OPEN a ACCESS Freely available online

Journal of Clinical Trials

ISSN: 2167-0870

Research Article

Computational Systematics of Nutritional Support of Vaccination against Viral
and Bacterial Pathogens as Prolegomena to Vaccinations against COVID-19
Ivan Y. Torshin!", Olga A. Gromova!, Alexander G. Chuchalin?

IFederal Research Center “Computer Science and Control” of Russian Academy of Sciences, Vavilova 42, 119333, Moscow, Russian
Federation;?Russian National Research Medical University, Ostrovityanova 1., 117997 Moscow, Russian Federation

ABSTRACT

A total of 6,628 PUBMED-registered publications on the relationships between the effects of vaccination and the
provision of micronutrients have been studied by methods of topological analysis of text data. In case of insufficient
intake of certain micronutrients, the functioning of the acquired immunity is disrupted resulting in an imbalance of
populations of T-cells CD4+/CD8+ and of B-lymphocytes. Nutritional supplements of folate, vitamins A, D and B12,
which are recognized regulators of cell division, support a wide range of lymphocyte populations. Trace elements zinc,
iron, selenium, manganese and omega-3 polyunsaturated fatty acids are also important for supporting the
mechanisms of acquired immunity. The data presented show that a course intake of these micronutrients by patients
planning vaccination can significantly improve its effectiveness. In particular, these micronutrients can increase the
titers of antibodies to pathogens, and to reduce the percentage of patients who still contract infection after
vaccination. Supplements of these micronutrients can also contribute to the safety of vaccination: to prevent malaise
and, in the unfortunate case of contracting infection despite the vaccine, to reduce the severity of the course and the
mortality from the corresponding infection.

Keywords: Vitamins; Trace elements; Efficacy; Pharmacoanalytics; Safety

INTRODUCTION

Vaccination against specific strains of viral and bacterial
pathogens is considered to be the most effective approach to
anti-infective protection at population level. Vaccination aims to
activate acquired immunity, which implies the production of
pathogen-specific antibodies in sufficient concentration. At the
same time, vaccination does not stimulate and does not support
the innate antiviral and antibacterial immunity [1,2].

Fundamental issues of interactions between acquired and innate
immunity become particularly relevant in viral epidemics and
especially in pandemics [3]. For example, an analysis of
molecular biological pathways involved in innate immunity
against the SARS-CoV-2 [4] showed that an increase in the
body's supply of vitamins A, D, magnesium, zinc can be an
important and yet inexpensive resource for enhancing the
activity of the innate immunity (interferon system, in particular)
against RNA viruses [4]. These micronutrients and a number of

pharmaceuticals can show a direct antiviral effect, inhibiting
viral replication in cell cultures [5] and chemotherapy. However,
there is still a lack of treatment strategies for HPV infection in
the cervix and vagina, and so effective treatment. The
augmentation of the supply of micronutrients to the general
population is also important to prevent chronic comorbid
pathologies, which typically involve numerous micronutrient
insufficiencies [6]. Population-wide vitamin and trace element
deficiencies and insufficiencies represent a pressing problem in
various branches of medicine (more details at www.trace-
elements.ru). Largescale clinical and epidemiological studies
conducted in Russia and abroad indicate quite high occurrences
of micronutrient deficiencies and their relationship with
numerous chronic pathologies, including impaired skin barrier
function, impaired immunity [7] and chronic inflammation [8].
In children of various age groups the supply of micronutrients is
not better either (50% on average per micronutrient) and
vitamin insufficiencies were associated with decreased activity of
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detoxification systems, increased frequency of asthma attacks
and decreased immunity to common cold [9].

The data of preclinical and clinical studies suggest that
micronutrient deficiencies adversely affect the functioning of
the acquired immunity and, therefore, negatively affect the
effectiveness and the safety of vaccination, including vaccines
against various RNA viruses (influenza viruses, measles, RS
virus, coronaviruses etc.). For example, supplementation of
vitamins A and D during immunization with influenza virus
vaccine improved the weak antibody response in the mucous
vitamin-deficient mice [10]. Vitamin
during against
pneumococcus increased immunogenicity and survival after
infection with Streptococcus pneumoniae [11]. Note that a
number of vitamins and microelements are used as adjuvants for

membrane  of

supplementation to  mice vaccination

vaccines that enhance the acquired immune response: Selenium
nanoparticles [12], iron nanoparticles [13] and calcium
carbonate [14], vitamins A, E and catechins [15].

The issues of improving the efficiency and the safety of
vaccination are very relevant in the case of coronavirus infection
COVID-19. Currently, there is no reliable scientific data on the
full range of consequences from the use of certain vaccines
against COVID-19 among the general population. However,
separate news reports suggest that the efficacy and safety of
COVID-19 vaccination may decline sharply in the presence of
concomitant micronutrient deficiencies. For example, the
elderly are prone to form multiple micronutrient deficiencies. A
news item succinctly reported that after the COVID-19
vaccination campaign in a Spanish nursing home, all 78
residents fell ill. Seven of them died, and four were hospitalized
[16]. As a result of the use of the same vaccine in Norway, 23
people died [17]

compensation of micronutrient deficiencies can be a promising

(mainly elderly patients). So, early
direction for increasing the effectiveness and safety of
vaccination against COVID-19.

This work presents the results of a systematic computer analysis
of studies on the relationships between the supply of vitamins
and microelements and the functioning of the acquired
immunity (thus the effectiveness and safety of vaccination
against viral and bacterial pathogens).

METHODOLOGY

The publications on the relationship between the effects of
vaccination and the provision of various micronutrients were
found by using the request “(vaccine OR vaccination) AND
(folic OR folate OR riboflavin OR niacin OR nicotinamide OR
pantothenic OR pyridoxine OR myoinositol OR biotin OR
cyanocobalamin OR vitamin OR polyunsaturated-OR PUFA 3
OR zinc OR selenium OR magnesium OR iodine OR copper
OR manganese OR calcium OR iron OR lithium)” to
PUBMED database (6,628 publications on February 2021). This
array of publications was analyzed using topological [18] and
metric approaches to data analysis [19,20].

Since among publications on vitamins there is often an
increased percentage of texts having a pronounced manipulative
character [21], an array of 6,628 publications were checked by
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the ANTIFAKE system (www.antifake-news.ru). As a result, 521
publications with negative values of the beta-score were
identified (see the description of the calculation procedure in
[22]), i.e. publications in which manipulative content prevailed
over the content. Typical examples of such publications have
been texts describing attempts to use single-dose “megadoses” of
vitamins  (e.g., 50,000-100,000 IU of vitamin A,
100,000-500,000 IU of vitamin D, etc.). These studies were
characterized by numerous violations of the fundamentals of
pharmacology, biochemistry, data analysis and, due to an
apparently low scientific quality, were excluded from further
consideration.

