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ABSTRACT

Objectives: Mounting evidence links hyperinflammation in gravely ill patients to low serum iron levels
and hyperferritinemia. However, little attention has been paid to other iron-associated markers such as
transferrin. The aim of this study was to investigate the association of different iron parameters in severe
COVID-19 and their relation to disease severity.
Subjects and methods: This study involved 73 hospitalized patients with positive test results for SARS-
CoV-2. Patients were classified into two groups according to symptom severity: mild and severe. Blood
levels of anti-SARS-CoV-2 antibodies, interleukin 6 (IL-6), C-reactive protein (CRP), and iron-related
biomarkers were measured.
Results: The results revealed a significant increase in IL-6, CRP, and ferritin levels and decreased transfer-
rin and iron levels in severe COVID-19. Transferrin negatively predicted variations in IgM and IgG levels (P
< 0.001), as well as 34.4% and 36.6% increase in IL-6 and CRP levels, respectively (P < 0.005). Importantly,
transferrin was the main negative predictor of ferritin levels, determining 22.7% of serum variations (P <
0.001).
Conclusion: Reduced serum transferrin and iron levels, along with the increased CRP and high ferritin,
were strongly associated with the heightened inflammatory and immune state in COVID-19. Transferrin
can be used as a valuable predictor of increased severity and progression of the disease.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

tions and mass vaccination in an attempt to control it and possi-
bly eradicate it (Hu et al.,, 2021). The severity of this disease varies

COVID-19 is a severe acute respiratory disease caused by the
emerging virus SARS-CoV-2. This notorious contagion first ap-
peared in Wuhan, China, in 2019, and has spread to become a
pandemic that crippled the world and posed serious threats to
global public health safety. The highly contagious nature and swift
spread of this virus, along with the global increase in the mortal-
ity rate, has raised the alarm within the medical community that
has been making tremendous efforts through medical interven-
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depending on individual and regional factors. Commonly, the in-
fection may be asymptomatic or associated with mild symptoms
manifested by a fever, dry cough, myalgia, and fatigue. However, in
severe cases, the patient experiences acute respiratory distress that
may develop into septic shock and potential death (He et al., 2021).
The severe cases are associated with a hyperinflammatory state,
namely the cytokine storm, which is induced by high viral load
within the body (Ragab et al., 2020). This involves overexpression
of proinflammatory cytokines, notably the interleukin (IL)-6, IL-10,
and tumor necrosis factor-c«, which could aggravate the acute res-
piratory distress syndrome and lead to widespread tissue damage
resulting in multiorgan failure and death (Copaescu et al., 2020).
It was suggested that tocilizumab, a recombinant human anti-IL-6
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receptor antibody, may play a vital role in reducing mortality rates
in patients with severe COVID-19 complications (Copaescu et al.,
2020).

An increasing body of evidence recently showed that the
COVID-19 hyperinflammatory state exhibits other important hall-
marks such as hyperferritinemia and altered iron homeostasis
(Carubbi et al., 2021; Sonnweber et al., 2020). Indeed, hyperfer-
ritinemia and low serum iron levels are among the key compo-
nents that significantly correlate with high mortality in patients
with COVID-19 (Banchini et al., 2021; Mehta et al., 2020). Conse-
quently, measuring iron and ferritin levels in patients with COVID-
19 was suggested to predict disease severity and fatal complica-
tions.

To the best of our knowledge, we were among the first to ad-
dress the possible impact of hyperferritinemia and altered iron
homeostasis on COVID-19 pathogenesis (Edeas et al., 2020). We
proposed that hyperferritinemia is associated with a state of iron
toxicity, and hyperferritinemia, along with decreased serum trans-
ferrin levels, could reflect a state of intracellular iron overload.
Therefore, we suggested that targeting altered iron metabolism
may be of therapeutic value in treating the consequences of severe
COVID-19.

Notably, recent studies have shown that the use of iron chela-
tors, such as lactoferrin, could have a positive impact on the reduc-
tion of inflammatory risk in patients (Habib et al., 2021). However,
the relationship between altered iron metabolism and the severity
of COVID-19 is not yet fully understood.

Studies on patients with COVID-19 have reported the signifi-
cance of altered cytokine levels such as IL-6 (C. Zhang et al., 2020),
C-reactive protein (CRP) (Skevaki et al., 2020), iron and ferritin, as
well as transferrin receptors and other factors in discriminating be-
tween the mild and severe forms of COVID-19 infections in humans
(Lv et al., 2021). It was also recently revealed that increased calpro-
tectin levels (an iron-sequestering host-defense protein) in blood
(Mabhler et al.,, 2021) and in feces (Giuffre et al., 2020) can be used
as predictors for the severity of COVID-19 in patients. However, lit-
tle attention has been paid to blood transferrin levels and its satu-
ration (TSAT, %) in this regard.

