further scruti-
nize the precedent result, ¢-tests assuming une-
qual variances were conducted within the groups
yielding more specific insights. Fascinatingly,
statistically significant variations between groups
were observed concerning COVID neg/pos, IgG
neg/pos, and vaccinated/non-vaccinated statuses.

Firstly, COVID-neg IgG neg vaccinated group
turned out to be different from the COVID-pos
IgG neg non-vaccinated group (p=0.025), the
former one (9.03 ng/ml) had a higher average
value than the latter (7.4 ng/ml). When all of the
participants were compared after tuning down to
a single variable, i.e., vaccinated/non-vaccinated
via t-test, the vaccinated group was found to
have an increased mean as compared with the
non-vaccinated (9.13 ng/ml; 8.17 ng/ml) [p-va-
lue = 0.01 (one-tailed); 0.02 (two-tailed)]. Fur-
ther, considering COVID neg/pos as a variable,
another 7-test revealed that COVID positive group
(8.45 ng/ml) had lower levels of CD21 than the
COVID-negative group (9.18 ng/ml) (p-value =
0.013;0.03). These findings suggest that lower
levels of CD21 are seen in non-vaccinated par-
ticipants when compared with vaccinated ones
and in COVID-positive patients as compared to
COVID-negative ones. These CD21 levels might
be lower because of ongoing infection and the
absence of IgG antibodies, implying a lack of
attainment of long-term immunity or vaccination.

Secondly, discrepancies were found in the CO-
VID-pos IgG pos non-vaccinated and COVID-pos
IgG neg non-vaccinated groups (p=0.03). The
former had a higher average value (8.9 ng/ml)
than the latter (7.4 ng/ml). Since both the groups
are COVID-positive and non-vaccinated, this
outcome might imply that the presence of IgG
is related to a rise in CD21 levels, facilitating
an improved immunity against the infection. To
further strengthen this point, separate ¢-tests were

performed after dividing the whole population
into IgG negative/positive, which showed that
the IgG positive group (9.09 ng/ml) had a higher
average value of CD21 levels than the negative
group (8.23 ng/ml) (p=0.01; 0.02). Thirdly, with
an average of 9.33 ng/ml, the COVID-neg IgG
pos vaccinated group appears to be different from
the COVID-pos IgG neg non-vaccinated group,
which has an average of 7.4 ng/ml (p=0.0016).
The presence of IgG in the former group might
be due to past infection or vaccination. An in-
creased level of CD21 favors the earlier finding
that IgG presence and vaccination might be the
reason behind this elevation. On the other hand,
the COVID-infected non-vaccinated participants
with an absence of IgG have lower levels of CD21.
Lastly, the COVID-pos IgG pos vaccinated group
turned out to be different from the COVID-pos
IgG neg non-vaccinated group (p=0.0026), with
the former one having an elevated average of 9.015
and the latter one, 7.43 ng/ml. In addition, stren-
gthening the precedent result, this finding is sug-
gestive of the statement that vaccinated people,
despite being COVID-positive, have higher levels
of CD21 than their non-vaccinated COVID-positi-
ve counterparts (Confidence level 95%).

After contemplating the results and the analy-
sis, it can be implied that CD21 levels alter with
the aforenamed variables, i.e., COVID negative/
positive, vaccinated /non-vaccinated, and IgG
pos/neg. Being COVID-positive or vaccinated or
having IgG antibodies was linked with an incre-
ased CD21 level. It was noticed that the presence
of IgG spiked the levels irrespective of COVID-19
positivity, as both groups were COVID-positive
and non-vaccinated. Also, no relevant correlation
was seen with the other biomarkers.

MPO

An ANOVA test between the above-mentioned
5 groups was performed; the p-value within the
group was 0.111615 (p<0.05), implying that the
hypothesis was rejected. As the hypothesis is
rejected, we consider each group in the r-test.
The p-value of IgG neg and IgG pos f-test came
out 0.0269. It means that IgG may be consi-
dered as one of the reasons for elevated MPO
levels. Another #-test about COVID-neg and CO-
VID-pos p-value became 0.0239, which means
COVID-19 can be the cause of elevated MPO. In
the t-test between vaccinated and non-vaccinated,
the p-value came out to be 0.177; thus, vaccina-
tion does not measure MPO level. Besides, ¢-test
is also done among groups that differ only by
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COVID status. For instance, the p-value between
groups 1 and 4 was 0.0292, while the p-value
between groups 1 and 3 was 0.0155. Moreover,
the p-value for groups 2 and 3 was 0.58.