RESULTS

In the course of a systematic analysis of the texts of 6,107
publications, 105 of the most informative biomedical terms were
identified. These terms allow to distinguish the entire array of
publications on the relationship of
micronutrients from a control sample of publications (6,100
articles randomly selected from 396,953 articles found by the
query "(vaccine OR vaccination) NOT vitamin NOT
polyunsaturated NOT PUFA NOT omega-3 NOT zinc NOT
selenium NOT magnesium NOT iodine NOT copper NOT
manganese NOT calcium NOT iron)”. Annotation of these
terms in accordance with the international nomenclature of
molecular biological processes (Gene Ontology, GO) made it
possible to formulate a complex of molecular mechanisms
describing the relationship between the effects of vaccination
and micronutrients (Figure 1).

vaccination and

Figure 1: A metric diagram of the relationship between terms
describing the effects of vaccination and terms indicating the
availability of various micronutrients. The diagram was obtained
as a result of a systematic computer analysis of 6,107
publications and represents an optimal projection of a
multidimensional distance matrix configuration onto the plane.
The distance between a pair of any points corresponding to a
pair of terms is inversely proportional to the "interaction" of the
terms (joint occurrence of terms in the studied sample of
publications): the closer two arbitrary dots, the more often the
joint use of terms occurs. Biological activities according to the
international GO (Gene Ontology) nomenclature are shown in
the figure without codes (GO codes are given in the text).
Abbreviations: DA, iron deficiency anemia; T2DM, diabetes
mellitus; Hypertension, arterial hypertension; SLE, systemic
lupus erythematosus; BA, Alzheimer's disease; ALS,
amyotrophic lateral sclerosis; PD, Parkinson's disease.
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Analysis of the diagram (Figure 1) by the method of metric
condensations [20] indicated the existence of the three regions
of the diagram, to which the metric algorithms mapped the
most informative biomedical terms. These terms represent a
minimal set of the terms which allow a “deep learning”
classification algorithm to distinguish between publications of
the two classes with maximum accuracy [19]
publications on relationships between vaccination and
micronutrients and the publications the control set). It can be
seen from Figure 1 that the three regions are concentric with the
Region 1 “Micronutrient Deficiencies” being in the center of
the diagram. The central location of the terms referring to
micronutrient deficiencies indicates a close relationship with all
other terms presented in the diagram [20]. In particular, the
deficiencies of the micronutrients indicated on the diagram
(vitamins A/D, group B, zinc, iron) are associated with
exacerbation of inflammatory reactions, decreased activity of

(namely,

acquired immunity systems (Region 2) and with corresponding
chronic comorbid pathologies (Region 3).

Compared to control publications (vaccination studies that did
not study the effects of vitamins and trace elements), the terms
reflecting disturbances of the acquired immunity, including
cellular and humoral immunity, were significantly more often
associated with publications on the relationship between
vaccination and micronutrients. In particular, micronutrient
deficiencies impair the regulation of T-cell immunity (GO term:
0002709), including T-helper cells and cytotoxic T-lymphocytes.

It is known that antigen-presenting cells (B-lymphocytes,
macrophages, dendritic cells) cause activation (maturation) of T-
helper CD4+ lymphocytes and cytotoxic CD8+ Tlymphocytes
[1]. Micronutrient deficiencies (in particular, vitamin A
deficiency) inhibit activation (GO:2000516 activation of CD4+
T cells) and division of T lymphocytes (GO:2000563 activation
of CD4+ T cell division), which leads to dysfunction of T helper
CD#4+ lymphocytes.

At the same time, the functioning of both Thl and Th2 T-
helper responses is impaired. Recall that the Th1 response of T-
helpers is associated with the synthesis of gamma-interferon,
which activates defense systems against intracellular pathogens
in bacterial and viral pathogens [2]. The Th2 response is
associated with the production of IL-4 (GO: 0004913 IL-4
receptor), the activation of eosinophils, and the switch of B-
lymphocytes from the synthesis of antibodies of one class to the
synthesis of antibodies of another class. Thus, a violation of the
response of T-helpers leads to dysfunction of humoral immunity
(including a decrease in the synthesis of antibodies by B-
lymphocytes).

Micronutrient deficiencies can also lead to dysfunction of
cytotoxic CD8+ T lymphocytes (GO: 0043369 CD4+/CD8+ T
cells, GO:0043374 CD8+ T cell differentiation, GO:0046639
inhibition of T cell differentiation), the activity of which is
necessary to eliminate somatic cells infected by viruses.

Pro-inflammatory reactions provoked by vaccination are
aggravated by micronutrient deficiencies since micronutrients
are necessary to support the synergistic interaction of acquired
immunity with the mechanisms of innate immunity [23] (GO:
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0002807 biosynthesis of antimicrobial peptides, GO:0035669
TRAM signal of toll receptor 4, GO:0004704 activation of
NFkB, GO:0008384 IkB activity), normalization of the
metabolism  of prostagland 1900139
inhibition of secretion, GO:0031774
leukotriene receptors, GO:0036101 catabolism of leukotriene
B4, GO:0004464 leukotriene-C4 synthase, GO:0008116
prostaglandin-I-synthase) and normalization of interleukin
secretion (GO:2001180 secretion of IL-10, GO:0038156 IL-3,
GO:0042228 synthesis of 1L-8, GO:2001184 secretion of 1L-12
etc).

pro-inflammatory:
arachidonic  acid

These disturbances in the functioning of the immune system
associated with micronutrient deficiencies (in particular, an
increase in pro-inflammatory reactions) make a negative
contribution to the pathophysiology of numerous chronic
pathologies. These pathologies include osteoarthritis, atopic and
dermatitis,
atherosclerosis, Crohn's disease, and endometriosis. Mapping
the most informative terms (Figure 1) to the ICD-10 diagnoses
showed that vaccination in persons with low micronutrient

contact glomerulonephritis,  steatohepatitis,

supply can also be associated with a more severe course of renal
failure, proteinuria, hypothyroidism,
hemochromatosis and other pathologies in Figure 2.
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35
30
s
20
15
10

number of references

5

0
£83.11 Hemochromatosis

N19 Renal failure, unspecified  D56.9 Thalassemia, unspecified K02.6 Caries.

E56.1 Vitamin K deficiency

= Vaccination

9
e = Control

7

6

H

4

3

2

1

0

R8O Isolated proteinuria E03.9 Hypothyroidism, unsp.  E04.9 Non-toxic goiter, unspecified  K85.9 Acute pancreatitis,
unsoecified

number of references

142.0 Dilated cardiomyopathy

Figure 2: Results of mapping of the most informative terms to

ICD-10 diagnoses.

Pro-inflammatory reactions provoked by vaccination can be
aggravated by micronutrient deficiencies, thus disrupting the
functioning of other organ systems. In particular, mechanisms of
neuronal differentiation might be disrupted (GO:0021881 Wnt-
activation of neuronal differentiation, GO:0042813 Wnt-
activated receptors, GO:0060828 regulation of Wnt, GO:
0045813 activation of the Wnt signaling pathway, GO:1904887
Wnt signalanosome, GO:0061564 axonal development, GO:
0036515 growth of serotonergic neurons), which increases the
risk of neurodegenerative pathologies (Alzheimer's disease;
amyotrophic lateral sclerosis; Parkinson's disease.), hyperalgesia,
hyperactivity, autism. This topic is obviously beyond the scope of
this article and further we consider the relationship between the
provisions of various essential micronutrients and the results of
vaccination against viral and bacterial pathogens.

