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Abstract: COVID-19 in 2020 brought challenges to the Brazilian public health system with an 
emerging virus with respiratory contagion called SARS-CoV-2. There are few studies in Brazil and 
in some countries, on the increased incidence of certain viral respiratory infections, including H1N1 
and coronavirus and their association with low levels of vitamin D, zinc and iron. The aim of this 
study was to demonstrate that the deficit of vitamin D, zinc and iron has an impact on the infectious 
process of patients with COVID-19 and to establish new forms of prevention for the worsening of 
COVID-19 in the human body. Data were collected from medical records and test results from 
patients being followed up during the treatment period for COVID-19. Patients with low blood 
levels of vitamin D, zinc and iron during the treatment period of COVID-19 had a higher percentage 
of worsening and complications requiring hospitalization in intensive care beds. The ingestion of 
vitamin D, zinc and iron in the treatment period of patients with COVID-19 in addition to being an 
immunological protector against SARS-CoV-2 and alleviating the process of worsening the disease 
can also act as a biomarker in cases of this disease. 
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1. Introduction 

In April 2020, Brazil began to mobilize to combat COVID-19 in order to establish risk 
factors and prognostic markers, such as the deficit of Vitamin D, zinc and iron [1,2]. 
COVID-19 reached Brazilian states such as São Paulo, Rio de Janeiro, Fortaleza and 
Amazonas, and in adult infected patients the result was the development of severe 
pneumonia through Beta Coronavirus (SARS-COV-2) [1,3]. However, cases of death in 
Brazil have characteristics related to viral pathogenicity without worsening the patient 
according to a deficit of macro and micro elements [2,3,4]. 

COVID-19 patients in Brazil are adults with one or more comorbidities [5,6]. Most 
patients are over 50 years old and have pre-existing diseases mainly in the heart and 
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respiratory system; some patients are smokers, which cause complications [7,3]. On the 
other hand, there are patients who have severe kidney diseases that hinder clinical 
improvement during the treatment period [1,2]. In addition, hypertension or chronic and 
neurodegenerative diseases brings aggravations such as death during the treatment 
period [6]. 

In Italy, COVID-19 manifests itself in patients through high fever (≥ 38.0º C), fatigue, 
non-productive cough, dyspnea and diarrhea. In this case, laboratory tests of patients with 
confirmed diagnosis show normal or reduced white blood cell count, as well as reduced 
lymphocyte count, especially in severe cases, thrombocytopenia, high transaminase, high 
lactate dehydrogenase (LDH), high creatine kinase (CK) and myoglobin elevated [7,2,8]. 
The death of patients occurs in severe cases, because the disease progresses quickly to 
septic shock with great difficulty in treatment due to the presence of metabolic acidosis 
and coagulation dysfunction [4,8]. 

Studies in Brazil, China, Italy and the United Kingdom involving Covid-19 have 
brought direct primary outcomes of this disease with comorbidities, mainly responses to 
direct primary immune deficiency such as the body's immune deficiency, coagulation, 
coagulative activation, myocardial injury, liver damage, kidney damage and secondary 
bacterial infectious correlations [9,10,5]. The virus reaches the innate immune system 
through non-specific responses whereas in the adaptive system the responses are specific 
to the antigen by the innate immune response [11]. However, in Brazilian patients it is 
possible to verify that severe cases with evolution to death tend to occur in patients who 
have developed lymphopenia and secondary inflammation [12,13,1]. 

In addition to the text quoted above, there are cases of patients who are able to 
recover from Covid-19 with little or no medical and hospital intervention, in this case, 
patients who do not have deficits in elements such as zinc, iron and Vitamin D [14,15,16]. 
Thus, this discrepancy as an immunological outcome of patients with COVID-19 has 
challenged the Brazilian public health system to find an adequate response [17,11]. Some 
Brazilian regions have limited data, which makes it difficult to make statements about 
populations that may be susceptible to COVID-19 [18,19]. However, it is possible to state 
that the severity of the disease is associated with some underlying conditions of the host, 
such as age, biological sex, immunological health, deficits of macro- and 
microelements,vitamin D, zinc and iron and the existence of diseases pre-existing such as 
diabetes [12]. 

Given the above, the objective of this study was to describe through a case report that 
the deficit of vitamin D, zinc and iron has an impact on the infectious process of patients 
with COVID-19 and on the worsening process, as well as on the development of 
complications in COVID-19 during the treatment period. 
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2. Materials and Methods 
 
2.1. Study population 

In this case report, patients aged ≥ 40 years and with laboratory diagnosis of COVID-
19 through real-time reverse transcriptase “polymerase chain reaction assay (RT-PCR)” 
for specific severe acute respiratory tracts were included in the positive control 
groups(Treatment). 

