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Abstract

SARS-CoV-2, the pathogen, which is responsible for coronavirus disease 2019 (COVID-19),
has caused unprecedented morbidity and mortality worldwide. Scientific and clinical evidence
testifies about long-term COVID-19 effects that can affect many organ systems. Cellular
damage, overproduction of proinflammatory cytokines and procoagulant abnormalities caused
by SARS-CoV-2 infection may lead to these consequences. After suffering from COVID-19,
a negative PCR test is only the beginning of a difficult path to full recovery. 61 % of patients
will continue to have the signs of post-covid syndrome with the risk of developing serious
COVID-19 health complications for a long time. Post-COVID syndrome is an underestimated
large-scale problem that can lead to the collapse of the healthcare system in the nearest future.

The treatment and prevention of post-covid syndrome require integrated rather than organ or
disease specific approaches and there is an urgent need to conduct a special research to establish
the risk factors.
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For this purpose, we studied the expression of markers of apoptosis (CD95) and intercellular
adhesion (CD54) in healthy individuals and patients who underwent COVID-19, as well as the
efficacy of the drug Mercureid for the treatment of post-covid syndrome.

The expression level of the apoptosis marker CD95 in patients who underwent COVID-19 is
1.7-2.5 times higher than the norm and the intercellular adhesion marker CD54 is 2.9-4.4 times
higher. This fact indicates a persistent high level of dysfunctional immune response in the short
term after recovery. The severity of the expression of the intercellular adhesion molecule
(ICAM-1, CD54) shows the involvement of the endothelium of the vascular wall in the
inflammatory process as one of the mechanisms of the pathogenesis of post-covid syndrome.

The use of Mercureid made it possible to reduce the overexpression of CD95 in 73.4 % of
patients that led to the restoration of the number of CD4+/CD8+ T-cells, which are crucial in
the restoration of functionally active antiviral and antitumor immunity of patients. Also, the
use of Mercureid led to a normalization of ICAM-1 (CD54) levels in 75.8 % of patients.

The pharmacological properties of the new targeted immunotherapy drug Mercureid provide
new therapeutic opportunities for the physician to influence a number of therapeutic targets,
such as CD95, ICAM-1 (CD54), to reduce the risk of post-COVID complications.
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Introduction
According to the current researches, it is known the following:

1. The full range of clinical manifestations of pathologies connected with COVID-19 is not
fully examined; new clinical symptoms are still being described.

2. Structural and functional changes in organs are still being studied, both as a result of the
direct viral effect of COVID-19 and as a result of a violation of homeostasis.
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3. More and more scientists around the world warn that post-coid syndrome and disorders in
the immune status of patients are an underestimated large-scale problem. Cellular damage, a
sustained innate immune response with the production of inflammatory cytokines and a
procoagulant state caused by SARS-CoV-2 infection lead to these consequences [1-4].

Medicines that are used to treat COVID-19 are also toxic. Long-term use of chloroquine and
hydroxychloroquine may result in retinal toxicity. Lopinavir / ritonavir may cause reactivation
of autoimmune diseases. Ribavirin causes retinopathy, retinal vein occlusion, serous retinal
detachment, non-arterial ischemic optic neuropathy and Vogt-Koyanagi-Harada disease
(VKH). Interferon has been connected with retinopathy, conjunctivitis, uveitis, optic
neuropathy, corneal ulcers, epithelial defects and Sjogren's syndrome. Tocilizumab has been
reported to cause retinal hemorrhage. Systemic corticosteroids are known to cause cataracts,
glaucoma and central serous chorioretinopathy. These points should be taken into account by
the physician when prescribing definite treatment for patients [5].

Therefore, the search for new opportunities in the treatment and prevention of complications
caused by COVID-19 is undoubtedly an urgent challenge of the time. Our attention was
attracted by a new original drug that has no analogues - Mercureid, as a targeted (targeted
action) drug aimed at reducing the overexpression of the proinflammatory cytokine TNFa,
markers of apoptosis (CD95) and intercellular adhesion ICAM-1 (CD54) and normalization of
the production of the most important, if not the main, immunological factor of mucosal
immunity, namely, SIgA [6].

