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Abstract

Iron is a trace element that is used to replicate the virus and has a role in the vital functions of the body and the host’s innate
immune system. The mechanism of iron in COVID-19 severity is still not well understood. The aim of this study was to
evaluate the association of the iron with COVID-19 severity. A case—control study was performed on 147 patients with a
positive PCR test result and 39 normal individuals admitted to the Persian Gulf Martyrs Hospital in Bushehr, Iran. The iron
profiles and related tests were measured along with hematological analytes. Hemoglobin (Hb), Fe, and saturated transfer-
rin decreased in all the groups compared to the controls, but ferritin increased in the patient groups. After adjusting for age
and sex, we found that increased ferritin levels augmented the odds ratio (OR) of the disease in the moderate (OR=2.95,
P=0.007), severe (OR=6.1, P<0.001), and critical groups (OR=8.34, P<0.001). The decreased levels of Fe reduced
the OR of the disease in the mild (OR=0.96, P <0.001), moderate (OR =0.96, P <0.001), severe (OR=0.95, P<0.001),
and critical (OR=0.98, P=0.001) groups. Fe (AUC =285.95, cutoff <75.5 pg/dL, P <0.001) and ferritin (AUC =84.45,
cutoff > 157.5 ng/dL, P <0.001) have higher AUC for disease prognosis, but only ferritin (AUC =74.89, cutoff >261.5 ng/
dL, P<0.001) has higher AUC for disease severity assays. It could be concluded that the use of iron chelators to reduce
iron intake can be considered a therapeutic goal. In addition, measuring Fe and ferritin is beneficial for the diagnosis of the
disease and determining its severity.
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Introduction

In 2003, coronaviruses (CoVs) caused severe acute res-
Alireza Bastin and Hamidreza Shiri contributed equally to this piratory syndrome (SARS) in China. In late 2019, Chinese
work. researchers identified a novel CoVs called SARS-CoV-2 in
Wuhan which causes the coronavirus disease (COVID-19)
[1]. Due to the rapid transmission and spread of the disease,
the World Health Organization (WHO) reported COVID-
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19 as a global health concern [2, 3]. Hypoxia, as a clinical
symptom, may play a role in the prognosis of COVID-19
because most of the patients who require intensive care
have an atypical form of acute respiratory distress syndrome
(ARDS) with preserved lung gas [4]. Because of its heme
ring and the iron in its structure, hemoglobin (Hb) is able to
transfer oxygen from the lungs to various tissues [5]. There-
fore, a disorder in the iron metabolism and hemoglobinopa-
thy may remarkably compromise the capacity of red blood
cells (RBCs) to transport O, [6].
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Iron is an essential nutrient for vital activities in eukar-
yotic and prokaryotic cells [7]. Many proteins, Hb, and
enzymes involved in the DNA and RNA functions, such
as ribonucleotide reductase and DNA primase, have iron-
dependent activities [8]. In addition, several indicators were
also proposed for the evaluation of iron status, including Hb,
mean cell volume (MCV), mean cell hemoglobin (MCH),
serum ferritin, soluble transferrin receptors (sTfR), transfer-
rin saturation, and total iron-binding capacity (TIBC) [9].
Transferrin, as the main carrier of iron, TIBC represents the
maximum amount of iron that can bind to transferrin, and
saturated transferrin is obtained via iron/TIBC x 100 [10].

Viral performance relies on the host cell, and it must con-
tain high amounts of iron for replication and protein syn-
thesis. Iron deficiency leads to the cessation of the activity
of iron-dependent proteins and impairs the physiological
functions of cells [11]. Studies have shown that iron regula-
tion is involved in the host cell defense mechanism, where
deficiency of iron leads to a relative resistance against viral
infections [12], and the increase of iron levels is associated
with the expansion of the virus population [8]. So far, many
studies have been conducted on the effect of iron levels on
the onset of symptoms and treatment of viral diseases, HBV,
HCYV, and HIV [13]. For example, it has been reported that
high levels of iron reduce the viability of HIV-infected cells
[14], and the progression of HCV infection is inhibited by
the administration of exogenous iron [15, 16]. Moreover,
several studies have reported that serum iron levels are
decreased in patients with COVID-19 [17]. Therefore, the
relationship of the iron profile with COVID-19 may be dif-
ferent from its relationship with other viral infections.

