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CHARACTERISTICS OF IRON-DEPENDENT PARAMETERS OF DONORS
UNDER THE PRESENCE OF ANTI-SARS-CoV-2 1gG IN THE BLOOD

COVID-19 differs from other respiratory diseases in that it can cause an acute inflammatory reaction following widespread
systemic complications in organisms. First, the inflammatory process causes an increase in the concentration of C-reactive protein
(CRP), which could be a prognostic biomarker in patients with COVID-19. In addition, some clinical data were used to determine
changes in the concentrations of ferritin and transferrin. Our study aimed to establish a relationship between the inflammatory
process and iron-dependent parameters, as changes in concentration could lead to pathological status in the post-COVID-19
period. People sufferedfrom COVID-19 with different titers of anti-SARS-CoV-2 IgG in the blood participated in our experiment.
It was established that the maximal concentration of CRP and ferritin was characterized for the donor group with a titer of anti-
SARS-CoV-2 IgG 95 * 5 Index (S/C) following the development of inflammatory anemia. Moreover, it was discovered that the group
with a minimal titer of anti-SARS-CoV-2 IgG was characterized by the maximal concentration of transferrin, leading to the
destruction of iron transport. Due to the acute inflammatory process and damage to the transport and storage of iron by transferrin
and ferritin, the iron deficit could destroy the functioning of the muscle system. There was a change in the concentration of
creatine kinase in the donor group with a titer of anti-SARS-CoV-2 IgG of 95 * 5 Index (S/C). The study showed that infection
with the SARS-CoV-2 virus in the body often leads to the development of acute inflammatory reactions, resulting in iron transport

and storage processes, which cause pathological processes in the post-COVID-19 period.
Keywords: anti-SARS-CoV-2, ferritin, transferrin, C-reactive protein.

Introduction. Attention of scientists have been
concentrating on the COVID-19 pandemic caused by the
SARS-CoV-2 virus since 2020. According to clinical and
statistical research, an abnormal inflammatory reaction to
viral infection is observed in several patients, leading to
multiple organ failure [1]. In general. developed on the
background of the systemic inflammation influences the
functional status of the organismand could be the reason for
the pathology of the cardiovascular, nervous, digestive
systemsand hemostasis in the post-COVID-19 period.
Therefore, biological indicators of inflammatory reaction
may be important for the evaluation of the COVID-19 stages.

The main inflammatory marker is a C-reactive protein
(CRP) that influences on intensity of inflammation. CRP is a
specific protein in the acute phase that synthesizes of
hepatocytes and increases during infection and
inflammation [2]. CRP activates the complement system that
stimulates  phagocytosis, cleaning organisms from
pathogenic microorganisms [3]. The scientific research has
reported that the concentration of CRP and the diameter of
the maximum affection in the lungs increase with disease
progression. The concentration of CRP was positively
correlated with the effect of the lungs and disease stage.
The concentration of CRP in the early stage of COVID-19
could demonstrate the status of the lungs and the degree of
severity of the disease [4]. The concentration of CRP is
known to be too high for bacterial and viral infections.
However, research has shown that in patients with COVID-19
an increased the concentration of CRP is consistent with the
above-mentioned clinical observations. In addition, an
increase in the concentration of CRP was still observed in
patients until disease progression [5].

Increased ofthe concentration of ferritin in the blood is
possible in acute infectious diseases that could be linked to
chronic inflammatory conditions [6]. Ferritin is a marker of
the degree of severity and a prognostic factor for disease.
According to the results of the clinical data, patients with
COVID-19 and a decreased concentration of ferritin have an
easy disease status. However, other patients with increased
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ferritin levels require intensive treatment and are more
vulnerable to lethal consequences [7]. An increase in the
concentration of ferritin is linked to the cytokine storm
described in patients with COVID-19. Cytokine storms lead to
the synthesis of more inflammatory cytokines, including IL-6,
TNF-a, and IL-1B, which stimulate the secretion of ferritin by
hepatocytes, Kupffer cells and macrophages. As a result,
uncontrolled and dysfunctional immune responses caused
by macrophage activation, hyperferritinemic syndrome and
thrombotic storms lead to multiple organ dysfunction [8].
Moreover, changes in the concentration of ferritin are not
only a consequence of unreasonable inflammation, but also
play a pathogenic role in the development of inflammatory
reactions due to their association with T-cell immunoglobulin
and TIM-2 which stimulates the expression of more
proinflammatory mediators [9].

