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Abstract
Viruses continued to emerge and bring challenges to the global public health system with emerging viruses with
respiratory contagion. Previous studies have shown that the increased incidence of certain viral respiratory
infections, including influenza and coronavirus, is associated with low levels of Vitamin D, zinc and iron.
Elements such as iron, zinc and Vitamin D influence adaptive immunity by inhibiting the proliferation of B cells
with differentiation and secretion of immunoglobulins that will supply the proliferation of T cells and this will
result in a more pro-inflammatory response change.
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1. Introduction
In February 2020, severe pneumonia caused by Beta Coronavirus (SARS-COV-2) hit northern Italy called (Pan
American Health Organization, 2020) the current outbreak, has 368.338 confirmed cases worldwide, with 16.113
deaths, in 23 March 2020 according to the World Health Organization (WHO) in collaboration with Public Health
centers in other countries (Pan American Health Organization, 2020).
Transmission occurs similar to other coronaviruses, human-to-human transmission and, depending on the patient's
clinical conditions, causes COVID-19 pneumonia (Chan et al., 2020). And the clinical characteristics of
COVID-19 have been slowly reported according to epidemiological indicators with cases of occurrence (Zughaier
et al., 2014; Chan et al., 2020). The coronavirus which are encapsulated RNA, with positive sense of single stripe,
with zoonoticorigin and belonging to the Coronaviridae family (Zughaier et al., 2014; Chan et al., 2020).
There are numerous questions about the nature of the current COVID-19 pandemic in Italy and the sudden start in
Brazil (Chan et al., 2020). When analyzing the discrepancy in cases of severe death between areas in the
Chineseprovince where the outbreakbegan, useful data regarding the pathogenicity of the virus can be observed
(Pan American Health Organization, 2020; Chan et al., 2020). The cases occur in male men with one or more
comorbidities, such as kidney, cardiovascular and cerebrovascular diseases and diabetes or hypertension (Prasad,
2009; Chan et al., 2020). Studies carried out during these COVID-19 pandemic days have demonstrated a direct
relationship with comorbidities such as cellular immune deficiency, coagulation, coagulative activation,
myocardial injury, liver and kidney damage and correlations with secondary bacterial infections (Chan et al., 2020;
Pan American Health Organization, 2020).
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The most serious cases occurred in patients who developed lymphopenia and secondary inflammation, that is,
notably, these sequelae are related to pre-existing complications of patients who evolved to death (Chan et al.,
2020; Pan American Health Organization, 2020).
However, other patients appear to be able to recover with little or no medical intervention and this epidemiological
discrepancy has challenged the Brazilian health system to find an answer (Pan American Health Organization,
2020).
Each region has limited data, it is difficult to make robust statements about populations that may be susceptible to
COVID-19 (Chan et al., 2020). But it is worth remembering that the severity of diseases such as SARS and
coronavirus corresponds strongly to some underlying conditions of the host, such as age, biological
sex,immunological health, vitamin deficits of macro elements and micro elements and previous diseases (Zughaier
et al., 2014; Chan et al., 2020).
The evolution of patients inCOVID - 19 for serious purposes, such as death, presented trends similar to the initial
patient reports of 2015-nCov (Pan American Health Organization, 2020), in this case, elderly patients over 60
years (Chan et al., 2020), history of previous diseases such as heart or respiratory (Prasad, 2007, 2009), smoking,
kidney function, hypertension or chronic diseases such as multiple sclerosis, that is, characteristics included in the
57 lethal cases in Brazil until March 23 (Pan American Health Organization, 2020). Severity increases and causes
death in people over 50 years after infection, as the patients underlying health plays a critical role in overall
susceptibility to COVID-19 (Chan et al., 2020). The main clinical manifestations of COVID-19 in patients include
high fever (≥ 38.0º C), fatigue, non-productive cough, dyspnea and diarrhea (Pan American Health Organization,
2020). However, the laboratoryexamination of the patients seenincludes normals or reduced leukocyte count,
reduced lymphocyte count, especially in severe cases, thrombocytopenia, elevated transaminase, elevated lactate
dehydrogenase (LDH), elevated creatine kinase (CK) and elevatedmyoglobin (Chan et al., 2020). In severe cases,
the disease progresses rapidly in a few days to difficult-to-treatsepticshock, metabolic acidosis and coagulation
dysfunction (Pan American Health Organization, 2020). So, the research question set in this study is: Changes in
macroelements and microelements such as iron, zinc and Vitamin D can be used as an indicator to carry out a
greater control of the risk group for the infectious process of patients with COVID-19 and, thus, perform a
preventive infection control in the body with clinical value? In this short review, we opted for a broad search for
works published in the period from 2019 to 2020, involving several well-known bibliographicdatabases, such as
PubMed, Lilacs, Medline and Cochrane.
