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A B S T R A C T   

Background: Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) needs iron to replicate itself. 
Coronaviruses are able to upregulate Chop/Gadd153 and Arg1 genes, consequently leading to CD8 lymphocytes 
decrease, degradation of asparagine and decreased nitric oxide (NO), thus impairing immune response and 
antithrombotic functions. Little is known about regulation of genes involved in iron metabolism in pauci-
symptomatic patients with COVID-19 disease or in patients with iron deficiency treated with sucrosomial iron. 
Methods: Whole blood was taken from the COVID-19 patients and from patients with sideropenic anemia, treated 
or not (control group) with iron supplementations. Enrolled patients were: affected by COVID19 under sucro-
somal iron support (group A), affected by COVID-19 not under oral iron support (group B), iron deficiency not 
under treatment, not affected by COVID19 (control group). After RNA extraction and complementary DNA 
(cDNA) synthesis of Arg1, Hepcidin and Chop/Gadd153, gene expression from the 3 groups was measured by qRT- 
PCR. M2 macrophages were detected by cytofluorimetry using CD163 and CD14 markers. 
Results: Forty patients with COVID-19 (group A), 20 patients with iron deficiency treated with sucrosomial iron 
(group B) and 20 patients with iron deficiency not under treatment (control group) were enrolled. In all the 
patients supported with oral sucrosomial iron, the gene expression of Chop, Arg1 and Hepcidin genes was lower 
than in sideropenic patients not supported with iron, M1 macrophages polarization and functional iron defi-
ciency was also lower in group A and B, than observed in the control group. 
Conclusions: New oral iron formulations, as sucrosomial iron, are able to influence the expression of genes like 
Chop and Arg1 and to influence M2 macrophage polarization mainly in the early phase of COVID-19 disease.   

1. Introduction 

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) 
needs iron to replicate itself (Liu et al., 2020). SARS-CoV-2 links 
Angiotensin-converting enzyme (ACE) 2 to enter enterocytes, hepato-
cytes and histiocytes, which contain high intra-cytoplasmatic iron levels 
(Scialo et al., 2020 Dec). Interestingly, SARS-CoV-2 spike protein shows 
sequence homology to hepcidin, being able to block enterocyte 

ferroportin and gut iron absorption (Ehsani, 2020 Oct 16). During an 
evolutionary arms race, viruses gain the ability to subvert cellular 
autoprotective mechanisms like cellular stress responses, unfolded 
protein response (UPR) and autophagy, by blocking the clearance of 
pathogens including viral particles. This happens mainly through the 
upregulation of C/EBP homologous protein (Chop) gene, also known as 
growth arrest and DNA damage-inducible gene 153 (Gadd153). This 
same pathway can enhance the susceptibility of the immune system 
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dendritic cells (DCs) to SARS-CoV-2 and induce cytokine storm, both 
related to a higher risk of COVID-19 mortality (Tang et al., 2020 Jul; Cao 
et al., 2019 Mar 20). Upregulation of Chop/Gadd153 during Coronavirus 
induced infectious bronchitis shows an enhancement of cell apoptosis by 
restricting the activation of the extracellular signal-regulated kinase 
pathway (Liao et al., 2013). Moreover, this gene induces apoptosis and 
stimulates hepcidin production in CD8 positive lymphocytes (Caldwell 
et al., 2018 Apr 1). Of note, iron support is also able to block Chop ac-
tivity, interfering with lymphocytes apoptosis (Siri et al., 2021). On the 
contrary, iron deficiency is linked to an increased incidence of infections 
and an impaired immune response, furthermore anemia negatively im-
pacts on patients’ survival within the course of COVID-19 (Faghih 
Dinevari et al., 2021 Feb 10). Recent experimental evidences have 
shown an increase in the severity of acute lung injury (ALI) in Hamp 
knockout mice after the induction of iron overload (Zhang et al., 2020 
Jun). It is now well-established that SARS-CoV-2 infection can lead to an 
ineffective immune response. Arginase-1 (Arg1), which has a critical role 
in immune cells, can be expressed by myeloid cells as neutrophils and 
macrophages and it has been associated with the suppression of antiviral 
immune responses (Pesce JT, Ramalingam TR, Mentink-Kane MM, 
Wilson MS, El Kasmi KC, Smith AM, T, , 2009 Apr). Arg1 was shown to be 
significantly increased (2.3 times) in the whole blood of COVID-19 pa-
tients, compared to healthy individuals (p <0.01). Thus, Arg1 might be a 
promising marker of the pathogenesis of the disease, and it could be a 
valuable diagnostic tool (Derakhshani et al., 2021 Mar 4). Remarkably, 
SARS-CoV-2 is also able to induce Arg1 expression leading to a degra-
dation of arginine and to a decreased nitric oxide (NO) production, 
consequently impairing the immune response and antithrombotic ac-
tivity of NO (Cao et al., 2019 Mar 20; Liao et al., 2013). Further, there is 
some evidence suggesting that iron induces macrophage polarization in 
M2 sense. Moreover, M2 macrophages show an anti-inflammatory and 
anti-COVID-19 activity (Agoro et al., 2018 May 17). 