Considering the important role of iron in the determina-
tion of prognosis and improvement in the treatment of viral
infections, and because alterations in the blood iron profile
and its regulatory mechanism in COVID-19 patients are not
well known, the purpose of the present study was to investi-
gate the association of the iron profile in COVID-19 patients
with the severity of the clinical symptoms. The results can
be beneficial in the determination of prognosis, treatment
procedures, and choosing an effective medication.

Material and Methods
Subjects

As a cross-sectional study, the present research was carried
out on a total of 147 COVID-19 patients and 39 normal
individuals admitted to the Persian Gulf Martyrs Hospital of
Bushehr University of Medical Sciences, Bushehr, Iran, from
May 2020 to September 2020 (DMS (degrees (°), minutes
("), seconds (")) latitude and longitude coordinates for the
hospital are 28° 56’ 16.7" N 50° 52’ 04.1" E). The inclusion
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criteria were as follows: patients aged > 20 years admitted to
the hospital with symptoms suggestive of COVID-19, who
had a positive result for the real-time PCR test of COVID-19
and had signed an informed consent form. Exclusion criteria
included consumption of drugs such as iron chelators and
anemia tablets, allergy to any medication, severe liver dis-
ease, renal insufficiency (GFR < 60 mL/min), or on any form
of renal replacement therapy, pregnancy or breastfeeding,
anticipated discharge from the hospital, or scheduled trans-
fer to another hospital that was not a study site within 48 h.
The selected patients were divided into four groups accord-
ing to clinical manifestations, including (1) patients with
mild COVID-19 infection who had symptoms such as fever,
cough, or change in sense of taste or smell with no dyspnea
(n=33), (2) patients with moderate COVID-19 infection
and symptoms such as clinical or radiographic evidence of
lower respiratory tract disease and oxygen saturation > 94
(n=137), (3) patients with severe COVID-19 infection and
symptoms such as oxygen saturation < 94%, respiratory
rate > 30 breaths/min, and lung infiltrates > 50% (n=34),
and (4) patients with critical COVID-19 infection and symp-
toms such as respiratory failure, shock, and multi-organ dys-
function or failure (n=43), and the control group (n=39),
which was selected according to the study by Rajesh et al.
[18]. This study abides by the Declaration of Helsinki on
research involving human subjects and is approved by the
Ethics Committee of Kerman University of Medical Sci-
ences, Kerman, Iran (IR. KMU.REC.1399.239).

Samples and Data Collection

Demographic information was recorded through interviews
with the participants. About 10 mL of venous blood samples
were drawn from each patient and poured into two separate
tubes, one containing EDTA for routine hematology tests
and the other containing a gel separator for evaluating sero-
logical and biochemical parameters. For the measurement
of serological and biochemical analytes, the blood samples
were centrifuged (8 min at 2500 rpm) and serum was sepa-
rated and stored at — 20 °C.

Measurement of Biochemical Analytes

The serum levels of iron (Fe), TIBC, transferrin (Tf), and
high-sensitivity C-reactive protein (hs-CRP) were deter-
mined by means of the standard kits (Pars Azmoon, Teh-
ran, Iran) using an autoanalyzer (Selectra XL instrument;
Randox Laboratories Ltd, Antrim, UK) in a standard labo-
ratory context [19]. Ferritin serum level was evaluated by
enzyme-linked immunosorbent assay (ELISA) (Monobind,
CA, USA).
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Measurement of Hematological Analytes

Total leukocyte count, differential leukocyte count, RBC
count, Hb concentration, total platelet count (PLT), hema-
tocrit value (Hct), and blood indices (MCHC, MCH, and
MCYV) were evaluated via an automated hematological ana-
lyzer (Sysmex). Also, ESR was assessed by an automated
ESR analyzer (LENA, SPAIN).

