
52 European Journal of Clinical and Experimental Medicine 2021; 19 (1): 52–58

http://www.ejcem.ur.edu.pl/en/
European Journal of Clinical and Experimental Medicine 

Eur J Clin Exp Med 2021; 19 (1): 52–58

Kusum Ghosh 1(ABG,), Diptendu Chatterjee 1(AFG), Abhisikta Ghosh Roy 2(BG),  
Arup Ratan Bandyopadhyay  1(ABCDFGH)

Socio-economic status, iron deficiency anemia and COVID-19 
disease burden – an appraisal

1 Department of Anthropology, University of Calcutta, Kolkata, India 
2 Anthropological Survey of India, Central Region, India

ABSTRACT
Introduction. Severe Acute Respiratory Syndrome-2, possesses varying degrees of susceptibility and lethality worldwide and 
WHO declared this as a pandemic of this century. 
Aim. In this background, the aim of this present narrative is to provide a complementary overview of how low iron stores and 
mild anemia offers protection from infectious diseases like COVID-19 by restricting the viral replication and also to suggest 
some potential adjuvant therapeutic interventions.
Material and methods. Therefore, we performed a literature search reviewing pertinent articles and documents. PubMed, Goo-
gle Scholar, Chemrxiv, MedRxiv, BioRxiv, Preprints and ResearchGate were investigated.
Analysis of the literature. Recent studies reported drastic systemic events taking place that contribute to the severe clinical 
outcomes such as decreased hemoglobin indicating anemia, hypoxia, altered iron metabolism, hypercoagulability, oxidative 
stress, cytokine storm, hyper-ferritinemia and thus Multi Organ Failure, reportedly hailed as the hallmark of the COVID-19 hy-
per-inflammatory state. Interestingly it is globally observed that, countries with higher Socio-economic status (SES) have con-
siderably lower prevalence of Iron Deficiency Anemia (IDA) but higher Case Fatality Rate (CFR) rate due to COVID-19 while, low 
SES countries characterized by the higher prevalence of IDA, are less affected to COVID-19 infection and found to have less CFR, 
which is almost half to that of the higher SES counterpart. 
Conclusion. Present review presumed that,low iron stores and mild anemia may play a beneficial role in some cases by offering 
protection from infectious diseases as low iron restricts the viral replication.Thus, suggested iron chelation or iron sequestra-
tion as an alternative beneficial adjuvant in treating COVID-19 infection.
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Introduction
COVID-19 is a novel infectious disease, caused by 
SARS-CoV-2 which belongs to the family Coronaviri-
de.1 SARS-CoV-2, is a severe, complex, and multifacto-
rial diseaseand driven by a combination of genetic and 
epigenetic factors.2This disease endangers dispropor-
tionately the elderly especially those with pre-existing 
co-morbidities.3From the large family of Coronaviruses, 
three have been known to cause severe pneumonia such 
as Severe Acute Respiratory Syndrome Coronavirus 
(SARS-CoV) and Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV) and recently recognized Se-
vere Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2), possesses varying degrees of susceptibility and 
lethality worldwide.4-7 Researches demonstrated that 
SARS-CoV-2 enters the human body through Angio-
tensin Converting Enzyme 2 (ACE2) receptor, present 
in the lung epithelial cell and develops a typical form 
of the acute respiratory distress syndrome (ARDS).8,9 

Current management system of COVID-19 is aptly 
focused on the fact that ARDS is the leading cause of 
fatalities.10 Nevertheless with massive global research ef-
forts and contemporary data and perceptive, continues 
to generate surge of information on COVID-19 patho-
genesis. Consecutive studies reported drastic systemic 
events taking place that contribute to the severe clinical 
outcomes such as; decreased hemoglobin i.e. anemia, 
hypoxia,altered iron metabolism, hypercoagulability, 
oxidative stress, cytokine storm, hyper-ferritinemia and 
multi-organ-failure (MOF) which are reportedly hailed 
as the hallmark of the COVID-19 hyper-inflammatory 
state.11-14 Evidences shows that these complications are 
inevitably associated at a systemic level, and suggests 
some other pathogenic mechanisms which remains 
largely un-elucidated.15

