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Abstract

Coronavirus disease-19 (COVID19) is a disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) that can manifest in a wide range of forms, but the most common
symptoms are fever, headache, fatigue, respiratory problems, lost  sense of smell and taste, sore
throat, muscle pain and malaise.

In patients with COVID -19, the inflammatory response of the organism affects iron homeostasis.
Severe COVID-19 infections may lead to a hyperinflammatory condition, characterised by elevated
ferritin levels that correlate with the severity of the clinical course, prolonged intensive care unit (ICU)
stay, development of acute respiratory distress syndrome and a fatal outcome. As a result of iron
metabolism disorders in inflammation, decreased e rythropoiesis and reduced biological activity of
erythropoietin, the erythrocyte half -life is shortened, leading to anaemia of chronic inflammation.
Cytokine IL -6 plays the most crucial role in regulating iron concentration. It affects iron metabolism

by producing hepcidin via STAT 3. Hepcidin produces regulatory effects on iron by binding with
ferroportin, the only known transmembrane iron exporter.

Anaemia has long been characterised as a significant risk factor contributing to increased mortality
and poo rer clinical outcomes for various infections. The most severe forms of COVID -19 infection
result in pneumonia, causing a reduced supply of oxygen to the circulation, ultimately leading to
ischemia of vital organs. Anaemia of chronic disease is more common in COVID-19 positive patients
and is associated with a poorer clinical outcome. A higher ferritin/transferrin ratio indicates an
advanced inflammatory condition and may be a predictive factor of ICU admission.
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Introduction

Ko uif Jvcfj Rspwjodf pg
China, in December 2019, a new type of virus
emerged DZevere acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The world faced a
new global issue, the pandemic of the
coronavirus disease 2019 (COVID-19). Currently,
there have been over 200,000,000 coronavirus
cases recorded and most patients have
presented with mild clinical symptoms (with
over 180,000,000 patients recovered). However,
4,000,000 deaths from COVID -19 have been
recorded up to this moment (1).

This pandemic has affected many aspects of our
everyday life, from heal th to economy. In order
to provide optimal treatment to patients, it is vital

to identify the risk factors contributing to the
development of severe forms of the disease so
as to effectively use the limited resources
available in the fight against the viru s. Despite
the progress that has been made, such as the
development of the vaccine, the scientific
community is still trying to understand the
impact of the virus and its new variants on the
clinical outcomes of patients with COVID -19.
Infection with the S ARS-CoV-2 virus can
manifest itself in a wide range of clinical
presentations: from asymptomatic vectors and
milder forms to more severe ones, which require
hospital care and respirators, and finally those
ending in death. The infection affects various
systems and the clinical presentation differs
from patient to patient, but the most common
symptoms include fever, headache, fatigue,
respiratory problems, lost sense of smell and
taste, sore throat, muscle pain and malaise (2).

A combination of symptoms, medical history
information, epidemiological data, polymerase
chain reaction (PCR) testing, serological testing,
laboratory findings, chest X -ray or computed
tomography (CT) findings results in a clinical
diagnosis (3). Many agents are used in the
treatment of COVID -19: antiviral drugs,
corticosteroids, various antibiotics, anti -
inflammatory drugs or immunomodulators. Over
time, the scientific community has discovered
alternative forms of treatment and prevention of
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the disease. At the moment, the best form of
protection  against infection and the
uq_e\feloplf\nfanb 8fan°(faet sevleq_e qu[rESmc}f aheP 9
disease is vaccination, which is the mos
effective weapon in the fight against viruses.

In patients with COVID -19, the inflammatory
response of the organism affects iron
homeostasis and leads to a reduction in iron
absorption in the intestine, which further

reduces the availability of iron for erythropoiesis

and haemoglobin production (4).

Iron is an important redox catalyst in several
reactions. Due to the fact that a variety of
pathogens need iron, one of many defence
mechanisms is to limit the availability of iron to
infectious agents. For example, iron is mostly
found within cells, bound to haemoglobin in
erythrocytes. Bacteria and viruses have
developed mechanisms to steal iron from their
hosts (5).

The aim of this review is to present the current
knowledge from available papers and literature
on the complex relationship between iron
metabolism, anaemia and COVID -19 that affects
the clinical cours e of the disease.

