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CHAPTER 1. INTRODUCTION

Infancy is a time of increased infectious disease susceptibility and severity. Immaturity of
the infant's immune system predisposes to the development of viral, bacterial, fungal and
parasitic infections. Infections can be generalized or localized to various systems such as the

respiratory, gastrointestinal, urinary, central nervous systems and skin (1).

Infectious diseases in childhood are a leading cause of morbidity and mortality
worldwide. According to World Health Organization (WHO) estimates in 2019, 5.2 million
children under the age of 5 years died, mostly from preventable and treatable causes and
with most of them living in low-and middle-income countries. Newborns (under 28 days of
age) accounted for the 2.4 million deaths. Leading causes of death in children under 5 years
are preterm birth complications, birth asphyxia/trauma, congenital anomalies, pneumonia,

diarrhea and malaria. Nearly half of these deaths are in newborns (2)

Initially, the infant’s immune system is immature, and its maturation progresses
gradually after birth reaching its full development long after the first years of life, and with
the contribution of the child's environmental expose to pathogens. Breastfeeding (BF) is of
primary importance for the protection of the infant from infectious diseases since the breast
milk (BM) contains many anti-infective factors such as immunoglobulins, lysozyme,
lactoperoxidase, complement components, immune cells and lipids. Other contributing
factors to infants' immune system development include vaccinations, proper hygiene and

adequate nutrition after ending breastfeeding (3).

In recent years, the beneficial effect of vitamin D (VitD) on the maturation and
strengthening of the defensive system of infants has been highlighted (4, 5). VitD in addition

to its role in bone metabolism, has also beneficial immune regulating functions (6, 7).

The adequacy of VitD during the prenatal and postnatal period has been associated with
protection against infections of the respiratory, digestive, urinary and other systems during
infancy (8-12). Hence, VitD deficiency has been suggested to be associated with
susceptibility to infections (13).

In Greece, despite the plenty of sunshine, low levels of VitD have been found both in
newborns and during infancy (14, 15). These findings in combination with the low rates of
BF in Greece may contribute to the incidence of infections, their severity and the length of

hospitalization of infants.
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The purpose of this thesis, therefore, was to investigate the levels of VitD in young
children aged less than two years hospitalized due to common infectious diseases and to find
any correlations with several parameters such as the topography of infection (respiratory,
gastrointestinal or urinary system), season of the year, supplementation of Vit D, effect of

BF, mode of delivery, gestational age and birth weight.
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CHAPTER 2. BREASTFEEDING

Breast milk is the natural food for infants. Due to the documented short-and long-term
medical and neurodevelopmental advantages of breastfeeding (BF), infant nutrition should

be considered a public health issue and not only a lifestyle choice.

2.1. Physiology of breastmilk (BM) production

Human milk production and secretion is a complex physiological process resulting from both
the previous development of the mammary gland and tight regulations by systemic hormones
and local factors (16). Lactogenesis is the process of developing the ability to secrete milk

and it has 2 stages: lactogenesis I and lactogenesis II.

- Lactogenesis I, also known as secretory initiation, it occurs mid-pregnancy. High levels of
progesterone supplied by the placenta and inhibit further differentiation. In this stage, small
amounts of milk can be secreted by week 16 of gestation. During late pregnancy, many

women may express colostrum.

- Lactogenesis II, also known as secretory activation, starts with copious milk production
after delivery. This stage is stimulated by the rapid decline in progesterone that follows
delivery of the placenta, and the elevated levels of prolactin, cortisol and insulin. Most
women experience swelling of the breast along with copious milk production at days 2 or 3
postpartum. During this time, the ability of the mammary epithelial cells to synthesize milk
rapidly develops, and milk volumes were reported to increase from 100 to 500ml by four
days postpartum, and 650ml by eight days postpartum, and it is hormonally driven by the

endocrine system (17, 18).

Milk production is dependent on a “supply demand” process. Milk removal and nipple
stimulation are the primary control mechanisms for maintaining supply, as this procedure
triggers prolactin release from the anterior pituitary gland and oxytocin from the posterior

pituitary gland.

Prolactin, initially, required for the morphological development and differentiation of
the mammary gland. Moreover, plays a crucial role in stimulating milk protein and lactose
synthesis (19). Emptying of the breast by the infant's suckling is thought to be the most
important factor. Prolactin concentration increases rapidly with suckling of the nipple which

stimulates nerve endings located there.
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Oxytocin is produced more quickly than prolactin. It makes the milk that is already in
the breast flow. The tactile stimulation of the nipple-areolar complex by suckling leads to
afferent signals to the hypothalamus that trigger release of oxytocin. Oxytocin also has
psychological effects. It induces a state of calm, reducing stress and enhance feelings of

affection which is an important factor in bonding between mother and child.

2.2. Breastmilk composition

The composition of breast milk is believed to be specifically modified by each mother to

precisely reflect the requirements of her own infant.

The nutritional components of human milk derive from three sources: Some of the
nutrients originate by synthesis in the lactocyte, some are dietary in origin, and some
originate from maternal stores (20). Moreover, its composition varies by stage of lactation

and between term and preterm infants.

Human milk changes in composition from colostrum to transitional milk and finally to
mature milk over the course of lactation. Colostrum occurs in small quantities during the
first days of parturition, and it is different from mature milk in terms of color, consistency
and composition. Although the nutrients in colostrum and mature milk remain similar,
levels of the nutrients vary throughout lactation. Human milk is composed of the correct
amount of nutrients and bioactive compounds to provide complete nutrition for the
developing infant as well as beneficial bacteria which protect vulnerable immune systems

against disease.

2.2.1. Nutritional components (macronutrients and micronutrients)

The most important nutrients in human milk are lipids, carbohydrates, proteins, vitamins,

minerals and water.

Maternal diet may have a significant influence on the production and/or composition of
several nutrients such as VitD, VitA, water-soluble vitamins and the composition of fatty
acids. That is why Institute of Medicine (IOM) and other health committees recommend

supplementation of BF infants or their mothers with VitD and other nutrients.
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Fats/lipids

BM contains about 3.5g of fat per 100ml of milk, which provides about one half of the energy
content of the human milk and its composition in fatty acids defines its nutritional and
physio-chemical properties. The fat is secreted in small droplets, and the amount increases

during feeding. As a result, the milk secreted at the end of BF is richer in fat.

Human milk fat is an important energy source and one of the most important
components of BM. Furthermore, human milk fatty acids are essential for the development

of the central nervous system (21), organs and tissues.

In addition, the enzyme lipase helps break down lipid acids, making human milk more
digestible than other milks. It is well absorbed and does not leave much residue, which is

why the feces of exclusively BF babies have a special color, texture and smell.

Carbohydrates
A huge variety of different and complex carbohydrates are present in milk with lactose being
the main carbohydrate. BM contains about 7g lactose per 100ml (22) which is the largest

percentage of the milk of other mammals.

Another type of carbohydrate is human milk oligosaccharides (HMOs). One liter of
mature human milk contains 10-15g HMO and is 100- to 1000 -fold higher than the
concentration of oligo-saccharides in cow milk, and concentrations are even higher in
colostrum. HMOs act as receptors that block the attachment of disease causing pathogens,
which may help to prevent or reduce intestinal infectious diseases, and potentially also

respiratory and urinary tract infections (23).

Proteins

BM contains over 400 different proteins which perform a variety of functions; providing
nutrition, possessing antimicrobial and immunomodulatory activities, as well as stimulating
the absorption of nutrient (24). Milk proteins are the fourth most abundant component in
human milk, consisting of both caseins and whey proteins with a total concentration range of
10-20mg/ml (25). Caseins and whey proteins are very important because they play many roles
in the newborn’s health and development. The three main types of caseins present in human

milk are -, k-, and a-casein. Caseins have been considered to be of predominantly nutritional
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value because they are completely digested by the infant’s gastrointestinal tract (26). The whey
proteins present in significant quantities in the whey fraction are a-lactalbumin, lactoferrin,
immunoglobulins [secretory IgA (SIgA), IgM, and IgG], osteopontin, albumin and lysozyme.
In addition to providing essential amino acids and energy, these proteins have exhibited a wide
range of biological actions, including antimicrobial activity, prebiotic activity, and assisting

the digestion of proteins, all of which promote healthy development of the newborn (26).

Vitamins and minerals

BM normally contains sufficient vitamins and minerals for an infant, unless the mother
herself is deficient. The only exception is vitamin K and D. Newborns have low levels of
vitamin K, and are at risk of developing hemorrhagic disease. Therefore, parenteral vitamin
K supplementation is recommended by the American Academy of Pediatrics, immediately
after birth (27). Likewise, it is known that BM has low VitD and as it is dependent mainly
on the mother's exposure to sun. Infants who are exclusively BF receive below the minimum
recommended intake of VitD, and much lower than the recommended dietary intake and are
at risk for VitD deficiency. Infants need exposure to sunlight to generate endogenous VitD,

and furthermore a supplementation is required (22).

2.2.2. Bioactive components and immune factors

In addition to providing correct nutrients required for energy, human milk provides many
bioactive components and immune factors such as antibodies, immunoglobulins, lactoferrin,
lysozyme, antimicrobial peptides, growth factors, white blood cells, microRNAs, and HMOs
which play a vital role in boosting the developing infant immune system and providing

defense against pathogens (28).

2.3. Comparison to other milks/ Formula versus BF

Formula milk (FM) is very different from BM in both quantity and quality of the various
nutrients, and cannot be equivalent or have the same anti-infective properties as BM. It is an
effective substitute and is formulated to mimic the nutritional composition of BM for normal
infant growth and development. It is usually made from industrially-modified cow milk or
soy products. For infants who are unable to tolerate cow milk or soy-based formulas another

option is Hypoallergenic Formulas and Amino Acid Formulas.
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BF infants have IgA antibodies, that destroy bacteria and protects the mucosal surface
of the gut, from the first day of life. A study by Jatsyk et al. showed that IgA is found in BF
infants’ faeces on the second day of life, compared to 30% of the formula-fed infants
(formula does not contain IgA), whose faeces only contains IgA at one-month post-partum
(29). Additionally, studies showed that there are differences BF and formula-fed infants both
with respect to short-term and long-term outcomes. Fewer infections (gastrointestinal and
respiratory infections) reduced risk for chronic diseases such as obesity, type 1 and type 2
diabetes, lower blood pressure and LDL cholesterol (30-33). Moreover, the longer duration

of BF may be associated with an increase in cognitive development (34).

A recent review comparing feeding with FM versus BM in preterm or low birth weight
infants, concluded that feeding preterm infants with artificial formula is associated with
faster rates of growth, but with a near-doubling the risk of developing necrotizing

enterocolitis (35).

Lastly, BM is costless, it is always fresh, in the right temperature, and always available
for the infant while FM is expensive and needs to get warm. Also, skin-to-skin contact can

enhance the emotional connection between mother and infant.

2.4. Benefits of breastfeeding

BF offers many advantages for infants that cannot be replaced by any other form of feeding.
The benefits of BF begin from the first moments after birth - as it helps build up the infant’s
defense system and protect against infectious diseases - lasting for many years after BF ends.
It has immunological properties and works like a baby’s first vaccine, protecting infants from
potentially deadly diseases and giving them all the nourishment, they need to survive. It is
well known that BF has also emotional and psychological benefits for both mothers and

infants.

BF infants are believed to experience fewer and shorter infections and this protective
effect is enhanced with greater duration and exclusivity of BF (30, 36, 37). BM seems to
reduce the frequency and severity of some various infections in infants such as bacterial
meningitis (38, 39), diarrhea, (30, 31, 40-43), respiratory infections (30, 31, 44), necrotic
enterocolitis (45) and urinary tract infections (46, 47), as well as reduces the risk of chronic

diseases, such as obesity, and type 1 and type 2 diabetes (32, 33).
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In addition, it is reported to reduce overall infant mortality by 20% (48) even in rural
settings like Ethiopia, where infant mortality rate is still high and hygienic standards are

poor (49).

BF is also recommended for preterm infants as it significantly reduces complications
associated with prematurity such as necrotizing enterocolitis, late-onset sepsis and promotes

brain development (50).

Due to its vital importance, the WHO recommends exclusive BF for the first 6 months
of life, during which the infant receives only milk, while after that solid foods are introduced.
BF can be continued for at least 2 years or longer as desired by mother and child, as long as

solid foods are the main source of feeding (51).

However, despite the fact that the scientific community has accepted that BF infants are
less prone to infections, the rates of BF in Greece are small, in contrast to the administration
of modified cow's milk (52, 53). The most recent study in Greece shows that the WHO
recommendation for exclusively BF during the first 6 months of life has not been adopted
by mothers neither has been promoted adequately by health-care professionals.
Unfortunately, introduction of human milk substitutes in the first months of life is
predominant and early introduction of solids after the 4th month of age is considered the

‘norm’ (54).
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CHAPTER 3. PHYSIOLOGY OF VITAMIN D

3.1. Vitamin D (VitD)

VitD was originally recognized as a vitamin needed for the metabolism of calcium and
phosphate in human body and its role in bone health particularly during childhood. Rickets
was the first disease recognized to be caused by the lack of this important compound and
VitD administration was found to be the cure for it which affected infants, toddlers and older
children during the 19 and 20" century (55). Over the past few years, many published
studies, identified multiple health benefits of VitD beyond its role in the regulation of
calcium and phosphorus homeostasis and bone metabolism not only in infants but for all age

groups also.

3.2. Vitamin D Synthesis and Metabolism

VitD is a fat-soluble steroid with endocrine function. It is mainly synthesized in the skin
after exposure to the ultraviolet B radiation (UVB) of the sun or absorbed from food sources
and has two major forms: D3 (cholecalciferol) and D> (ergocalciferol). VitD itself is
biologically inactive and requires sequential enzymatic conversions in the liver and kidneys

before it can become active.

