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Abstract 

Background: The coronavirus disease 2019 (COVID-19) is an aggressive virus that spread worldwide and caused a 

pandemic infection. COVID-19 infection results in an inflammatory state involving a cytokine storm in COVID-19 

patients. Interlukin-6 (IL-6) stimulates ferritin and the synthesis of hepcidin. Hepcidin sequesters iron in the enterocytes 

and macrophages, leading to increased intracellular ferritin, and preventing iron efflux from enterocytes and 

macrophages.  

Objectives: The current review aimed to highlight the relationship between COVID-19 Infection, hemoglobin level, and 

iron metabolism among COVID-19 patients. On March 11, 2020, the world health organization declared COVID-19 a 

global pandemic.  Therefore, the battle against COVID-19 is likely to be a marathon and the pandemic has a major 

impact on health care systems in many countries. Iron (Fe2+) metabolism is mainly regulated by the coordination 

between erythropoiesis and Fe stores.  Wherever, 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. 

Pathologically, COVID-19 manifests itself in many complications as well as physiological and biochemical alterations. 

These include, but are not limited to acute respiratory distress syndrome, high concentrations of proinflammatory CD4 

T cells and cytotoxic granules CD8 T, massive release of cytokines (cytokine storm), increased coagulation state, 

hemoglobin damage, and dysregulation of iron homeostasis including iron overload which is likely a major factor in the 

pathogenesis of COVID-19. Hyperferritinemia is largely considered an indicator of the hyperferritinemic syndromes 

(HFS) associated with severe COVID-19. Diagnosis of COVID-19 is related to the decreased hemoglobin, leukocytes-

neutrophiles ratio, elevated D-dimer, and ferritin. There is a difference in the ability of COVID19 proteins to form a 

conserved domain with porphyrin according to the number of amino acids and binding energy.  

Conclusion: It can be concluded that COVID-19 manifests itself in many complications as well as physiological and 

biochemical alterations.  The current review highlighted the relationship between COVID-19 infection, hemoglobin 

level, and iron metabolism among COVID-19 patients. 
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Introduction 

The coronavirus disease 2019 (COVID-19) is an aggressive virus that spread 

worldwide and caused a pandemic infection. On March 11, 2020, the world 

health organization (WHO) declared COVID-19 a global pandemic. 

Therefore, the battle against COVID-19 is likely to be a marathon and the 

pandemic has a major impact on health care systems in many countries [1]. 

The biomarkers of iron metabolism are of interest in the novel Coronavirus 

Disease 2019 (COVID-19) because of the mounting evidence of the 

significance of iron status in immune responses [2]. Viral infections have the 

potential to cause hypoxia by directly affecting the respiratory system, which 

can set off an inflammatory cascade that results in anemia. Secondly, the 

bioavailability of iron could be reduced by activation of the innate immune 

system, which prevents the expansion of viral load in the acute-phase of the 

infection. This results in the activation of the iron-regulating peptide 

hormone hepcidin, which increases the retention of iron within enterocytes 

and macrophages—cells from which iron is typically mobilized 

predominantly for erythropoiesis. Hypoxia is the outcome of reduced 

erythropoiesis and elevated ferritin levels brought on by increased iron 

storage [2, 3]. The iron-storing protein ferritin is present in most cell types 

and is secreted into the serum by Kupffer cells, hepatocytes, macrophages, 

and maybe other cell types as well. Serum ferritin levels are assumed to 
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represent body iron storage, making low levels a reliable sign of iron 

deficiency anemia [2, 4]. 

The study of Alnaas et al., [1] confirmed the observations variations in 

hematological parameters and some inflammatory factors in patients infected 

by covid-19. Authors recommended a further hematological studies are 

needed to confirm these results to help the clinicians for better understanding 

of COVID-19 infection and to provide more clinical treatment options.  

Objectives 

The current review aimed to highlight the relationship between COVID-19 

Infection, hemoglobin levels, and iron metabolism among COVID-19 

patients. 

Iron metabolism and hepcidin 

Iron (Fe2+) 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. In details, Dietary ferrous (Fe2+) is absorbed after binding 

to heme carrier protein 1 (HCP1) in the brush border membrane of the 

duodenal enterocytes and HCP1 imports it into the intracellular medium. 

Fe2+ is then released from the protoporphyrin by hemeoxygenase and can be 

stored as ferritin or exported to the blood [5, 6]. 

Importantly, Intracellular Fe2+ is exported to the plasma through ferroportin 

(FPT), a Fe exporting protein, and after the action of hephaestin, (Fe2+) is 

transformed into ferric (Fe3+) that binds to transferrin (Tf) and circulates in 

the plasma. 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 hepcidin 

[5]. 

Iron storage 

Ferritin molecule is synthesized by the liver and exhibits the function of 

being an easily accessible intracellular Fe store. It is a molecule that 

comprises 24 heavy chain (21 kDa) and light chain (19 kDa) subunits [7]. 

The synthesis of ferritin subunits is regulated by ribonucleic acid (RNA) 

transcription in the hepatocytes, which is induced after the binding of iron 

regulatory proteins (IRP) to an iron responsive element (IRE), (Figure. 1). 

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 impossible and then leading to ferritin synthesis [8]. 

 

Figure 1: COVID-19 infection and Iron dysregulation. COVID-19 infection results in an inflammatory state involving a cytokine storm in COVID-19 

patients. Interlukin-6 (IL-6) stimulates ferritin and the synthesis of hepcidin. Hepcidin sequesters iron in the enterocytes and macrophages, leading to 

increased intracellular ferritin, and preventing iron efflux from enterocytes and macrophages. Excess intracellular iron interacts with molecular oxygen, 

generating reactive oxygen species (ROS) through Haber-Weiss and Fenton reactions and reactive nitrogen species (RNS) and reactive sulfur species 

(RSS). The intracellular iron excess leads to ferroptosis, a process of programmed cell death. Iron overload may also affect extra and intracellular 

mitochondria function and microbiota diversity (lungs and gut) and blood coagulation [9].
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Serum ferritin (SF) concentration is a reliable marker of the body Fe reserves 

[10]. 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 iron overload (IO) that can be determined by high 

transferrin saturation (TS) [11]. 

Pathologically, COVID-19 manifests itself in many complications as well as 

physiological and biochemical alterations. These include, but are not limited 

to acute respiratory distress syndrome (ARDS) [12], high concentrations of 

proinflammatory CD4 T cells and cytotoxic granules CD8 T [13], massive 

release of cytokines (cytokine storm) [14], increased coagulation state [15], 

hemoglobin damage [16] and dysregulation of iron homeostasis [17] 

including iron overload [18, 19] which is likely a major factor in the 

pathogenesis of COVID-19. 

