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COVID-19 is a kind of SARS-CoV-2 viral infectious pneumonia. This research aims to perform a bibliometric
analysis of the published studies of vitamins and trace elements in the Scopus database with a special focus on
COVID-19 disease. To achieve the goal of the study, network and density visualizations were used to introduce an
overall picture of the published literature. Following the bibliometric analysis, we discuss the potential benefits
of vitamins and trace elements on immune system function and COVID-19, supporting the discussion with ev-

idence from published clinical studies. The previous studies show that D and A vitamins demonstrated a higher
potential benefit, while Selenium, Copper, and Zinc were found to have favorable effects on immune modulation
in viral respiratory infections among trace elements. The principles of nutrition from the findings of this research
could be useful in preventing and treating COVID-19.

1. Introduction

As a positive-sense single-stranded RNA genome, coronaviruses are
found in a variety of animals and humans [1,2]. It is a widespread family
of viruses that provoke respiratory diseases. Coronavirus respiratory
symptoms range from the common cold to severe lung infections [3].
SARS-CoV-2, found in China in December 2019, is genetically similar to
SARS-CoV. SARS-CoV virus caused an acute respiratory distress syn-
drome (ARDS) outbreak in 2002 [4,5]. This novel coronavirus is how-
ever unfamiliar to the human immune system. Thus, no natural immune
system has therefore been established for this virus. Perhaps this is why
SARS-CoV-2 spreads so quickly worldwide.

The immune system has special roles in the defense against infection
[6]. In fact, it is recognized as the body’s defense against infections [7]
which involves members that participate in adaptive immune and innate
immune systems. Importantly, both groups work together to defend
themselves strongly against invaders [8]. The more primitive innate

immune system includes exterior defenses, different phagocytic cells,
cytokine groups, interferons, and serum proteins that offer a frontline of
viral protection against infection [9,10]. Most viral infections are seen to
be controlled by the innate immune system. However, the adaptive
response must be mobilized if viral replication outpaced innate defenses.
Adaptive immunity is mediated by two major components, B and T cells.
The antigen-specific memory cells characterize these cells. The virus can
be neutralized through host T-lymphocyte cells [11-13]. Chen etal. [10]
address the role of the immune system and vital molecules in "antiviral
defense" against influenza A viruses. It was found that if there is sig-
nificant cell proliferation in the immune response, the increasing of the
number of defensive immune cells needs some main components such as
RNA, DNA, protein and complex lipid synthesis.

Many different minerals and vitamins are essential as cofactors in the
metabolic machinery involved in biosynthesis and energy generation.
For example, the human immunity of pediatric patients following
influenza vaccination was improved with vitamin A and D
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supplementation [14]. The immune improvement in patients with Tor-
que Teno virus (TTV) has been shown by high-dose zinc supplementa-
tion [15]. Likewise, the supplementation of selenium has shown a
positive response to a challenge of the influenza vaccine [16]. Therefore,
maximizing natural immunity is extremely important for the prevention
and minimization of the symptoms of a human body virus [17]. To date,
there is no robust and particular therapy against the novel coronavirus.
While it is not well understood what the pathogenesis of the novel
coronavirus is, similar mechanisms of other infectious diseases (e.g.,
SARS-CoV, influenza, and MERS-CoV) can still provide valuable infor-
mation regarding the SARS-CoV-2 pathogenesis to help us recognize,
prevent and protect COVID-19 outbreak. There are several trace ele-
ments as well as vitamins which are necessary to support the immune
system’s normal functioning [7,18] which revealed a significant impact
on improving immunity against viral infections. The intake of
vitamin-rich foods can also help to boost the virus immune system [19].
According to the literature, it is found that the use of vitamins may be
beneficial in the treatment of coronavirus [17]. Accordingly, this review
aimed to investigates the role of trace elements and vitamins to boost
immune system function to fight against the COVID-19 pandemic.
Hence, based on the above discussion, we present the following
hypothesis:

e Vitamins and trace elements have a beneficial role in immune system
improvement and may be effective in reducing the risk of SARS-CoV-
2 infection.

This study is structured into the following sections. In Section 2, we
present the bibliometric analysis. In Section 3, we present the role of
vitamins in immune system function. In Section 4, we present the role of
trace elements in immune system function. Finally, we conclude and
summarize the outcomes in Section 5. In Section 6, we present the

Table 1
List of Acronyms Used in This Study.
Abbreviation Term
ARDS Acute Respiratory Distress Syndrome
B2 Vitamin Riboflavin
B3 Vitamin Niacin
B6 Vitamin Pyridoxine
B12 Vitamin Cobalamin
B Cells Bone Marrow Cells
BVDV Bovine Viral Diarrhea Virus
CD8 Cluster of Differentiation 8 (Glycoprotein)
CHB Chronic Hepatitis Virus B
COVID-19 Coronavirus Disease of 2019
D3 Vitamin Cholecalciferol
DNA Deoxyribonucleic Acid
g Gram
HIN1 Hemagglutinin Type 1 and Neuraminidase Type 1
HCV Hepatitis C Virus
HIV Human Immunodeficiency Virus
IV Vitamin C Intravenous Vitamin C
IVB Influenza Virus B
U International Unit
LF Links Feature
LRTI Lower Respiratory Tract Infection
MERS-CoV Middle East Respiratory Syndrome Coronavirus
MeV Measles Virus
mg Milligram
nCoOV Novel Coronavirus
RCT Randomized Controlled Trial
RNA Ribonucleic Acid
SARS-CoV Severe Acute Respiratory Syndrome Coronavirus
T Cells Thymus Cells
TGFp Transforming Growth Factor Beta
TLS Total Link Strength
TTV Torque Teno Virus
14 Microgram
WOs Web of Science
ZN2 Intracellular Free Zinc
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recommendations and future work. In Table 1, the list of acronyms used
in this study is presented.

