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Abstract: Worldwide the pandemic of COVID-19 spreads rapidly and has had an enormous public health impact with substantial morbidity
and mortality especially in high-risk groups, such as older people and patients with comorbidities like diabetes, dementia or cancer. In the
absence of a vaccine against COVID-19 there is an urgent need to find supportive therapies that can stabilize the immune system and can help
to deal with the infection, especially for vulnerable groups such as the elderly. This is especially relevant for our geriatric institutions and
nursing homes. A major potential contributing factor for elderly is due to their high incidence of malnutrition: up to 80% among the
hospitalized elderly. Malnutrition results when adequate macronutrients and micronutrients are lacking in the diet. Often missing in public
health discussions around preventing and treating COVID-19 patients are nutritional strategies to support optimal function of their immune
system. This is surprising, given the importance that nutrients play a significant role for immune function. Several micronutrients, such as
vitamin D, retinol, vitamin C, selenium and zinc are of special importance supporting both the adaptive and innate immune systems. As
suboptimal status or deficiencies in these immune-relevant micronutrients impair immune function and reduces the resistance to infections,
micronutrient deficiencies should therefore be corrected as soon as possible, especially in the elderly and other vulnerable groups. According
to epidemiological, experimental and observational studies, some case reports and a few intervention studies the supplementation of vitamin
D and/or zinc are promising. The multiple anti-inflammatory and immunomodulatory effects of Vitamin D could explain its protective role
against immune hyper reaction and cytokine storm in patients with severe COVID-19. A randomized, placebo-controlled intervention study
even shows that high dose vitamin D supplementation promotes viral clearance in asymptomatic and mildly symptomatic SARS-CoV-2 positive
individuals. Besides, the data of a recent prospective study with COVID-19 patients reveal that a significant number of them were zinc
deficient. The zinc deficient patients had more complications and the deficiency was associated with a prolonged hospital stay and increased
mortality. Thus, immune-relevant micronutrients may help to increase the physiological resilience against COVID-19.
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Introduction

At the end of 2019, a coronavirus pandemic started in the
city of Wuhan in China’s Hubei province. This new coron-
avirus has been designated severe acute respiratory syn-
drome coronavirus type 2 (SARS-CoV-2) and the
pulmonary disease it causes is known as coronavirus dis-
ease-2019 (COVID-19). The clinical course of the disease
caused by SARS-CoV-2 varies considerably [1, 2]. The suc-
cessful fight against the coronavirus pandemic will be
decided in our geriatric institutions and nursing homes.
According to the World Health Organisation (WHO) 40%
of all cases will experience mild disease, 40% will experi-
ence moderate disease including pneumonia, 15% will
experience severe disease, and 5%will have critical disease
that rapidly progresses to acute respiratory failure and
death. Among all patients, the risk for severe illness from

COVID-19 increases with age and comorbidities such as
cancer, diabetes, cerebrovascular conditions (e.g. demen-
tia) andcardiovasculardiseases,witholder adults athighest
risk. The early death cases of COVID-19 outbreak occurred
primarily in elderly people, possibly due to either a weak
immune system that permits faster progression of the viral
infectionordue to the inability tomodulate the immunesys-
tem in response to the viral infection resulting in a cytokine
storm [3, 4].

COVID-19 has spread quickly to all corners of the world,
and its capacity for explosive spreadhas overwhelmedeven
the most resilient health systems. For many people their
daily liveshavesbeenprofoundly changed, economieshave
fallen into recession, andmany of the traditional economic,
social and public health safety nets that people relied on
have been put under unprecedented strain. Worldwide
the governments and health policies are taking drastic
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measures to try and slow the spread of the virus [2, 3]. Apart
fromappropriatehygienemeasures, social andphysical dis-
tancingmeasures, corona apps andmovement restrictions,
such as lock downs there is currently little inmedia (e.g. TV,
radio) or in public health discussions around immunity and
infection as it relates to nutritional strategies to support
optimal function of the immune system. This is astonishing
because of the well-established evidence that micronutri-
ents have for the integrity of immune system. Several
micronutrients are essential for innate and adaptive immu-
nity, especially vitamins D, A, C and minerals such as sele-
nium and zinc [4–7].

During the first critical minutes of exposure to a new
pathogen, the immune response relies on the innate
immune system to protect from infection. The innate
immune system is mainly composed by biochemical barri-
ers such as mucous membranes (e.g. respiratory tract, gas-
trotintestinal tract) and an unspecific cellular response
mediated by dendritic cells, monocytes, neutrophils and
natural killer cells. The adaptive immune system, also
referred as the acquired immune system, involves an anti-
gen-specific response mediated by T and B lymphocytes
that is activated by the exposure to a pathogen. Both, the
innateandadaptive immunesystemworks together toelim-
inate a pathogen. Older people (aged 65 years and older)
experiencecommonlyadysfunctionof the innateandadap-
tive immunity that makes them less able to respond to
immunechallenges.With increasing age, a loss of lymphoid
tissue can be observed, particularly in the thymus, and the
ability to respond topathogens is impaired.Nutritional defi-
ciencies of micronutrients, especially vitamin D and zinc
may be responsible for the high incidence of infectious dis-
eases related to age [5–7].

Immune-relevant micronutrients collectively function to
support the integrity of physical barriers, the growth, differen-
tiation andmotility of innate cells, the phagocytic activities of
immune cells including macrophages, monocytes and neu-
trophils, the production of antimicrobial peptides, and the pro-
motion of and the recovery from inflammation (e.g.
antioxidant activity, cytokine production).Deficiencies or sub-
optimal status in micronutrients negatively affect immune
function and can decrease resistance to infection [8–11].
Severity and mortality risk of SARS-CoV-2 infection or
COVID-19 disease have been associated with age. For
instance, a recent pilot study of aNorthAmericanCommunity
Hospital Intensive Care Unit found low serum levels of 25-
hydroxyvitamin D and vitamin C in most of the critically ill
COVID-19 ICU patients. Older age and low vitamin C levels
appeared to be co-dependent risk factors for mortality [12].

Theoverproductionof reactiveoxygenspecies (ROS)and
a deprived antioxidant system is associated not only with
theprocessof agingbut it plays amajor role in thepathogen-
esis and progression of respiratory tract infections such as

influenza and SARS-CoV-2 infection. The NLRP3 inflam-
masome consists of nucleotide-binding domain leucine-
rich repeat and pyrin domain containing receptor 3
(NLRP3), apoptosis-associated speck-like protein contain-
ing a caspase recruitment domain (ASC), and procaspase-
1. It is a multimeric protein complex that initiates and
promotes inflammation by triggering the release of pro-
inflammatory cytokines such as IL-1β and IL-18. Reactive
oxygen species (ROS) are involved as direct or indirect
NLRP3 inflammasome activators in virus replication and
inflammation.Thereby theuseof antioxidants, suchasvita-
min C and selenium and anti-inflammatory agents such as
vitamin D and zinc could help the recovery of patients with
COVID-19 [13–15]. Although not discussed in this review
other potentially immune-relevant nutrients which are
required to maintain proper immune function, including
amino acids (e.g. glutathione, glutamine), antioxidants
(e.g. vitamin E), phytochemicals (e.g. quercetin), omega-3
fatty acids or iron should be mentioned at this point.

Immunity and nutritional status

The first line of host defense is called the innate immune
system that consists of chemical, physical, and cellular
defenses against pathogens. Its main purpose is to prevent
immediately the spread and movement of foreign patho-
gens throughout the body. For example, it contains physical
barriers, such as epithelial cell layers that express tight cell-
cell contacts andmucus layers that line theepithelium in the
respiratory, gastrointestinal and urogenital tract. The sec-
ond line of defense is called adaptive immune system.
The adaptive immune response becomes prominent after
several days, as antigen-specific T and B cells have under-
gone clonal expansion. The adaptive and innate immune
systems work in a co-ordinated fashion to respond to
numerous threats from the environment. Synergy between
their different mechanisms of action is essential for an
intact, fully effective immune response [16]. For instance,
different types of white blood cells are very important in
the early immune response. The most important of these
are the innate immune system cells monocytes and neu-
trophils. Both cell types are effective killers that secrete
destructive substances including digestive enzymes, which
can destroy the internalised material. Furthermore, patho-
gens can also be destroyed by antigen presenting B- and T-
cells of the adaptive immune response. These cells include
the functions of adaptation and memory, allowing the
immune system to make specific responses and to remem-
ber individual types of infection. Thus, the immune system
isacomplexandstrongly interconnected system,consisting
of specialized tissues, organs (e.g. bonemarrow, intestines),
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mobileand fixed immunecells, andawhole rangeof soluble
proteins andmolecules such as cytokines in order to protect
the host from a range of dangerous pathogens such as bac-
teria and viruses. Despite this complexity, the immune sys-
tem can be described as consisting of three main layers:
first, epithelial barriers (e.g. airwaymucus), second, cellular
defenses and third, humoral responses such as antibody
production [17–20].

A balanced supply ofmacronutrients andmicronutrients
is required for the development, maintenance and expres-
sion of the immune response. Conversely, poor nutrition
and/or micronutrient deficiency compromise immune
function and increase the risk for infection. Various
micronutrients are essential for immunocompetence, par-
ticularly the vitamins A, C, D, selenium and zinc. This
immunonutritioncan improve theclinical courseof surgical
and critical ill patients and help the body to strengthen the
immune system and have a greater protection and resis-
tance against viral infections, especially in the elderly
[6, 19, 20].