Statistical Analysis

All continuous variables were represented as mean + stand-
ard errors of the mean (SEM), while categorical variables
were represented by numbers (%). The Shapiro-Wilks test
was used to determine data distribution. To demonstrate
the differences between the groups, one-way analysis of
variance (ANOVA)/Kruskal-Wallis with post hoc Tukey/
Mann—Whitney U tests and chi-square test were employed.
Spearman’s rho correlation coefficient was used to demon-
strate the relationships between continuous variables. Linear
regression was applied to determine the effects of continuous
parameters (as independent variables) on the iron profile
element (as a dependent variable). Due to the skewed dis-
tributions of the frequency levels of ferritin, they were In
converted to enhance the linear model’s normality assump-
tion. The associations between disease severity (mild, mod-
erate, severe, and critical) and the iron profile were esti-
mated using the continuous logistic regression model, based
on adjustments for age and gender. The built interaction
model was assessed using receiver operating characteristic
(ROC) analysis and area under the curve (AUC) with 95%

Fig.1 Comparison of iron pro-
file in case and control groups.
(a) Fe, (b) TIBC, (c¢) transfer-
rin, (d) ferritin, (e) transferrin
saturation, in the mild, moder-
ate, severe, and critical groups.
Parameters are presented

as mean + SEM and sig-
nificance level is as: *P <0.05,
**P<0.01, ***P<0.001
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CI calculations. The ROC curves for models predicted the
impact of each iron profile element on COVID-19 develop-
ment in patients vs control and mild vs severe and critical
groups. Cutoff values were computed for each of the bio-
markers with the highest sensitivity and specificity. P-val-
ues < 0.05 were considered statistically significant. SPSS
software version 22.0 for windows (SPSS Inc., Chicago, IL)
was used for the statistical analyses, and charts were plotted
using GraphPad Prism software (8.4.3).

Results

Demographic Characteristics of the Study
Participants

According to Table S1, the mild group included 33 (17%)
patients (19 male (18.1%)), the moderate group consisted
of 37 (19.9%) patients (19 male (18.1%)), the severe group
included 34 (18.3%) patients (17 male (16.2%)), the critical
group had 43 (21.3%) patients (32 male (30.5%)), and the
normal group included 39 (21%, 18 male (17.1%)). No sta-
tistical difference was observed between the groups in terms
of the number of patients (p =0.081).

Iron Profile

The iron profile is shown in Fig. 1 and the female and male
categories are represented in Table S1. Fe and transferrin
saturation levels decreased in all the patient groups when
compared to control (P <0.001). Ferritin increased in the
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moderate (p=0.006), severe, and critical (p <0.001) groups
compared to the control. TIBC was only lower in the critical
group than the normal (p =0.048). Transferrin increased in
the mild (p <0.001) and severe (p=0.012) groups compared
to the normal group.

Hematological Index

The hematological profile is shown in Fig. 2 and the female
and male categories are represented in Table S2. White
blood cell (WBC) count was lower in the mild group than
the normal (P=0.001). Hb, MCV, and MCH decreased in all
the groups compared to the normal group (P <0.001). HCT
in the mild (P=0.001), moderate, severe, and critical groups
(P<0.001) was lower than in the control group. MCHC was
higher in the normal group than the moderate (P =0.046),

WBC (10™%/U1)

60 204

MCV (FL)
MCH (pg)

i)
20+ P
154 =
g E
Z 107 ;—
= =404
5-
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O Mild O Moderate

severe (P=0.001), and critical (P=0.025) groups. PLT
decreased in the mild (P <0.001) and moderate (P =0.027)
groups compared to the normal. Red blood cell distribution
width (RDW) increased all the groups when compared to
the normal group (P <0.001). The N/L ratio, ESR, and hs-
CRP were higher in all the groups than the normal group
(P<0.001).