DISCUSSION

Vitamin A and vaccination

Vitamin A (retinoids) represents a hormonal factor necessary for
the growth and differentiation of various cell types. The
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biological effects of retinoids are realized through interactions of
retinoids with a number of retinoid receptors (RARA, RARB,
RARG genes), including retinoid X-receptors (RXRA, RXRB,
RXRG) and RAR-associated retinoid receptors (RORA, RORB,
RORC). After binding to retinoid molecules, these receptors
modulate the expression of several thousand target genes.
RORA receptor, involved in the synthesis of cytokines, is
expressed predominantly in Tewcells. The activity of retinoid
receptors is important for inhibition of allergic reactions, for
reduction of mortality from measles, etc. [22].

The vitamin A is important for the maintenance of both
cytotoxic CD8+ and Thelper CD4+ T-lymphocytes (Figure 1). By
supporting the activity of T-helpers, vitamin A also indirectly
affects the activity of Blymphocytes that produce antibodies.
Thus, vitamin A deficiency can significantly disrupt the
functioning of acquired immunity, which will affect the
efficiency and safety of vaccination against viral and bacterial
pathogens.

Vitamin A supplements have been shown to increase the titer of
specific antibodies for influenza vaccination in obese mice and
significantly reduced viral load after infection with the virus
[23]. Oral administration of retinyl palmitate or retinoic acid to
vitamin-A-deficient mice enhanced mucosal IgA antibody
responses to the intranasal influenza virus vaccine [24].

Vitamin A supplementation during pregnancy enhanced
maternal response to HIN1 vaccine (n=112). The prevalence of
vitamin A deficiency was very high (76%). Participants received
either 10,000 [U/week vitamin A per os or placebo from the 27
trimester to 6 months after childbirth and were vaccinated
during the 3rd trimester. At 6 months postpartum, women in
the vitamin A group had hemagglutination levels 38.7% higher
than in the placebo group [25].

Experimental studies shown that vitamin A deficiency negatively
affects results of vaccination [25-30], including usage of
intranasal vaccine against RSV in newborn calves [26],
intramuscular vaccination with inactivated bovine coronavirus
(BCoV) [27], responses to a recombinant adenovirus vaccine in
mice [28], to pentavalent rotavirus vaccine in newborn piglets
[29,30] and pneumococcal vaccine in mice [31]. Oral intake of
vitamin A, on the contrary, restores the impaired immune
responses thus increasing the effectiveness of the vaccination

(27,28].

Vitamin A and D supplements (25,000 TU of vitamin A and
2,500 IU of vitamin D every 15 days, totally 6 doses) improved
hepatitis B vaccination outcomes in children 7-36 months of
age. With vitamins, the incidence of insufficient immune
response was 0% (0/37), without vitamins-10.8% (4/37,
P=0.040) [32].

The combination of vitamins A and D (1,500 IU/day of vitamin
A, 500 IU/day of vitamin D, 3 months) may improve the
response to BCG vaccine in infants (n=597). The diameter of
the scars from BCG positively correlated with the diameter of
the skin tightening after the Perquet test (r=0.17, P<0.05). The
frequency of positive responses of the Perquet reaction was

higher in the group receiving vitamins (96.1%) than in the
control group (89.7%, OR 1.07, 95% CI 1.02-1.12, P<0.05)
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[31]. Vitamin A supplements (15 mg plus vaccine) also increased
the safety of the pentavalent diphtheria-poliomyelitis-tetanus-
influenza B-hepatitis B vaccine given to infants 6, 10 and 14
weeks of age according to WHO recommendations [33].

A meta-analysis of 5 studies showed a dose-dependent effect of
vitamin A supplementation on mortality after measles
vaccination. Vaccination was 85% effective (95% CI 83-87). At
the same time, vitamin A supplementation during the

vaccination period reduced measles mortality by 62% (95% CI
19-82) [34].

Vitamin A improved the immune response (antibody levels) to
an oral polio virus vaccine. Mothers in the experimental group
received vitamin A (equivalent to 60 mg retinol) 3-4 weeks after
delivery, and infants received 7.5 mg retinol with each vaccine
dose at 6, 10 and 14 weeks of age. Vitamin A supplements
increased the proportion of infants with normal titers of
protective antibodies against poliovirus type 1 (RR 1.15, 95% CI
1.03-1.28) after immunization [35]. Concomitant administration
of vitamin A during routine immunization also enhanced the
antibody response to diphtheria vaccine in children under 6
months of age [36]. As a conclusion, vitamin A supplementation
improves immune responses to vaccination against a number of
viral and bacterial pathogens.

Vitamin D and vaccination

Vitamin D, most commonly used as cholecalciferol (vitamin
D3), circulates in the blood as 25-hydroxyvitamin, 25(OH)D3,
from which the active, "hormonal" form 1,25(OH) 2D3 is
synthesized as needed to activate receptor VDR. This leads to
changes in the transcription of more than 2000 human genes.
The established mechanisms of the effect of vitamin D3 on
immunity include the regulation of T-helper division, B-cell
differentiation, and modulation of cytokine profile and of the
effects of interferons. For example, in response to mycobacterial
infection vitamin D regulates the levels of the pro-inflammatory
cytokines IL-6, TNF-alpha, and y-interferon with participation
of the Tolllike receptors TLR2, TLR4, dectin-1 and the
mannose receptor (which leads, in particular, to synthesis of the
antimicrobial/antiviral peptides cathelicidin and defensin) [37].

Participation of vitamin D in supporting the functioning of the
cells of the acquired immunity suggests the importance of an
adequate supply of vitamin D for the effectiveness and safety of
vaccination against viral and bacterial pathogens. Indeed,
vitamin D deficiency (serum 25(OH) D3<20 ng/ml) at initial
hepatitis B vaccination was associated with lower antibody levels
during the vaccination [38]. Vitamin A and D supplements help
to improve the immune response to influenza vaccination in
children with both vitamin deficiencies [39].

A meta-analysis of 4 vaccination studies (n=2,367, age range 3-80
years) showed lower levels of seroprotection against influenza A/
H3N2 virus when patients had vitamin D insufficiency (71.8%,
the least acceptable value being 70%). In patients with normal
25(OH)D3 levels (>30 ng/ml), seroprotection was 80.1% (OR
0.63, 95% CI 0.43-0.91, p=0.01). A similar picture was observed
in the case of vaccination against the influenza B virus: against
the background of vitamin D deficiency, seroprotection was only
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69.6%, and with 25(OH) D3 levels above 30 ng/ml-76.4% (OR
0.68, 95% CI 0.5-0.93, p=0.01 [40].