It is also well known that during infections, iron is disputed between 
the host and the invading pathogen. Biomarkers of iron homeostasis 
have been assayed in several studies on COVID-19 and some speculative 
observations on the potential action of specific or supportive treatments 
of the infections as mediated by interference with iron metabolism have 
been recently reported (Batiha et al., 2021 Dec; Batiha et al., 2022 Jun). 
Hyperferritinemia due to an hyperexpression of Hamp (Hepcidin Anti-
microbial Peptide) gene is quite frequent in subjects with preceding 
severe or critical COVID-19 disease and the analysis of the mRNA of 
Hamp gene expression in peripheral blood mononuclear cells has shown 
a correlation with increased ferritin levels and cytokines mRNA 
expression in these patients. Hyperferritinemia is significantly associ-
ated with severe lung involvement at computed tomography scans and 
with an impaired performance status (Sonnweber et al., 2020). A sig-
nificant association between ferritin and disease severity and mortality 
has been also confirmed by a meta-analysis from Mahat and colleagues 
(Mahat et al., 2021 Jul-Sep;11:100727.). Ferritin assay may thus be a 
useful screening test to evaluate the degree of inflammation in patients 
with COVID-19. 

Hepcidin, on the contrary, is not routinely assayed in clinical prac-
tice, high levels of hepcidin have however been reported during the 
course of severe COVID-19 (Nai et al., 2021 Mar 1). Interestingly, also 
high serum levels of High-mobility group box 1 (HMGB1) have been 
detected in patients with COVID-19 patients and directly associated with 
disease severity, and the risk of acute respiratory distress syndrome 
(ARDS). SARS-CoV-2 may enhance the release of HMGB1 trough cyto-
lytic effects thus feeding a vicious circle where HMGB1 induces the 
release of pro-inflammatory cytokines and the up-regulation of ACE2 
enzyme (Al-Kuraishy et al., 2022 Jun). 

Beyond the interference with iron metabolism, several direct and 
indirect interactions have been shown between SARS-CoV-2 and 
erythrocytes, in detail: 1) the erithrocrine fuction of red blood cells 
during the infection may be altered and lead to inflammatory compli-
cations and endothelial dysfunction due to an impaired, dysfunctional, 

release of molecules like NO and ATP (Al-Kuraishy et al., 2022 Jan- 
Dec;36:3946320221103151.); 2) the clinical course of COVID-19 may 
be complicated by haemolytic anemia due to a direct injury or the 
synthesis of autoantibodies (Al-Kuraishy et al., 2022 Sep). Evaluating 
the interactions between iron metabolism and COVID-19, in addition to 
a biological interest, may thus have impact on the management of 
COVID-19 itself or on future pandemics. For this reason, in the current 
pilot study, we have analyzed the expression of Arg1 and Chop/Gadd153 
to explore the relationship between SARS-CoV-2 infection and iron 
metabolism in sick individuals with mild disease and in individuals with 
iron deficiency. Up to date, little is known about the genetic regulation 
of iron metabolism in COVID-19 patients and about the potential effects 
of sucrosomial iron support in sideropenic patients with a mild form of 
SARS-CoV-2 infection. Hereby, we report on the results of an Italian 
multicenter retrospective study aiming i) to investigate the regulatory 
effects of Chop/Gadd153, Hamp and Arg1 genes on iron metabolism in 
patients with iron deficiency, with or without mild Covid-19 and ii) to 
study how a new iron formulation such as sucrosomial iron could be able 
to bypass hepcidin and ferroportin block induced by COVID-19 disease 
in patients with a mild form of disease. 

