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SARS-CoV-2 association with  
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INTRODUCTION
In March 2020, the World Health Organization (WHO) declared 
COVID-19 pandemic, a disease related to the new coronavi-
rus that causes a severe acute respiratory syndrome, which was 
named as SARS-CoV-2. The severe form of this disease presents 
pulmonary involvement in the form of aggressive and extensive 
interstitial pneumonia, which is triggered by a sustained sys-
temic acute inflammatory response known as “cytokine storm.” 
This has been previously described in the literature as a com-
plication of a group of diseases that can be categorized under 
the term “hyperferritinemic syndrome.” Its exponents include 
hemophagocytic syndrome, adult Still’s disease, catastrophic 
antiphospholipid syndrome, and septic shock1,2.

It has previously been demonstrated that SARS-CoV-2 
binds to hemoglobin through ACE2, CD147, Cd26, and other 
receptors that are present on the surface of erythrocytes. After 
this association, virus attacks the beta1 chain of hemoglobin 
which leads to dysfunctional hemoglobin in addition to hemo-
lysis, thereby reducing the oxygen supply to the body, causing 
tissue hypoxia, a remarkable characteristic of COVID-193,4.

Esaki demonstrated that the amino acid sequence of the 
coronavirus spike protein is identical to hepcidin, a protein 
that acts as the main systemic regulator of iron metabolism. 
Therefore, this similarity between hepcidin and coronavirus 
spike protein can lead to a mimetic effect, suggesting that 
SARS-CoV-2 can increase serum hepcidin and then ferritin, 
and cause hyperferritinemic syndrome5. 

Therefore, the association between dysfunctional hemoglob-
inopathy and SARS-CoV-2-related hyperferritinemia may affect 
the oxygen transport capacity of erythrocytes, thereby leading 
to hypoxia, while causing tissue damage due to non-transferrin 
bound iron (NTBI), and subsequently releasing free radicals 
at the inflammation sites6.

REVIEW ON IRON  
METABOLISM AND HEPCIDIN

Iron (Fe) metabolism is mainly regulated by the coordination 
between erythropoiesis and Fe stores. Two mechanisms are mainly 
involved in the regulation of this homeostasis: the intracellular 
mechanism that is dependent on the cytoplasmic Fe store, and 
the systemic mechanism in which hepcidin plays a crucial role.

Intracellular Fe homeostasis
Dietary Fe2+ is absorbed after binding to heme carrier protein 1 
(HCP1) in the brush border membrane of the duodenal entero-
cytes and HCP1 imports it into the intracellular medium. Fe2+ 
is then released from the protoporphyrin by heme oxygenase 
and can be stored as ferritin or exported to the blood7,8.

Intracellular Fe2+ is exported to the plasma through ferro-
portin (FPT), a Fe exporting protein, and after the action of 
hephaestin, Fe2+ is transformed into Fe3+ that binds to trans-
ferrin (Tf ) and circulates in the plasma7,8.

There is no specific mechanism to eliminate the excessive 
iron resulting from the cellular uptake and recycling of red 
blood cells. Therefore, the homeostasis of serum Fe requires a 
coordination between the sites of absorption, utilization, and 
storage; this signaling is conducted by hepcidin7,8.

Systemic iron homeostasis
Hepcidin is a peptide that acts as a negative regulator of Fe 
metabolism9,10. It has the ability to bind to FPT, located in the 
enterocytes and bone marrow, in addition to being present in 
macrophages of the liver and spleen, the organs that are also 
responsible for filtering senescent red blood cells and storing 
intracytoplasmic Fe11.

When serum hepcidin is at high levels, the hepcidin-FPT 
complex is formed and hepcidin blocks the release of Fe from 
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the macrophage reticuloendothelial system. As a result, Fe 
accumulates in the hepatocytes and macrophages. The decrease 
in plasma Fe levels results in a low transferrin saturation (TS) 
ratio and less stimulus for erythropoiesis9,10.

Regarding the intestinal absorption of Fe, hepcidin inhibits 
iron uptake by the enterocytes through binding with FPT of the 
basolateral membrane and thus its consequent internalization12.

Serum Fe levels regulate hepcidin expression. In case of 
iron overload (IO), its expression is increased, while in condi-
tions such as anemia and hypoxemia its expression is generally 
reduced. In an acute inflammatory state, as well as in COVID-
19, IL-6 acts directly on the hepatocytes, stimulating the pro-
duction of hepcidin and consequently leading to a decrease in 
TS and an increase in intracytoplasmic ferritin7,8.