According to Swiss molecular biologist Loroch VA (Ph.D in Biology, Experimental research
strategies and research methods in molecular genetics and molecular biology, Switzerland)
Mercureid's interaction with the immunoglobulin superfamily changes the paradigm of our
thinking about a drug's mechanism of action, as it leads to many mechanically different
biological responses (freely available, link https://vimeo.com/435729749 ):

1. Stimulation of secretory Immunoglobulin A. Secretory IgA on the surface of the mucous
membrane of the respiratory tract prevents the adhesion of viruses to the surface of the
epithelium. Secretory IgA has a non-inflammatory protective function: antibodies of this
type can bind to the virus without activating complement and without releasing
inflammatory mediators
Stimulation of neutralizing Immunoglobulin G. Neutralizing IgG prevents the systemic
spread of the virus

. Activation of CD4 +, CD8 + and CD16 + T-cells which kill virus-infected cells

. Activation of macrophages. Macrophage-driven phagocytic elimination of cells, which are
under apoptosis influence, is an immunologically silent response; there is no inflammation.
In fact, it is an anti-inflammatory agent, because macrophages consume apoptotic
neutrophils and other cells that produce and secrete pro-inflammatory cytokines as a result
of viral infection [7-9]
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Thus, we come to the idea that after suffering from COVID-19, a negative PCR test is only the
beginning of a difficult path to full recovery and 61 % of patients will continue to have the
signs of post-COVID syndrome with the risk of developing serious COVID-19 health
complications for a long time [10].

Aim of Study

The aim is to study the level of expression of markers of apoptosis (CD 95) and intercellular
adhesion ICAM-1 (CD54) in healthy individuals and in patients who underwent COVID-109.
In respect that while searching the information in English on the topic: “the level of expression
of markers of apoptosis (CD95) and intercellular adhesion ICAM-1 (CD54) in patients who
underwent COVID-19" we haven’t found any information available to the public, this
immunological study provides a new and extremely important material for practitioners and
scientists, allowing for better understanding of the immunopathogenesis of COVID-19.

Material and Methods

This study is open, according to the Declaration of Helsinki on the Moral Regulation of
Medical Research, the Convention on Human Rights and Biomedicine developed by the
Council of Europe, as well as the relevant laws of Ukraine.

The studies were carried out with the informed consent of patients who were under examination
and treatment in the Department of Inflammatory Eye Pathology of the Filatov Institute of Eye
Diseases and Tissue Therapy of the National Academy of Medical Sciences of Ukraine. All
patients had a history of COVID-19 no earlier than 2-3 months before the medical examination.
At the time of treatment and examination, Immunoglobulin M (IgM) was negative for acute
coronavirus inflammation. The markers of lymphocyte activation CD95 and ICAM-1 (CD54)
were determined by immunohistochemical method in 18 patients (age 43 + 8 years) at the
period of 1-2 months after recovery from COVID-19 and in 27 practically healthy individuals
of the control group (age 51 + 11 years).

Results

There was a high level of expression of the molecular marker of intercellular adhesion CD 54
on lymphocytes in patients who underwent COVID-19: it was 34.3 + 5.6% in percentage and
756.13 £ 58.4 cells/uL in absolute value (n = 18). In healthy individuals, these indicators were
2,9,4 times lower (p <0.05 according to the Mann-Whitney U test), respectively that was 12.0
+4.0% and 173.5 £22.1 cells/uL (n = 22). The level of expression of the molecular marker of
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apoptosis CD 95 on blood lymphocytes in patients who underwent COVID-19 also exceeded
the relative and absolute standard values by 1.7-2.5 times (p <0.05 according to the Mann-
Whitney U test), that in relative value it was 31.3 £ 6.8%, in absolute value -660.11 + 68.4
cells/uL. In general, in healthy individuals, these indicators were 18.2 £ 4.1% and 263.5 + 32.1
cells/uL, respectively (Fig. 1-4) [11-21].

Dynamics of changes in lymphocytes CD54

Before After Control

Figure 1: Dynamics of changes CD54 T-cells (before and after taking the medicine
Mercureid, in %).

Dynamics of changes in lymphocytes CD54

Before After Control

Figure 2: Dynamics of changes CD54 T-cells (before and after taking the medicine
Mercureid, in cells/ul).
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Dynamics of changes in lymphocytes CD95

Before After Control

Figure 3: Dynamics of changes CD95 T-cells (before and after taking the medicine
Mercureid, in %).

Dynamics of changes in lymphocytes CD95

Before After Control

Figure 4: Dynamics of changes CD95 T-cells (before and after taking the medicine
Mercureid, in cells/pl).