Once VitD is produced in the skin or absorbed it is transported by its main carrier
protein, vitamin D-binding protein into the liver (DBP). There the first hydroxylation
catalyzed by the enzyme 25-hydroxylase (CYP2R1) takes place to produce and release into
circulation 25(OH)D (56). This metabolite in the circulation is a marker of 25(OH)D status.
Then depending on the needs 25(OH)D undergoes a second hydroxylation in the kidneys by
the mitochondrial cytochrome P450 enzyme, 25-hydroxyvitamin D-1la-hydroxylase
(CYP27B1) and is converted into 1,25(OH)2D (9, 57). This metabolite is the active one and
its production is tightly feedback-regulated. Its main role is in the regulation of calcium
/phosphate and bone homeostasis through genomic activation of number of genes in its target

tissues (intestine, bone, kidney, parathyroid gland) (Figure 1).
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Figure 1. Schematic representation of the synthesis and metabolism of Vitamin D. A description of
the production of the active form, 1,25(OH).D, and the regulation of its amount is illustrated.

However, enzyme activity studies using a variety of tissues have revealed that synthesis
of 1,25(0OH).D occurs at several key peripheral sites, including the cells of the immune
system (58, 59). In contrast with the kidney, which supports the systemic endocrine actions
of 1,25(OH).D, the extrarenal metabolite appears to act in an autocrine or paracrine fashion

by modulating cell differentiation and/or function at a local level (60).
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These actions are mediated by the binding of the 1,25(OH)>D hormone with the nuclear
receptor VDR leading to regulation of target gene transcription which in turn through a
putative plasma membrane-associated receptor [VDR (mem)] initiates signal transduction
pathways and generates rapid biological cellular responses. Regulation of transcriptional
activity is cell specific like 1,25(OH)2D inhibiting parathyroid hormone (PTH) secretion but
promoting innate immunity, insulin secretion and inhibiting adaptive immunity (61, 62). Due
to the wide distribution of the VDR in cells and tissues the biologic action of VitD extends
into many systems including the adaptive and the innate immune system (63-65). Since the
VDR is expressed in various immune cells, including B and T-lymphocytes as well as
antigen presenting cells, is believed to have roles in the improvement of immune function
and reduction of inflammation (66). Moreover, the discovery that VitD induces antimicrobial
peptide gene expression explains, in part, the 'antibiotic' effect of VitD and has greatly
renewed interest in the ability of VitD to improve immune function. Subsequent work
indicates that this regulation is biologically important for the response of the innate immune
system to infection and that VitD deficiency may lead to suboptimal responses toward

bacterial and viral infections (67).

3.3. Sources of Vitamin D

VitD is known as a sunshine vitamin, which is produced either in the skin by exposure to
solar ultraviolet B (UVB) radiation or coming from exogenous sources such as diet and/or

supplements (68).

3.3.1. Sun exposure

More than 90% of VitD derives from sun exposure and only 10% via dietary sources

(69, 70).

VitD is mainly acquired from endogenous production in the skin, upon exposure to solar
ultraviolet B (UVB) radiation. UVB rays (290-315 nm) enters the skin and converts 7-
dehydrocholesterol (7-DHC) into previtamin D3 and then to vitamin D3 (71). Exposure to
sunlight, provides 10.000 to 20.0001U in the period of June to October when 30% of the
body surface area is exposed to sunlight for 30 min a day (72). UVB rays are most efficient

in producing VitD when the sun is most perpendicular to the earth’s surface between 10 AM
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and 3 PM. Very little UVB reaches the earth’s surface in the early morning or late afternoon
hours or even less in the rest of the year. On the other hand, prolonged sun exposure does
not result in the production of excess quantities of VitD3 to cause intoxication because
sunlight destroys any pre-VitD; or VitD; by converting it into inactive photoproducts
(70, 73).

Studies have shown that children, especially infants, may require less sun exposure
than adults to produce adequate VitD concentrations because of greater surface area to
volume ratio (74). A study in 1985 found that 30 minutes of sun exposure of infants in
diapers or 2 hours fully clothed without a hat maintained weekly 25(OH)D concentrations
of 11ng/mL (75).

However, the global consensus recommendations (76) claim no safe threshold of UV
exposure that allows for sufficient VitD synthesis across the population without increasing
skin cancer risk, therefore, there are no recommendations available to validate the
appropriate duration of sun exposure for infants and young children. Nevertheless, the
American Academy of Pediatrics recommends that only children younger than 6 months

should be kept out of direct sunlight and protected with clothing and hats (77).

3.3.2. Foods and supplements

Exogenous sources of VitD include foods naturally rich in VitD, VitD fortified foods and
VitD supplements.

Dietary sources contain either VitD3 or D2 but very few food sources naturally contain
significant amounts of VitD (Table 1). VitDs3 is found in oily fish (salmon, sardines,
mackerel and herring), fish liver oils, egg yolk, and some animal products, such as, butter,
red meat, liver, fat, and kidney whilst VitD, can be obtained in small quantities from wild
mushrooms (78-80). Therefore, diet alone may provide the most up to 100 to 2001U of VitD
per day (81). In exclusively BF infants, VitD concentration reflects that of the mothers. If
a mother is VitD deplete, that contributes to VitD deficiency in her infant who also lack sun

exposure (82).

VitD food fortification in inadequately sun exposed people seems to be the most
appropriate way of improving the status in the general population in order to meet dietary

VitD recommendations, and this has already been introduced by some countries.
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The infant formula is generally fortified in all countries and in some others the foods,

including, milk, orange juice, butter and other products in order to help meet needs.

However, the fortification policies vary widely. United States and Canada fortify milk and

other products like yogurts and cheese while some European countries fortify also cereals

and margarine (Table 1) (73).

Table 1. Dietary Sources of VitD> and D3

Fresh, farmed (3.50z)
Canned (3.50z)

Sardines, canned (3.50z)
Mackerel, canned (3.50z)
Tuna, canned (3.6 0z)
Cod liver oil (1tsp)

Shiitake mushrooms Fresh (3.50z)
Sun-dried (3.50z)

Exposure to UVB (0.5
minimal erythemal dose)

Sources Vitamin D content
(D; or D3)
Natural sources
Egg yolk About 20 IU D3 or D,
Salmon Fresh, wild (3.50z) About 600-1000 IU D; or D,

About 100-250 IU D3 or D,
About 300-600 IU D3 or D,

About 300 IU D3
About 250 IU D3
About 230 IU D3
About 400- 1000 IU D3

About 100 IU D,
About 1600 IU D;

About 3000 IU D3

Fortified orange juice (8 0z) About 100 [U D3

Fortified yogurts (8 0z) About 100 IU usually D3
Fortified butter (3.5 0z) About 50 IU usually Ds
Fortified margarine (3.5 0z) About 430 [U usually D3
Fortified cheeses (3 0z) About 100 IU usually D3
[(3.50z=98g), (3.60z=100.8g), (80z= 224g), (1tsp=5Sml)]

Fortified foods Vitamin D content
Breakfast cereals About 100 [U/serving, usually D3
Fortified milk (8 0z) About 100 [U D3

Infant formulas (8 o0z) About 100 IU D3
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In Greece most foods are not enriched in VitD, unlike the baby food products that
systematically are enriched, as required by relevant legislation. Except from infant formula
milk, some margarines, cereals, and some yoghurts are fortified. Even though fortification
for some of the other milks had started the previous years, the content is very low 200-3001U
per liter while in the United Kingdom is 400IU per quarter (83), and butter is supplemented
with 20I1U/10g on average (14).

In the USA and Canada cow’s milk is fortified while they permit voluntary fortification
of other products. Fluid milk, milk alternatives and ready-to-eat-cereals are the major
contributors to VitD intake in the USA, while milk and margarine are the major fortified
foods in Canada (84). Food fortification is a way to increase the VitD supply to the
population although, some authors suggest that the current level of fortification in the USA
and Canada is not effective in reaching the required levels of VitD intake (84). In Australia,
some foods like margarine is fortified with VitD, whilst some others like milk and milk
products are voluntarily fortified (85). In Finland VitD fortification of fluid milks,
margarines/fat spreads is on a voluntary, and not mandatory basis, but most companies

comply with the option to fortify, resulting in a systematic (mass) VitD fortification (86, 87).

Supplementation with oral VitD has been shown to significantly improve VitD intake
across a variety of age, race, ethnic and gender groups, as well as improving VitD status.

Oral VitD supplements in different doses are widely available in most countries (88).

3.4. Vitamin D status and reference values

Although 1,25(OH)2D is the active metabolite of VitD, it is not used for determining VitD
status. This is due to the fact that the half-life of 25(OH)D is two to three weeks much longer
than that of 1,25(OH)>D and 1,25(OH),D is usually normal or even elevated in patients with
VitD deficiency (89). Serum 25(OH)D is the best way for determining individual VitD status
as it reflects VitD inputs both from cutaneous synthesis and dietary intake. Also, adequate
25(OH)D levels in the circulation are needed as to cross the cell membrane since a lot of
cells like those of the immune system have the ability to produce locally 1,25(OH).D and

act in a autocrine function (90) (Figure 2).
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Figure 2. Autocrine and endocrine functions of VitD [adapted from (91)].

However, the reference standards used are not clearly defined. There appears to be a
wide variability between lower and upper limits of healthy serum 25(OH)D levels and that
is the reason why there is not an international consensus on the optimal concentrations in

adults and children.

Internationally, definitions of VitD sufficiency, insufficiency and deficiency vary across
different guidelines and there is a lack of consensus on the cut-off points and definitions
(sufficiency/adequacy, insufficiency, deficiency, severe deficiency) as summarized in table
2. Moreover, the interpretation of serum 25(OH)D levels is further complicated by the

variability in results obtained using different assay methods (80).
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Table 2. International guidelines for definitions of VitD status. Societies and Organizations

from 2008 until 2019.

Society/ Organization

25(OH)D Thresholds

Lawson Wilkins Pediatric
Endocrine Society
(78)

<S5ng/ml: Severe Deficiency
<5-14 ng/ml: Deficiency

15- 19 ng/ml: Insufficiency

>20 ng/ml: Sufficiency/Adequacy

Institute of Medicine (IOM)
92)

- : Severe Deficiency
<12 ng/ml: Deficiency
12-20 ng/ml: Insufficiency
>20 ng/ml: Sufficiency/Adequacy

The Endocrine Society
93)

- : Severe Deficiency
<20 ng/ml: Deficiency
21-29 ng/ml: Insufficiency
>30 ng/ml: Sufficiency/Adequacy

French Society of Pediatrics
(94)

- : Severe Deficiency
<20 ng/ml: Deficiency
- : Insufficiency
>20 ng/mL: Sufficiency/Adequacy

British Pediatric and Adolescent
Bone Group
95)

- : Severe Deficiency
<10 ng/ml: Deficiency
10-19 ng/ml: Insufficiency
>20 ng/ml: Sufficiency/Adequacy

German Nutrition Society
(96)

- : Severe Deficiency
- : Deficiency
- : Insufficiency
>20 ng/ml: Sufficiency/Adequacy

The Spanish Association of
Pediatrics
o7

- : Severe Deficiency
<20ng/ml: Deficiency

- : Insufficiency
>20 ng/ml: Sufficiency/Adequacy

European Society for Pediatric
Gastroenterology Hepatology and
Nutrition (ESPGHN)

(98)

<10ng/ml: Severe Deficiency
<20ng/ml: Deficiency

- : Insufficiency
>20 ng/ml: Sufficiency/Adequacy

Central Europe
(99)

- : Severe Deficiency
<20ng/ml: Deficiency
20-29ng/ml: Insufficiency
>30 ng/ml: Sufficiency/Adequacy
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Position Statement- Australia/New
Zealand
(100)

<Sng/ml: Severe Deficiency
5-11ng/ml: Deficiency
12-19ng/ml: Insufficiency

>20 ng/ml: Sufficiency/Adequacy

American Academy of Pediatrics
(AAP)
(101)

- : Severe Deficiency
<20ng/ml: Deficiency

- Insufficiency
>20 ng/ml: Sufficiency/Adequacy

Scientific Advisory Committee on
Nutrition (SACN)
(80)

- : Severe Deficiency
- : Deficiency
- : Insufficiency
>10 ng/ml: Sufficiency/Adequacy

International pediatric consensus
recommendations on Rickets
(76)

- : Severe Deficiency
<12ng/ml: Deficiency
12-19ng/ml: Insufficiency
>20 ng/ml: Sufficiency/Adequacy

Italian Society of Preventive and
Social Pediatrics
(102)

<10ng/ml: Severe Deficiency
<20ng/ml: Deficiency
20-29ng/ml: Insufficiency

>30 ng/ml: Sufficiency/Adequacy

Hellenic Endocrinology Society
(103)

<12ng/ml: Severe Deficiency
12-20ng/ml: Deficiency

- : Insufficiency
>20 ng/ml: Sufficiency/Adequacy

The UK Scientific Advisory Committee on Nutrition (SACN) considers the 25(OH)D
concentration of all individual should not fall below 10ng/mL at any time of the year (80).
Levels below that threshold, increases the risk of poor musculoskeletal health based on the
majority of reported cases of symptomatic VitD deficiency in children. The 10OM
recommendations advise that a serum 25(OH)D level of 20ng/mL would cover the
requirements of 97.5% of the population even under conditions of minimal sun exposure

(104) therefore, it claims < 20ng/ml as VitD insufficiency.

In Greece, the Hellenic Endocrinology Society (HES) published in 2019 the
“Therapeutic guidelines for the administration of VitD to the Greek population”, which in

accordance with IOM recommends that >20 ng/mL is a sufficient limit for children and

adults (103).
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3.5. Vitamin D toxication (VDT)

VDT can happen either exogenous (iatrogenic) or endogenous. Overdosing due to use of
pharmaceutical products is the most frequent cause of exogenous VDT and is a rare event
caused accidentally or by prolonged use (months) of VitD mega doses. Toxicity cannot
happen by the abnormally high exposure of skin to the sun neither by consumption of foods.
The human body can regulate the quantity of pre-VitD produced in the skin by UVB radiation
and a diversified diet typically does not provide large amounts of VitD, and the fortification
of food products with VitD is modest (105). Endogenous etiologies may develop from ectopic
production of 1,25(OH),D in granulomatous diseases, such as sarcoidosis and tuberculosis,
or in lymphoma (106). Although VDT is rare, it can be life threatening if not promptly
identified.