In addition, patients with blood tests with dosages of elements such as zinc, iron and 
levels of vitamin D (25-hydroxyvitamin D (25 (OH) D) who presented deficits in the 
results were included, and those patients who presented consistent symptoms for COVID-
19 such as cough, dyspnoea, fever, fatigue and loss of smell and taste in the period from 
June to October 2020. 

All patients were observed by public health professionals and private hospitals 
during the period of preventive treatment to control worsening by chest X-ray or chest 
and D-dimer tomography. Patients who did not show any deficits in the results were 
included in the negative control group for COVID-19. 

The positive control group for COVID-19 was divided into patients with vitamin D, 
zinc and iron deficiency. In the positive control group (Treatment) with Vitamin D deficit, 
patients were included according to national and international guidelines with local 
laboratory standards (Vitamin D ≤20 ng/dL), zinc (Zn ≤ 70 ug/dL).  

The positive control group or treatment group for COVID-19 was divided into 
patients with vitamin D, zinc and iron deficiency. In the positive control group 
(Treatment) with Vitamin D deficit, patients were included according to national and 
international guidelines with local laboratory standards (Vitamin D ≤20 ng/dL), zinc (Zn 
≤ 70 ug/dL). 

In addition, an evaluation of the blood iron level was performed in the laboratories 
of the Brazilian public health system or private health system with the purpose of 
verifying the presence of anemine, verifying the deficit of serum ferritinin and serum iron 
to be used as a determinant of health or worsening of the patient's health with COVID-19. 

The treatment group included adult participants who had Hb levels ≤ 11 ng / dL and 
serum iron levels <50 ug / dL according to the standard used by the Ministry of Health in 
Brazil. 

The treatment of patients with CO-VID-19 in public or private hospitals was carried 
out in accordance with the national guidelines and care instituted by the Ministry of 
Health of Brazil. Some patients were treated with subcutaneous low molecular weight 
heparin as a prophylaxis of venous thromboembolism according to guidelines from the 
Ministry of Health of Brazil. 

2.2. Data Collection Methods 
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In this experimental and observational study, data were collected through the 
extraction of medical records and results of follow-up exams in hospitals and laboratories 
with a database of patients included in the study.  

Also, age, weight, BMI, smoking and hyperglycemia were included. COVID-1.9-
related hospital mortality was considered as the primary outcome. 

 Results that included patients with alterations in radiological images and with the 
presence of important cellular laboratory alterations were considered as results. In order 
to maintain the quality of clinical care, Vitamin D, zinc and iron were quantified as 
requested during the treatment period at the care institution. 

The data were stored in an Excel spreadsheet which contains biochemical and 
hematological information.  

The entire procedure was carried out according to the Brazilian guidelines for the 
diagnosis and prognosis of COVID-19 through the measurement of C-reactive protein 
(CRP), D-dimer, ferritinin, hemoglobin, high sensitivity of troponin T, lactate 
dehydrogenase (LDH) and count of lymphocytes and other cells of the defense system in 
the human body.  

The data related to the cause of death was obtained by verifying the death certificates 
issued by hospital institutions held by family members. 

 
2.3. Ethical Principles 

This research was authorized by the Department of Continuing Education of the city 
of Campo Grande/MS and the Federal University of Mato Grosso do Sul for data 
collection. Clinical data were collected and were not identifiable.  

All data were collected in situ and treated according to the regulations of the Ethics 
Committee of the Federal University of Mato Grosso do Sul considering local standards 
on data protection (CAAE: 42969320.0.0000.0021). All practices carried out in the study 
were carried out in accordance with regulations and clinical practice protocols. Serum 
levels of Vitamin D, zinc and iron were performed at the health institution to which the 
patient attended for the treatment of COVID-19 and did not require researchers to 
perform phlebotomy and supplementation of zinc, iron and vitamin was not performed. 
D. All patients were monitored and received care according to standard practice for the 
treatment of COVID-19 over the period of the study offered by the Ministry of Health in 
Brazil. 

3. Results 

A total of 20 patients aged 40 to 80 years were selected in this study. Only 8 men and 
5 women totaling 13 patients (65%) with a positive result for COVID-19 were allocated to 
the “positive control or treatment” group, on the other hand, 7 patients (35%) without a 
diagnosis of COVID-19 were allocated to the “negative control” (Table 1). 

In the positive control group, 9 patients (45%) had a level of 25 (OH) D ≤ 20 ng/dL 
and 02 patients (10%) had a level greater than 20 ng/dL (Table 3). In addition, 8 patients 
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(61.5%) had a level of Zinc (Zn) ≤ 70 ug/dL and 1 patient (7.6%) had a level greater than 
120 ug/dL (Table 3). 