Regulation of iron metabolism

Maintenance of iron homeostasis is a complex
process involving the regulation of (A) iron in
duodenal enterocytes, (B) use in erythroblasts,
(C) storage in hepatocytes and (D) macrophage
recycling in the sple en. After being reduced with
ascorbic acid and duodenal cytochrome b
(DCYTB) on the apical membrane of
enterocytes, iron is absorbed by divalent metal
transporter 1 (DMT1) and transferred to the
basolateral membrane, where it exits the cells
with the help of ferroportin into the circulation,
where it binds to transferrin (holo -Tf).
Erythrocytes, the cells that require the most iron,
bind holo -Tf to the transferrin receptor TfR1.
After endocytosis, iron is used in the
mitochondria to synthesise haem, which w ill be
incorporated into haemoglobin. If the body
absorbs more iron than it needs, it is stored in 6
ferritins, mostly in hepatocytes. The largest
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source of iron are macrophages, which
phagocytose stale erythrocytes and release iron

from haem via haem oxyg enase 1 (HO1). These

processes are regulated by hepcidin, which
binds to ferroportin and promotes its
internalisation and degradation. In this way, it
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prevents the absorption of iron and the release
of iron stored in hepatocytes and recycled in
macrophages . (6) (Figure 1)
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Figure 1. Maintenance of iron homeostasis

Inflammation leads to disbalanced iron
homeostasis

Various comorbidities, such as obesity,
hypertension, cardiovascular disease,
hypercholesterolemia, chronic kidney disease
and metabolic syndrome, as well as old age, are
associated with higher mortality and poorer
treatment outcomes of COVID -19 (7). Patiets
suffering from a more severe form of the
disease, among other laboratory findings, had
leukocytosis with low lymphocyte and platelet
count. Inflammatory markers, such as C -reactive
protein (CRP), interleukin 6 (IL-6) and ferritin
were elevated (8). Viral infections, including
SARS CoV-2 infections, affect the haemoglobin
molecule through ACE2, CD147, CD26 and other
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receptors on erythrocytes and/or blood cell
precursors. Viral endocytosis can cause
hemoglobinopathy through the connection
between spike pr oteins and cellular receptors.
ORF8 protein and surface glycoproteins on the
virus can bind to porphyrin, attacking haem on
the 1-d chain of haemoglobin. Consequently,
SARS CoV-2 promotes haemolysis and/or
creates a haem release complex, forming
dysfunctio nal haemoglobin with a reduced
oxygen concentration and CO2 transport (9).
More severe forms of COVID -19 are
characterised by an excessive inflammatory
response in the form of a cytokine storm, which
is characterised by IL -6 hyper -expression and
hyperferri tinemia (Figure 2). IL-6 also affects iron
metabolism by inducing the production of
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hepcidin via STAT 3 (10), which is important in the
regulation of iron homeostasis. According to the
research published so far, cytokine IL -6 plays
the most crucial role in regulating iron
concentration, at least in humans and animals
(11). Other cytokines, such as interleukin-1 and
activin B, are also involved in regulating iron
production, but their role has not been
investigated sufficiently (12). Hepcidin produces
its regulatory effects on iron by binding to
ferroportin, the only known transmembrane iron
exporter (13).

Increased hepcidin concentrations inhibit iron
absorption in the duodenum, where ferroportin
delivers the absorbed iron into the circulation.
They also act on macrophages by blocking the
release of iron recycled from older erythrocytes
into plasma (14). Recent research suggests that
in higher concentrations, hepcidin can directly
block iron exports by occluding ferroportin, a
mechanism that may be important in limiting the
release of iron from endocytic -deficient cells
machines (erythrocytes) or in conditions where
endocytosis is slow (15). This mechanism leads
to elevated intracellular ferritin. Excess
intracellular iron reacts with free oxygen
radicals, creating oxidative stress. The
intracellular iron excess leads to ferroptosis,
programmed cell death. Excess iron is also
thought to cause mitochondrial dysfunction,
microbiome diversity and hypercoagulability
(16). New evidence suggests that IL -6 may have
a secondary suppressive effect on erythroid
precursors (17). In addition, loss of IL-6 and
hepcidin results in milder anaemia and faster
haemoglobin recovery in a well -established
mouse model (18). IL-6 knockout animals
showed faster bone marrow recovery com pared
to hepcidin  knockout animals. Hepcidin
downregulates the release of iron into plasma
by binding to and functionally lowering
ferroportin 1, the sole iron exporter (13,19).
Persons with high iron levels are at an increased
risk of developing various i nfections. Evidence
tvhhftut ui bu
levels could be a protective factor in the fight
against the virus (20). It is still debatable whether
an iron metabolism disorder is a result of a
physiological response within an infectio us
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disease or it leads to a worse disease outcome.
However, recent research has shown that cell
damage and inadequate immune response lead
to iron disbalance. Therefore, we can conclude
that iron metabolism disorders significantly
contribute to the course of COVID-19 (4).