While there are many other immune-relevant micronu-
trients that are known to affect immune function, we have
included only a selection in this review mainly based on
the fact that these have been more intensively studied and
their immunomodulating properties are widely accepted,
especially in vulnerable groups (e.g. elderly). Immune-
relevant micronutrients such as vitamin D, C, selenium or
zinc may be used to support the immune system against
viral respiratory tract infections and reduce the associated
complications. Growing evidence from animal and human
studies suggest that for some certain of these micronutri-
ents increased intake above currently recommended levels
may help optimize immune functions against respiratory
tract infections [5–12, 15, 19, 20].

Malnutrition and micronutrient
deficiency

The nutritional status can optimize the functioning of the
immune system as a preventive measure by reducing both
oxidative stress and inflammation that are involved in the
pathogenesis of SARS-CoV-2. The evidence that deficien-
cies inmicronutrients such as vitaminD, zinc and selenium
may increase the risk for SARS-CoV-2 infection and
COVID-19 disease mainly comes from epidemiological,
experimental and observational studies, some case reports,
and a few intervention studies. The first intervention stud-
ies indicate that high dose vitamin D supplementation
reduces not only the mortality rate in critically ill patients
with COVID-19 but also promotes viral clearance in
asymptomatic and mildly symptomatic SARS-CoV-2

positive individuals. Further evidence emphasizing the role
of vitamin D in reducing the risk of coronavirus disease
includepathophysiologicalmechanisms suchas: 1. Theout-
break of COVID-19 occurred during winter months, at
a time when 25(OH)D levels are low. 2. In the Southern
Hemisphere the number of COVID-19 cases at the end of
thesummerare the lowest.3.VitaminDdeficiencyhasbeen
implicated as a pathogenic factor of acute respiratory dis-
tress syndrome (ARDS). The pooled odds ratio of ARDS
decreases by 17% for every 1 nmol/L decrease in 25(OH)
D (OR 0.83 (95% CI 0.69 to 0.98; p = 0.033)). 4. Case-
fatality rates increase with age and co-morbidity, both are
associated with vitamin D deficiency [21, 22].

Malnutrition and poor nutritional status are widespread
in older people and represent amajor geriatric health prob-
lem with multifactorial etiology and severe consequences
for quality of life. Asmacronutrients are the natural carriers
of micronutrients, malnutrition is one of the main reasons
thatolderpatientshavean inadequatemicronutrient status.
Age-related changesmake elderly people more susceptible
to malnutrition and infection. Although malnutrition can
occur at any age, it is especially prevalent in people > 60
years of age. Poor nutritional status is well established as
a negative prognostic indicator in the elderly population,
and weight loss in individuals > 60 years of age approxi-
mately doubles the risk of dying [23, 24, 28, 29]. Further-
more, malnutrition is often characterised by protein
catabolismand inflammation,which leadbesidesotherpre-
disposing factors to sarcopenia, the increased lossofmuscle
mass with aging [25, 26, 29]. In addition, malnutrition
develops more quickly in older people than in younger per-
sons and is more difficult to treat. Even a few days without
anadequate supply ofmacronutrients (proteins, fats, carbo-
hydrates) andmicronutrients (vitamins,minerals, traceele-
ments) can have serious effects on the immune status,
nourishment, and composition of the body [26–30].

A systematic literature review of 54 studies from the per-
iod of January 1994 until December 2013 that used vali-
dated tools to screen community living adults (age: � 65)
for malnutrition susceptibility concluded that up to 83%
are at risk for malnutrition [31]. In recent cross-sectional
study the prevalence of malnutrition in elderly patients
(age: 68.5 ± 8.8) with COVID-19 in Wuhan was evaluated
using a Mini Nutritional Assessment (MNA) score. The
patients were divided into a non-malnourished group
(MNA � 24), a group with increased risk of malnutrition
(MNA 17–23.5) and a malnourished group (MNA < 17). Of
the 182 includedCOVID-19patients, 27.5%hada increased
risk ofmalnutrition and52.7%weremalnourished [32]. The
etiology of malnutrition and weight loss in the elderly has
mainly been attributed to financial, medical, psychologic
and social factors (see Figure 1). Physiological functions
naturally decline with age, which can influence absorption
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and metabolism of macro- and micronutrients. Social and
economic conditions can adversely affect dietary choices
and eating patterns. However, at the same time, the need
of the elderly for certain micronutrients (e.g. zinc, vitamin
D) is higher than for younger adults. For example, the
increase in the mean age is associated with an increasing
number of multimorbid patients, who suffer from nutri-
tion-associated diseases and usually depend on complex
pharmacotherapy. About 40% of institutionalized patients
take more than nine drugs on a daily basis. Under the most
frequently prescribed drugs in the elderly are gastrointesti-
nal agents, analgesics, antihypertensives, beta-blockers,
antihyperlipidemic agents and diuretics. These drugs may
cause a decreased food consumption and nutrient intake,
absorption and utilisation, resulting in poor nutritional sta-
tus. Given the ever-increasing number of drugs on themar-
ket and the frequency with which they are used, greater
attentionmust be paid in dailymedical and pharmaceutical
practice focused in particular on the adverse effects of drug
therapy on the micronutrient status [29, 33].

Nutritional problems must be recognised early and
appropriate measures undertaken quickly. Therefore, the
nutritional assessment and treatment should be a routine
part of care for all, especially elderly persons, whether in
the outpatient setting, acute care hospital, or long-term
institutional care setting. As the risk for severe illness from

COVID-19 increases with age, in particular vulnerable
groups suchasolder adults shouldhave theirmacronutrient
and micronutrient status objectively determined with tar-
geted replacement therapy if necessary. This paper makes
no claim to completeness, but schematically presents the
most important aspects in practice. The following selected
micronutrients are clinically relevant for the prevention
and treatment of respiratory tract infections of viral origin.

Immune-relevant micronutrients:
A selection

Low serum levels of vitamin D, selenium and/or zinc
appear to be an important risk factor for COVID-19 infec-
tion. Various observational studies observed an significant
relationship between low serum concentration of 25(OH)
D and susceptibility to morbidity and mortality caused by
COVID-19. Also low serum levels of minerals such as sele-
niumor zinc areassociatedwith the increasedmortality risk
in patients with COVID-19. Among the immune-relevant
micronutrients required to support a normal immune func-
tion, vitamin D, retinol, vitamin C and the trace elements
selenium and zinc are of special importance [4–6, 15, 17,
18, 21, 29, 34, 35].

Figure 1. Malnutrition in the elderly: Circulus vitiosus.
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Vitamin D

Vitamin D insufficiency and deficiency is a major public
health concern: Worldwide 40% are vitamin D deficient
and60%insufficient, i.e. serum level of 25-hydroxyvitamin
D [25(OH)D < 20 and 20–29 ng/mL, respectively]. An esti-
mated 1billionpeople in theworld, across all ethnicities and
age groups, suffer from vitamin D deficiency. The pan-
demic of vitamin D deficiency/insufficiency can mainly
be attributed to lifestyle and environmental factors that
reduce exposure to sunlight, which is required for ultravio-
let-B (UVB)-induced vitamin D production in the skin
[36–41].

As expected in Europe, vitamin D deficiency and insuffi-
ciency are also widely prevalent during the winter months
andaffectsmainly elderly people andmigrants [41]. Several
trials confirm the prevalence of vitamin D insufficiency in
the European population and its associated potential health
risk. For example, a prospective cohort study among elderly
female patients (age 83.7±6.1 yr) recruited from95nursing
homes in Austria (n = 961) showed that themedian 25(OH)
Dserumlevelwas 17.5nmol/L (=7ng/mL).95%of the insti-
tutionalized elderly patients had a 25(OH)D level < 50
nmol/L (<20ng/mL).Lower serum levels of25(OH)Dwere
significantly associated with a higher all-cause mortality
[42]. In relation to the coronavirus disease COVID-19 the
calculated mortality rate from twelve European countries
shows a significant inverse correlation with the 25(OH)D
plasma level (P = 0.046) [15, 46]. In 2016, the ODIN study
evaluated the 25(OH)D status of 55,844 Europeans. The
results were alarming and a call to action for national and
European healthcare policy makers: irrespective of age
group, ethnic mix, and latitude of study populations 13%
of the European individuals had a 25(OH)D status < 12
ng/mL, 40.4% had level of 25(OH)D < 20 ng/mL and
84% had a 25(OH)D status < 30 ng/mL. Compared with
white populations (e.g. Norway, United Kingdom) the
non-white population subgroups had a 3- to 71-fold higher
yearly prevalence of vitamin D deficiency [43].

Black people absorb more UVB in the melanin of their
skin than do white people and, therefore, require more
sun exposure to produce the same amount of vitamin D.
In the elderly a marked age-related decrease of cutaneous
production of vitamin D can also be observed. A 70 year
old has approximately only 25% of the 7-dehydrocholes-
terol that a young adult does and thus has a 75% reduced
capacity to make vitamin D3 in the skin [44–46]. The
observed rise of the COVID-19 pandemic in the elderly,
African Americans and obese individuals suggests the pos-
sible impact of vitamin D status on host response and sus-
ceptibility to the infection as the elderly, black and obese
individuals are known to have an elevated risk for vitamin
D deficiency. Furthermore, the significant correlation

between mortality from COVID-19 per million by country
and latitude in countries south of 35 degreesNorth strongly
supports the fact that vitaminD is a determining factor that
influences severity of the coronavirus disease (P < 0.0001)
[47].

Vitamin D status
25(OH)D is the vitamin D metabolite that is measured to
assess a patient’s vitamin D status. Vitamin D deficiency
is diagnosed when 25(OH)D < 20 ng/mL, vitamin D insuf-
ficiency is definedas 25(OH)Dof21–29ng/mL, and25(OH)
D� 30 ng/mL is considered sufficient, with 40–60 ng/mL
being the preferred range. Vitamin D intoxication is only to
be expected at levels of 25(OH)D > 150 ng/mL [36, 37, 39].

