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ÖZ

Amaç: Doğal immünite cevabındaki defekt ve ürotelyal bariyerdeki fonksi-
yon bozukluğu idrar yolu enfeksiyonu patogenezinin iki ana unsurunu 
oluşturmaktadır. Doğal immunite ve kazanılmış immunitenin fonksiyonları 
orta derecede çinko eksikliği durumlarında etkilenmektedir. Bu çalışmada 
çocuklarda serum çinko konsantrasyonu, idrar çinko/kreatinin oranı ve 
tekrarlayan idrar yolu enfeksiyonları arasındaki ilişkiyi değerlendirmeyi 
amaçladık.
Yöntem: Tekrarlayan idrar yolu enfeksiyonu olan çocuklar ve sağlıklı çocuk-
lar çalışmaya dahil edildi. Hasta grubu tekrarlayan idrar yolu enfeksiyonu 
alt gruplarına ayrıldı. Grup 1 en az iki veya daha fazla akut üst idrar yolu 
enfeksiyonu geçiren ya da bir kez üst idrar yolu yanında bir ya da daha fazla 
alt idrar yolu enfeksiyonu geçiren hastalardan oluşturuldu. Grup 2 ise 
sadece üç ve üçten fazla alt idrar yolu enfeksiyonu geçiren hastalardan 
oluşturuldu. Kontrol grubu ile tekrarlayan idrar yolu enfeksiyonu tanısı 
alan hastalar demografik özellikleri ve serum çinko ve idrar çinko/kreatinin 
oranlarıyla karşılaştırıldı.
Bulgular: Otuz üç tekrarlayan idrar yolu enfeksiyonu olan hasta ve 33 
sağlıklı çocuk çalışmaya dahil edildi. Ortalama serum çinko düzeyi ve orta-
lama idrar çinko/kreatinin oranı tekrarlayan idrar yolu enfeksiyonu olan 
hastalarda sırasıyla 6,6±1,66 umol/l ve 16,44±13,04 umol/g saptandı. 
Kontrol grubu ve hasta grubu arasında anlamlı istatistiksel fark saptanma-
dı. Grup 1 ve Grup 2 arasında anlamlı istatistiksel fark saptanmadı.
Sonuç: Çinko eksikliğinin çocuklarda tekrarlayan idrar yolu enfeksiyonları-
na etkisini saptamak için daha fazla çalışmaya ihtiyaç vardır.

Anahtar Kelimeler: Çinko, tekrarlayan idrar yolu enfeksiyonu, çocuk, 
serum çinko konsatrasyonu, spot idrar çinko/ kreatinin oranı

ABSTRACT

Objective: Two major host factors in the pathogenesis of urinary tract 
infection are a defect in innate immune responses and a decrease in 
urothelial barrier function (UTI). Even in the cases of moderate zinc 
deficiency, innate and adaptive immune system functions are impaired. 
The aim of this study was to assess the association between serum zinc 
concentration, urinary zinc/creatinine ratio, and recurrent UTIs in children.
Methods: In this study, children with recurrent UTIs and healthy children 
were enrolled. The patient group was divided into subgroups based on the 
nature of recurrent UTIs. Group 1 consisted of patients who had had ≥2 
acute upper UTIs or 1 episode of upper UTI plus ≥1 episode of lower UTI. 
Group 2 consisted of the patients who had had ≥3 acute lower UTIs but no 
acute upper UTIs. The demographic characteristics, serum zinc levels, and 
urine zinc/creatinine ratios of the patients with recurrent UTIs were 
compared to those of the control group.
Results: Thirty-three patients with recurrent UTIs and 33 healthy children 
were enrolled in the study. The mean serum zinc level and mean urine 
zinc/creatinine ratio of patients with recurrent UTIs were 6.6±1.66 umol/l 
and 16.44±13.04 umol/g, respectively. There was no statistically significant 
difference between patients and controls and between patients in Group 
1 and patients in Group 2  in terms of serum zinc concentration and urine 
zinc/creatinine ratio, respectively.
Conclusion: Further studies are needed to identify the impact of zinc 
deficiency on the recurrence of UTI in children.