Discussion

CTsS

Our findings indicate that non-vaccinated
groups had higher levels of CTSS levels. The role
of CTSS in the pathogenesis of acute respiratory
distress syndrome (ARDS) has been reported”.
Considering the objective that ARDS caused by
COVID-19 differs from ARDS caused by other
factors", the elevated CTSS might indicate the
severity of disease correlating with increased
inflammation. Furthermore, our findings support
the hypothesis that Cathepsin S could be a bio-
marker of COVID-19 related autoimmune disea-
ses and suggest a potential relationship between
SARS-CoV-2 nucleocapsid protein IgG status,
vaccination, and CTSS levels. However, further
investigation is required to fully understand the
implications of these relationships.

c-DNA

Our findings demonstrate significant differences
in cell-free DNA levels among various groups. Vac-
cination status, SARS-CoV-2 nucleocapsid protein
IgG status, and potentially COVID-19 infection
seem to be associated with these variations. While
the relationship between cell-free DNA and CO-
VID-19 infection or vaccination might not be strai-
ghtforward, the statistically significant difference
between SARS-CoV-2 nucleocapsid protein IgG
positive and negative groups suggests an intriguing
correlation between immune responses and cell-free
DNA levels. It is noteworthy, that cf-DNA showed
a significant correlation with neutrophil to lym-
phocyte ratio (NLR), ferritin, lactate dehydrogenase
(LDH), procalcitonin, and IL-6. A direct correlation
between COVID-19 and cf-DNA shall be investi-
gated further. However, cf-DNA might be used as
an effective marker of COVID-19 implications and
of underlying health conditions and risk factors of
severe illness during SARS-CoV-2 infection'.

cD-21

Our findings illustrate a complex interplay
between CD21 levels, COVID status, SARS-CoV-2
nucleocapsid protein IgG presence, and vaccina-
tion. These results suggest that CD21 levels can be
influenced by these factors, potentially reflecting
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variations in immune response and long-term im-
munity. It is noteworthy, that CD21 can indicate
the status of B lymphocytes. The significance of
B cells alterations in the context of COVID-19 is
evident. Lymphopenia and shifts in B cell subpo-
pulations appear to be linked to disease severity
and clinical outcomes, reflecting the crucial role of
immune responses in COVID-19 pathology®.

MPO

Our findings provide insights into the rela-
tionship between MPO levels, SARS-CoV-2 nu-
cleocapsid specific IgG status, COVID-19 sta-
tus, and vaccination. Elevated MPO levels might
be associated with SARS-Cov-2 nucleocapsid
protein IgG positivity and COVID-19 infection.
Vaccination, on the other hand, does not seem to
significantly affect MPO levels. The variations in
p-values for different group comparisons suggest
nuanced relationships that require further inve-
stigation for a comprehensive understanding of
their implications. The contribution of MPO in
increasing of endothelial glycocalyx shedding
in COVID-19 has been reported'”. Considering
these data we assume, that MPO levels might be
considered as a prognostic factor of COVID-19
associated or induced coagulopathies.

Conclusions

The data presented in this study revealed si-
gnificant differences in biomarker levels in diffe-
rent groups of patients with COVID-19 infection,
IgG seropositivity, and vaccination status. Spe-
cifically, MPO, which is associated with active
infection, showed elevated levels in COVID-19
positive patients. On the other hand, IgG positive
patients exhibited increased concentrations of all
biomarkers, suggesting potential remission or the
development of immunity against the infection.
The biomarkers analyzed in this study are closely
linked to the immune response, supporting the
idea that their variations could be indicative of
disease progression'*!¥!* and recovery.

The vaccinated group showed higher average
values for CD21 and cf-DNA compared to the
non-vaccinated group, while the opposite was obser-
ved for CTSS. These findings may shed light on the
impact of vaccination on the immune response® and
how it affects the levels of specific biomarkers!®*.,

The results of this research provide valuable
insights into the potential roles of these biomar-
kers in disease progression, recovery, and the
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development of post-recovery complications®,
such as autoimmune diseases, in COVID-19 pa-
tients. Further investigation and follow-up studies
are warranted to fully understand the implica-
tions of these findings and to explore the clinical
utility of these biomarkers in managing and pre-
dicting outcomes in COVID-19 patients.
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