Additianally, we hypothesized that transferrin could be a
predictor of COVID-19. Virial infections cause a significant
increase in the concentration of transferrin receptors in
lungs. During the treatment of viral disease, blocking the
transferrin receptor could decrease the pathogenesis of
SARS-CoV-2, namely penetration into the cell. The precise
mechanism of penetration SARS-CoV-2 into cells used for
the transferrin receptor is unknown [10].

Therefore, our research aimed to study the changes in
the concentration of the main biomarkers of the
inflammatory process during the post-COVID-19 period —
CRP and iron-containing parameters - ferritin and
transferrin—to assess the interdependence of their
functioning and impact on the general state of the body in
the post-COVID-19 period.

The target of our work wasto investigate potential
changes in the concentration of iron-containing parameters
such as ferritin, transferrin, and the biomarker of acute
inflammatory reaction — CRP in experimental donor groups.

Materials and methods. People sufferedwith COVID-19
and agreed to be donors of blood plasma participated in our
experiment. Blood plasma was collected from donors to 3—
4 months after COVID-19. We sent the blood plasma of

© Krenytska D., Rachkovska A., Savchuk O., Karbovskiy V., 2022



BIONOris. 4(91)/2022

~11 ~

donors with determined titers of anti-SARS-CoV-2 IgG for
further scientific research.

Anti-SARS-CoV-2 IgG titers in the blood plasma were
determined by chemiluminescent microparticle immunoassay
technology using the Abbott SARS-CoV-2 IgG assay
(Abbott Diagnostics, Abbott Park, Illinois, United States).
All donors were selected in groups based on the
anti-SARS-CoV-2 IgG titer. As result, we have had such
donor groups with titers of anti-SARS-CoV-2 IgG: 5+3
(n=20); 55+5 (n=20); 655 (n=20); 75+ 5 (n=20);
85+5 (n=20); 95+5 (n=20); 125+5 (n=20); 175+5
(n = 20) Index (S/C). Thus, donors without anti-SARS-CoV-2 IgG
were chosen as the control group.

All donors voluntarily agreed to participate in the clinical
experiment and provided written, informed consent.

The concentration of ferritin was determined with a
sandwich-type immunochemiluminescent assay using a
ferritin test kit for CLIA Maglumi (Snibe Co., Ltd., China). All
manipulations were performed in accordance with the
manufacturer's instructions. The measured results are
shown as relative luminescence units (RLU), which are
proportional to the ferritin concentration in the samples [11].

The concentration of C-reactive protein was measured
with a sandwich-type immunochemiluminescent assay
using a CRP Test Kit for CLIA Maglumi (Snibe Co., Ltd.,
China). All manipulations were carried out according to the
manufacturer's instructions. The measured results are
shown as relative light units (RLU) and are proportional to
the concentration of C-reactive protein in the samples [12].

The concentrations of transferrin and creatine kinase
were measured using standard test kits for the biochemical
analyzer Humalyser 3000 [13].

Statistical processing of the obtained results was
performed with various statistical methods using the
computer programStatistic Statistics 10. The arithmetic
mean (M) and mean squared error (MSE) indicators were
calculated. The hypothesis of normal distribution was
checked using the Shapiro-Wilk and Kolmogorov-Smirnov
tests. All donor groups showed a non-normal distribution.
Therefore, the differences between the samples were
determined using Kruskal-Wallis-Test. A statistically
significant test result (p < 0,05) was considered reliable.