It is important to emphasize that vitamin D3 has distinct
antiviral effects on its own. For example, a comparative study of
the efficacy and safety of the triple antiviral vaccine against
measles, mumps and rubella and vitamin D3 in the treatment of
warts (caused by papillomaviruses) was carried out. Patients of
the first group received vaccine injections into the largest wart
(n=30), and patients of the second group received injections of
vitamin D3 (n=30) every 4 weeks, 3 times in total. Complete
elimination of the largest wart was observed in 26 (87%)
patients in the vaccine group and in 23 (77%) patients receiving
vitamin D3. Warts distant from the injection site disappeared in
23 (77%) patients in the vaccinated group and in 20 (66%)
patients in the vitamin D3 group. No significant differences
were found between groups [41]. Thus, vitamin D can improve
results of vaccination.

Folates, other group B vitamins

Group B vitamins are essential for maintaining both energy
metabolism and cell growth. In particular, folates, pyridoxine
(vitamin B6) and cyanocobalamin (vitamin B12) are required to
maintain DNA methylation, making these three vitamins
essential for cell division. Folate deficiency is associated with
impaired growth of blood cells (including erythrocytes and
leukocytes) and impairs the immune response [42]. The
influence of folates on lymphocyte growth is responsible for the
effects of supplementation of folic acid on vaccination
outcomes.

In particular, folic acid supplementation during pregnancy
improved immunocompetence and antibody titers even 5 years
after newborns were vaccinated against hepatitis B virus
(n=1461). The analysis showed an overall significant effect of
folic acid intake on the increase of resistance to hepatitis B (OR

1.10, 95% CI: 1.03-1.17, p=0.001) [43].

Supplementation with folic acid, vitamin B12 and iron during
pregnancy and postpartum improves the response to influenza A
virus vaccine in mothers with iron deficiency anemia (IDA,
hemoglobin<110 g/L at 11-14 weeks gestation). A group of
pregnant women was randomized to receive 250 pg/day B12+60
mg/day iron+400 pg/day folic acid throughout pregnancy and
for 3 months after delivery. The women were immunized with
pandemic influenza A (HIN1) vaccine for 26-28 weeks. At the
beginning of the study, 26% of women had a vitamin B12
deficiency (<150 pmol/l), 40% had vitamin B12 deficiency
(150-220 pmol/1), 43% had increased methylmalonic aldehyde
(MMA>271 nmol/1), 31% had a significantly increased level of
(>10  pmol/L). Vitamin supplementation
increased plasma, colostrum, and breast milk B12
concentrations of mothers (p<0.05) and decreased blood MMA
concentrations in mothers, newborns, and 3-month-old infants
(p<0.05). Compared to placebo this
supplementation significantly increased HINl-specific IgA
antibodies in plasma and colostrum of mothers and decreased
the proportion of infants with elevated levels of alpha-1-acid
glycoprotein and C-reactive protein [44].

homocysteine

vitamin-mineral
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Zinc and the effects of vaccination

It is generally known that zinc ion is a cofactor of many enzymes
and proteins of the human proteome. Systems biology analysis
of the human proteome has shown that there are more than
1,200 Zn-binding proteins and enzymes, the activity of which is
significantly reduced under conditions of zinc deficiency. More
than half of these Zn-binding proteins are “zinc finger”
transcription factors involved in the regulation of the expression
of virtually all human genes. Disruptions in the activity of zinc-
dependent signaling pathways due to zinc deficiency are
associated not only with developmental anomalies and
congenital endocrine pathologies but also with immunity

disorders [45].

Zinc ions intensively accumulate in lymphocytes. Evidence-based
studies confirm the advisability of using zinc preparations to
reduce the total duration of acute respiratory diseases (influenza,
adenovirus infections, etc.) and for relief of individual symptoms
in a patient (runny nose, nasal congestion, sore throat,
hoarseness, cough, muscle pain) [46,47].

In an animal study, gestational zinc deficiency impaired the
humoral and T-cell immune responses to hepatitis B vaccination
in mice. Zinc deficiency suppressed the forcing of antibodies,
decreased the ability of T-lymphocytes to divide, decreased the
secretion of y-interferon from CD4+/CD8+ T-cells [48].

Zinc deficiency in the diet reduced the humoral and T-cell
immune responses to BCG vaccination in rats. Pregnant rats
were divided into two groups and received a standard diet (30
mg/kg/day zinc) or a zinc-deficient diet (8 mg/kg/day zinc) for
17 weeks. Newborn rat pups were immunized with BCG vaccine
(or MTB antigen ESAT-6/CFP-10) O and 2 weeks after birth.
Adult male rats were immunized at 12 and 14 weeks of the
experiment. In both pups and adults, zinc deficiency led to a
decrease in the expression of Zn-transport channels ZIP2, ZIP8,
and IL-6 and a decrease in rates of cell division of T-lymphocytes

[49].

The effects of a zinc-deficient diet (10 mg/kg zinc) on the
immune response after hepatitis B vaccination in rats were
compared to effects of a zincsufficient diet (30 mg/kg zinc).
Hepatitis B vaccine was administered intramuscularly after 8
weeks of feeding, and 4 weeks after the first injection of the
“booster” dose. The mean serum zinc was 39 pg/dL (95% CI
23-75 pg/dL) on a zincdeficient diet and 76 pg/dL (95% CI
64-115 pg/dl) on a zincsufficient diet (p<0.05). With zinc
deficiency, an 8-fold decrease in the levels of antibodies to the
hepatitis B virus (741 IU/L, 95% 0-10,000) was observed
compared to zinc sufficiency (5,791 IU/L, 95% CI 558-10,000
IU/L, p<0.05) [50].

There is a correlation between the serum zinc level and the titer
of antibodies produced by the tetanus vaccine in children (OR
1.84; 95% CI 1.07-3.17, p=0.028). This association persisted
regardless of age, gender, birth weight, diarrhea, breastfeeding
history, serum ferritin and retinol concentrations, and

malnutrition [51].

Supplementation of zinc (5 mg/day) and of a probiotic
(Lactobacillus thamnosus GG, 1010 CFU/day) influenced the
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immune response to oral rotavirus vaccine in infants aged 5
weeks. Rotavirus is the leading cause of death in children from
diarrhea worldwide, and oral rotavirus vaccines are less effective
than injectable ones. Two doses of the oral vaccine were given at
6 and 10 weeks of age. In children who received zinc and a
probiotic, seroconversion (the percentage of individuals with a
fourfold increase in antibody titer after vaccination) was 39.4%

(placebo-27.4%) [52].

Selenium and vaccination

Selenium is required for the biosynthesis of the antioxidant
glutathione and of 25 selenium-containing proteins of the
human proteome [53]. Selenium supplements were shown to
enhance the immune responses elicited by the avian influenza
virus vaccine in chicken [54].

Supplementation with selenium-fortified yeast has been shown
to benefit immunity from influenza vaccination in adults aged
50-64 years who had selenium insufficiency (<110 ng/mL in
plasma). Selenium supplementation dose-dependently increased
the division of Tdymphocytes (500%, SeY-50/100/200/day).
When Tdymphocytes were infected with influenza viruses in
culture, T-lymphocytes from patients receiving selenium were
characterized by a more pronounced response of the levels of

IL-8 (+169% with a Se donation of 100 pg/day) and IL-10
(+317%, a Se donation of 200 mg/day) [55].