Keywords: Children, recurrent urinary tract infection, serum zinc 
concentration, spot urine zinc/creatinine ratio, zinc
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INTRODUCTION

The essential trace element zinc is an metal moiety of many 
enzymes required for structural, catalytic and biochemical 
functions as well as the formation and maintenance of proteins 
and the regulation of gene expression (1). Infants, children, 
adolescents, pregnant and lactating women, and the elderly 
have increased requirements (1,2). It is estimated that more 
than 20% of individuals worldwide are actually zinc deficient, 
especially in underdeveloped countries (3). The acquired zinc 
deficiency can occur as a result of poor dietary intake, dietary 
phytate rich nutrition, long-term parenteral nutrition without 
supplementation, malabsorption or excessive loss secondary to 
gastrointestinal disorders, chronic diarrhea, intestinal fistulae, 
chronic diuretic use and high ostomy outputs (1,2). 

Zinc deficiency may present in the form of skin disorders, 
diarrhea, short stature with impaired development, 
hypogonadism, cognitive dysfunction, anorexia, impaired taste 
and smell, altered wound healing, and bacterial infections (1,2). 
The immune system is highly proliferative, and thus particularly 
susceptible to zinc deficiency. The innate and adaptive immune 
system function is impaired even in cases of moderate zinc 
deficiency (1,2,4). Zinc deficiency is associated with impaired 
phagocytic function, thymic atrophy, lymphocyte depletion, 
decreased immunoglobulin production, a reduction in the 
T4+/T8+ ratio, and decreased interleukin (IL)-2 production (4). 
Moreover, individuals with zinc deficiency may be vulnerable to 
certain infections secondary to damage to the epithelial line of 
defense and reduction in the antioxidant activity (5).

Urinary tract infections (UTIs) are one of the most common 
bacterial infections in children affecting around 1.7% of boys 
and 8.4% of girls by the age of seven years (6). A subset of 
these children (12-30%), will develop recurrent UTIs. Recurrent 
UTIs in some patients are caused by host defense deficiencies 
(7). A defect in innate immune responses and urothelial 
barrier function like secretion of pro-inflammatory cytokines 
and protective glycoproteins impairment are two main host 
factors in the pathogenesis of UTIs (8,9). There are few studies 
in the literature investigating the zinc status in children during 
UTIs displayed conflicting results so far (5,10-14). We aimed 
to assess the correlation between serum and urinary zinc 
concentrations and history of recurrent UTIs in children in this 
study.

MATERIALS AND METHODS

This study was conducted at Department of Pediatric 
Nephrology and Department of Pediatrics, University of Health 
Sciences, Keçiören Training and Research Hospital between 
March 2017 and September 2017. Patients who were followed-
up with recurrent UTIs and healthy children were enrolled in 
this study. 

Patients with chronic diseases (diabetes mellitus, hypertension, 
chronic kidney disease, nephrotic syndrome, malignancy, 
obesity, malnutrition, infectious or inflammatory disease), 
neurogenic bladder, comorbid urinary tract anatomic 

abnormalities [vesicoureteral reflux (≥grade 3), obstructive 
uropathy, ureterocele] or dysfunctional elimination syndrome 
were excluded. Moreover, children who had received 
glucocorticoids, cytotoxic drugs, zinc supplementation and/
or nephrotoxic drugs in the last 6 months and those who had 
had a UTI diagnosis in the last 1 month, and lastly, children 
with incomplete toilet training were excluded from the study.

A lower UTI was defined as when urinary symptoms including 
dysuria, frequency, urgency, malodorous urine, incontinence, 
haematuria, and suprapubic pain were present without 
high grade fever and high levels of inflammatory markers in 
children ≥2 years of age with leukocyturia and a positive urine 
culture (6). An upper UTI was considered as occuring with the 
presence of clinical signs of UTI with high grade fever, lumbar 
or abdominal pain, and high levels of inflammatory markers in 
children with leukocyturia and a positive urine culture (5, 6). 
Recurrent UTIs were defined as the presence of ≥2 episodes 
of an upper UTI, or 1 episode of an upper UTI plus ≥1 episode 
of a lower UTI or ≥3 episodes of a lower UTI (15). 

The patient group was divided into subgroups according to the 
nature of recurrent UTIs. (Group 1 consisted patients who had 
had ≥2 acute upper UTIs or 1 episode of upper UTIs plus ≥1 
episode of lower UTIs, Group 2 consisted the patients who had 
had ≥3 acute lower UTIs but no acute upper UTIs). The control 
group consisted of age and sex-matched healthy children.

Data including age, gender and anthropometric measurements 
(body weight and height), were noted. Body mass index (BMI) 
was calculated using the formula: body weight (kg)/height2 (m) 
(16). Urinary ultrasound, voiding cystourethrography, and/or 
99mTc-dimercaptosuccinic acid (99mTc-DMSA) scintigraphy 
findings were recorded.