Data suggests SARS-CoV-2 can form a secreted 
protein encoded by ORF8 and a novel short protein en-
coded by ORF3b, which play a role in the viral patho-
genicity.16 Recently, an innovative pathophysiological 
hypotheses based on in silico demonstration proposed 
that a number of transcribed non-structural proteins 
(ORF1ab, ORF10, ORF3a and ORF8) coordinately at-
tack the heme on the 1-beta chain of hemoglobin and 
inhibited the heme anabolic pathway which in turn in-
creases the level of free floating irons.17 Subsequent in 
vitro immuno-electron microscopic studies, provided 
evidences on the possible virus spike (S) protein interac-
tion with hemoglobin (Hb) in red blood cells and with 
iron metabolism using the CD147 and/or CD26 recep-
tors, other than ACE2.18,19 Due to the wide expression 
in erythrocytes these receptors are proven to be deep-
ly implicated in extensive pathologies associated with 
oxidative hemolysis, like decreased Hb level, hypoxia, 
thrombosis, objectively related to the clinical symptoms 
highlighted in course of COVID-19 infection.20-23 Iron 

containing protein Hb is a functional unit of Red Blood 
Cell (RBC). Being an essential component of RBC’s Pro-
duction i.e. erythropoiesis, iron is also important for 
proper functioning of the host immune system and reg-
ulating many physiological process.24,25 Furthermore, for 
proper functioning of host immune system body have to 
maintain iron homeostasis, a balance between iron ab-
sorption, transportation, storage and utilization.26,27 The 
interaction of the peptide hormone, hepcidin and iron 
exporter ferroportin, interplays central role in establish-
ing this delicate balance.28-30 But interruption of this bal-
ance results in impaired iron homeostasis, can lead to 
both iron deficiency and iron excess which have detri-
mental effects.31 Hyper-ferritinemia is a response of ex-
cess iron load, characterizes with several autoimmune 
diseases, and evince pathogenic role on the ground of its 
immunomodulatory properties, which has already been 
described as a cardinal feature of COVID-19.12,13,32,33Low 
iron concentration on the other hand restricts iron up-
take by erythrocyte precursors, limits hemoglobin syn-
thesis and causes anemia in which Hb concentration 
drops below the normal level (Male: >13.0 f/dl; Female: 
>12.0 g/dl) and become incapable to meet an individ-
ual’s physiological requirements.34,35Anemia has multi-
ple etiologies including nutrient deficiencies, acute and 
chronic infections, and genetic hemoglobinopathies.36,37 
Iron deficiency is often considered as the primary and 
commonest cause of anemia globally.37The onset of iron 
deficiency anemia (IDA) is influenced by various host 
factors such as age, sex, physiological, pathological, di-
etary and socio-economic status (SES).38 Iron exists in 
twoforms, heme iron (rich in meat) and non-heme iron 
(rich in whole grains, nuts, seeds, legumes).39 Although 
the intake of non-heme iron rich foods did not differ 
across different SES strata but study reported heme iron 
uptake increased as household income rose.40 Studies 
also reported significant association between low SES 
and higher prevalence of anemia which in turn related 
to the severity of several communicable and infectious 
disease.44-46 Higher SES (defined by the countries’ GDP 
per capita) seems to have a protective effect on anemia 
and its related health complications.40

But in case of COVID-19, interestingly it is ob-
served from the world COVID-19 tracker that, coun-
tries with higher SES (United States, Canada, Europe, 
Australia) have considerably lower prevalence of IDA, 
but accounts for higher CFR rate due to COVID-19.47,48 
On the other hand, low SES countries for example Af-
rica (poorest continent of the planet) and Indiacharac-
terized by the higher prevalence of IDA, are less affected 
to COVID-19 infection and possesses less CFR due to 
COVID-19, which is almost half to that of the higher 
SES counterpart (Fig. 1).47-49