Selenium supplementation affects the immune response to
hepatitis B vaccine in patients with T2DM. Hepatitis B vaccine
(20 mcg, days 0, 10, 21) was administered i/m after taking 200
mcg/day of selenium or placebo. Seroconversion was achieved
in 23 cases (74.2%) in the selenium group and only in 15 cases
(48.4%) in the placebo group (p=0.037). Average levels of
antibodies were 1233.75 + 163.45 U/L in the selenium group
and 144 + 69.29 U/L in the control group [56].

Iron and vaccination

Exposure to excess of lead and to iron-deficient diet affects
immune response to vaccination against tetanus in rats. In
particular, a significant decrease in the levels of specific [gM was
noted, and the levels of T-lymphocytes of the CD8+ type were
increased indicating a derangement of the T-cell-mediated
mucous and humoral immune response [57].

Replenishing iron deficiency during vaccination increases the
response to various types of vaccines in children (n=303). It is
important to note that hemoglobin levels during vaccination
were the strongest predictor of levels of antibodies to the
causative agent of diphtheria (p=0.0071), whooping cough-IgG
(p=0.0339), pertussis hemagglutinin-IgG
(p=0.0423), and IgG to pneumococcus (p=0.0129) in response
to the use of corresponding vaccines [58].

filamentous

The presence of IDA and the serum concentration of transferrin
receptor during vaccination were the strongest predictors of
seroconversion values after vaccination against diphtheria,
pneumococcus and measles. During vaccination against measles,
the effects of vitamin and iron supplements were tested (5
mg/day of elemental iron within ferrous fumarate, 4 months
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starting at the age of 7.5 months). The children were vaccinated
against measles at 9 and 18 months. Compared to placebo 11.5
months after vaccination, children who received ferrous
fumarate and other micronutrients had higher IgG antibodies to
measles (p=0.0415), higher seroconversion (p=0.0531) and
avidity (strength of cooperative antigen-antibody interactions)

for IgG antibodies (p=0.0425) [58].

Manganese and vaccination

Manganese supplements have improved the immunocompetence
of broilers following Salmonella
Vaccinated broilers receiving arginine and a manganese-fortified
diet had higher levels of T-helper cells, T-cytotoxic, activated T-
cytotoxic, and higher levels of IgM antibodies [59].

Enteritidis vaccination.

Omega-3 polyunsaturated fatty acids and
vaccination

Vaccine-induced pro-inflammatory responses are interrelated
with the metabolism of pro-inflammatory prostanoids (GO:
1900139 inhibition of arachidonic acid secretion, GO:0031774
leukotriene receptors, GO:0036101 leukotriene B4 catabolism,
G0O:0004464 leukotriene-C4 synthase etc., in Figure 1. Omega-3
Polyunsaturated Acids (PUFA) such as Eicosapentaenoic Acid
(EPA) and Docosahexaenoic Acid (DHA) are involved in the
regulation of prostaglandin metabolism.

Omega-3 PUFA supplementation during pregnancy and
induced by
diphtheria and tetanus vaccinations. Pregnant women at risk of
developing allergies were assigned to receive 1.6 g/day of EPA
and 1.1 g/day of DHA or placebo from the 25% week of
gestation to 3.5 months of lactation. Omega-3 PUFA intake was
associated with higher levels of the Thl-associated cytokine
CXCLI11 (p<0.05) and with an increase in IgG titers to
diphtheria (p=0.01) and tetanus (p=0.05) [60].

lactation improves specific immunity levels

The strength of the present research is related to a
comprehensive, semi-automated analysis of all currently available
texts of publications that allows finding the most relevant
research on the micronutrients and vaccination. The weakness is
that the dynamics of publications on the subject is quite high (in
particular, due to COVID-19 research) so an adequate update
will be required after some time.

In practice, the correction of micronutrient status can be done
through premixes to enrich food (porridge, soup, vegetable
puree, compote, juice, etc.) with vitamins and microelements.
Such premixes are powdered mixtures of micronutrients
containing vitamins and minerals from 50% to 100% of the
physiological norms of consumption. For example, the EnzoVit
Plus premix based on DSM substances provides 80% of the
daily requirement for vitamins C, B1, B2, PP, B6, B9, B12, E, D,
beta-carotene and minerals (iron, iodine) is currently used for
the purpose of food enrichment in several countries. In
accordance with the results of this analysis, a special premix or
supplement, containing vitamins A, D, folates and other B
vitamins, zinc, manganese, iron, selenium and omega-3 PUFAs,
can be developed to improve the efficacy and safety of
vaccination.
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CONCLUSION

Supplementation
efficient, safe and costeffective intervention that allows us 1) to

of micronutrients represents clinically

eliminate population-wide micronutrient deficiencies and
subclinical insufficiencies, 2) to slow down the development of
chronic non-communicable diseases (“diseases of civilization”),
3) to control respiratory viral infections, 4) to increase the
effectiveness of various therapeutic procedures. In particular, it
is advisable to use supplements/premixes of vitamins and
increase the safety of

microelements to efficiency and

vaccination.

Currently, vaccinations against COVID-19 are being carried out
in the entire world on an unprecedented scale. Both healthy
people and patients with chronic conditions are vaccinated:
obesity, diabetes mellitus, arterial hypertension, diseases of the
liver, kidneys, etc. According to largescale clinical and
epidemiological studies, chronic comorbid pathologies at any
age, especially in the elderly, are accompanied by combined
deficiencies of many micronutrients. Hence, vaccination of such
populations without micronutrient support may not only show a
reduced immune response, but also provoke complications of
Preceding with  micronutrient

supplementation might prevent side-effects of vaccination,

vaccination. vaccination

increase antibody titers against bacterial and viral pathogens,
and reduce mortality and the severity of pathology in case of
contracting the infection.

REFERENCES

1. Alberts B. Molecular biology of the cell. 4th ed. New York:
Garland Science; 2002.

2. Delves PJ, Martin SJ, Burton DR, Roitt IM. Roitt's essential
immunology. 13th edition. ed. Chichester, West Sussex; Hoboken,
NJ: Wiley Blackwell. 2017.

3. Prajapat M, Sarma P, Shekhar N, Avti P, Sinha S, Kaur H, et al. Drug
targets for corona virus: A systematic review. Indian ] Pharmacol.
2020;52(1):56-65.

4. Torshin 1Y, Gromova OA. Micronutrients against coronaviruses.
GEOTAR-Media. 2020.

5. Gromova OA, Torshin 1Y, Chuchalin AG, Rudakov KV.
Chemoreactomic screening of the effect of pharmacological drugs
on SARS-CoV-2 and on the human viral as an information basis
for making decisions on pharmacotherapy for COVID-19.
Pharmacoeconomics Modern Pharmacoeconomics and
Pharmacoepidemiology. 2021(2).

6. Gromova OA, Torshin IY. Micronutrients and Reproductive
Health. Leadership. GEOTAR-Media; 2019.

7. Limanova OA, Torshin 1Y, Sardaryan IS, Kalacheva AG, Hababpashev
A, Karpuchin D, et al. Micronutrient provision and women's health:
Intellectual analysis of clinical and epidemiological data. Questions of
gynecology, obstetrics and perinatology. 2014;13(2):5-15.