Variation in Hemoglobin concentration, Serum iron, Ferritin level, and 

Iron overload due to Covid-19 infection 

Haemoglobin 

Because of its heme ring and the iron in its structure, hemoglobin (Hb) is 

able to transfer oxygen from the lungs to various tissues [20]. Therefore, a 

disorder in the iron metabolism and hemoglobinopathy may remarkably 

compromise the capacity of red blood cells to transport O2 [21]. Conversely, 

haemoglobin disorders are generally not associated with respiratory 

conditions. However, complications involving the heart, lungs and the 

immune system, can be present in these patients and in a SARS-CoV-2 

positive patient may trigger very serious complications. 

Additionally, Diagnosis of COVID-19 is related to the decreased 

Hemoglobin, leukocytes-neutrophiles ratio, elevated D-dimer, and ferritin.  

The violent immune response of the human body against the COVID-19 

virus causes the release of ''cytokines storm'', resulting in ROS production's 

cascade leading to hypoxia [22, 23]. Moreover, the hypothesis assumed that 

the generation of excess reactive oxygen species leads to hypoxemia, further 

cell stress, and heme [24] destruction. Oxygen supplementation fails in 

critical cases due to the severe hypoxia caused by the virus. The prognosis 

and pathophysiology of COVID-19 are not the same as the rest of the 

Coronavirus family and is still poorly understood [25]. 

Various hypotheses about the relation between the COVID-19 and the 1-beta 

Hemoglobin chain were assault.  Theoretical research relies on the ability of 

COVID-19 proteins with porphyrin to form a conserved domain and release 

free iron leading to a drop in the affinity of Hemoglobin binding to oxygen 

and interfere with the Hemoglobin anabolism [26]. In more details, there is 

a difference in the ability of COVID19 proteins to form a conserved domain 

with porphyrin according to the number of amino acids and binding energy 

(Table 1).  

Table 1: Conserved domains between structural proteins and nonstructural proteins of COVID-19 with porphyrin according to the number of amino acids 

bound to porphyrin and binding energy [27] 

 

   ORF8: Open reading frame8, ORF lab: Open reading lab, ORF7a: Open reading frame 7a 

 

Theories of COVID-19 attack on Hemoglobin. 

The first theory according to the study of Liu and Li [25] COVID19 

Hemoglobin (Hb) metabolism will interfere with the formed conserved 

domain and separate harmful irons in the blood, which leads to a significant 

increase in serum ferritin, albumin, erythrocyte sedimentation rate (ESR), 

lactate dehydrogenase (LDH), and C-reactive protein (CRP), and decrease 

neutrophils whereas the second theory found that there is no evidence 

between COVID-19 and Hemoglobin defect7 experimentally [28]. 

Additionally, they found no Hb affinity variation to carry oxygen in positive 

COVID-19 patients, so no Hb value variation means no association between 

Hb and COVID-19 [28, 29]. Patients with COVID-19 have a higher 

incidence rate of Thromboembolism [30] and no relation between it and Hb 

toxicity. No absorbance occurs to free heme when measured at the 

wavelength range [31]. 

As a result of those studies, a link between COVID-19 infection symptoms 

and the consequences of excess heme does not have to be relevant for every 

patient; but, in certain circumstances, it may correlate or even create a more 

severe illness development due to pre-existing hemolytic diseases or 

hemolysis-provoking events [31]. 

Role of non-beta hemoglobin in Covid-19 

On the other hand, with regard to the role of Fetal Hemoglobin in COVID-

19 the studies had revealed that Hemoglobin F (HBF) may be one of the main 

reasons for decreasing the prevalence of COVID-19 in pediatrics [32] The 

hypothesis based on the molecular docking study approved that SAR-COV2 

attacks the Beta chain, causing a release of iron from porphyrin and iron 

toxicity [26] The pilot study results showed that patients with 

hemoglobinopathies like beta-thalassemia and sickle cell anemia had low 

mortality and fatality rates toward COVID-19 [32]. Therefore, From the 

previous results of studies, some clinical trials started to use HBF inducers 

agent s in protocols for treatment COVID-19 like Hydroxyurea and 

Panobinostat [33]. 

There were many studies have demonstrated the implication of the Covid-19 

infection in hemoglobin decrease, high levels of ferritin and relatively iron 

overload.  Accordingly, it has previously been demonstrated that SARS-

CoV-2 (Covid-19) 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 hemolysis, thereby reducing the 

oxygen supply to the body, causing tissue hypoxia, a remarkable 

characteristic of COVID-19 [21, 34]. 

One of the important studies has conducted 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 syndrome [35]. Taking into consideration that 

viruses generally stimulate increased iron deposition in the host cells, 
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laboratory findings commonly found in patients with COVID-19, such as 

low hemoglobin, hyperferritinemia, low serum iron, thrombocytopenia, 

increased red cell distribution width (RDW) and (LDH), suggest that the 

hypothesis of the dysregulation of iron metabolism associated with 

inefficient erythropoiesis is a possible mechanism underlying the 

pathophysiological changes in patients with COVID-19. On the other hand, 

Viral infection is well known to be associated with abnormal haematological 

parameters. Autopsy of patients who died of COVID-19 showed markedly 

shrunken spleen with reduced lymphocyte, macrophage proliferation, and 

phagocytosis [36]. Lymphocytes were also depleted in lymph nodes, and all 

haematopoietic cell lineages were reduced in the bone marrow. 

In another study has been done in Libya where thirty confirmed COVID-19 

patients hospitalized in the Isolation Centre located in Sabratha city, Libya 

from the 2nd October 2020 to the 15th March 2021. They found that patients 

with COVID-19 had a significant (P=0.0088) decrease in hemoglobin 

concentration [(median (IQR) g/ dl], 13.35 (11.73-14.00), 13.05 (12.10-

14.05), and 12.60 (11.45-13.60) at 0 day, 14 days, and 21 days of infection, 

respectively compared with the healthy individuals (13.95 (12.70-15.53) 

[37]. 

Importantly, the experimental research argues the link between COVID-19 

and Hemoglobin clinical laboratory results from 21 patients positive to 

COVID-19 to 21 patients with ARDS but without COVID-19 [28]. Another 

study in elderly patients hospitalized for COVID-19 found that most patients 

had hemoglobin levels lower than the normal range, but did not find 

significant differences in hemoglobin levels between survivors and non-

survivors [38]. Similarly, in a report of 5700 patients hospitalized for 

COVID-19 in the New York City area, ferritin levels were pathologically 

high [39]. 