2. Materials and methods 

2.1. Patients and sample collection 

For this multicenter and retrospective pilot study, we screened 150 
sideropenic patients. Sixty consecutive patients with sideropenic anemia 
due to gastrointestinal bleeding were enrolled (see Fig. 1, consort flow 
diagram). All patients enrolled in the study gave their informed consent 
to use the left-over diagnostic samples for this study. Enrolled patients 
were treated at the Hematology Units of 3 Italian Centers: Campobasso 
(Regional Hospital “A. Cardarelli”), Palermo (University Hospital “P. 
Giaccone”) and Meldola (IRCCS Istituto Romagnolo per lo Studio dei 
Tumori (IRST) “Dino Amadori”), from December 2019 to June 2021. 
The current study was first approved by the Institutional Review Board 
(IRB) of the AOUP “P. Giaccone” and by the other enrolling centers. 
Inclusion criteria were: age > 18 years; anemia secondary to a docu-
mented gastrointestinal bleeding; Hgb < 10 g/dL; ferritin < 30 ng/ml; 
total iron binding capacity saturation < 20%; at least one fecal occult 
blood test positive out of 3; absence of active cancer at gastroscopy and 
colonoscopy; gastric bleeding (due to ulcer, gastritis, angiodysplasia); 
small intestine bleeding (due to angiodysplasia); colon bleeding (due to 
diverticulitis, angiodysplasia, hemorrhoids); iron deficiency diagnosed 
at least 30 days before the enrollment in the study. Exclusion criteria 
were: age < 18 years; loss of 1 g Hb/dl in a time < 7 days; hyperthy-
roidism; severe chronic heart failure; autoimmune disease; inflamma-
tory bowel disease; ischemic/hemorrhagic enterocolitis; active cancer 
under active treatment or not; helminths infestation; pregnancy/ 
breastfeeding; neoplastic hypermenorrhea and/or menometrorrhagia; 
severe organ failure. 

Forty out of 60 patients were affected by documented mild COVID-19 
infection, as defined by the National Institutes of Health (NIH) COVID-19 
treatment guidelines (https://www.covid19treatmentguidelines.nih. 
gov/). Diagnosis of SARS CoV-2 infection was performed according to 
the guidelines of the Italian Institute of Public Health (Mancini et al., 
2020 Dec; Corman et al., 2020 Jan). 

Twenty out of 40 patients affected by COVID-19 received daily 60 mg 
of elemental iron as sucrosomial oral iron (group A), iron therapy was 
already ongoing from one month at the time of COVID-19 molecular 
diagnosis, while 20 patients did not receive any iron support (group B). 
We also enrolled as a control group 20 patients without COVID-19 
infection affected by sideropenic anemia due to gastrointestinal 
bleeding, not receiving any iron support. Demographic data of the 
enrolled patients and their baseline characteristics (30 days before 
COVID-19 molecular diagnosis) are reported in Table 1 and Table 2, 
respectively. For each patient, the following data were recorded at time 
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Fig. 1. Consort flow diagram.  

G. Giordano et al.                                                                                                                                                                                                                              



Immunobiology 227 (2022) 152297

4

0 (molecular diagnosis of COVID-19 disease) and after 3 months: com-
plete blood count, ferritin levels, transferrin saturation, C reactive pro-
tein (CRP), hepcidin serum level, and expression of Arg1, Chop/Gadd153 
and Hamp genes, duration of hospitalization, number of red cells unit 
transfusions/month, days needed for negativization of molecular Sars- 
Cov-2 infection. 

Serum Hepcidin was quantified by the validated RadioImmunoAssay 
(RIA) method as previously described by Grebenchtchikov and Coll. 
(Grebenchtchikov et al., 2009 Aug). 

2.2. RNA isolation and cDNA synthesis 

Total RNA was isolated from buffy coat from peripheral blood using 
the RNeasy Midi Kit (QIAGEN, Hilden, Germany), followed by genomic 
DNA digestion with TURBO DNA-free (Ambion, Austin, TX). RNA was 
quantified by NanoDrop™ (Thermo Fisher Scientific, Waltham, MA, 
USA). cDNA was obtained from 1 ug of DNase-treated RNA employing 
the SuperScript First-Strand Synthesis System (Invitrogen, Carlsbad, CA) 
according to the manufacturer’s instructions. The cDNA was stored at 

Table 1 
Demographic characteristics of patients enrolled in the study.   

Sideropenic Patients that DID NOT develope 
Covid-19 

Sideropenic Patients that 
developed 
Covid-19 

Sideropenic Patients that developed Covid 19 and were Supported With 
Sucrosomial Iron 

P 

M/F 11/9 10/10 11/9 n. 
s. 

Median Age 
(Range) 

45 (44–62) 47 (44–63) 47 (44–65) n. 
s. 

Etnicity Caucasian Caucasian Caucasian n. 
s. 

Abbreviations M: male. F: female. P: p-value (Kruskal-Wallis test, followed by Tukey test. n.s.: not statically significant. 