2. Bibliometric analysis
2.1. Methodology

Bibliometrics analysis is the deployment of statistic-based ap-
proaches to inspect the published materials in a particular discipline
[20]. Bibliometric measures based on published studies can be utilized
to assess the research outcomes and the citation-based influence of the
research [21].

In this study, the Scopus database was used to retrieve related re-
searches, in which only journal articles were included in the analysis. To
conduct the bibliometric analysis, we retrieved two groups of publica-
tions. To retrieve the Group-1 of papers we used the next keywords:
("Vitamin" OR "Vitamins") AND ("COVID-19” OR "Coronavirus" OR
"COVID" OR "nCoV disease" OR "SARS-CoV-2").To retrieve the Group-2
of papers we used the following keywords: ("Trace elements") AND
("COVID-19” OR "Coronavirus" OR "COVID" OR "nCoV disease" OR
"SARS-CoV-2"). After retrieving the two groups of publications, we
performed multiple bibliometric analyses using VOSviewer software
[22].

Bibliometric analysis was carried out using the VOSviewer tool.
VOSviewer focuses on locating elements in two-dimensional diagrams
[23]. Bibliographic data can be utilized to develop a web of citation,
co-citation, co-authorship, co-occurrence, or bibliographic coupling
links. Based on the kind of path, several kinds of elements are provided.
The interval between two elements indicates the resemblance or rela-
tionship of the elements as precisely as possible [24]. The VOSviewer
software has multiple functionalities to enable handling the diagrams
appropriately: zoom, search, and scroll to allow a comprehensive
investigation of the diagram. The program presents various visualiza-
tions, enabling the reader to concentrate either on the diagram’s general
layout or on its more specific features [25]. In subsections 2.3, 2.4, and
2.6, we used several visualizations to represent the outcomes of the
analyses: network mapping, item density mapping, and cluster density
mapping.

In the network mapping, elements are presented by their titles and
represented in the diagram by circles or frames. The size of the title and
circle is indicated by the weight of the item it represents. The greater the
weight of an element, the bigger the title and the frame of the element.
Titles may not be presented for some elements to prevent overlapping
titles. The element’s color indicates the segment of the element. Paths
among elements represent connections between these elements.
Maximum, 500 associations are presented, indicating the strongest as-
sociations among elements.

In the item density mapping, elements are depicted by comparably
indicating their titles as in the network mapping and the overlay map-
ping [26]. Each element in the diagram is colored based on its density
[27]. Colors vary from red to blue to green. The higher the number of
elements in the area of an element and the greater the weights of the
surrounding elements, the more closely the color of an element is to red.
On the contrary, the less the number of elements in the surrounding area
of an element and the less the weights of the surrounding elements, the
more closely the color of the element is to blue [25].

The cluster density diagrams can be provided when elements belong
to a particular segment. These diagrams resemble item density mapping,
only that, the elements’ density is presented individually for each group
of elements. Also, the color of an element in the diagram is resulted by
combining the colors of various segments. The weight indicated to the
color of a specific segment is resulted by the count of elements that are
assigned to that segment in the surrounding area of a particular spot.

To conduct the bibliometric analysis, we performed a two-fold search
process using the Scopus database. Based on the identified keywords, we
retrieved two groups of publications, related to (1) vitamins and COVID-
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19 and (2) trace elements and COVID-19. We presented the protocol we
followed in Fig. 1.

In Group-1, we retrieved 833 initial studies. By including only
journal articles and excluding other types of publications such as letters
to the editor, book chapters, and conference studies, we obtained 354
studies. In Group-2, we initially retrieved 73 studies. Following the in-
clusion of the journal articles and excluding other types of studies, we
kept only 30 studies. The bibliometric analyses entail several procedures
that include: subject analysis, term analysis, keyword analysis, country
analysis, and citation analysis, which we will clarify in the coming
subsections.

2.2. Subject analysis

The research subject is the main field or area that each research
belongs to. All publications should belong to one or more clear areas.
Hence, referring to the data analysis, the published studies belong to
various and several disciplines. Among these disciplines: “Medicine”,
“Nursing”, and “Biochemistry, Genetics and Molecular Biology” are the
most subjects that the explored studies belong to, in both groups of
studies. In Group-1, as indicated in Fig. 2, the published studies belong
to 16 various disciplines, which indicates the heterogeneity of the
research topic. On the other hand, as indicated in Fig. 3, Group-2 studies

Research Goal: To conduct
bibliometric analysis of the
published studies related
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belong to 9 various disciplines. This can be explained by the total
number of the publications covered in the analysis in Group-2 studies
(30 studies), compared to Group-1 studies (354 studies).