When assessing the blood level of iron concentration in the positive control group 
that underwent treatment, it was found that 9 patients (69.2%) had a serum iron level 
equivalent to < 50 ug/dL. On the other hand, 5 female patients (38.4%) also had a ferritinin 
blood level < 23.6 ng/mL. However, 4 patients (30.7%) were male and had ferritinin < 11.0 
ng/ml, of all patients included in the treatment group, a total of 8 patients (61.5%) had 
hemoglobin < 11 (g/L) (Table 3). In addition, 8 patients (61.5%) were included in the 
treatment group are diabetics with glucose > 99 mg/dL (Table 3) in blood level. 

Based on the results of the 13 patients belonging to the treatment group (Positive 
control group) with COVID-19, it is possible to verify that about 9 patients (69.2%) had a 
hemoglobin level lower than that standardized in Brazil (Reference value of 11 - 15 ng/dL). 
It was found that these lower hemoglobin levels occurred in patients over the median age 
(60 years) and with a greater proportion in female (8) and diabetic (61.5%) patients. In 
addition, these diabetic patients with low hemoglobin levels worsened during the 
COVID-19 treatment period and needed to be admitted to intensive care unit beds (Table 
3 and Table 2). 

A total of  9 patients in the treatment control group (69.2%) had D-dimer with 
elevation levels above 1 mcg/ml. On the other hand, 5 patients (38.4%) progressed to 
mortality during the hospitalization period with a hospital stay of more than 20 days, 
which mainly evolved to radiological worsening (Table 2 and Graph 2). 

The clinical data of positive control patients with COVID-19 and with vitamin D, zinc 
and iron deficiency (Temperature, SaO2, hospitalization, Use of intensive therapy with 
use of mechanical ventilation and death) were compared with the negative control groups 
(Table 2). From the comparisons between groups, it was possible to verify that 2 patients 
in the positive control group (15.3%) used intensive care and had the need to use 
mechanical ventilation, however, in the negative control group 6 patients (46,1%) 
experienced the need to use intensive therapy with the use of mechanical ventilation 
(Table 2 and Graph 1). Thus, it is possible to verify that there was a difference in the mean 
length of stay of patients in the positive control group (treatment) with COVID-19 during 
the hospitalization period compared to the negative control without COVID-19 (Table 2). 

Blood levels of vitamin D in the positive control group (treatment) with COVID-19 
were significantly lower than the reference values used in Brazil, which totaled 9 patients 
(69,2%) (Table 3). The zinc concentration was lower in the positive control group 
(treatment) with COVID-19 compared to the standardized reference value in Brazil, and 
totaled 8 patients (61.5%). Serum iron, ferritinin and hemoglobin were lower than the 
values standardized by Brazil, totaling 9 patients in the positive control group with 
COVID-19 (69.2%) (Table 3). 

According to the results, 7 patients had a vitamin D deficit (53.8%), as well as 7 
patients had a zinc deficit (53.8%). On the other hand, 9 patients had an iron deficit (45%). 
An interesting fact is that such patients with vitamin D, zinc and serum iron deficits 
evolved with worsening in COVID-19 and had a high average in the level of D-dimer. 
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Such patients required hospitalization with the use of the bed in intensive care and 
mechanical ventilation during the treatment period. In addition, 5 patients progressed to 
death, mainly those with pulmonary worsening (Table 3, Graph 1 and Graph 2). 

In the positive control group with COVID-19, patients with Vitamin D, zinc and iron 
deficiency had higher peak levels of lymphocytes, leukocytes, Natural Killers cells, IL-6, 
IL-4, IL-10, IL-2 and IL-8 due to the increase in the hospitalization period and the need to 
use intensive care (Table 2, Table 3 and Graph 1). In this case, it was observed that these 
patients showed an increase in the percentage of peak levels in CD3 (7, 35%). It is possible 
to verify a significant difference in mortality in the positive control group with COVID-19 
when compared with the negative control group COVID-19 (Table 2). 

 
Table 1. Demographic characterization of patients with COVID-19 according to the case report 

 

 

 

 

 

 

 

 

 

 

Table 2. Clinical characterization of patients with COVID-19 according to a case report. 