Hence, developed countries denoted by higher 
SES condition and normal hemoglobin level possibly 
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possesses greater severity of COVID-19 than the ane-
mia endemic regions. While vaccines are yet to be ap-
proved, Remdesivir, an antiviral drug used for treating 
Ebola, SARS, MERS, has shown efficacy against SARS-
CoV-2 infection.50 Not only that, lopinavir/ritonavir, an 
approved anti HIV drug also has been recommended 
for treatment of SARS-CoV2 infection.51 Most recent-
ly, high dose dexamethasone has shown efficacy in pa-
tients who are critically ill with COVID-19.52 Although 
these drugs are showing a promising efficacy, but in-
deed, there is no specific drug against SARS-CoV-2. 
The drugs that are currently used for the treatment of 
COVID-19 are still assessed in clinical trials.53 There-
fore, it is urgently imperative to find out strategies for 
prevention and is urgently needed to recognize the pos-
sible factors causing variations in severity and fatality of 
the disease in different human populations.

Aim
In this background, the aim of this present narrative is 
to provide a complementary overview of how low iron 
stores and mild anemia offers protection from infectious 
diseases like COVID-19 by restricting the viral replica-
tion and also to suggest some potential adjuvant thera-
peutic interventions. 

Material and methods
Therefore, we performed a literature search reviewing 
pertinent articles and documents. PubMed, Google 
Scholar, Chemrxiv, MedRxiv, BioRxiv, Preprints and Re-
searchGate were investigated, using the following head-
ings and keywords, linked to the words COVID-19 or 

Sars-CoV-2: hemoglobin, heme, erythrocyte, hemato-
poiesis, erythroblast, hemolysis, hypoxia, hypoxemia, 
iron, hepcidin, ferroportin, ferritin, ferroptosis, hemo-
chromatosis, iron chelation, translational medicine, 
oxidative stress, drugs, nutrition, food supplements, 
CD147, CD26, thromboembolism.

Analysis of the literature
Although there is fewer information about anemia or 
iron regulations in SARS-CoV-2 patients, some clues 
could be observed based on previous viral infections 
such as SARS,MARS, HIV-1.54-57 Iron is crucial for both 
the host and the pathogen.57,58 For the host, iron is es-
sential for appropriate physiological process.25Likewise, 
several pathogens including virus, bacteria, fungi, and 
protozoa uses iron (host-cell elements) as niches for 
their survival.29Many Viruses, most likely including 
HCoVs rely on iron for their protein synthesis and ge-
nome replication in host cells. In the context of HIV-1 
infection, iron is involved in several key steps of virus 
replication.57,59 In the reverse transcription of viral RNA 
into DNA, the required dNTPs are generated by RNRs 
whichare an iron-dependent proteins.54 NF-κB, contrib-
utes to the activation of HIV-1 promoter can be activat-
ed by iron and IкB kinase activation.60-62 Nuclear export 
of new transcribed viral RNA is also iron dependent.63 
Finally, iron-binding ATPase, involved in the assembly 
of the gag capsid proteins into mature HIV-1 virions.64 
ATP hydrolysis is necessary for the unwinding activi-
ty of helicases of SARS-CoV and MERS-CoV during 
the viral replication.55,56 Virus also use intracellular iron 
for their propagation beside heme iron.57 Increased iron 

Fig. 1. Iron Deficient Anemia prone regions revealed low CFR by COVID-19, CFR: Case Fatality Rate (July, 2020 COVID tracker)
Source: Pandey S, Singh V. Food Fortification to Combat Iron Deficiency Anaemia. International Journal of Advanced Nutritional 
and Health Science 2013;1(1): 39-47. 
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storage in Macrophages also facilitates its replication 
which are presumed to be infected by SARS-CoV-2.8 
Thus, it is likely that SARS-CoV-2 requires iron for viral 
replication and for its functions.