Blood samples obtained by venipuncture and mid stream clean-
catch urine samples were collected from patients and controls. 
The trichloroacetic acid was added to the blood sample to 
precipitate the proteins and centrifuged at 10000 rpm for 10 
minutes. Before the analysis of urine samples, flat glass tubes 
were washed with hydrochloric acid and then deionized water. 
The urine samples added to 0.5 ml deproteinized solution were 
centrifuged at 10000 rpm for 10 minutes. The supernatants of 
blood and urine samples were frozen in 2 ml samples at below 
−20°C, and thawed to room temperature immediately prior 
to zinc level analysis. The measurements of serum and urine 
zinc levels were performed by the colorimetric method using 
Abbott C16000 (USA) autoanalyser and Randox Zinc kit (ZincZn 
CE). All of the urine samples were assayed for creatinine for 
the purposes of normalization. Creatinine levels of the urine 
samples were studied by photometric method using Architect 
C16000 (USA).

The demographic features and the serum zinc levels and 
urine zinc/creatinine ratios of the patients with recurrent UTIs 
were compared with those of the control group. The patient 
groups (Groups 1 and 2) were also compared according to the 
demographic characteristics as well as the serum zinc levels 
and urine zinc/creatinine ratios.

https://www.sciencedirect.com/topics/medicine-and-dentistry/zinc-deficiency
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Statistical Analysis
All statistical analyses were performed using SPSS (version 
22, SPSS Inc., Chicago, IL, USA). To compare continuous 
variables we used the Student t test or the nonparametric 
Mann-Whitney U test. Categorical data were presented as 
the frequency or percentage (%) and continuous data as the 
mean±SD or median [minimum–maximum]. A p value <0.05 
was considered statistically significant.

The study was approved by the the Ethical Committee of 
University of Health Sciences Ankara Kecioren Training and 
Research Hospital (22.02.2017/1348). Informed consent 
was obtained from the legal caregivers of each child before 
enrollment.

RESULTS

A total of 33 patients (29 females, 4 males) with a mean age 
of 125±44 months (range: 49-197 months) and 33 healthy 
children (23 females, 10 males) with a mean age of 132±51 
months (range: 49-204 months) were included in this study. 
There were 16 patients (13 females, 3 males) in Group 1 and 
17 patients (16 females, 1 male) in Group 2 (Table 1). There 
were no statistical differences between Group 1 and Group 2 
in terms of gender or number of patients. 

The mean serum zinc levels and mean urine zinc/creatinine 
ratios of patients with recurrent UTIs were 6.6±1.66 umol/l 
(range: 3.1-9.2 umol/l) and 16.44±13.04 umol/g (range: 3.71-
51.29 umol/g), respectively. The mean serum zinc levels and 
mean urine zinc/creatinine ratios of the control group were 

7.15±2.16 umol/l (range: 2.9-11.2 umol/l) and 13.8±12.14 
umol/g (range: 4.6-70.53 umol/g), respectively (Table 2). 
The mean serum zinc levels of patient and control groups 
were lower than the reference values of the commercial kit 
(reference values for serum zinc level: 9.18-18.4 umol/l).

There was no significant difference between girls and boys 
with rUTI in serum zinc level and urine zinc/creatinine ratio 
(p=0.353, p=0.979, respectively). No relationship was observed 
between BMI and serum zinc level, and between BMI and urine 
zinc/creatinine ratio within patients with rUTI (p=0.992, r= 0.16 
and p=0.781, r=0.05, respectively). 

There were no statistically significant differences between 
patients and controls in respect to serum zinc concentration 
and urine zinc/creatinine ratio (Table 2, p=0.24 and p=0.45, 
respectively). There was also no statistically significant 
difference between patients in Group 1 and Group 2 in serum 
zinc concentration or urine zinc/creatinine ratio (Table 2, 
p=0.43 and p=0.49, respectively). No significant difference 
was detected between patients in Group 1 and controls and 
between patients in Group 2 and controls in terms of both 
serum zinc concentration and urine zinc/creatinine ratios (Table 
3, p=0.2 and p=0.2; p=0.57 and p=0.97, respectively). 