Table 2 
clinical and biological characteristics of patients 30 days before COVID-19 diagnosis.   

Sideropenic Patients that NOT developed 
COVID-19 

Sideropenic Patients that 
developed 
COVID-19 

Sideropenic Patients that developed COVID-19 while Supported With 
Sucrosomial Iron 

P 

Cardiac 
Comorbidities 

No No No n. 
s. 

Lung Comorbidities No No No n. 
s. 

Other Comorbidities No No No n. 
s. 

Drug Intake No No No n. 
s. 

Food Integrators No No No n. 
s. 

CRP 
Mg/L(Range) 

32 (5–35) 40 (15–95) 35 (18–37) n. 
s. 

Serum Hepcidin 
mcg/l (Range) 

76 (60–80) 80 (62–85) 78 (70–83) n. 
s. 

Chop/Gadd153 1 1.2 (1–1.5) 1.3 (1–1.4) n. 
s. 

Hamp 1(R1-2) 1(R1-2) 1(R1-2) n. 
s. 

Arg1 1(R1-2) 1.3(R1-2.3) 1(R1-1.5) n. 
s. 

Lymphocyte 2500/mcl (R1500-3000/mcl) 2300/mcl (R1200-3400/mcl) 2600/mcl (R1600-3000/mcl) n. 
s. 

M2 0,5%(R0,4–1,2) 0,7%(R0,5–1,1) 0,5%(R0,3–1,3) n. 
s. 

M1 0,4%(R0,3–1) 0,4%(R0,2–0.9) 0,5%(R0,4–0.6) n. 
s. 

Ferritin 15 ng/ml (R2-20) 10 ng/ml 
(R3-15) 

15 ng/ml 
(R4-12) 

n. 
s. 

Tsat 15 % 
(R5-20 %) 

12 % 
(R5-14 %) 

10 % 
(R8-12 %) 

n. 
s. 

Hb 9 g/dl (R7.8–10) 8.8 g/dl 
(R8-9.8) 

9.1 g/dl 
(R8.5–10) 

n. 
s. 

Hosp 0/20 0/20 0/20 n. 
s. 

Los 0 0 0 n. 
s. 

Transf/Month 2 (R0-2) 3 (R0-3) 1.5 (R0-2) n. 
s. 

Crp (Mg/L) 10 (5–35) 8 (5–28) 12 (5–30) n. 
s. 

Abbreviations: Chop/Gadd153: C/EBP homologous protein gene/growth arrest and DNA damage-inducible gene 153. Hamp: Hepcidin Antimicrobial Peptide gene. Arg1: 
arginase 1 gene. CRP: C reactive protein. HB: hemoglobin concentration. HOSP: number of hospitalized patients. LOS: length of stay in hospital (days). M1 and M2: 
macrophages. NEG: day of first negativity at molecular test for covid19 from the first day of symptoms onset. T0: time of the onset of COVID19 infection. TSAT: 
transferrin saturation. TRANSF/MONTH: number of hemotransfusion per month. P: p-value (Kruskal-Wallis test, followed by Tukey test). n.s.: not statically significant. 
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− 20 ◦C for real-time PCR analyses until its use. 

2.3. Real-time PCR 

Real-time PCR was performed to assess Chop/Gadd153, Hamp and 
Arg1 mRNA levels. The synthesized cDNA was amplified in duplicate on 
iCycler iQ5 (Bio-Rad, Hercules,CA) using iQ SYBR Green Supermix (Bio- 
Rad, Hercules, CA). All assays were measured using the following pro-
gram: enzyme activation and DNA denaturation at 95 ◦C for 3 min fol-
lowed by amplification (35 cycles): 95 ◦C for 15 sec, 60 ◦C for 30 sec in a 
final volume of 20 µl. At the end of the PCR cycling, melting curves were 
generated to ascertain the amplification of a single product and the 
absence of primer dimers. The Glyceraldehyde-3-Phosphate Dehydroge-
nase (GAPDH) was used as a housekeeping gene for normalization. The 
sequences of the used primers are listed in Table 3. Relative expression 
levels were calculated as follows: 2 (Ct GADPH gene- Ct gene of interest) 
x 1000. Relative expression of tested genes is referred to the expression 
of the same gene of sideropenic patients unaffected by COVID-19 of the 
control group. 