CLINICAL DATA 

Clinical Data Male Female Patients with Covid-
19Positive  - Control 

Group(n = 13) 

Patients without 
COVID-19 -  Negative 
Control Group(n = 7) 

Temperature (°C) 

(36.0 – 37.9) 2 1 2 2 
(38.0 – 38.5) 2 2 8 2 
(38.5 – 39.5) 4 1 3 3 

SpO2 

(91% - 100%) 1 1 2 2 
(81% - 90%) 4 2 6 2 
(71% - 80%) 1 0 1 1 
(61% - 70%) 0 1 1 0 
(50% - 60%) 2 1 3 2 

Hospitalization (Days hospitalized) 

DEMOGRAPHIC DATA 

Age Male Female Tobacco Use IMC ≥  
30.0 a 39.9 

Patients with 
Covid-19 
Positive 

Control Group 
or treatment 

Patients without 
COVID-19 

Negative Control 
Group 

(40 – 50) 1 1 1 2 2 2 
(50 – 60) 2 1 1 2 3 2 

 (60 – 70) 3 1 3 4 4 1 
(70 – 80) 2 2 1 1 4 2 

TOTAL 13 07 
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(01 – 10) 1 1 2 7 
(11 – 20) 1 1 2 0 
(21 – 30) 3 2 5 0 

Use of intensive therapy using mechanical ventilation (Days) 

(01 – 10) 1 1 2 1 
(11 – 20) 1 1 2 0 
(21 – 30) 1 1 2 0 

Death during the patient's follow-up period in the case report 

Death during the 
patient's follow-up 
period in the case report 

3 2 5 1 

 

 

Table 3. Characterization of the laboratory results of patients with COVID-19 according to the case report 

RESULTS OF LABORATORY EXAMINATIONS 
Clinical Data Male 

N (%) 

 

Female 

N (%) 

Patients with Covid-19 - 
Positive Control Group - N 

(%) (n = 13) 

Patients without COVID-
19 - Negative Control 

Group – N ( %)  
(n = 7) 

Serum Vitamin D (ng/dL) 
< 20 5 4 9 2 

(20 - 60) 1 1 2 2 
≥ 100 1 1 2 3 

Serum Zinc (ug/dL) 
<70 5 3 8 3 

(70.0 – 120) 3 1 4 2 
> 120 0 1 1 2 

Serum Iron (ug/dL) 
< 50 4 5 9 1 

50 - 175  0 1 1 3 
> 175 2 1 3 3 

Ferritin (ng/mL) 

> 23.9 (Male 
reference value) 

4 0 4 5 

<23.9(Female 
reference Value) 

0 5 5 2 

Hemoglobin (g/L) 

< 11 1 8 9 2 
(11 – 15) 2 1 3 2 
> 15 0 1 1 3 

Protein C (%)  
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 1.0  - 3.0 mg/L 3 6 9 7 
Proteín S (%) 

67.5 – 139.0 % (Male 
reference value) 

5 0 5 7 

60.1 – 113.6 % (Female 
reference Value) 

0 4 4 7 

Glycated Hemoglobin (Hb A1c) 

5.7% - 6.4% 2 03 5 5 
≥ 6.4% 3 05 8 2 

D-Dimer ( mcg/mL) 

< 0.5 2 2 4 5 
> 1 5 4 9 2 

Glucose (mg/dL) 

70 – 99  2 3 5 4 
>  99 3 5 8 3 

Auxiliary T lymphocytes CD4+ (%) 

< 30.7 1 1 2 4 
30.7 – 49.0 8 1 9 2 

> 49.0 1 1 2 1 

Total Leukocytes (cells / µL) 

< 3.8000 3 1 4 4 
3.800 – 11.000 1 1 2 1 

> 11.000 3 4 7 2 

CD4 T lymphocytes (CD3 + CD4 +) (cells /µl) 

< 477 4 5 9 4 
477 - 1140 1 1 2 1 

> 1140 1 1 2 2 

Total Lymphocytes (cells / µl) 

< 1000 1 1 2 4 
1000 - 4000 1 8 9 1 

> 4000 1 1 2 2 

Cytotoxic T lymphocyte CD8 +  (CD8 (CD3 + CD8 + / CD3 +)% 
< 13.8 0 1 1 4 

13.8 – 27.4 5 5 10 1 
>27.4 1 1 2 2 

CD8 T lymphocytes (CD3 + CD8 +) (cells / µL) 
< 211 1 1 2 4 

211 - 724 3 5 8 1 
> 724 2 1 3 2 

CD3 % 
< 55.5 2 5 7 4 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 May 2021                   doi:10.20944/preprints202105.0413.v1

https://doi.org/10.20944/preprints202105.0413.v1


 9 of 18 
 

 

55.5 – 75.2 1 2 3 1 
> 75.2 1 2 3 2 

Natural Killer cells (CD56 + CD16) (cells /µ) 