The intake at which the dose of VitD supplement is toxic is not clear. Research
supported that daily doses of VitD up to 10.000IU were safe in healthy males, and there was
no evidence of hypercalcemia or hypercalciuria for 5 months (107, 108) nevertheless,
because sunshine can provide an adult with VitD in an amount equivalent to daily oral

consumption of 10.000IU, this is intuitively a safe dose (109).

Holick, suggested that doses of more than 10.000IU daily raise 25(OH)D levels more
than 150ng/mL and are accompanied with severe hypercalcemia and hypercalciuria (73) and
very low or undetectable parathyroid hormone (PTH) activity (105). Nevertheless, the
Global Consensus Recommendations state that toxicity can occur when serum 25(OH)D is

more than 100ng/mL, with hypercalciuria and suppressed PTH (76).

Despite controversies the available guidelines from IOM and Endocrine Society agree
that 25(OH)D concentrations of 100ng/mL is considered to be the upper limit of normal and
concentrations above 150ng/mL pose a significant risk of VDT and that VitD deficiency

treatment regimens with use of very high doses need regular monitoring (93, 104, 110).

3.6. Dietary guidelines

3.6.1. General current guidelines for VitD intake

VitD supplementation in the first year of life is essential to ensure an adequate VitD
status and to prevent nutritional rickets. Newborns and infants are poorly exposed to

sunlight, as the AAP recommends that infants younger than 6 months of age should be
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kept out of direct sunlight (111). The importance of VitD supplementation during the first
year of life has been essential particularly in exclusively BF infants and during the winter

s€ason.

Some studies evaluated the effect of daily VitD supplementation at a dosage of 400IU
in children during the first year of life and found that it was effective in maintaining serum
25(OH)D levels >30 ng/mL (112-115). Moreover, various International Scientific Societies
agree to recommend VitD supplementation during the first year of life (76, 78, 94, 98-100,
102, 116). These Societies suggest that the administration of 400IU daily is safe and
effective to ensure an adequate VitD status for all infants from birth to 12 months of age
independently of their mode of feeding. Additionally, the Endocrine Society (USA)
recommended a daily intake of 400—10001IU of VitD in children under 1 year of age at risk
for VitD deficiency (93).

As nutritional rickets may develop during the entire pediatric age and VitD deficiency
may negatively affect bone health, an adequate 25(OH)D status is also important for older
children and adolescents (76, 80, 117).

The IOM dietary reference intakes (DRI) report, together with the European Food Safety
Authority (EFSA) dietary reference values (DRV) report, can be regarded as the main
nutritional VitD guidelines (104, 117). Similar recommendations have been made by other

major health agencies (80, 96) and are listed in Table 3.

VitD guidelines have generally been based on beneficial effects of VitD on
musculoskeletal health outcomes (rickets, osteomalacia, fractures, muscle weakness, falls)
and occasionally on extra skeletal health outcomes such as pregnancy-related health
outcomes or mortality (118). They are based on conditions of minimal or no endogenous

VitD synthesis and referred to the general healthy population at different ages.
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Table 3. Dietary reference values (DRV) and dietary reference intakes (DRI) for VitD at
different ages from different Health Authorities

Country USA and UK Europe Germany, Australia Nordic European
(Health Canada (SANC) (EFSA) and Switzerland Countries
Authority) (I0M) (DACH) (NORDEN)
DRV/DRI EAR RDA RNI Al Al RI
25(OH)D in 16 20 10 20 20 20
ng/mL (nmol/L) (40) (50) (25) (50) (50) (50)
Age group Vitamin D intakes International units per day (40 IU=1pg)
0-6 months 400 340-400 400
7-12 months 400 340-400 400 400 400
1-5 years 400 600 400 600 800 400
6-17 years 400 600 400 600 800 400
18-69 years 400 600 400 600 800 400
70-74 years 400 800 400 600 800 400
75 years and older 400 800 400 600 800 800
Pregnancy 400 600 400 600 800 400
Lactation 400 600 400 600 800 400
EAR: estimated average requirements, RDA: recommended dietary allowance, RNI: reference nutrient
intake, Al: adequate intake, RI: recommended intake

3.6.2. Current guidelines for vitamin D intake in Greece

Greece is a country with abundance of solar radiation, which is a key factor in the synthesis
of VitD, while at the same time the consumption of foods with VitD content is present in the
Greek-Mediterranean diet. However, research showed that a high percentage of the country's

population is insufficient/deficient in VitD (14, 15, 83, 119, 120).

In Greece, the Hellenic Endocrinology Society (HES) has recently published recommendations
for clinical care and practice. Concerning the children, it suggests routine screening of 25(OH)D
only in the high-risk population. For the prevention of VitD deficiency, it is recommended to
all infants, aged 0-12 months, to receive a daily dose of 400IU. Also, for ages > 1 year, the
estimated needs are at least 600IU/day coming from endogenous synthesis, food and/or
supplements (103). They also emphasize the importance of foods enrichment with calcium and
VitD (eg cereals, juices, margarine, etc) and conclude on how invaluable is informing the

population about the need for a balanced diet and exercise, as well as safe exposure to the sun.

The exact duration of VitD supplementation has not been established. Since growth
velocity is high in the first 2 years, supplementation should be offered to all children younger

than 2 years (92, 121)
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CHAPTER 4. VITAMIN D DEFICIENCY

4.1. Definition of vitamin D sufficiency/deficiency

The serum concentration that constitutes VitD deficiency is controversial and not well supported
by clinical trials, especially in the paediatric population. However, several authors and societies
define VitD deficiency as a serum level of 25(OH)D <20ng/mL, since this level meets the needs
of 97% of the population with regard to bone health (73, 92, 93). Severe VitD deficiency is
defined as <10ng/mL 25(OH)D, because below this cut-off the risk of rickets is high (104, 122).
The bone-centric guidelines recommend a target 25(OH)D concentration of 20ng/mL, and age-
dependent daily VitD doses of 400-800I1U. The guidelines focused on pleiotropic effects of VitD
recommend a target 25(OH)D concentration of 30ng/mL, and age, body weight, disease-status,
and ethnicity dependent VitD doses ranging between 400 and 20001U/day (123).

4.2. Prevalence of vitamin D deficiency among infants and children

Although VitD is very easy to obtain, the changes of evolution and modernization, clothing,
obesity, environment pollution, excessive use of sunscreens, increasing hours spent indoors,
has resulted in reduced VitD synthesis. Poor VitD status is increasing and it is estimated that
1 billion people worldwide, of all age groups, suffers from VitD insufficiency or deficiency
(73). A large observational study has suggested that 40% of European population (children,
teenagers and adults) are VDD, and 13% are severely deficient (124).

Moreover, there has been concern with the evidence that the prevalence of VitD
deficiency among infants, toddlers and young infants, across ethnicity and season, is
considerably high in many parts of the world (125-128), even in countries with abundant
sunshine (15, 83, 129). Among infants, exclusive BF (with or without supplementation) in
the setting of maternal VitD deficiency, reduced dietary consumption, and decreased

exposure to sunlight are the leading causes of VitD deficiency.

A large study in the United States showed that 9% of the general pediatric population
had VitD deficiency and a high percentage of 61% were VitD insufficient (127). The most
recent study in infants was from Uttarakhand, a northern state in India. The prevalence of
VitD deficiency was 74% in infants and 85.5% in mothers. Nearly half of the infants and
mothers had severe VitD deficiency and maternal VitD deficiency was shown to be an

important risk factor for the deficiency (130).
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In North-Western Greece, VitD deficiency (<20ng/mL) was found at a high rate in
exclusively BF infants aged 1 to 6 months especially in the winter season (15). Similarly, in
another study, from the sunny region of Athens, the results showed a remarkable rate of
deficiency in the group of mother-neonate pairs, even in those who delivered in summer and
autumn (14). Another study in the northwest of Greece, reported that a significant percentage

of children and adolescents were in high risk for VitD deficiency mostly during winter (83).

4.3. Causes of Vitamin D deficiency

The major cause of VitD deficiency is inadequate exposure to sunlight. Also, there are many
factors which affect the extent of cutaneous production of VitD, such as, skin pigmentation,
time in sun, seasonality, latitude, time of the day, clothing habits, atmospheric conditions,

pollution level, age, use of sunscreen, and outdoor activities (70, 72, 89, 104, 131) (Figure 3).

Additionally, there are factors that affect the amount of circulating VitD. For example, in
obesity the release of the synthesized VitD from its cells is hindered making it unavailable in
the circulation (132). Medical conditions such as malabsorption disorders, (cystic fibrosis or
Crohn’s disease), liver disease, and kidney disease, and certain medications like phenobarbital,

valproic acid, and ketoconazole, can also hamper VitD circulating levels (81) (Figure 3).
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[Eultnsivo clothing cover

Inadequate Low ambient Winter season ]
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(shade, sunscreen)
Outside peak UVR J
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No or low vitamin D
[ Dark skin pigmentation supplements
[ﬂhlabsu!plwe syndromes Physiological Low vitamin D Low vitamin D diet
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[ Obesity
[ Hepatic/renal failure [ Lactose intolerance J
[Exclu:iv' breast-feeding

Socioeconomic status )

Medication
[ Pregnancy Antiseizure drugs, Rifampin

antiretroviral treatment,
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Figure 3. Causes of VitD deficiency, adapted from [(133)].
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In infants and young children, most common risk factors associated with VitD
deficiency are being born to a VitD deficient mother, dark skin color (ethnicity), prolonged
BF without supplements, chronic illnesses or hospitalization and excessive use of sunscreen
(74). Moreover, a US study claims that a significant number of infants may be born with
VitD deficiency/insufficiency especially if their mothers are non-white race/ethnicity,

younger age, and with a history of multiple pregnancies (134).

4.4. Clinical consequences of Vitamin D deficiency in Children

4.4.1. Skeletal effects -Rickets

It is well known that VitD deficiency in the developing skeleton of infants/children is related
to rickets, while in adults is related to osteomalacia. In a VitD deficient child, the intestinal
absorption of calcium and phosphorus is decreased. The parathyroid glands recognize the
low serum concentrations of calcium and release PTH to increase the serum calcium back
into a normal range. PTH increases the calcium reabsorption and the phosphorus excretion
in the kidneys, while it stimulates bone resorption thus decreasing bone mineralization.
When VitD deficiency continues for weeks to months, osteomalacia, stunted growth and

rickets may develop (78, 135).

Rickets frequently occurs among children in malnourished populations living in
resource-limited countries, however, it can also happen in children in resource-rich countries
if exposure to sunlight is limited, if the use of supplements and fortified foods is not
sufficient, and in children with chronic illnesses. Children with rickets commonly present
with symptoms of bony deformity and muscle weakness. Irritability and impaired growth
may also be present. Severe VitD deficiency may give rise to hypocalcemic seizures or

tetany, especially in the neonatal period (135).

4.4.2. Non skeletal effects

The past decades it has been reported that long term VitD deficiency starting from fetal life
is implicated in disorders other than those of the skeletal system. Many observational studies
as well as randomized control trials (RCTs), Systematic reviews and meta-analyses (MAs)

have been carried out exploring that relationship (72, 136, 137).
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The demonstration that the VitD receptor is expressed in virtually all cells of the body
have led to widespread utilization of VitD supplementation for the prevention and treatment

of numerous disorders.

Studies in different populations from around the world have described associations
between low serum of 25(OH)D and a large number of diseases, including cardiovascular
diseases, malignancies, diabetes, obesity, infections, neuropsychiatric, and autoimmune

diseases (124, 138-141).

Although VitD has been extensively studied in the forementioned diseases and there are
indications that low serum 25(OH)D concentrations might be linked to several diseases, solid

conclusions cannot be drawn.

An umbrella review provided comprehensive summary of the published literature in
relation to the role of VitD in human diseases and health related traits and concluded that
firm universal conclusions about its benefits cannot be drawn. (142). Similarly, a recent
systematic review (2017) concluded that results from RCTs and meta-analysis of RCTs, only
provide limited support for such effects, as most studies have failed to document significant
effects. Nevertheless, few meta-analyses have suggested beneficial effect on respiratory tract
infections (n=3), depression (n=1), blood pressure (n=2) and on mortality (n=8) in response
to VitD supplementation (143). Hence, more large well-designed clinical trials and dose-
response data to test the effects of VitD on chronic disease outcomes including

autoimmunity, obesity, diabetes mellitus, hypertension, and heart disease still are needed.

4.4.3. Susceptibility to infections

VitD is believed to have a major role in the improvement of immune function and reduction
of inflammation. There are now clear data that its active metabolite 1,25(OH)>D is a hormone
that regulates gene expression in multiple signaling pathways apart from those impacting
bone mineral density. 1,25(OH);D has been documented to mediate in the innate and
adaptive immune systems and triggers effective antimicrobial pathways against bacterial,

viral and fungal pathogens in the cells of the innate immune system (57).

Given its increasingly recognized role as an immunomodulator, studies have begun to
explore the relationship between VitD deficiency and the incidence and severity of infections

in children and adults. An epidemiologic study has demonstrated a link between VitD
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deficiency and increased incidence of respiratory infections (144). A systematic review and
meta-analysis reports that VitD deficiency seems to be associated with higher mortality in

acute and critically ill children (145).

However, the current body of evidence for association between poor VitD status and
susceptibility to infections in the infant age is still insufficient and even more for the

25(OH)D concentrations needed for protection, if any.

4.5. Breastfeeding and vitamin D

Fetuses and newborn’s serum 25(OH)D levels are dependent on mother’s 25(OH)D status.
After birth they depend on breast milk, and/or supplements as sources of VitD for the first

few months of life, except those on formula.

As the VitD content of human breast milk is dependent on maternal 25(OH)D status,
which is often inadequate, and sun exposure may be restricted for infants, they are
particularly vulnerable to VitD deficiency (2). Although it is clear and almost irrefutable that
human breast milk is the best nutritive substance for infants during the first year, there has
been raised concern about the adequacy in providing enough VitD, especially for infants

who are exclusively BF for a prolonged period.

