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Abstract
Purpose: The aim of this study is to assess the nutritional determinants that may contribute to potentially reducing the risk of 
COVID-19 central nervous system infection or, if infection occurs, to experience it in a mild form.
Views: In this study, the authors collected data on nutrients that support traditional drug treatment and potentially reduce central 
nervous system infections, while also indicating the role they play in the central nervous system (CNS). The article points out that 
long chain polyunsaturated fatty acids polyunsaturated fatty acids, probiotics and prebiotics, as well as vitamin D selenium and zinc 
play a role in supporting immune function and reducing the risk of CNS infections.
It should be noted that, due to the novel nature of the SARS-CoV-2 virus, limited number of studies evaluating the potential impact 
of dietary components on COVID-19 risk reduction or their adjunctive effect on treatment are available. Therefore, further clinical 
studies are needed to confirm these results.
Conclusions: The dietary habits and nutrients described in the article support medical care, including vaccination and other thera-
pies. They are likely to reduce the risk of CNS SARS-CoV-2 infection. The functioning of the physiological gut-brain axis supported 
by probiotics, polyphenols, certain minerals such as zinc, selenium and vitamin D consumed with the diet, can probably reduce  
the cost of COVID-19 treatment on the CNS. Also, nutrients other than those mentioned in the article, including vitamins A, E, B1, 
B6, B12 and iron, could potentially reduce the cost of the treatment of this disease.
Key words: COVID-19, LC-PUFA, vitamin D, selenium, zinc.
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Streszczenie
Cel: Oszacowanie uwarunkowań żywieniowych mogących przyczynić się do potencjalnego zmniejszania ryzyka infekcji ośrodko-
wego układu nerwowego w postaci COVID-19 lub, jeśli dojdzie do infekcji, przebycia jej w łagodnej postaci.
Poglądy: W niniejszej pracy autorzy zebrali dane dotyczące składników pokarmowych wspomagających tradycyjne leczenie far-
makologiczne i  potencjalnie zmniejszających ryzyko infekcji ośrodkowego układu nerwowego, wskazując jednocześnie na rolę, 
jaką odgrywają one w ośrodkowym układzie nerwowym (OUN). W artykule wskazano, że wielonienasycone kwasy tłuszczowe  
LC-PUFA, probiotyki, prebiotyki, a  także witamina D, selen i  cynk odgrywają rolę we wspieraniu funkcji odpornościowych 
i zmniejszaniu ryzyka infekcji ośrodkowego układu nerwowego. Należy zauważyć, że obecnie, ze względu na nowy charakter wirusa  
SARS-CoV-2, istnieje ograniczona liczba badań oceniających potencjalny wpływ składników diety na zmniejszenie ryzyka zaka-
żenia się COVID-19 lub ich działanie wspomagające w procesie leczenia. Konieczne są jednak dalsze badania kliniczne w celu 
potwierdzenia tych wyników.
Wnioski: Wdrożenie opisanych w artykule uwarunkowań żywieniowych może potencjalnie wspomagać leczenie i zmniejszać ry-
zyko zakażenia OUN przez SARS-CoV-2, co prowadzi do wniosków, że: 1) opisane w  artykule nawyki żywieniowe i  składniki 
odżywcze wspierają opiekę medyczną, w tym szczepienia i inne terapie, prawdopodobnie zmniejszają one ryzyko zakażenia OUN  
SARS-CoV-2; 2) wspieranie funkcjonowania fizjologicznej osi jelito–mózg przez probiotyki, polifenole, niektóre składniki mine-
ralne takie jak: cynk, selen i witamina D, spożywane wraz z dietą, może prawdopodobnie zmniejszyć koszt leczenia pacjentów  
z infekcją COVID-19 w obszarze OUN. Również inne niż wymienione w artykule składniki odżywcze, w tym: witaminy A, E, B1, 
B6, B12 oraz żelazo, mogą potencjalnie przyczynić się do zmniejszenia kosztów leczenia pacjentów z COVID-19.
Słowa kluczowe: COVID-19, LC-PUFA, witamina D, selen, cynk.
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INtRodUCtIoN
The COVID-19 pandemic, which originated in China, 

is the most extensive pandemic in 100 years, i.e. since the 
1918 Spanish Flu epidemic [1]. This comparison seems 
to be accurate taking into account a similar functioning 
of non-specific and specific immunity in humans [2].  
The accuracy of the above comparison has been con-
firmed, in research on the population of New York in 
1918 and the current situation with regard to the high 
increase in deaths due to COVID-19 in 2020 [3].

Although the morbidity in both pandemics is mainly 
connected with the respiratory system, more and more 
cases are currently reported of COVID-19-induced le-
sions in the central nervous system (CNS). In a  study 
conducted in China (Wuhan), out of a population of 214 
patients with COVID-19, 36.4% had CNS symptoms. On 
the other hand, in a Spanish study of 841 patients suffer-
ing from COVID-19, neurological symptoms were found 
in 57.4% of the subjects [4]. 

