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Introduction
Despite significant advances in diagnosis and therapy, 

urinary tract infections (UTIs) are still widespread bacte-

rial infections of childhood [1], second only to respiratory 

diseases in terms of prevalence. Delay in diagnosis and ap-

propriate therapy can lead to serious complications such as 

renal scarring, hypertension and chronic kidney disease [2]. 

At present, the issues of the peculiarities of the immune sys-

tem functioning in children, which allowed the inflamma-

tory bacterial process to develop in the urinary system, and 

in some cases even created the conditions for the chronicity 

of the UTI process, remain uncertain. It is suggested that 
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urinary tract protection may be highly dependent on specific 

soluble mediators derived from epithelial cells one of which 

is the bactericidal antimicrobial peptide cathelicidin, whose 

expression is stimulated by 1,25(OH)
2
D

3
 in epithelial cells, 

macrophages/monocytes, and neutrophils [3].

In recent years, several hundred reports on multicenter 

studies and meta-analyses dedicated to the study of the 

pathogenetic role of vitamin D in various pathological con-

ditions have been conducted and published.

It is known that vitamin D is largely a regulator of in-

nate immunity, although its classic functions are regulation 

of calcium-phosphorus homeostasis and control of bone 

UDC 616.62-008.22-022.7-092-074-053.2:577.161.2 DOI: https://doi.org/10.22141/2224-0551.17.8.2022.1544
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The pathogenetic role of vitamin D and vitamin D-binding 
protein in the development of urinary tract infection 

in children

Abstract. Background. The aim of the research was to study the content of 1,25(OH)
2
D

3
 and vitamin D-binding 

protein (DBP) in the blood serum of children with urinary tract infections, taking into account the clinical form of the 

disease, and to determine their pathogenetic role in the development of urinary tract infections. Materials and methods. 
The study groups consisted of 84 children (mean age — 10.0 ± 1.3 years). The main group was divided into subgroups: 

the first one — 17 children with acute pyelonephritis, the second one — 21 patients with chronic pyelonephritis, the 

third one — 16 children with acute cystitis, the fourth one — 10 patients with unspecified urinary tract infections. The 

control group consisted of 20 relatively healthy children. The content of 1,25(OH)
2
D

3
 and DBP was investigated by 

immunoenzymatic analysis. Results. It was found that the development of the inflammatory process in the urinary tract 

was accompanied by a statistically significant (p < 0.01) decrease in the level of 1,25(OH)
2
D

3
 in the blood serum of 

the children of the main group compared to the controls. The level of 1,25(OH)
2
D

3
 in patients of all subgroups was 

significantly lower than that of the control group (p < 0.01), but there was no statistical difference between them. Serum 

level of DBP in the main group was statistically significantly (p < 0.05) increased compared to the controls, but we did 

not find a statistically significant difference between the subgroups studied. Conclusions. The development of an acute 

inflammatory process in the urinary tract in children occurs against the background of a statistically significant decrease 

in the blood level of 1,25(OH)
2
D

3
 combined with high levels of vitamin D-binding protein. This serves as a pathogenetic 

basis for the need to develop therapeutic and prophylactic schemes for prescribing vitamin D to children with urinary tract 

infections.

Keywords: children; urinary tract infection; vitamin D; vitamin D-binding protein
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metabolism [4]. To date, many studies have focused on in-

vestigating the causes and consequences of reduced synthe-

sis of 1,25(OH)
2
D

3
 by the kidneys. It has been shown that 

the active form of vitamin D
3
 stimulates autophagy, which 

has become a factor and mechanism critical for the con-

trol of intracellular pathogens, while 1,25(OH)
2
D

3
-induced 

expression of the antimicrobial peptide LL37, which has 

pronounced antimicrobial properties, is a key component 

of anti-inflammatory responses [5]. Cathelicidin has the 

ability to suppress the inflammatory cascade that occurs 

after the attachment of the pathogen to the uroepithelium, 

thus alleviating the severity of UTI [6]. Various authors have 

shown that 1,25(OH)
2
D

3
 inhibits the expression of Toll-like 

receptors on monocytes and the production of some in-

flammatory cytokines, such as interleukin (IL) 2, IL-6 and 

IL-17 [7]. Vitamin D deficiency can cause hypocalcemia, 

which, in turn, reduces the activity of neutrophils and lym-

phocytes [6]. All this suggests that the active form of vitamin 

D, 1,25(OH)
2
D

3
, is able to control immune function at dif-

ferent levels.