In general, the mean antirachitic activity of human milk in healthy lactating women,
unsupplemented or supplemented with VitD, ranges from 10 to 80IU/L (81, 146-148).
Henderson (2005) has reported that the intake of the infant is low even on a VitD sufficient
mother (15-50IU/L). Exclusively BF infants consuming an average of 750ml daily milk from
mothers, from that the intake of VitD comes up to only 10 to 40IU/d in the absence of sun
exposure or supplements (149). As BM contains relatively small amounts of VitD, it is
therefore, difficult for a BF infant to obtain an adequate intake of 400IU daily, as
recommended by the IOM (92) and the problem gets bigger especially when the mother is
also VitD deficient (150). That is in agreement with several studies claiming that in
exclusively BF infants non- supplementation is an independent predictor of VitD deficiency

(151-153).

Other studies that report also high prevalence of VitD deficiency in exclusively BF
infants have aroused public concern of whether supplements should be for BF infants or for

the lactating mother, in order to minimize the associated health consequences (78, 115, 149,
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154). However, the lactating mother requires high doses of VitD to be able to transfer
adequate amount to the infant (115). Recent studies suggest that maternal intake of high
doses of VitD (4000 to 64001U/d) may achieve 25(OH)D concentrations in breast milk to
provide sufficient VitD supplementation for BF infants even if both mother and infant are
limited in sunlight exposure (115, 148). Those doses are much higher than the recommended
daily allowance of 600IU suggested by the IOM for lactating women and also significantly
higher than the amount of VitD found in standard prenatal or multivitamins which typically

provide 400 to 6001U per dose (92).

Studies from US and Europe and various International Scientific Societies suggest that
supplementation of BF infants with 400IU daily of VitD meets their requirements and is
sufficient to prevent VitD deficiency when sun exposure is limited (93, 115, 121, 148, 154-
156).
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CHAPTER 5. INFECTIONS IN INFANTS AND YOUNG CHILDREN-
CORRELATION WITH VITAMIN D

5.1. Respiratory tract infections (RTIs)

RTIs are considered as a serious cause of morbidity and mortality in early childhood and are
a major public health issue in both developed and developing countries (157). Although
bacteria and fungi can cause respiratory infections, viruses are the leading cause of infections
in infants and young children. The most common viruses among infants and children with
RTIs are respiratory syncytial virus (RSV), influenza virus A, influenza virus B,

parainfluenza viruses, adenoviruses and coronaviruses (158).

Although TB was the prototypical disease linked with low 25(OH)D concentrations,
studies that followed attempted to find an association between infants with upper respiratory
tract infections (URTIs), lower respiratory tract infections (LRTIs) and 25(OH)D

concentrations but so far, with no unequivocal results.

Some studies agreed in that decreased serum 25(OH)D concentrations were prevalent
among most infants and children-patients with RTIs and VitD deficiency was associated
with increased rates of RTIs (159-161). This may be a proof that VitD deficiency/
insufficiency, at least in part, contributes to the pathogenesis of several infectious diseases
of the respiratory tract in childhood. Also, from the available evidence, normal to high serum
25(OH)D status appears to have some beneficial influence on the incidence and severity of
some, but not all types of RTIs and it could be an effective and inexpensive way of

prophylaxis (162-164).

Moreover, in some studies, an association was also found between infants with LRTI,
cord blood and maternal 25(OH)D concentrations (165-168). These studies show a strong
reverse association between cord blood 25(OH)D levels and LRTI presentation within the
first years of life. Since cord blood 25(OH)D concentrations are dependent on the mother’s
concentrations the suggestion is that supplementation during pregnancy would result to
higher maternal levels and consequently would have beneficial effects in the prevention and

severity of LRTIs in early childhood.

VitD may also have an impact on the continued spread of severe acute respiratory

syndrome-coronavirus (SARS-CoV-2), and COVID-19 disease. The risk of morbidity and
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mortality was found to be higher for elderly individuals and those with comorbid conditions
such as hypertension and diabetes mellitus (169). Nonetheless, children, including very

young children, can also develop COVID-19, and sometimes with no symptoms.

With the remarkable potential of VitD, several researchers proposed VitD
supplementation could possible play a role in the prevention and/or treatment of COVID-19,
by modulating the immune response to the virus both in the adult and pediatric population

(169-173).

The National Institute for Health and Care Excellence (NICE), in collaboration with
Public Health England and the Scientific Advisory Committee on Nutrition (SACN),
published an updated rapid review of recent studies on VitD and COVID-19 for adults,
young people and children in hospitals and community settings (174). Their
recommendations support the current government advice, for everyone to take VitD
supplements (4001U), particularly during winter and spring and in the COVID-19 pandemic,
when people may have stayed indoors more than usual. They also agreed that low VitD status
was associated with more severe outcomes from COVID-19, which was reinforced by the
resent research, in adults and children. In those studies, they found that decreased serum
25(OH)D level could worsen clinical outcomes of COVID-19 patients, while increased
serum 25(OH)D level could either mitigate worst outcome or improve clinical outcomes

(175-177).

5.2. Gastrointestinal infections-diarrhea

Diarrhea is one of the most common diseases affecting children under the age of five years
in developing countries and it is the second most common cause of morbidity and mortality
due to an infectious cause in this age group (178). Worldwide, 3-5 billion cases of acute
gastroenteritis and nearly 2 million deaths occur each year in children under 5 years (179).
Rotavirus gastroenteritis occurs almost exclusively in infants and children, with nearly every
child having been infected by the age of 5 years (180) and with majority of serious infections
to occur between the age of 4 and 24 months (181). Globally, there is insufficient data on

the association between VitD levels and diarrhea in children.



39

5.3. Urinary tract infection (UTI)

Urinary tract infection is one of the most common infections in infants during the first year
of life and the second most common bacterial infection (after RTIs) in childhood.
Escherichia coli is the pathogen mostly found in primary cases. Other common uropathogens
include Klebsiella, Proteus, Enterobacter, Citrobacter, Staphylococcus saprophyticus, and
Enterococcus (182, 183). UTIs occur in 3% to 5% of girls and 1% of boys (184). To date,
several studies in children have revealed a link between Vitamin D deficiency and UTI but

with no established evidence.
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CHAPTER 6. PURPOSE OF THIS STUDY

6.1. Purpose/objective

VitD is known that in addition to skeletal has also many non- skeletal functions like in the
immune system. One of the main causes of hospitalization for children are infectious
diseases. RTIs are the first reason for hospitalization and intensive care unit admission
among infants and young children. Gastroenteritis and urinary tract infections are also

common diseases affecting young children and significant causes of hospitalization.

The objective of this study was to examine whether there was any relationship between
VitD status and the incidence of RTIs, gastrointestinal and urinary tract infections in Greek
children aged less than 2 years by determining their 25(OH)D serum levels on admission to
the hospital. In addition, to explore the plausible effects of BF, season and VitD

supplementation on the susceptibility to these infections.
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CHAPTER 7. PATIENTS AND METHODS

7.1. Patients

The study group included 449 infants and young children [239 male (53.2%), 210 females
(46.8%)] aged 28 days to 24 months who were admitted to the Department of Pediatrics of
the University Hospital of loannina between March 2017 and December 2019. 316 patients
with symptoms of common infections (fever, breathing difficulties, cough, vomiting,
diarrhea) and 133 clinically healthy infants. They were divided into 5 groups: Groupl with
upper RTIs (n=95) such as otitis media, rhinosinusitis, pharyngotonsillitis, influenza, group
2 with lower RTIs (n=99) such as pneumonia and bronchiolitis, group 3 with gastroenteritis
(n=061), group 4 with UTI (n=61) and group 5 with healthy controls (n= 133). Controls were
selected to be matched by age and gender with the patients from infants who attended the
hospital pediatric clinic for other reasons such as weight gain deficit, scheduled follow up,
pharmaceutical intoxication, nicotine poisoning, court ordered foster children and had no
active infection. Exclusion criteria for all groups were skeletal and congenital diseases,

genetic syndromes, malabsorptive disorders and prematurity (<36weeks of gestation).

Clinical characteristics like age, gender, mode of delivery, gestational age, birth weight,
definitive ICD10 diagnosis, type of nutrition (BF, formula and mixed feeding),
supplementation or not with VitD as well as season of admission were recorded after

discussion with parents and filling out structured questionnaires.

Blood specimens were collected from all subjects on admission for their routine test and

a small sample of serum after centrifugation was stored at -20 ° C until assaying.

7.2. Methods

The concentrations of 25(OH)D in serum were determined by chemiluminescence
microparticle immunoassay (CMIA) on the Abbott Analyser 11000 SR. It identifies both the
25(0OH)D3 and 25(0OH)D2 molecules and the sensitivity of the method is 2.2 ng/mL.

Serum 25(OH)D concentrations >20ng/mL were regarded as sufficient and <20ng/mL
as deficient. The definition of VitD concentrations was based on the recommendation of the

US Institute of Medicine (IOM) for VitD (104).
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7.3. Statistical Analysis

Means and standard deviations (SD) were used to describe the scale variables included in
the study, such as age and 25(OH)D concentrations. The categorical ones such as diagnosis
and VitD deficiency were described with the use of frequencies and percentages. Univariate
analysis included the use of the Pearson Chi square statistics to examine associations
between diagnosis, and gender, mode of delivery, season and way of nutrition. A
multinomial logistic regression model was applied to assess the simultaneous effect of these
variables on diagnosis. Differences in the 25(OH)D values by diagnosis, season and type of
nutrition were assessed applying Analysis of Variance followed by multiple comparisons
under the Tukey’s HSD criterion. Statistical significance was set at 0.05 in all cases and the

analysis was carried out with the use of the SPSS v.23.0 software.
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CHAPTER 8. RESULTS

8.1. Characteristics of patients and controls

The clinical characteristics of all subjects are shown in Table 4. Only in 8 subjects, data for

the delivery mode are missing due to lack of communication.

Patients with URTI. Fifty were male and 45 females. The delivery mode was caesarean
section for 46 infants (49.5%) and vaginal birth for 47 (50.5%). Their mean age was 12.5
months (£ 8.1 SD), their mean gestational age 38.5 weeks (+ 1.1 SD) and their mean birth
weight was 3137 g (+ 404 SD).

Patients with LRTI. Sixty-one were male and 38 females. The delivery mode was caesarean
section for 55 infants (56.7%) and vaginal birth for 42 (43.3%). Their mean age 9.6 months
(= 7.6 SD), their mean gestational age 38.4 weeks (= 1.1 SD) and their mean birth weight
was 3161 g (=402 SD).

Patients with Gastroenteritis. Thirty-five were male and 26 females. The delivery mode was
caesarean section for 34 infants (57.6%) and vaginal birth for 25 (42.4%). Their mean age
11.8 months (= 7.5 SD), their mean gestational age 38.6 weeks (£ 1.1 SD) and their mean
birth weight was 3186 g (+ 424 SD).

Patients with UTI. Twenty-five were male and 36 females. The delivery mode was caesarean
section for 36 infants (59.0%) and vaginal birth for 25 (41.0%). Their mean age was 7.8
months (£ 6.1 SD), their mean gestational age 38.5 weeks (= 1.3 SD) and their mean birth
weight was 3121 g (+ 457 SD).

Controls. Sixty-eight were male and 65 females. The delivery mode was caesarean section
for 77 infants (58.8%) and vaginal birth for 54 (41.2%). Their mean age 9.9 months (£ 7.2
SD), their mean gestational age 38.3 weeks (£ 1.1 SD) and their mean birth weight was 3128
g (£ 463 SD).

Overall, there were no significant differences in the characteristics among the four study

groups (URTI, LRTI, Gastroenteritis, UTI) or with the controls with respect to gender,
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(p=0.129) delivery mode (p=0.368), gestational age (p=0.676) and birth weight (p=0.898).

With respect to age a difference was found only between the URTI and UTI groups
(p=0.001), with that of URTI being higher (Table 4).

Table 4. Clinical characteristics of the infants with upper and lower respiratory infections,

gastroenteritis, urinary tract infections and controls

URTI LRTI Gastroenteritis UTI Controls P
Total number 95 99 61 61 133
Age (months, 12.5+8.1° 9.6+7.6 11.8+7.5 7.8+£6.1° 99+72 0.001*
mean + SD)
Males (%) 50 (52.6%) | 61 (61.6%) 35 (57.4%) 25 (41.0%) | 68 (51.1%)
Females (%) 45 (47.3%) | 38 (38.3%) 26 (42.6%) 36 (59.0%) | 65(48.9%) | 0.129
Delivery Mode: 46 (49.5%) | 55 (56.7%) 34 (57.6%) 36 (59.0%) | 77 (58.8%)
Caesarian section 0.368
Vaginal birth 47 (50.5%) | 42 (43.3%) 25 (42.4%) 25 (41.0%) | 54 (41.2%)
Gestational age 385+ 1.1 384+1.1 38.6+1.1 385+1.3 383+1.1
(Weeks, mean + (39) (398) (38) (38) (38) 0.676
SD) (median)
Birth Weight 3137+404 | 3161 +402 3186 +424 3121 +457 | 3128 +£463
(g, mean £ SD) (3100) (3150) (3150) (3130) (3100) 0.898
(median)

avs b p=0.001: Comparisons of the age between the URTI and UTI infected infants

Also, no differences were observed in the mean circulating levels of 25(OH)D between

the infection groups and controls for the year round as shown in Table 5. The concentrations
were 33.4 £ 19.6, 30.0 = 15.2, 31.6 = 15.7 and 32.3 + 12.7 ng/ml for the infection groups
URTI, LRTI, gastroenteritis and UTI and 33.3 + 16.3 ng/ml for the controls (p=0.559). The

rates of vitamin D deficiency did not differ between the groups either (p=0.589).
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Table 5. The mean circulating levels of 25(OH)D in all groups and the rates of vitamin D
deficiency through the year

Diagnosis 25(OH)D (ng/ml) Vitamin D deficiency
N mean + SD (< 20ng/ml)
(Median) n (%)
URTI 33.4+£19.6 23/95
95) (29.5) (24.2%)
LRTI 30.0£15.2 24/99
99) (27.9) (24.2%)
Gastroenteritis 31.6 £ 15.7 11/61
(61) (28.3) (18%)
UTI 323+12.7 8/61
(61) (32.6) (13.1%)
Controls 33.3+£16.3 25/133
(133) (31) (18.8%)
p 0.559 0.589

8.2. The relationship of the infection rates with respect to vitamin D status and season

The distribution of the infants from each group (URTI, LRTI, Gastroenteritis, UTI and
controls) in the two seasons, their mean serum levels of 25(OH)D in the two seasons and the
rates of vitamin D deficiency are shown in Tables 6 and 7. As shown in Table 6 the
distribution of infants in the two seasons was different (p=0.000). Different also was the
frequency of VitD deficiency between groups (p=0.002) (Table 7). However, the mean
circulating levels did not differ between the 5 groups either for the summer/autumn period

(p=0.880) or for the winter/spring season (0.376) (Table 6).