8. Torshin IY, Limanova OA, Gromova OA, Tetruashvili NK,
Kodentsova VM, Malyavskaya SI, et al. Metric analysis of data on the
relationship between indicators of micronutrient provision and the
health status of women 18-45 years old. Medical Alphabet. 2018;2(21):
6-19.

9. Torshin IY, Gromova OA, Limanova O, Egorova EY, Sardaryan IS,
Yudina NV, et al. The role of micronutrient provision in
maintaining the health of children and adolescents: Analysis of a

] Clin Trials, Vol.11 Iss.6 No:1000478

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

OPEN 8 ACCESS Freely available online

large-scale sample patients through data mining. Pediatr ] GN
Speransky. 2015;94(6):68-78.

Surman SL, Penkert RR, Jones BG, Sealy RE, Hurwitz JL. Vitamin
supplementation at the time of immunization with a cold-adapted
influenza virus vaccine corrects poor mucosal antibody responses in
mice deficient for vitamins A and D. Clin Vaccine Immunol.
2016;23(3):219-227.

Penkert RR, Rowe HM, Surman SL, Sealy RE, Rosch ], Hurwitz JL.
Influences of vitamin A on vaccine immunogenicity and efficacy.
Front Immunol. 2019;10:1576.

Raahati Z, Bakhshi B, Najar-Peerayeh S. Selenium nanoparticles
induce potent protective immune responses against vibrio cholerae
WC vaccine in a mouse model. ] Immunol Res. 2020;2020:8874288.
Behzadi M, Vakili B, Ebrahiminezhad A, Nezafat N. Iron
nanoparticles as Eur ] Pharm Sci.
2021;159:105718.

He ], Liu Z, Jiang W, Zhu T, Wusiman A, Gu P, et al. Immune-
activity  of

novel vaccine adjuvants.

calcium  carbonate

] Biol

lentinan-modified
H5N1

adjuvant

microparticles on a vaccine. Int Macromol.

2020;163:1384-1392.

Patel S, Akalkotkar A, Bivona JJ, Lee JY, Park YK, Yu M, et al. Vitamin
A or E and a catechin synergize as vaccine adjuvant to enhance
immune responses in mice by induction of early interleukin-15 but
not interleukin-1beta responses. Immunol. 2016;148(4):352-362.
Spanish Nursing Home Sicks All 78 Residents After Pfizer
Vaccination. 2021.

WHO responds to 23 deaths in Norway following Pfizer
vaccination. 2021.

Torshin 1Y, Rudakov KV. Topological data analysis in materials
science: The case of high-temperature cuprate superconductors.
pattern recognition and image analysis. 2020;30(2):264-76.

Torshin 1Y, Rudakov KV. On the procedures of generation of
numerical features over partitions of sets of objects in the problem of
predicting numerical target variables. Pattern Recognition and Image
Analysis. 2019;29(4):654-667.

Torshin IY, Rudakov KV. On the theoretical basis of metric analysis of
poorly formalized problems of recognition and classification. Pattern
Recognition and Image Analysis. 2015;25(4):577-587.

Torshin 1Y, Gromova OA, Stakhovskaya LV, Vanchakova NP,
Galustyan AN, Kobalava ZD, et al. Analysis of 19.9 million
publications of the PubMed/MEDLINE database using artificial
intelligence methods: Approaches to generalizing the accumulated
data and the phenomenon of “fake news”. Pharmacoeconomics
Modern Pharmacoeconomics and Pharmacoepidemiology. 2020;13(2):
146-163.

Gromova OA, Torshin 1Y, Tetruashvili NK, Kodentsova VM, Rudakov
KV. Vitamin A in obstetrics: Basic and clinical research. Medical
alphabet. 2019;1(1):59-69.

Penkert RR, Cortez V, Karlsson EA, Livingston B, Surman SL, Li Y, et
al. Vitamin A corrects tissue deficits in diet-induced obese mice and
reduces influenza infection after vaccination and challenge. Obesity
(Silver Spring). 2020;28(9):1631-1636.

Surman SL, Jones BG, Sealy RE, Rudraraju R, Hurwitz JL. Oral
retinyl palmitate or retinoic acid corrects mucosal IgA responses
toward an intranasal influenza virus vaccine in vitamin A deficient
mice. Vaccine. 2014;32(22):2521-2524.

Ahmad SM, Alam M]J, Khanam A, Rashid M, Islam S, Kabir Y, et al.
Vitamin A supplementation during pregnancy enhances pandemic
h1nl vaccine response in mothers, but enhancement of transplacental
antibody transfer may depend on when mothers are vaccinated during
pregnancy. ] Nutr. 2018;148(12):1968-1975.

McGill JL, Kelly SM, Guerra-Maupome M, Winkley E, Henningson ],
Narasimhan B, et al. Vitamin A deficiency impairs the immune


https://doi.org/10.4103/ijp.ijp_115_20
https://doi.org/10.4103/ijp.ijp_115_20
https://doi.org/10.4103/ijp.ijp_115_20
https://doi.org/10.14412/2074-2711-2021-1-145-153
https://doi.org/10.14412/2074-2711-2021-1-145-153
https://doi.org/10.14412/2074-2711-2021-1-145-153
https://doi.org/10.14412/2074-2711-2021-1-145-153
https://doi.org/10.18565/aig.2019.5.156-168
https://doi.org/10.18565/aig.2019.5.156-168
https://doi.org/10.18565/aig.2019.5.156-168
https://doi.org/10.18565/aig.2019.5.156-168
https://doi.org/10.18565/aig.2019.5.156-168
https://doi.org/10.1128/cvi.00739-15
https://doi.org/10.1128/cvi.00739-15
https://doi.org/10.1128/cvi.00739-15
https://doi.org/10.1128/cvi.00739-15
https://doi.org/10.1128/cvi.00739-15
https://doi.org/10.3389/fimmu.2019.01576
https://doi.org/10.3389/fimmu.2019.01576
https://doi.org/10.3389/fimmu.2019.01576
https://doi.org/10.1155/2020/8874288
https://doi.org/10.1155/2020/8874288
https://doi.org/10.1155/2020/8874288
https://doi.org/10.1016/j.ejps.2021.105718
https://doi.org/10.1016/j.ejps.2021.105718
https://doi.org/10.1016/j.ejps.2021.105718
https://doi.org/10.1016/j.ijbiomac.2020.08.005
https://doi.org/10.1016/j.ijbiomac.2020.08.005
https://doi.org/10.1016/j.ijbiomac.2020.08.005
https://doi.org/10.1016/j.ijbiomac.2020.08.005
https://doi.org/10.1111/imm.12614
https://doi.org/10.1111/imm.12614
https://doi.org/10.1111/imm.12614
https://doi.org/10.1111/imm.12614
https://doi.org/10.1134/s1054661820020157
https://doi.org/10.1134/s1054661820020157
https://doi.org/10.1134/s1054661820020157
https://doi.org/10.1134/s1054661819040175
https://doi.org/10.1134/s1054661819040175
https://doi.org/10.1134/s1054661819040175
https://doi.org/10.1134/s1054661819040175
https://doi.org/10.1134/s1054661815040252
https://doi.org/10.1134/s1054661815040252
https://doi.org/10.1134/s1054661815040252
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.021
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.021
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.021
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.021
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.021
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.021
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.021
https://doi.org/10.33667/2078-5631-2019-1-1(376)-59-69
https://doi.org/10.33667/2078-5631-2019-1-1(376)-59-69
https://doi.org/10.33667/2078-5631-2019-1-1(376)-59-69
https://doi.org/10.1002/oby.22929
https://doi.org/10.1002/oby.22929
https://doi.org/10.1002/oby.22929
https://doi.org/10.1002/oby.22929
https://doi.org/10.1016/j.vaccine.2014.03.025
https://doi.org/10.1016/j.vaccine.2014.03.025
https://doi.org/10.1016/j.vaccine.2014.03.025
https://doi.org/10.1016/j.vaccine.2014.03.025
https://doi.org/10.1093/jn/nxy228
https://doi.org/10.1093/jn/nxy228
https://doi.org/10.1093/jn/nxy228
https://doi.org/10.1093/jn/nxy228
https://doi.org/10.1093/jn/nxy228
https://doi.org/10.1038/s41598-019-51684-x
https://doi.org/10.1038/s41598-019-51684-x