2.4. Flow cytometry 

After PBMCs isolation from peripheral blood using Lymphosep 
(Biowest, Nuaillé, France), M1 proinflammatory and M2 anti- 
inflammatory macrophages were assayed by flow-cytometry using the 
following fluorochrome-conjugated anti-human antibodies: CD68 (PE- 
Cy7), TLR2 (FITC), CD200R (PE), CD163 (BV605), CD206 (APC-Cy7), 
CD64 (PE-Dazzle 594), HLADR (PE-Cy5), CCR7 (BV711), CD80 
(BV650), CD86 (BV421), CD14 (Pacific Blue) (Biolegend, San Diego, CA) 
(Mily et al., 2020). Flow cytometry was performed using BD LSR II and 
BD FACS Aria III flow cytometers (BD Bioscience. Thirty thousand 
events were acquired from each sample and data were analyzed with 
FlowJo v.9. software (TreeStar, Ashland, OR). 

2.5. Statistical analysis 

Sample size was calculated according to the following criteria: first 
type alpha error 0.01, beta error of the second type 0.05; coefficient of 
expectation 0.6.A standard normal deviation for α was equal to Zα =
2.5758, a standard normal deviation for β = Zβ = 1.6449C = 0.5 * ln [(1 
+ r) / (1-r)] = 0.6931. Total sample size was calculated as N = [(Zα +
Zβ) / C] 2 + 3 = 40 (Hulley et al., 2013). 

Kruskal-Wallis test, followed by Tukey test, was applied using SPC 
software for Excel, to detect significant differences between the groups 
of patients. Results are expressed as median plus range of values in each 
group. Statistical significance was considered at p ≤ 0.05. 

3. Results 

Our results show that sideropenic infected patients not supported 
with iron (group B) are characterized by a marked overexpression of 
Chop/Gadd153 and Hamp genes, compared with not infected side-
ropenic patients (control group) at disease onset. Also the expression of 
Arg1 gene is significantly increased in infected patients (Table 3), pa-
tients from the group B also show higher values of ferritin, M1 macro-
phages and CRP and lower values of TSAT, lymphocytes count and 
hemoglobin concentration at the time of the COVID-19 molecular 
diagnosis, if compared to the control group (Table 3). Moreover, in 

comparison to the control group, patients from group B experience a 
higher number of hospital admissions and increased transfusion needs. 
Sideropenic infected patients (groups A and B) express significantly 
higher levels of CRP than control group (tables 3 and 4) together with 
higher values of macrophages in M1 form. COVID-19 infection pro-
gression decreased absolute lymphocytes count and increased ferritin 
levels in sideropenic patients with COVID-19. The late phase of SARS- 
CoV-2 infection shows a significant reduction in the differences be-
tween group A and group B and control group (tables 4 and 6), except for 
the persistence of higher CRP levels and transfusion need in group B. 
Sideropenic infected patients supported with sucrosomial iron (group A) 
are characterized by a reduced expression of Chop/Gadd153, Hamp and 
Arg1 genes if compared to the patients from group B, at disease onset. Of 
note, group A patients show lower ferritin, TSAT, M1 macrophages and 
CRP values and higher lymphocytes count, M2 macrophages and he-
moglobin values if compared to group B patients at disease onset 
(Table 5). Three months after disease onset, we can still note a higher 
number of M1 macrophages and a higher monthly transfusion need in 
the group not receiving sucrosomial iron (Table 3), whereas the 
expression of Chop/Gadd153, Hamp and Arg1 genes is the same in the 
two groups, (Table 4). Compared to controls, patients supported with 
sucrosomial iron showed a higher expression of genes Chop/Gadd153, 
Hamp and Arg1 (Table 5), gene expression was however remarkably 
lower than in sideropenic infected patients not supported with iron. 
After 3 months the only difference was the lower transfusion need in 
patients supported with sucrosomial iron, although serum hepcidin 
remained higher. A different pattern of macrophage polarization in M1 
and M2 forms in the analyzed groups was observed, with a higher 
expression of M2 forms in sideropenic patients treated with sucrosomal 
iron (Fig. 2). 