For hemoglobin concentration, based on findings from 139 observational 

studies comprising 40,450 individuals, pooled mean hemoglobin level was 

129.7 g/L (95% Confidence Interval (CI) 128.51; 130.88; I 2=98.2%, P-

value for heterogeneity ˂ 0.001). Compared to moderate COVID-19 cases 

(using data from 63 studies with 21,605 individuals), severe cases had lower 

hemoglobin levels [weighted mean difference (WMD), −4.08 g/L (95% CI 

−5.12; −3.05); I2 =59%, P-value for heterogeneity ˂ 0.001 [40].  

Also, Huang et al. [41] reported reduction in hemoglobin levels in 38.2% of 

hospitalized COVID-19 patients, but did not specify the definition of 

decreased hemoglobin. While Wang et al. [42] reported reduced hemoglobin 

levels (˂ 110 g/dl) in 19.23% of the study population admitted to hospital. 

Serum iron  

Iron is an essential element for all living cells as it is key to establishing many 

functioning metabolic processes including dioxyribonuclic acid (DNA) 

synthesis, DNA repair, DNA transcription, energy production, oxygen 

transport, oxygen storage, and drug detoxification [43]. Interaction of Covid-

19 with iron metabolism and low oxygen supply may be related to ancestral 

phylogenetic mechanisms, 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 favored [44, 45]. 

Pathologically, non-transferrin or non-ferritin bound iron, also called 

catalytic iron, leads to the generation of reactive oxygen species such as 

hydroxyl radicals through the Fenton reaction [46]. High catalytic iron levels 

in plasma are associated with mortality and adverse clinical events in patients 

with a variety of acute illnesses, including acute coronary syndromes, 

cardiogenic shock, and multi-organ failure with acute kidney injury (AKI) 

[47, 48]. 

Extremely important, recent studies implicated that ferroptosis, which is the 

process of programmed cell death mediated by iron dependent peroxidation 

mechanisms [49] in inflammatory pathologies, involves multiple organs 

including liver, kidney, heart and lung. Significantly, in another study where 

127 patients have been diagnosed with COVID-19 at Centro Hospitalar e 

Universitário de São João (CHUSJ), Porto, Portugal, between 2 September, 

and 17 November 2020 [50]. COVID-19 diagnosis was based on SARS-

CoV-2 RNA detection by reverse-transcription real-time polymerase chain 

reaction (PCR) in a nasopharyngeal swab sample. This study has revealed 

that Both COVID-19-positive and COVID-19-negative patients had lower 

serum iron at Hospital admission than healthy blood donors.  Moreover, 

COVID-19- positive patients had significantly lower serum iron levels than 

COVID-19-negative patients (25 (17–42) versus 42 (23.3–76.8) µg/dL). 

Defining hypoferremia as serum iron level lower than 50 µg/dL, 80.7% of 

COVID-19-positive and 57.1% (p < 0.001) of COVID-19-negative patients 

were hypoferremic at admission, suggesting that COVID-19 and serum iron 

levels are not independent. Conversely, despite the clear decrease in serum 

iron levels, COVID-19-positive patients on average had no decrease in 

hemoglobin concentration or (RBCs) counts when compared to COVID-19-

negative patients. 

Iron overload 

Generally, the importance of intracellular iron for viral replication is well 

known, and as reported by Armitage in 2014 [51]. There is a close relation 

between hepcidin and iron regulation in HIV-1, HBV, and HCV patients. 

This relationship has been described for hepatitis virus C already in the 2000s 

by treating patients with the use of phlebotomy to promote iron reduction to 

improve interferon treatment response [52]. 

Recently, Smidth [45] underlines the importance of intracellular iron for viral 

replication, and this replication is influenced via Human Hemochromatosis 

Protein (HFE) and hepcidin.  The basic consequence of this mechanism is 

the concentration of intracellular iron and the reduction of the extracellular 

one. As we have mentioned above, hepcidin is one of the most important 

regulators in iron balance.  It has two main functions: the first one is to store 

iron into the cell to allow cellular duplication an DNA and RNA synthesis; 

the second one is its antibacterial effect by depriving the microorganism of 

iron for replication outside the host. This mechanism prevents bacterial 

infection but could facilitate viral replication.  Its effect acts on 

duodenalenterocytes and the reticuloendothelial system by promoting 

ferroportin degradation which reduces enteric absorption of iron but 

retaining iron in the cell [53, 54]. 

Interestingly, the excess of this intracellular iron is excreted as ferritin. As 

reported by Clark and Pedz-ernik [55], intracellular iron surplus results in 

the detachment of Iron-Regulatory protein (IRP) from the Ferritin mRNA, 

with consequent ferritin formation. Importantly, Connelly, in 1997 [56], 

related high serum ferritin levels as a predictor of ARDS, which is one of the 

main problems in the actual COVID infection. How ARDS or acute lung 

injury (ALI) occurs was first described by Dixon in 2012 [57] as 

“Ferroptosis,” and recently, Liu et al, [58] investigated this in COVID 

infection, proposing iron chelation as a beneficial adjuvant in treating these 

patients. 

Moreover, Huang [59] has reported an excessive redox-active iron 

mobilization in lung injury induced by ischemia, from intracellular iron 

accumulation to the vascular space, and iron stress in the vascular space 

could enhance the generation of highly damaging reactive oxygen species 
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extracellularly. These data suggest that COVID infection has a major effect 

on iron by the hepcidin pathway and this mechanism is related to iron 

overload and hepcidin, by increasing intracellular iron, promoting 

pulmonary ferroptosis, mobilizing the iron in vascular space, and activating 

coagulation via an independent pathway. Clinically, In the literature, we can 

find a various number of substances that interact with hepcidin, inducing, or 

inhibiting it [60-63] in different ways and with different intensity. Among 

inhibitors we found: enoxaparin, fondaparinux, momelotinib, imatinib, 

spironolactone, siltuximab, tocilizumab, curcumin, dorsomorphin (small 

molecule), aspirin, Angelica Sinensis polysaccharide, and many others 

(Figure.2)

 

Figure 2: Hepcidin interaction. Molecules that have interactions with hepcidin. Red words: endogenous molecules stimulating hepcidin; Blue words: 

endogenous molecules inhibiting hepcidin; Black words: exogenous molecules effecting on Hepcidin; Red arrow: way of stimulation; Blue arrows: way of 

inhibition [64]. 

Ferritin level 

Hyperferritinemia is largely considered an indicator of the hyperferritinemic 

syndromes (HFS) associated with severe COVID-19. This condition 

characterizes several autoimmune diseases [65] and due to its 

immunomodulatory properties may play a pathogenic role [9]. Currently, it 

is well known that many COVID-19 patients with a raised serum ferritin 

level of >300 μg/l had a 9-fold increase in the chances of death before 

discharge [66, 67]. 