Torshin 1Y, et al.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

response to intranasal vaccination and RSV infection in neonatal
calves. Sci Rep. 2019;9(1):15157.

Jee ], Hoet AE, Azevedo MP, Vlasova AN, Loerch SC, Pickworth CL,
et al. Effects of dietary vitamin A content on antibody responses of
feedlot calves inoculated intramuscularly with an inactivated bovine
coronavirus vaccine. Am ] Vet Res. 2013;74(10):1353-1362.

Kaufman DR, De Calisto ], Simmons NL, Cruz AN, Villablanca EJ,
Mora JR, et al. Vitamin A deficiency impairs vaccine-elicited
gastrointestinal immunity. ] Immunol. 2011;187(4):1877-1883.
Kandasamy S, Chattha KS, Vlasova AN, Saif L]. Prenatal vitamin A
deficiency impairs adaptive immune responses to pentavalent rotavirus
vaccine (RotaTeq(R)) in a neonatal gnotobiotic pig model. Vaccine.
2014;32(7):816-824.

Chattha KS, Kandasamy S, Vlasova AN, Saif L]. Vitamin A deficiency
impairs adaptive B and T cell responses to a prototype monovalent
attenuated human rotavirus vaccine and virulent human rotavirus
piglet model. PLoS One.

challenge in a gnotobiotic

2013;8(12):e82966.

Penkert RR, Iverson A, Rosch JW, Hurwitz JL. Prevnar-13 vaccine
failure in a mouse model for vitamin A deficiency. Vaccine.
2017;35(46):6264-6268.

Ma AQ, Wang ZX, Sun ZQ, Wang ZG, Shen Y, Zhong CM, et al.
Interventional effect of vitamin A supplementation on rewvaccination
to hepatitis B virus among rural infants and young children in China.
2011;45(3):259-262.

Zheng Y, Li X-G, Wang Q-Z, Ma A-G, Bygbjerg IC, Sun Y-, et al.
Enhancement of vitamin A combined vitamin D supplementation on
immune response to Bacille Calmette-Guérin vaccine revaccinated in
Chinese infants. Asian Pacific ] Tropical Med. 2014;7(2):130-135.
Newton S, Owusu-Agyei S, Filteau S, Gyan T, Kirkwood BR. Vitamin
A supplements are well tolerated with the pentavalent vaccine.
Vaccine. 2008;26(51):6608-6613.

Sudfeld CR, Navar AM, Halsey NA. Effectiveness of measles
vaccination and vitamin A treatment. Int ] Epidemiol.
2010;39(Supplement 1):i48-i55.

Bahl R, Bhandari N, Kant S, Molbak K, Ostergaard E, Bhan M. Effect
of vitamin A administered at expanded program on immunization
contacts on antibody response to oral polio vaccine. European ] Clin
Nutr. 2002;56(4):321-325.

Rahman MM, Mahalanabis D, Hossain S, Wahed MA, Alvarez ]JO,
Siber GR, et al. Simultaneous vitamin A administration at routine
immunization contact enhances antibody response to diphtheria
vaccine in infants younger than six months. ] Nutr. 1999;129(12):
2192-3195.

Gromova OA, Torshin IY. Vitamin D. Paradigm shift. 2nd, revised
and enlarged ed. Moscow: Geotar-Media; 2021.

Kashi DS, Oliver S], Wentz LM, Roberts R, Carswell AT, Tang
JCY, et al. Vitamin D and the hepatitis B vaccine response: a
prospective cohort study and a randomized, placebo-controlled
oral vitamin D3 and simulated sunlight supplementation trial in
healthy adults. Eur ] Nutr. 2021;60(1):475-491.

Patel N, Penkert RR, Jones BG, Sealy RE, Surman SL, Sun Y, et al.
Baseline serum vitamin a and d levels determine benefit of oral
vitamin A&D supplements to humoral immune responses
following pediatric influenza vaccination. viruses. 2019;11(10):907.
Lee M-D, Lin C-H, Lei W-T, Chang H-Y, Lee H-C, Yeung C-Y, et al.
Does vitamin d deficiency affect the immunogenic responses to
influenza vaccination? A systematic review and meta-analysis.
Nutrients. 2018;10(4):409.

Mohta A, Kushwaha RK, Gautam U, Sharma P, Nyati A, Jain SK.
A comparative study of the efficacy and safety of intralesional
measles, mumps, and rubella vaccine versus intralesional vitamin

] Clin Trials, Vol.11 Iss.6 No:1000478

43.

4.

45.

46.

41.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

OPEN 8 ACCESS Freely available online

D3 for the treatment of warts in children. Pediatr Dermatol.
2020;37(5):853-859.

Zhao X, Pang X, Wang F, Cui F, Wang L, Zhang W. Maternal folic
acid supplementation and antibody persistence 5 vyears after
hepatitis B vaccination among infants. Human Vaccines &
Immunotherapeutics. 2018;14(10):2478-2484.

Siddiqua TJ, Ahmad SM, Ahsan KB, Rashid M, Roy A, Rahman
SM, et al. Vitamin B12 supplementation during pregnancy and
postpartum improves B12 status of both mothers and infants but
vaccine response in mothers only: A randomized clinical trial in
Bangladesh. Eur ] Nutr. 2016;55(1):281-293.

Gromova OA, Torshin IY. Zinc as an essential element in the
prevention of congenital malformations of the fetus. Medical
alphabet. 2016;1(7):19-25.