Furthermore, studies reported many virusesinclud-
ing SARS-CoV-2disrupts iron homeostasis (induced 
by hemolysis) and increases the intercellular iron load, 
leads to the faster viral replication and  ultimately the 
severity of the disease.18,57,59 This iron overload in turn 
leads to significantly higher Ferritin level i.e. hyperfer-
ritinemia.65 Ferritin, serves to bind iron molecules and 
to store iron in a biologically available form for vital cel-
lular processes but moderate levels of hyper-ferritinemia 
are associated with autoimmune diseases, including sys-
temic lupus erythematosus (SLE), rheumatoid arthritis 
(RA), multiple sclerosis and antiphospholipid syndrome 
(APS) whereas, typically elevated levels are associated 
with other conditions including macrophage activation 
syndrome (MAS), adult-onset Still’s disease (AOSD), 
catastrophic APS (cAPS) and septic shock.66,67 Iron de-
pendence of viral replication and modulation of host 
iron metabolism by viruses, signifies the importance of 
adequate iron supply for the completion of these rep-
lication process.68 Butgrowing pile of clinical evidences 
reported that low iron stores and mild anemia may be 
beneficial in some cases by offering protection from in-
fectious diseases as low iron restricts the viral replica-
tion.29,58,59,65,69-71 Nevertheless, clinical data also indicated 
that poor prognosis is related to the condition of iron 
overload observed in patients with infection of hepati-
tis B/C (HBV/ HCV) virusesand iron depletion have a 
marked anti-HIV effect.72-74

As a consequence of above mentioned pathogenic 
scenario linking iron, ferritin and infection, it could be 
presumed that the potential of iron chelation or iron se-
questration as an alternative beneficial adjuvant in treat-
ing SARS-CoV-2 infectionbecause of its ability to make 
a complex by binding with the iron and excrete from 
the circulation without any organ damage (Fig. 2) and 
also denying iron to invading microorganisms andpro-
tecting the host tissues from hyper-ferretinemia related 
consequences.57,65,75,76

This diagram depicts COVID-19 leads to inflamma-
tion and during a heightened inflammatory state, cyto-
kines, particularly IL-6, altered iron homeostasis and 
stimulate ferritin and hepcidin synthesis. Hepcidin, the 
key iron regulatory hormone, sequesters iron in the en-
terocytes and macrophages, leading to intracellular iron 
overload. Hyper-ferritinemia is associated with a state 
of iron overload. Excess intracellular iron enhances vi-
ral replication, interacts with molecular oxygen, gener-
ating reactive oxygen species (ROS) and also results in 
mitochondria dysfunction, microbiota dysbiosis (lungs 
and gut) and hyper coagulopathy. But, iron chelators may 
provide protective effects by inhibiting intracellular iron.

Fig. 2. Cycle of COVID-19 pathogenesis and the role of iron 
chelation

There are several iron chelators have been designed 
to excrete tissue iron through urine or feces. Each of 
these chelators has their own advantages and disadvan-
tages. So while choosing iron chelation therapy one has 
to select very carefully according to the levels of depos-
ited iron and clinical symptoms of the afflicted patients 
and the disease itself.74 Beside this modulation of hepci-
din and ferroportin expression during infection and in-
flammation increases iron metabolism as a host defense 
mechanism and decreases iron availability to invading 
pathogens.29 This lead to the concept of nutritional im-
munity, as a whole of constitutive and inducible mech-
anisms that regulate the iron availability to pathogens 
and thus limit their capacity to infect the hostby disturb-
ing the viral metal dependence which would presum-
ably exhibit antiviral effects.76,77

Limitations 
This review is mainly based on theoretical modeling, and 
on limited evidence. A number of scientific research-
es in this regard are needed in the next future. Data on 
COVID-19 case fatality rate (CFR) are taken using world 
COVID-19 tracker which might be biased by testing only 
symptomatic individuals, and not asymptomatic individ-
uals for some countries. The speculative reasoning pro-
vided in this review may contribute to stimulate future 
studies, to corroborate or disprove our elaboration.

Conclusion
Present review presumed the potential of iron chelation 
or iron sequestration as an alternative beneficial ad-
juvant in treating COVID-19 infection due to its dual 
function of denying iron to invading microorganisms 
and protecting the host tissues from oxidative stress.
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