4. Discussion 

SARS-CoV-2 virus, as many other coronaviruses (CoVs), needs iron to 
replicate itself and it carries out several strategies to obtain the iron 
needed even when its host is sideropenic (Liu et al., 2020). The observed 
overexpression of Arg1 gene in infected patients confirms its correlation 
with coronavirus infection (Derakhshani et al., 2021 Mar 4). Chop/ 
Gadd153 and Hamp genes, both overexpressed in our cohort of infected 
subjects may allow the virus to obtain the needed iron and they facilitate 
viral replication (Cao et al., 2019 Mar 20; Kared et al., 2021 Mar 1) and 
stimulate upregulation of hepcidin (Gáll et al., 2019 Jul 26; Zughaier 
et al., 2014). As already shown for other viruses, including Hepatitis C 
(Foka et al., 2016 Aug 17), also SARS-CoV-2 not only promotes hepcidin 
production by triggering inflammation, but it also exerts a hepcidin 
mimetic action through the spike protein (Cavezzi et al., 2020 May 28) 
and enhances hepcidin production by promoting viral persistence. This 
explains why, in the current pilot study, patients from group B show a 
higher number of hospital admissions with an increased transfusion 
need if compared to patients from the control group. The observed 
decrease in absolute lymphocyte count and increased ferritin levels in 
sideropenic patients with COVID-19 might be due to a hyperexpression 
of Arg1 gene that inhibits immunity against intracellular pathogens, 
represses T-cell-mediated inflammatory damage (Zea et al., 2005 Apr 
15; Tatum et al., 2020 Nov) and degrades arginine. This last molecule 
(arginine) is a substrate for nitric oxide (NO) production, which can 
induce antiviral activity against RNA viruses, such as SARS-CoV-2 
(Caldwell et al., 2018 Apr 1; Tatum et al., 2020 Nov). Moreover, NO 

Table 3  

Gene NM Forward primer (5′-3′) Reverse Primer (5′-3′) 

Chop/Gadd153 NM_004083.6 GCCTTTCTCCTTCGGGACACTGTCCAGC CTCGGCGAGTCGCCTCTACTTCCC 
Hamp NM_021175 ATGGCACTGAGCTCCCAGAT TTCTACGTCTTGCAGCACATCC 
Arg1 NM_001244438.2 GGGTTGACTGGAGAGC CGTGGCTGTCCCTTTGAGAA 
Gapdh NM_002046 GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC  
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affects cellular iron homeostasis by the up-regulation of the expression 
of ferroportin-1 (Fpn1), the major cellular iron exporter in human cells 
(Nairz et al., 2013 May 6). COVID-19 infection determines Arg-1 over-
expression, NO and Fpn1 expression reduction determining an increased 
iron content that can be used by SARS-CoV-2 virus for its own replica-
tion (Liu et al., 2020). C- reactive protein is involved in polarization of 

macrophages in M1 form, this supports the observed overexpression of 
PCR and M1 macrophages in infected patients (Devaraj and Jialal, 2011 
Jun). Moreover, it seems that classically activated M1 alveolar lung 
macrophages (ALM) facilitate COVID-19 spread and alternatively acti-
vated M2 ALM limit its spread with a higher endosomal pH but a lower 
lysosomal pH, thus delivering the virus to lysosomes for degradation (Lv 

Table 4   

T0 P 3 MONTHS P  
GROUP B CONTROL  GROUP B CONTROL  

Chop/Gadd153 4 1 0,001 1,5 1 n.s. 
Hamp 6 (R3-7) 1(R1-2) 0,001 2 (R1-2) 1 (R1-1) 0.05 
Arg1 3 (R2-4) 1(R1-2) 0,03 1 (R1-1) 1 (R1-1) n.s. 
Serum Hepcidin 

mcg/l (Range) 
360 (270–450) 10 (6–25) 0,001 290 (260–330) 8 (6–29) 0.001 

Lymphocyte 1000/mcl (R850-1500/mcl) 2500/mcl (R1500-3000/mcl) 0,04 2000/mcl (R950-2500/mcl) 2500/mcl (R1500-3000/mcl) n.s. 
M2 0.2 %(R0,2–1.8) 0,5%(R0,4–1,2) 0,05 0.4 %(R0,3–1.5) 0,5%(R0,4–1,2) n.s. 
M1 1.2 %(R1-2,5) 0,4%(R0,3–1) 0,05 0,8%(R0,6–1,8) 0,4%(R0,3–1) 0,04 
Ferritin 370 ng/ml (R100-450) 150 ng/ml (R20-200) 0,05 270 ng/ml (R100-300) 150 ng/ml (R20-200) 0.05 
Tsat 18 % (R10-28 %) 35 % (R25-40 %) 0,04 28 % (R18-35 %) 35 % (R25-40 %) n.s. 
Hb 8.5 g/dl (R8-9) 10.3 g/dl (R10-11.4) 0,05 12 g/dl (R11-13) 13 g/dl (R12-14) n.s. 
Hosp 3pz/20 0/20 <0,001 0/20 0/20 n.s. 
Los 15 day(R7-28) 0 <0,001 0 0 n.s. 
Neg day21(R7-30) 0 <0,001 day 88 (1 pat) 0 <0,001 
Transf/Month 3 (R0-4) 2 (R0-2) 0,05 3 (R0-4) 2 (R0-2) 0,05 
Crp (Mg/L) 65 (45–95) 10 (5–35) 0.03 22 (15–26) 8 (4–35) 0.05  

