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Urinary tract infection (UTI) is associated with increased health burden among paediatric patients. Vitamin D is known for its
immunoregulatory effects, particularly antimicrobial activity. The aim of this study was to determine the relationship between vitamin D
levels and UTIs in children referred to a hospital in Khorramabad, Iran. This case—control study was conducted on 258 children aged
between 2 and 14 years; 44 children with UTI and 214 healthy children were enrolled. Patients were tested for UTI on the basis of signs
and symptoms, and urine culture and analysis. Vitamin D levels were measured in children in both groups. According to the results, the
two groups were significantly different in terms of sex (p 0.007). There was no significant difference between the mean vitamin D among
the two groups. Vitamin D levels were not related to UTI by multivariate logistic regression. The relationship between the level of
vitamin D and the incidence of UTI in children in accordance with age and sex had an odds ratio of 0.99, indicating that for a |-unit
increase in vitamin D, the odds of having a UTI decreased by I, a correlation which was not statistically significant. According to the
findings of this study, no significant correlation was found between UTI and vitamin D levels. However, the prevalence of UTI was higher
in girls than boys.
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and bacteraemia [3]. During infancy, 5% of febrile girls and 20%
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of uncircumcised febrile boys present with UTI. Additionally,
80% to 90% of UTI are characterized by Escherichia coli infection

Vitamin D plays an important role in regulating inflammation
and chemokine production, and it has long been known for its
antimicrobial properties [4]. Vitamin D receptors are widely
expressed in immune cells such as B and T lymphocytes,
monocytes and dendritic cells, where it exerts immunomodu-

latory effects. Circulating vitamin D has a direct effect on

Urinary tract infection (UTI) is the most common genitourinary
tract disease and the second most common bacterial infection
(after respiratory tract infections) in childhood. Gram-negative
bacteria are the most common cause of UTls that may affect
the upper or lower urinary tract [I].

UTIs occur in 3% to 5% of girls and 1% of boys [2]. Studies
have shown that the prevalence of UTls is greater than that of
bacterial meningitis, bacterial pneumonia, middle ear infection

macrophages, enhancing its oxidative ability, including the syn-
thesis and production of cytokines, phosphatase and hydrogen
peroxide [5]. Vitamin D also accelerates neutrophil motility and
phagocytic activity [6,7].

During bacterial infections, macrophages convert 25-
hydroxyvitamin D (25(OH)D) into circulating vitamin D3
(1,25(0OH)2D3), where it modulates the gene expression of
antimicrobial peptides [8]. These peptides play a key role in the

New Microbe and New Infect 2020; 37: 100728
© 2020 The Author(s). Published by Elsevier Ltd

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

https://doi.org/10.1016/.nmni.2020.100728


mailto:dr.maj.firouzi@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.nmni.2020.100728

2 New Microbes and New Infections, Volume 37 Number C, mmm 2020

body’s defense against the microbial pathogens [9]. It enhances
both immune response and bacteria clearance.

Several studies have revealed a link between vitamin D
deficiency and UTls. Nonetheless, numerous controversies are
reported in this regard [I0—12]. Therefore, we aimed to
determine the relationship between vitamin D levels and UTls
in children referred to Shahid Madani and Shahid Rahimi Hos-
pital in Khorramabad.

This case—control study was performed on 258 children, aged
between 2 and 14 years. It included 44 children with UTI and
214 healthy children who were referred to our centre for
routine checkups. Patients with no risk of UTI, clinical signs and
symptoms (presenting signs and symptoms such as dysuria,
haematuria, abdominal and back pain, increased frequency of
urination with rectal temperature >39°C), positive urine cul-
ture, pyuria, no malnutrition or obesity, not receiving multivi-
tamins or vitamin D and no renal dysfunction were included in
the study.

Patients with immunodeficiency, urinary anomalies, recur-
rent UTls and interfering factors of vitamin D were excluded.
Patients underwent urinalysis and urine culture for the diag-
nosis of infection. Urine samples were collected by clean catch
(for toilet-trained children) and sterile urine bag or urethral
catheterization (for small children). Urine samples were
refrigerated if the analysis was not performed within 10 minutes
of receipt.

All procedures performed in this study involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee, and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. Consent to participate for those
under |6 years old was provided by a parent or legal guardian.