< 137 1 2 3 4 
137 - 567 2 5 7 1 

> 567 1 2 3 2 
Interleukin 6 (IL-6) (pg/mL) 

> 5.9 5 5 10 3 
Interleukin 10 (IL-10) (pg/mL) 

< 9.1 7 4 11 3 

Interleukin 2 (IL-2)  (UI/mL) 
< 0.10 6 4 10 3 

Interleukin 4 (IL-4) (pg/mL) 
< 38.7 6 5 11 3 

Interleukin 8 (IL-8) (pg/mL) 

< 50.0 7 2 9 3 
Neutrophils (µL) 

< 1600 1 1 2 4 
1600 - 8000 1  2 1 

> 8000 4 5 9 2 
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Graph 1. Deficit of Vitamin D, Zinc and Iron as biomarkers in the clinical worsening in patients with COVID-19. 

 

Graph 2. Characterization of Vitamin D, Zinc and Iron deficiency as biomarkers in radiographic deterioration and D-dimer > 1 

mcg/mL in patients with COVID-19. 

 

4. Discussion 

In this case report study, it is possible to verify that when adjusting the data in a 
linear regressive manner, a significant trend is observed for mean hemoglobin and serum 
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iron at levels that were below the standard and that are related to the average age of 60 
years of the participants in the study (Table 1 and Table 2) [20,21,7]. Compared to other 
studies with patients who presented moderate symptoms in COVID-19, it is possible to 
observe that there is a similarity between both, because the patients with severe symptoms 
in this study also had the lowest hemoglobin levels when used as a standard [22,18,7]. In 
addition, hemoglobin and iron levels decreased with a higher percentage in diabetics, 
which was similar to other studies already developed [23,24,7,3].  

Huang et al (2020) [3] in their descriptive study obtained similar data in which 
hemoglobin levels in 45% of patients with COVID-19 were hospitalized and required an 
intensive care bed [21,3]. The results presented in our study corroborate the study carried 
out by Wang et al (2020), which demonstrated a worsening in the symptoms of patients 
such as COVID-19 with serum levels below 11.0 Hb g/L [18,7]. 

According to Cen et al (2020) [7], hemoglobin levels below 11 g/dL are directly 
related to the worsening of the disease in patients with COVID-19 [12,3]. In addition, 
Giacomelli et al (2020) highlighted in their observational study a high prevalence of 
patients with COVID-19 and anemia, which totaled 24,262 patients, with the ferritinin 
level being below the highest standard in populations over the age of 60 years and these 
patients evolved to death, such evidence confirms the data found in the present study, 
which is the case report type [20,23,7].  

Corroborating our findings, Zhou et al (2020) [6] found in their analysis that the 
chances of death of patients hospitalized in an intensive care bed are higher among 
patients with ferritinin levels above 23.9 ng/mL [20,25]. In fact, this occurs because serum 
ferritinin is high in patients who progress to death compared to patients recovered over 
the course of the clinic, and this increase is due to the deterioration of the disease [3]. For 
example, patients with severe hypoxemia had significantly lower serum iron levels than 
the standard used [16].  

According to Tables 2 and 3, from the assessment of iron quantification in patients 
with COVID-19 and progression of worsening signs, it was possible to observe that 
hemoglobin levels decrease with advancing age [7,3]. In addition, the increase in deaths 
and morbidities was seen with a greater increase in women, the elderly, diabetics with 
levels of ferritinin and serum iron below the standard level [27,7]. 

The serum iron concentration is a determinant of the body's ability to transport 
oxygen from the blood, thus, in this study it is possible to verify that the serum 
hemoglobin levels that are lower than the standard established in Brazil, develops the 
worsening of the patient with COVID-19 mainly in the at-risk population such as the 
diabetic patients in this study [20,21,7,3].  

Given the above, serum iron can be considered as a biochemical indicator for the 
worsening of the patient with COVID-19, since the patient with COVID-19 suffers a 
decrease in the ability of hemoglobin to support the increase in peripheral tissue in the 
distribution of oxygen in the body, which in turn is linked to the hypermetabolic state 
during the virus infectious process (Graph 2) [18,26]. 
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Studies demonstrated that patients with serum iron deficit may develop a change in 
hemoglobin concentration and develop a decrease in oxygen saturation in the body (Table 
2) [20,18]. Thus, these patients may worsen the treatment process of COVID-19 and evolve 
to the need for hospitalization in an intensive care bed due to a decrease in the ability of 
hemoglobin to develop sepsis in the body with dysfunction of the multiple organ 
syndrome, usually during the diagnosis period and treatment of the patient with COVID-
19 [7,3]. Viral sepsis is ignored in clinical diagnosis [3]. Therefore, the current evidence in 
the patient with COVID-19 demonstrates that they develop acute breathing difficulty or 
acute respiratory distress syndrome, and the prognosis depends on the body's ability to 
use the demands of peripheral oxygen in the tissues, and when not able to using develops 
hypoxia and ischemia [27,12,28,16]. 