Because vitamin D is highly lipophilic, there is an urgent 

need for serum protein carriers to ensure efficient delivery 

to target cells [8]. One of these is vitamin D-binding protein 

(DBP). DBP is mainly synthesized by liver parenchymal 

cells and expressed in several tissues, including liver, kidney, 

gonads, fat, and neutrophils. As a rule, it performs a trans-

port function for various ligands and participates in the re-

gulation of immune and inflammatory processes [9]. Due to 

the high ability to bind vitamin D and its metabolites, it reg-

ulates their bioavailability, increasing biological half-life and 

protecting them from hydroxylase-mediated catabolism [9]. 

Alshahawey M. (2021) notes that DBP is not affected by vi-

tamin D levels, but is regulated by estrogen, glucocorticoids, 

and inflammatory cytokines [10]. Typically, only 1–2 % of 

the total circulating pool of DBP has bound vitamin D, and 

this percentage never rises above 5 % [11]. Against this back-

ground, the literature contains a certain number of works 

on the direct effect of DBP on the immune reactions [10, 

12, 13].

So, this prompted us to study the role of vitamin D and 

DBP in children with UTI.

The purpose: to study the content of 1,25(OH)
2
D

3
 and 

DBP in the blood serum of children with urinary tract infec-

tions, taking into account the clinical form of the disease, 

and to determine their pathogenetic role in the development 

of urinary tract infections.

Materials and methods
We examined 84 children aged 6 to 14 years (the mean 

age was 10.0 ± 1.3 years) who were hospitalized to the Za-

porizhzhia Regional Children’s Clinical Hospital in 2018–

2020. The main study group included 64 children with pri-

mary urinary tract infections. Patients with urinary tract 

abnormalities, as well as those who received antibacterial 

therapy prior to the experiment, were excluded from the 

study. The children were divided into groups depending on 

the classification and taking into account the criteria for the 

diagnosis of UTI, according to the EAU guidelines, 2021 

(levels of evidence I, II) [14], and the order of the Ministry 

of Health of Ukraine No. 627 dated 03.11.2008 [15].

The main group children were divided into four sub-

groups: the first included 17 children with acute pyelo-

nephritis, the second — 21 patients with chronic pyelo-

nephritis, the third — 16 children with acute cystitis, the 

fourth — 10 patients with unspecified urinary tract infec-

tions. The control group included 20 relatively healthy chil-

dren, representative by sex and age, without any inflamma-

tory signs of the urinary system.

The serum 1,25-dihydroxyvitamin D and DBP concen-

trations in patients included in the study were detected by 

enzyme-linked immunosorbent assay (ELISA) using a com-

mercial kit by Immunodiagnostic Systems, 1,25(OH)
2
D

3
 

EIA (UK) and Human DBP ELISA Kit (Elabscience, 

USA), respectively.

The results obtained were processed by the method of 

variation statistics using statistical packages Excel and Sta-

tistica 13.0 (StatSoft Inc., No. JPZ8041382130ARCN10-J). 

The method of correlation analysis with the calculation of 

Spearman’s rank correlation coefficient was applied. The 

non-parametric Mann-Whitney test (U) was used to assess 

differences between indicators. Differences were considered 

significant at p < 0.05.