Based on different guidelines, the threshold for serum 25
(OH)D has been set at 20–30 ng/mL for bone health. With
respect to vitamin D’s non-skeletal effects, including the
immuno-preventative effects, it has been suggested that a
higher blood level of 25(OH)D of at least 30 ng/mL is
required with the preferred range being 40–60 ng/mL.
For improvement of the vitamin D status children and
adults have to be supplemented. The Endocrine Society
Practice Guidelines on Vitamin D recommends for infants,
children 1 year and older and adults require 400–600 IUs,
600–1000 IUs and 1500–2000 IUs vitaminD daily. Obese
people require 2–3 times more [36, 37, 39, 40].

It is unrealistic to believe that outdoor activities in the
summertime will be able to raise serum 25(OH)D levels to
such a significant extent that can be sustained throughout
the winter. Typically serum levels of 25(OH)D increase by
approximately 10–20 ng/mL by the end of the summer in
white Europeans into the range of 35 ng/mL for those
exposed to upwards of 300 hours of sunshine per month.
Since the half-life for 25(OH)D is approximately 2–3 weeks
serum levels declinebelow thedesired 30ng/mLwithin 1–2
months after October when sunlight can no longer produce
any vitamin D in the skin for those living above 34� North
latitude. Vitamin D3 supplementation with 2000 IU to
4000 IU vitamin D per day, respectively 40–60 IU
vitamin D per kg bodyweight per day will increase serum
25(OH)D levels above 30 ng/mL [37–39].

The prohormone vitamin D
The fat-soluble vitamins D and A are different to other
vitamins in that their bioactive metabolites, 1,25-dihydrox-
yvitamin D [1,25(OH)2D] and retinoic acid (RA) have hor-
mone-like properties. Both of these steroid hormones are
synthesized from their precursors by different cells and tis-
sues in the body and exert their multiple effects on target
cells by binding to nuclear receptors, such as the vitamin
D receptor (VDR) or the retinoic acid receptors (RXR,
RAR). After production in the skin or oral delivery the
pro-hormone vitamin D affects important physiological
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functions in the body including modulation of the innate
and adaptive immunity. In the liver vitamin D is metabo-
lized to 25(OH)D by CYP2R1 and CYP27A1 with further
metabolism in the kidney to the its biologically active
metabolite 1,25-dihydroxyvitamin D [1,25(OH)2D] by
CYP27B1. This metabolism can also occur in a variety of
organsand tissues, includingcells of the immunesystem[46].

As mentioned above, the secosteroid 1,25(OH)2D mani-
fests its diverse biological effects (endocrine, autocrine,
paracrine) by binding to the vitamin D receptor (VDR).
The vitamin D receptor is expressed inmost human tissues
andhasmore than 1000 target genes. For example, vitamin
D receptors have been found in over 35 tissues that are not
involved in bone metabolism. These include endothelial
cells, immune cells (e.g. monocytes, T-lymphocytes), islet
cells of thepancreas,hematopoietic cells, cardiacandskele-
tal muscle cells, neurons and placental cells. It is estimated
that VDR activationmay regulate directly and/or indirectly
a very large number of genes (up to 5% of the total human
genome). The fact that the vitamin D receptor is expressed
bymany tissues results in the pronounced pleiotropic effect
of vitamin D hormone [37, 38, 46]. 1,25(OH)2D influences
cell metabolism via genomic and non-genomic metabolic
processes. 1,25(OH)2D binds to the vitamin D receptor
(VDR) and, after forming a heterodimer with the retinoid
X receptor (RXR), translocates into the cell nucleus. Once
there, it binds to the vitamin D responsive element (VDRE)
in the DNA and regulates the transcription of numerous
genes [50, 51, 64].

Vitamin D and Respiratory Tract Infections (RTIs)
Acute respiratory tract infections (e.g. influenza) are a
major cause of globalmorbidity andmortality and are often
responsible for ambulatory and emergencydepartment vis-
its. Airway epithelial cells are the first defensive barrier in
the airway tract and play an important role in orchestrating
neutrophil and macrophage recruitment to clear invading
pathogens. It has been suggested that the seasonal varia-
tions in vitamin D levels could explain the increased preva-
lence of respiratory tract infections (RTIs) in the
wintertime,whenvitaminD synthesis is low.Observational
and epidemiological studies, supported by the results of
several interventional studies have demonstrated a strong
association between 25(OH)D serum levels and the inci-
dence of respiratory tract infections.

In a systematic review and meta-analysis of 11 random-
ized controlled trials with 5660 patients vitamin D showed
a significant protective effect against RTI (OR, 0.64; 95%
CI,0.49 to0.84). The protective effectwas larger in studies
using once-daily dosing compared with bolus doses (OR =
0.51 vs OR = 0.86, P = 0.01) [52]. In another systematic
review and meta-analysis (n = 11321, age: 0–95 years) of
25 randomisedcontrolled trialsVitaminDsupplementation

reduced significant the risk of acute respiratory tract infec-
tion (adjustedOR=0.88,95%CI0.81 to0.96; P<0.001). In
subgroup analysis, protective effects were also stronger in
those receiving daily vitamin D without additional bolus
doses [53]. Furthermore, animal studies have shown that
the response to a variety of vaccine preparations could be
increased by vitamin D. For example, in mice immunized
with an attenuated influenza virus vaccine a Vitamin D
and Vitamin A deficiency reduced antibody response in
the respiratory tract to a greater extent than a deficiency
for one of these vitamins. Although supplementation with
vitamin A had a greater corrective effect than vitamin D
for the restitutionof seroprotection (e.g. IgG, IgA response),
the best results were obtained with the two vitamins
combined [54, 55].

Vitamin D and COVID-19
Vitamin D insufficiency and deficiency are common in
COVID-19 patients and correlate with increased risk for
SARS-CoV-2 infection as well as the progression and sever-
ity of COVID-19 [49, 56]. In a retrospective observational
study that included adult COVID-19 patients from Turkey
(n = 149) vitamin D insufficiency [25(OH)D < 30 ng/mL]
was present in 93.1% of the patients with severe-critical
COVID-19 [57]. 1,25(OH)2D exerts its effects on immune
system by modulating of both the adaptive and innate
immune systems by the regulation of cell signalling path-
ways (see Table 1). For instance, 1,25(OH)2D increases the
synthesis of antimicrobial peptides (AMPs), with antibacte-
rial, antifungal and antiviral activities. The production of
AMPs such as denfensins and cathelicidin (e.g. LL-37)
haves antiviral effects and lowers the infectivity of respira-
tory viruses such as influenza. [58].

Inflammation and oxidative stress play an important role
in SARS-CoV-2 virus replication and COVID-19 progres-
sion. Reactive oxygen species (ROS) are directly linked
through activation of NLRP3 inflammasome to inflamma-
tion. Vitamin D deficiency enhances oxidative stress,
impairs mitochondrial function and increases systemic
inflammation. As one of the key controllers vitaminDmod-
ulates systemic inflammation, mitochondrial respiratory
function and oxidative stress. 1,25(OH)2D mediates many
of its anti-microbial, anti-oxidant and anti-inflammatory
effects including inhibition of IL-1β, IL-6, IL-17, TNFα and
INFγ production through the vitamin D receptor. Further-
more 1,25(OH)2D inhibit the mitogen-activated protein
kinase (MAPK) and NF-kB signalling [59, 60]. In addition,
vitamin D negatively regulates the NLRP3 inflammasome
via VDR signaling to effectively inhibit IL-1β secretion
[61, 62].

Type IIpneumocytes in the lungs, goblet secretory cells in
the nasal passages, and the absorptive enterocytes in the
intestines are potential targets of the coronavirus. Spike
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proteins of the virus facilitate viral entry into these cells
through binding with the angiotensin converting enzyme
2 (ACE-2) on the surface. ACE-2, a regulator of the renin-
angiotensin system is distributed in many tissues in the
body including lung, kidney, gastrointestinal (GI) tract,
and cardiovascular system that could explain multi-organ
failure in susceptible patients to COVID-19. 1,25(OH)2D
also acts as a negative endocrine regulator of renin-angio-
tensin system and down-regulates ACE-2 [48, 63, 64]. Sev-
eralmembersof thegutmicrobiotahelpalsoprotect against
respiratory tract infections. 1,25(OH)2D plays a key role in
controlling and regulating genes responsible for preserving
the integrity of the epithelial barrier including the gastroin-
testinal tract, in addition to immunoregulatory and inflam-
matory responses. Vitamins D and Vitamin A are of
particular importance for the barrier function of mucous
membranes in the respiratory, intestinal and urogenital
tract. Furthermore, 1,25(OH)2D induces the expression of
the antioxidant defense system including catalase (CAT),
glutathione peroxidase (GPx), and superoxide dismutase
(SOD), increases the levels of glutathione (GSH), and
thereby contributing to reduce oxidative stress and cellular
oxidation [62]. Vitamin D modulates the gut microbiota,
which can decrease gut permeability and inflammatory sta-
tus. The supplementation of vitamin D increases the biodi-
versity of the gut microbiome (e.g. bacteriodes), which
means their resistance against stressors and intestinal
inflammation is enhanced [65]. The concentration of sper-
midine, a novel autophagy inducer, declines with age in
cells and organs resulting in a decrease of autophagy. Inter-
estingly, 1,25(OH)2D can induce autophagy similar to sper-
midine by increasing Beclin-1 expression and inhibiting
mammalian target of rapamycin 1 (mTORC1) complex acti-
vation, similar to spermidine [67, 68].