Results and discussed. We studied the potential changes
in the concentration of iron-containing parameters and their
relationship with inflammatory parameters in the post-COVID-19
period in the experimental and control donor groups. This paper
was demonstrated the donor groups with maximal and minimal
concentrations of the research parameters.

The concentration of CRP was analyzed in the plasma
of all donors. Based on the obtained results, we determined
that the maximal concentration of CRP was characterized
for donors withtiter of anti-SARS-CoV-2 IgG 95 + 5 Index
(S/C) compared to the control group. Then, the minimal
concentration of CRP was established in donors with titer of
anti-SARS-CoV-2 IgG 755 Index (S/C) among the
experimental donor groups (Fig. 1).
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Figure 1. The concentration of C-reactive protein in donor groups
with such titers of anti-SARS-CoV-2 IgG:
1-0Index (S/C); 2—-95* 5 Index (S/C); 3 -75 % 5 Index (S/C), p < 0,05

We evaluated the changes in iron-dependent
parameters, such as transferrin and ferritin, in the plasma
of all donor groups. It was established that the maximal
concentration of ferritin had donors with titer of
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anti-SARS-CoV-2 IgG 95 + 5 Index (S/C) then minimal —
175 + 5 Index (S/C) compared to control group and among
all experimental groups (Fig. 2).
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Figure 2. The concentration of ferritin in donor groups with such titers of anti-SARS-CoV-2 IgG:
1 -0 Index (S/C); 2 — 95 % 5 Index (S/C); 3 — 175 £ 5 Index (S/C), p < 0,05

Moreover, in this experiment, we investigated the potential
changes in the concentration of the main transporter of iron —
transferrin in the plasma of all groups. It was determined that
the maximal concentration of transferrin was found in the
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donor group with titer of anti-SARS-CoV-2 IgG 5 + 3 Index
(S/C) while the minimal — 125 £ 5 Index (S/C) compared to
the control donor group (Fig. 3).
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Figure 3. The concentration of transferrin in donor groups with such titers of anti-SARS-CoV-2 IgG:
1-0Index (S/C); 2 -5 * 3 Index (S/C); 3 —125 % 5 Index (S/C), p < 0,05

The literature data is known that an increase of content
of the intracellular iron in the body leads to an increase of
concentration of ferritin because of the iron keeps to ferritin
form and is removed from the cell at future [14]. The infection
process leads to the utilization of ferritin in tissues or the
liquidation of iron-containing heme and hemoglobin from the
bloodstream to save ferritin in macrophages. The increased
iron absorption and isolation by macrophages provides the
realization of such functions: to prevent the penetration of
iron into pathogenic organisms and to protect the patient
against the toxic influence of increased concentrations of
iron, heme, and hemoglobin, which could exude during the
destruction of tissues during infection and inflammation [15].
In addition, an increase in the concentration of ferritin is
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connected not only to the inflammatory process, but could
also be an indirect indicator of cell damage. Ferroptosis
caused by the excessive accumulation of ferritin has been
described in acute respiratory distress syndrome, which
occurs in the clinical practice of COVID-19 [16].

In the experiment, the maximal concentration of CRP
and ferritin was characterized for the donor group with
titers of anti-SARS-CoV-2 I1gG 95 + 5 Index (S/C) among
all experimental groups. CRP is one of the key biomarkers
of inflammatory processes in organisms that primarily
activate immune cells, such as macrophages [17].
Following to described above, the macrophages are
considered to the main source of synthesis of ferritin.
Ferritin accumulates during the acute inflammatory
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reaction and captures and stores more iron. These
processes lead to the development of inflammatory
anemia as a protective mechanism [18], including a
decrease in the concentration of circulating iron to prevent
the penetration and spread of SARS-CoV-2 in the body.
Another study reported that iron deficiency could be the
reason for the bioenergetic shortage in muscles following
the development of muscle atrophy [19]. In patients with
COVID-19, an increase in the concentration of total creatine
kinase and creatine kinase-MB results in the destruction of
muscle tissues [20]. According to the experimental results,
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an increase in the concentration of ferritin in some donor
groups during the inflammatory reaction could be due to the
destruction of the physiological and functional state of
muscle tissues. Fig.4 shows that an increase in total
creatine kinase is characterized for the donor group with a
titer of anti-SARS-CoV-2 IgG 95 + 5 Index (S/C) compared
to the control donor group. This means that the risk of
development of muscle atrophy increases in this group,
which could be connected with an increase in ferritin
concentration causing an iron deficit in the bloodstream
because iron is necessary for the function of muscle tissues.
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Figure 4. The concentration of creatinekinase in donor groups with such titers of anti-SARS-CoV-2 IgG:
1 -0 Index (S/C); 2-95 + 5 Index (S/C), p < 0,05