Patients with URTI. Forty-one patients (43.2%) were admitted in comparable rates during the
winter/spring period and 54 (56.8%) in summer/autumn and their distribution did not differ from
those of controls (p=0.529) (Table 6). The 25(OH)D levels between the two seasons were also
comparable (31.3 +17.3 vs 35.0 + 21.3 ng/ml, (p=0.358) (Table 6). The frequency of vitamin D
deficiency between seasons did not differ either. Only 11 children (26.8%) were deficient during
the winter/spring period vs 12 (22.2%) in summer/autumn (p=0.604) (Table 7).
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Patients with LRTI. The admission rates in the two seasons were significantly different,
being higher in winter/spring 75.8% vs 24.2% in summer/autumn and the distribution was
also different from controls (p=0000) (Table 6). However, the 25(OH)D mean levels did not
show any significant difference between the two periods (29.6 = 16.4 vs 31.3 + 10.6 ng/ml,
p=0.638 (Table 6). A tendency for more children to be vitamin D deficient in the
winter/spring (28%) than in the summer/autumn period (12.5 %) was observed but again it

was not statistically significant (p=0.123) (Table 7).

Patients with Gastroenteritis. Twenty-two patients (36.1%) were admitted during the
winter/spring period and 39 (63.9%) during summer/autumn. Although they were more
infants admitted in the hospital with this infection in the summer/autumn period their
distribution between seasons did not differ from those of controls (p=0.142) (Table 6).
However, their 25(OH)D levels were found significantly different between the two periods.
But they were lower in the winter/spring season (25.0 + 10.3) compared to 35.3 £ 17.1 ng/ml
in the summer/autumn (p=0.014) (Table 6). However, the rates of vitamin D deficiency
between seasons did not differ. Only 6 children (27.3%) were deficient during the
winter/spring period vs 5 (12.8%) in summer/autumn (p=0.909) (Table 7).

Patients with UTI. Thirty-six patients (59.0%) were admitted during the winter/spring period
and 25 (41.0%) during summer/autumn with no significant difference between the two
seasons p= 0.133 from controls (Table 6). The 25(OH)D levels between the two seasons
were comparable (30.8 = 14.0 vs 34.5 + 10.6 ng/ml, (p=0.277) (Table 6). The rates of vitamin
D deficiency between seasons did not differ. Only 7 children (19.4%) were vitamin D
deficient in the winter/spring vs 1 (4.0%) in summer/autumn period (p=0.265) (Table 7).

Controls. Distribution of children selected as controls were similar between the two time
periods (winter/spring and summer/autumn, 47.3% vs 52.7%). Also, the 25(OH)D levels
were comparable between the two periods (33.1 + 18.9 vs 33.6 = 13.7 ng/ml, p=0.854) (Table
6), but there was a trend of vitamin D deficiency to be at a higher rate in the winter/spring

period (25.4% vs 12.9%, p=0.065) (Table 7).
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Table 6. The means = SD (median) of 25(OH)D concentrations in the circulation of the
infants with infections and controls with respect to season

Diagnosis N p p Season 25(OH)D p for
™) (%) between (ng/ml) 25(OH)D
all (mean = SD) between
groups (Median) seasons
URTI 41 0.529 Winter/Spring 31.3+17.3
95) (43.2%) (29.1) 0.358
54 Summer/Autumn 35.0+21.3
(56.8%) (33.3)
LRTI 75 0.000* Winter/Spring 29.6 £16.4
(99) (75.8%) (26.6) 0.638
24 Summer/Autumn 31.3+10.6
(24.2%) (28.8)
Gastroenteritis 22 0.142 Winter/Spring 25.0+10.3
(61) (36.1%) 0.000* (25.3) 0.014*
39 Summer/Autumn 353+ 17.1
(63.9%) (31.4)
UTI 36 0.133 Winter/Spring 30.8+14.0
(61) (59.0%) (31.1) 0.277
25 Summer/Autumn 345+ 10.6
(41.0%) (32.7)
Controls 63 Winter/spring 33.1+18.9
(133) (47.3%) (30) 0.854
70 Summer/autumn 33.6+13.7
(52.7%) (33.1)

p=0.376: Comparison of serum 25(OH)D levels between all 5 groups for the winter/spring season
p=0.880: Comparison of serum 25(OH)D levels between all 5 groups for the summer/autumn season

Table 7. The rates of vitamin D deficiency with respect to season

Diagnosis (N) Season Vitamin D deficiency | p between P
25(OH)D all groups For
<20ng/ml Vit-DD

between seasons

URTI (95) Winter/Spring N=11 (26.8%) 0.002* 0.604
Summer/Autumn N=12 (22.2%)

LRTI (99) Winter/Spring N=21 (28.0%) 0.123
Summer/Autumn N=3 (12.5%)

Gastroenteritis (61) Winter/Spring N=6 (27.3%) 0.909
Summer/Autumn N=5 (12.8%)

UTI (61) Winter/Spring N=7 (19.4%) 0.265

Summer/Autumn N=1 (4.0%)

Controls (133) Winter/spring N=16 (25.4%) 0.065

Summer/autumn N=9 (12.9%)
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8.3. The impact of nutrition mode on the infection rates

Another factor tested was how the feeding type (BF, bottle and mixed) affected the 25(OH)D
circulating levels which in turn might have a role in the infection rates. As shown in Table
8 the type of feeding did not differ between all groups (p=0.130). However, there was a trend
for significance in the duration of exclusive BF time (months) between the groups (p=0.060).
The longer was in the URTI and Gastroenteritis groups with median times 10 and 7 months
respectively and shorter in the LRTI, UTI and controls (4 months). At the same time the
percentages of infants on exclusive BF were similar for all 5 groups (29.5% URTI, 28.3%
LRTI, 28.3% Gastroenteritis, 34.4% UTI and 23.3% Controls).

Also, the serum levels of 25(OH)D did not differ between patient and control groups
with respect to feeding type (p=0.668 for BF, p=0.266 for bottle and p=0.415 for mixed).

This may be due to the vitamin D supplementation strategy suggested for all infants.

Patients with URTI. Twenty-eight patients (29.5%) were exclusively BF, 59 (62.1%) were
bottle fed and 8 (8.4%) were on mixed feeding. The mean 25(OH)D levels between the three
types of feeding were comparable with no significant differences between them (35.1 +£26.8
vs 33.0 £ 15.9 vs 29.8 £ 16.2 ng/ml, p=0.785) (Table 8). The mean time of exclusively BF
was 9.56 + 7.09 months.

Patients with LRTI. Twenty-eight patients (28.3%) were exclusively BF, 68 (68.7%) were bottle
fed and 3 (3%) were on mixed feeding. The mean 25(OH)D levels did not show any significant
difference between the three types of feeding either (28.7 +22.4 vs 30.6 + 11.3 vs 28.0 + 9.28
ng/ml, p=0.840) (Table 8). The mean time of exclusively BF was 6.54 + 5.98 months.

Patients with Gastroenteritis. Eleven patients (28.3%) were exclusively BF, 42 (68.7%)
were bottle fed and 3 (3.0%) were on mixed feeding. The mean 25(OH)D levels between the
three types of feeding were comparable with no significant differences between them (30.8
+24.6vs30.3£12.1vs 39.1 £ 18.0 ng/ml, p=0.358) (Table 8). The mean time of exclusively
BF was 7.91 + 5.8 months.

Patients with UTI. Twenty-one patients (34.4%) were exclusively BF, 32 (52.5%) were bottle
fed and 8 (13.1%) were on mixed feeding. The mean 25(OH)D levels did not show any
significant difference between the three types of feeding either (28.0 + 14.5 vs 35.3 £ 11.5 vs
31.8+ 9.8 ng/ml, p=0.124) (Table 8). The mean time of exclusively BF was 4.81 £ 5.82 months.
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Controls. Thirty-one children (23.3%) were exclusively BF, 88 (66.1%) were bottle fed and
14 (10.5%) were on mixed feeding. The mean 25(OH)D levels between the three types of
feeding were different (p=0.029). The difference was significant between the BF and mixed
infants p=0.043 with the latter being lower (BF=27.3 £ 17.4 ng/ml, vs mixed=40.1 + 15.9)
(Table 8). The mean time of exclusively BF in this group was 5.61 + 5.58 months.

Table 8. The mean 25(OH)D levels in all five groups with respect to their feeding type and
the duration in months of exclusive B/F.

Diagnosis Type of n (%) P 25(OH)D (ng/ml) | pT Months of BF | pfT
(n) feeding between all| (mean £ SD) Mean = SD
groups (Median) (Median)
B/F 28 (29.5%) 35.1£26.8
(33.3) 9.56 +7.09
URTI Bottle | 59 (62.1%) 33.0+£15.9 (10)
95) (30.1) 0.785
Mixed 8 (8.4%) 29.8+16.2
(25.4)
B/F 28 (28.3%) 28.7+22.4
(21) 6.54 +5.98
LRTI Bottle | 68 (68.7%) 30.6+11.3 @)
99) (28.8) 0.840
Mixed 3 (3.0%) 28.0+9.28
(26.6)
B/F 11 (28.3%) 30.8+24.6
(27.0)
Gastroenteritis | Bottle | 42 (68.7%) 30.3+12.1 791 +5.8
(61) 0.130 (28.1) 0.358 % 0.060
Mixed 3 (3.0%) 39.1+£18.0
(40.0)
B/F 21 (34.4%) 28.0+14.5
(27.3)
UTI Bottle | 32 (52.5%) 353+115 | 0124 | 481+582
(61) (33.7) “)
Mixed | 8 (13.1%) 31.8+9.8
(33.2)
Controls B/F 31 (23.3%) 273+174
(133) (24.8) 0.029
Bottle | 88 (66.1%) 344+155 (Mixed| 5.61+5.58
(31.6) vs BF 4
Mixed | 14 (10.5%) 40.1£159 0.043)
(37.8)

Comparisons of the 25(OH)D concentrations between all groups with respect to feeding type: p=0.668 for BF,
p=0.266 for bottle and p=0.415 for mixed

T p for 25(OH)D levels between type of feeding
1 tp for months of BF between all groups
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8.4. The impact of vitamin D supplementation on the circulating 25(OH)D levels

The impact of vitamin D supplementation on the 25(OH)D levels in patients and controls
are shown in Table 9. In all 5 groups the supplemented infants were over twice the non-
supplemented and did not differ between them (p=0.118). But there were differences in the
circulating 25(OH)D levels except in the UTI and the trend in the LRTI group.

Patients with URTI. Fifty-two (54.7%) patients were supplemented with vitamin D and
43 (45.3%) not. Hence the mean serum 25(OH)D levels in the supplemented infants were
significantly higher compared to the rest (38.8 £ 21.9 vs 26.8 = 14.0 ng/ml p=0.002)
(Table 9).

Patients with LRTI. Similar rates of vitamin D supplementation were found in this group of
patients too. Fifty-four (54.5%) patients were supplemented with vitamin D and 45 (45.5%)
not. Here however, the 25(OH)D mean levels were not significantly different among the two
groups, but they had a trend to be higher in the supplemented group (32.5 £ 12.8 vs 27.0 £+
17.2 ng/ml p=0.074) (Table 9).

Patients with Gastroenteritis. In this group the supplemented patients were nearly twice as
many. Thirty-eight (62.3%) patients were supplemented with vitamin D and 23 (37.7%) not.
As expected, the 25(OH)D mean levels were significantly higher in the supplemented group
(34.9 £16.1 vs 26.0 £ 13.6 ng/ml p=0.032) (Table 9).

Patients with UTI. In this patient group again, the supplemented ones were more than twice
than the rest. Forty-five (73.8%) patients were supplemented with vitamin D and 16 (26.2%)
not. However, the 25(OH)D mean levels were comparable in the two groups with no

significant difference (33.1 = 11.9 vs 30.3 + 15.0 ng/ml p=0.453) (Table 9).

Controls. In the control group the rates between supplemented infants were not much
different. Seventy-seven children (57.8%) were supplemented and 56 (42.2%) not. But the
serum levels of 25(OH)D in the supplemented infants were significantly higher than in the
non- supplemented (36.7 £ 17.6 vs 28.8 £ 13.3 ng/ml p=0.006) (Table 9).
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Table 9. The numbers and percentages of infants supplemented or not with vitamin D, and
their 25(OH)D circulating levels (Means + SD).