Plasma iron circulation
Transferrin (Tf ) is the protein responsible for the transport of 
Fe through plasma, and it promotes auto-oxidation reactions 
involving Fe and prevents the formation of oxygen free radicals 
(reactive oxygen species [ROS]) in the bloodstream, which will 
occur if Fe is transported in its free and toxic form.

Fe-saturated Tf binds to the transferrin receptor (TfR) pres-
ent on the cell surface, which is available in two isoforms, namely, 
TfR1 and TfR213. The most recent studies suggest that while TfR1 
plays a crucial role in Fe endocytosis, TfR2 functions as a sensor of 
the available Fe pool in the body and modulates the production of 
hepcidin in the liver through the activation of the BMP pathway14.

Tf competes with human hemochromatosis protein (HFE) 
for TfR1 binding8,9. HFE protein while interacting with TfR1 
detects the degree of TS and signals the hepatocytes whether 
there is a need for Fe absorption in the intestinal lumen, and 
based on this information, the production of hepcidin is stim-
ulated. Under conditions of high TS, there is increased bind-
ing of Tf to its receptor, and subsequently, free HFE signals 
the nucleus to induce hepcidin synthesis.

Iron storage
Ferritin is a molecule that comprises 24 heavy chain (21 kDa) 
and light chain (19 kDa) subunits. It is synthesized by the liver 
and exhibits the function of being an easily accessible intra-
cellular Fe store13,14.

The synthesis of ferritin subunits is regulated by RNA tran-
scription in the hepatocytes, which is induced after the binding 
of iron regulatory proteins (IRP) to an iron responsive element 
(IRE). When intracellular Fe concentration is low, the binding 
of IRP to IRE suppresses the response for the production of 
ferritin. Conversely, when the intracellular Fe concentration is 
high, IRP is degraded, making its binding to the IRE impos-
sible and then leading to ferritin synthesis13,15.

Serum ferritin (SF) concentration is a reliable marker of the 
body Fe reserves11. In situations where ferritin level is increased, 
as it is an acute phase protein, it is always necessary to assess 
the underlying existence of inflammatory diseases, infectious 
diseases, and neoplasms. It is necessary to assess whether there 
is an IO that can be determined by high TS9.

In humans, the ideal TS level is 30%, and thus, when it is 
less than 16%, there is Fe deficiency, a characteristic of iron 
deficiency anemia. However, when it is greater than 45%, 
there are signs of IO. When TS is >70%, a free form of iron 
begins to accumulate in the plasma, known as non-transfer-
rin bound iron (NTBI)4,6, thereby causing IO in the paren-
chymal cells. Free Fe catalyzes the conversion of free radicals 
from oxygen. Free ROS in the cytoplasm leads to the dam-
age of organelles, especially the DNA in the nucleus and 
mitochondria9,10.

DYSFUNCTIONAL 
HEMOGLOBINOPATHY IN COVID-19
The literature reinforces the hypothesis of the involvement of 
erythrocytes in COVID-19; the free heme resulting from hemo-
lysis present in the bloodstream of a patient who is undergoing 
“cytokine storm,” associated with hyperferritinemia, contrib-
utes to endothelial damage and to the remodeling of pulmo-
nary vessels6. The destruction of erythrocytes leads to anemia 
and consequently hypoxia, thereby leading to systemic vaso-
dilation, but with pulmonary vasoconstriction, it leads to an 
increase in fibrinogenesis in the pulmonary microvasculature. 
The increase in IL-6 in the inflammatory phase of COVID-19 
increases hepcidin, which further leads to pulmonary hyper-
tension through stimulating myocytes in the pulmonary alve-
oli, in addition to alveolar wall exudation secondary to local 
inflammation15,16.

The formation of oxygen free radicals on hemolysis of eryth-
rocytes and release of free Fe leads to mitochondrial damage 
in the activated macrophages and pulmonary endothelium, 
further perpetuating the inflammatory process and hyper-
stimulating the release of cytokines, especially IL-6. Other 
inducers for the production of hepcidin are obesity and high 
level of glycated hemoglobin, which increase the expression 
of cd147 in hemoglobin, and this association increases the 
risk of further complications9.

INCREASED HEPCIDIN IN COVID-19
The role of iron toxicity in the pathophysiology of COVID-
19 is related to the hepcidin mimetic effect of SARS-
CoV-2, with consequent internalization of ferroportin, 
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both in the gastrointestinal tract and reticuloendothelial 
system, thereby causing a blockage in the availability of 
SF, which leads to anemia and hyperferritinemia, and ulti-
mately ferroptosis5,17.