Cultures with more than 100 000 colonies of per millilitre,
along with the presence of symptoms in the patient, were
considered indicative of a UTI (in cases of midstream sampling).
On the basis of the diagnostic outcomes, patients were divided
into two groups: patients and controls. Vitamin D levels were
measured by high-performance liquid chromatography (Agilent
100 series HPLC; Agilent Technologies, Santa Clara, CA,
USA). The data of each patient were recorded on the ques-
tionnaire, and the relationship between the incidence of UTI
and levels of vitamin D was evaluated.

Relevant interfering factors include severe haemolysis, which
leads to a false increase in vitamin D; dihydroxylated metabo-
lites of vitamin D, which interfere with test results (cross-re-
action); corticosteroids, which decrease vitamin D absorption
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by reducing absorption; and cholesterol-lowering drugs such as
cholestyramine, which can reduce vitamin D and other fat-
soluble vitamins.

The data were collected and recorded in SPSS 22 (IBM,
Armonk, NY, USA) for statistical analysis. Central indexes and
distribution were determined for the data and independent t
test performed; logistic regression and Mann-Whitney test
were used for the analysis and comparison of nonnormalized
parameters between the two groups. A significance level of 5%
was considered statistically meaningful (p < 0.05).

Of 258 subjects enrolled onto the study, 44 were diagnosed
with UTI. The mean age of the children in the patient group was
6.58 = 1.57 years and in the healthy control group was
6.7 £ 1.58 years. The difference between the mean age of the
two groups was not statistically significant (p = 0.64) according
to independent t tests. Therefore, these two groups are similar
in age, which was important in the study process.

In the patient group, |5 patients (34.1%) were male and 29
female (65.9%), and in the healthy controls, 123 (57.5%) were
male and 91 female (42.5%). Significant differences were
observed between the two groups in terms of sex (p 0.007)
(Table 1). The prevalence of UTI was higher in female subjects
than male subjects, such that female sex can be seen as a risk
factor of infection. (Fig. I)

Descriptive statistics for variables

Case® (n=44) Control (n=214) P-value
Age (Years) 6.580 (1.570) 6.700 (1.580) 0.64
Vitamin D3 (ng/ 29.20 (12.27) 32.04 (15.04) 0.24
ml)
Sex Male 34.10 57.47 0.007
Female 65.90 42.53

?mean (SD) for continuous and % for categorical variables.

150+
mm Case
[ Control
3 100-
£
[
-
T
[
i 50
0_
male female
Sex

The prevalence of urinary tract infection was higher in females

than males.
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The mean vitamin D level in the patient group was reported
to be 29.2 £ 12.27 nmol/L, whereas, in the control group it was
32.04 = 15.04 nmol/L. Using independent T-test, there was no
significant difference between the mean levels of vitamin D
among the two groups, p = 0.24

The levels of vitamin D were further assessed based on
sufficient level (30 < 25(OH) Vit D3 < 50 nmol/L) and insuf-
ficient level (20 << 30 nmol/L). In the patient group, 19 children
(43.2%) had sufficient levels of vitamin D and in control group
101 (47.2%) children had vitamin D sufficiency. Whereas, 25
(56.8%) patients in the patient group and |13 (52.8%) in healthy
control group had low levels of vitamin D. According to
Pearson Chi-square test, there was no significant relationship
between urinary tract infection and vitamin D level (p = 0.74).

Multivariate logistic regression analysis of the association
between vitamin D level, age and sex with UTI showed that
children with variable age and sex had an odds ratio of 0.99
(Table 2). The results showed that with a I-unit increase in
vitamin D level, the risk of UTI decreases by |%. These findings
were also not statistically significant (p 0.384).

Given age as a constant variable, the incidence of UTI was
2.57 times higher in girls than boys, which was statistically
significant (p 0.008).

Vitamin D is an important immunomodulator and is known to
provide defense against foreign invasion, which is hypothesized
to be a result of system-wide expression of vitamin D receptor.
Vitamin D is reported to play an important role in infectious
disease and provides protective effects against drug-resistant
hosts [13].