As reported in the Japanese press on December 29, 
2020, data from Wuhan on the number of cases due to 
COVID-19 were probably greatly underestimated [5]. 
Some people infected with SARS-CoV-2 experience 
a sudden deterioration in health. This is probably caused 
by a cytokine storm resulting from an abnormal, exces-
sive response of the immune system [6].

Diseases such as COVID-19 may increase the risk of 
premature death due to an overreaction of the body’s im-
mune system to the pathogen. When this happens, cyto-
kines – proteins that stimulate other cells in the immune 
system to respond in specific ways – are rapidly secret-
ed. The functions of cytokines include coordinating the 
body’s response to infection and inducing inflammation. 
When SARS-CoV-2 enters the lungs, a local immune re-
sponse is triggered and the production of cytokines re-
sults in the attraction of specialized cells to an intensified 
attack on the virus in the lower airways. In some patients, 
excessive levels of cytokines are released, which then ac-
tivate more immune cells, causing hyper-inflammation. 
This can seriously worsen the patient’s condition, leading 
to premature death.

Pneumonia is a  late stage of the disease when it is 
not so much the virus that is important, but the exces-
sive immune response that has developed in response 
to it. The virus itself initiates very strong inflammation.  
The overproduction of cytokines and immune cells in-
creases the risk of high blood pressure. SARS-CoV-2 
shows similar neuroinvasive and neuroinflammatory ca-
pabilities to SARS-CoV, and these may lead to the same 
neuropathologies. Cytokine storms may explain why very 
young people and children, whose immune systems are 
probably less developed and therefore produce lower  
levels of inflammatory cytokines, are less often affected  
by the disease [7, 8]. 

The study of SARS-CoV-2 coronavirus infections 
highlights the importance of proper medical treatment 
using nutrients, especially those with immunomodulato-
ry effects, to support the body’s natural immune defences 
for various viral infections, among other things [9, 10]. 

The current analysis of the incidence of COVID-19 
and the described nutritional conditions occurring in 
Poland suggest that there are opportunities to reduce 
the risk of dysfunction of the CNS due to infection and 
a milder course of these health disorders, with medical 
care implementing four sets of features in the recom-
mended health-promoting diet:

INtAke, IN ReCommeNded AmoUNtS, 
of polyUNSAtURAted fAtty ACIdS of 
the omegA-3 ANd omegA-6 fAmIly 
ANd theIR pRo-ACId deRIVAtIVeS 
SUCh AS pRoteCtINS, ReSolVINS  
ANd mAReSINS [11-14]

In the group of fatty acids from the omega-3 (n-3) 
family – long chain polyunsaturated fatty acids (LC- 
PUFA) – docosahexaenoic acid (DHA) plays a particu-
larly important role. It is, among other things, a modu-
lator of the activity of the cerebral microglia, understood 
as constantly residing macrophages in the brain, which 
constitute 5% to 12% of all cells of the central nervous 
system, depending on the brain region examined.

According to the current state of knowledge of the 
brain, it has been assumed that these are non-neuronal 
cells representing about 10% of their total collection in 
an adult human; their number may be 8 billion 400 thou-
sand, as estimated by Azevedo et al. [15].

Table 1 presents the current recommendations for 
daily intake of LC-PUFAs at the 2020 AI (adequate in-
take) level (USA), in grams/person/day.

For people over 18 years of age, the AI applies only to 
α-linolenic acid (ALA), as ALA is the only omega-3 fam-
ily acid that is essential and the IOM has not established 
specific recommendations for the intake of eicosapentae-
noic acid (EPA), DHA and other polyunsaturated fatty 
acids of the omega-3 family.

In the discussion of CNS nutritional requirements 
in terms of LC-PUFA the importance of DHA has been 
highlighted. This acid, by acting on dendritic spikes, fa-
cilitates signal transduction into the nerve cell and the ac-
tin-rich structures that shape postsynaptic endings [13]. 
It is possible that the effects DHA on actin may increase 
the chance of enhancing long-term memory [17]. A 2015 
study by Yurko-Mauro et al. found that DHA in conjunc-
tion with EPA enhanced episodic memory function in 
older adults [18].

Phospholipids of the membranes of synaptosomes 
and the synaptic vesicles of the brain’s grey matter contain 
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up to 40% DHA. Its significant content in neuronal cell 
membranes is essential for the formation of an adequate 
number of synaptic connections throughout life. 

Synapses surrounded by one of the groups  of glial cells, 
the astrocytes, are involved in the transmission of signals 
between neurons. Repeated transmission of an impulse 
strengthens synaptic conductivity for extended period.  
The formation of neuronal networks with increased con-
ductivity is the basis of learning and memory [19].

Moreover, long-chain polyunsaturated fatty acids 
increase the chances of the proper myelination of CNS 
axons, which takes place with the participation of oligo-
dendrocytes, e.g. in the prefrontal cortex [20-22]. 