2.3. Term analysis

An investigation of the terms that occurred in the abstracts and titles
of the retrieved studies can present perceptions about the basic themes
and study directions about the role that vitamins and trace elements can
play during the COVID-19 crisis. VOSviewer was utilized to inspect and
envision the terms. Bibliographic details can be presented to VOSviewer
in WOS, Scopus, Crossref JSON, PubMed, or RIS databases. These re-
cords can be utilized to provide VOSviewer with text details. Text details
are usually mined from the title and abstract elements. Text details
should be utilized to build a web of co-occurrence paths among terms.
Term analysis in this study was performed by creating a map based on
the bibliographic database file obtained from the Scopus database. Items
are defined in the included text by utilizing particular natural language
processing approaches. The outcomes of the term analysis of the two
groups of publications are displayed in Fig. 4. and Fig. 5. The circle’s size
indicates the occurrences of a word. The general distance among words
presents insights into their relatedness. The smaller the distance be-
tween two words, the higher their link. The relationships of words are

Stagel:Definition of
research goal

Stage2: Definition of

‘ search keywords ‘

Search keywords for Group-1: ("Vitamin"
OR "Vitamins") AND ("COVID-19" OR
“Coronavirus" OR "COVID" OR "nCoV
disease” OR "SARS-CoV-2" )

Stage 3: Automatic search using
keywords (Scopus database)

N=833|

‘ Stage 4: Filter the
outcomes

Search keywords for Group-2: ("Trace
elements") AND ("COVID-19" OR
"Coronavirus” OR "COVID" OR "nCoV
disease” OR "SARS-CoV-2" )

Stage 3: Automatic search using | ‘ Ns73
keywords (Scopus database) | ‘

Stage 4: Filter the
outcomes

Stage 5: Synthesize the
Outcomes

.

| Results

Fig. 1. Bibliometric Analysis Methodology.
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Fig. 3. Distribution of Publications per Subject of “Trace Elements” and “COVID-19” Publications.

specified by calculating how many times the words appear simulta-
neously in the titles and abstracts [28]. The colors are used to distinguish
among different clusters.

In Fig. 4 the term visualization presents how the words of the
research topic are segmented together, and indicates four separate
segments: Segment 1: red color, Segment2: green color, Segment 3: blue
color, and Segment 4: yellow color. The total included items in the 4
clusters are 162 terms, 6606 links, and total link strength of 48854. The
red segment includes 57 items, the green segment includes 41 items, the
blue segment includes 36 items, and the yellow segment entails 28
items. Fig. 4 indicates that each of the four segments has one or more
core words around which other words are placed. The four central terms
are “COV”, “Vitamin D Deficiency”, “Virus”, and “Group”. The size of the
font is utilized to exhibit the number of publications in which the word
occurs.

In Fig. 5 the term visualization presents how the words in Group-2
studies are segmented together, and indicates five separate segments:

Segment 1: red color, Segment2: green color, Segment 3: blue color,
Segment 4: yellow color, and Segment 5: purple color. The total included
items in the 5 clusters are 49 terms, 442 links, and total link strength of
2828. The red segment includes 15 items, the green segment includes 11
items, the blue segment includes 9 items, the yellow segment includes 7
items, and the purple segment entails 7 items. The five central terms in
the five segments are “Element”, “Nutrition”, “Sample”, “Food”, and
“Immune System”, in the red, green, blue, yellow, and purple segments,
respectively.

2.4. Keywords analysis

Focusing on keywords, the occurrences feature refers to how many
publications in which a keyword exists. We performed a co-occurrence
analysis based on keywords for Group-1 and Group-2 of publications.
Co-occurrence analysis is based on the relationship between any two
elements in the diagrams, which is indicated by the count of publications
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Fig. 4. Terms Analysis of “Vitamins” and “COVID-19” Publications: a) Network Visualization and b) Density Visualization.

I VOSviewer

Fig. 5. Terms Analysis of “Trace elements” and “COVID-19” Publications: a) Network Visualization and b) Density Visualization.

in which they presented together. Based on the analysis outcomes, in
Group-1, the total included items in the 5 clusters are 379 terms, 32,520
links, and total link strength of 101372. The red segment includes 145
keywords, the green segment includes 124 keywords, the blue segment
includes 91 keywords, the yellow cluster has 16 keywords, and the
purple cluster has 3 keywords. The central term of cluster 1 is “Coro-
navirus Disease 2019” with 197 occurrences. This is expected as the
main topic of the retrieved studies is based on COVID-19 disease. The
central term of the green cluster is “adult” with 65 occurrences. The
central terms of the blue cluster are “human” with 414 occurrences,
“pandemic” with 169 occurrences, and “Vitamin D” with 165 occur-
rences. In this cluster, several terms related to Vitamin D were pre-
sented, with several forms; Vitamin D, Vitamin D deficiency, sunlight,
and sun exposure. This indicates the correlation between COVID-19 and

Vitamin D in the published studies. Fig. 6 presents the analysis of the
keywords of “Vitamins” and “COVID-19” publications.