Meanwhile more than 40 intervention studies have
started to test the effect of vitamin D on the progress of
the COVID-19 disease. In a recent trial that used a retro-
spective, observational analysis of deidentified tests per-
formed at a National American clinical laboratory to
determine if circulating 25(OH)D levels are associatedwith

severe acute respiratory disease coronavirus 2 (SARS-CoV-
2) positivity rates. A total of 191,779 patients from all 50
states with SARS-CoV-2 were analyzed (median age, 54
years) and the results performed mid-March through mid-
June,2020andmatching25(OH)Dresults from thepreced-
ing 12monthswere included (see Figure 2) [56]. The results
demonstrate an inverse relationship between circulating 25
(OH)D levels and infection with SARS-CoV-2. SARS-CoV-2
positivity was strongly and inversely associated with circu-
lating25(OH)D levels, a relationship that persists across lat-
itudes, races/ethnicities, both sexes, and age ranges.

For the entire population those who had a circulating
level of 25(OH)D < 20 ng/mL had a 54% higher positivity
rate compared to those who had a blood level of 30–34
ng/mL. The risk for SARS-CoV-2 infection continued to
decline until the serum levels reached 55 ng/mL. This find-
ing is not surprising, given the established inverse relation-
ship between risk of respiratory viral pathogens, including
influenza, and 25(OH)D levels. VitaminD supplementation
may reduce acute respiratory infections, especially in peo-
ple with vitamin D insufficiency or deficiency. A previous
study found that each 4 ng/mL increase in circulating 25
(OH)D levels was associated with a 7% decreased risk of
seasonal infection, a decrement of approximately 1.75%
perng/mL.This is remarkably similar to the 1.6%lower risk
of SARS-CoV-2 positivity per ng/mL found in this adjusted
multivariable model [56].

Another recent retrospective study from Indonesia with
780 oldermale patients of COVID-19 showed that themor-
tality rate dropped to almost to0%when the serum 25(OH)
D concentrations were higher than 34 ng/mL [49].

In a cross-sectional study from September 2020 the data
from Sinha Hospital COVID-19 Registry in Teheran ana-
lyzed the data of 235 patients infected with COVID-19
(mean age: 58,7 years). Based on CDC criteria, among this
Iranian patients, 74%had severeCOVID-19 infection andonly
32,8% were vitamin D sufficient [25(OH)D � 30 ng/mL].

Figure 2. SARS-CoV-2 positive rates and circulating 25(OH)D of
191,779 patients from all 50 states of the United States of America
adapted from [49].

Table 1. Anti-Sars-CoV-2 properties of 1,25(OH)2D according to [48,
56, 64, 65]

Innate and acquired immune system "
Synthesis of antimicrobial and antiviral peptides (AMPs) "
Down regulation of ACE-2

Regulation of Th17/Th1-Treg/Th2 balance

Lymphocyte percentage "
Anti-inflammatory effects (e.g. CRP ;, TNFα ;, NLRP3-inflammasome ;)

Expression of antioxidant defense " (e.g. GPx, SOD, GSH)

Gut microbiome: Biodiversity "
Pronounced vaso-protective effects
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After adjusting for confounding factors, there was a signifi-
cant association between vitamin D sufficiency and reduc-
tion in clinical severity, inpatient mortality, serum levels of
C-reactive protein (CRP) and an increase in lymphocyte
percentage [48].

In a randomized, placebo-controlled vitamin D3 inter-
vention study (SHADE study) with asymptomatic and
mildly symptomatic SARS-CoV-2 positive individuals
(n = 30), it was found that high dose vitamin D supplemen-
tation (60,000 IU daily for 7 days) in order to reach serum
levels of 25(OH)D> 50ng/ml helps to achieve SARS-CoV-2
RNA negativity in greater proportion of asymptomatic vita-
min D-deficient individuals with SARS-CoV-2 infection
along with a significant decrease in inflammatory marker.
Thus, high-dose Vitamin D3 supplementation led to
SARS-CoV-2RNAnegative in additional41.7%participants
(p < 0.001) and was useful to increase viral SARS-CoV-2
RNA clearance [69].

In a recent prospective observational study 25(OH)D
serum levels were significantly reduced in critically ill
COVID-19 patients (14.35 ± 5.79, P = 0.0001), whereas
the intensity of the inflammatory response was increased.
When the case fatality rates were compared on the basis
of vitamin D deficiency, the fatality rate was 21% (19
patients died in 90 patients) among vitamin D deficient
and 3.1% (2 patient died in 64) among patients with normal
vitaminD level. The results of this study show an increased
morbidity andmortality inCOVID-19 patientswith vitamin
D deficiency [70].

A quasi experimental study with 66 patients (mean age:
87.7 ± 9.0 years) showed a clinically relevant protective
effect of a bolus of vitamin D3 (e.g. 80,000 IU), that has
been supplemented just before or during coronavirus dis-
ease 2019 in order to reduce COVID-19 induced mortality.
Thehazard ratio (HR) formortality according to vitaminD3
supplementation was 0.21 [95% confidence interval (95%
CI): 0.07; 0.63] P = 0.005]. Furthermore, the residents
who had not recently received vitamin D3 supplements
had a shorter survival time (P = 0.002) and the bolus vita-
min D3 supplementation during or just before COVID-19
was inversely associated with the Ordinal Scale for Clinical
Improvement (OSCI) score for COVID-19 in the acute
phase [71]. The results of further intervention studies with
vitamin D supplementation are urgently expected [72].

The multiple anti-inflammatory and immunomodula-
tory effects of Vitamin D could explain its protective role
against immune hyper reaction and cytokine storm in
patients with severe COVID-19 [56, 73, 74]. Vitamin D
reduces serumCRPand increases lymphocytes percentage.
Vitamin D supplementation may help in treatment of
COVID-19 by preventing the cytokine storm and subse-
quent ARDS which is commonly the cause of mortality
[48, 56, 62–67, 73, 74].

Although it would be helpful to monitor serum 25(OH)D
levels in all patients in particular the elderly and hospital-
ized patients with COVID-19 to identify those who are
VitaminDdeficient there is enoughevidence to suggest that
most are. Since the assay for 25(OH)D is not always avail-
able and canbe expensive there is no reasonnot to be giving
on patients with COVID-19 vitamin D supplementation
along the guidelines recommended by the Endocrine Soci-
etyPracticeGuidelinesonVitaminD.The results of the first
intervention studies with vitamin D supplementation will
help provide guidance for the use of the sunshine vitamin
during this pandemic. Treatment with vitamin D appears
promising because of its role as anti-inflammatory,
antioxidant, immunomodulatory agent, and regulator of
vascular homeostasis. Vitamin D3 supplementation may
represent an effective, accessible and well-tolerated adju-
vant treatment for COVID-19. Keeping the current
COVID-19 pandemic in view we recommend therefore
the administration of vitamin D supplements to vulnerable
groups at high risk forCOVID-19 such as the elderly [37,48,
56, 62–68, 73, 74].

Recommendation for clinical practice

Prevention
To help reduce risk for viral infections of the respiratory
tract, elderly people, children, adolescents, and adults
should supplement vitamin D as recommended by the
Endocrine Society. Vitamin D3 supplementation with
2000 to 4000 IU per day, respectively 40 to 60 IU vitamin
D per kg bodyweight per day will increase serum 25(OH)D
levels above 30 ng/mL.

Supportive treatment: Hospital admission, severe
course of COVID-19
Based on the information to date where blood levels of 25
(OH)D of up to 60 ng/ML can reduce risk of infection by
asmuch as 54.5%it is reasonable to give all patients present-
ing with COVID-19 an initial bolus dose of between 50,000
andup to200,000 IUsof vitaminD.Toachieveablood level
in the preferred range of40–60ng/ML requires ingestion of
between 4000–6000 IUs daily. It is reasonable to give
patients 10,000 IUs daily or the equivalent of weekly
50,000–60,000 IUsduring thehospitalization.Tomaintain
a blood level in the preferred range the patients should be
encouragedtocontinue taking this amountofvitaminDafter
leaving the hospital [37, 38, 56, 76].

Vitamin A (Retinol)

According toWorld Health Organization (WHO) vitamin A
deficiency (VAD) is a major public health problem,
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especially in children and pregnant women, in more than
50% of all countries (esp. Africa, South-East Asia). In chil-
dren vitamin A deficiency is the leading cause of pre-
ventable blindness, increases the risk of disease and death
from severe infections [75]. But the problem of micronutri-
ent deficiencies is not only limited to low- and middle-
income countries. In affluent countries, such as Germany,
the Netherlands, the United Kingdom (UK) and the USA,
the evaluation of National Surveys underlines that modern
lifestyle and environmental factors may also promote sub-
optimal vitamin A intakes. For example, over 75% of all
adults in the USA do not meet the recommendations for
vitamin A (0.9 mg = 3.000 IU vitamin A daily). In the
Netherlands and theUKover50–75%doesnot receivedaily
recommended intakes, and in Germany up to 25% of the
populationdoesnot receive thedaily recommended intakes
for vitaminA (1mg= 3.333 IU vitaminAdaily) [76]. It canbe
assumed that the suboptimal intake of vitamin A and/or
vitamin A deficiency is also prevalent among the elderly
[77–79]. In the elderly vitamin A deficiency is associated
with defective immune response to infections with patho-
gens and correlates with an increased risk for cognitive
decline [77–81].