2. IRON
The World Health Organization defines iron deficiency as the nutritional disorder with the highest clinical
prevalence in the world (Kaiser et al., 2006). Iron is a microelement that plays an important role in human
metabolism, such as oxygen transport and storage, release and energy reactions in the electron transport chain,
conversion of ribose to dexorribose and can be used as a co-factor of some reactions enzymatic and numerous
other essential metabolic reactions in the human body (Castro et al., 2011; Piyush et al., 2016).
The hemoglobin has a greater amount of iron in the human body, and through a distribution in the composition of
proteins, enzymes and in the form of deposition (ferritinin hemosiderin) the rest is redistributed (Sim et al., 2010).
The most severe iron deficiency occurs as iron deficiency anemia and has as clinical symptoms weakness, pallor,
dizziness, irritation, tiredness, shortness of breath and loss of appetite (Castro et al., 2011).
And iron deficiency anemia is associated with impairments in the innate immune response and in the adaptive
immune response (Amorin et al., 2012). In the Brazilian territory it has been considered serious in the last two
decades and recently the Ministry of Health estimates that it affects about 50% of children and the elderly as well,
as pregnant women and has been considered the greatest nutritional problem in the country (Kaiser et al., 2006;
Castro et al., 2011).
The biomolecular mechanism of iron deficit in the body by which it provides susceptibility or resistance to viral
infections has not been clarified. Susceptibility to viral infections related to iron deficit has been studied since the
1970s (Cardoso et al., 1992).
Studies have associated iron deficiency anemia with defects in both the adaptive immune response and the innate
immune response in the body, causing significant changes in the body's protective functions. Hughes et al (2006)
demonstrated that the defect in the adaptive immune response includes a reduction in proliferation, differentiation
in the number of T cells, as well as a reduction in the production of cytokines by these cells (Hughes and Kelly,
2006).
When talking about the innate immune response, it is possible to include a reduction in the phagocytic capacity of
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neutrophils, generally related to low myeloperoxity activity and failures in the activity of Killer cells (NK)
(Haussler et al., 2013; Jin, Lee and Kim, 2013; Piyush et al., 2016).
But iron deficiency has an effect on immuno competence and thus acts on susceptibility or resistance to infections,
data related to iron deficit with resistance to infection has suggested different hypotheses (Kaiser et al., 2006;
Piyush et al., 2016). Iron deficiency can predispose humans to infections, however, other studies suggestprotecting
against infectious microorganisms caused by iron deficiency (Kaiser et al., 2006). It is known that iron
supplementation has already reduced many problems in the Brazilian population (Kaiser et al., 2006).
Iron supplementation considerably increases hemoglobin levels and decreases the incidence of anemia (Haussler
et al., 2013; Ampawong et al., 2015). Iron supplementation decreases the prevalence of infections due to the
adverse effects of iron deficiency on the immune system and also decreases the reduction in mortality from
diarrhea in anemic children (Adjuik et al., 2004; Castro et al., 2011).
However, a rapid systematic review of iron supplementation was able to establish controversial results (Castro et
al., 2011), since, it is possible to verify a mixture of evidence for the incidence, duration and severity of several
infectious diseases in association with iron supplementation (Castro et al., 2011; Ampawong et al., 2015).
However, iron supplementation gradually decreases the incidence of fever, viral respiratory infection and
infectious diarrhea (Cardoso et al., 1992; Hughes and Kelly, 2006). But another study brought a higher prevalence
of death to patients with complications related to malaria, pneumonia, sepsis and meningitis (Kaiser et al., 2006;
Haussler et al., 2013; Ampawong et al., 2015).
A study with a significant sample, on the other hand, did not find rates of incidence and prevalence of diarrhea or
respiratory infections among those who received iron supplementation and those who were not supplemented with
iron (Haussler et al., 2013; Amorin et al., 2012).