Table 5   

T0 P 3 MONTHS P  
GROUP A GROUP B  GROUP A GROUP B  

Chop/Gadd153 2 4 0,03 1 1,5 n.s. 
Hamp 3(R1-4) 6 (R3-7) 0,01 1 (R1-1) 2 (R1-2) n.s. 
Arg1 2(R1-3) 3 (R2-4) 0,05 1 (R1-1) 1 (R1-1) n.s. 
Serum Hepcidin 

mcg/l (Range) 
150 (140–220) 360 (270–450) 0,001 120 (110–150) 290 (260–330) 0.001 

Lymphocyte 1800/mcl (R1200-2800/mcl) 1000/mcl (R850-1500/mcl) 0,04 2800/mcl (R18500-3500/mcl) 2000/mcl (R950-2500/mcl) n.s. 
M2 0,6%(R0,4–0,8) 0.2 %(R0,2–1.8) 0,02 0,5%(R0,4–1,2) 0.4 %(R0,3–1.5) n.s. 
M1 0,4%(R0,3–1) 1.2 %(R1-2,5) 0,02 0,4%(R0,3–1) 0,8%(R0,6–1,8) 0,05 
Ferritin 120 ng/ml (R20-200) 370 ng/ml (R100-450) 0,04 150 ng/ml (R20-250) 200 ng/ml (R100-300) n.s. 
Tsat 30 % (R25-40 %) 15 % (R10-28 %) 0,03 35 % (R25-40 %) 28 % (R18-35 %) n.s. 
Hb 12 g/dl (R11-13) 10 g/dl (R8-11) 0,03 13 g/dl (R12-14) 12 g/dl (R11-13) n.s. 
Hosp 0/20 3pz/20 <0,001 0/20 0/20 n.s. 
Los 0 15 day(R7-28) <0,001 0 0 n.s. 
Neg day14(R7-18) day21(R7-30) 0,04 0 day 88 (1 pat) <0,001 
Transf/Month 0 (R0-0) 3 (R0-2) <0,001 0 (R0-0) 3 (R0-2) <0,001 
Crp (Mg/L) 30 (20–37) 65 (45–95) 0.04 20 (18–25) 22 (15–26) n.s.  

Table 6   

T0 P 3 MONTHS P  
GROUP A CONTROL  GROUP A CONTROL  

Chop/Gadd153 2 1 0,02 1 1 n.s. 
Hamp 3(R1-4) 1(R1-2) 0,01 1 (R1-1) 1 (R1-1) n.s. 
Arg1 2(R1-3) 1(R1-2) 0,03 1 (R1-1) 1 (R1-1) n.s. 
Serum Hepcidin 

mcg/l (Range) 
150 (140–220) 10 (6–25) 0,001 120 (110–150) 8 (6–29) 0.001 

Lymphocyte 1800/mcl (R1200-2800/mcl) 2500/mcl (R1500-3000/mcl) n.s. 2800/mcl (R18500-3500/mcl) 2500/mcl (R1500-3000/mcl) n.s. 
M2 0,6%(R0,4–0,8) 0,5%(R0,4–1,2) n.s. 0,5%(R0,4–1,2) 0,5%(R0,4–1,7) n.s. 
M1 0,4%(R0,3–1) 0,4%(R0,3–1) n.s. 0,4%(R0,2–1,1) 0,4%(R0,3–1) n.s. 
Ferritin 120 ng/ml (R20-200) 150 ng/ml (R20-200) n.s. 150 ng/ml (R20-250) 150 ng/ml (R20-200) n.s. 
Tsat 30 % (R25-40 %) 35 % (R25-40 %) n.s. 35 % (R25-40 %) 35 % (R25-40 %) n.s. 
Hb 12 g/dl (R11-13) 13 g/dl (R12-14) n.s. 13 g/dl (R12-14) 13 g/dl (R12-14) n.s. 
Hosp 0/20 0/20 n.s. 0/20 0/20 n.s. 
Los 0 0 n.s. 0 0 n.s. 
Neg day14(R7-18) 0 <0,001 0 0 n.s. 
Transf/Month 0 (R0-0) 2 (R0-2) <0,001 0 (R0-0) 2 (R0-2) <0,001 
Crp (Mg/L) 30 (20–37) 10 (5–35) 0.04 20 (18–25) 8 (4–35) 0.03 