The higher content of DHA and other polyunsat-
urated fatty acids in the phospholipids of neuronal cell 
membranes, as believed so far, also favourably affects the 
survival of these cells and utilization of these acids as sec-
ondary messengers [23]. Their low content or impaired 
metabolism is one of the causative factors of cognitive 
decline and, likely, increased risk of some mental health 
disorders and neurodegenerative processes [24, 25]. 

The data presented in this paper indicate that LC- 
PUFA, and especially DHA, exert a beneficial influence 
on brain activity in many metabolic processes and sites of 
this complex system. Further studies on the properties of 
neuronal cell membranes involving DHA and cell mem-
brane phospholipids seem justified.

Phospholipids also have a  beneficial effect on the 
functioning of neuronal cell membranes. They enhance 
the positive effect on the activity of the brain nervous tis-
sue [22, 26, 27]. 

In order to strengthen a favourable state of activity of 
the CNS it is also beneficial to supplement the diet with 
choline which improves the concentration of phospholip-
ids in the brain and in cell membrane synapses [28, 29].

A fundamental feature of nerve cells, apart from gen-
erating action potentials, is their ability to communi-
cate with other neurons or the cells of other tissues. This 
communication is carried out by means of synapses, i.e. 

sites of functional contact between cells. The exchange 
of information at the synapses can occur by electrical or 
chemical means.

The right combination of nutrients in an average diet 
also increases the tree-like protuberances (dendrites) 
which are the anatomical exponent of new synapses re-
sponsible for improving cognitive function [30]. 

The already mentioned DHA is formed in the body 
from alpha-linolenic acid. It is a component of cell mem-
brane phospholipids, where it undergoes similar transfor-
mations to EPA. During foetal life and early childhood, 
DHA (n-3) and arachidonic acid (AA, n-6) are essential 
in the formation of a normal structure of phospholipids 
of the brain and retina. They constitute more than 50% of 
all fatty acids of the brain’s grey matter.

EPA – an unsaturated fatty acid – also belongs to the 
n-3 family and is formed in the body from alpha-linole-
nic acid. It is a component of cell membrane phospholip-
ids, where it is a precursor of icosanoids and prostanoids 
which include prostaglandins, prostacyclins, thrombox-
anes, and leukotrienes.

A deficiency of n-3 fatty acids in cell membrane phos-
pholipids causes them to be displaced by n-6 fatty acids, 
causing pro-aggregative processes to take over from an-
ti-aggregative ones, increasing the risk of atherosclerotic 
lesions in the arteries. It is assumed that the ratio of lin-
oleic acid (n-6) to alpha-linolenic acid (n-3) should be  
5 : 1 to 10 : 1. Even a  short period of significantly in-
creased supply of n-6 fatty acids in relation to n-3 results 
in decreased DHA content in the nervous tissue, and its 
dysfunction [14, 31]. 

Phospholipids, as natural glycerides, are included 
in cellular and cytoplasmic membranes. An important 
representative of phospholipids is lecithin. Contained 
in soya beans, among other things, it is a mixture of es-
ters of α- and β-glycerophosphoric acids (mainly the lat-
ter, β-lecithin) and unsaturated fatty acids. In addition, 
it contains a choline residue, esterified with phosphoric 
acid. The most important area of lecithin’s influence is the 

table 1. Current recommendations for daily intake of LC-PUFA at the adequate intake (AI; g/person/day) level according 
to the IOM [16]

male female pregnancy lactation

From birth to 6 months* 0.5 g 0.5 g

7–12 months* 0.5 g 0.5 g

1–3 years** 0.7 g 0.7 g

4–8 years** 0.9 g 0.9 g

9–13 years** 1.2 g 1.0 g

14–18 years** 1.6 g 1.1 g 1.4 g 1.3 g

19-50 years** 1.6 g 1.1 g 1.4 g 1.3 g

51+ years** 1.6 g 1.1 g
*Sum of polyunsaturated acids from the omega-3s family, **α-linolenic acid (ALA)



SARS-CoV-2: Nutritional determinants of reducing the risk of infection of the central nervous system 
Uwarunkowania żywieniowe zmniejszania ryzyka infekcji ośrodkowego układu nerwowego przez SARS-CoV-2

133

central nervous system. The choline contained in lecithin 
enhances the ability to concentrate and remember. There 
are also reports of effective use of lecithin in increasing 
concentration and memory [32]. Choline is also involved 
in fat and cholesterol metabolism. This is associated with 
the presence of polyunsaturated fatty acids in its mole-
cule, which by binding with cholesterol facilitate its trans-
port and removal from the system. Therefore, lecithin has 
a beneficial effect on reducing the risk of atherosclerosis 
and vascular disorders, including CNS disorders. For the 
reasons mentioned above, choline also participates in the 
formation and maintenance of the proper structure of cell 
membranes. It also participates in the transmission of sig-
nals both within and between cells.

In the human body, lecithin is probably present in 
each of the vast number of body cells, as a component of 
cell membranes [33]. 