Currently, COVID-19 has been treated with an initial and effective medication against malaria, in this case,
hydroxychloroquine (Chain et al., 2020), which started suddenly in Brazil and has already been tested in France
and the United States. Hydroxychloroquine is a drug widely used for antimalarial and autoimmune diseases and
has a good profile with efficacy and safety (Cardoso et al., 1992; Castro et al., 2011; Ampawong et al., 2015).
Hydroxychloroquine is highly effective in reducing viral replication with an effective concentration and has a
favorablepenetration into tissues including the lung (Cardoso et al., 1992; Anstey et al., 2002; Ampawong et al.,
2015).
With regard to susceptibility or resistance to malaria, iron supplementation is responsible for the high parasitemia
found in individuals from an endemic area (Agbnyega et al., 2000). Recent studies have shown that individuals
supplemented with iron are more susceptible to malaria (Adjuik et al., 2004; Agbnyega et al., 2000; Amorin et al.,
2012), however, others have shown converging results regarding resistance to malaria provided by iron deficiency
(Alves et al., 2007).
In malaria, anemia occurs through hemolysis, which is observed destruction of parasitized and non-parasitized red
blood cells (Agbnyega et al., 2000; Hughes and Kelly, 2006). Patients diagnosed with chronic malnutrition and
iron deficit have lower hemoglobin and erythrocyte levels than neutrophic patients. In a correlated study of malaria
and malnutrition with iron deficit in Colombia it was shown that iron deficit has a much higher proportion (Adjuik
et al., 2004; Ampawong et al., 2015).
Therefore, in the current population contaminated by COVID-19 in endemic regions, such as Italy, China and
Brazil in a pandemic situation, one of the causes to be taken into account is anemia or iron deficit, because if we
correlate the development of the disease with the severity in relation to the worsening of malaria (Adjuik et al.,
2004; Haussler et al., 2013), it is possible to observe that anemia with significant iron deficit contributed to the
increase of malaria episodes in 51.4% in Brazil (Alves et al., 2007; Hughes and Kelly, 2006).
COVID-19 is a difficult to treatpathogen, and delay in diagnosis is a worsening factor in coronavirus cases, and
generally generates severe complications such as high mortality rates in vulnerable populations, such as
hypotension, metabolic acidosis and shock and the like. malaria shows the same signs of worsening and
complications (Chan et al., 2020).
According to the WHO, profound respiratory changes, that is, respiratory disorder and pulmonary edema are
among the clinical characteristics of worsening malaria and currently COVID-19 which occurs with an incidence
of 3% to 10% in infections caused by the virus and with lethality close to 70% (Pan American Health Organization,
2020).
The most serious presentation of COVID-19 is the acute respiratory distress syndrome and is characterized by
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diffuse endothelial injury and increased capillarypermeability and these characteristics occur in the acute phase of
malaria in patients with significant iron deficiency (Adjuik et al., 2004; Kaiser et al., 2006; Piyush et al., 2016;
Chan et al., 2020).
And what we can see is that endothelial lesions probably have a central role in pulmonary pathology due to the
adherence of infected red cells (Piyush et al., 2016), with the release of cytokines and significant leukocyte
adhesion (Ampawong et al., 2015; Piyush et al., 2016).
Most of the shocked patients in COVID-19 had low peripheral vascular resistance and increased cardiac output
despite the cardiacpump's function being preserveddespite the intense sequestration of infected erythrocytes
(Kaiser et al., 2006; Piyush et al., 2016).
In the clinical development of the patient, postural hypotension may be secondary to autonomicdysfunction
(Villagra et al., 2007). However, severe hypotensiondevelopsabruptly, usually in the course of pulmonary edema,
metabolic acidosis or sepsis (Alves et al., 2007; Prasad, 2009; Ampawong et al., 2015).
In anemic patients, the coagulationcascade is considered a critical component in any infection mainly by
COVID-19 and can be correlated to the degree of coagulation with the severity of the infection, since the activation
of the coagulationcascade is an immunological mechanism, but it does not occurhemorrhage (Cardoso et al., 1992;
Hughes and Kelly, 2006; Kaiser et al., 2006).