Intrinsically, ferritin is the primary site of iron storage in the cell mainly in 

its ferric state (Fe3+). Ferritin can carry up to 4500 iron molecules in its core 

[68]. Generally, systemic inflammations are associated with increased serum 

ferritin levels. During a heightened inflammatory state, cytokines, 

particularly IL-6, stimulate ferritin and hepcidin synthesis [69]. Although 

circulating serum ferritin’s source during inflammatory conditions is still 

uncertain, in vitro experiments provide the possibility of it being secreted 

through hepatocytes [70] and by macrophages through a nonconventional 

pathway [71]. This demonstrates the likelihood of a contribution to ferritin 

production through macrophage activation in hyperferritinemic syndromes. 

Generally, ferritin is considered as a marker of iron stores, but also long 

known as an acute phase reactant due to either transcriptional or post-

transcriptional regulation by pro-inflammatory cytokines [72]. In clinical 

practice, ferritin has been also frequently included in routine evaluation of 

COVID-19 at hospital admission [73]. Additionally, ferritin has been 

included in clinically used inflammatory marker panels, but little is known 

about its cellular uptake or release and its downstream fate after endocytosis 

[74]. Moreover, physiologically there are 3 main regulatory pathways for the 

expression of ferritin [74] driven by increased serum iron, hypoxia, and 

inflammation. During inflammation, ferritin may be released from 

macrophages or cells owing to tissue damage and may be regulated by tumor 

necrosis factor α, interleukin 2, and interleukin 10. 

It is important to note that the concomitant presence of high serum ferritin 

levels and low iron levels can be observed during COVID-19 [75]. 

Furthermore, despite some inconsistency, many retrospective studies and a 

smaller number of prospective studies have shown that either the state of 

hyperferritinemia or hypoferremia are accompanied by a greater 

severity/worse prognosis of COVID-19 both in its acute and post-acute 

phase. 

It is extremely important to mention here, that serum ferritin concentrations 

have been shown to reflect the status of iron stores in healthy individuals 

with low ferritin concentrations indicating iron deficiency, while elevated 

concentrations point to iron overload [76]. 

Experimentally, Mehta et al. have reported an increase in serum ferritin 

levels in patients with severe clinical severity of COVID-19 and serum 

ferritin levels can also be used as a predictor of the severity of COVID-19 

disease and are associated with the presence of cytokine storms in these 

patients, in line with research conducted by at Jinyintan Hospital Wuhan 

China in December 2019, increased ferritin was associated with death in 

COVID-19 patients (P ˂ 0. 001) also reported that, as patients recovered, 

ferritin and interleukin-6 (IL-6) concentrations decreased. This can confirm 

that hyperferritinemia is associated with the inflammatory state in SARS-

CoV-2 infection [77- 79]. 

Additionally, although ferritin is reported as an acute-phase protein, there is 

literature lacking in reporting the particular modified levels, leading to a 

misunderstanding regarding its interpretation [80]. In a recent meta-analysis 

published by Zeng [81], ferritin had been considered only in 4 of the 16 
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studies analyzed, but he underlined that ferritin levels could classify COVID 

patients’ severity. This reflects the fact that very few studies at the moment 

consider iron metabolism in COVID and non-COVID patients. 

Physiologically, ferritin production occurs when intracellular iron 

concentration augments, with iron being stored in the form of ferritin and 

subsequently expelled from the cell. Intracellular iron accumulation occurs 

in two main modalities: hyperexpression of Transferrin receptor 1 which 

internalizes transferrin, and hepcidin expression. Hepcidin inhibits iron ions 

expulsion blocking ferroportin, which is the only siderophore of the cells 

[82]. 

Collectively, low iron levels can lead to anemia, whereas high levels cause 

excessive oxidative stress that damages cells/organs. On the other hand, both 

low and high body iron levels increase the risk of infection [83]. Those 

aspects show the significance of iron homeostasis in the body. As such, 

independent of COVID-19, a pattern of high serum ferritin (iron-storage 

protein) but low serum iron and low transferrin (iron-carrier protein in 

circulation) within 3 days of intensive care unit (ICU) admission has been 

seen in more than 75% of critically ill patients [83], indicating the 

significance of iron and related proteins in critical illness, and critical illness 

is seen in COVID-19 cases [84]. 

Clinically, in a meta-analysis of 25 retrospective observational studies (n = 

5350) [85], it was shown that C-reactive protein (CRP), pro-calcitonin 

(PCT), d-dimer, and ferritin are associated with a worsening picture that 

includes mortality, severe COVID-19, ARDS, and need for ICU care in 

patients with COVID- 19. Additionally, ferritin seems to have more than a 

role as an indicator or consequence of this inflammation, but also actively 

participates in this process. Ruddell et al. demonstrated in rat hepatic stellate 

cells (HSC) that ferritin, both H-chain rich (FTH) and L-chain rich (FTL), is 

more than a consequence of inflammation, but also a mediator of it, through 

a pathway independent of iron and the TIM-2 receptor [86]. 

Furthermore, Zhang et al. [87] performed laboratory tests in patients with 

different severity levels of COVID-19 (mild, severe and extreme severe) and 

also reported the significant increase of ferritin in patients as the severity of 

disease (p˂ 0.01), especially when comparing the mild group with the 

extreme severe group. In addition, CD4+ T cells, CD8+ T cells and B cells 

gradually decreased with disease severity, showing to be negatively 

correlated. 

The effect of covid-19 infection on hemoglobin, serum iron and serum 

ferritin levels 

Review of the most important literatures published recently about the effect 

of covid-19 infection on hemoglobin, serum iron and serum ferritin level are 

listed in the following tables (2-4). 

Table 2: The main findings of hemoglobin concentration in (covid-19) patients 

References Region Study Period Sample 

Size 

Mild 

patient 

Severe 

patient 

Main Finding 

kantri et al., [88] Morocc

o 

March 18, 2020 

until May 20, 

2020 

134 13,2g/l 12.2g/l Anemia was not common in this 

study. 

Lino et al., [89].  Brazil May through 

July 2020 

97 10.6 ± 2.2 

g/dL 

9.9 ± 2.8 

g/dL 

Decrease in hemoglobin level. 

Anai. et al., [90] Japan 2020 23 13.5 g/dL 11.5 g/dL Showed the decrease 

In hemoglobin. 

Urrechaga et al., [91] Spain March and April 

2020. 

1,336 13.2 g/dL 12.6 g/dL decreased hemoglobin in 40-50 

% of cases. 

Tao et al., [92] Wuhan, 

China 

1 December 

2019 to 20 

March 2020 

375 12.8 g/dL 11..5 g/dL anemia was an independent risk 

factor associated with severe 

illness in COVID‐19. 

Yağc et al., [93] İstanbul, 

Sisli 

March and June 

2020 

 59 14.5 g/dL 13.5 g/dL. Hemoglobin (Hb) levels were 

significantly lower in the critical 

patient group (P < .0001) and 

deceased group (P < .0001). 