All human studies complied with the ethical standards 

of the Institutional and National Research Committee and 

the 1964 Declaration of Helsinki and its subsequent amend-

ments or comparable ethical standards. Informed consent 

was obtained from all individual participants included in the 

study. A complete set of data on children, their parents and 

physicians confirming the results of this study was not pub-

licly available due to limited initial ethics approvals.

Results
The results of the research are presented in Fig. 1, 2.

As can be seen from the data shown in Fig. 1, the de-

velopment of the inflammatory process in the urinary tract 

was accompanied by a predicted statistically significant 

Figure 1. The content of 1,25(OH)
2
D

3
 in the blood 

serum of children with urinary tract infection who 

were under observation
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(25.1 (24.0; 27.4) pg/ml, p < 0.01) decrease in the level of 

1,25(OH)
2
D

3
 in the blood serum of children who were un-

der our observation compared to the control group, where 

this indicator was 54.1 (52.6; 61.87) pg/ml.

In the process of further work with the actual material, 

we analyzed the content of 1,25(OH)
2
D

3
 in the blood serum 

of children from the observation groups. The results of the 

comparisons are presented in Table 1.

As expected, the level of 1,25(OH)
2
D

3
 in patients of all 

selected subgroups was significantly lower than that of the 

controls (p < 0.01), but without statistical difference between 

them. The obtained data indicate that vitamin D deficiency 

in children’s blood serum may contribute to the development 

of UTI. The development of UTI might be a factor, which 

leads to increased utilization and subsequent deficiency of 

1,25(OH)
2
D

3
, considering that vitamin D plays a regulatory 

role in the development of the innate immune response. In 

particular, 1,25(OH)
2
D

3
 promotes the synthesis of such an-

timicrobial peptides as cathelicidin and β-defensins under 

conditions of Toll-like receptors stimulation.

The next stage of our work was to study the level vitamin 

D-binding protein in the blood serum of children who were 

under our observation. This choice was due to the fact that 

DBP, in addition to its main function, i.e. the transport of 

vitamin D metabolites, performs a number of other func-

tions, specifically influencing the functioning of the im-

mune system due to the activation of macrophages, partici-

pation in chemotaxis, etc. [16].

The obtained data showed a picture diametrically op-

posed to the one we observed during the analysis of the con-

tent of 1,25(OH)
2
D

3
.

As can be seen in Fig. 2, the development of the inflam-

matory process in the urinary tract was accompanied by a 

statistically significant (p < 0.05) increase in the serum level 

of DBP in children of the main group compared to the con-

trols: 148.3 (136.8; 164.9) vs. 75.9 (17.5; 135.6) ng/ml, re-

spectively.

Later, according to the design of this study, we investigated 

the content of DBP in the blood serum of children of selected 

subgroups. The obtained results are presented in Table 1.

It was found that the development of the inflammatory 

process in the urinary tract in children of all subgroups was 

accompanied by an increase in the level of DBP in the blood 

serum, but we did not find a statistically significant diffe-

rence between the subgroups studied.

Discussion
At present, there is no doubt about the role of vitamin D 

in the implementation and regulation of the effects of innate 

and acquired immunity [17]. It has been proven that the im-

munomodulatory effect of vitamin D is realized by expres-

sing its receptors on immune cells [18]. Thus, 1,25(OH)
2
D

3
 

mediates the expression of antimicrobial peptides such as 

β-defensin and cathelicidin [19] an increased production of 

which, in turn, enhances the direct antibacterial effect on 

uropathogenic E.coli [20]. At the same time, the number of 

studies investigating the role of vitamin D in inflammatory 

diseases of the urinary system in children is quite limited. 

Li X. et al. (2021), Sadeghzadeh M. et al. (2021) demon-

strated that the development of UTI occurred against the 

background of a low level of vitamin D in the blood serum. 