It is worth mentioning that tissue hypoxia due to an iron or anemine deficit, presents an increase in muscle activity
duringthe probable complications, as there is an increase in the nutritional demand for parasitized erythrocytes,
inhibition of glucose oxidation in the mitochondria of erythrocytes caused by thiamine deficit (Ampawong et al.,
2015; Amorin et al., 2012) fever and the consequent increase in cytokines (Hughes and Kelly, 2006), by decreasing
the clearance of lactate by the liver due to reduced hepatic blood flow (Adjuik et al., 2004), usually the
sequestration of infected erythrocytes in capillaries and venules causes damage to the adequate supply of oxygen
and thus leads to glycolysis anaerobic (Agbnyega et al., 2000), which causes lactic acidosis with an increased ratio
of lactate and pyruvate and with this increase in lactate there is a reduction in the clearance of blood flow from the
liver due to a decrease in glycogenesis (Andrade et al., 2010), therefore, the results of the latest studies have shown
that it is necessary to surveillance for these vulnerable patients is in 2019-nCoV infection (Pan American Health
Organization, 2020, Chain et al., 2020).
3. ZINC
Zinc is a structural or functional component of variable metalenzymes and metalproteins and participates in many
reactions in cell metabolism, specifically in physiological processes related to immune function and antioxidant
defense (Amorin et al., 2012).
The World Health Organization reports that in the last decade eating habits have undergone changes and thus, it has
interfered in the bioavailability of zinc obtained in the diet (Baum et al., 2010; Pan American Health Organization,
2020).
It is recognized that there are numerous environmental and cultural factors that have caused zinc deficiency
(Amorin et al., 2012), such as low consumption of this element in the mineral diet, energy-protein malnutrition,
presence of agents in the diet that decrease its bioavailability, such as fibers and phytates, malabsorption syndrome,
chronic liver disease, diabetes mellitus, alcoholism, total parenteral nutrition without zinc supplementation,
chelating drugs, for example, penicillamine and also, genetic problems (Haussler et al., 2013).
Recently in Brazil, the nutritional recommendation was modified for the healthy population, in this case 8 mg/day
for women and 11 mg/day for men (Haussler et al., 2013; Pan American Health Organization, 2020).
Generally, zinc deficiency has an estimated prevalence of around 45% of the Brazilian population and 25% of the
world population (Piyush et al., 2016; Pan American Health Organization, 2020), puttingthem at risk, especially in
developing countries (Piyush et al., 2016).
Patients with a history of autoimmune diseases, pregnant women, the elderly or individuals on restrictive diets are
characterized as risk subgroups due to insufficient low daily zinc intake and tend to develop a subclinical
deficiency (Piyush et al., 2016). Among the subclinical signs, impairment of the immune system, changes in taste
and smell with significant loss of appetite and dysfunction such as diarrhea can be observed (Zhong et al., 2003).
Zinc deficiency alters the immune system and favors opportunistic viral infections and thus increases mortality
rates (Prasad, 2007, 2009).
Otherwise, other studies have shown that supplementing with zinc can improve the immune defense of these
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patients. For example, some studies have reported over the years that zinc deficiency aids in HIV replication and
thus impairs cellular immunity and accelerates the apoptosis of cells involved in the immune response (Piyush et
al., 2016). For example, 15 mg of chelated zinc for six months was offered to 31 patients who were divided into a
zinc group and a placebo group according to plasma zinc levels (Ampawong et al., 2015).
It was possible to report that zinc supplementation significantly increased the CD4+ cell count in patients with zinc
deficiency in relation to the placebo group (Baum et al., 2010). This analysis was carried out in order to verify in
the study the effect on the prevention of immune failure among HIV-infected adults (Faw Zi et al., 2005).
In a prospective, double-blind study similar to the previous ones cited by Kaiser et al (2006) to determine the
supplementation of micronutrients such as zinc on HIV (Baum et al., 2010), 40 infected patients participated who
were supplemented with 30 mg of zinc for twelve weeks at the same time other nutrients such as iron and vitamin
D (Faw Zi et al., 2005).
And at the end of the study, the average CD4+ count increased significantly in one of 65 cells in the group
supplemented with micronutrients (Baum et al., 2010). Another study showed a positive result, the study by Baum
et al (2010) demonstrated that with the significant increase in plasma zinc levels, it is possible to established an
average CD4+ cell count (Baum et al., 2010).