Gromova OA, Torshin 1Y, Moiseev VS, Sorokina MA, Limanova
OA. On the use of zinc and vitamin C for the prevention and
adjuvant therapy of acute respiratory diseases. Ther. 2017(1):36-46.
Gromova OA, Torshin 1Y, Kalacheva AGG, Limanova OA, Volkov
AY, Grishina TR, et al. The use of various methods of taking
bioavailable organic zinc salts with colostrum extract in children
who are often and for a long time sick. Pediatr Pharmacol.
2009;6(1):37-42.

Zhao N, Wang X, Zhang Y, Gu Q, Huang F, Zheng W, et al.
Gestational zinc deficiency impairs humoral and cellular immune
responses to hepatitis b vaccination in offspring mice. PLoS ONE.
2013;8(9):e73461.

Shi L, Zhang L, Li C, Hu X, Wang X, Huang Q, et al. Dietary zinc
deficiency impairs humoral and cellular immune responses to
BCG and ESAT-6/CFP-10 vaccination in offspring and adult rats.
Tuberculosis. 2016;97:86-96.

Ozgenc F, Aksu G, Kirkpinar F, Altuglu I, Coker I, Kutukculer N,
et al. The influence of marginal zinc deficient diet on post-
vaccination immune response against hepatitis B in rats. Hepatol
Res. 2006;35(1):26-30.

Das R, Jobayer Chisti M, Ahshanul Haque M, Ashraful Alam M,
Das S, Mahfuz M, et al. Evaluating association of vaccine response
to low serum zinc and vitamin D levels in children of a birth
cohort study in Dhaka. Vaccine. 2021;39(1):59-67.

Lazarus RP, John J, Shanmugasundaram E, Rajan AK, Thiagarajan
S, Giri S, et al. The effect of probiotics and zinc supplementation
on the immune response to oral rotavirus vaccine: A randomized,
factorial design, placebo-controlled study among Indian infants.
Vaccine. 2018;36(2):273-279.

Gromova OA, Gogoleva IV. Selenium-impressive results and
application prospects. Difficult patient. 2007;14:(5):25-30.
Shojadoost B, Taha-Abdelaziz K, Alkie TN, Bekele-Yitbarek A,
Barjesteh N, Laursen A, et al. Supplemental dietary selenium
enhances immune responses conferred by a vaccine against low
pathogenicity avian  influenza Veterinary Immunol
Immunopathol. 2020;227:110089.

Ivory K, Prieto E, Spinks C, Armah CN, Goldson AJ, Dainty JR,

et al. Selenium supplementation has beneficial and detrimental

virus.

effects on immunity to influenza vaccine in older adults. Clin
Nutr. 2017;36(2):407-415.

Janbakhsh A, Mansouri F, Vaziri S, Sayad B, Afsharian M, Rahimi
M, et al. Effect of selenium on immune response against hepatitis
B vaccine with accelerated method in insulin-dependent diabetes
mellitus patients. Caspian J Intern Med. 2013;4(1):603-606.
Yathapu SR, Kondapalli NB, Srivalliputturu SB, Hemalatha R,
Bharatraj DK. Effect of lead exposure and nutritional iron-
deficiency on immune response: A vaccine challenge study in rats.

J Immunotoxicol. 2020;17(1):144-152.


https://doi.org/10.1038/s41598-019-51684-x
https://doi.org/10.1038/s41598-019-51684-x
https://doi.org/10.2460/ajvr.74.10.1353
https://doi.org/10.2460/ajvr.74.10.1353
https://doi.org/10.2460/ajvr.74.10.1353
https://doi.org/10.2460/ajvr.74.10.1353
https://doi.org/10.4049/jimmunol.1101248
https://doi.org/10.4049/jimmunol.1101248
https://doi.org/10.4049/jimmunol.1101248
https://doi.org/10.1016/j.vaccine.2013.12.039
https://doi.org/10.1016/j.vaccine.2013.12.039
https://doi.org/10.1016/j.vaccine.2013.12.039
https://doi.org/10.1016/j.vaccine.2013.12.039
https://doi.org/10.1371/journal.pone.0082966
https://doi.org/10.1371/journal.pone.0082966
https://doi.org/10.1371/journal.pone.0082966
https://doi.org/10.1371/journal.pone.0082966
https://doi.org/10.1371/journal.pone.0082966
https://doi.org/10.1016/j.vaccine.2017.09.069
https://doi.org/10.1016/j.vaccine.2017.09.069
https://doi.org/10.1016/j.vaccine.2017.09.069
https://doi.org/10.1016/j.vaccine.2013.06.095
https://doi.org/10.1016/j.vaccine.2013.06.095
https://doi.org/10.1016/j.vaccine.2013.06.095
https://doi.org/10.1016/j.vaccine.2013.06.095
https://doi.org/10.1016/s1995-7645(14)60008-0
https://doi.org/10.1016/s1995-7645(14)60008-0
https://doi.org/10.1016/s1995-7645(14)60008-0
https://doi.org/10.1016/s1995-7645(14)60008-0
https://doi.org/10.1016/j.vaccine.2008.09.037
https://doi.org/10.1016/j.vaccine.2008.09.037
https://doi.org/10.1016/j.vaccine.2008.09.037
https://doi.org/10.1093/ije/dyq021
https://doi.org/10.1093/ije/dyq021
https://doi.org/10.1093/ije/dyq021
https://doi.org/10.1038/sj.ejcn.1601325
https://doi.org/10.1038/sj.ejcn.1601325
https://doi.org/10.1038/sj.ejcn.1601325
https://doi.org/10.1038/sj.ejcn.1601325

Torshin 1Y, et al.

58.

59.

Stoffel NU, Uyoga MA, Mutuku FM, Frost JN, Mwasi E, Paganini
D, et al. Iron deficiency anemia at time of vaccination predicts
decreased vaccine response and iron supplementation at time of
vaccination increases humoral vaccine response: A birth cohort
study and a randomized trial follow-up study in kenyan infants.
Frontiers Immunol. 2020;11.

Burin AM, Fernandes NLM, Snak A, Fireman A, Horn D,
Fernandes JIM. Arginine and manganese supplementation on the

] Clin Trials, Vol.11 Iss.6 No:1000478

60.

OPEN 8 ACCESS Freely available online

immune competence of broilers immune stimulated with vaccine
against Salmonella Enteritidis. Poultry Sci. 2019;98(5):2160-2168.

Furuhjelm C, Jenmalm MC, Filth-Magnusson K, Duchén K. Th1
and Th2 chemokines, vaccine-induced immunity, and allergic

disease in infants after maternal ®-3 fatty acid supplementation
during pregnancy and lactation. Pediatr Res. 2011;69(3):259-264.



	Contents
	Computational Systematics of Nutritional Support of Vaccination against Viral and Bacterial Pathogens as Prolegomena to Vaccinations against COVID-19
	ABSTRACT
	INTRODUCTION
	METHODOLOGY
	RESULTS
	DISCUSSION
	Vitamin A and vaccination
	Vitamin D and vaccination
	Folates, other group B vitamins
	Zinc and the effects of vaccination
	Selenium and vaccination
	Iron and vaccination
	Manganese and vaccination
	Omega-3 polyunsaturated fatty acids and vaccination

	CONCLUSION
	REFERENCES