Besides the reduced dietary vitamin A intake a disturbed
effectiveness to convert provitamin A (beta carotene) into
retinol canhelp to explain thehighprevalenceof subclinical
vitamin A deficiency. Previous nutritional surveys used a
conversion factor of 6:1 (6mg beta carotene = 1mg retinol)
to calculate the vitamin A activity from the beta carotene
intake. But a frequent genetic polymorphism of the enzyme
β-carotene 15,15’-monoxygenase (BCMO) influences the
provitamin A conversion efficiency and is known to affect
some 45% of the Caucasian race [81, 82]. Those affected
are hardly able to convert beta carotene into retinol, and
must therefore cover their nutritional need of vitamin A
instead of plants from animal foods. Recent studies have
shown that a more realistic conversion factor is 28:1 (28
mgbeta carotene= 1mgretinol) [83,84]. As a consequence,
singlenucleotidepolymorphismscan strongly influence the
effectiveness of using plant-based provitamin A carote-
noids to increase vitamin A status and should always be
taken into account in high risk groups for vitamin A
deficiency.

Vitamin A status
In contrast to the vitamin D status that can be assessed
easily by 25(OH)D in serum, the assessment of vitamin A
status is more complicated. Vitamin A is mainly stored in
the liver, kidney and lung tissue in high quantities ranging
between 10–1000 nmol/g, of which the lung is the second
major retinoid storage organ. Remarkably, the bioactive
form of vitamin A, retinoic acid (RA) can help to support
human lung regeneration [85, 86]. As vitaminA is primarily

stored inhepatic stellate cells, liverbiopsieshaveoftenbeen
done under surgical conditions to assess vitamin A status.
However, forobvious reasons, a liver biopsy (gold standard)
cannot bewidely used. Therefore, serum retinol concentra-
tion is the commonmethodused to evaluate vitaminAdefi-
ciency, but it is homeostatically controlled until liver
reservesbecomedangerously low.Nearly all retinol, thecir-
culating form of vitamin A in serum, is bound to retinol-
binding protein (RBP), so RBP concentrations in blood
can also be used as an indicator of vitamin A status. The
RBP in serum is a common biomarker used for assessment
of vitamin A status. A serum RBP concentration lower than
14.7 μg/mL (0.70 μmol/L) indicates a vitamin A deficiency
[87]. But RBP concentrations in blood can be temporarily
reduced by acute infection and inflammation. Therefore,
C-reactive protein (CRP) or similar markers of inflamma-
tion should also bemeasured, to correctly interpret vitamin
Astatus.TheRBP:transthyretin ratiomayalsohelp todeter-
mine if serum retinol concentrations are depressed by
infection [87–90].

Vitamin A: Selected functions
Vitamin A is essential for a variety of functions such as
vision, spermatogenesis, female reproduction, embryonic
development, normal growth and development of infants,
immunity, and differentiation, reproduction and mainte-
nance of epithelial cells. In view of the immunmodulatory
effects the retinoid X receptor (RXR) often forms a hetero-
dimer with the vitamin D receptor (VDR), so that the influ-
enceof numerous cell functionsof the immune system (esp.
adaptive immunity) by vitamin A and D are closely related
[64, 91–95].

Vitamin A exists in three forms: retinol, retinal, and reti-
noic acid (RA), the latter being the most metabolically
active. Retinol is themain transport formof VitaminA, reti-
nal is the form involved in thevisual cycle (rhodopsin cycle),
whereas RA is involved in regulation, differentiation,matu-
ration and function of cells (e.g. immune cells). The liver is
themajor storage for vitamin A. For storage retinol is trans-
ported from hepatocytes to the stellate cells and converted
to retinyl esters (e.g. retinyl palmitate). Transformation of
retinol into bioactive RA involves a two-step oxidative reac-
tion. The first step of RA synthesis is controlled by enzymes
of the alcohol dehydrogenases (ADH) or short-chain dehy-
drogenase/reductase (SDR) families that catalyze the
reversible oxidation from retinol to retinal (retinaldehyde).
The second step of RA synthesis is the irreversible oxida-
tion from retinal to RA by enzymes of aldehyde dehydroge-
nase (RALDH) family. RA exists in two forms: 9-cis-RA and
all-trans-RA (ATRA). ATRA and 9-cis-RA are the potent
regulators of gene expression and play an essential role in
the modulation of cell proliferation and differentiation
[96, 97].
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Vitamin A and infectious disease
Vitamin A is an important regulator of immune protection.
The fat-soluble vitamin A is commonly known as “the anti-
infective vitamin”, due to its importance for normal func-
tioning of the innate and adaptive immunity. The impact
of vitamin A deficiency on immunity has been extensively
studied and proven the indispensable requirement of this
vitamin tomaintainhost defense to viral, bacterial, andpro-
tozoal diseases [98–100]. For instance, a longitudinal
cohort study of tuberculosis revealed that Vitamin A defi-
ciency is associated in a dose dependent way to the occur-
rence of tuberculosis [101]. Additionally, in patients with
tuberculosis often a combined deficiency of vitamin A and
D can be found [102].

Vitamin A deficiency is associated with multiple alter-
ations in immune response, including pathological alter-
ations in mucosal surfaces, impaired antibody response,
changes in lymphocyte populations, and altered B- and T-
cell function. Epithelial tissues cover most of the external
and internal surfaces of the organs. These tissues serve as
first line of defence against pathogen invasion (e.g. viruses).
Vitamin A plays a crucial role for the morphological forma-
tion and integrity of epithelial cells. Therefore it is an inte-
gral part of the mucus layer, in the respiratory, the
gastrointestinal and the urogenital tract. Vitamin A
promotes mucin secretion and improves the antigen non-
specific immunity function in these tissues [103]. Gut-
associateddendritic cells (DCs) can synthesize retinoic acid
(RA).RA induces theexpressionof gut-homing receptors (e.
g. α4β7-integrin, CCR9) followed by lymphocytes activa-
tion [104].

Altogether, vitamin A improves the defense of the
mucous membranes, reduces the intestinal permeability
and increases the integrity of alveolar and intestinal
mucusa. Furthermore, vitamin A can help to restore lung
surfactant. In vitamin A deficiency the resistance of epithe-
lial tissues to foreign pathogens decreases, and it is no
longer able to exert its mechanical barrier function, thus
reducing innate immune function and promoting respira-
tory tract infections. Consequently,marginal vitamin A sta-
tus clearly impairs the integrity of epithelial tissues [105,
106].

The vitamin A metabolite retinoic acid (RA) has regula-
tory and supporting roles in both adaptive and innate
immune response. For example, vitamin A plays a crucial
part in the regulation of the maturation, differentiation
and function of cells of the innate immune system. It is
known, that innate immune cells are comprised of macro-
phages and neutrophils, which initiate immediate
responses to pathogen invasion through phagocytosis and
activation of natural killer T cells which perform
immunoregulatory functions through cytotoxic activity.
The immune-supporting roles of vitamin A include the

promotion of antibody production, cytokine expression,
lymphocytopoiesis and the enhanced functions of natural
killer cells, monocytes/ macrophages, neutrophils, B and
T cells. Similar to the hormone 1,25(OH)2D, retinoic acid
(RA) also is required for adaptive immunity and plays a role
in the development of both T-helper (Th) cells and B-cells.
RA modulates the Th1:Th2-cell balance, induces Th2-cell
response and inhibits Th17-cell differentiation. Therefore,
a vitamin A deficiency is associated with a decreased Th2-
cell response. Conversely, the supplementation of vitamin
A blocks the production of Th1-cell cytokines. The complex
immunmodulatory effects of retinoic acid have been exten-
sively reviewed in [107, 108].

People with vitamin A deficiency are prone to increased
risk and severity to viral infections, including the influenza
virus, human respiratory syncytial virus (RSV) andmeasles
virus. Populations at highest risk for severe RSV infection
include the elderly (65 years and older), adults with chronic
heart or lung disease, and adults with weakened immune
systems. The alterations in mucosal regeneration and
immune response presumably account for the increased
mortality andmorbidity in vitamin A deficiency due to viral
infections [97–102]. In a meta-analysis, vitamin A supple-
mentation was associated with a clinically meaningful
reduction in morbidity and mortality in children under five
years.Forexample, vitaminAsupplementation reduced the
incidence of diarrhoea by 15% (RR 0.85, 95% CI 0.82 to
0.87), the incidence of measles by 50% (RR 0.50, 95% CI
0.37 to 0.67) and risk for all-cause mortality by 12% (RR
0.88; 95%CI 0.83 to 0.93) [103, 104]. As vitamin A is cru-
cial for normal differentiation of epithelial tissues and
maintenance and functioning of the innate and adaptive
immune response, the supplementation of vitamin A may
be helpful against viral respiratory tract infections, such as
COVID-19 (see Table 2) [100, 101, 106–110].

Vitamin A and COVID-19
Oxidative stress and inflammation are key players in the
pathogenesis and progression of Coronavirus disease
2019 (COVID-19) [111–113]. The burden with ROS and
pro-inflammatory conditions can negatively affect vitamin
A supply through increased consumption, reduced intesti-
nal absorption, increased urinary excretion and sequestra-
tion in the liver [114–116]. In a recent study, computation
assaysandbioinformatics analysisusinganetworkpharma-
cology method were conducted to uncover the therapeutic
targets and mechanisms of vitamin A for treating
COVID-19. In this process candidate targets, pharmacolog-
ical functions, and therapeutic pathways of vitamin A
against SARS-CoV-2 were indentified (see Figures 3 and
4). Thebioinformatics results indicate that themechanisms
of action of vitamin A against SARS-CoV-2 include inhibi-
tion of pro-inflammatory processes, immunmodulatory
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and anti-oxidant effects. Above that seven core targets of
vitamin A against COVID-19, including catalase activity
(CAT), epidermal growth factor receptor (EGFR),
intercellular adhesion molecule 1 (ICAM1), IL10, mitogen-
activated protein kinase 1 (MAPK1),mitogen-activated pro-
tein kinase 14 (MAPK14) and protein kinase C beta type
PRKCB were identified. This bioinformatics-based report
reveals the anti-SARS-CoV-2mechanisms of vitaminA sug-
gest that this vitamin may act as a potent treatment option
for COVID-19 [117].