Table 3: The main findings in some reviewed studies with regard to ferritin level 

References Region Study Period Sample 

Size 

Miled 

patient 

Sever 

patient 

Main finding 

Tural-Onur et 

al., [94] 

Istanbul, 

Turkey 

Between 11 

March–20 

April 2020 

301ng/ml 451 ng/ml 1145.7 

ng/ml 

shown that ferritin which is an indicator of 

systemic inflammation can be a predictor 

of disease severity and mortality . 

Ferritin values are higher in the non-

survivor group despite treatment (p < .01). 

Lino et al., [89] 

 

Brazil May through 

July 2020, 

97 1717.7 ± 

2789.8ng/ml 

4207.7 ± 

3530.3ng/ml 

Early hyper inflammation in COVID-19 

patients evaluated     the high levels of 

serum ferritin in the first seven days of 

hospitalization. 

Chen et al., [95] in Wuhan, 

China 

Jan 1 to Jan 

20, 2020. 

99 490.7 ng/ml 808.7 ng/ml 63 of patients had serum ferritin way 

above of the normal range. 

Banchini. et al., 

[82] 

Italy February 27 

to April 28, 

2020 

101 761.2 ng/ml 1198.6 

ng/ml 

 ferritin was increased  

Table 4: The main findings in some reviewed studies with regard to serum iron measurement 
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References Region Study Period 
Sample 

Size 

Milled 

patient 

Sever 

patients 
Main finding 

Zhao et al., [96] Hospital of 

Wuhan 

University 

February 1 to 

February 29, 

2020. 

50 6.6μmol/

L 

4.9μmol/L (90%) patients had abnormally low serum 

iron levels (<7.8 μmol/L) 

Sonnweber et al., 

[97] 

Austria 2020 102 18 ± 

6(μg/L) 

15 ± 6(μg/L) 30% of patients still presented with iron 

deficiency 

Bolondi et al., [98] Hospital in 

Cesena 
(Italy). 

from the 6th of 

March to the 6th 
of April 2020 

31 58(μg/L) 45(μg/L) acute respiratory distress syndrome 

(ARDS) causes reduced serum iron levels 

Alipour et al., [99] Iran April- 2020 18 69(μg/L) 27(μg/L) serum iron levels were lower than normal 

range in admitted patients and serum Iron 
levels in ICU admitted patients were 

significantly lower than the others. 

 

Conclusion 

It can be concluded that COVID-19 manifests itself in many complications 

as well as physiological and biochemical alterations. The current review 

highlighted the relationship between COVID-19 infection, hemoglobin 

level, and iron metabolism among COVID-19 patients. 

References 

1. Alnaas MNA, Jbireal J M, and Azab AE. (2023). The 

Relationship between the Levels of Serum Iron, Ferritin, and 

Hemoglobin in Patients Infected with Coronavirus Disease -19. 

Global Sci Acad Res J Mult Stud., 2(4):23-34. 

2. Aslan, E. S., Aydın, H., Tekin, Y. K., Keleş, S., White, K. N., & 

Hekim, N. Association between iron metabolism and SARS-

COV-2 infection, determined by ferritin, hephaestin and 

hypoxia-induced factor-1 alpha levels in COVID-19 patients. 

Molecular Biology Reports, 2023; 50(3):2471-2478. 

3. Taneri PE, Gómez-Ochoa SA, Llanaj E, Raguindin PF, Rojas 

LZ, Roa-Díaz ZM, Salvador D, Jr, Groothof D, Minder B, Kopp-

Heim D, Hautz WE, Eisenga MF, Franco OH, Glisic M, Muka 

T. Anemia and iron metabolism in COVID-19: a systematic 

review and meta-analysis. Eur J Epidemiol. 2020; 35(8):763–

773.  

4. Wang W, Knovich MA, Coffman LG, Torti FM, Torti SV. 

Serum ferritin: past, present and future. Biochim Biophys Acta. 

2010; 1800(8):760–769. 

5.  Grotto HZW. Metabolismo do ferro: uma revisão sobre os 

principais mecanismos envolvidos em sua homeostase. Rev Bras 

Hematol Hemoter. 2008; 30(5):390-397. 

6. Lopes AC. Tratado de ClínicaMédica. 2th Ed. São Paulo: 

EditoraLoca LTDA; 2009. p.1921-1925. 

7. Kawabata H, Fleming RE, Gui D, Moon SY, Saitoh T, O’Kelly 

J, et al. Expression of hepcidin is down-regulated in TfR2 mutant 

mice manifesting a phenotype of hereditary hemochromatosis. 

Blood. 2005; 105(1):376-381.  

8. [Zhang D, Albert DW, Kohlhepp P, D-Pham DQ, Winzerling JJ. 

Repression of Manducasexta ferritin synthesis by IRP1/ IRE 

interaction. Insect Mol Biol. 2001;10(6):531-539. 

9. Edeas, M., Saleh, J., & Peyssonnaux, C. Iron: Innocent bystander 

or vicious culprit in COVID-19 pathogenesis? International 

Journal of Infectious Diseases, 2020; 97:303–305. 

10. Beucher G, Grossetti E, Simonet T, Leporrier M, Dreyfus M. 

Iron deficiency anemia and pregnancy. Prevention and 

treatment. J Gynecol. Obstet. Biol. Reprod. (Paris). 2011; 

40(3):185-200.  

11. De Domenico I, Ward DM, Kaplan J. Hepcidin regulation: 

ironing out the details. J Clin Invest. 2007;117(7):1755-1758.  

12.  Colafrancesco S. sCD163 in AOSD: a biomarker for 

macrophage activation related to hyperferritinemia. Immunol. 

Res. 2014.  

13. Xu Z. Pathological findings of COVID-19 associated with acute 

respiratory distress syndrome. Lancet Respir. Med. 2020.  

14. Li X. Molecular immune pathogenesis and diagnosis of COVID-

19. J. Pharm. Analysis. 2020 doi: 10.1016/j.jpha.2020.03.001.  

15. Merad M., Martin J. Pathological inflammation in patients with 

COVID-19: a key role for monocytes and macrophages. Nat. 

Rev. Immunol. 2020. 

16. Liu W., Li H. COVID-19: attacks the 1-beta chain of 

hemoglobin and captures the porphyrin to inhibit human heme 

metabolism. ChemRxiv. 2020.  

17. Chen C. Advances in the research of cytokine storm mechanism 

induced by Corona Virus Disease 2019 and the corresponding 

immunotherapies. Chin. J. Burns. 2020.  

18. Goldberg M. Cerebrovascular disease in COVID-19. Am. J. 

Neuroradiol. 2020.  