To evaluate our initial hypothesis, which suggests the possi-
ble impact of hyperferritinemia and altered iron homeostasis on
COVID-19 pathogenesis (Edeas et al., 2020), the goals of this study
were to investigate the relationship between cytokine storm com-
ponents and iron metabolism biomarkers in COVID-19 and to un-
derstand alterations in iron homeostasis during severe SARS-CoV-2
infection.

Materials and Methods
Patients

This retrospective study included 73 patients hospitalized in
the Hospital Groupe Hospitalier Sud-Ile-de-France (GHSIF). In all
patients, including 42 men and 31 women, SARS-CoV-2 infection
was confirmed according to the World Health Organization guide-
lines (World Health Organization, 2020). All the admitted patients
were followed up by monitoring their age, appearance of symp-
toms, blood tests, and management strategy until death or dis-
charge from the intensive care unit or the hospital.

RNA preparation polymerase chain reaction tests

Biological samples were collected using nasopharyngeal swabs.
Total RNA extraction and real-time polymerase chain reaction
quantification was carried out by the fully automated ELITe InGe-
nius ELITECH analyzer using the SARS-CoV-2 ELITe MGB kit. Results
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Table 1
The gender classification according to the severity
of COVID-19 symptoms.

Gender Class Cross-tabulation

Mild Severe Total
Men 20 22 42
Women 18 13 31
Total 38 35 73

for genes RdRp, E, and N with a cycle threshold values greater than
43 were considered negative.

Data collection and laboratory analysis

Demographic information, age and gender, medical history and
comorbidities, laboratory results, in-hospital treatments, and clin-
ical outcomes were registered from the Sillage informatic medi-
cal system. Laboratory measurements included inflammatory fac-
tors (CRP and IL-6), anti-SARS-CoV-2 antibodies (IgM and IgG), and
serum iron markers (ferritin, transferrin, and iron). Laboratory tests
were performed at least once during follow-up of the patients.

The serum levels of IL-6, ferritin, transferrin, and iron were
measured by the fully automated analyzers Cobas 8000.c502 and
Cobas 8000.e801, using the standard laboratory methods: IL-6 and
ferritin by ECLIA (electrochemiluminescence), transferrin by im-
munoturbidimetry, and iron by photometry (ferrozine reactif). All
solvents, reagents, and kits needed for these tests were purchased
from Roche Diagnostics.

Anti-SARS-CoV-2 antibodies (IgM and IgG) were measured by
Orgentec Iflash analyzer using SARS-CoV-2 IgM and IgG antibody
detection kits YHLO (chemiluminescence method).

Calculation of the TSAT coefficient

TSAT% was calculated according to the following formula:

TSAT% = (Serum iron [pmol/L])/
(Total iron binding capacity [umol/L]) x 100
Total iron binding capacity(;mol/L) = Transferrin x 25.

Statistical analysis

Statistical analysis was performed using IBM SPSS statistics 23
software. The Kolmogorov-Smirnov test was used to test for the
normality of the distribution of data variables. The difference be-
tween data variables was tested using the Mann-Whitney nonpara-
metric test, and the correlations between parameters were com-
puted by Spearman correlation coefficients. Predictors of inflam-
matory and immune factors were determined by stepwise multi-
ple regression analysis after log transformation of nonparametric
data. A P value of 0.05 was considered significant in all the results.
All measured parameters were included in the regression analysis
including iron indices, immune and inflammatory mediators, and
age.

Results

A total of 73 hospitalized patients who had a positive test re-
sult for SARS-CoV-2 were included in this clinical study. Among
the patients, 58% (n = 42) were men, and 42% (n = 31) were
women. The overall median age was 63.34 years, and the median
ages of the men and women were 60.38 and 67.35 years, respec-
tively (Table 1). The patients were divided into two groups accord-
ing to the severity of the symptoms, as having either mild or se-
vere COVID-19. The gender classification in the two categories is
summarized in Table 1.
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Mann-Whitney test: results of the mean levels for different blood parameters in all patients for both genders categorized into mild and

severe groups.