In view of the above, it can be said that these dysfunctions are related to the serum 
biochemical marker due to changes in the hemoglobin profile [7,26]. Furthermore, it is 
possible to identify that the worsening of patients with COVID-19 can be compared to the 
macrophage activation syndrome and that it may be associated with high levels of 
ferritinin or due to the occurrence of a cytokine storm [18]. 

Serum iron influences the activation of macrophages in order to increase the 
secretion of inflammatory cytokines found mainly in patients with COVID-19 [3]. In 
addition, serum iron can increase ferritin in support of the immune system as an intuition 
to defend the body against the invading virus [27]. 

The ideal serum iron levels in the host cells are necessary for the defense of the 
organism by the innate system to occur in an orchestrated way in response to the viral 
infectious process [21]. In fact, the innate system decreases the bioavailability of serum 
iron in order to decrease the replication of the virus in the acute phase of the infectious 
process [18]. The increase and storage of serum iron carried out by ferritinin in 
macrophage cells will help in the fall of serum iron through the increase in serum ferritinin 
and this process was observed in the results obtained in our study as an acute response 
(Table 3), which will result in worsening of anemia [20,21]. 

In addition, the worsening of anemia demonstrated a worsening of the main defense 
cells of patients in the positive control group (Treatment) with COVID-19 [18,25]. 
Therefore, serum iron and elevated ferritinin in patients with COVID-19 can be used as a 
screening biomarkers for the severity of inflammation in patients with COVID-19 
[20,21,3]. 

Regarding serum zinc (Table 2 and Graph 2), the data presented in this study 
highlight the importance of further research in relation to the main role of zinc (Zn) in the 
immune system [29]. Zinc is an essential microelement for nutrition and plays a role in 
the physiology of the immune system through activity as a signaling molecule [29,3]. In 
addition, this element has specific anti-inflammatory functions in the human body, 
however, it has antioxidant stabilizing activities on the cell membrane [29,2,8]. On the 
other hand, the deficit of zinc in the human body alters the survival of cells of the immune 
system by adversely affecting its specific cellular actions, such as phagocytosis, the 
production of cytokines and the death of target cells (Table 3) [2]. The zinc deficit causes 
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changes in the mechanism of activation of the response of helper T cells and CD8+ 
(cytotoxic) T cells [30,8]. Zinc deficiency causes immunodeficiency with the presence of 
severe lymphopenia which is characterized by a gradual decrease in the development of 
B cells in the bone marrow [30,7,3]. Thus, such highlighted evidence is in agreement with 
the results obtained in the present study (Table 2) [30,4]. 

In fact, it is due to the zinc deficit that the human body presents a depression in the 
immune system, and thus, the symptoms of patients with the zinc deficit will worsen and 
evolve into one of the main differentiating signs in COVID-19 which is the impaired taste 
and smell (Table 2 and Graph 2) [7,3]. 

Zinc can protect cells from apoptosis and this action has a protective importance 
mainly in individuals with diabetes, and in this way zinc potentiates the effect of IFN-
αgradually in order to neutralize the antagonistic function of IFN by SARS-CoV-2 protein 
[13,7]. Thus, it was possible to observe in this study the presence of neutrophilia in 
patients who evolved with the worsening through the hospitalization process until death 
(Table 3 and Graph 2) [13,30,16]. Deficit of zinc causes oxidative damage to phagocytosis 
in natural killer cells, macrophages and neutrophils [30]. This zinc deficit causes the 
neutrophil to have difficulty recruiting cells to the site of inflammation and, therefore, 
undergoes changes in the chemotactic response, which is why we have neutrophilia in the 
patient diagnosed with COVID-19 [14,3]. Therefore, when analyzing the results obtained 
in this study involving COVID-19, it can be considered that elements such as Zinc are 
supplemented in patients with COVID-19 being treated, however the serum dosage must 
be monitored by health professionals such as doctors, nurses and nutritionist on a regular 
basis during the treatment period. [4,16]. 

In the present study (Table 3 and Graph 2), as seen in the infectious period by 
COVID-19, zinc levels decreased significantly in patients causing worsening and 
death[29,3]. In view of the results obtained, this study emphasizes that zinc is effective in 
immunological protection and useful in zinc deficit known as hypozincemia (serum zinc 
<70 μg/dL) and may decrease the innate and adaptive antiviral response [29,7,3]. 