Abbreviations: Chop/Gadd153: C/EBP homologous protein gene/growth arrest and DNA damage-inducible gene 153. Hamp: Hepcidin Antimicrobial Peptide gene. Arg1: 
arginase 1 gene. CRP: C reactive protein. HB: hemoglobin concentration. HOSP: number of hospitalized patients. LOS: length of stay in hospital (days). M1 and M2: 
macrophages. NEG: day of first negativity at molecular test for covid19 from the first day of symptoms onset. T0: time of the onset of COVID19 infection. TSAT: 
transferrin saturation. TRANSF/MONTH: number of hemotransfusions per month. 
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et al., 2021 Apr 13). Our data suggest that the acute and late phases of 
COVID-19 infection may be biologically very different in iron deficient 
individuals not supported with iron. Not infected sideropenic patients 
from the current study have experienced a lower number of hospital 
admissions with a lower monthly transfusion need, a shorter length of 
hospital stays and a shorter interval of the first negativity at molecular 
test for COVID-19 from the first day of symptoms onset. Probably this is 
due to the iron deficiency in anemic premenopausal woman leading to a 
reduction of absolute counts of peripheral blood T lymphocytes with an 
impaired cell-mediated immunity and a secondary higher predisposition 
to infection (Reza Keramati et al., 2011 Jan). Moreover, iron chelation 
might induce increased Chop/Gadd153 gene expression with apoptosis 
in Jurkat T-lymphocytes (Pan et al., 2004 Apr 1). It might be possible 
that iron support might have the opposite effect on Chop/Gadd153 gene 
expression, with mitigation of Hamp gene expression (Gáll et al., 2019 
Jul 26) and increase of lymphocytes count, with a better antiviral im-
munity (Cao et al., 2019 Mar 20). Increased cell iron loading polarizes 
resting macrophages to M2-like phenotype and dampens pro- 

inflammatory immune responses, while iron deficiency exerts the 
opposite effect (Agoro et al., 2018 May 17). Sucrosomial iron is a macro- 
assembly in which a sucrester shell contains a liposome rich in phos-
phatidylcholine and phosphatidylethanolamine, containing pyrophos-
phate iron. It is able to bypass usual systems of iron absorption as 
ferroportin or duodenal iron transporter and is absorbed also during 
hepcidin production (Gómez-Ramírez et al., 2018 Oct 4). Phosphati-
dylcholine and phosphatidylethanolamine of sucrosomial iron probably 
are able to polarize macrophages from M1 proinflammatory form to M2 
anti-inflammatory, anti-COVID-19 form (Gómez-Ramírez et al., 2018 
Oct 4; Cruz-Leal et al., 2014 Jun; Trial et al., 2016 Jun 20; Tian et al., 
2020 Jul 1) as supported by our results. 

5. Conclusions 

COVID-19 genetically controls iron metabolism in infected patients, 
nevertheless our knowledge on the mechanisms of SARS-CoV2 in iron 
metabolism regulation is quite poor in mild COVID-19 patients with iron 
deficiency. In subjects with iron deficiency, COVID-19 modulates genes 
expression to have the maximum quantity of iron to replicate itself. 

Until now the dogma in the management of infections was to take 
advantage of iron chelation and to avoid iron supplementation, useful in 
COVID-19 replication (Liu et al., 2020; Perricone et al., 2020 Aug; Edeas 
et al., 2020 Aug). 

In our opinion, this dogma should be revised because iron (mainly 
new oral formulation of sucrosomial iron) helps the immune system of 
iron deficient patients to fight against COVID-19 infection and to 
modulate the expression of some genes involved in SARS-CoV-2 repli-
cation (Derakhshani et al., 2021 Mar 4; Agoro et al., 2018 May 17; Pan 
et al., 2004 Apr 1; Bowlus, 2003 Mar). For these reasons, iron support 
with sucrosomial iron might be useful in improving the immune 
response against SARS-CoV-2 and to interfere with the genetic control of 
the virus in iron metabolism in the initial phase of the disease in iron 
deficient patients affected by mild COVID-19, according to the results of 
the pilot study, we thus recommend sucrosomial iron supplementation 
to iron deficient patients, even with active SSARS-CoV-2 infection. 
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Fig. 2. Figure 2f: Representative dot plots and quadrant gating showing subset 
frequencies of M1- and M2-polarized cells using CD163 and CD14 markers. (A) 
the clouds in the right lower part and in the left upper part of the cytogram 
represent the number of M1 and M2 macrophages respectively in COVID-19 
patient without sucrosomial iron support. (B) the clouds in the right lower 
part and in the left upper part of the cytogram represent the number of M1 and 
M2 macrophages respectively in COVID-19 patients receiving sucrosomial 
iron support. 
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