Correlation Coefficient

Table 1 depicts the relationship between the iron profile
and the hematological indices along with the Spearman
rank correlation test results. The Spearman rank correlation
coefficient values varied from 0.972 to — 0.846. The results
revealed that Fe had a positive correlation with Hb, HCT,
MCYV, and MCH and a negative association with N/L ratio,
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RDW, (j) ESR, (k) hs-CRP, (I) N/L ratio. Significance level is as:

Fig.2 Hematological index in the mild, moderate, severe, and criti-
*P<0.05, **P<0.01, ***P<0.001

cal groups. Parameters are presented as mean +SEM; (a) WBC, (b)
RBC, (¢) Hb, (d) HCT, (e) MCYV, (f) MCH, (g) MCHC, (h) PLT, (i)
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Table 1 Spearman’s. correlation Variable Fe Transferrin saturation Transferrin TIBC Ferritin

of the iron profile with the

hematological index WBC 0.111 0.169" -0.221" -0.251" 0.062
RBC —-0.012 —0.026 0.066 0.092 -0.152"
Hb 0.183" 0.147" -0.036 0.067 -0.186"
HCT 0.161" 0.128 —-0.030 0.064 -0.216"
MCV 0.225™ 0.199"" -0.123 —0.038 —-0.016
MCH 0.267" 0.234" —-0.125 0.000 —-0.055
N/L ratio -0.320"  —0.240" —0.007 —0.222"" 0.377"
ESR -0364"  —0.297" 0.055 —0.187" 0.312"
hs-CRP -0.392"  —0.299" —-0.004 —0.244™ 0.516™
Fe 1.000 0.974™ —-0.722" -0.286"  —0.148"
Transferrin saturation 1.000 —0.846™ —0.468"  —0.080
Transferrin 1.000 0.798"" —-0.143
TIBC 1.000 —0.242"
Ferritin 1.000

**Correlation is significant at the 0.01 level (2-tailed)

*Correlation is significant at the 0.05 level (2-tailed)

ESR, and hs-CRP. Transferrin saturation had a positive cor-
relation with WBC, Hb, MCV, MCH, and Fe and an inverse
association with N/L ratio, ESR, and hs-CRP. Transferrin
had a negative correlation with WBC, Fe, and transferrin
saturation. TIBC had a positive correlation with transfer-
rin and a negative correlation with WBC, N/L ratio, ESR,
hs-CRP, Fe, and transferrin saturation. Ferritin had a direct
correlation with N/L ratio, ESR, and hs-CRP and inverse
correlation with RBC, Hb, HCT, Fe, and TIBC.

Linear Regression Analysis

A linear regression analysis was conducted to evaluate the
impact of the hematological markers on the development of
iron profile element and the results are shown in Table 2. Fe
was positively associated with MCV, MCH, and had a nega-
tive relationship with N/L ratio, ESR, and hs-CRP. Trans-
ferrin saturation was negatively associated with ESR and
hs-CRP. TIBC negatively associated with WBC, N/L ratio,
ESR, and hs-CRP. In-ferritin was positively associated with,
N/L ratio, ESR, and hs-CRP and negatively associated with
RBC, Hb, and HCT.

Logistic Regression

Logistic regression was performed to predict the effect
of the iron profile on disease severity in mild, moderate,
severe, and critical groups, and the results are shown in
Table 3 along with the results adjusted for age and gen-
der. According to these results, In-ferritin was associated
with disease severity in moderate (OR=2.95, P=0.007),
severe (OR=6.1, P<0.001), and critical (OR =8.34,
P <0.001) groups. Fe was found to be inversely related to

disease severity in mild (OR=0.967, P <0.001), moderate
(OR=0.969, P<0.001), severe (OR=0.956, P <0.001), and
critical (OR=0.981, P=0.001) cases. Transferrin saturation
was also inversely associated with disease severity in mild
(OR=0.914, P<0.001), moderate (OR=0.944, P=0.001),
severe (OR=0.892, P<0.001), and critical (OR =0.964,
P=0.012) groups. Both Fe and transferrin saturation were
shown to be inversely related to the severity of COVID-19.
Transferrin association with COVID-19 severity in the mild
(OR=1.015, P=0.002) and severe (OR=1.013, P=0.016).

ROC Curve

ROC analysis of iron parameters for disease prognosis
(patients vs control) and disease severity (mild vs severe and
critical) and the best cutoff method performed and the results
are shown in Fig. 3 and Table S3. The iron parameters for
disease prognosis and disease severity with the highest AUC
were in the following order respectively: Fe, ferritin, Hb,
and ferritin.