Currently, the literature does not report a decrease in
ferritin concentration during COVID-19. Our research
showed that the donor group with an titer of
anti-SARS-CoV-2 1gG 175 + 5 Index (S/C) had the lowest
ferritin concentration among all experimental groups.
Moreover, 36 % of the donors in this group had a lower
ferritin concentration than the control donor group. In
general, an abnormal decrease in ferritin concentration was
observed in donors with a maximal titer of anti-SARS-CoV-2
IgG of 175+ 5 Index (S/C). This could be linked to the
potential influence of IgG on iron metabolism in organisms
or the depletion of iron reserves due to the widespread use
of SARS-CoV-2 and acute inflammatory reactions.

Transferrin plays an equally important role in iron
transport during erythropoiesis. It has been reported that
SARS-CoV-2 can directly influence transferrin in the
processes of iron transport, leading to non-affective
erythropoiesis and iron deficiency anemia [21, 22]. An
increase in the transferrin concentration and changes in the
transferrin/antithrombin 11l (ATIII) ratio could damage the
regulation of coagulation, causing the development of
coagulopathy linked to COVID-19 [23, 24]. Our research
established that the donor group with a titer of anti-SARS-CoV-2
IgG 125 + 5 index (S/C) had a decrease in the concentration
of transferrin. It is assumed that the penetration and
accumulation of SARS-CoV-2 in organisms causes a
hyperinflammatory reaction that leads to a decrease in the
concentration of transferrin which is the main iron carrier.
We emphasize that the maximal concentration of transferrin
was characterized in the donor group with a minimal titer of
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anti-SARS-CoV-2 IgG 5 + 3 index (S/C). As a result, such
processes could influence the development of coagulation
by blocking of the inactivating effect of ATIIl on coagulation
proteases by binding to ATIII.

Infection with SARS-CoV-2 induces immunoinflammatory
reactions in an organism, leading to an increase in the
concentrations of ferritin and transferrin. To protect against
the negative influence of the pathogen, iron chelated by
ferritin in its reserve form is a risk factor for the
development of iron deficiency diseases. Notably, the
deficit of functional active iron causes the destruction of the
working status of muscle tissues according to our research —
a decrease in the concentration of creatinekinase in the
experimental group compared to that in the control group.
In addition, an abnormal concentration of transferrin is not
only an imbalance in iron metabolism but also a negative
factor influencing hemostasis.

Conclusions. The experiment was obtained the
changes of concentration of the inflammatory biomarker
C-reactive protein, and iron-dependent parameters such as
ferritin and transferrin in the blood plasma. We suggest that
the acute inflammatory reaction influences the functional
status of ferritin and transferrin, leading to the development
of systemic complications in the post-COVID-19 period. The
research results could be beneficial for the improvement and
search for new therapeutic methods for COVID-19, and
emphasize the need for careful laboratory diagnosis of
patients to avoid possible complications.
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'KniBcbKkui HauioHanbHWIA yHiBepcuTeT imeHi Tapaca LLleBueHka, Kuis, YkpaiHa,