Through mimicking the action of hepcidin, SARS-CoV-2 
exaggeratedly increases the concentration of intratissue (e.g., 
liver, spleen, bone marrow, and muscles)ferritin, while there 
is a reduction in the availability of SF, and consequently, a 
reduction in erythrocyte production. This decrease in circulat-
ing erythrocytes perpetuates systemic hypoxemia and hinders 
tissue oxygenation, which is already impaired in patients with 
acute respiratory syndrome.

OXIDATIVE STRESS  
AND FERROPTOSIS

SARS-CoV-2 infection also causes mitochondrial dysfunc-
tion in bronchial epithelial cells and macrophages, and 
therefore, the mitochondria becomes dysfunctional for reg-
ulating intracytoplasmic Fe metabolism with an increase in 
ROS, and the process culminates in what may be referred 
to as ferroptosis18.

Excess Fe can be tolerated to a limited extent, as is the case 
of silent hypoxia. Ferroptosis associated with multiorgan oxida-
tive stress can precipitate the “cytokine storm” in later stages of 
the disease, for instance, in critically ill patients. The laboratory 
examination of critically ill patients indicates low hemoglobin 
and high ferritin levels in non-surviving patients19.

Tissue Fe sequestration results in an increase in ferritin in 
the pulmonary epithelium, which is still associated with an 
increase in cytokines and immune cells, such as lymphocytes 
and monocytes, in the pulmonary capillaries. This is probably 
related to the physiological need to protect the lung cells from 
oxygen deprivation20.

SYSTEMIC HYPOXEMIA AND 
HYPERFERRITINEMIA

Patients with COVID-19 exhibit silent hypoxia described as 
hypoxemia, which is associated with normal capnia reflecting 
normal gaseous exchange. Since CO2 is the body dyspnea sen-
sor, the patients present only dyspnea in the final stages of the 
disease when CO2 is extremely high and there is progression 
of hyperferritinemia affecting the integrity of the alveolar cap-
illary membrane, along with inflammation, edema, and pul-
monary cell necrosis16.

According to Sonnweber et al.21, patients with severe SARS-
CoV-2 exhibited persistent hyperferritinemia even after 2 months 
of disease, however, without persistent levels of inflammatory 

markers, such as C-reactive protein (CRP) and IL-6. Patients 
with persistent hyperferritinemia still exhibited greater pul-
monary involvement on computed tomography (CT) scans 
and worsened performance status after a long period of illness, 
which indicates that hyperferritinemia in these cases is not only 
an inflammatory marker, but also it exerts a direct influence 
on the pathophysiology of the disease21.

Interaction of SARS-CoV-2 with iron metabolism and low 
oxygen supply may be related to ancestral phylogenetic mecha-
nisms, which date back to environments with low oxygen and 
highly available Fe levels. Alternatively, the evolution of viral 
replication is well adapted to this type of microenvironment, 
where the Fenton oxidative reaction is favored22,23.

Viruses generally stimulate increased iron deposition in 
the host cells. Conversely, the immune system tends to control 
excess iron through increasing TSAT, with the stimulation to 
TFR1 and TFR2 iron saturation sensors, receptors that can be 
used by viruses to enter the host cells24.

Generally, laboratory findings commonly found in patients 
with COVID-19, such as low hemoglobin, hyperferritinemia, 
low serum iron, thrombocytopenia, increased RDW and 
DHL, suggest that the hypothesis of the dysregulation of iron 
metabolism associated with inefficient erythropoiesis is a pos-
sible mechanism underlying the pathophysiological changes 
in patients with COVID-19.

COVID-19 combines hypoxic anemia (low hemoglobin 
concentration) with hypoxemic hypoxia (low hemoglobin sat-
uration). Oxygen deprivation and iron accumulation in the 
lungs cause pulmonary vasoconstriction and shunting despite 
pneumonia25. These changes can be observed in the pathog-
nomonic clinical manifestation of SARS-CoV-2, in which the 
patients present severe oxygen desaturation without presenting 
hypercapnia and no compensatory tachypnea.

CONCLUSIONS
SARS-CoV-2 is a disease that causes silent hypoxia associated 
with a severe hyperinflammatory state that triggers a “cytokine 
storm” along with persistent hyperferritinemia and systemic 
hypoxemia, and severe endothelial damage to the lung paren-
chyma caused by the free radicals. Since hyperferritinemia is 
not only an inflammatory marker but also actively causes tis-
sue damage, its mechanism of action needs to be elucidated 
to broaden our understanding in the future studies. 
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