According to the estimate of the above-cited authors, 
the number of these cells, including in differentiated or-
gans, is 3.72 × 1013. These preliminary estimates are the 
beginning of further research in this field.

In the set of total body cell counts given above, the 
number of brain cells in the central nervous system was 
given after Azevedo et al. [15].

The authors estimated this in relation to the brain of 
an adult weighing 1508 g. These authors’ data indicate 
that the total number of cells in question is 170 billion 
[15]. This suggests that neurons make up about half of the 
total set of brain cells. The ratio of neurons to non-neuro-
nal cells is 1.0. The second type of brain cells are non-neu-
ronal cells. Their proportion is more than half of the total 
set of cells, i.e. 84 billion, 61 million, 983 thousand.

An important and interesting point of view on the sig-
nificance of DHA as a nutrient that strengthens the func-
tioning of the organism, especially of the brain, has been 
raised by Bradbury [34].

A sufficient level of DHA content in the diet is highly 
likely to reduce the risk of developing such neuropsychi-
atric disorders as psychosis, and unipolar and bipolar af-
fective disorders [34-36].

In 2021, the Journal Prostaglandins, Leukotrienes 
and Essential Fatty Acids presented direct evidence of 
a  positive effect of omega-3 fatty acids in the course of 
COVID-19. In the study, people with the highest con-
centration of omega-3 fatty acids in the blood were four 
times less likely to die from COVID-19 than those with 
the lowest concentration. The study in medical units 
confirms the information presented by the authors of 
this article that DHA and EPA acids show significant an-
ti-inflammatory effects and at the same time reduce the 
occurrence of cytokine storms [37]. DHA and EPA ac-
ids exert a direct influence on the immune response to 
viral infections, therefore their serum level is extremely 
important [38, 39]. 

lIfeStyle effeCtS oN  
the phySIologICAl fUNCtIoNINg  
of the gUt-bRAIN AxIS

The gut-brain axis, with the involvement of the gut 
microbiome, is a  bidirectional communication pathway 
that connects the gut bacterial flora to the central nervous 
system (CNS).

The microbiome influences the CNS mainly by:
•	 modulating the concentration of pro- and anti-inflam-

matory cytokines,
•	 influencing the content of tryptophan, a  precursor of 

serotonin,
•	 synthesis of numerous neurotransmitters and influence 

on the expression of their receptors in the brain,
•	 interactions with the enteric and autonomic nervous 

system, especially the vagus nerve,
•	 regulation of the hypothalamic-pituitary-adrenal (HPA) 

axis response under stress.
The microbiome also probably plays a role in prevent-

ing increased permeability of the intestinal barrier under 
the influence of psychological stress and pro-inflamma-
tory cytokines.

There is ample evidence for a  supportive role of the 
immune system and pro-inflammatory cytokines in the 
inflammatory pathogenesis of depression.

Obesity, arising from a  sedentary lifestyle, in which 
“low-grade inflammation” is also involved, can play a role 
in the development of depression [40].

Existing data suggest that prebiotics and probiotics 
in the daily diet probably diminish the risk of depressive 
and anxiety disorders. Physiological functioning of the 
gut-brain axis facilitates the regulation of food intake, re-
ducing the risk of developing obesity and irritable bowel 
syndrome [41, 42].

A physiologically functioning gastrointestinal micro-
biome may probably assist in the maintenance of an ener-
gy balance that is beneficial to the body [43]. 

The above-mentioned effects of reducing the risk of the 
development of obesity through physical activity and proper 
medical care are highly beneficial in the conditions of the 
COVID-19 pandemic because patients with obesity show 
a higher mortality rate than those with normal BMI [44]. 

Another strengthener of the gut-brain axis against the 
formation of tissue or organ cell damage is proper nutrition 
and the resulting physiological functioning of the microbi-
ome Gut-Brain-Microbiome-Axis. Findings published in 
2018 state that there is growing evidence of a continuous, 
integrated, bi-directional interaction between the gastro-
intestinal tract and the CNS and between the gut microbi-
ome and the brain. This integration promotes a continuous 
interaction between the central nervous system, the diges-
tive system and the immune system. Preclinical and clin-
ical studies (Level C) show that the interaction promotes 
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not only a reduced risk of gastrointestinal health disorders 
but also psychiatric disorders such as autism anxiety, de-
pressive states and many others.

In summarizing the role of probiotics and prebiotics 
in reducing the incidence of heavy COVID-19 disease 
the authors wish to point out that studies show that some 
patients with COVID-19 have significant dysbiosis in pro-
biotic gut microbiota, such as Lactobacillus or/and Bifido-
bacterium [45]. In addition, some reports suggest a thesis 
that requires, in our opinion, further medical investigation 
of a connection between intestinal microflora, secondary 
intestinal infection and COVID-19 disease [46-48].

Systematic consumption in the daily diet of prebi-
otics, probiotics, polyunsaturated long-chain fatty acids 
and a variety of vegetables, high in dietary fibre and an-
tioxidant vitamins,  probably increases the chances of 
a protective effect of diet against viral infections [49, 50].