Vitamin D is able to reduce the risk of infectious viral disease as it activates the main 
physiological actions grouped in forms of physical barrier, as well as cellular in the 
immune process and adaptive immunity [17,19]. For example, the respiratory system is 
considered as the primary site for viral invasion, the deposition of pathogenic 
microorganisms in the human body, which occurs through inspired air [19,7,5]. Thus, the 
respiratory tract brings defenses that involve several factors such as the mucociliary 
escalator, receptor and effector molecules of the innate immune system [17]. In this way, 
this sophisticated defense system is weakened by negative cellular factors capable of 
aggravating the symptoms of COVID-19, such as age over 60, presence of pre-existing 
diseases such as diabetes (Table 3) and the deficit of Vitamin D in serum blood (Table 3 
and Graph 2) [15,10]. The actions of vitamin D strengthen immunity through the induction 
of antimicrobial peptides, such as human catelicidin LL-37 and 1,25-dihydrixivitamin D, 
which will keep the junction clusters adhering to the gaps in the process of inducing 
antimicrobial peptide [15]. Deficit of Vitamin D alters the effects of catelicidins, which will 
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exhibit a direct antimicrobial action and decrease the amount of invading microorganisms 
such as COVID-19 [30,4,6]. 

The catelicidin has in the human body the function of including and inducing a 
specific type of pro-inflammatory cytokines that will stimulate the chemotaxis of 
neutrophils, monocytes, macrophages and T lymphocytes at the site of infection [2,3]. 
Thus, they have the ability to eliminate the virus that causes COVID-19, which is a 
respiratory pathogen, since it induces apoptosis and autophagy of epithelial cells infected 
by the COVID-19 virus [28,19]. Such processes occur since the 1,25 (OH) D-Vitamin D 
receptor acts to promote the catelicidin gene, and according to the literature, Vitamin D 
through this receptor is capable of potentiating the catelicidin transcription. COVID-19 
patients activate the innate immune system as a response to the virus and generate pro-
inflammation with anti-inflammatory cytokines [15,7,3]. Thus, Vitamin D assists in the 
treatment of patients with COVID-19, as it reduces the production of pro-inflammatory 
drugs, mainly auxiliary Cytokines T (Th1), TNF-α and IFN-γ with the increase in the 
expression of anti-inflammatory cytokines by macrophages (Table 3) [7]. 

Vitamin D also promotes the production of cytokines (Th2) mainly by suppressing 
the production of Th1 cells and this suppression is a complement of immune defense with 
actions mediated by specific cell types that will induce the production of regulatory T cells 
(Treg) by inhibition of the inflammatory process [11,3]. 

From the results obtained in the presente  study it was possible to verify that the 
serum concentrations of Vitamin D decrease with increasing age, that is, patients over the 
age of 60 had a high Vitamin D deficit and this is due to lower sun exposure and levels 
lower levels develop in patients with less sun exposure time [7,3]. In addition, it should 
be taken into account that the ideal levels of Vitamin D in the blood serum decrease with 
the use of antiepileptic, antibiotics, anti-inflammatories, antihypertensive, antiretroviral, 
as well as the use of endocrine and some herbal medicines, and this occurs by activating 
the pregnane X receptor [7,3]. Therefore, the present study (Table 3) is consistent with the 
results obtained by Gruber-Bzura et al (2018) in demonstrating that the deficit of Vitamin 
D reduces the risk of flu-like illnesses such as COVID-19 [10,3]. 

In terms of the impact on Vitamin D deficit in patients with COVID-19, the present 
research demonstrated that Vitamin D has a direct relationship in the worsening of 
complications in COVID-19, because patients with normal blood levels had a slight 
percentage of worsening (Table 3, Graph 1 and Graph 2) [10,2].  

Such results prove that the deficit of Vitamin D contributes to the development of 
the Acute Respiratory Discomfort Syndrome and thus the lethality rates increase with age, 
comorbidity of chronic disease, being directly associated with a concentration of 1.25 (OH) 
lower 2D [9]. The normal measurement in blood serum of Vitamin D increases the host's 
immune response against COVID-19 and its aggressive effects on all organs of the human 
system. The increase in serum vitamin D levels above 30 ng/mL has beneficial effects in 
reducing the incidence and severity of various viral diseases such as COVID-19 [9,3]. 