Hacıhamdioğlu D.Ö. et al. (2016) drew attention to the 

presence of vitamin D deficiency in the group of patients 

with UTI, they also noted that there was no significant dif-

ference between the serum vitamin D levels in patients with 

upper and lower UTI. The results of our work confirmed 

the stated data, namely, we noted a statistically significant 

(p < 0.01) decrease in the serum level of vitamin D in chil-

dren with urinary tract infections compared to the control 

group, and did not find a significant difference between the 

levels of vitamin D in the studied subgroups.

On the other hand, in the modern literature there are 

some works in which the authors note an increased level of 

Table 1. The content of 1,25(OH)
2
D

3
 and DBP in the blood serum of children with urinary tract infection 

depending on the clinical form of the disease

Indicators
Control group 

(n = 20)

Subgroup 1 

(n = 17)

Subgroup 2 

(n = 21)

Subgroup 3 

(n = 16)

Subgroup 4 

(n = 10)

1,25(OH)
2
D

3
, 

pg/ml
54.1

(52.6; 61.87)
24.4

(24.1; 26.0)**
25.7 

(24.0; 27.3)**
24.4 

(22.9; 27.3)**
25.5 

(24.8; 27.6)**

DBP, ng/ml
75.9

(17.5; 135.6)
161 

(136.9; 171.4)**
146.4 

(136.3; 163.1)*
147.3 

(142.4; 157.7)*
143 

(138.5; 163.2)*

Notes: * — p < 0.05 in comparison with the control group; ** — p < 0.01 in comparison with the control group.

Figure 2. DBP content in the blood serum 

of children with urinary tract infection who 

were under observation
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vitamin D in patients with urinary tract infections. Thus, 

Mahyar A. et al. (2018) showed that the average level of 

25(OH)D in the blood serum of children in the study group 

was significantly higher than in the control group. At the 

same time, there were no significant differences in the 

content of vitamin D in the blood serum of patients with 

acute pyelonephritis and cystitis. The authors recommend 

not prescribing additional vitamin D, as this may lead to 

an unregulated hyperactive immune response to infection, 

which, in turn, may be responsible for the increased risk of 

UTI [2].

At the same time, most authors point to vitamin D defi-

ciency in inflammatory diseases of the urinary system [1, 20, 

21]. Thus, Zasloff M. (2007) explained that with vitamin D 

deficiency, macrophages infected with bacterial agents can-

not sufficiently induce expression of a number of antibacte-

rial peptides. The lack of sufficient AMP synthesis creates 

conditions for the development and progression of UTI, and 

also deepens the severity of the disease [17, 22]. Thus, most 

authors point to the need for further development of both 

indications and schemes for the preventive and therapeutic 

use of vitamin D in UTI [6, 18, 20].

Vitamin D-binding protein has not become so wide-

spread for research, although it was discovered in the 1960s. 

In the works of various authors, it is noted that deficiency 

or excess of vitamin D, resistance to vitamin D, idiopathic 

hypercalcemia in childhood, osteoporosis, and many other 

diseases do not affect the concentration of DBP in the blood 

serum [9, 23, 24]. These data appear logical, if we take into 

account the fact that only 5–10 % of the total amount of 

DBP is necessary for the transport of vitamin D metabolites 

to the point of realization of their biological effect [12]. DBP 

is a multifunctional protein. Its other functions include the 

ability to significantly enhance the chemotactic acti vity of 

chemoattractants of neutrophils; induce the selective re-

cruitment of neutrophils; to absorb actin released from 

damaged or dead cells and to form DBP-actin complexes all 

of which underscore its important role during inflammation 

[11]. The given data explain the results we obtained, namely 

that the development of the inflammatory process in the 

urinary tract was accompanied by a statistically significant 

(p < 0.05) increase in the level of DBP in the blood serum 

of the children of the main group. During the literature data 

analysis, we noted that several authors have shown that the 

activation of neutrophils during inflammation increases 

their binding sites with DBP, which contributes to C5a-

induced chemotaxis; however, binding of 1,25(OH)
2
D

3
, but 

not 25(OH)D
3
 blocks DBP stimulation of C5a activity [23]. 