19. Zhou F. Clinical course and risk factors for mortality of adult 

inpatients with Covid-19 in Wuhan, China: a retrospective 

cohort study. Lancet. 2020 doi: 10.1016/S0140-6736(20)30566-

3. 

20. Ahmadi Z , Moradabadi A, Abdollahdokht D, Mehrabani M, 

nematollahi M H.  (2019) Association of environmental 

exposure with hematological and oxidative stress alteration in 

gasoline station attendants. Environ SciPollut Res 

26(20):20411–20417. 

21. Cavezzi A, Troiani E, Corrao S (2020) COVID-19: hemoglobin, 

iron, and hypoxia beyond infammation. A narrative review. 

ClinPract 10(2). 

22. Zhang J, Wang X, Jia X, Li J, Hu K, Chen G.  Risk Factors for 

Disease Severity, Unimprovement, and Mortality in COVID-19 

Patients in Wuhan, China. Clin. Microbiol.  Infect. 2020, 

26(6):767–772. 

23.  Liu Q, Zhou Y H, Yang Z Q. The Cytokine Storm of Severe 

Influenza and Development of Immunomodulatory Therapy.  

Cellular Mol. Immunol.  2016, 3–10. 

24.  Goud P T, Bai D, Abu-Soud H M. A Multiple-Hit Hypothesis 

Involving Reactive Oxygen Species and Myeloperoxidase 

Explains Clinical Deterioration and Fatality in Covid-19. Int. J. 

Biol. Sci.2020, 17(1):62–72.  

25. Li T, Lu H, Zhang, W. Clinical Observation and Management of 

COVID-19 Patients.  Emerg. Microbes Infect.2020, 687–690. 

26. Wenzhong Liu, Hualan L. COVID-19: Attacks the 1-Beta Chain 

of Hemoglobin and Captures the Porphyrin to Inhibit Human 

Heme Metabolism. 2020. 

27. Ali A S. Effect of COVID-19 on Hemoglobin: Theories and 

recommended Drugs. J. Adv. Pharm. Res. 2021, 5 (4), 377-386. 

28. DeMartino A W, Rose J J, Amdahl M B, Dent M R, Shah F A, 

Bain W, et al. No SARSCoV-2 Evidence Infection of 

Hemoglobin Damage By. Haematologica 2020, 105 (12), 2769–

2773. 

29. Smeeth L, Cook C, Thomas S, Hall A J, Hubbard R, Vallance P. 

Risk of Deep Vein Thrombosis and Pulmonary Embolism after 

Acute Infection in a Community Setting. Lancet 2006, 367 

(9516), 1075–1079. 



International Journal of Clinical Research and Reports                                                                                                                                                                         Page 8 of 10 

30. Pires I S, Belcher D A, Palmer A F. Quantification of Active 

ApohemoglobinHeme- Binding Sites via Dicyanohemin 

Incorporation. Biochemistry 2017, 56 (40), 5245–5259. 

31. Hopp M-T, Domingo-Fernández D, Gadiya Y, Detzel M S, Graf 

R, Schmalohr B, et al. Linking COVID-19 and Heme-Driven 

Pathophysiologies: A Combined Computational– Experimental 

Approach. Biomolecules 2021, 11 (5).  

32. Sotoudeh, E., & Sotoudeh, H. A hypothesis about the role of fetal 

hemoglobin in COVID-19. Medical Hypotheses, 2020; 144, 

109994.  

33.  Habara, A. H., Shaikho, E. M., & Steinberg, M. H. Fetal 

hemoglobin in sickle cell anemia: The Arab‐Indian haplotype 

and new therapeutic agents. American journal of hematology, 

2017; 92(11), 1233-1242.  

34.  Abrahams L. Covid-19: acquired acute porphyria hypothesis. 

OSF Preprints. 2020.. 

35. Ehsani S. COVID-19 and iron dysregulation: distant sequence 

similarity between hepcidin and the novel coronavirus spike 

glycoprotein. Biol Direct. 2020;15(1):19. https://doi. 

org/10.1186/s13062-020-00275-2. 

36. Chinese Clinical Guidance for COVID-19 Pneumonia Diagnosis 

and Treatment. In: Commission CNH, editor. 7th edition 

ed2020. 

37. Jbireal J M, Rabia A M Yahya, Azab E, Alzahaniet S. Effect of 

Coronavirus Infection on Haematological Parameters in Covid-

19 Patients in the Sabratha Region Western Libya. Archives of 

Hematology and Blood Diseases. 2021; 4(1):01-19. 

38. Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al. Coronavirus 

disease 2019 in elderly patients: Characteristics and prognostic 

factors based on 4-week follow-up. J Infect. 2020;80(6):639–45. 

39. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn 

T, Davidson KW, et al. Presenting characteristics, comorbidities, 

and outcomes among 5700 patients hospitalized with COVID-

19 in the New York City Area. JAMA. 2020 (in press). 

40. Taneri P E, Alejandro Gomez-Ochoa S, Llanaj E, Raguindin P 

F, Rojas L Z, Roa-Diaz Z M, et al. Anemia and iron metabolism 

in COVID-19: a systematic review and meta-analysis. European 

Journal of Epidemiology, 2020; 35(8), 763-773. 

41. Huang Y, Tu M, Wang S, Chen S, Zhou W, Chen D, et al. 

Clinical characteristics of laboratory confrmed positive cases of 

SARS-CoV-2 infection in Wuhan, China: A retrospective single 

center analysis. Travel Med Infect Dis. 2020. 

42. Wang L, Duan Y, Zhang W, Liang J, Xu J, Zhang Y, et al. 

Epidemiologic and clinical characteristics of 26 cases of Covid-

19 arising from patient-to-patient transmission in Liaocheng. 

China Clin Epidemiol. 2020; 12:387–391. 

43. Lepanto M,  Luigi R,  Rosalba P,  Paiera V,  Antimo C.  

Lactoferrin in aseptic and septic inflammation, Molecules 

(2019). 

44. Eren E, Tuzkaya UR. Safe distance-based vehicle routing 

problem: medical waste collection case study in COVID-19 

pandemic. ComputInd Eng. 2021; 157:107328.  

45. Schmidt SM. The role of iron in viral infections. Front Biosci 

(Landmark Ed). 2020; 25:893-911. 

46. Winterbourn C C. Toxicity of iron and hydrogen peroxide: Te 

Fenton reaction. Toxicol. Lett. 1995; 82–83:969–974. 

47. Leaf D E, Swinkels D W. Catalytic iron and acute kidney injury. 

Am. J. Physiol. Renal Physiol. 2016; 311, F871–F876.  

48. Leaf D E, Rajapurkar M, Lele S, Mukhupadhaya B, Boerger E, 

Causland F, et al. Iron, hepcidin, and death in human AKI. J. 