DISCUSSION

Multiple studies have assessed the association of zinc deficiency 
with infections such as upper and/or lower respiratory tract 
infections and diarrhea (17-20). Zinc supplementation has been 
shown to reduce the duration and limit the complications of 
diarrhea in children by increasing intestinal fluid absorption, 
supporting mucosal integrity, and enhancing immune 
response (20). The World Health Organization (WHO) and 
the United Nations Children’s Fund (UNICEF) recommend zinc 
supplementation in children aged 6 months to 5 years with 
acute gastroenteritis (21). The efficacy of zinc in community-
acquired pneumonia remains controversial. Adjunctive zinc 

Table 1: Group 1 and group 2 gender distribution

Male Female Total

Group 1 3 13 16

Group 2 1 16 17

Table 2: Serum zinc levels and urine zinc/creatinine ratios of children with recurrent urinary tract infections and healthy 
children

Mean±std Range P value

Serum Zinc Level (umol/l)
Patient (n=33) 6.6± 1.66 3.1-9.2

0.242
Control (n=33) 7.15± 2.16 2.9-11.2

Urine Zinc/Creatinine Ratio (umol/gr)
Patient (n=33) 16.44±13.04 3.71- 51.29

0.453
Control (n=33) 13.8±12.14 4.6- 70.53

Table 3: Serum zinc levels and urine zinc/creatinine ratios of children in Group 1 and Group 2

Mean±std Range P value

Serum Zinc Level (umol/l)
Group 1 (n=16) 6.35±1.77 3.1-8.7

0.439
Group 2 (n=17) 6.81±1.57 3.6-9.2

Urine Zinc/Creatinine Ratio (umol/gr)
Group 1 (n=16) 16.21±10.82 4.57-46.85

0.494
Group 2 (n=17) 16.64±15.17 3.71-51.29
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supplementation failed to show a statistically significant effect 
on treatment duration and length of hospitalization in many 
studies (17,18). In our study, although serum zinc levels were 
found to be lower in the patient group, no statistical difference 
was found. 

 There are few studies in the literature which investigate 
the zinc levels in children with UTIs or the effects of zinc 
supplementation during UTIs. A case-control study showed 
lower serum zinc levels in women with recurrent UTIs than 
in age-matched controls (11). Few other pediatric studies 
demonstrated lower serum zinc levels in children with active 
UTIs compared to the controls (12,14). Moreover, Zabihi et al. 
showed that zinc deficiency increased the risk of UTIs in children 
by 8 fold (14). Zinc supplementation ameliorated severe dysuria 
and frequency in children with UTI in a study (13). On the other 
hand, in the study by Amoori et al., serum zinc levels were not 
found to be related to febrile UTI recurrences. Therefore, the 
authors concluded that prescribing zinc supplements to treat 
or prevent UTIs needs further investigation (10). Similarly, in 
a randomized, double-blind, placebo-controlled clinical trial 
performed in children with first nephrolithiasis, adjuvant 
treatment with zinc was found not to be more effective than 
consecutive treatment (22). Therefore, the effect of adjuvant 
zinc in the treatment of nephrolithiasis, which is one of the 
causes of rUTIs, has not been demonstrated. In addition to 
adjuvant treatment with zinc, several interventions to prevent 
UTI recurrences have been tried. The most established and 
accepted intervention at present is low dose long-term 
antibiotic prophylaxis. Although showing some promise, 
alternative interventions, such as Vaccinium Macrocarpon 
(cranberry), Lactobacillus and Probiotics, circumcision, surgical 
management of vesicoureteral reflux, deliberate colonization 
of the urinary tract with Escherichia-coli (E. coli) 83972, 
treating constipation and dysfunctional voiding, administration 
of synthetic substitutes that reproduce natural surface 
glycosaminoglycan(s) anti-adherence effect on uroepithelial 
cells and E. coli isolate NU14 DeltawaaL as a candidate for 
developing a live-attenuated vaccine, have not provided a 
definitive effective answer (23).

Plasma or serum zinc levels are under tight homeostatic control 
and very sensitive to inflammation, cytokines and hormones 
(24,25). Individual age, infections, stress, hypoalbuminemia, 
time of day and recent food intake can modify circulating zinc 
levels (24-29). Experimental studies have shown hypozincemia 
occur shortly after infection or following injection of bacterial 
endotoxin probably due to an internal redistribution of zinc 
(25,26). In our study, patients with chronic inflammatory 
diseases or infections as well as underlying renal abnormalities 
were not included in order to exclude the effects of these 
conditions on zinc levels. Indeed, the zinc status of the patients 
were determined at least 1 month after a UTI.