Based on the analyses outcomes, in Group-2, three clusters resulted,
the total included items in the 3 clusters are 35 terms, 573 links, and
total link strength of 2193. The red segment includes 16 keywords, the
green segment includes 12 keywords, and the blue segment includes 7
keywords. Several keywords in the diagram were presented in each
cluster. In the red cluster, the most dominant keywords are “human”
with 22 occurrences, “coronavirus disease 2019” with 19 occurrences,
“COVID-19” with 23 occurrences, and “Trace elements” with 21 oc-
currences. In the green cluster, the most dominant keywords are “fe-
male” with 11 occurrences, “male” with 9 occurrences, “selenium” with
8 occurrences, and “zinc” with 10 occurrences. In the blue cluster, the
most dominant keywords are “pandemics” with 15 occurrences, and
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Fig. 6. Keywords Analysis of “Vitamins” and “COVID-19” Publications: a) Network Visualization and b) Density Visualization.

“virus pneumonia” with 11 occurrences. Fig. 7 presents keywords
analysis of “Trace Elements” and “COVID-19” publications.

2.5. Country analysis

As represented in Fig. 8, the United States was predominantly the
most leading country for Group-1 publications with around 76 studies,
followed by Italy with 44 studies, India with 38 publications, and United
Kingdom with 35 studies. Meanwhile, Group 2 was dominated by pub-
lications from India with 5 studies, followed by Germany and Italy with
4 studies each, and China and the United States with 3 studies each, each
of Australia, France, Greece, and Iran has 2 published studies. The rest of
the countries listed in Fig. 9 has one published study each. These out-
comes are based on the bibliographic database retrieved from the Scopus
database. To present a clear figure, in Group-1 studies, we only include
the countries that have more than three studies.

Fig. 7. Keywords Analysis of “Trace Elements” and “COVID-19” Publications: a) Network Visualization and b) Density Visualization.

2.6. Citation per country

In this subsection, we present a citation visualization based on two-
dimensional maps with countries as actors (Figs. 10 and 11). Citation-
countries visualization provides a clear display for the reader’s eyes to
perceive the structure of citations per country. A cluster density diagram
is presented for countries that have been grouped by clusters. The
density of countries is represented individually for each group of
countries. The mapping of cluster density presents several colors in
which each color resulted from a combination of colors of several
countries. The color’s weight of a particular cluster is identified by the
count of countries included in that segment in the surrounding area of
the particular spot in the map.

Two weight features were utilized: (1) links feature (LF) and the (2)
total link strength (TLS) feature. For a particular country, these features
represent the number of associations of a country with other countries
and the total strength of the associations of a country with other
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Fig. 9. No of Studies per Country of Group-2 Studies.

countries. For example, in the case of citation associations among
countries, the LF represents the number of citation associations from a
given country with other countries. The TLS feature represents the total
strength of the citation associations of a particular country with other
countries.

In the first group of publications, based on citations-country visual-
ization, among 89 countries, 27 countries met the condition, as the least
number of publications of a country is 5 and the least count of citations
of a country is 0. The count of citations of a particular country is the total
number of citations the publications of the country have indicated in the
Scopus database. For each of the 27 countries, the total strength of the
citation links with other countries was measured, and the countries with
the highest TLS were selected. The highest group of linked elements
entails 25 items, 8 clusters, 89 links, and 213 total link strength. Fig. 10
and Table 2 present the data of countries, citations, and total link
strength for Group-1. Among the published articles in this group, the
United Kingdom has received the highest number of citations (451),
followed by Italy (371), then the United States (353), and China (332).

In the second group of publications, based on citations-country,
among 26 countries, only 9 met the condition, as the least count of
publications of a country is 2 and least count of citations of a country is
0. For each of the 9 countries, the total strength of the citation associ-
ations with other countries was measured, and the countries with the
greatest total link strength were selected. The resulted diagram entails 9
items, 9 clusters, and O links. Fig. 11 and Table 3 present the data of
countries, citations, and TLS for Group-2. Among the published articles
in this group, Australia and Greece have received the highest number of
citations (77), followed by Italy (76), Germany (19), and the United
States (10).

3. Part of vitamins in immune system function

The adequate status and intake of all vitamins are important for the
prevention of suppressed immunity. It is found that suppressed

immunity can cause predisposes to aggravates undernutrition and in-
fections [29]. Following the bibliometric analysis of the published
studies, the potential effects of major vitamins and their impact on the
immune system are covered and briefly discussed as follows.