Impact of impaired iron metabolism on
anaemia

Anaemia has long been characterised as a
significant risk factor contributing to increased
mortality and poorer clinical outcomes for
various infections. It is well known that anaemia
exacerbates the severity of respiratory
problems, since various diseases and previous
studies have shown a high prevalence of
anaemia in patients with community -acquired
pneumonia (21). Although it has not been
documented explicitly, the underlying causes
and patterns of inflammation, genetic
dpngptjujpo boe
condition, including iron concentration and
erythropoietic capacity, could contribute to each
pathophysiological pathway of inflammatory
anaemia (22). |Initially, systemic immune
activation leads to significant changes in iron
transport, causing iron retention in macrophages
and reduced absorption of iron from food. Iron
sequestration in macrophages is far more critical
because 90% of daily iron requirements for
haemoglobin (Hb) synthesis and erythropoiesis
come from recycled iron originating from aged
erythrocytes. Iron stores in tissues and in the
circulation stimulate the expression of hepcidin
(11,23) and inflammatory cytokines, hypoxia (12),
iron deficiency and ineffective erythropoie sis.
Inflammation adversely affects erythropoiesis
by separating iron from erythroid precursors,
thus causing iron -restricted erythropoiesis (24).
Inflammatory anaemia, a condition involving
elevated hepcidin levels, can conceptually be
called functional i ron deficiency. Due to thisiron -
restricted erythropoiesis, erythroferrone (ERFE)
increases and is likely to pr(%vide SSTE countser 5
F knéckogt
mice treated with heat -killed Brucella abortus, a
well -accepted model of inflam matory anaemia,
showed delayed haemoglobin recovery
because of inadequate hepcidin suppression
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(25). Thus, suppressed erythropoiesis in
inflammatory anaemia may allow a further
increase in hepcidin expression.

Most COVID-19 infections have a milder clinica |
course and up to 20% of patients require hospital
care, most often because of pneumonia, with
admission to the ICU and a need for mechanical
ventilation (26,27). The most severe forms of
COVID-19 infection result in pneumonia, which
leads to diffuse alve olar damage and gas
exchange disorders (28). As a result, arterial
oxygenation becomes impaired. Oxygen
saturation depends on the concentration of
haemoglobin, which is why reduced
haemoglobin levels cause a decrease in the
oxygen transfer capacity and oxy gen saturation
of arterial blood (29). Anaemia, as a separate
condition, can cause ischemia of vital organs
(30). The incidence of anaemia in patients
hospitalised in the ICU is about 95% (31), while
haemoglobin levels are lower in COVID -19
positive patien ts admitted to the ICU compared
to hospitalised COVID -19 positive patients with a
milder clinical presentation (32).

Figure 2. Increased levels of ferritin and hepcidin may b

outcome
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Increased levels of ferritin and hepcidin may be
a predictive factor of a poorer clinical outcome.
Severe COVID-19 infections are characterised by
a hyper inflammatory condition, including
elevated ferritin levels that correlate with the
severity of the clinical presentation, prolonged
ICU stay, development of acute respiratory
distress syndrome and a fatal outco me. As a
result of iron metabolism disorders in
inflammation, decreased erythropoiesis and
reduced biological activity of erythropoietin, the
erythrocyte half -life is shortened, leading to
anaemia of chronic inflammation (33). A clinical
study conducted in China has found that
patients with a severe clinical course of COVID -
19 infection had higher levels of hepcidin and
ferritin compared to patients with a milder
clinical course. It was concluded that hepcidin
and ferritin could be predictive factors of the
clinical outcome of coronavirus infection (34).
Also, an elevated ferritin/transferrin ratio is a
predictive factor of a worsening clinical
condition and longer stay in the ICU (31) (Figure
2.).

e a predictive factor of a poorer clinical
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