When addressing diarrhea in infectious and viral processes such as COVID-19 (Chan et al., 2020), it is possible to
observe that zinc supplementation significantly reduces the rate of diarrhea by more than half over time compared
to placebo as performed in the study by Baum et al (2010) (Baum et al., 2010; Chan et al., 2020).
Therefore, through the analysis of studies with HIV and if we make a comparison in the development of viral
disease (Baum et al., 2010), it is possible to verify the possibility of considering zinc supplementation in patients
with COVID-19 important (Baum et al., 2010; Piyush et al., 2016; Chan et al., 2020), however, it should be
constantly monitored, since supplements monitored by healthcare professionals in a multidisciplinary way (doctor,
nurse and nutritionist) moderately in patients with zinc deficiency can help (Baum et al., 2010).
Each population or health agency in your country should check zinc supplementation strategies for populations at
risk, such as preventive conduct (Kaiser et al., 2006), in addition to the importance of standardizing the amounts of
zinc to be offered, in order not to exceed the ideal levels of maximum allowed intake so as not to risk the evaluated
population (Prasad, 2009; Piyush, 2016).
4. VITAMIN D
Currently, in Italy it has been shown that in the last days in Turin that the patient with COVID-19 has shown a high
prevalence of Vitamin D deficiency (Mocchegiani et al., 2006; Ramos et al., 2019). In Italy, hypovitaminosis D
affects a large part of the inhabitants, especially the elderly, due to highlight that Italy is the second nation with the
largest elderly population in the world, after Japan and to be elderly is to be in the risk group of the new COVID-19
(Mocchegiani et al., 2006; Ramos et al., 2019).
Italy recorded the highest number of deaths in the world as a result of COVID-19 at around 4579 cases confirmed
and 159 death of March 30 (Pan American Health Organization, 2020). Scientific evidence in previous studies
such as tuberculosis, sepsis or flu viruses indicates that the compound has an effect in reducing the risk of
infections (Mocchegiani et al., 2006; Ramos et al., 2019), mainly of viral origin, including that of the coronavirus
and other studies have shown that Vitamin D is able to fight lung damage caused by inflammation or infection
(Prasad, 2009; Ramos et al., 2019).
The role of Vitamin D as an immunomodulators is recognized, since Vitamin D identifies and cancels the action of
inflammatory cytokines, mainly interleukins 6 (IL-6) (Haussler et al., 2013; Jin, Lee and Kim, 2013; Ramos et al.,
2019), which inducessyndromes of systemic inflammatory response (Ramos et al., 2019). In Brazil children and
adults with levels less than or equal to 20 ng/ml are usually categorized as hypovitaminosis D (Ramos et al., 2019).
However, the low serum concentration of 25-hydroxyvitamin-D2 and 25(OH)D3 are considered an important risk
factor forsusceptibility to viral infection and the development of sepsis (Vogeser, 2010; Ramos et al., 2019). For
example, low serum levels of Vitamin D-binding protein considered the main Vitamin D transporter decreases in
sepsis to levels much below the standard (Jin, Lee and Kim, 2013).
The Vitamin D has a regulatory function for systemic inflammatory cytokine levels such as TNF-α and IL-6 and
this effective reaction of Vitamin D is important in the pathogenic development of viral diseases and sepsis (Prasad,
2009).
Infectious diseases tend to show progression that focuses on the dysregulation of inflammatory responses that
includes the large and uncontrolled release of pro-inflammatory mediators to initiate a chain of events that lead to
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generalized tissue injuries (Jin, Lee and Kim, 2013; Ramos et al., 2019). Generally, the severity of the immune
dysfunction is related to the pathogen process since the cells of the innate or adaptive immune system express the
Vitamin D receptor in contrast to the inhibitory role of adaptive immunity (Ramos et al., 2019).
Vitamin D occurs in two forms, in this case, ergocalciferol (Vitamin D2) and cholecalciferol (Vitamin D3) (Jin,
Lee and Kim, 2013), both Vitamin D2 and Vitamin D3 have their molecules structured through their inactive
molecular formula and activation occurs in the liver and kidney by adding chains to the hydroxyl groups which
will result in the predominant active hormonal form, for example, calcitriol (Jin, Lee and Kim, 2013).