3.1. Vitamin A

Vitamin A is often referred to as an "anti-infectious" vitamin and
plays an important role in infection defenses from its sufficient supply
[30]. For the immune system’s function [31] and the function of several
immune cell types and acute phase response [32], this vitamin is
extremely important. This vitamin also has an anti-inflammatory role in
several inflammatory conditions such as broncho-pulmonary dysplasia
[33,34]. Hence vitamin A deficiency involves increased risks for a range
of infections and altered immune responses [7,35]. Vitamin A effects
have been investigated clinically on humans or experimentally on mice
on the immune system against infectious agents [36]. The supplemen-
tation of vitamin A has been reported to reduce morbidity and mortality
in measles pneumonia, measles virus (MeV), diarrheal disease, HIV
infection, and malaria [37-41]. The deficiency of vitamin A was found
to be highly entailed in measles and diarrhea so that measles in vitamin
A-deficient children can become severe [42]. In Trottier, Colombo [43],
the mechanism for vitamin A and retinoids for the innate immune
response of the uninfected bystander T cells are discussed. Furthermore,
it was found that vitamins A and D have an enhanced immune response
to the influenza virus in children (2-8 years) [44]. In addition, in the
chickens fed a marginally insufficient diet with vitamin A, the effect of
infectious bronchitis virus or IVB, which is a type of coronavirus, was
greater than that of a diet adequate with vitamin A [45]. According to
the above discussion on vitamin A, it could be concluded that as this
vitamin can enhance the immune response against infectious diseases, it
may be an appropriate option for the treatment and prevention of this
new coronavirus. However, more clinical and consumers’ data analyses
are needed to reach a robust conclusion in this regard.
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Fig. 10. Citation Visualization Map for Group-1 Studies.

3.2. Vitamin C

As an ascorbic acid and water-soluble vitamin [30], vitamin C plays a
protective role because the functions of the immune system are sup-
ported by this vitamin. This vitamin is necessary to develop and repair
all body [46]. The levels of this vitamin may be depleted during infec-
tion and the demand for this vitamin increases with infection severity
[47]. In the initial phase of viral infection, this vitamin has shown to be a
key factor in anti-viral immune response [48]. Studies also showed that
RNA and DNA viruses can be deployed by vitamin C as an inactivating
agent, thereby decreasing viral infectivity [49,50]. Ascorbic acid can
also detoxify viral products that cause inflammation and pain [51].
High-dose IV Vitamin C against viral conditions such as cold rhinovirus,
Chikungunya, Zika, HIN1, avian virus, and flu is effective [52,53]. Oral
vitamin C supplements (above 3 g doses) are also beneficial for pre-
venting and treating respiratory and systemic infections [54]. Vitamin C
also promotes immune function and protects against SARS coronavirus
infection [55]. Another publication indicated that vitamin C increases
chick embryo tracheal organ resistance to avian coronavirus [56].
Research in the USA previously carried out in 167 sepsis-related ARDS
patients showed that 4-days IV vitamin C administration of ~ 15 g / day
may reduce death in those patients [57]. The IV vitamin C trial of pa-
tients with pneumonia [58] has shown no significant benefits for sys-
temic corticosteroid treatment in COVID-19 patients [59]. Cheng [60]
showed that high-dose intravenous vitamin C has been successfully used
to treat 50 patients in China with mild to severe COVID-19. A new
clinical trial for the COVID-19 patients’ treatment with infected pneu-
monia recently started in China, to investigate the effects of IV vitamin

C. The researchers of this study expect the trial to be completed by the
end of September [47]. Overall, it is found that the novel coronavirus is
reported to cause lower respiratory tract infection. Accordingly, it is
found from previous reports that vitamin C can be one of the appropriate
treatment options for this virus.

3.3. Vitamin D

As a fat-soluble vitamin, vitamin D is found to be beneficial in
modulating both adaptive and innate immune responses [61]. The re-
sults of the study by Grant, Lahore [62] demonstrated that vitamin D can
reduce the risk of infections by several mechanisms. In most immune
cells, receptors of this vitamin have been identified and some immune
system cells are able to synthesize the active form of this vitamin from its
precursor. This indicates that vitamin D has important immunoregula-
tory properties. In addition, this vitamin can enhance epithelial integrity
[63,64] and directly improve host defense. Through the 156 reviews in
evaluating the possible mechanisms, the results showed that vitamin D
can have an important modulatory role for innate immune responses
which is important in the prevention of respiratory viral infections [65].
A clinical trial has also reported a reduction in the infection of the
dengue virus with 4000 IU/d of vitamin D [66,67] and HIV-1 [68].
Similarly, the recent RCT for the impact of this vitamin supplementation
demonstrated the fact that it is able to promote higher plasma TGFp
levels without any improvement in antibody production [69]. In addi-
tion, the incidence of acute respiratory inflammation in older long-term
patients has decreased by vitamin D [70]. In addition, a prior review
suggested the use of vitamin D to decrease the risks of COVID-19
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Table 2
Countries with Highest Total Link Strength in Group-1 Studies.

Table 3
Countries with Highest Total Link Strength in Group-2 Studies.

Country Documents Citations Total Link Strength Country Documents Citations Total Link Strength
United Kingdom 35 451 82 Australia 2 77 0

Italy 44 371 54 China 3 0 0

United States 77 353 77 France 2 0 0

China 26 332 13 Germany 4 19 0

India 37 234 26 Greece 2 77 0

Saudi Arabia 14 142 5 India 4 3 0

Ireland 5 111 7 Iran 2 1 0

Australia 16 104 13 Italy 4 76 0

Spain 14 85 20 United States 3 10 0

Egypt 5 83 2

Germany 17 77 13

Iran 18 70 13 glutathione as an antioxidant reduces the use of ascorbic acid with

_?di‘um ?9 Z éo antimicrobial action [75,76], which is found to be effective in COVID-19
urkey . .

