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Spread of vitamin D deficiency in children of various ages has not been studied in the Russian
Federation. Numerous studies of foreign authors indicate high importance of this issue in many
regions of the world, including southern territories with high level of insolation. The review
analyzes issues of optimal calcidol level and vitamin D deficiency effect on the immune system.
The authors support the hypothesis that vitamin D deficiency results in derangement of
congenital and adaptive immunity and may be considered one of the etiological factors of
frequent respiratory morbidity in children.
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Until recently, Russian literature had been viewing the role of vitamin D in pediatric practice
only from a perspective of its influence on calcium and phosphorus metabolism in the child’s
body.

The scientific discussion caused by article “Controversial theoretical and practical issues of
rickets in children in the present stage” by E.V. Neudakhin and V.A. Ageykin in journal
“Pediatrics” focused primarily on differences in definitions, discussion of various rickets
classifications and controversial recommendations regarding preventive and therapeutic doses of
vitamin D for term and premature infants [1].

Professor S.V. Maltsev summarized that discussion in 2008 [2]. The author fairly drew the
reader’s attention to the fact that vitamin D-deficient rickets cannot be established without
determining the level of the child’s body provision with vitamin D (calcidiol blood concentration
— author’s note). He noted that “infantile (neonatal) R (rickets — authors’ note) most often
develops in the event of deficiency of Ca and phosphates in food caused by nutritional defects,
intestinal malabsorption, excessive urinary discharge or bone utilization thereof due to
immaturity of transport systems observed at an early age. Deficiency of Ca and phosphates is the
main cause of neonatal R. Vitamin D-deficient R is observed far more rarely, as it may occur
only in the children with insufficient sun exposure (asocial families, interned children etc.) [2].”
This conclusion contradicts the modern data on human body provision with vitamin D in various
age periods and does not correlate with the known molecular mechanisms of calcium and
phosphorus homeostasis in children and adults. According to the author, “total prevention and
treatment of R (in the Soviet times — author’s note), particularly in the so called initial period,
with the preventive and therapeutic doses exceeding the physiological demand tens of times led
to the development of a new nosological entity — hypervitaminosis D, which is a severer disease
than R itself.” We believe that this erroneous statement contributed to the vitamin D-associated
phobia worsening among the Russian pediatricians, whereas the articles published abroad have
been extensively discussing the issue of vitamin D supply emphasizing a significant spread of
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vitamin D deficiency and deficit not only among small children, but also among the older age
groups as well, including adults [3].

According to L.A. Basile, daily intake of 4,000-6,400 IU by the breastfeeding mothers did not
cause hypervitaminosis D in the mothers, but contributed to the antirachitic effect of their breast
milk [4].

The modern conception of vitamin D metabolism in the body and study of molecular
mechanisms of synthesis and degradation of its bioactive forms contributed to the understanding
that hypervitaminosis D may occur only if these mechanisms are disturbed or ultra-high
vitamin D doses enter the blood flow [5].

It has been established that calcitriol synthesis is strictly regulated by the levels of plasma
parathyroid hormone, serum calcium and phosphorus [6].

Excessive calcitriol generation induces expression of enzyme 25-dehydroxyvitamin D 24-
hydroxylase (CYP24), which catabolizes calcidiol and calcitriol into a biologically inactive,
water soluble calcitroic acid [7].

According to B. Hollis, vitamin D intoxication develops if the level of blood calcidiol
[25(OH)-D] > 250 nmol/l (100 ng/ml) [8]. There have been studies demonstrating that the level
of 25(OH)-D may exceed 250 nmol/l without signs of intoxication in sunbathers; clinical
symptoms of hypervitaminosis D are not observed at this level of calcidiol and oral intake of
vitamin D drugs as well [9]. There are hard copy proofs that vitamin D intake in the single dose
0f 200,000 IU does not cause vitamin D intoxication in neonates, infants and older children [5].
According to M.F. Holick [10], hypervitaminosis D develops if the level of blood calcidiol
exceeds 325 nmol/l (150 ng/ml). The mentioned published data convince that the Russian
specialists are clearly overestimating the problem of hypervitaminosis D.

Vitamin D is unique, as it may be synthesized in skin when exposed to ultraviolet radiation or
taken with food. Synthesized in skin due to ultraviolet radiation or absorbed intestinally, vitamin
D transforms into 25-hydroxyvitamin D (calcidiol) in liver microsomes when affected by
enzyme CYP2RI1 (vitamin D-25 hydroxylase). Affected by enzyme 25-hydroxyvitamin
D-la-hydroxylase (CYP27B1), calcidiol is further metabolized into the active hormone-like
form — 1.25-dihydroxyvitamin D (calcitriol) — in renal tubules and ensures intestinal calcium
absorption and calcium reabsorption in renal tubules [7, 8]. In the apical segment of duodenal
epithelial cells, calcitriol stimulates transepithelial transfer of calcium ions though calcium
channel TRPVS (vanilloid receptors, ionic channels subgroup). In an epithelial cell, a calcium
ion binds with a calcium-binding protein (calbindin), the synthesis of which is stimulated by
interaction of calcitriol with vitamin D receptor (VDR). After that, calcium ions with calcium-
binding protein move to the basolateral cell membrane and enter the extracellular space with the
help of the plasma membrane’s Ca’-ATPase (PMCAIb) [9]. Homologous calcium channel
TRPV6 can be found in renal tubules [11].