Recommendation

Prevention
In order to prevent a viral infection of the respiratory tract
we recommend elderly people, adults and adolescents to
supplement 2,000–4,000 IU vitamin A (retinol) per day.

Supportive treatment: Hospital admission, severe
course of COVID-19
a) Initially (day 1, bolus): Based on the information to date it
is reasonable to give all patients presenting with COVID-19
an initial bolus dose of between 50,000 and up to 200,000
IUs of vitamin A (retinol).

b) Followed by: 10,000 IU vitamin A daily for 1 month;
then: 5,000 IU vitamin A per day administered orally.

Vitamin C

Epidemiological studies carried out in Europe and North
America have indicated that hypovitaminosis C (<23–28
μmol/L) or dietary inadequacy (<50 μmol/L) is common
inWestern populations. According to several National Diet
and Nutritional Surveys in countries such as Germany, the
Netherlands, the UK or the USA where food availability
and supply should be expected to be sufficient, the dietary
intakes for vitaminC is often suboptimal. For example, over
50–75%ofall adults in theUSAdonotmeet thedaily recom-
mendations forvitaminC(90mgvitaminCdaily) and in the
Netherlands andGermanyover50–75%of theadults donot
receive the daily recommended intakes for Vitamin C (70
mg resp. 100 mg vitamin C daily) [76, 118, 119]. Among

the reasons why dietary recommendations for vitamin C
are often not met are: Economic reasons (poor socioeco-
nomic status, limited access to micronutrient dense food),
poor dietary habits, lifestyle limiting intakes or increasing
vitamin C requirements (e.g., drugs, alcohol abuse), expo-
sure to pollutants and smoke (both passive and active)
and various diseases (e.g. infectious diseases, diabetes). In
elderly hospitalized patients (age >65 years) the prevalence
of vitaminCdeficiency can reachup to80%.Epidemiologic
evidence indicates that a greater intake of vitamin C

Table 2. Anti-Sars-CoV-2 properties of retinoic acid (RA) according to
[100, 101, 106–110, 117]

Innate and acquired immune system "
Regulation of Th17/Th1-Treg/Th2 balance

Lymphocytopoiesis "
Anti-oxidant and anti-inflammatory effects

Regulation of surfactant protein gene expression

Integrity of epithelial tissues: respiratory, gastrointestinal and
urogenital tract.

Figure 3. Identification of vitamin A and SARS-CoV-2 associated
genes.Venn diagram showing the intersection targets of vitamin A
against SARS-CoV-2 with an identified PPI network (software
Cytoscape v 3.7.1) adapted from [100].

Figure 4. Network of seven core targets of vitamin A against SARS-
CoV-2 adapted from [100]. CAT: Catalase; EGFR: Epidermal growth
factor receptor; IL-10: Interleukin 10; ICAM 1: Intercellular adhesion
molecule 1; MAPK1: Mitogen-activated protein kinase 1; MAPK14:
Mitogen-activated protein kinase 14; PRKCB: Protein kinase C beta
type.
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decreases the risk of cardiovascular disease and morbidity
from stroke [119, 120]. Several studies have indicated that
compared with healthy individuals critically ill patients
havevery lowcirculatingvitaminC levels. Pharmacokinetic
studies in critically ill patients reveal that the parenteral
administration of vitamin C (e.g. 2–10 g Vitamin C per infu-
sion) is needed to keep their plasma level under such condi-
tions in a normal range [121].

Vitamin C and diet
A diet that supplies 200 mg vitamin C daily is adequate
to saturating immune cell and plasma concentrations
(�70 μmol/L) in healthy individuals and should cover
general requirements for the reduction of chronic disease
risk. T lymphocytes and other immunocompetent cells are
able to accumulate vitamin C [123–128, 131]. The vitamin
C concentration in these cells is 10–100 times higher than
in the blood. At this level, not only the immunocompetent
cells (e.g. neutrophils, lymphocytes) are saturated with
vitamin C but also the risks of cardiovascular disease or
cancer and the all-cause mortality is reduced [123–128,
131]. In order to attain such blood levels, healthy people
have to consume some five portions of fresh vegetables
and fruit (e.g. gooseberries, sweet peppers, kiwi, broccoli)
each day or take a supplement of 200 mg vitamin C (e.g.
by drinking 1=4 teaspoon of vitamin C powder dissolved in
freshly pressed orange juice).

Vitamin C and immunity
Vitamin C (ascorbic acid) is not only an important antioxi-
dant vitamin but is also crucial for both innate and adaptive
immunity. Several aspects of immunity, including the sup-
portingepithelialbarrier function (e.g. alveolarmembrane),
endothelial protection, phagocytosis, white blood cell
migration to sites of infection, microbial killing, and anti-
body production are influenced by vitamin C. At the
humoral level, vitamin C enhances antibody production
(IgA, IgM) and complement component C3 in the blood.
VitaminCalso increases interferonproduction anddefence
mechanismsagainst viral infections. Lymphocyte prolifera-
tion andmaturation are stimulated by vitamin C [131, 134].

In addition, vitamin C increases phagocytosis and
chemotaxis in neutrophils, eosinophils, and monocytes
[118, 125, 126, 134]. Vitamin C deficiency increases the risk
and severity of viral infections (e.g. influenza), the risk of
oxidative damage to membranes (e.g. alveolar system)
and endothelial dysfunction, and the pro-inflammatory
cytokine load (e.g. TNFα) [118, 127–131, 134]. Intravenous
vitamin C may positively impact the extent of multiple
organ failure and enhances the expression of tight junc-
tions, increases epithelial barrier integrity which helps to
restore pulmonary function [133, 134]. Thus, vitamin C
can favourably expand the treatment options in patients

with viral pneumonia and ARDS in severe SARS-CoV-2
infection by decreasing oxidative stress and inflammation,
increasing the immune defence and endothelial integrity,
reducing tissue and organ injury, and improving the overall
outcome of the disease [134].

Vitamin C and COVID-19
A growing body of evidence suggests that a cytokine storm,
which is a potentially fatal immune reaction triggered by a
variety of factors (e.g. infection) is associated with
COVID-19 progression and severity, and is often the cause
for death [135]. Cytokine storms are associated with severe
inflammation and elevated levels of pro-inflammatory
cytokines. Thus, cytokine storms play a main mechanism
of highly pathogenic human coronavirus infected pneumo-
nia, such as severe acute respiratory syndrome coronavirus
type 2 (SARS-CoV-2) [135, 136, 138]. Moreover, clinical
characteristics of COVID-19 indicate that cytokine storms
are positively correlated with the severity of the disease
[137–139]. SARS-CoV-2 can infect monocytes and macro-
phages through ACE2-dependent and ACE2-independent
pathways. Thereby the anti-viral response of monocytes
andmacrophages is suppressed. Additionally the adapative
immune response is impaired by the infection with SARS-
CoV-2, since monocytes and dendritic cells (DCs) act as
antigen presenting cells (APCs). For example, elevated cir-
culating quantities of IL-1β, IL-10, IL-17, TNF-α, G-CSF,
GMCSF, CXCL8, CXCL10 and IFN-γ have been detected
in theCOVID-19patients, especially in thoseneeding inten-
sive care unit (ICU) facilities. Several of these chemokines
and cytokines released through monocytes and macro-
phages can escalate the pathogenesis of COVID-19 [139].

Asmentioned above vitaminChas complex immunmod-
ulatory, antiviral, antibacterial, antioxidativ, and anti-
inflammatory properties, especially in high concentrations
(see Table 3) [140]. Vitamin C can inhibit the activation of
redox-sensitive nuclear factor kappa-B (NFκB), which is a
key pro-inflammatory transcription factor to produce
inflammatory mediators (e.g. cytokines, chemokines)
[127, 140]. Vitamin C inhibits granulocyte macrophage-
colony-stimulating factor (GM-CSF) and mitigates tumor
necrosis factor-alpha (TNF-α) in severe community
acquired pneumonia [141, 142]. In addition, ascorbic acid
regulates the function and proliferation of T cells, B cells
and natural killer (NK) cells (see Table 3) [143].

The intravenous administration of vitamin C achieves
higher blood levels (>1000 μmol/L) and has gained its
place incomplementarymedicineasasupportive treatment
for respiratory tract infections (e.g. 7.5 g vitamin C in 100
mL 0.9% NaCl, 2–4 times/week). Further, intensive care
medicine has shown that vitamin C infusions improve the
locomotor properties of immune cells (e.g. neutrophils in
sepsis) [148, 149, 151, 152]. Recent meta-analysis indicated
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that vitamin Cmay shorten the common cold, the length of
ICU stay and the duration of mechanical ventilation in crit-
ically ill patients [144–148, 151, 152]. Interestingly, the
Shanghai government now officially recommends high-
dose vitaminC therapy (100–200mg/kg bodyweight/day,
i.v.) in their guidelines for the treatment of Covid-19 [149,
150, 152, 157].

Vitamin C can help to suppress cytokine storms, one of
the main mechanisms in the deterioration of patients with
COVID-19. Therefore, the application of intravenous vita-
min C at an early stage of ARDS in patients with COVID-
19may help the management of cytokine storms, improve
the host’s immunity and help in better outcomes [134,
152–154, 156, 157]. The results of the first randomised inter-
ventional studies with vitaminC infusions (e.g. 12 g vitamin
C intravenously twice daily for 7 days) are eagerly awaited
[133, 134, 150, 155–157]. As vitaminC offers a safe and inex-
pensive treatment option, andhas several potential positive
effects on COVID-19, clinicians should be encouraged to
use vitamin C infusions in ICU along with the other treat-
ments (e.g. corticosteroids), especially until we have a
vaccines.