Variable Class N Mean SEM P value

IgM Mild 37 11.07 3.37 0.186
Severe 35 17.87 4.67

IgG Mild 37 26.90 6.29 0.710
Severe 35 31.39 7.42

IL-6 (<7 pg/mL) Mild 38 40.5 54 <0.001
Severe 35 147.0 26.8

CRP (<10 mg/L) Mild 38 63.35 11.0 <0.001
Severe 35 173.5 24.19

Ferritin Mild 38 Men: 541 47.8 <0.001

Men (13-150 pg/dL) Women: 334

Women (30-400 pg/dL) Severe 35 Men: 1431 206.5

Women: 1921

Iron (nM/L) Mild 38 7.23 0.88 0.06
Severe 35 6.40 1.125

Transferrin (g/L) Mild 38 2.267 0.175 0.003
Severe 35 1.688 0.09

TSAT (%) Mild 38 14.13 1.81 0.912
Severe 35 16.07 3.09

CRP: C-reactive protein; IL-6: interleukin 6; TSAT: transferrin saturation.

Table 3
Spearman statistical results: correlation between IL-6, CRP, and different iron
metabolism biomarkers in the severe forms of the COVID-19 infection.

IL-6 CRP Ferritin
CRP 0.642*** 1 0.305*
Ferritin 0.319** 0.305** 1
Iron -0.478*** -0.552%** -0.003
Transferrin -0.407+** -0.538*** -0.393***
TSAT -0.22 -0.207 0.251*

*P < 0.05, **P <= 0.01, ***P <= 0.001.
CRP: C-reactive protein; IL-6: interleukin 6; TSAT: transferrin saturation.

The results of the mean levels for the different blood parame-
ters in all patients are summarized in Table 2.

Anti-SARS-CoV-2 IgM and IgG serum levels showed higher
trends in the severe group than in the mild group. However, the
results were not statistically significant. There was a significant dif-
ference between the mild and severe groups of patients consid-
ering the common acute phase reactants of inflammation includ-
ing CRP, IL-6, and ferritin. Similar results were obtained consider-
ing these factors when analyzing men and women separately. Fur-
thermore, the results showed markedly decreased serum transfer-
rin levels in the severe COVID-19 group compared with the mild
group. There was a decreased trend in iron levels in the severe
group compared with the mild group that did not reach signifi-
cance (P = 0.06).

Spearman analysis, presented in Table 3, shows strong signifi-
cant correlations between the different acute phase reactants mea-
sured in this study. As for iron-related indices, ferritin levels had
a positive correlation with IL-6 and CRP serum levels. Conversely,
transferrin levels had a strong negative correlation with IL-6, CRP,
and ferritin. Iron levels, similar to transferrin, had a strong negative
correlation with IL-6 and CRP.

Stepwise regression analysis including measured iron indices,
inflammatory mediators, and age showed that the immune fac-
tors anti-SARS-CoV-2 (IgM and IgG) were mainly predicted by de-
creased transferrin serum levels. Transferrin levels negatively pre-
dicted about 19% of variation in IgM levels (P < 0.001) and 15.6%
of the variation in IgG levels (P < 0.001) in the population study.
As for inflammatory factors, results showed that serum iron fol-
lowed by transferrin levels negatively predicted a 34.4% increase
in IL-6 levels (P < 0.005) and 36.6% increase in CRP levels (P <
0.001). These findings were accentuated in severe COVID-19, show-
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ing that iron and transferrin negatively predicted a 40% increase in
IL-6 (P < 0.02) and 48.9% increase in CRP (P < 0.01) levels. Further-
more, transferrin was the main negative predictor of ferritin levels
and determined 22.7% of variation in ferritin levels (P < 0.001).
Altogether, these findings suggest a strong negative correlation be-
tween iron and transferrin levels and the amplified state of inflam-
mation during severe complications of COVID-19.

Discussion

The findings of this study shed light on the association between
iron metabolism indicators and the severity of COVID-19 by inves-
tigating their association with COVID-19-related changes in ma-
jor inflammatory markers. This paves the way to address potential
mechanisms underlying the severity and progression of the disease
and to suggest potential therapeutic targets. The study reflected
that hypoferremia, a main predictor of inflammation, cannot be
considered a major predictor of disease severity. Our results are in
agreement with other studies that revealed that serum iron levels
showed no significant change between mild and severe COVID-19
cases (Bellmann-Weiler et al.,, 2020; Lv et al., 2021). Moreover, the
results showed that serum transferrin and iron levels can be used
to independently predict the intensity of the immune response in
terms of IgG and IgM anti-SARS-CoV-2 antibody measures as well
as the inflammatory mediators of the cytokine storm, IL-6, and CRP
as indicated by alterations in iron metabolism that were signifi-
cantly linked to both the innate and humoral immunity in COVID-
19.