Similar views on the beneficial effects of the brain- 
gut-microbiome-axis in supporting COVID-19 risk re-
duction through medical care and diet are offered by Jog-
gers, Dhar, and Baghbani [50-52].

the AVAIlAbIlIty IN StANdARd dIetS 
of ReCommeNded AmoUNtS  
of polypheNolS’

Preclinical studies suggest that polyphenols may play 
a role in reducing the risk of COVID-19-induced health 
disorders, and also support the body’s treatment of the 
conditions that have occurred by taking these compounds 
with daily diets [53]. 

Compounds of this group are present in food prod-
ucts mainly in the form of esters, glycosides or polymers, 
which the body cannot assimilate in their initial form. 
Most compounds in glycosylated form are not hydrolysed 
in the stomach. Flavonoids, such as quercetin, are ab-
sorbed in the stomach, but only in their non-glycosylated 
form. An exception among polyphenols are anthocyanins, 
whose glycosylated forms predominate in the human 
body over aglycones (anthocyanidins). Other compounds 
are hydrolysed by intestinal enzymes or broken down by 
intestinal microflora. Polyphenols that are not absorbed in 
the small intestine enter the colon, where they are hydro-
lysed by gut microflora in glycosylated form. The resulting 
aglycones are then converted to aromatic acids. A  very 
important part of the activity of polyphenols is their pro-
tective effect in relation to the endothelium of damaged 
blood vessels [54]. 

Polyphenols have many beneficial properties for re-
ducing the risk of atherosclerosis, brain dysfunction, 
stroke, cardiovascular disease and cancer [55].

Phytotherapy treatment through antiviral, anti-in-
flammatory activity reduces the risk of obesity, type II di-

abetes, and blood clots, and the use of prebiotics reduces 
the potential risk of adverse health effects in general [56].

Furthermore, polyphenols therapeutic potential should 
be investigated, at the molecular level towards in reduction 
of the risk of infection by SARS-CoV-2.

The primary potential mechanism of action of poly-
phenols realised in medical centres is due to their prom-
ising therapeutic potential antiviral activity and immune 
regulatory function against COVID-19 disease. 

Researchers in medical units hope that new studies 
will soon emerge that will prove to be as important as 
those from this year demonstrating the role of, for exam-
ple, epigallocatechin gallate (EGCG), a green tea polyphe-
nol that inhibits the 3CL protease SARS-CoV-2. Results 
indicate that EGCG inhibits coronavirus replication [57]. 
The results of another study found promising antiviral ef-
fects of curcumin and its analogues, such as inhibition of 
SARS-CoV-2 virus binding to the host ACE-2 receptor, 
and host defence against the cytokine storm effect [58].

ZINC, SeleNIUm ANd VItAmIN d 
Evidence shows that zinc, vitamin D and vitamin C 

individually or in combination improve the immune re-
sponse. An adequate intake of zinc and vitamins C and D 
during the COVID-19 pandemic is a promising prophy-
lactic tool due to the high demand for these nutrients in 
virus contact and the inflammation process.

In the human body, zinc is involved in about 100 en-
zymes, among other reasons to maintain the structural 
integrity of proteins in the regulation of gene expression.

Dietary zinc supplementation in economically de-
prived populations strongly enhances physiological lin-
ear growth in children before 5 years of age [59].

According to Rivera [60], zinc deficiency, at the cel-
lular and subcellular level, can lead to disorders in gene 
transcription, enzyme function, hormone receptor regu-
lation, growth disorders, immunity, neurobehavioral de-
velopment and fetal development. According to the same 
team of authors, if, in the population assessed, there are 
more than 20% of cases of too low a level of daily intake, 
there is a high risk of deficiency of this nutrient.

Dietary zinc deficiency affects approximately 30% of 
the world population [61]. In the authors’ own study of the 
diet of the Polish population conducted in 2000-2003, in-
cluding the assessment of the zinc content, two methods 
of data collection were applied simultaneously: a  ques-
tionnaire for the assessment of the whole-day diet from  
24 hours preceding the day of data collection with the use 
of an interview questionnaire, and  the use of household 
budget surveys by the Central Statistical Office. In these 
studies representative data were obtained, among other 
things, on the zinc content of 36 163 average whole-day 
diets of the Polish population. In this population, the zinc 
content in household budgets was 9.3 mg/person/day and 
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in the dietary interview 9.4 mg/person/day. It was found 
that the deficiency of this dietary component in the popu-
lation of households was characteristic, in median values, 
of 67% of the respondents [62]. These deficiencies con-
cerned boys and girls up to the age of 12 years. How ever, 
starting from the 13th year, they primarily concerned the 
female population. In boys over 16 and men up to 60 years 
of age, the zinc intake was approximately 5% higher than 
recommended. In contrast, dietary zinc intakes > 60 years 
of age were lower than recommended in both sexes by 
about 15-20%.