2TOB "Biocapma Mnasma", Bina Llepksa, YkpaiHa

XAPAKTEPUCTUKA 3ANI30O3ANEXXHMX NAPAMETPIB JOHOPIB
3A HAABHOCTI AHTU-SARS-CoV-2 IgG Y KPOBOTOLII

COVID-19 eidpi3Hsiembcs 8id iHWuUXx pecnipamopHuUx 3axeoprogaHb MUM, WO 8UK/IUKaEe 20Cmpy 3anajibHy peakuyiro, yHac/1iook sikoi Moxe
nowuproeamucsi cucmemMHe ypaxeHHs1 8 opaaHi3mi. 3ananbHuli npoyec cynpoeooxyembcsi nepedyciMm 3pocmaHHAM KoHUeHmpayii C-peakmue-
Hoz2o 6inka (CPB), ujo Moxxe 6ymu 0OHUM i3 npo2Hocmu4YHux 6iomapkepie nepebicy COVID-19 y nauyieHmie. Kpim ybo20, Ha mni makux nodii y
desiKux KniHiYHUX crnocmepexeHHsIX 3aghikcoeaHo 3MiHU KOHYeHmpauili pepumuHy i mpaHcgepuHy. Y Hawiomy docnioxeHHi yeaea 30cepedxeHa
Ha 8cmaHo8J/IeHHi 83a€M038 'A3Ky MiX 3anaslbHUMU npoyecaMu ma 3aJsiso3asieXxHumu napaMmempamu, 3MiHU KOHUeHmMpauil IKux MOXymb npu3s-
eecmu 0o namosio2iyHuUx cmaxie y nocm-COVID-19 nepiodi. B ekcnepumenmi 6panu yyacmsb ntodu, siki nepexeopinu Ha COVID-19 ma y kpoeo-
moui sskux HasieHi pi3Hi mumpu aumu-SARS-CoV-2 IgG. YcmaHoeneHo, wjo 0ns 2pynu doHopie i3 mumpom aHmu-SARS-CoV-2 IgG 95 5 Index (S/C)
XapakmepHi MakcuMasnbHi KOHYyeHmpauii C-peakmueHo20 6inka ma ¢pepumuHy, yHaciOok 4020 MoXe po3eueamucsi 3anasbHa aHemisi. Takox
8usI8/IeHO, W0 y e2pynu 3 MiHiManbHUM mumpom aHmu-SARS-CoV-2 IgG cnocmepizaembcsi MaKkcuMasilbHa KOHYeHmpauisi mpaHcgepuHy, wo
MoXKe ceidyumu npo nopyuweHHs1 npoyecie mpaHcrnopmy 3anisa. Kpim ybo2o0, Hecmaya 3asiza eHac/1i0ok 20cmpo20 3anasnbHO20 fnpouyecy, sIKul
Ccynpoeodxyembcsi MOWKOOXEHHSIM mpaHcrnopmy ma 3anacaHHsi 3asi3a mpaHcgepuHoM i gpepumuHomM, 8idnoeidHO, MoXe mopywyeamu po-
6omy M'a3zoeoi cucmemu, ujo niomeepAxyembcsi 3MiHOKO KOHUeHmMpauii kpeamuHkiHa3u y 2pynu GoHopie i3 mumpom aHmu-SARS-CoV-2
IgG 95 * 5 Index (S/C). lpoeedeHe docnidxeHHs1 ceid4UMb, W0 3apaxkeHHs1 aipycom SARS-CoV-2 opaaHiamy 4acmo npu3eodums 00 po38umky
2ocmpux 3ananbHUX peakuyili, yHacnidok ssKux MoXxymb cmpaxdamu npoyecu mpaHcrnopmy i 3anacaHHs 3ai3a, siki aUKJluKamuMmyms namoJsio-
2i4Hi npoyecu y nocm-COVID-19 nepiodi.

Knrouoei cnoea: anmu-SARS-CoV-2 IgG, gpepumuH, mpaHcgpepuH, C-peakmueHulii 6irok.
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