Studies conducted in recent years have shown no evidence
of the association between vitamin D deficiency and increased
risk of infection [14]. Apart from the role of vitamin D in bone
health, vitamin D is an important factor in the effective immune
system and in antimicrobial activity [I5]. One issue that has

been seriously considered recently is the resistance of

Relationship between vitamin D level, age and sex

with UTI infection by multivariate logistic regression

Variable OR (UTI) 95% CI for OR P
Sex

Boy Ref

Girl 2.57 127, 5.19 0.008
Age 0.95 0.86, 1.05 0.334
Vitamin D level 0.99 0.96, 1.01 0.384

Cl, confidence interval; OR, odds ratio; UTI, urinary tract infection.
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microorganisms to common antibiotics, which appears to be an
important factor in community health and treatment [|6].

Shalaby et al. [17] showed a significant association between
UTI and vitamin D deficiency. Their study also found that there
was a significant relationship between serum vitamin D level in
the lower urinary tract and upper UTI. In a meta-analysis, Deng
et al. [18] reported that vitamin D insufficiency is associated
with UTl in children, with an odds ratio of 3.01. Tekin etal. [19]
showed that vitamin D levels of <20 ng/mL are associated with
increased risk of UTI, with an odds ratio of 3.503. Furthermore,
reduction in vitamin D levels is greater in female than male
patients. Vitamin D deficiency is also marked by UTI in renal
transplant recipients, compared to renal transplant recipients
with normal vitamin D. The antimicrobial role of vitamin D
modulates the production of cathelicidin (LL-37) and B-defensin
against UTI [20]. Yang et al. [21] showed that vitamin D sup-
plementation can significantly reduce the risk of UTl among
children aged | to 12 months.

Owing to the importance of LL-37 as an antimicrobial pep-
tide in UTI [22], Ovunc Hacihamdioglu et al. [23] demonstrated
that UTI children with low levels of vitamin D might not be able
to increase urinary cathelicidin levels against Escherichia coli—
mediated UTI. LL-37 mediates the release of chemokines and
cytokines during the infection to provide immunity. With
vitamin D deficiency, macrophages are unable to produce
enough antimicrobial peptide for the defense and can be
thereby be associated with disease pathology and severity
[24,25].

However, in contrast, a study conducted by Mahyar et al.
[26] in Qazvin, Iran, enrolling children aged | month to 12 years
who presented with UTI reported that mean serum 25(OH)D
levels in children with UTI is significantly higher than the con-
trol group. They concluded that vitamin D is likely to play an
important role in the pathogenesis of the infection. Similarly,
Katikaneni et al. [27] reported that in infants < 3 months of age
receiving formula feeding, the incidence of UTI can increase up
to 76% with vitamin D supplementation. It is hypothesized that
excess vitamin D can lead to Albright calcinosis (nephrocalci-
nosis), which favours the growth of bacteria. Excessive pro-
duction of vitamin D products can suppress the immune
response and exacerbate UTls [26].

Our study failed to find any meaningful association between
vitamin D and UTI. Aydogmus and Demirdal [28] reported that
among women with lower UTI, vitamin D deficiency was
significantly associated with pelvic floor muscle strength.
However, no correlation was found between UTI and vitamin
D deficiency. Merrikhi et al. [12] also reported that vitamin D
supplementation does not play a protective role against
recurrent UTI in paediatric patients. In our study, the sample

size of the two groups of our study varied greatly; discrepancies
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in the findings may be a result of this limitation. Furthermore,
we do not provide data on the effects of vitamin D supple-
mentation on UTI.

Shalaby et al. [17] found that mean age was not significantly
different among the UTI patient group and the control group;
the two groups were matched for age, which was consistent
with our study. They also reported that the statistical distri-
bution of the two groups was not homogeneous, indicating a
significant difference, which is consistent with the higher
prevalence of UTls in girls in our study.

According to Langley [29], the sex ratio for UTls varies ac-
cording to age group, with boys at a fivefold greater risk to
acquire UTI in the first 3 months of infancy. The outcomes of
our study indicated female sex to be a risk factor of infection.

According to the findings of this study, there was no significant
relationship between UTI and vitamin D. The prevalence of UTI
was higher in girls than boys, which is a known risk factor. In light of
previous studies, clinically applicable conclusions cannot be drawn
regarding the association of vitamin D and UTI, which could also
be the result of unmeasured confounders in terms of seasonal
variation or sex that could influence vitamin D levels, or of the fact
that the number of children with UTls in the study was not suf-
ficiently powered to detect a difference. Future studies that are
based on molecular evidence may provide better insight.
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