In the 2017 Dietary Standards for Polish population 
set by National Food and Nutrition Institute, the Recom-
mended Dietary Allowance (RDA) for zinc was 11 mg/ 
person/day for men, 8.0 mg/person/day for women. 
A  comprehensive dietary study on dietary zinc intake 
was published in 2004 for about 180 countries worldwide 
[63]. In the above-mentioned study, the average zinc in-
take in Poland was 12.5 mg/person/day.

Since the degree of zinc bioavailability from a whole-
day diet seems to be determined by the content of phytic 
acid, and probably to a lesser extent by dietary fibre, the 
content of the latter was compared in the same study in 
analogous age ranges. It was assumed that the recom-
mended dietary fibre content for an adult is 25 g/person/
day. The content of dietary fibre for the whole popula-
tion of boys and men was 25.5 g per average person, with 
a  range from children 1-3 years in the median value of 
10.7 g/person/day to 22.7 g/person/day at age > 60 years. 
In girls and women, the dietary fibre content ingested by 
the average female was 18.4 g/person/day with a  range 
from 10.1 g/person/day at age 1-3 years to a  range of  
18.4 g/person/day in the median value for age > 60 years. 
It seems likely, assuming that the fibre composition of  
the diets of the average man and woman was similar, that 
the reduction in zinc bioavailability in men and women 
was probably similar. The limitation of this comparison is 
the fact that phytic acid is an unabsorbable dietary com-
ponent, present in the highest amounts in the average ra-
tion in products such as sesame, Brazil nuts, tofu, hazel-
nuts, almonds, soy beverages, avocado, and  buckwheat 
groats [64]. However, in relation to dietary fibre, we make 
a distinction between its non-water soluble and soluble 
parts [65, 66]. Additionally, phytate, which is present in 
staple foods like cereals, corn and rice, has a strong nega-
tive effect on zinc absorption from composite meals. Ino-
sitol hexaphosphates and pentaphosphates are the phytate 
forms that exert these negative effects, whereas the lower 
phosphates have no or little effect on zinc absorption.

The body zinc content of an adult ranges from 1.5 to 
2.5 g, with a higher average content in men than in wom-
en. It is present in all organs, tissues, body fluids and secre-
tions. Zinc also has possible antioxidant and inflamma-
tion-reducing properties where COVID-19 is concerned 
[68]. Zinc absorption in humans takes place in the small 

intestine. This is one of the main mechanisms of system-
ic homeostasis of this mineral, which is essential for the 
maintenance of health and is present in humans in trace 
amounts. Its transport in the body takes place with the 
participation of the intestinal epithelium and the circula-
tory system. By far the biggest proportion of this process 
takes place with the participation of the epithelial cell line 
Caco-2 [67]. Zinc has prophylactic and supportive prop-
erties for the treatment of the aforementioned virus infec-
tion [68]. The data presented in this material concerning 
the zinc content in the all-day diet in Poland have shown 
that in an average man, the median value of zinc was 
11.89 mg/person/day and in an average woman, 8.15 mg/ 
person/day. A deficiency of this nutrient was highly likely 
to occur more frequently in women than in men.

Zinc finger proteins are among the most numerous 
groups of proteins and have a  wide range of molecular 
functions. They are able to interact with DNA, RNA, PAR 
(poly-ADP-ribose) and other proteins [69]. These pro-
teins are involved in many important cellular processes, 
including genetic transcription, protein translation, me-
tabolism, the folding and assembly of other proteins and 
lipids, programming of cell death, ubiquitin-mediated 
protein degradation, signal transduction, DNA repair 
and cell migration. 

Recent medical research evidence suggests that SARS- 
CoV-2 with severe acute respiratory syndrome is high-
ly sensitive to interferons. A  zinc finger antiviral protein 
that specifically targets CpG dinucleotides in viral RNA 
sequences blocks SARS-CoV-2. All type I, II and III in-
terferons strongly inhibit SARS-CoV-2 and induce the ex-
pression of zinc finger proteins. Low levels of zinc finger 
proteins significantly increase SARS-CoV production in 
lung cells, especially after interferon treatment [70].

Serum zinc levels have been positively correlated 
with healthy lung function, as high zinc levels have been 
shown to improve lung tolerance to damage from me-
chanical ventilation [71]. At the same time, it has been 
shown that the pneumonia mortality rate in elderly pa-
tients with zinc deficiency was twice as high compared to 
patients with normal zinc levels [72].