For disease prognosis, Fe had an AUC of 85.95 (cut-
off <75.5 mg/dL, P <0.001) and this for disease severity
is not significant (P=0.43). Ferritin had an AUC of 84.45
for disease prognosis (cutoff > 157.5 ng/dL, P <0.001), and
the best parameter for disease severity had an AUC of 72.89
(cutoff > 261 ng/dL, P <0.001). Transferrin had an AUC
of 64.43 (cutoff > 238 mg/dL, P=0.005) for disease prog-
nosis and this for disease severity had an AUC of 62.12
(cutoff>242.5 mg/dL, P=0.044). Hb had an AUC of 81.71
(cutoff < 13.35 g/dL, P <0.001) for disease prognosis and
had an AUC of 62.86 (cutoff <10.75 g/dL, P=0.03) for
disease severity. Also, TIBC was not significant for disease
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Table 3 Asgociation betwc?cn Variable Groups  Crude Adjusted
COVID-19 incidence and iron
profile—logistic regression B OR  95%CI P-value B OR  95%CI P-value
(adjusted for age and gender)
In-Ferritin Mild 0.257 1.29 0.745 0.362 0243 1.25 0.724 04
2.34 2.24
Moderate  1.17 325 1.53 0.002 1.08 295 1.33 0.007
6.89 6.51
Severe 2.036 7.65 2.69 <0.001 1.81 6.1 2.24 <0.001
19.74 16.64
Critical 2.17 877 3.31 <0.001 2.12 834 3.1 <0.001
23.23 22.39
Fe Mild —0.033 0.967 0.952 <0.001 —0.033 0.967 0.952 <0.001
0.983 0.983
Moderate —0.03 0.97 0.956 <0.001 —0.031 0.969 0.955 <0.001
0.985 0.984
Severe —0.047 0.954 0.935 <0.001 —0.045 0.956 0.937 <0.001
0.973 0.976
Critical  —0.022 0.979 0.976 <0.001 —0.019 0.981 0.97 0.001
0.99 0.992
TIBC Mild 0.01 1.01 0.999 0.067 0.009 1.01 0.999 0.071
1.02 1.02
Moderate —0.001 0.999 0.999 0.856 0.002 1.002 0.993 0.697
1.008 1.01
Severe —0.006 0.994 0.983 0.26 —0.002 0.998 0.986 0.727
1.005 1.01
Critical  —0.004 0.996 0.989 0.25 —-0.004 0.996 0.989 0.341
1.003 1.004
Transferrin Mild 0.015 1.015 1.006 0.001 0.015 1.015 1.006 0.002
1.025 1.024
Moderate  0.006 1.006 0.999 0.084 0.008 1.008 1.001 0.31
1.013 1.015
Severe 0.011 1.011 1.002 0.021 0.013 1.013 1.003 0.016
10.21 1.024
Critical 0.004 1.004 0.998 0.184 0.004 1.004 0.998 0.216
1.01 1.01
Transferrin saturation Mild —-0.089 0.914 0.875 <0.001 —0.089 0.914 0.876 <0.001
0.976 0.956
Moderate —0.056 0.946 0.914 0.001 —0.058 0.944 00911 0.001
0.979 0.978
Severe —0.117 0.89 0.846 <0.001 —0.115 0.892 0.843 <0.001
0.936 0.943
Critical —0.044 0.957 0.93 0.003 —0.036 0.964 0.938 0.012
0.985 0.992

prognosis (P=0.521), but this for disease severity had an
AUC of 67.45 (cutoff <257.5 mg/dL, P=0.003).

Discussion

The goal of this study was to explore the iron profile in
COVID-19 with the severity of the disease. Fe and transfer-
rin saturation levels were lower in the patient groups, and
ferritin levels were higher compared to the controls. In com-
parison to the control group, Hb was reduced, whereas N/L
ratio, ESR, and hs-CRP were elevated. Based on the logistic

regression, the increase of ferritin elevated the disease risk,
whereas a decline in iron and transferrin saturation reduced
the disease risk. Fe was inversely correlated with CRP, ESR,
and N/L ratio and these positively correlated with ferritin.
Fe, ferritin, and Hb have higher AUC for disease prognosis,
but only ferritin has higher AUC for disease severity assays.