Patients with a BMI greater than 30 had a high rate of hospital admission due to 
COVID-19 (Table 1 and Graph 2) [31]. According to results published in the literature. 
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And the COVID-19 enters the human body through the cells of the intestine and alveoli 
by the dysregulation of the renin-angiotensin system which will contribute to the 
activation of cytokines and this is deadly in patients who progress to Acute Respiratory 
Syndrome [9]. The increase in obesity (BMI > 30) facilitates the increase in adiposity and 
affects the internal lung level, such as the alveolar, in which the distribution of immune 
defense cells can contribute to a maladaptive inflammatory cycle and secondary to the 
injury process in the body and generally is aggravated by the high presence of 
hypertension and diabetes mellitus [9]. In addition, deficit of Vitamin D contributes to the 
increase of infections in the respiratory and gastrointestinal tracts [31].  

The Italian population that died from COVID-19 had a very high prevalence of 
hypovitaminosis D due to the long winter [31]. Vitamin D has activity in the negative 
endocrine modulating renin-angiotensin system (RAS) and is able to inhibit renin 
expression and generation [15,9]. In addition, Vitamin D is able to reduce the activity of 
the ACE2/Ang- (1-7)/MasR axis by inhibiting renin on the ACE/Ang II/AT1R axis and thus 
an increase in the expression and concentration of ACE2 occurs, MasR and Ang- (1-7) that 
will play a protective role in the potential against acute lung injury in Acute Respiratory 
Syndrome [15,9,10]. 

According to previous studies [31,10,3] and the results observed in this case 
manuscript, it is possible to identify that Vitamin D can be used as a potential in the 
therapeutic approach to combat COVID-19. In addition, the effect of vitamin D against 
COVID-19 is related to the suppression of the cytokine response and can be used as a 
biomarker capable of characterizing probabilities of aggravation caused by COVID-19 in 
populations such as the one investigated in this study and who present with 
hypovitaminosis D (Table 3 and Graph 2) [15,9,10,3]. 

In addition, Ramos et al (2020) [2,3] suggests that hypovitaminosis D may explain 
geographical variations according to the lethality rates reported in COVID-19, indicating 
that the deficit in Vitamin D is related to the increase in mortality due to the pandemic. In 
fact, Vitamin D deficit decreases the TCD4 + lymphocyte count in viral infectious 
processes like COVID-19 and similarly occurs in HIV infections [2,3].  

In addition, Vitamin D deficiency causes the risk of thrombosis, however, Vitamin 
D is able to control the expression of several genes relevant to cell proliferation, 
differentiation, apoptosis and angiogenesis [10]. 

According to the results obtained in this study, the deficit of Vitamin D increases 
the risk of death of patients (Graph 1 and Graph 2) and corroborate that the deficit of 
Vitamin D may be associated with an increase in the worsening of COVID-19, therefore, 
there is more evidence of the positive role of the use of Vitamin D in the treatment and 
prevention of aggravations in COVID-19 [31,10,3].  

The results of this study are in line with those published by Jakovac et al (2020) [7,3], 
which emphasizes the importance of assessing the status of vitamin D and the 
polymorphism of the VDR gene in the patient with COVID-19 in order to explain the 
disproportionate spreading behavior of COVID-19 mainly related to decreased immune 
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functions in individuals with BMI>30, that is, the presence of overweight and/or obesity 
and diabetics related to greater pathogenicity (Table 3 and Graph 1) [7,3].  

In fact, type II diabetic patients have hyperinsulinemia that will stimulate the 
reduction of Vitamin D status through sequestration in adipocytes by decreasing the 
negative charge of the plasma membrane between red blood cells, platelets and 
endothelial cells that will increase agglutination and cause example thrombosis 
[23,24,28,10]. 
 
5. Conclusions 
 

The pandemic caused by COVID-19 in the world and in Brazil has shown a small 
decrease in cases of death, mainly in Brazil and in the state of Mato Grosso do Sul. 

This study brought the possibility of using Zinc, Iron and Vitamin D as elements in 
order to potentially protect the citizens of SARS-CoV-2 or alleviate their illness process by 
worsening the disease and act as biomarkers for the worsening. The deficiency of Zinc 
decreases the anti-inflammatory, immunomodulatory and antiviral activities, mainly in 
COVID-19 and results in the worsening of the disease, as well as the increase in the use of 
intensive care beds and the death of patients. 

As noted, the iron deficit increases the death of patients hospitalized in an intensive 
care bed, especially in patients with a ferritinin level greater than 23.9 ng/mL. In addition, 
the level of normal serum iron tends to increase this percentage of ferritinin in the body, 
giving positive support to the innate immune system in the body's defense process against 
the invading COVID-19 virus. 

Vitamin D has immunomodulatory actions in the body and can have favorable 
effects on the viral infectious process by COVID-19, and vitamin D deficit increases the 
risk of death for patients with COVID-19. 
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