Additionally, Kew R.R. (2019) noted  that 1,25(OH)
2
D

3
 has 

a direct inhibitory effect on the function of the chemotac-

tic cofactor DBP for neutrophils due to binding to DBP at 

physiological concentrations. Bikle D.D. and Schwartz J. 

(2019) pointed out that some cytokines, such as IL-6, in-

crease the production of DBP. In turn, in our previous work 

[23], it was shown that the development of an acute inflam-

matory process in the urinary tract of children occurs pre-

cisely against the background of a significant increase in the 

expression of the pro-inflammatory cytokine IL-6 in the 

blood serum. Apparently, the revealed feature was one of the 

causes for the high levels of DBP in children with UTI.

Thus, pleiotropic active metabolites of vitamin D in 

combination with DBP influence the reaction of protective 

non-specific mechanisms with the determination of the na-

ture of the inflammatory process and the ability to eradicate 

the infectious agent [17]. At the same time, the problem is 

still far from being solved and requires further research.

Conclusions
1. The development of an acute inflammatory process 

in the urinary tract in children occurs against the back-

ground of a statistically significant decrease in the level of 

1,25(OH)
2
D

3
 in the blood serum combined with high levels 

of vitamin D-binding protein.

2. The given data are the pathogenetic basis for the need 

to develop therapeutic and prophylactic schemes for the 

administration of vitamin D to prevent the occurrence and 

manage infectious diseases, including urinary tract infec-

tions in children.
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Патогенетична роль вітаміну D та вітамін D-зв’язуючого білка 
в розвитку інфекції сечовивідних шляхів у дітей

Резюме. Мета роботи. Дослідити вміст 1,25(OH)
2
D

3
 та ві-

тамін D-зв’язуючого білка (DBP) у сироватці крові дітей з 

інфекціями сечовидільної системи залежно вiд клінічної 

форми захворювання та встановити їх патогенетичну роль 

у розвитку інфекції сечовивідних шляхів. Матеріали та ме-
тоди. Групи дослідження становили 84 дитини (середній 

вік — 10,0 ± 1,3 року). Основну групу розділили на підгрупи: 

1-ша — 17 дітей, хворих на гострий пієлонефрит, 2-га — 21 

пацієнт із хронічним пієлонефритом, 3-тя — 16 дітей, хво-

рих на гострий цистит, 4-та — 10 пацієнтів із неуточнени-

ми інфекціями сечовидільної системи. Контрольну групу 

становили 20 умовно здорових дітей. Досліджували вміст 

1,25(OH)
2
D

3
 та DBP методом імуноферментного аналізу. 

Результати. Встановлено, що розвиток запального процесу 

в сечовивідних шляхах супроводжувався статистично зна-

чущим (р < 0,01) зниженням рівня 1,25(OH)
2
D

3
 у сироватці 

крові дітей основної групи порівняно з контрольною. Уміст 

1,25(OH)
2
D

3
 у пацієнтів усіх підгруп був достовірно нижчим 

за показники контрольної групи (р < 0,01), проте без статис-

тичної різниці. Рівень DBP у сироватці крові дітей основної 

групи був статистично значуще (р < 0,05) підвищеним по-

рівняно з контрольною, але статистично значущої різниці 

між підгрупами, що досліджувалися, ми не виявили. Висно-
вки. Розвиток гострого запального процесу в сечовивідних 

шляхах у дітей відбувається на тлі статистично значущого 

зниження рівня 1,25(OH)
2
D

3
 у сироватці крові в поєднанні з 

високими рівнями вітамін D-зв’язуючого білка. Це виступає 

патогенетичним підґрунтям необхідності розробки терапев-

тичних і профілактичних схем призначення вітаміну D дітям 

з інфекціями сечовидільної системи.

Ключові слова: діти; інфекція сечовивідних шляхів; віта-

мін D; вітамін D-зв’язуючий білок
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