Inflammation is caused by physiological and metabolic
changes in the tissue and increase acute phase response
includes CRP and ferritin [20]. In response to inflamma-
tion, hepcidin transcription is activated by pro-inflammatory
cytokines, via the JAK/STAT pathway. Hepcidin triggers the
degradation of ferroportin, in enterocytes and macrophages,

@ Springer
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thus blocking iron absorption by negative feedback mech-
anism. Therefore, iron is retained in macrophages. This
causes a rise in systemic inflammation and iron storage pro-

100% - Specificity %

tein, i.e., ferritin [21]. Hyperferritinemia not only indicates expression [23].

the acute phase response leading to inflammation but also
develop a cytokine storm [22]. Iron, inflammation, and hep-
cidin in hypoferremia are important elements of the host
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defense system. Hypoferremia is caused by pro-inflam-
matory cytokines produced by the host immune cells as a
result of inflammation, which increase hepcidin and ferritin

Iron is an essential component required for the vital
functions of the body and virus [8, 11]. The innate immune
system decreases the transferrin receptor expression in
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macrophages by secreting pro-inflammatory cytokines, and
increasing the release of lactoferrin glycoprotein (80 kDa),
which functions scavenger of iron [8, 24]. Hepcidin shield
the cell against deleterious reactive oxygen species (ROS)
such as Fenton, which reduces the absorption of iron and the
availability of body fluids [25]. Also, ferritin, whose H-chain
exhibits ferroxidase activity, has antioxidant characteristics.
It binds to free iron and plays an antioxidant role [26]. So,
the immune system reduces oxidative stress by increasing
hepcidin and ferritin levels.

Iron chelators have been used to treat cytokine storms and
multi-organ injuries in a variety of environments, including
ischemia—reperfusion injury, sepsis, and infections. Iron
chelation has been shown to help with several viral infections,
including HIV-1, hepatitis B, and mengovirus infection,
among others [27]. Antiviral and immunomodulatory prop-
erties of iron chelator medications might help control SARS-
CoV-2 and attenuate ARDS through a variety of mechanisms,
including the inhibition of viral replication, reduction of iron
availability, and up-regulation of B cells [28]. Deferoxamine,
deferiprone, and deferasirox are three major FDA-approved
iron chelators. Iron chelators bind to the excess iron in the
liver and heart muscle cells, leading them to pass through the
urine stream. However, in CoV infections, the mechanism of
these drugs has yet to be explored [29]. Anti-IL-6 therapy,
such as treatment with ruxolitinib, reduces hepcidin and ferri-
tin levels in COVID-19 patients through the inhibition of the
JAK/STAT pathway [30]. Considering the role of IL-6 in the
enhancement of the cytokine storm, and the roles of hepcidin
and ferritin in inflammation and tissue damage, treatment
with IL-6 inhibitor drugs might reduce the cytokine storm by
reducing hepcidin and ferritin levels. However, more experi-
ments are needed to prove this hypothesis.

Lower serum iron and higher ferritin levels were associ-
ated with decreased lung function in women with asthma
[31]. Bolondi et al. [32] reported that iron and transferrin
saturation levels dropped in the early days of the illness in
COVID-19 patients admitted to the ICU but were restored to
normal levels after 7-10 days. After recovery from the dis-
ease, due to its vital role in the body, the iron level returns to
normal. Hypoferremia and lymphopenia were seen in a study
of hypoxemic respiratory failure in COVID-19 by Shah et al.
[33], but there was no difference in transferrin saturation and
ferritin levels between severe and non-severe patients. Maybe
the reason for the lack of difference in transferrin saturation
and ferritin levels was the small number of samples (a total
of 30 samples, including 10 severe cases and 20 non-severe
cases) and that the severe cases admitted to the ICU required
invasive mechanical ventilation. We observed lower levels of
iron, and N/L ratio in the patients, as well as elevated ESR
and hs-CRP levels, indicating infection and inflammation.

Although iron is essential for cell function, it may
cause damage to cell proteins, lipids, and DNA by forming

hydroxyl free radicals via the Fenton reaction, increasing
oxidative stress, and amplifying lipid peroxidation, which
can eventually cause ferroptosis and cell death, leading to
multi-organ failure [34]. The innate immune system traps
iron with the increase in the secretion of hepcidin and fer-
ritin, thereby preventing ferroptosis cell death by free iron.