Am. Soc. Nephrol. 2019; 30:493–504. 

49. Ursini F, Maiorino M. Lipid peroxidation and ferroptosis: the 

role of GSH and GPx4. Free RadicBiol Med 2020;152: 175–185. 

50. Moreira A C, Teles M J, Silva T, Bento C M, Alves I S, Pereira 

L, et al. Iron Related Biomarkers Predict Disease Severity in a 

Cohort of Portuguese Adult Patients during COVID-19 Acute 

Infection. Viruses 2021, 13, 2482.  

51. Armitagea A E, Stacey A R, Giannoulatou Ei, Marshall E, 

Sturges P, Chatha K, et al.  Distinct patterns of hepcidin and iron 

regulation during HIV-1, HBV, and HCV infections.  

ProcNatlAcadSci 2014; 111(33):12187-12192. 

52. Cagnoni  C,  Corsini  F,  Pancotti  D,  Carrara  G.  Effect of iron 

depletion on long-term response to interferon in patients with 

chronic hepatitis C with increased plasma iron without 

accumulation of liver iron. Ann Ital Med Int 2000; 15(2):132-

138. 

53. Piperno A, Pelucci S. Variabilità’   fenotipicanell’emocromatosi: 

studio di due potenzialimodificatorige-netici  in  PCSK7  e  

GNPAT.    Dipartimento  di  Medicina  e  ChirurgiaDottorato di 

Ricerca in EmatologiaSperimentale XXVIII  

CicloUniversitàdeglistudi  Milano  Bicocca. 

54. Wessling-Resnick M.  Iron Homeostasis and the Inflammatory 

Response. Annu Rev Nutr 2010; 30:105-122. 

55. Clark D.P., Pazdernik N.J.  Molecular Biology 2nd Edition 2012 

Chapter 18; p:557-558 Elsevier Publication ISBN: 

9780123785954. 

56. Connelly KG, Moss M, Parsons PE, Moore E, Giclas P, 

Seligman P, et al. Serum ferritin as a predictor of the acute 

respiratory distress syndrome. Am J RespirCrit Care Med. 1997; 

155(1):21-25. 

57. Dixon S J, Lemberg K M, Lamprecht M R, Skouta R, Zaitsev E, 

Gleason C, et al. Ferrop-tosis: An Iron-Dependent form of 

nonapoptotic cell death. Cell 2012; May 25; 149(5):  1060–1072. 

58. Liu W, Zhang S, Nekha S, Liu S.  Depriving Iron Supply to the 

Virus Represents a Promising Adjuvant Therapeutic Against 

Viral Survival. CurrClinMicrobiol Rep 2020; Apr 20:1-7. 

doi:10.1007/s40588-020-00140-w. 

59. Huang YT, Ghio AJ, Nozik-Grayck E, Piantadosi CA. Vas-cular 

release of nonheme iron in perfused rabbit lungs. Am J Physiol 

Lung Cell MolPhysiol 2001; 280(3):L474-81. 

60. Colucci  S,  Pagani  A,  Pettinato  M,  Artuso R, Nai A, 

Camaschella C, et  al.  The immunophi-lin FKBP12 inhibits 

hepcidin expression by binding the BMP type I receptor ALK2 

in hepatocytes.  Blood.  2017; 130(19):2111-2120. 

61. Sebastiani G, Wilkinson N, Pantopoul K. Pharmacological 

Targeting of the Hepcidin/Ferroportin Axis.  Front Phar-macol. 

2016; 7:160. doi:10.3389/fphar.2016.00160. 

62.  Katsarou A, Pantopoulos K. Hepcidin Therapeutics.   

Pharmaceuticals (Basel). 2018; 11(4):127. 

63. Das SK, Wang W, Zhabyeyev P, Basu R, Mclean B, Fan D, et 

al. Iron-overload in-jury and cardiomyopathy in acquired and 

genetic models is attenuated by resveratrol therapy.  Sci Rep.  

2015; 5:18132. 

64. Banchini F, Vallisa D, Maniscalco P, Capelli P.  Iron overload 

and Hepcidin overexpression could play a key role in COVID 

infection, and may explain vulnerability in elderly, diabetics, and 

obese patients. Acta Biomed 2020; Vol. 91, N. 3: e2020013. 

65. Zandman-Goddard G, Shoenfeld Y, Ferritin in autoimmune 

diseases, Autoimmun. Rev. 2007 

66. Merad M, Martin J, Pathological inflammation in patients with 

COVID-19: a key role for monocytes and macrophages, Nat. 

Rev. Immunol. 2020. 

67. Goldberg M, Goldberg M F, Cerejo R, Tayal A H. 

Cerebrovascular disease in COVID-19, Am. J. Neuroradiol. 

(2020). 

68. Kell D B, Pretorius E. Serum ferritin is an important 

inflammatory disease marker, as it is mainly a leakage product 

from damaged cells. Metallomics 2014; 6(4): 748–773. 

69. McDermid JM, Hennig BJ, van der Sande M, Hill AV, Whittle 

HC, Jaye A, et al. Host iron redistribution as a risk factor for 

incident tuberculosis in HIV infection: an 11-year retrospective 

cohort study. BMC Infect Dis 2013;13(December (1)):48. 

70. Ghosh S, hevi S, Chuck S L. Regulated secretion of glycosylated 

human ferritin from hepatocytes, Blood (2004), 

https://doi.org/10.1182/blood-2003-09-3050.  



International Journal of Clinical Research and Reports                                                                                                                                                                         Page 9 of 10 

71. Cohen L, Gutierrez L, Weiss A, Leichtmann Y, Zhang D, Crooks 

D R, et al. Serum ferritin is derived primarily from macrophages 

through a nonclassical secretory pathway, Blood (2010). 

72. Torti FM, Torti SV. Regulation of ferrtin genes and protein. 

Blood 2002; 99 (10): 3505-16. 

73. Chen Z, Xu W, Ma W, Shi X, Li S, Hao M, et al. Clinical 

laboratory evaluation of COVID-19. ClinChimActa 2021; 

519:172–182.  

74. Chiou B, Connor JR. Emerging and dynamic biomedical uses of 

ferritin. Pharmaceuticals (Basel). 2018; 11(4):E124.. 

75. Hippchen T, Altamura S, Muckenthaler MU. Hypoferremia is 

associated with increased hospitalization and oxygen demand in 

COVID-19 patients. Hemasphere. 2020; 4(6):e492.  

76. Garcia-Casal M N, Pasricha S, Martinez R, Lopez-Perez L,  

Pena-Rozas J.  Are current serum and plasma ferritin cut-offs for 

iron deficiency and overload accurate and reflecting iron status? 

A systematic review. Archives of medical research, 2018; 

49(6):405–417. 