Canada 13 43 2 p?evel}tlon and treatment [71]. In Ilie, Stef.anescu [77?, the levels of
Brazil 9 27 12 vitamin D have been shown to have major crude linkages to the

France 11 27 15 COVID-19 cases and, in particular, the mortality resulting from

Lebanon 6 22 5 COVID-19 infection. Furthermore, McCartney and Byrne [78] recom-

Ef:;iia : f; ;0 mended supplementation of 20—50 pg/d of vitamin D to enhance the
South Korea 6 13 1 resistance of the older adults, nurses, homeless persons, and other

Netherlands 5 12 2 vulnerable groups (for example, smokers care providers, vegetarians,
Russian Federation 9 8 8 vegans, overweight, and obese) to COVID-19, which should be extended

iangli_deSh : Z 3 rapidly to the general adult population. Alipio [79] also revealed that a
rgentina . . . P

Indonesia - 0 0 vitamin D §upplement ~may improve the .chnlcal outcomes of

Pakistan 6 0 4 COVID-2019-infected patients by an increase in serum (OH)D level.

infection [71]. Moreover, the effect of vitamin D3 to reduce the influ-
enza infection risk and COVID-19 was investigated in [72]. Further,
according to the report in [73], the decreased state of vitamin E and
vitamin D in calves has caused bovine viral diarrhea or BVDV infection.

In addition, the supplementation of vitamin D also upregulates the
expression of antioxidation genes [74]. The increased production of

Thus, proper vitamin D supplementation may be an additional thera-
peutic option for COVID-2019.

3.4. Vitamin E

As a powerful antioxidant, vitamin E is found to be effective in im-
mune response and infection resistance in several trials [80]. This
vitamin is a fat-soluble vitamin. The prior reports have shown that it can



S. Taheri et al.

play a vital role as an antioxidant to reduce oxidative stress by binding to
free radicals [30,81]. The possible anti-viral effect of vitamin E in clin-
ical trials involving small samples of children and adult people with
Chronic hepatitis virus B (CHB) has been already recommended many
years ago with highly interesting and promising outcomes [82]. It has
been shown that there is a positive link between cell-mediated immune
responses and plasma vitamin E according to the literature, while there
is a negative tie between infection risks and plasma vitamin E in healthy
people [83]. Clinical findings also suggest that vitamin E has a key role
in respiratory tract infections. A study of randomized controlled trials of
617 caregivers found a decrement in risks of high-level respiratory tract
infections. However, the results showed that there were not lower res-
piratory tract infections through routine supplementation for one year of
200 IU vitamin E intake [84]. Nevertheless, another study did not
observe the incidence, period, or intensity of respiratory infections in the
elderly community due to supplementary vitamin E (200 mg/day) [85].
In another study, the deficiency in vitamin E intensifies coxsackievirus
B3 infection, in the myocardial cell in mice [86].

3.5. B vitamins

B-group vitamins are water-soluble [30]. They are synthesized by
yeasts, plants, and bacteria [87]. Each type of B vitamins has its own
specific functions. For instance, vitamin B2 is a key element in the en-
ergy metabolism of all cells [88]. Keil et al. [89] reported that UV light
and vitamin B2 can reduce the MERS-CoV titer in human plasma
products effectively. Vitamin B3 (Niacin) has anti-inflammatory effects
and can play a significant role in maintaining immunological homeo-
stasis [87]. In protein metabolism, vitamin B6 (pyridoxine) is also used
and participates in over 100 reactions in body tissue [30]. Vitamins B12
and B6 and folate have been shown to support the activity of CD8
+cytotoxic T lymphocytes and natural killer cells, which is vital for
antiviral protection [90]. Because B-group vitamins shortage can
weaken host immune response, virus-infected patients need to be sup-
plemented to improve the immune system’s function. B-group vitamins
may, therefore, be selected as a basic alternative for COVID-19 infection.
The study by Gharote [91] suggested that the deficiency in vitamin B
could weaken the host’s immune response; thus, for virus-infected pa-
tients, the immune system should be enhanced by vitamin B
supplements.

4. Trace elements’ roles in immune system function

Trace elements have a significant part in maintaining a healthy body
[92]. A healthy balanced diet, rich in vitamins and trace elements will
enhance the functioning of the immune system. Zinc, selenium, and
copper also have favorable immune-modulating effects in viral respi-
ratory infections among trace elements [18].

4.1. Zinc

In the growth and maintenance of immune cells, zinc is an essential
trace element [7,93,94]. Zinc inhibits the RNA polymerase needed to
replicate RNA viruses, such as those containing coronaviruses [85]. This
indicates that zinc may be beneficial for host protection against RNA
viruses. In addition, the deficiency of zinc impairs several aspects of
innate immunity (e.g., respiratory burst and phagocytosis) [95]. Zinc
supplementation in nursing elderly women at 30 mg/day increased
serum zinc levels, which were mainly attributed to a rise in the number
of T cells [96] associated with the enhancement of cell function.
Zinc-deficient populations were also shown to be at increased threat of
developing infections like HIV or hepatitis C virus (HCV) [93]. A clini-
cally significant improvement in the zinc supplement group was found
in 103 children (1 month to 5 years) compared with placebo [97].