It has been established that the level of blood calcidiol is a reliable indicator of the body
provision with the vitamin [12], although there is no agreement of opinions regarding the normal
level of blood calcidiol. Adequate and sufficient level of plasma vitamin D is considered to be
within the range of 30-80 nmol/l [13].

Having thoroughly analyzed literature reviews in 2011, experts of the Institute of Medicine
(IOM) of North America concluded that the level of serum calcidiol of 16 ng/ml (40 nmol/l) is
sufficient for ca. half of the world’s population, 20 ng/m (50 nmol/l) — for 97.5%. Medical
practitioners are recommended to be guided by the latter level. The level of serum calcidiol
below 30 nmol/l increases the risk of rickets in small children, disturbs calcium absorption and
reduces bony skeleton mineralization in children and adolescents. The experts concluded that
multicenter randomized studies are required to determine the optimal blood serum concentration
of calcidiol in order to avoid deficiency or excess thereof [12].

According to the Canadian researchers, the concentration of 25(OH)-D was below 50 nmol/l in
wintertime (from November to March) in 1/3 of the population, who did not take additional
vitamin preparations. Intake of vitamin D drugs improved the vitamin status of the population



and nullified the seasonal plasma calcidiol level reduction [14]. It ought to be mentioned that
dairy products, juices and instant cereals are enriched with vitamin D in the countries of North
America.

The English researchers hold a more conservative opinion regarding the sufficient level of
vitamin D; they consider the serum calcidiol concentration of 10 ng/ml (25 nmol/l) to be the
threshold value [15].

According to most experts, the calcidiol level below 20 ng/ml (50 nmol/l) should be regarded as
a vitamin D-deficient state [10, 16]. Correlation analysis of serum calcidiol and parathormone
concentrations supports this hypothesis. As soon as the blood calcidiol concentration reaches
30-40 ng/ml (75-100 nmol/l), the parathormone level returns to the normal values [17, 18].
Vitamin D deficiency occurs not only in the countries situated in the northern latitudes.
According to the Australian researchers, moderate (12.5-25 nmol/l) and severe (calcidiol level
below 12.5 nmol/l) deficiencies were observed in more than 70% of the children with rickets and
90% of the children with hypocalcaemia. Signs of rickets were observed in 86% of the children
with the calcidiol level <20 nmol/l (8 ng/ml); hypocalcaemia was observed in 94% thereof [19].
The calcidiol level in most people living in the equatorial latitudes exceeds 30 ng/ml. Still,
vitamin D deficiency is often observed even in the very sun-exposed latitudes (due to the habit of
protecting body surface from solar radiation). Thus, the calcidiol level is below 30 ng/ml in
30-50% of the children and adults in Saudi Arabia, Australia, India, the United Arab Emirates
and other countries [20, 21].

The level of body supply with vitamin D depends on the geographic position of the resident
territory, season and length of sun exposure. The studies conducted in the USA demonstrated
that only an insignificant amount of vitamin D is synthesized in the skin of the people living in
the regions to the north of the 35" parallel north from November to March; in Edmonton (52"
parallel north) — from October to March inclusive. Efficient photosynthesis of provitamin D3
from 7-dihydrocholesterol is observed in wintertime to the south (34™M-18™ parallel north) [22].
Thus, the whole territory of Europe (all the more so of the Russian Federation) is situated in the
zone of high risk of vitamin D deficiency. Scarce studies of the Russian authors confirm this
thesis. According to LN. Zakharova et al., solar radiation in the area of the 55" parallel north
(Moscow, Nizhniy Novgorod, Kazan and several other cities of Russia) is capable of ensuring
synthesis of the adequate amount of vitamin D in skin for 4 months per year only (from
mid-April to mid-August) [23].

The study of the calcidiol level in 140 healthy children and adolescents of 4-18 years of age
permanently residing in the middle latitudes of Russia revealed deficiency in 1/3 of the children
(39%); severe vitamin D deficiency — in 3% (in summertime [!]) [24].

According to A.I. Kozlov et al., low calcidiol concentration (below 50 nmol/l) was observed in
47% of the examined adolescents in the Perm Territory; deficient concentration of vitamin D
was observed in 86% of the girls and boys in the Komi Republic in autumn and in 98% - in the
early spring [25].

Thus, analysis of the level of children’s and adolescent’s provision with vitamin D in various
climate/geographic regions of Russia indicates its differences and appears extremely important.
Relevance of such studies is also justified by the established pleiotropic and noncalcemic action
of hormone-like metabolites of vitamin D and vitamin D receptor. It appears that vitamin D
expression is observed not only in bone tissue, but also in epithelial cells of skin, respiratory
tract, intestines, in parathyroid glands and immune cells; this led to the study of molecular
mechanisms of extrarenal synthesis of active vitamin D metabolite and reevaluation of its
biological role in the human body [26].