Conclusion

The expression level of the molecular marker of apoptosis CD95 on blood lymphocytes in
patients who underwent COVID-19 is 1.7-2.5 times higher than the norm and the molecular
marker of intercellular adhesion CD54 is 2.9-4.4 times higher. This fact indicates a persisting
high level of dysfunctional immune response in the short term after recovery.
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The severity of the expression of the Intercellular Adhesion Molecule (ICAM-1, CD54) shows
the involvement in the inflammatory process the endothelium of the vascular wall as one of the
mechanisms of the pathogenesis of post-covid syndrome. Fas (CD95), a cell surface receptor
of the tumor necrosis factor superfamily, has long been regarded as a death receptor that
mediates apoptosis to maintain immune homeostasis. CD95 is widely expressed in memory T-
cells and effector T-cells upon contact with antigen, while naive T-cells are typically negative.

Programmed cell death 1 (PD-1, CD279), effector T-cell antigen, is considered a depletion
marker, also expressed during antigen mediated T-cell activation. Upregulation of PD-1 is
observed during acute infections and after different viral infections, including HIV, HBV and
HCV. In particular, the expression of PD-1 in HIV-specific CD4 + and CD8 + lymphocytes is
connected with T-cell depletion and disease progression.

Both antigens are known to be activated upon activation of T-cells and can signal a propensity
for apoptosis (CD95) or T-cell depletion (PD-1). We have observed an increased expression of
CD95 in T-cells with age that corresponds to the previously described higher susceptibility to
CD95-induced apoptosis in the elderly.

Our data on increased expression of CD95, which can induce PD-1 activation, also correspond
to the data of Zheng, et al., showing the phenotype of depleted T-cells in patients with severe
COVID-19 infection. Apoptosis via CD95 may be a possible mechanism for COVID-19
induced lymphopenia and our data provide new insights into the functional competence of T-
lymphocytes in COVID-19 infection.

Aberrant T-cell differentiation and lymphopenia are signs of severe COVID-19 disease. As T-
cells must race to discard infected cells, they rapidly differentiate and achieve cytotoxic
function. With such reactivity, accelerated apoptosis occurs due to the coupled mechanism of
death and differentiation of both CD4 + and CD8 + lymphocytes via CD95 (Fas) and serine
threonine kinase (Akt). T-cell lymphopenia in severe cases can mean cell death or peripheral
migration. These facets depict SARS-Cov-2 as a lymphatic manipulative pathogen; it distorts
T-lymphocyte function, their number and death and creates a dysfunctional immune response.

Thus, we can state that patients who have undergone coronavirus infection are faced with the
need to restore immunity. Moreover, the action of the drug should be targeted and directed
exclusively at those target proteins that are related to the immunopathogenesis of the
development of the disease.

The results after Mercureid application sublingual for 1 month:

1. It allowed to reduce the overexpression of CD95 in 73.4% of patients that led to the
restoration of the number of CD4 + and CD8 + T-cells, which are crucial in the restoration of
functionally active antiviral and antitumor immunity of patients.
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2. The use of Mercury led to the normalization of the level of ICAM-1 (CD54) in 75.8 % of
patients. Recent studies have reported pathological evidence of venous thromboembolism,
direct viral infection of endothelial cells and diffuse endothelial inflammation [17]. Therefore,
the study of the expression of adhesion molecules ICAM-1 (CD54) of endothelial cells in
patients who underwent COVID-19 is of particular value.

Endothelial cells are an important component of the blood coagulation system. Their integrity
and functionality are critical for maintaining hemostasis, while damage to endothelial cells
from SARS-CoV-2 can lead to platelet activation, thrombosis and inflammation. Dysfunctional
endothelial cells activated by proinflammatory cytokines can contribute to the pathogenesis of
thrombosis by altering the expression of pro- and antithrombotic factors. In addition,
inflammation of endothelial cells causes edema, blockage and thrombosis of small vessels that
finally leads to a definite organ ischemia.

Thus, the increased expression of adhesion molecules of endothelial cells is connected with
COVID-19 disease, which the patients underwent and it can lead to blood coagulation
dysfunction and ischemia development. The use of Mercureid allows not only to have a
systemic anti-inflammatory effect, but also to protect the vascular endothelium and reduce the
possible risks of thrombosis formation that means the reduction of risks of heart attacks and
strokes.

The pharmacological properties of the new targeted immunotherapy drug Mercureid provide
new therapeutic opportunities for the doctor to influence a number of therapeutic targets, such
as CD95, ICAM-1 (CD54), TNFa to reduce the risk of developing tragic post-covid
complications. The treatment should be for a long period of time, about 3-6 months. And in
some cases, high-risk patients (diabetes, obesity, autoimmune diseases, hypertension,
cerebrovascular disease, elderly age, lung or heart disease) need a lifelong therapy with
Mercureid (taking into account its high toxicological safety profile and financial affordability).
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