Diagnosis Vit-D intake n (%) p 25(OH)D (ng/ml) pT
(n) between (mean = SD)
all groups (Median)
No 43 (45.3%) 26.8+14.0
URTI (25.8) 0.002*
95) Yes 52 (54.7%) 38.8+21.9
(34.2)
No 45 (45.5%) 27.0+17.2
LRTI (25.4) 0.074
99) Yes 54 (54.5%) 32.5+12.8
(28.9)
No 23 (37.7%) 26.0+13.6
Gastroenteritis 0.118 (24.7) 0.032%
(61) Yes 38 (62.3%) 349+ 16.1
(31.2)
No 16 (26.2%) 30.3+15.0
UTI (31.9)
0.453
(61) Yes 45 (73.8%) 33.1+11.9
(32.7)
No 56 (42.2%) 28.8+13.3
Controls (28.2) 0.006%*
(133) Yes 77 (57.8%) 36.7+17.6
(35.7)

t p for 25(0OH)D levels between supplemented and not supplemented groups
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CHAPTER 9. DISCUSSION AND CONCLUSIONS

9.1. Discussion

9.1.1. Vitamin D status and infections

VitD deficiency has been suggested to be associated with a susceptibility to infections (13).
Despite the interest and several studies, the results are still unequivocal. In the present study,
we found comparable mean circulating levels of 25(OH)D in all infection groups and
controls. Also, the incidence of VitD deficiency, as defined by 25(OH)D levels <20 ng/ml,
was not much different in the groups of children with common childhood infections aged 1
month to 2 years than the controls. It is the first study in Greece evaluating the association
between serum 25(OH)D levels and infections in this age group. Sick infants admitted with
either lower or upper RTIs, Gastroenteritis, UTI and healthy controls had similar VitD levels
through the year.

RTIs: In the two groups of infants with RTIs we did not find any differences in their
mean circulating levels of VitD. In agreement with our results McNally et al., (185) found no
significant difference in the VitD levels between the LRTI group and controls. However, they
reported that the children admitted to the pediatric intensive care unit had significantly lower
levels than either controls or of the less severe ones treated in the general pediatric
department. The authors suggested that LRT disease severity might be associated with VitD
due to its immunomodulatory properties. Another study from Canada (186) showed that for
infants less than 25 months old and with a 25(OH)D threshold of 32 ng/ml, there was no
association with the risk of hospitalization for acute LRTI (mainly bronchiolitis). In addition,
the 25(OH)D concentrations were similar in cases and controls in agreement with our results.
Another study from Turkey did not find significant correlation between VitD levels and LRTI
in terms of disease and severity (187), while here the rates of VitD deficiency/insufficiency

were high in both case and control groups in contrast to the Canadian one.

However, there are several studies showing low VitD levels to be associated with URTI

and LRTI and that VitD deficiency is a significant risk for RTIs (160, 188, 189).

Roth et al (2010) reported an association of VitD deficiency and LRTI in early childhood
and that unadjusted odds of LRTI were halved for each increase of 10 nmol/L in 25(OH)D
(160). Garg et al. (2016) observed that the rates of LRTIs were much higher in the VitD
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deficient and insufficient children under 5 years old compared to the VitD sufficient ones
(189). Wayse et al. (2004), (188) also observed for children under 5 years of age that the
odds ratio for severe LRTI was significantly lower when 25(OH)D levels were >22.5 nmol/L

and with exclusive BF within the first months.

In our study we found no difference between either the two infection groups or with

controls in the rates of VitD deficiency (25(OH)D <20 ng/mL).

Gastroenteritis: Some studies carried out in Columbia, Egypt, Pakistan and Saudi
Arabia showed VitD deficiency to be associated with an increased incidence of diarrhea/
recurrent diarrhea in infants and school-aged children (190-193). Also a prospective study
in Turkey enrolled children less than 4 years, and found that serum VitD levels were
significantly lower in the patient group than in the healthy control group (p<0.001) showing
that low VitD may be a potential risk factor for rotaviral diarrhea for children of this age

(194).

In contrast, in our study we found no difference between this infection group and
controls in the 25(OH)D circulating levels as well as in the rates of VitD deficiency through
the year. Similarly a study in Tanzania although reported a high prevalence of VitD
deficiency in children under the age of five, with a majority 53.7% being VitD deficient,
34.0% insufficient and only 12.2% sufficient, VitD deficiency was not found to be
specifically associated with diarrhea (195).

UTI: In our study we found no difference on serum 25(OH)D between UTI patients and
control group. Our findings are in accordance with a most recent study on children, between
2 and 14 years old, where again failed to detect any meaningful association between UTI
and VitD level (196). However, in the same study a prevalence of infection was reported
higher in girls than boys, which is a known risk factor, and agrees with our observations as

more than half of our patients (59%) were female too.

This is in accordance with some studies that found significantly lower 25 (OH)D levels
in children with UTI compared to controls and supports that VitD deficiency is a risk factor

for UTI and especially in girls (12, 197-199).

Also, in a Swedish study the authors reported that 21% of the children in their study had
VitD deficiency or insufficiency despite prescribed daily VitD supplementation during the
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first two years of life. Thus, they concluded that inadequate VitD levels may be a risk factor
for the first UTI in girls (200). In our study the rate of infants with VitD deficiency came up
to about 13% but it did not differ from controls.

9.1.2. Impact of season

On examining whether the season had a role in the incidence of infections and in relation to
VitD levels we found that the rates of LRTIs were significantly higher in the winter/spring
compared to the summer/autumn months (p=0.000). Our results are in line with other studies.
Outbrakes of respiratory infections reach a peak in the winter months, when the weather is
cold, the people get crowded indoors and there is a decrease of sunlight (the main source of
VitD), which is one of the factors for VitD deficiency. The nadir is in the summer months
when the weather is hot, people get outdoors and get more sunlight as well as ventilate their
homes (13, 201, 202). However, we did not find any difference in the 25(OH)D levels

between seasons.

Many epidemiologic studies have demonstrated strong associations between seasonal
variations in serum 25(OH)D and the incidence of infectious diseases in newborns and young
infants. A trial in Iowa found that VitD deficiency was much more common among BF
infants during winter than in summer (152). An earlier study from Greece found that the
incidence of infants born with very low 25(OH)D levels was higher in the winter, even

though quite a few had also low levels in the summer months (15).

No seasonal variation we found either in the circulating 25(OH)D levels of the infants
with RTIs and UTI even though there was a significant difference in the rate of LRT
infections. This is probably attributed to the fact that more than half of the infants in all
groups were supplemented with VitD. The last years in Greece it is recommended to
supplement infants from the day of birth irrespective of the feeding method. The current
recommendation from the American Academy of Pediatrics is that all infants and children
should have a minimum daily intake of 4001U of VitD beginning soon after birth. The same
recommendation is given by many health professionals including the Hellenic
Endocrinology Society in Greece (103). This also may be an explanation as to why the

infection rates in our study were found to be independent of VitD status.
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A significant difference was found only in the serum 25(OH)D in the infants with
Gastroenteritis (p=0.014) were 25(OH)D in summer/autumn was significantly higher than
winter/spring. But unexpectedly the incidence of Gastroenteritis was higher in the

summer/autumn season than in winter/spring.

In general, rotavirus is known to cause diarrheal illness throughout the year but
predominantly during winter months especially in countries with temperate climates
however, several studies have shown higher rotavirus gastroenteritis incidence during the
period between January and June (203) Moreover, a study with children less than Syears old,
hospitalized with acute gastroenteritis, found that regarding the monthly distribution of
cases, the highest number was clearly observed during the warm period especially between
July and August (92 and 91cases, respectively) of hospitalized children (204) something that

agrees with our results.

9.1.3 Impact of breast feeding

Another factor suggested to have a protective effect against infections is the breastfeeding
(BF). Studies and health organizations support that exclusive BF and its duration is
associated with reductions in the risk of common infections during the first years of life and
beyond infancy (30, 205-209). In addition, they claim that, longer exclusive BF results in

fewer infectious episodes and hospitalizations during infancy.

However, our analysis showed no such effect on the infection rates between all groups,
with respect to the type of feeding that was comparable to controls. One explanation might
be that the length of exclusive BF was not long enough, in most cases less than 6 months,

while some studies claim it to be enough and others not.

In a Dutch study, infants who were breastfed exclusively until the age of 4 months, and
partially thereafter, had lower risks for respiratory and gastrointestinal infections until the
age of 6 months (30). On the contrary, in a large UK cohort, (208) infants who were
exclusively BF for a period of <4 or 4-6 months and stopped BF by 6 months had a
significantly increased risk of chest infection and diarrhea. In our study the infants on
exclusive BF or mixed feeding were relatively small in numbers, while those on bottle were

over half which again may obscure the results.
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Studies also state that breastfed infants have lower levels of serum 25(OH)D, than
formula milk feeding infants even when supplemented with 400IU of VitD daily (210, 211).
In contrast our results showed that the serum levels of 25(OH)D did not differ between
patients and control groups with respect to feeding type. It seems that 400IU daily (which is
the recommended VitD supplementation strategy for all infants in Greece) is sufficient in

raising serum 25(OH)D above the cut off limit of 20ng/ml, regardless of feeding type.

In Greece the recommended VitD supplementation strategy is in accordance with the
AAP recommendations that any breast-fed or formula-fed infant should be supplemented

with at least 400IU of VitD, at least until the infant is able to consume 1L per day of milk.

9.1.4. Vitamin D supplementation

Another factor examined in this study was whether VitD supplementation had any effect on

the infections.

RTIs: Some randomized controlled trials evaluated the effect of one bolus or short-term
high dose VitD supplementation in infants and children with LRTI (212-216). These studies
did not provide strong evidence of benefits in preventing or reducing the time of recovery
from the infections and that was despite the deficient states of the infants and children
coming from underdeveloped countries and the significant increase in 25(OH)D levels after

supplementation.

However, one study claimed a reduction in the risk of LRTIs in winter and it was
in Mongolian schoolchildren with very low median 25(OH)D levels (<7 ng/ml) (216).
Another study by Sarhan et al (2019) who studied infants less than 24 months old with
bronchiolitis and VitD deficient/insufficient found that supplementation led to less time of

hospitalization (217).

We did not examine the severity of the infections or the duration of hospitalization,
but we did not see any difference in the rates of infection between those on VitD
supplementation and those not. Despite the difference in their mean 25(OH)D levels
that were significantly lower in the unsupplemented infants, the rates of infections were

similar.
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Gastroenteritis: In one study the hospitalized children with acute diarrhea in Dhaka,
Bangladesh were randomized to daily supplementation with 1000IU VitD (n=27) or placebo
(n=15) (218). Supplementation was not found to reduce stool weight or duration to clinical
resolution. The small sample size and short duration of follow-up (5 days) make it difficult
to draw conclusions from this study on the role of VitD supplementation. Similarly, in
another study VitD supplementation with 1200IU daily in school-age children did not reduce

the incidence of gastroenteritis, a secondary outcome of that trial (219).

A more sufficiently powered randomized controlled trial in young children was
conducted in Kabul. Among children at high risk, 1 to 29 months of age, quarterly
supplementation with 100.000IU of VitD had no effect on the risk for diarrheal illnesses
(220). In our study also those who were infected were twice as many in the supplemented

group despite their higher 25(OH)D levels. Hence it did not seem to have any effect.

UTI: For infants and young children results on VitD supplementation in UTIs are very
scarce. A study suggested that VitD can have some beneficial effect on children with UTI
through increasing cathelicidin level as detected in their urine. It was found that children
with UTI and sufficient serum 25(OH)D levels had higher cathelicidin than the controls who
also had sufficient 25(OH)D serum levels. On the contrary, UTI patients with VitD
insufficiency were not found to increase urine cathelicidin levels which helps the body’s
defensive system. The authors concluded that supplementation with VitD may have an

enhancing role on top of the conventional antibiotics prescribed for UTIs in children (221).

Contrary to the forementioned, other studies did not find any relationship between
25(OH)D and UTIs. A study in Egypt has evaluated the effect of VitD supplementation
(400IU/daily) for 6 months on the immunity and risk of infections including UTI during the
Ist year of life among 99 full term infants. Their results showed no differences in the
frequency of UTI in infants supplemented with VitD and those who were not (222).
Similarly, another study found that even a daily dose of 1000IU has not significant impact
on preventing recurrent UTI in pediatric patients (223). Moreover, other studies believe that
supplementation of VitD increases the risk of UTI in young children and its administration

should be done with caution (224, 225).
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These last studies are in line with our findings as we also observed that the supplemented
infants with UTI were nearly 3 times more than the unsupplemented ones despite the fact

that the circulating 25(OH)D levels were similar.

In our study, we found that the recommended dose used in Greece (400IU/d) was
adequate in raising 25(OH)D levels in most cases to normal levels in all 5 groups. So, the
mean serum 25(OH)D was higher in the supplemented infants compared with the non-
supplemented ones except in the case of UTI where the levels were similar and independent
of the supplementation. However, this difference in the VitD status did not affect the

incidence of the infections.

Hence, so far, the evidence is very weak as to recommend routine VitD supplementation
to infants and young children for preventing the incidence of common childhood infections.
However, studies of longer duration and the dose of supplementation, that are lacking at

present, may be of some help in defining or not any biological benefit.

9.2. Conclusions

A) The majority of infants and young children admitted to a general hospital in North-
Western Greece are not VitD deficient due to the implementation of exogenous VitD

intake (4001U/d) right from birth especially for the breastfed ones.

B) VitD was not different in the children with common infections from controls leading

on a VitD independent effect on the infection rates.

C) No seasonal variation found in the circulating VitD levels of the infants with RTIs
and UTIs even though there was a significant difference in the rate of LRT
infections. A seasonal variation was found only in the circulating VitD levels of the
infants with gastroenteritis. No difference was found in the rates of VitD deficiency

between seasons in each group.

D) Breastfeeding again, did not seem to have any positive effect on the infection rates.
However, the infants on exclusive BF were relatively small in numbers for
applicable evaluations and also showing that in Greece the percentage of BF is very
low. Moreover, the serum levels of 25(OH)D did not differ between patients and
control groups with respect to feeding type, most likely because of the

supplementation.
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E) No difference was found in the rates of infection between VitD supplemented and
unsupplemented infants. Nevertheless, the mean serum 25(OH)D levels were
significantly higher in the supplemented infants compared with the non-

supplemented ones.

However, adequacy of VitD should continue to be kept as a goal for keeping normal
levels in these infants even in a sunny country like Greece due to its many well-

known non-skeletal effects and especially its immunomodulatory functions.
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ABSTRACT

Purpose: Childhood infections are one of the main reasons for hospitalization and intensive
care unit admission among infants and young children. VitD is known to have except the
skeletal, and non- skeletal functions especially in the immune system. The objective of this
study was to determine any association between VitD status with the determination of serum
25 hydroxyvitamin D levels [25(OH)D] and common infections (respiratory tract infections,
gastroenteritis and urinary tract infections) in hospitalized children aged less than 2 years.
As a second objective was to explore the possible effects of BF, season and VitD

supplementation on the susceptibility of infants to common infections.