Recommendation

Prevention
1. Oral supplementation: 1000–3000 mg vitamin C (e.g.
plus quercetin, in divided doses throughout the day).

Supportive treatment: hospital admission, severe
course of COVID-19
2. a) Initially (days 1–10): 15–30 g vitamin C per day as an
intravenous infusion (e.g. in 100–200mL 0.9% NaCl as a
short infusion) with prior exclusion of a glucose-6-phos-
phate dehydrogenase deficiency and any contraindications
to vitamin C (e.g. haemochromatosis, renal failure).

b)Then:2–4 infusionswith 7.5–15gvitaminC (e.g. in 100–
200mL 0.9%NaCl as a short infusion) per week.

Selenium

Selenium is an essential trace element that has various
important aspects for human health, including antioxidant,
anti-inflammatory, immunomodulatory, anti-carcinogenic
and antiviral properties. The health promoting effects of
selenium and its compounds are due to its unique mecha-
nism of incorporation as the 21st proteinogenic amino acid
selenocysteine in selenoproteins encoded by 25 separate
human genes (human selenoproteome) with roles in cell
protection from oxidative stress, metabolic control, and
the inflammatory response. Amongst the 25 selenoprotein
genes identified to date several have important functions in
antioxidant defense, redox homeostasis and cell signalling

such as the glutathione peroxidases (GSH-Px 1-4, 6), that
reduce hydrogen and lipid peroxides, iodothyronine deiod-
inases (DIO), that activates thyroid hormones, thioredoxin
reductases (Trx-R 1-3), that are essentials in the homeosta-
sis of thiol systems, andselenoprotein-P (SELENOP),which
is the main carrier of selenium to target organs. Selenium-
dependent GSH-Px and Trx-R are very important for opti-
mal function of immune cells by controlling oxidative stress
and redox regulation [158, 159].

Selenium has a narrow therapeutic window. Although
normally safe, the supplementation may have adverse
effects in individuals that have already an adequate dietary
selenium supply. In rare cases selenium can cause hair loss,
fatigue, neurological disturbance (e.g. restlessness), gas-
trointestinal side effects (e.g. vomiting, diarrhoea) and has
been associated in persons with high baseline selenium
levels with an increased risk of type 2 diabetes. However,
suboptimal intake of selenium is widespread in many parts
of the world (e.g. Europe). In Europe for example, consum-
ing a balanced diet will barely delivermore than 45 μg sele-
nium per day to an adult. Correspondingly low are the
average serum levels in the populations of Greek, the
Netherlands and Germany 55 μg/L, 65 μg/L, and 75 μg/L
respectively [160]. In 1985, Finland started a population-
wide selenium supplementation effort and raised the aver-
ageplasma seleniumconcentration fromaround 70μg/L to
levels of around 111 μg/L. Worldwide, it is estimated that
about one billion people suffer from selenium deficiency
(<100 μg/L). The optimal range of selenium status accord-
ing to Rayman has been defined by a selenium serum level
between 130 to 150 μg/L [161]. Until the year 2099 the
selenium-poor soils (e.g. Europe)will lose even further sele-
nium and other minerals as a result of climate change,
particularly in agricultural areas [162–164]. The low sele-
nium intake causes insufficient expression of selenopro-
teins (e.g. selenoprotein P), low selenium levels in the
circulation and tissues, as well as an increased risk for
several chronic diseases. Selenium deficiency has been
recognized as a contributing factor to different patho-
physiological conditions, such as cancers, cardiovascular,

Table 3. Anti-Sars-CoV-2 properties of vitamin C according to [149–
153]

Innate and acquired immune system "
Antiviral, antibacterial, antimicrobial and immunmodulatory
properties

ROS-induced damage to the endothelium and alveolar membrane ;

Cytokine storm ;, ARDS treatment ", risk of multiorgan dysfunction ;

Lymphocytes ", T-, B- and natural killer (NK) cells "
Anti-oxidant and anti-inflammatory effects

Inhibition of NFκB

Integrity of epithelial tissues: alveolar system
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thyroid, neurodegenerative and/or infectious diseases,
inflammation, and immunodeficiency [158, 163–165].

Selenium and viral infection
Viral infections are accompaniedby alteration of intracellu-
lar redox state and induction of ROS-generating enzymes,
suchas theNADPHoxidases/dual oxidases (NOX/DUOX)
and xanthine oxidase (XO), that promote the production of
H2O2 and disturb subsequently antioxidant defenses. The
mainH2O2 scavenging enzymes are the glutathione perox-
idases (e.g. GSH-Px 1) and the thioredoxin reductases
(Trx-Rs). For instance, among the viruses that increase
oxidative stress are influenza viruses, respiratory syncytial
virus (RSV) and human immunodeficiency virus (HIV).
Selenium deficiency is an established risk factor for viral
infections. As is well knownhost seleniumdeficiencymight
increase the virulence of RNA viruses such as coxsack-
ievirus B3 and influenza A [166]. Selenium levels may also
affect B-cell-dependent antibody production. A selenium
deficiency causes a weakening of the immune response
and reduces the body’s chances for dealing with viral infec-
tions. Furthermore, a selenium deficiency may promote
viral mutations (e.g. influenza). Under conditions of sele-
nium deficiency viruses can mutate, replicate and spread
more quickly in the body. As a consequence the course of
a viral infection is more serious [164–170].

Selenium and COVID-19
Selenium may play an important protective role against
COVID-19 (see Figure 5). As it is well-known, the coron-
avirus pandemic started in the city of Wuhan in the Hubei
province of China, in December 2019. Like many Chinese
provinces, such as Sichuan and Shaanxi, Hubei is a region
of seleniumdeficiencywith low seleniumcontent in the soil
[171]. Recently, it has been observed a significant associa-
tion between COVID-19 cure rate and selenium status in
17 cities outside Hubei (P < 0.0001). The cure rate inside
Hubei Province, of whichWuhan is the capital, was signifi-
cantly lower than that in all other provinces combined [172].

Seleniumprevents viral infections fromproducing harm-
ful oxidative stress. Corona- and influenza viruses increase
the burden with ROS such as H2O2. Combined with the
increased oxidative stress due to the reduced activity of
the selenium-dependent protein glutathione peroxidases
(GSH-Px) in selenium deficiency, this may lead to direct
oxidative damage of the viral RNA. In the case of selenium
deficiency, these mutations may turn a relative harmless
influenza A virus into a considerably more aggressive type
[167, 170, 173, 174]. Selenoneine is the naturally occurring
seleniumcompound in humans. It is the seleniumanalogue
of the sulfur-containing compound ergothioneine, a
ubiquitous antioxidant found in the cells. In the form of
selenoneine, selenium can inhibit angiotensin-converting

enzyme (ACE) [174, 175]. Mpro is the main protease of
SARS-CoV-2 andpromotes the formationof its viral replica-
tion complex. As described above, the cytosolic selenopro-
tein GSH-Px 1 has multiple antiviral properties. It has been
observed that Mpro can be inhibited by the GSH-Px 1 [177,
178]. Furthermore the influence of seleniumonmodulation
of H2O2 induced oxidative stress on transient receptor
potential melastatin 2 (TRPM2) may also reduce viral repli-
cation of SARS-CoV-2 (see Table 4) [179, 180]. In a recent,
German cross-sectional study with COVID-19 patients a
significant invers association between selenium status
and the mortality risk was observed. Selenium was signifi-
cantly higher in samples from surviving COVID patients
as compared with non-survivors (serum selenium: 53.3
μg/L vs.40.8μg/L), recoveringwith time in survivorswhile
remaining low or even declining in non-survivors [174].

Theseleniumstatus constitutes ingeneral a risk factor for
viral infections and is mostly low in patients before the
infection with SARS-CoV-2. The requirement of selenium
in COVID-19 disease and upon the growing inflammation
increases.This increased requirementof seleniumcaneven
be reinforced through the inflammatory andhypoxic condi-
tions stay on ICU. As the supplementation of selenium is a
universally inexpensive and safe preventive measure we
recommend compensate any deficiency of immune-rele-
vant micronutrients, wherever possible after performing
lab tests.This seemsparticularly important for the traceele-
ment selenium. Efforts should be made to achieve a target
selenium level between 130 and 150 μg/L [161, 165, 172,
181].

Recommendation

Prevention
To prevent viral respiratory tract infections, elderly, adults
and adolescents should take 100–200 μg selenium as
sodium selenite or selenomethionine per day (approxi-
mately 2 μg selenium per kg body weight per day). Optimal
preventative serum selenium levels are 130 to 150 μg/L.

Figure 5. COVID-19: Pathophysiological mechanisms in selenium
deficiency, adapted from [153]. GSH-Px 1: Glutathione Peroxidase 1;
ARDS: Acute Respiratory Distress Syndrome.
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Supportive treatment: hospital admission, severe
course of COVID-19

a) Initially (days 1–7): 1000 μg sodium selenite per day,
in 100 mL 0.9% NaCl as a short intravenous infusion.
Alternatively: 1000 μg sodium selenite per day, as a
drink ampoule taken by mouth on an empty stomach
for one week.

b) Then: 300–500 μg selenium as sodium selenite daily,
by mouth.