On the basis of the strong association of altered iron
metabolism mainly with IL-6 (the main actor in COVID-associated
cytokine storm), we were able to propose a mechanism for the
role of iron metabolism dysbiosis in viral replication and propa-
gation and suggest a sequence of events as described in Figure 1.
In severe cases of COVID-19, increased levels of IL-6 contribute
to increased hepatic synthesis of CRP, and inhibition of trans-
ferrin release, which partially results from inflammation and hy-
poxia (Castell et al., 1989; Li et al, 2019). IL-6 may also trigger
the synthesis of hepcidin and ferritin (Daher et al., 2017). Hep-
cidin is the key regulatory protein of intracellular iron homeosta-
sis (Ganz & Nemeth, 2012) and can be also partially released by
myeloid cells, notably macrophages, in inflammation and infections
(D’Angelo, 2013; Peyssonnaux et al., 2006). It also plays an impor-
tant role in inflammation through iron retention in macrophages,
as well as in the reduction of intestinal iron absorption, thus de-
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The hyperinflammatory state, namely the cytokine storm, induced by high viral load involves the overexpression of proinflammatory cytokines, notably IL-6 (Ragab et al.,
2020). IL-6, among other cytokines, is the main actor on the liver to release CR and hepcidin and to reduce the synthesis of transferrin. Hepcidin, the key regulatory protein
of intracellular iron homeostasis, is also released by macrophages upon the action of IL-6 in inflammation and infections (Ganz & Nemeth, 2012). It plays an important role in
inflammation through iron retention in macrophages and dendritic cells as well as in the reduction of intestinal iron absorption (Bessman et al., 2020). The IL-6-hepcidin axis
is responsible for serum hypoferremia seen in inflammation (Nemeth et al., 2004). The main source of hyperferritinemia seen in inflammation is the increase of synthesis
by hepatocytes, macrophages, dendritic cells, and renal tubular cells upon the action of IL-6 (Daher et al., 2017). Iron-loaded transferrin will deliver its cargo inside the cells
through endocytosis, leading to an increase of iron inside the cell and triggering an increased intracellular iron state (Fillebeen et al.,, 2019).

creasing free plasma iron levels and iron’s availability for red blood
cell synthesis (Weiss et al., 2019), re-emphasizing that the IL-
6-hepcidin axis is responsible for inflammation-related hypofer-
remia (Nemeth et al., 2004). Additionally, in the context of the
COVID-19 pandemic, one recent Italian cohort study showed that
the hepcidin levels, similar to hyperferritinemia and hypoferremia,
could predict the severity and mortality of COVID-19 (Nai et al.,
2021). Moreover, ferritin appeared to play a more significant role in
COVID-19 pathogenesis rather than serving as a simple marker of
disease progression as shown in our previous report (Edeas et al.,
2020).

The tissue damage, seen in the severe forms of COVID-19, may
lead to excessive ferritin leakage from the cells (Taneri et al,
2020). Extremely high ferritinemia, detected in severe cases of
COVID-19, could trigger mitochondrial dysfunction, leading to iron-
mediated oxidative stress, production of reactive oxygen species
(ROS), and aggravation of proinflammatory cytokine release (Ganji
& Reddy, 2021). Accordingly, it was shown that techniques such as
therapeutic plasma exchange might be beneficial for patients with
SARS-CoV-2 infection, as this will decrease the levels of ferritin and
cytokines (Gomez-Pastora et al.,, 2020). As reviewed in our previ-
ous paper (Saleh et al., 2020), excess intracellular iron can trigger
mitochondrial damage by ROS accumulation, leading to ferroptosis
and consequently tissue and organ damage. A main consequence
of iron-dependent ferroptosis in COVID-19 might include cognitive
impairment and loss of taste and smell (Saleh et al., 2020). More-
over, iron-associated platelet mitochondrial dysfunction in blood is
associated with hypercoagulopathy that is commonly seen in pa-
tients with COVID-19 (Saleh et al., 2020).

Transferrin delivers iron into cells by binding to its spe-
cific transferrin receptors (Fillebeen et al., 2019). Many infectious
agents, including the SARS-CoV-2 virus, require iron for their repli-
cation and propagation (Barber & Elde, 2015), suggesting compe-
tition between the host and the virus as proposed in Figure 2.
The result of this competition varies from case to case and is af-
fected by several factors such as age, gender, comorbidities, and
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others (Saleh et al., 2020). Thus, a hypoxic iron-rich environment
(Dhama et al., 2020) and respiratory distress seen in severe COVID-
19 cases are advantageous to the virus (Huang et al., 2021). Inter-
estingly, it was noted that geographic areas with higher prevalence
of iron deficiency were less affected by COVID-19, SARS, H1N1, and
others (Menshawey et al., 2020). During inflammation, the body
restricts iron access from pathogens by accumulating it in body
cells either by transferrin-transferrin receptor or through hepcidin
(Barber & Elde, 2015). Thus, one way to deprive the virus of iron
supply as suggested in previous studies, is by using iron chelators
to decrease the risk of inflammation (Liu et al., 2020). We further
suggest increasing the expression of intracellular iron-associated
proteins such as ferroportin to treat patients with severe COVID-19.
Previous studies showed successful antiviral effects on other RNA
viruses, such as the HIV, by increasing intracellular iron efflux by
increasing ferroportin expression (Kumari et al., 2016).