To our knowledge, our study is the first study evaluating zinc 
status in children with recurrent UTIs. Moreover, urine zinc/
creatinine ratios were assessed for the first time in children with 
rUTIs. The measurement of zinc in a sample of urine collected 

during 24 hours can be helpful for diagnosis of zinc deficiency 
in healthy individuals (30). However, to our knowledge, there 
is only one study in the literature investigating the role of urine 
zinc/creatinine ratio in determining zinc status in the body. De 
Portela et al suggested that urine zinc/creatinine ratios could 
be an indicator of dietary zinc intake in healthy women (31). 

Mean serum zinc levels of the patient groups and control group 
were lower than the reference values of the commercial kit in 
our study. Dietary factors may be responsible for the decreased 
availability of zinc; phytate in cereals markedly impairs the 
absorption of both zinc and iron (30,32). Low dietary zinc intake 
and zinc deficiency are common, particularly in countries with 
low socioeconomic status (3,32). Similarly, zinc deficiency was 
observed in 27.8% of the cases in a study including 1063 healthy 
children aged 5-16 years living in the Central Anatolia region 
(33). Turkish soil selenium (Se) and zinc concentrations are 
lower than in other countries. Wheat, like other cereal species, 
has very low concentration and availability of zinc. In Turkey, 
wheat is still the major source of daily calorie intake (33,34). 
The age distribution of the patients and healthy children 
enrolled in the study was in the period where nutritional needs 
were high. Furthermore, dietary factors like high consumption 
of wheat and other cereals might be the major cause of zinc 
deficiency in our study group. 

Gender factor demonstrated no significant effect on serum 
zinc level and urine zinc/creatinine ratio of the patients in our 
study. However, the number of male patients was very low 
compared to that of female patients. Few studies have reported 
that males are more vulnerable to zinc deficiency than females, 
presumably because of a higher requirement for zinc due to 
a higher growth rate and a greater proportion of muscle per 
kilogram body weight, as muscle contains a higher content of 
zinc than fat (35, 36). Comprehensive epidemiological studies 
are required to assess the gender factor in association with zinc 
levels in body fluids and/or tissues.

Some studies have shown a significant decrease in erythrocyte 
and hair zinc levels in patients with overweight/obesity (37-
39). In contrast, urinary zinc level was found to be higher 
in these patients (39). Cortisol induces the gene expression 
of metallothionein and the zinc transporter Zip14, which 
favors the redistribution of plasma zinc for various tissues 
such as hepatic and adipose, leading to the development of 
hypozincemia in obesity (37). Children with obesity were not 
included in our study. Nevertheless, there was no correlation 
between BMI and serum zinc concentrations and urine zinc/
creatinine ratio in the patients with recurrent UTIs. 

It is known that effects of zinc deficiency on specific 
functions often become apparent before plasma zinc levels 
decrease. However, plasma or serum zinc determination 
remain the most informative and easy to use index in large-
scale studies (40). Urinary zinc excretion and hair zinc can 
provide useful information on zinc status in zinc-supplemented 
persons, but whether these reflect zinc status in depleted 
persons is not clear (41). It is generally recommended to obtain 

https://www.sciencedirect.com/topics/nursing-and-health-professions/zinc-urine-level
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blood samples early in the morning from fasting individuals 
for measuring plasma zinc concentrations. Zinc levels in the 
body of patients and controls were assessed with serum zinc 
levels and urine zinc/creatinine ratio in our study. We measured 
serum zinc levels and spot urine zinc and creatinine levels only 
once in each child. Moreover, we did not query the dietary 
factors including consumption proportion of cereals in daily 
nutrition charts or the time interval between recent food 
intake and blood and urine sampling. These situations can be 
considered as a limitation of our study. The low mean serum 
zinc levels in patient and control groups might be attributed 
to poor dietary intake, but improper sample collecting time or 
increased tissue zinc uptake while growing up might have also 
contributed. Another limitation of this cross-sectional study is 
the rather small numbers of children with recurrent UTIs and 
healthy controls.

CONCLUSIONS

Our study is the first cross-sectional study investigating serum 
zinc concentrations and urinary zinc excretions in children 
with history of recurrent UTI. Our study failed to show a 
significant difference of serum zinc level and urine zinc/
creatinine ratio between patients with recurrent UTIs and 
the control group. Moreover, these levels did not significantly 
differ between patients with history of upper or lower UTIs. 
We believe that further studies are needed to confirm 
these preliminary results and identify impact of zinc deficiency 
on reoccurrence of UTI in children. 
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