Likewise, the supplement of zinc given to children with zinc de-
ficiencies could reduce the morbidity associated with measles and
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mortality due to lower respiratory tract infections [98]. In addition, the
rise in intracellular zinc with zinc ionophores such as pyrithione has
been identified as a means of effectively impairing the replication of
several RNA viruses (e.g., SARS coronavirus) [99]. As a result, zinc
ionophore pyrrolidine dithiocarbamate [100] was used to inhibit flu
virus replication in vitro and there are observations that zinc may inhibit
the replication of SARS-CoVs virus in vitro as well [99]. Zinc is therefore
considered as a possible supportive therapy for COVID-19 infection
because of its effect on the immune-modulatory and its direct effect as
antiviral [30]. In addition, the increasing chloroquine concentration of
intracellular Zn2 + was supposed to mediate its anti-viral effect against
SARS CoV-2 [101]. Thus, zinc supplements may affect not only symp-
toms associated with COVID-19 (e.g., low respiratory tract infections
and diarrhea), but also COVID-19 itself.

4.2. Selenium

As a trace element, selenium has a large array of pleiotropic effects
[102]. Selenium has an essential effect on the innate and acquired im-
mune systems to optimize immune response. It plays a major role in the
regulation of redox and antioxidant function and helps membrane
integrity and protection of DNA damage [103]. Low selenium was linked
to a raised mortality risk and poor immune function. Selenium supple-
mentation has also presented antiviral influences [102]. A study by
Broome et al. [104] has shown that increased intake of selenium in
adults with marginal selenium concentration increases their immune
function.

The dietary deficit of selenium inducing oxidative stress in host cells
has also been reported to alter the virus genome that allows a virus to be
a mild benign or moderate pathogenic virus [35,105]. Therefore, the
selenium deficiency has been announced to not only raise the pathology
of viral infections, but also contribute to genome changes in coxsack-
ievirus, polio, and murine influenza viruses [106-109]. Observations
indicate that poor selenium condition may contribute to the production
of more pathogenic virus strains, raising the risk and burden of viral
infection, because selenium supports enzymes that along with vitamin E
are beneficial to protect cells and tissues from oxidative damage by
preventing the development of free radicals [105].

The supplementation of selenium has been effective in human im-
mune response [110] and poliovirus reactions [104]. The supplemen-
tation of selenium may, therefore, be an efficient choice for treating the
COVID-19.

4.3. Copper

Copper is an important micronutrient for viral infections for both
pathogens and hosts [111]. Farag, Baqi [112] found that copper is one of
the most important human nutrients and demonstrated its role in
numerous physiological processes including brain development and
function and immune system function [113]. It has been demonstrated
that copper plays an important role in immunity through involvement in
the production and differentiation of immune cells like T-cell prolifer-
ation as well as natural killer activity and by metal sequestration ma-
chinery in the host [114,115]. Copper itself is also antimicrobial and
promotes natural killer cell development, neutrophil, and monocyte and
macrophage [7]. Copper deficiency is linked to changes in many copper
status indices, including concentration of plasma coppers, ceruloplasmin
and erythrocyte superoxide dismutase activities [116]. Sharma [117]
reported that copper can be effective in the prevention of respiratory
viruses, including those associated with SARS and MERS.

In another study by Wilson et al. [118], Mn, Cu, and Zn supplements
have improved the clinical signs, performance, and TM balance of calves
in response to the virus of bovine diarrhea or BVDV. Providing supple-
ment Cu to calves that are marginally dietary in Cu-deficiency can in-
crease levels of liver Cu during a respiratory challenge. The increased
levels of Cu could positively affect the calves’ immune response during a
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combination of respiratory difficulties [118]. According to Rico,
Roca-Botran [119], the results concluded that a replacement of copper
may be a safe way to avoid or prevent resorption, thereby preventing
osteoporosis. It is therefore important now more than ever to support the
body in ensuring a healthy immune system response. A wise approach is
to support the body in using an aggressive nutritional program using
extremely efficient, carefully selected herbs, foods, and nutrients to
support the whole body. Therefore, Cu supplementation and mineral
deficiency correction may be beneficial for COVID-19 patients.

5. Summary and conclusion

This study conducted a bibliometric analysis of the published re-
searches focusing on the potential impacts of vitamins and trace ele-
ments on COVID-19. The vitamins’ roles in the immune system and
infectious disease were investigated. The result of the study demon-
strated several outcomes based on the multiple analyses performed. As
this study concentrated on presenting several visualizations of term-
occurrences, keyword-occurrences, and citations-country visualization
based on the published studies, future directions for researchers and
decision-makers can be outlined.