The risk of zinc deficiency increases in populations 
consuming low amounts of meat, with a high intake of 
phytate and fibre, which reduce the bioavailability of zinc, 
and a high prevalence of diarrhoeal conditions. Based on 
the existing, if incomplete, epidemiological diagnosis, it 
seems that Poland does not belong to this group of coun-
tries, and the consumption of meat and meat products, 
at the level of more than 65 kg/person/year, should be 
assessed as similar to that observed in economically de-
veloped countries. A meta-analysis of zinc content in tis-
sues and body fluids by Lowe [73] indicates that zinc is 
not present in the body in the form of reserves that could 
be easily activated under deficiency conditions. There 
is a highly efficient mechanism in the body to maintain  
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homeostasis for zinc by, among other things, increasing 
its assimilability in the gastrointestinal tract and decreas-
ing its excretion in faeces and urine. In conditions of zinc 
deficiency in the diet, the application of the technique 
of tracing the uptake of labelled zinc allowed research-
ers to establish that when the dietary zinc intake per day 
decreases from 12.2 mg/day to 0.23 mg/day, the zinc 
uptake increases in adult men by approximately 100%.  
At the same time, urinary zinc excretion decreases from 
0.36 mg/day to 0.006 mg/day and faecal excretion de-
creases from 11.8 mg/day to 0.23 mg/day. These results 
may indicate that deficiencies of this element in some di-
ets may be reduced by increasing its bioavailability and 
decreasing its excretion in faeces and urine.

The results of our own studies on zinc content in the 
diet were also compared with the results of studies in  
9 European countries involving the populations of wom-
en who were surveyed in 2000. These data show that the 
zinc content in the whole daily diets of adult women in 
Poland at the level of average intake amounted to 8.8 mg/
per capita/day, ranking fourth out of the 8 countries an-
alysed for this particular nutrient. The highest mean zinc 
intake with a whole-day diet, of 10.9 mg/person/day, was 
found in the female population in Germany and the low-
est, 7.2 mg/person/day, in Ireland.

The analysis of data on zinc content in body fluids and 
tissues described in 46 collected publications shows that, 
in healthy subjects, zinc concentrations in plasma, urine 
and hair are among the reliable biomarkers for zinc con-
tent in the body.

According to previous medical studies, a deficiency of 
this nutrient in the total daily diet is known to be one of 
the causes of severe COVID-19 disease.

Selenium is a mineral component with an important 
role in reducing the risk of immune system dysfunction, 
physiological thyroid function, and oxido-reductive sys-
tem dysfunction [74, 75]. It occurs in the body in asso-
ciation with methionine and cysteine. Selenocysteine is 
formed as a result of the exchange of a sulphur atom from 
the amino acid cysteine into a selenium atom supplied with 
the diet. These compounds are involved in the formation of 
key enzymes: glutathione peroxidase, thiore doxin reduc-
tase, iodothyronine deionidase, or selenoprotein such as 
selenoprotein P. There are 25 known selenoproteins, most 
of which show antioxidant properties such as glutathione 
peroxidase. Viruses produce reactive oxygen species. For 
this, adequate levels of glutathione peroxidase and seleno-
proteins are required in the body and are thought to reduce 
the risk of inflammation caused by viruses by slowing their 
replication and mutation [76]. Studies on mice show that 
selenium deficiency caused by low dietary supply results in 
reduced glutathione peroxidase activity, which translates 
into more severe symptoms of viral diseases and longer in-
fection times [76]. Poland, as well as many other European 
countries, has low selenium levels in the environment and 

especially in soil. Therefore, selenium deficiency proba-
bly occurs in the general population and among patients 
with viral infections. This causes increased production of 
reactive oxygen species, which in turn leads to increased 
oxidative stress, promoting a weakened immune response, 
viral mutations and increased virulence [77]. During the 
ongoing pandemic in China, it was observed that in the 
city of Enshi, which has one of the highest selenium intakes 
in the world, the recovery rate of people with COVID-19 
was almost three times higher than the average for other 
cities in Hubei province, including Wuhan. For this reason, 
researchers began to look at this ingredient more closely. In 
a study in South Korea involving patients with COVID-19, 
a deficiency of this mineral has been shown to be associ-
ated with high SARS virulence. Very low serum selenium 
levels were present in 44.4% of patients. Among those 
who died from COVID-19, 65% had low selenium levels, 
compared to 39% of survivors. This seems to indicate that 
selenium deficiency weakens the immune system, which 
increases the frequency of severe disease [78]. These data 
are in line with previous studies conducted in those infect-
ed with the influenza, polio and Coxsackie B3 viruses. Se-
lenium deficiency was shown to be associated with higher 
mutation rates. The Moghaddam study found that the risk 
of mortality from septicaemia was inversely proportional 
to the level of selenium in the body. Serum selenium levels 
have also been shown to be an important indicator of sur-
vival among patients with COVID-19. According to EFSA 
recommendations, the intake of selenium at the AI level 
should be 70 µg/day in adult men and women. The mean 
selenoprotein P level in COVID-19 patients was at 53.3 ± 
16.2 µg, lower than EFSA recommendations, and was an 
indicator of high survival in COVID-19 patients, whereas 
a level of 40.8 ± 8.1 µg was associated with a significant re-
duction [79]. 