77. Mehta P, McAuley D, Brown M, Sanchez E, Tattersall R, 

manson J. COVID-19: consider cytokine storm syndromes and 

immunosuppression. Lancet. (2020):3-11.  

78. Vargas M, Cortes-Rojo C. Ferritin levels and COVID-19. Rev 

PanamSaludPublica.(2020):1-21.  

79. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z. Clinical course and 

risk factors for mortality of adult in patients with COVID-19 in 

Wuhan, China: a retrospective cohort study. Elsevier. 2020. 

80. Rosário C, Zandman-Goddard G, Meyron-Holtz EG, D'Cruz DP, 

Shoenfeld Y. The hyperferritinemic syndrome: macrophage 

activation syndrome, still’s disease, septic shock, and 

catastrophic antiphospholipid syndrome. BMC Med. 2013; 

11:185. 

81. Zeng F, Huang Y, Guo Y, Yin M, Chen X, Xiao L, Deng G. 

Association of inflammatory markers with the severity of 

COVID-19: a meta-analysis. Int J Infect Dis. 2020; 96:467–474. 

82. Banchini F, Catteneo G, Capelli P. Serum ferritin levels in 

inflammation: a retrospective comparative analysis between 

COVID-19 and emergency surgical non COVID-19 patients 

World Journal of Emergency Surgery (2021) 16:9. 

83. Litton E, Lim J. Iron Metabolism: An Emerging Therapeutic 

Target in Critical Illness. Crit Care. 2019; 23:81. 

84. Suriawinata E, Mehta K J. Iron and iron-related proteins in 

COVID-19. ClinExp Med (2022). 

85. Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of 

COVID-19: immunity, inflammation and intervention. Nat Rev 

Immunol. 2020;20(6):363-74. doi: 10.1038/ s41577-020-0311-

8. 

86. Ye Q, Wang B, Mao J. The pathogenesis and treatment of the 

`Cytokine Storm’ in COVID-19. J Infect. 2020;80(6):607- 13. 

87. Zhang C, Wu Z, Li J-W, Zhao H, Wang G-Q. Cytokine release 

syndrome in severe COVID-19: interleukin-6 receptor 

antagonist tocilizumab may be the key to reduce mortality. Int J 

Antimicrob Agents. 2020; 55(5):105954. 

88. Kantri A, Ziati J, Khalis M, Haoudar A, El Aidaoui K, Daoudi 

Y, et al. Hematological and biochemical abnormalities 

associated with severe forms of COVID-19. A retrospective 

single-center study from Morocco. PLOS ONE, 2021; 16(2): 

e0246295. 

89. Lino K. Serum ferritin at admission in hospitalized COVID -19 

patients as a predictor of mortality. Brazilian Journal of 

Infectious Diseases [online]. 2021, v. 25, n. 2 [Accessed 25 

September 2022], 101569. 

90. Anai M, Akaike K, Iwagoe H, Akasaka T, Higuchi T, Miyazaki 

A, Naito D, Tajima Y, Takahashi H, Komatsu T, Masunaga A, 

Kishi H, Fujii K, Fukuda K, Tomita Y, Saeki S, Ichiyasu H, 

Sakagami T. Decrease in hemoglobin level predicts increased 

risk for severe respiratory failure in COVID-19 patients with 

pneumonia. RespirInvestig.  2021 Mar;59 (2):187-193. 

91. Urrechaga . E,ZalbaS,Otamendi. I,Zabalegui. AM, Galbete. A, 

Ongay.E ,et al. Hemoglobin  and  anemia in  COVID19  patients. 

Research Article. Hematology& Medical Oncology.Hematol 

Med Oncol. 2020. 

92. Tao Z, Xu J, Chen W, Yang Z, Xu X, Liu L, et al. Anemia is 

associated with severe illness in COVID-19: A retrospective 

cohort study. J Med Virol. 2021 Mar;93(3):1478-1488. 

93. Yağcı S, Serin E, Acicbe Ö, Zeren Mİ, Odabaşı MS. The 

relationship between serum erythropoietin, hepcidin, and 

haptoglobin levels with disease severity and other biochemical 

values in patients with COVID-19. Int J Lab Hematol. 2021 

Jul;43 Suppl 1(Suppl 1):142-151. 

94. TuralOnur S, Altın S, Sokucu SN, Fikri B, Barca T, Bolat E, et 

al. Could ferritin level be an indicator of COVID-19 disease 

mortality? Journal of Medical Virology. 2021 Mar;93(3):1672-

1677. 

95. Chen N, Zhou M, Dong X, Dong X, Qu J, Gong F, et al. 

Epidemiological and clinical characteristics of 99 cases of 2019 

novelcoronavirus pneumonia in Wuhan, China: a descriptive 

study. Lancet. 2020.  395: 507–513. 

96. Kang Zhao, Jucun Huang, Dan Dai, YuweiFeng, Liming Liu, 

ShukeNie, Serum Iron Level as a Potential Predictor of 

Coronavirus Disease 2019 Severity and Mortality: A 

Retrospective Study, Open Forum Infectious Diseases, Volume 

7, Issue 7, July 2020, of a 250. 

97. Sonnweber T, Boehm A, Sahanic S, Pizzini A, Aichner M, 

Sonnweber B, et al. Persisting alterations of iron homeostasis in 

COVID-19 are associated with non-resolving lung pathologies 

and poor patients' performance: a prospective observational 

cohort study. Respir Res. 2020 Oct 21;21(1):276.  

98. Bolondi G, Russo E, Gamberini E, Circelli A, Meca MCC, Brogi 

E, et al. Iron metabolism and lymphocyte characterisation during 

Covid-19 infection in ICU patients: an observational cohort 

study. World J Emerg Surg. 2020 Jun 30;15(1):41.  

99. Alipour. R, Hashemi. SH, Mikaeili F. Serumiron level in patients 

with COVID-19: a case report study. International Journal of 

Research in Medical Sciences.2020. 2658. 

 

 

 

 

 

 

 

 

 



International Journal of Clinical Research and Reports                                                                                                                                                                         Page 10 of 10 

 

 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, 
and indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver 
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless 
otherwise stated in a credit line to the data. 

 

 

Ready to submit your research? Choose ClinicSearch and benefit from:  
 

➢ fast, convenient online submission 
➢ rigorous peer review by experienced research in your field  
➢ rapid publication on acceptance  
➢ authors retain copyrights 
➢ unique DOI for all articles 
➢ immediate, unrestricted online access 

 

At ClinicSearch, research is always in progress. 

 

Learn more  https://clinicsearchonline.org/journals/international-journal-of-

clinical-research-and-reports  

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/international-journal-of-clinical-research-and-reports
https://clinicsearchonline.org/journals/international-journal-of-clinical-research-and-reports