In addition, the transferrin receptor was also found to me-
diate the entry of several viruses into the host cells (Wessling-
Resnick, 2018). This includes SARS-CoV-2, which can interact
specifically with this receptor using its spike protein during the
viral entry stage (S. Zhang et al,, 2018). Consequently, the use of
anti-TfR antibodies can have potent antiviral effects (Tang et al.,
2020). Additionally, a recent study has shown that the novel SARS-
CoV-2 virus has a hepcidin-like activity due to similarities between
the protein and the viral spikes (Cavezzi et al., 2020). Emerg-
ing evidence suggests that the SARS-CoV-2 virus might be able
to manipulate the parameters of iron metabolism by bypassing
the IL-6 pathway through mitochondrial activity of immune cells
(Singh et al., 2020).

Limitations

Our study has its limitations. Because our work consists of
a retrospective study, the correlation between the biomarkers of
iron metabolism and COVID-19 severity cannot be concluded in
a final potential bias. The study group is relatively small and a
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Figure 2. Interplay of host iron metabolism and viral intrusion: who will win the iron war?

Iron within the human body is needed to maintain homeostasis. It is primarily involved in red blood cell synthesis within the bone marrow. It is also essential for myoglobin
and energy production in muscles and for other roles in metabolism and differentiation of immune cells. However, many viruses rely on iron to efficiently replicate and
propagate within the host. Viruses try to hijack the host iron metabolism during infections. The answer of the question whether the virus or the host will win the competition
will remain personalized and case-related. Different factors could affect the results of such a war such as age, gender, previous comorbidities, altered gut microbiota, and

others.

larger study with a greater sample size is needed to assess all
iron metabolism biomarkers. Moreover, anti-S antibody levels were
not investigated, and data regarding the time of collection and
some parameters such as body mass index or comorbidities were
not available to be included in the analysis. Hepcidin levels as
well as the levels of soluble transferrin receptors should be mea-
sured. Moreover, the correlation of soluble transferrin receptors
with other parameters, such as IL-6, CRP, and iron metabolism
biomarkers, should be also assessed. Finally, we could not assess
the transferrin blood levels or the TSAT correlation with septic
shock or death owing to the low incidence of these outcomes in
our patients.

Future research prospects

The limited understanding of viral intrusion and its effect on
systemic iron metabolism requires further investigation. Despite
ongoing efforts to study the association between iron metabolism
biomarkers in COVID-19, the role of altered iron metabolism dys-
function in COVID-19 pathogenesis and increased severity is not
fully understood. Our research will continue to investigate many
unanswered questions. Does the hepcidin mimicry to viral spike
proteins result in IL-6-independent hyperferritinemia, thereby in-
ducing ferroptosis? Does the virus use transferrin receptors as co-
receptors to enter cells and replicate inside their target hosts?
What is the exact role of calprotectin in COVID-19 pathogenesis?
Why would calprotectin, an exclusive marker in bacterial infec-
tions, be increased in a viral infection such as COVID-19? Does the
virus use this protein to sequester more iron or does it simply in-
crease as a result of complications by bacterial infections in severe
COVID-19 infection?

Conclusion

This study adds to the understanding of the association be-
tween iron metabolism and inflammatory markers in COVID-19.
It suggests that transferrin may be a central factor in COVID-19
pathogenesis, as reflected by the strong predictive association of
low transferrin levels with increased immune and inflammatory
factors, particularly IL-6 and ferritin in severe COVID-19 disease
not seen in the mild cases. This hints that transferrin may play a
central role in COVID-19 pathogenesis such as enhancing hepcidin
synthesis by the liver and contributing to ferritin release. Combin-
ing hyperferritinemia with decreased transferrin levels in severely
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ill patients may suggest a state of intracellular iron overload and
release of the ferric form of iron in the extracellular milieu. These
findings reflect that low transferrin levels, along with increased
CRP and high ferritin levels, can be used as valuable predictors of
increased severity and progression of COVID-19. Modulating cellu-
lar iron metabolism can present as a serious medical emergency in
the management of severe COVID-19 cases.
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