In view of the above data, selenium supplementation 
should be potentially considered in patients with viral in-
fections, given the fact of an enhanced immune response 
which could contribute to a milder course of COVID-19 
disease [80]. Selenium intake at physiologically recom-
mended levels has been shown to be associated with telo-
mere length in adults [81]. Rich sources of selenium in-
clude Brazil nuts, seafood and offal as well as meat, cereals 
and dairy products. Selenium concentrations in foods of 
plant origin vary considerably depending on geographi-
cal location. Excess selenium is toxic. A garlic-like smell 
on the breath and a  metallic taste in the mouth are the 
first symptoms that may indicate an excess of selenium in 
the body. The most common clinical signs of chronical-
ly high selenium intake or selenosis are hair and nail loss 
or brittleness. Selenium as a nutrient, in the form of sup-
plements, promotes the proliferation and differentiation  
of T lymphocytes, thus supporting the immune response, 
inhibiting the entry of viruses into healthy cells and reduc-
ing and their infectious potential [82].
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Vitamin D is a very important fat-soluble nutrient with 
diverse effects on the whole body, including the CNS, and it 
is also a prohormone acting on a number of genes. Calcitri-
ol, the active (hormonal) form of vitamin D, due to its action 
belonging to a  family of hormones that are transcription 
factors for target protein genes. Unlike other hormones e.g. 
androgens, estrogens, glucocorticosteroids, mineralocor-
ticosteroids, and progesterone, the synthesis of calcitriol is 
limited by the availability of the vitamin D substrate 25-hy-
droxyvitamin D. The evidence linking vitamin D deficiency 
to COVID-19 severity is circumstantial but significant. Its 
frequent deficiency at the brain level increases the risk, start-
ing during fetal life, of cognitive decline, increased risk of 
developing Alzheimer’s disease, schizophrenia, depression, 
multiple sclerosis, periodic affective disorder, Parkinson’s 
disease, autism, stroke and epilepsy [83]. At the same time, 
it is noted that the severe course of COVID-19 affects to 
a greater extent elderly people or patients who live in social 
care homes and have significant vitamin D deficiencies.

Ergocalciferol is produced in yeast and plants by UVB 
radiation, and cholecalciferol is found in oily fish and 
cod liver oil. It is also produced in human skin. Getting 
enough vitamin D from food is very difficult. Oily fish is 
the only significant food source. In the conditions of the  
COVID-19 pandemic, vitamin D deficiency is particular-
ly unfavourable as it increases the risk of, among other 
things, microglia inflammation, while also increasing the 
risk of viral infections [84]. A  meta-analysis of 25 ran-
domised trials showed a reduction from 42.2% to 40.3% 
in the risk of one or more upper respiratory tract infec-
tions with prior vitamin D supplementation [85]. The de-
crease in infection rates was greater, from 55% to 40.5%, 
among those with vitamin D deficiency at the start of the 
study. The benefit was evident with regular daily vitamin 
D administration, whichunder the conditions described, 
reduces, by strengthening the immune system, the risk 
of a cytokine storm. One of the many functions of vita-
min D is to modulate the activity of the immune system.  
The vitamin interacts with most cellular immune systems, 

such as macrophages and B and T lymphocytes, and in-
hibits the formation of pro-inflammatory cytokines [86]. 
Nothing is lost but a great deal is gained by recommend-
ing vitamin D supplementation for all at 800-1000 IU dai-
ly. People who are deficient in it should take 4000 IU/day 
each day, while monitoring their serum levels. Those who 
are hospitalised for COVID-19 disease should take high 
doses of this vitamin, depending on their condition [85]. 

It should be noted that while data from multiple 
randomized clinical trials or meta-analyses (Level A) 
for polyunsaturated fatty acids, vitamin D, zinc exist in 
terms of their anti-inflammatory and immunomodula-
tory properties, at this time, because SARS-CoV-2 is an 
emerging virus, there are only a limited number of studies 
(Level B) evaluating the potential effect of dietary com-
ponents on COVID-19 risk reduction or their supportive 
effect in the treatment process. Preliminary data suggest 
that supplementation with the components discussed in 
this article may be beneficial in improving the health of 
patients with viral infections. However, further clinical 
trials are needed to confirm these results and make possi-
ble recommendations against COVID-19 [87]. 

Implementation of the nutritional conditioning de-
scribed above may potentially support the treatment and 
lower the risk of CNS infection via SARS-CoV-2, leading 
to the overall conclusion that:

1) The dietary habits and nutrients described in the 
article support medical care, including vaccinations and 
other therapies. They are probably reducing the risk of 
SARS-CoV-2 infection of the CNS.

2) The functioning of the physiological gut-brain axis 
supported by probiotics, polyphenols, and certain minerals 
such as zinc, selenium and vitamin D consumed as dietary 
supplements probably may reduce the cost of COVID-19 
treatment for complications involving the CNS. Also, nu-
trients other than those mentioned in the article, includ-
ing vitamin A, vitamin E, vitamin B1, vitamin B6, vitamin 
B12, and iron, may potentially help to reduce the cost of the 
treatment of this disease. 
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