Methods: Children under 2 years of age hospitalized during a 2-year period with common
infections such as otitis media, bronchiolitis, pneumonia, gastroenteritis, and urinary tract
infections were recruited. A group of age and gender-matched clinically healthy children
were included as controls. Structured questionnaires were used to attain information
concerning clinical characteristics like age, gender, gestational age, birth weight, mode of
delivery and types of nutrition (BF, formula and mixed feeding) supplementation or not with

VitD as well as season of admission.

Serum 25(OH)D concentrations were measured and were compared between groups and
controls for exploring the first aim. Subsequently there was subgrouping with regard to VitD
sufficiency and deficiency (> 20ng/ml or <20ng/ml), with respect to season, types of feeding
and VitD supplementation. For the analysis of the data comparisons between groups were
used a multinomial logistic regression model, for examining confounder factors. A p-value

< 0.05 was considered statistically significant.

Results: The study group consisted of 316 cases (95 URTlIs, 99 LRTIs, 61 gastroenteritis
and 61 UTIs) and 133 healthy controls.

There were no significant differences in the characteristics among the four study groups
(URTI, LRTI, gastroenteritis, UTI) or with the controls with respect to gender, (p=0.129)
delivery mode (p=0.368), gestational age (p=0.676) and birth weight (p=0.898). With respect
to age a difference was found only between the URTI and UTI groups (p=0.001), with that
of URTI being higher.
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The circulating 25(OH)D (mean = SD) levels were similar among URTI, LRTI,
gastroenteritis and UTI patients and controls (33.4 + 19.6, 30.0 £ 15.2, 31.6 £ 15.7, 32.3 +
12.7 and 33.3 + 16.3 ng/ml, respectively). The majority of the participants in all 5 groups
had sufficient 25(OH)D levels: 72/95 (75.8%), 75/99 (75.8%), 50/61 (82%), 53/61 (86.9%)
and 108/133 (81.2%) respectively.

With respect to season the mean circulating 25(OH)D levels did not differ between the
5 groups either for the summer/autumn period (p=0.880) or for the winter/spring season

(p=0.376) even though there was a significant difference in the rate of infections (p=0.000).

A significant difference was found only in the serum 25(OH)D in the infants with
gastroenteritis (p=0.014) where the 25(OH)D level in the summer/autumn period was
significantly higher than that of the winter/spring (35.3 = 17.1 vs 25.0 = 10.3). But
unexpectedly the incidence of gastroenteritis was higher in the summer/autumn (63.9%) than
in the winter/spring period (36.1%). Also, in the patients with LRTIs the admission rates
between the two seasons were significantly different, being higher in winter/spring 75.8%

vs 24.2% in summer/autumn.

The frequency of VitD deficiency between seasons did not differ between all 5 groups.
11 children (26.8%) were deficient during the winter/spring period vs 12 (22.2%) in
summer/autumn (p=0.604) in URTI group. In the LRTI group a tendency for more children
to be deficient was found in the winter/spring (28%) than in the summer/autumn period (12.5
%) approaching statistical significance (p=0.123). Only 6 children (27.3%) were deficient
during the winter/spring period vs 5 (12.8%) in summer/autumn (p=0.909) in gastroenteritis
group and 7 (19.4%) deficient in the winter/spring vs 1 (4.0%) in the summer/autumn period

(p=0.265) in the UTI group.

In the control group there was a trend of VitDD to be at a higher rate in the winter/spring

period but again only approaching statistical significance (25.4% vs 12.9%, p=0.065).

The serum levels of 25(OH)D did not differ between patient and control groups with
respect to feeding type (p=0.668 for BF, p=0.266 for bottle and p=0.415 for mixed). The
percentages of infants on exclusive BF were similar for all 5 groups (29.5% URTI, 28.3%
LRTI, 28.3% gastroenteritis, 34.4% UTI and 23.3% controls). BF was not found to have any

effect on the infection rates between groups.
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In all 5 groups the supplemented infants were over twice the non-supplemented and did

not differ between them (p=0.118). Nevertheless, the serum levels of 25(OH)D in the

supplemented infants were significantly higher than in the non-supplemented only in URTI
(38.8 £21.9 vs 26.8 = 14.0 ng/ml p=0.002), gastroenteritis (34.9 + 16.1 vs 26.0 + 13.6 ng/ml
p=0.032) and control (36.7 £ 17.6 vs 28.8 £ 13.3 ng/ml p=0.006) groups. In the LRTI and

UTI groups the 25(OH)D mean levels were not significantly different between supplemented

and non-supplemented group (32.5 £ 12.8 vs 27.0 = 17.2 ng/ml p=0.074 and 33.1 £ 11.9 vs

30.3 £ 15.0 ng/ml p=0.453 respectively).

Conclusions:

The majority of infants and young children admitted to a general hospital in North-
Western Greece are not VitD deficient probably due to the implementation of exogenous

VitD intake (4001U/d) right from birth especially for the breastfed ones.

VitD was not different in the children with common infections from controls suggesting

a VitD independent effect on the infection rates examined.

No differences were found in the serum levels of VitD in infants with infections and in
controls between the two periods (seasons), except for gastroenteritis, while there was a
significant difference in the incidence of infections and especially of the LRTIs where it
was greater in winter/spring. In gastroenteritis, despite the higher 25(OH)D in

summer/autumn, there was a higher incidence of disease than in winter/spring.

Regarding comparisons between the frequency of infants with VitD deficiency or not, no

differences were found between the infected and control groups.

Exclusive BF does not seem to have the best effect on infection rates between groups.
However, the number of infants under exclusive BF was relatively small to be adequately
evaluated and also shows that in Greece the percentage of BF is very low. In addition,
serum 25(OH)D levels did not differ between patients and controls with respect to the

type of feeding, most likely due to VitD supplementation.

No difference in infection rates was found between infants receiving and those not
receiving VitD supplementation. Nevertheless, 25(OH)D levels were significantly higher

in infants receiving supplementation.
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HEPIAHYH

Ykomog: Ot Tod1kéG AOUDEEIS ATOTEAODV TO GUYVOTEPO OUTIO EIGOYMYNG GTO VOGOKOUEID
Kol 6 Povaodeg evtatikng Oepameiog oe Ppépn kot pikpd modrd. H Prrapiviy D omog elvan
YVOOTO £XEL EKTOC OO TIG OKEAETIKES Kol EEW-OKEAETIKEG OPAGELS EOKA GTO ALVOGOTOUTIKO

GUGTN LA

Kvpiog okomdg avtng g HEAETNG Tav va dtepevvnBel Omola oyéon pmopel va vidpyeL
petald tov emmédov e vopodcu-Prrapivng D [25(OH)D] otov 0pd Kol TV KOW®V
AomEemv (AOUDEELG AVATVELGTIKOV, YOGTPEVTEPIKOD KOl OVPOTOTIKOY GLGTHILOTOG) GE
o018 KATO TOV 2 ETOV KOTA TNV 10aY®YT| TOVG 610 vocokopueio. [TapdAinia og dgdtepO
emimedo Nrav Kot N depedivion MOavAV ETOPAGEDY TOV OTOKAEIGTIKOD UNTPLIKOL ONAocon
(M), ™g emoyng aAAG Ko TG XOPNYN OGS CLUTANP®UATOS Prrapivng D oty pedvion tov

VO HEAETN AOUDEE®V.

Mé£00dog: Bpéon kot pikpd mondd nAkiog KOTo Tov 2 €10V VOoIALDTNKAY KOTA T
OLAPKELD P0G TTEPLODOV 2 ETAV LE KOWVEG TOOIKES AOIUDEELG OTTMOG OTiTdN, Bpoyyloiitida,
TVELUOVID, YOOTPEVTEPITION KOl AOIUMDEEIS TOL OLPOTOINTIKOV GLOTHUOTOC. ¢ opdda
eLEYYOL (LAPTLPES) YPNOLULOTOMONKAY L0 OULAOO KALVIKA VYDV TOOIDV TopOLotog nAkiog
Kot @OAOV. XpnooromOnKay dounuUéEVe EPOTNUOTOAGYLN YO TNV KOTOYPOOT KAWVIKOV
YOPAKTNPIOTIKOV OTwg NAkia, Yévog, nAtkia kimong, Bépog yévvnong, €100¢ ToKeToD Kot
€100¢ 01 TPOoPNG (OMOKAEIOTIKOG UNTPIKOS ONAacUOC, Ppepikd ydAo, KT OlaTpoon),
coumApope 1 Ooxt Prrapivng D, Omwg emiong kou M emoyn katd T voonAeia. Ot
ovykevipaoelg g 25(OH)D otov 0pd petpndnkay Kot cuykpibnkay petadd achevav kot
HOPTOP®V. 2T GLVEXELD, EYIVE IEPEVVIOT TNG EMAPKELNG KOl avemdpkelog Prrapivng D (=
20ng/mL 1 <20ng/mL avtictoya), kabhg emiong kou diepedhivnon g enidpoaons tov MO,
NG EMOYNG OAAL Kot TNG XOPNYNoNG cvumAnpodpatog Prrapivng D omyv gpedvion twv vd
dtepevvnon  Aowdéewv. o mmv avdivon tov Jdedopévev  HeToEd TV Opddwv
ypnooromonke €va HovTEAO TOAVLEDVIKNG AOYIGTIKNG TOAVOPOUNONG KO 1 T TOV

p<0,05 BewpnOnke OC GTATIGTIKG ONUAVTIKY.

Amnoteréopata: H opdado perétng amotelovvray omd 316 acOeveig (95 pe Aoipwén avatepov
aVATVELGTIKOV, 99 e AolHmEN KATMOTEPOL AVATVELSTIKOV, 61 e yaotpeviepitda, 61 pe

AomEelg ovpomomtikov) kot 133 vyteig paptupec.
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Agv vmnpyav oNUAVTIKES O10POPES GTOL OPOKTNPLOTIKE LETAED TOV TEGGAP®Y OUAdW®V
HEAETG  (AOMMEELS aVATEPOL KOl KOTOTEPOL OVATVEVCTIKOV, YOOTPEVIEPITION KOl
AO®EEIC OVPOTOMTIKOV) 1| LE TOVG HAPTVPES WS TPOG TO VA0, (p=0,129), £ldog TokeETOD
(p=0,368), nAikia kimong (p=0,666) kai Bapog yévvmong (p=0,898). Ocov apopd v nhikia,
Ao TdONKE S10POopd LOVO LETOED TV OUAO®MY HE AOTHUMEN TOV OVAOTEPOV AVATVEVGTIKO

Kot AoumEetg Tov ovporomtikov (p=0,001), pe avt) g TpdTNS Vo Eivart vyNMAOTEPN.

Ta enimeda g péong tiung g 25(OH)D (nésog 6pog + SD) ftav mapodpota peta&d
TV 060eveOv pe AOIHMEN aVATEPOL KOl KATMOTEPOL OVOTVELGTIKOV, YUGTPEVIEPITIONG,
AoymEemv ovpomomrikov kot pdptopes (33,4 + 19,6, 30,0 £ 15,2, 31,6 + 15,7, 32,3 £ 12,7
kot 33,3 £ 16,3 ng/mL, avtictoya). H mietoynoia 10V GOUPETEXOVI®OV Kol OTIG 5 OpAdEg
elyav emopkn enineda 25(OH)D: 72/95 (75,8%), 75/99 (75,8%), 50/61 (82%), 53/61 (86,9%)
rot 108/133 (81,2%) avtictoryo.

Oocov apopd v emoyn, o pé€cog 6pog g 25(OH)D dev d1épepe peta&d Tov 5 opadmv
o0te Kkatd TV mepiodo Karokaipv/edvormpo (p=0,880) ovte katd v mEPiodo
yepavo/dvoiln (p=0,376) mtapodro mov Ppédnke onpavtikny dtupopd otn cuyvoTTo LETAED
TV Aotpdéenv (p=0,000).

Inuoaviikny oweopd g 25(OH)D PBpébnke povo ota Ppéon pe yaotpeviepition
(p=0,014) 6mov 1 Ty g 25(OH)D 10 KaAoKaipV/POVOTMPO NTAV GNUOVTIKA VYNAOTEPY
amd Ot to yewove/avoien (35,3 = 17,1 évavtt 25,0 = 10.3). Av kot, arpocddknta, 1
GLYVOTNTO EQPAVIONS YOOTPEVTEPITIONG MTOV VYNAOTEPT TO KAAOKAipUPOvdmmpo (63,9%)

amd OTL TV mEPi0d0 yelumva/avoién (36,1%).

Eniong, o€ acOeveic pe Aoipmén Tov KatdTEPOL OVUTVEVGTIKOD TO TOCOGTA EIGAYWOYNG
HETOED T®V 000 EMOYDV €lyov oNUOVTIKY] Olapopd. YymAdtepa to yelpmva/avoicn 75,8%

évavtt 24,2% to kahokaip/eOivommpo.

H averdpkela Prrapivig D petald tov emoymv dev d1€pepe petald tov 5 opadwv
Eexyoprotd. 11 madud (26,8%) elyav avemdpkelo Katd tnv mePiodo yelumva/dvoiEn Evovtt
12 (22,2%) to xorokaipveBwvormpo (p=0,604) otnv opddo pe Aoipwén ovotepov
OVOTTVELGTIKOV. TNV OpLdda e AoTU®mEN KATATEPOL AVATVELGTIKOV, Ppédnke i Tdon yio
mePLocOTEPO OO vo  mapovotdlovy  avemdpkewg Prrapivng D mmyv  mepiodo
YEWDVO/AvolEn (28%) amd 0, T v mepiodo koarokaipvedwvormpo (12,5%), aird n

dlapopd dev NTav otatiotikd onuovtiky (p = 0,123). Zmv opdda g YooTPEVTEPITIONS
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poévo 6 modwd (27,3%) eiyav avemdpkelo kotd v mepiodo yewwmdva/dvoln évavtt 5
(12,8%) 10 Kohokaip/eBvonwpo (p = 0,909) kot otV opada Le AOUMEELG OVPOTOTIKOD
povo 7 moudid (19,4%) eiyav avemdpreia to yeymva/avoln évovtt 1 (4,0%) v mepiodo
KaAokaip/eOvénwpo (p = 0,265). Ztovg HAPTLPES EMIONG, VANPYE L0 TAGT OVETAPKELOG
v mepiodo YeEWMdVA/GvolEn mov OPMG dgv £QTOVE GTATIGTIKN onpavtikotrta (25,4%

évavtt 12,9%, p=0,065).