The absorption of Vitamin D in the human body occurs by natural food or in the form of supplementation, however
it is important to keep Vitamin D in suspension in the proximal small intestine in order to be absorbed
(Mocchegiani et al., 2006; Ramos et al., 2019).
Vitamin D is a key regulator of the innate and adaptive immune system and the patient at risk, such as diabetics,
heart disease, lung disease, autoimmune, smokers and other chronic or degenerative diseases, has a high
prevalence in Vitamin D deficit (Ramos et al., 2019).
An epidemiological study has shown thatVitamin D deficit (blood dose below 20ng/ml) is a risk factor for
increased viral infections or development of sepsis in intensive care patients (Vogeser, 2010; Ramos et al., 2019).
Previous studies have indicated that the dosage of vitamin D supplementation in patients in risk groups with a dose
equal to or greater than 1250 mcg (50.000 I /weeks) has no trivial and positive effect on the development of
infectious viral diseases, such as H1N1 (Ramos et al., 2019).
A previous meta-analysis study showed that blood serum Vitamin D levels below 20 ng/ml showed worsening in
patients in intensive care with sepsis, mainly in death. Patients who did not routinely monitor vitamin D
supplementation (250 mcg/day) during hospitalization in intensive care showed negative results in improving their
clinical condition and generally progressed to death (Ramos et al., 2019).
It is reinforced that this action of Vitamin D to endogenouslyprotect the patient occurs due to the activation
mediated by Vitamin D through Toll-like receptors where it occurs or increased resistance to the human catelicidin
antimicrobial peptide and thus decreases the vulnerability to infections of viral or bacterial order (Ramos et al.,
2019).
In studies with the pediatricpopulation previously, it is possible to verify that vitamin D supplementation increases
serum IgG levels with peripheral increase in serum IgM levels, as well as maintaining the high percentage of serum
catelicidin (Mocchegiani et al., 2006; Ramos et al., 2019).
Still, in a previous study it is possible to observe a direct relationship between the level of Vitamin D and mortality
in infectious processes such as viruses and bacteria (Vogeser, 2010). The low levels of Vitamin D in the admission
of patients in intensive care with worsening by sepsis is directly related to the deficit of Vitamin D and the time of
supplementation. That is, vitamin D supplementation after 12 weeks (1250 mcg/week) demonstrates an increase in
IL-10 production and a decrease in the frequency of Th17 cells in parallel with the expected increases in serum
25(OH)D (Ramos et al., 2019; 2019).
And it is reinforced that Vitamin D was previously associated with anemia in several healthy and sick populations
(Tomer et al., 2001), since recent studies indicate that the association may differ between race and ethnic groups
and is probably specific for inflammatory or infectious anemia, as for example in sepsis (Ramos et al., 2019).
The mechanism underlying this association involves the reduction of pro-inflammatory cytokines by vitamin D
and the direct suppression of hepcidin mRNA transcription (Mocchegiani et al., 2006; Ramos et al., 2019).
There is also evidence that vitamin D can be protective against anemia, supporting erythropoiesis. Other
calciotropic hormones, including fibroblast growth factor 23 and parathyroid hormone, have also been associated
with iron homeostasis and erythropoiesis (Mocchegiani et al., 2006; Ramos et al., 2019).
Even after 12 weeks of Vitamin D supplementation, there is a benefit of Vitamin D in an acute phase protein that is
synthesized in the liver in response to cytokines, which aims to reflect systemic active inflammation, in this case,
C-reactive protein (PCR) and this process occurs due to the total antioxidant capacity of blood biomarkers of
oxidative stress with Vitamin D receptor (Andrade et al., 2010; Ramos et al., 2019).
In short, vitamin D supplementation with a dose equivalent to 1250 mcg/weeks is considered safe and protective
against infections in the acute respiratory tract, because Vitamin D works as an endogenous immunomodulatory
agent including the regulation of antiviral peptides that are part of innate immunity and can, for example, inactivate
the influenza or other viruses (Ramos et al., 2019).
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5. Conclusion
Iron, zinc and vitamin D deficiency is a nutritional disorder with the highest clinical frequency in the world. And
severe complications in vulnerable populations, for example, diabetics, hypertension, heart disease, anemics and
hypovitaminosis D, worsens in cases of viral or bacterial diseases, for example, H1N1 and coronavirus.
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