According to the researchers, VDR regulates expression of more than 500 out of = 20,488 genes
of the human genome. Without any doubt, such a large number of the VDR-regulated genes
reflects influence of concentrations of this receptor and calcitriol on many organs and systems,
including molecular mechanisms of VDR and calcitriol participation in the natural immune



response, their influence on the function of T and B lymphocytes, which determine development
of adaptive immunity [27-29].

It has been proven that activation of macrophage TLRs (toll-like receptors) with
lipopolysaccharides or stimulation thereof with interferon (IFN) y leads to induction of enzyme
1.25-alpha-hydroxylase (CYP27B1) and macrophage synthesis in macrophages. Interaction of
macrophage TLRs with bacteria enhances VDR and 1a-hydroxylase expression, which induces
synthesis of natural defensins, especially of cathelicidin, resulting in intracellular microbicidal
activity enhancement. This explains one of the effects of vitamin D on congenital immunity. It
has been established that insufficient body provision with vitamin D correlates with frequent
infectious diseases, particularly with the high level of respiratory diseases. It has been assumed
that influenza epidemics might be caused by vitamin D deficiency [30, 31].

Antimicrobial proteins (cathelicidin and defensins) do not only produce a microbicidal effect, but
may also serve as signaling molecules activating the immune system. Several studies
demonstrated that a-defensins and cathelicidin serve as chemoattractants for leukocyte cells,
including dendritic cells, T lymphocytes, monocytes and neutrophils. These antimicrobial
proteins stimulate expression of numerous cytokines and chemokines, which serve as an
additional mechanism of vitamin D effect on acquired (adaptive) immunity [32]. Hormone-like
vitamin D metabolite (calcitriol) directly modulates receptors of T lymphocytes. Low
phospholipase Cyl (PLC) expression in naive lymphocytes correlates with low response of the
T-cell receptor. It has been established that phospholipase Cy1 induction depends on vitamin D
and receptor thereof. Naive T lymphocytes do not express VDR; however, initiation of the T cell
receptor signaling pathway via an alternative route (mitogen-activated protein kinase p38) leads
to induction VDR and phospholipase Cyl required for the subsequent successful launch of the
classic T cell signal and activation of T lymphocytes [33].

In whole, impact of calcitriol on the immune system includes modulation of the T cell receptor,
reduction in Th1/Th17 CD4(+) T lymphocytes, increase in regulatory T lymphocytes,
suppression of the T lymphocyte-mediated immunoglobulin (Ig) G synthesis and worsening of
differentiation of dendritic cells. Subpopulation Th17 of T lymphocytes provides antimicrobial
protection of epithelial/mucous barriers. Interleukin (IL) 22 secreted by Thl17 lymphocytes
stimulates synthesis of antimicrobial proteins by epithelial cells. It ought to be mentioned that
calcitriol ensures tolerance by suppressing activity of the adaptive immune response and
simultaneously enhancing natural immune response [34].

It has been established that stimulation of naive [CD4(+) CD25(-)] T lymphocytes in the
presence of calcitriol inhibits synthesis of anti-inflammatory cytokines, including IFN vy, IL 17
and IL 21 without any considerable impact on proliferation of T lymphocytes. Leaving aside the
inhibiting effect on anti-inflammatory cytokines, calcitriol stimulates CTLA-4 (cytotoxic
T-lymphocyte antigen 4) and FoxP3 expression (essential transcription factor for generation and
normal function of T regulatory lymphocytes, Threg). The latter requires IL 2. Thus, calcitriol
and IL2 produce a synergic effect on the activation of T lymphocytes acting as potential
anti-inflammatory molecules and physiological stimulants of adaptive regulatory T lymphocytes
[35, 36].

Analysis of the literature on children’s and adults’ provision with vitamin D leaves no doubt
regarding relevance of this issue for Russian pediatricians. Determination of calcidiol level not
only in small children, but in the older age groups as well appears to be extremely important. We
may assume that the recommended “physiological demand of vitamin D — 400 IU” does not
satisfy the real demand not only of preschoolers and schoolchildren, but also of small children.
Multicenter studies of serum calcitriol concentration in children residing in various
climate/geographic regions of Russia allow calculating the optimal physiological demand of
vitamin D. It is especially important from the point of view of noncalcemic action of active
vitamin D metabolites and effect thereof on the immune system.

Given the role of vitamin D in regulation of congenital and adaptive immunity function, we may
draw correlation between reduction in the rate of respiratory diseases in small children and



increase in vitamin D delivery thereto, e.g. by means of enriching dairy products with vitamin D
(regular practice in the countries of North America and a rage of European countries). It is
reasonable to reevaluate prescriptive recommendations on preventive doses of vitamin D for
children of various age groups depending on the region of residence. It seems unlikely that small
children residing in the southern regions and in Siberia need the same dose of vitamin D
(400 IU).
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