As time is taken to develop effective vaccinations and antivirals,
vitamins and other antioxidants are currently available to reduce the
novel coronavirus-associated respiratory distress syndrome. All possible
treatments must be carefully taken into account when combating
COVID-19 infection. It is evident from the studies addressed in this re-
view that recognizing the disease and its impact on the immune system
would enhance the treatment of the disease. Based on the findings of
previous studies, the immune system has essential protection against
most infectious illnesses, including SARS-CoV-2. The main weapon
against viral infections is a healthy immune system. The use of trace
elements and vitamins is necessary for the normal function of the im-
mune system. The research underlines the significance of daily diets of
vitamins and trace elements for their possible inhibitory impact on viral
disease. Overall, according to Group-1 and Group-2 of publications, the
main findings of this review are as follows. First, considering the
beneficial role of vitamins, a decrease in the levels of vitamins may lead
to a poor immune system and accordingly lead to the infection of
coronavirus. It also could be suggested that a moderate amount of vi-
tamins can, therefore, be beneficial for preventing novel coronavirus at
the early stage through improving the immune system. Hence, the
outcomes are summarized as follows:

e Vitamin A was found to be critical for the improvement of immune

function. This vitamin is involved in the immune system’s develop-

ment and is found to be important in the humoral immune processes
and cellular immune responses. Furthermore, an enhanced immune
response to influenza was observed after vitamin A supplementation.

The reports showed that vitamin A can be effective for the prevention

of lung infection as well.

Early use of vitamin C as an antioxidant can also be an effective

treatment for patients with disease infection. As previous research

has shown, under some conditions, vitamin C can be beneficial in
preventing lower respiratory tract infection (LRTI). However, this
must be further investigated through clinical studies. The findings of
prior researches revealed that COVID-19 may cause infection of the

respiratory tract and, therefore, under some conditions, vitamin C

may be beneficial in preventing LRTI.

e The findings also revealed that vitamin D and vitamin E supple-
mentation may have a high potential to enhance SARS-CoV-2 resis-
tance. Vitamin D is also found to have a major impact on the
improvements of modulates adaptive immunity, cellular immunity,
and expression of antioxidation-related genes. Further, according to
the reports, vitamin D can stimulate the immune system (T cells and
B cells) and accordingly be beneficial in the early stage of infection.
This can accordingly suppress viral and bacterial infections.
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e The previous reports also suggest that vitamin B deficiency could
weaken the host’s immune response; thus, for virus-infected patients,
the immune system should be enhanced by vitamin B supplements.

Second, we also investigated the role of trace elements in the im-
mune system. They are micronutrients in our diet that are necessary to
sustain optimal biological functions and optimal immune responses to
infections including viral ones. It is clear from the above discussion that
inadequate intake and status of trace elements can also lead to sup-
pressed immunity. Since the immune system protects the host against
pathogenic organisms (e.g., viruses, bacteria), the adequate intake and
status of trace elements are necessary for infections caused by viruses.
However, there is no underlying natural immunity that exists against
COVID-19, it is, therefore, important to take care of nutritional habits at
this time according to healthy and balanced nutritional patterns that
contain plenty of minerals, antioxidants, and vitamins. Hence, consid-
ering Group-2 of publications, the beneficial outcomes of trace elements
are summarized as follows:

e Zinc is regarded as a potential supportive treatment for COVID-19
disease because of its influence on the immune-modulatory and its
direct influence as antiviral [30].

e Selenium supplementation has an effective influence on human im-
mune response [110] and poliovirus reactions [104]. Hence, the
supplementation of selenium may, therefore, be effective in reducing
the risk of SARS-CoV-2 infection.

e Cu supplementation and mineral deficiency correction may be
beneficial for COVID-19 patients.

6. Recommendations and future work

Understanding the virus and its impacts on the immune system will
allow providing suitable treatment policies and more efficient preven-
tion methods [120]. The fact that particular sets of people are more
vulnerable to serious infection and death reflects the difficulty of pre-
senting appropriate treatment [9]. To rapidly manage and efficiently
handle the viral infection, the innate immune system manages and
concurrently activates the adaptive immune system. Hence, improving
overall immunity is important for respiratory viral diseases (e.g.,
COVID-19) and this report based on the previous findings revealed that
overall immunity can be improved through both trace elements and
vitamins. Accordingly, the balanced intake of vitamins and trace ele-
ments may be beneficial for the prevention/treatment of infectious
diseases such as influenza and COVID-19.

Despite doubts about the overall advantages of these vitamins and
trace elements, many physicians started prescribing them regularly in
the earlier time of the COVID-19 crisis. They argued that with so little
knowledge about how to treat the disease and the safe usage of different
vitamins and trace elements, there is an optimistic presumption that
supplements might aid in the treatment of COVID-19 in its early stages.
Thus, more clinical research on the role of trace elements and vitamins
on the human immune system is needed to come up with a robust
conclusion of the effectiveness of trace elements and vitamins for the
prevention/treatment of COVID-19.

Although there are not enough proofs to suggest confidently adopt-
ing a specific dose of vitamins or trace elements for COVID-19, still
doctors recommend that individuals need to get an appropriate amount
of vitamins and trace elements to have a functioning immune system to
combat the disease.
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