Hyperferritinemia causes abnormalities in iron homeosta-
sis due to inflammation. Ultimately, inflammation reduces
the availability of iron for erythropoiesis, causing anemia,
known as anemia of inflammation (AI). This is quite com-
mon in people who have infections [35]. We did not observe
any symptoms of anemia. Al is characterized by Hb <9.5 g/
dL, transferrin saturation < 16%, and normal or increased
ferritin levels (> 100 ng/dL). Iron deficiency (ID) anemia
is characterized by low iron, transferrin saturation < 16%,
and ferritin levels less than 30 ng/dL [36]. Low Hb levels
were observed in male and female COVID-19 patients in the
severe and critical groups. Based on the ROC analysis, Hb
values below 13.35 g/dL were considered a risk factor. Age
of more than 60 years and the male gender have been identi-
fied as independent risk factors for death from COVID-19
[37]. In the present study, there was no difference between
male and female patients in the study.

Iron and ferritin were shown to be correlated with hos-
pitalization [38]. In a meta-analysis, Henry et al. [39] dis-
covered that ferritin levels in hospitalized patients were
significantly higher, which could be a predictor for serious
disease development. In a study on mild and severe patients,
Bozkurt [40] discovered that an AUC of 88 and a cutoff of
264.5 ng/mL for ferritin levels could be used to predict dis-
ease severity. Cao et al. [41] reported that the cutoff value
of 272.5 ng/mL for ferritin levels (AUC =87.3) could be
used in estimating disease severity upon admission. Ferritin
also has a positive correlation with ESR and CRP, because
it has pro-inflammatory properties. We also discovered that
ferritin cutoff > 261 ng/dL with an AUC of 74.89 for disease
severity in mild vs severe and critical, cutoff > 157.5 ng/dL
with an AUC of 84.45 for disease prediction, and Fe cut-
off <75.5 mg/dL with an AUC of 85.95 for disease predic-
tion are useful.

The severity of COVID-19 was negatively correlated with
serum iron levels while it was positively correlated with CRP
[42]. In addition, in our study, ferritin had a positive correla-
tion with N/L ratio, ESR, and hs-CRP and a negative correla-
tion with RBC, Hb, HCT, iron, and TIBC. Because ferritin
is considered a component of the inflammatory system in
infection via protein kinase C, and NF-kB signaling, develop-
ing inflammation induces a drop in Fe and related parameters
such as TIBC and RBC, Hb, and HCT [43, 44]. In a study by
Lv et al. [45] on patients with severe and non-severe cases
of COVID-19, iron, transferrin, and TIBC were decreased
and ferritin was increased in severe cases. For serum iron,
ferritin, transferrin, the risk ratios were 0.42, 4.38, and 0.19
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respectively. According to our findings, reduction of iron and
transferrin saturation had a protective effect, although they
enhanced the level of ferritin as a risk factor in patients with
COVID-19.

The unique hallmarks of COVID-19 are hyperinflammation
and hyperferritinemia. Inflammatory cytokines, particularly
IL-6, cause increased hepcidin and ferritin. Ferritin is set by
iron availability, inflammation, and hepcidin. As an effect of
this iron scavenger in the bloodstream and tissue, iron and iron-
related parameter levels drop dramatically [35]. The strengths
of our study were that we divided patients into mild, moderate,
severe, and critical and normal groups, and we evaluated iron
parameters for the incidence of disease and determined the
range for prognosis of disease and disease severity evaluation.
Our study limitation is that if the number of samples was more
and we had a follow-up and patient mortality and recovery
were recorded, by measuring the iron profile, the effect of the
iron profile would be more obvious and objective.

Conclusion

The immune system boosts pro-inflammatory cytokines and
expands ferritin and hepcidin production to defend the body by
trap iron. The AUC for ferritin and iron for disease prognosis
and ferritin for disease severity is higher. Understanding the
true link between the iron profile and SARS-CoV-2 infection
can help us to minimize the disease symptoms and design
treatments based on iron chelators, such as deferoxamine, and
decrease the consumption of meals with high iron content.
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