Ta enineda g 25(OH)D dev diépepav PETAED TV OPAS®OV AGHEVAOV Kol LopTOP®V GE
oyéomn pe 1o €100g dratpoeng (p=0,668 yio MO, p=0,266 yio Bpepikd yara kot p=0,415 yia
pikty owatpoen). Ta mocootd Ppepdv ce amokielctikd MO Ntav mopdpoa Kot yio Tig 5
opades (29,5% otig LOUDEELG avATEPOV aVATVELSTIKOV, 28,3% OTIg AOUDEELS KATAOTEPOV
avamvevoTtikol, 28,3% otig yaotpeviepitdes, 34,4% oT1g LOUDEEIG OVPOTOMTIKOD KOl
23,3% ota Bpéen paptupec). O MO dev Bpébnke va cvoyetiletal e vV ELOAVION TOV

AOUOEEDV TIOV EEETACTNKAY.

Yyxetikd pe v eEwyevn yopnynon Prrapivng D, ta Bpéon vrd copumAnpoupe eiyov
owmAdcto enimedo amd avtd mov dev AduPavay Kot dgv OEQeEpay HETOEL TV OPAd®V
(p=0,118). IMap '6Aa avtd, peretdvrog Eexymprotd Vv KaOe opddo Ppeédnke otL ot Ppéen
VIO GUUTANPOUOTIKY ay®YT], To emineda T 25(OH)D ftov onpovtikd vyniotepa amod 0,Tt
ota Bpéon ywpic cuuTANpO 6TIG OPAOES e AoTumén Tov avdtepoLv avamvevatikoy (38,8
+ 21,9 évavtt 26,8 = 14,0 ng/mL p=0,002), otn yaoctpeviepitda (34,9 + 16,1 évavtt 26,0 £+
13,6 ng/mL p=0,032) ko1 tovg pdptopeg (36,7 + 17,6 évavtt 28,8 = 13,3 ng/mL p=0,000).
211g vmorowmeg 000 OpAdEg pHe AOIH®EN TOL KOTMOTEPOL OVOTVELGTIKOD KOl TOV
OVLPOTOMTIKOV, OeV PpédnKav onuavtikég dapopéc ota enimeda g 25(OH)D (32,5 £ 12,8
évavtt 27,0 = 17,2 ng/mL p=0,074 xou 33,1 £ 11,9 évavtt 30,3 £ 15,0 ng/mL p=0,453

avticTorya).

YopumnePacpoTo.:

e H mieoynoeio tov Bpepdv Kol TOV KPOV TOWOUOV TOV VOGNAEDTNKAV GE YEVIKO
vocokopeio g Notodvtikng EAAGdag dev Exovv avendpkeia Prrapivng D mbavdg Adym
™G eEmyevoug TpdoAnyng Prrapivng D (4001U/MK) amd tig mpdTeg HéEPEG YEVVIOTN TOVG,

€101KA Y10, aVTA TOV ONAALOVY OTOKAEIGTIKA.
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e H Brrapivn D dev 01é@epe ota madid pe T AOYUMEELS TOL LEAETNGALE OO OTL GTO, TALOLA
péptopeg mov deiyver 6TL M Prrapivn D dev gaivetor va éxel enidpacn otn cuyvotTnTa

QVTOV TOV AOUOEEWMV.

o Agv BpéOnkav dtapopég ota enineda Prrapivng D otov 0pd tov Bpepmv pe AomEels Kot
OTOVG HAPTLPEG HETAED TV 000 TTEPLOdMV (EMOYES), EKTOC TNG YOOTPEVIEPITIONS, EVD
vnpée ONUOVTIKY O0POPA GTN GLYVOTNTO TOV AOWMEEMV Kol EOIKOTEPO TOV
KOTOTEPOL OVOTVELGTIKOD OTOL MTOV 7O UEYOAN TNV TEPI000 YEWUDVO/AVOIEN. XN
yootpevrepitidoa mapd v vyniotepn 25(OH)D 10 korokaipt/eBivdémwpo vanpée kot

YNAGTEPT GLYVOTNTA VOGTONG A’ OTL TO XEWUMVO/AVOLEN.

o YyeTkd e cLYKPIcELS peTall TG cLYVOTNTOG TOV TOdLDV pe avendpkela Prrapivng D 1

un, o Ppétnkav dropopég pnetald Tov opddwv achevav Kot HapTipwV.

o O amoxieloTikdog MO dev gaivetar va emnpedlel TPOG TO KAAVTEPO TO TOGOGTA TMV
AodEE®V HeTaED TV OpadmV. Qo6Tdc0 0 apBIds TV Ppedv VIO omokAEloTIKO MO
NTAV GYETIKA UIKPOG Y10 VO UTopEGEL va 0EloAoynOel emapk®dg Kot vo apgloPntiost Ta
mAeovektnuato Tov MO emiong, osiyvel 6Tt otnv EALGSO 10 T0G0oT0 MO €givarl moid
younio. Emmiéov, ta enineda g 25(OH)D otov opo dev d1épepav petald tov aclevaov
Kol LopTOP@V G€ GYEGN HE TO €100 NG Gitiong mbovotata AOY® ANYNS COUTANPOLUOTOC

Brrapivng D.

o Acgv Bpénke d10popd oTo TOGOCTA AOTUMENS HETAED TTAdU®Y TOV AdpPoavay Kot avTdv
mov dev AdpPovay copminpopa Brrapivng D. Iap '0da avtd, ta enineda 25(OH)D ftav

ONUOVTIKA VYNAOTEPA GTA TTALOLA TOV AGUPOVOY GUUTANPOLLAL.
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Hpepopnvia:
OdAapog :
Ap. apyeiou:
Hp. Eicaywyngc:
EPQTHMATOAOIIO
Ovopa (Name): o ooy Foner:
HAikia yévvnong Tokerog: [ ®T [ KT Bapog levv: Tonog diapovnAgG:
(weeks) :
OnAacpog: Zévo yaha: MikTn diaTpo®n: ITEPEEG TPOPEG:
ZxoAia yia
OnAaopo :

O naidiarpog kata Tnv €5050 ano To PalEUTAPIOo £dwoe odnyia yia Afwn BiT-D? [ Nan [ 'Oxi
MoooTnTa/nuépa:

Anwn BiIT-D T®pa: (] Nar []'Oxi MoooTnTa/nuépa: ZkeUaopa: D3 fix

ZUPNTOMATA EICAYWYG OTO VOOOK:

Aywyn nou Aappavei:

TeAiki Aiayvwon (ICD-10):

ATOMIKO IZTOPIKO YIEIAZ

EMBOAIA
HnaTiTidag B (Hep B) Aooeig: | INapag/NapwTimidag/Epubpag Aooeig:
(MMR)
AipOepiTidag/Teravou/KokkUTn(DTaP) | Aooeig: | Aveposguloyiag (Var) Adosig:
MoAuopuegAiTidag (IPV) Aooeig: | Hnartimidag A (Hep A) Aoosig:
Aigo@ilou IvpA. B Adosig: | duparivoavTidpaong (Mantoux) | AooeIG:
Mnviyyimidokokkou C (MCC) Adosig: | dupartioong (BCG) Adosig:
Mveupoviokokkou (PCV) Aooeig: | Mnviyyimidokokkou (B) Aoosig:

Naidikég AcBéveieg: [0 Avepeuloyia [0 EpuBpa O IAapa 0[O Ootpakia [0 KokkUTng
O NapwTitida [ MoAiopugAimida

‘AAAo MpoBAnpa uyeiag (AcOpa/AAAepyieg/Avaipia):

Anyn eappdakwv/ BiIrapgiveg/ eilonvedpeva:

'EkOgomn oTov RA1o: (] NAI [ OXI MNooeg popig/nuépa : Aiapkeia:

Eicaywyn yia GAAo Adyo oTo voookopeio [1 NAI [] OXI

HAikia Aoyog Eiloaywyng Noookopgio
Afqyn BIT-D : Enineda : 25(0H)D
Hp/via AMpng : 1,25 (OH)D

EmipeAnTiG nou napakoAouBei To naidi:

EISIKEUOHEVOG :
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OIKOrENEIAKO IZTOPIKO YIEIAZ

Ovop/po MnTépag: HAikia: EOvIKOTNTA :
Eninedo poéppwonc: OPhD OMSc OMNE OTE OAE OYE 0O AAAO
EpyadeoTe: (] NAI [] OXI EndyyeApa:

EykupooUveg: ApPIOHOG TEKVOIV:

OnAadete Topa: [ NAI [] OXI

ARyn BIT- D 0TV EyKUPOOUVN:

Kanviopa: [ NAI [ OXI Kanviopa kara Tnv eykupgoolvn: (1 NAI [] OXI
Ap1BpdG/npuépa

MpoBARpaTa uyeiag:

Afyn pappaxkwv:

Ovop/po Nartépa: HAikia: EOvIKOTNTA :
Eningdo poppwong: O PhD OMSc ONE OTE OAE OYE O AAAO
EpyadeoTe: [1 NAI [] OXI EnayyeApa:

Kanviopa: [0 NAI [ OXI Ap1OpoG/nuépa

MpoBARuaTa uvyeiag:

AdéA@Ia
Févog HAikia
OA OJo
OA OJo
OA OO0

TnA enikoivwviag:
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EITPADO ZYTKATAOEZHZ MNA YMMETOXH ZE EPEYNHTIKH MEAETH

IAPYMA: MINI (Mowdtatpikr KALKR)

TITAOZ MEAETHZ: Zuox€tion Tou UNtpikol BnAacpou kat Twv emumédwv Brrapivng D pe tnv mpodidBeon ya
holpwéetg otn Bpediki nAikia

EIZAFQrH

J0G EVNUEPWVOUUE HE oKoTtd va AABeL LEPOG To Ttadi oag o€ pia emdnuioloyikr HeAETn Tng MatdlatpLkng
KAwikng tou MINIL. ApXLKA 00G YWWOTOMOLOUKE OTL N HeAETN eival eBelovTikn. e KABe mepinmtwon to roadi
oo¢ 6g Ba xAoeL KavEVA Ao Ta SIKOLWLATA TOU € 0,TL apopad TNV LATPLKA Tou TepiBaAn. Mpwv anodacioste
va AdPete pépog mapakalol e va oulnTAoeTe padl Lag omoLadnmote anopia oag.

2KONOZ THX MEAETHZ

Kata t Oudpkela tng Bpedikng nAkiag ol AolpwEel amoteAoUV TO CUXVOTEPO QlTLO €lOAYWYNG OF
voookouelo. MpwTtapylkn onuacia yla tv nmpootacia tou Bpédoug alAd Kol TNV OUMOANR AVOCOTIOLNTLKN
wpipavon €xeL o untplkdg OnAaouodc. AANoL evioxutikol mapdyovteg sival n edpappoyn euBoAlacuwy, n
OWOoTH UYLEWVA, N EMAPKAC Slatpodr HeTd tn Stakom tou Bnlacpol kat ta emineda Bitapivng D. Ta
televtaia xpovia éxel avadelyBei n euepyetiki emidpaon tng Brtapivng D otnv wpipaven al\d kat evioxuon
NG AUUVTIKAG AetToupyiag Twv Bpedwv.

JKOTOG TNG MEAETNC elvaL: a) n kataypadh Twv Aouwewy og Bpédn mou Ba voonAsutolv Katd th Stdpketa 2
etwv otnv Nawdiatpkr KAwikr, B)n kataypadn tou gidouc g Bpedikng Statpodng, y) n kataypadr g
TPOANTITIKAG XOPNYNOoNG g, 8)n ektipnon tTwv emmédwy tng Prtapivng D oto aipa, €) N CUCXETION TWV
eruunedwv Brtapivng D pe Tnv epdavion AolwEewv arla kat pe To €606 TNG AolpwéNg, OT) N CUCXETION TWV
ermunedwy Brapivng D pe Tov untpikd BnAacpod kat tn xopnynon tng, {) n kataypadn tng EVNUEPWONG Kal
evatlobntomnoinong twv yovéwv aAld Kal Twv matsLlatpwy yla tn onpooic tou OnAacpou kat tng Brrauivng D.

Ta amoteAéopato TG MEAETNG TIPOKELTAL VA SNUOCLEUTOUV OF LOTPLKA TIEPLOSIKA 1)/KOL OE ETLOTNOVIKA
ouvedpla, xwpi¢ va Katovopualovial To ATOO TTOU CUHUETEXAV.

ZYTKATAGEZH FTONEQN/KHAEMONQN

0 UTIOYEYPOLLLEVOC VOVEOC/KNOEOVOG . vveercverieeereetieeveesaee et esases et seasessaessabesesaveeessseessneseseean SnAwvw
UTTELBOUVA OTL EVNUEPWONKA TIAPWE OTTO T LOLOL wvvevieriereteeteaierieeeeecteseseeatesaesesseteevenasnssesses eraesenns oe OtL adopa
™ okomudétnta  TNG Tapoucac  MEAETng  otnv  omoia  Ba  AdPelt  pépog  To  maudi
FLOU .t vnttiaeeeeteretesesses et seseaeses s ese et ssesenses et sesansssssesesenssansssesesnsesn Kol 8lvw Tn ouykatdBeon HOU VA CUUUETEXEL OF
auth.

Hupepopnvia......... Y Y S Yroypadr yovéa/kndspova

‘Ovopa ohoypadwe tng paiag mou AapBavel tn cuykatdbeon

Yrioypadn