Zinc

Amongst the essentialmicronutrients that arenecessary for
normal immune system function, zinc has a key role. Zinc is
present in muscle (60%), bone (30%) and other organs
(10%) such as brain, kidney, liver, prostate, pancreas, skin,
etc. Zinc acts a catalytic core or structural ion in more than
3000 enzymes and proteins. Daily zinc requirement of an
adult is 15mgandnormal rangeof serumzincconcentration
is84–159μg/dL.Zincdeficiency is common in theelderly.A
study in a group of elderly European people revealed that
44%had zinc deficiency and 20%hadhigh zinc deficiency.
Zinc deficiency has been associated with thymus involu-
tion, reduced proliferation of lymphocytes, production of
interleukin-2, and antibody response to T cell-dependent
antigens [182, 183]. The subclinical zinc deficiency might
be responsible for the high incidence of infections and
degenerative pathologies related to age. For example, as
zinc is involved in the synthesis of bonematrix constituents,
zincdeficiency is also a risk factor for age relatedosteoporo-
sis [184, 185]. Zinc supports components of the innate and
adaptive immune systems, which include the three main
lines of defence: epithelial barriers, cellular defences, and
antibodies. A dietary zinc deficiency causes an increased
susceptibility to oxidative damage of membrane fractions
in several tissues. Zinc regulates the vitamin A balance via
retinol binding protein (RBP). The trace element enhances
not only cellular defences but also the humoral immune

response. T lymphocytes responsible for cellular defence
undergo a maturation process in the thymus under the
influence of the hormone thymulin. This process of T cell
differentiation is exclusively zinc-dependent, as only the
zinc-thymulin complex is immunoactive. In zincdeficiency,
the concentrations of zinc-thymulin complex in the blood
are reduced and the activity of various immune cells (e.g.
killer cells) is severely impaired [186].The result is ageneral
weakening of the body’s defences, associatedwith a greater
susceptibility to viral infections. Zinc deficiency leads to the
overproduction of pro-inflammatory mediators. Further-
more, the thymus atrophies, the number of naïve B cells
falls, there is an imbalance between type 1 and type 2 T
helper cells and an increase in type 17Thelper cells. In con-
trast, the number of regulatory T cells decreases [186, 187].

Zinc and respiratory viruses
Zinc has been shown to exhibit antiviral properties by inhi-
bition ofRNAsynthesis, viral replication,DNApolymerase,
reverse transcriptase, and viral proteases. Furthermore,
Zinc has local antiviral effects especially in the pharyngeal
region. The common cold is primarily caused by respiratory
viruses that have over 100 serotypes. Among these, rhi-
noviruses are the most important, which are transmitted
by droplet spread or smear infection (e.g. shaking hands).
A bodywith an alreadyweak immune systemoffers respira-
tory viruses an ideal milieu for replication. Zinc has a direct
antiviral action. Numerous zinc binding sites can be found
on the surface of rhinoviruses. In vitro, zinc inhibits viral
replication and docking of the viruses on the mucosal
receptors through which the pathogens penetrate the host
cells. Recent meta-analysis of randomized double-blind,
placebo-controlled trials found that high dose of zinc acet-
ate lozenges reduced the duration of common colds symp-
toms by 22% (e.g. sneezing) to 54% (e.g. muscle ache),
mean 42% [188].

Zinc and COVID-19
Zinc has potent immunomodulatory and antiviral proper-
ties, and can be utilized in the treatment of COVID-19
[189] (see Table 5). Zinc supplementation may favour
COVID-19 treatment and enhance the efficiency of drugs
suchas remdesivir, dexamethasoneor ribavirin.Themajor-
ity of patientswithCOVID-19whenadmitted to thehospital
suffer from acute zinc deficiency [176]. Results from pre-
clinical studies assume that zinc can impair replication of
RNA viruses, including SARS-CoV-1, through direct inhibi-
tion of RNA-dependent RNA polymerase. Therefore, it can
be hypothesized that zinc may also inhibit SARS-CoV-2
replication. Coronaviruses and influenza viruses are simi-
larly transmitted by droplet spread. Risk groups and symp-
toms of COVID-19 and zinc deficiency reveal a large

Table 4. Anti-Sars-CoV-2 properties of selenium according to [170–
174, 175–180]

GSH-Peroxidases ": Scavenging of H2O2, Oxidative stress ;

GSH-Px 1: Protease Mpro ;

Modulation of TRPM2, synthesis of interferon γ "
Anti-inflammatory effects (e.g. NfkappaB ;, TNFα ;, NLRP3-
inflammasome ;)

Innate and acquired immune system ", regulation of Th17/Th1-Treg/
Th2 balance

T-Lymphocyte proliferation "
Pronounced vaso-protective effects
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overlap [191]. Some studies have shown that a zinc defi-
ciency favours the interaction of ACE-2 with SARS-CoV-2
spike protein and likewise increased zinc levels inhibit
ACE-2 expression resulting in reduced viral interaction
[191–193].

Case reports on four patients showed a significant
improvement in symptomatic disease parameters after
one day of high dose therapy with zinc lozenges suggesting
that zinc therapymayplay a role in clinical recovery [192]. A
recent prospective study of fasting serum zinc levels in
COVID-19 patients (n = 47), median age of 34.0 years
(range 18–77 years) at the time of hospitalization revealed
that COVID-19 patients had significantly lower zinc serum
levels [74.5μg/dLversus (vs) 105.8μg/dL] incomparison to
the healthy controls (n = 45) (see Figure 6) (p < 0.001).
Amongst COVID-19 patients, 57.4%were found to be zinc
deficient. Zinc deficient patients had amore severe disease
spectrum, with a higher complication rate (70.4% vs
30.0%, p = 0.009), with an OR of 5.54. In addition, these
COVID-19 patients showed an increased trend towards
the development of acute respiratory distress syndrome
(ARDS) (18.5% vs 0%, p = 0.06), longer hospital stays
(mean 7.9 vs 5.7 days, p = 0.048), were more likely to
receive corticosteroids (44.4% vs 10%, p = 0.02), and had
a increased mortality (5 (18.5%) vs 0 (0%), p = 0.06) [193].

These data are corroborated by another recent published
retrospective observational study with 249 COVID-19
patients. A zinc level < 50 μg/dL at the time of admission
correlated significantly with a worse clinical presentation,
longer time to reach stability and higher mortality [194].
The zinc and selenoprotein P status within the reference
ranges indicate a high survival odd in patients with
COVID-19, andassumethat correctingadiagnostically pro-
ven deficit in zinc and/or selenium by a personalised sup-
plementation may support convalescence [195].

In a recent multicenter cohort study 1006 of 3473 hospi-
talized patients with reverse-transcriptase-polymerase-
chain-reaction (RT-PCR) positive SARS-CoV-2 infection
received zinc with an ionophore. The supplementation
of zinc (50 mg one or twice daily) with the ionophore

hydroxychloroquine was associated with a 24% reduced
risk of in-hospital mortality (HR: 0.76, 95%CI 0.60–0.96,
P = 0.023) [196].

Zinc has complex immunomodulatory, antioxidant, anti-
inflammatory and antiviral activities. Zinc may also inhibit
RNA dependent RNA polymerase of RNA viruses such as
SARS-CoV-2. Therefore zinc may reduce the risk, duration
andseverityofSARS-CoV-2 infections, especially inpopula-
tions at high risk of zinc deficiency including people with
chronic disease co-morbidities and older adults. However,
there is urgent need for more clinical data about efficacy
of zinc supplementation against COVID-19 [197–202].

Recommendation

Prevention
Clinical trials have confirmed the efficacy of zinc prepara-
tions in the prevention and treatment of viral respiratory
tract infections. Zinc can significantly reduce the duration
and severity of common colds. To prevent viral infections
of the respiratory tract the elderly, adults and adolescents
should supplement 10–20mg zinc per day.

Supportive treatment: Hospital admission, severe
course of COVID-19
For therapeutic effectiveness in acute infections (e.g. sore
throat or runny nose), it is necessary to have a sufficiently
high zinc concentration and direct contact of the zinc ions
with the viral surface.When treating acute respiratory tract
infections, therefore, zinc lozenges (e.g. zinc acetate or glu-
conate) should be sucked to allow free zinc ions to develop
their inhibitory effects on the viruses.

a) Initially (days 1–2): 20–50 mg zinc intravenously plus
7.5 g vitamin C per day; additionally: 100–150 mg zinc
dived throughout the day by mouth for 7 days (e.g.
zinc lozenges with zinc acetate or zinc gluconate).

Table 5. Anti-Sars-CoV-2 properties of zinc according to [188, 189,
193, 196, 199]

Innate and acquired immune system "
Regulation of Th17/Th1-Treg/Th2 balance

Inhibition of ACE-2 expression

Inhibition of RNA-dependent RNA polymerase

Anti-inflammatory effects (e.g. Il-1 β ;, TNFα ;, NLRP3-inflammasome
;)

T-Lymphocytes ", risk of cytokine storm ;

Antioxidant defense " (e.g. SOD)

Mucosal barrier function (e.g. airway epithelium) "
Pronounced vaso-protective effects

Figure 6. Serum zinc levels in patients with COVID-19 aresignificantly
lower in comparison to the healthy controls according to [172].
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b) Then: 20–50 mg zinc per day by mouth (e.g. zinc
lozenges with zinc acetate or gluconate).

Conclusion

The supplementation with micronutrients, including vita-
min D and zinc is a safe, effective, and low-cost strategy
to help support optimal immune function in times of respi-
ratory tract infections with SARS-CoV-2. The application of
immune-relevant micronutrients above the recommended
dietary allowance (RDA), but within recommended upper
safety limits, for specific micronutrients such as vitamins
D and zinc is urgently warranted, especially in vulnerable
groups such as the elderly. Public health officials are
encouraged to promote nutritional strategies in their rec-
ommendations to improve public health, especially in vul-
nerable groups such as the elderly.
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