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Background.  Growing antibiotic resistance and debates over their efficacy for urinary tract infection (UTI) recurrence warrants 
studying nonantibiotic prophylaxis for preventing UTI recurrences.

Methods.  We randomly assigned 181 children, aged 4 months to 5 years, with a normal urinary tract after recovery from their 
first febrile UTI in a 1:1 ratio to receive a probiotic mixture of Lactobacillus acidophilus, Lactobacillus rhamnosus, Bifidobacterium 
bifidum, and Bifidobacterium lactis (n = 91) or placebo (n = 90) for a total of 18 months of therapy. The primary objective was to show 
the superiority of probiotic prophylaxis to placebo. The primary end point was composite cure (UTI-free survival) at 18 months, and 
the secondary end point was the median time to first UTI recurrence.

Results.  The probiotics were superior to placebo with respect to the primary efficacy end point. At 18 months, composite cure 
was observed in 96.7% (3 of 91) of the patients in the probiotic group and 83.3% (15 of 90) of those in the placebo group (P = .02). 
The median time to the first incidence of UTI recurrence was 3.5 months (range, 1–4 months) and 6.5 months (range, 2–14 months) 
in the probiotic and placebo groups, respectively (P = .04). The main microorganism that caused recurrent UTI was Escherichia coli, 
followed by Klebsiella pneumoniae, and these results were not significantly different between the 2 groups. We found no specific ad-
verse events among the participants who received the probiotic mixture during the course of therapy.

Conclusions.  The probiotics were more effective than placebo at reducing the risk of recurrent UTI in children with a normal 
urinary tract after their first episode of febrile UTI.
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Urinary tract infection (UTI) is a common infection in child-
hood that can lead to significant morbidity and death [1–3]. It 
has been a common practice for many years to use long-term 
antibiotics to prevent UTI recurrence. However, the routine 
use of prophylactic antibiotics has been a subject of debate over 
the past decade because of their associated adverse effects and 
because of the growth of antibiotic-resistant microorganisms 
[4–9]. The American Academy of Pediatrics (AAP) re-
cently reaffirmed its 2011 UTI clinical practice guideline and 
recommended that antimicrobial prophylaxis not be given to 
children aged 2 to 24 months after their first febrile UTI if the 
results of renal and bladder ultrasonography are normal [10]. In 
support of the strong statement by the AAP that antimicrobial 

prophylaxis seems to be ineffective in preventing the recurrence 
of febrile UTI is the fact that evidence regarding the value of 
prophylactic antibiotics for the prevention of recurrent UTI re-
mains largely inconclusive [11–14].

The high UTI recurrent rates in infants and young children 
and increasing potential for the development of resistance have 
encouraged investigators to study alternative nonantibiotic 
measures, including drinking cranberry juice, applying topical 
estrogen, and taking probiotics for the prevention of recurrent 
infection [14–16].

When given in sufficient numbers, probiotic microorganisms 
are thought to establish a barrier against urogenital bacteria 
that ascend the urinary tract and cause infection. The protec-
tive effects of probiotics in preventing recurrent UTI is thought 
to be mediated through the restoration of normal vaginal and 
intestinal flora achieved by reducing the adherence, growth, 
and colonization of infectious pathogens and improving host 
defenses [17–19].

Results of recent studies have suggested that probiotics can 
offer advantages over placebo for the prevention of UTI, but 
these studies have been few and derived from studies with small 
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sample sizes and poor methodologic design and have not been 
compared in randomized controlled trial [20–22].

Because probiotics are safe products and are readily available 
without a prescription, we were interested in studying the role 
of probiotics in preventing UTI in otherwise healthy children 
in a randomized controlled trial to inform heath care providers 
about a potentially significant change in prophylactic therapy.

PATIENTS AND METHODS

This multicenter randomized controlled double-blind trial was 
conducted from January 2017 through November 2018 at 4 hos-
pital clinics in Iran affiliated with the Kurdistan University of 
Medical Sciences, the Mashhad University of Medical Sciences, 
the Semnan University of Medical Sciences, and the Zahedan 
University of Medical Sciences. Participants consisted of 244 
children aged 4 months to 5 years after recovery from their first 
episode of uncomplicated acute febrile UTI, documented by 
sterile urine culture results. Participants were randomly assigned 
to receive either a probiotic mixture or placebo during the study 
period and to undergo serial monitoring via urine culture.

Uncomplicated UTI was defined as UTI with normal renal 
and bladder ultrasound results. Children with an immunode-
ficiency syndrome, voiding dysfunction, abnormal renal func-
tion, or structural anomaly or history of vesicoureteral reflux 
(VUR), hypertension, or hepatic insufficiency were excluded. 
Also excluded were children who received concomitant antibi-
otic therapy or had used probiotics in the previous 3 months 
before enrolling in the study.

This study was conducted in accordance with the Declaration 
of Helsinki, revised in Brazil in 2013. All participating centers 
obtained approval from their health research ethics board be-
fore commencement of the study. Written parental informed 
consent was obtained for each participant before the study, and 
we followed the CONSORT 2010 checklist guidelines for re-
porting the results of the randomized trial.

Eligible patients were included in intention-to-treat and 
safety populations and randomly assigned in a 1:1 ratio to re-
ceive a probiotic mixture or placebo for a total of 18 months. 
The intention-to-treat and safety populations included all ran-
domly assigned patients, including those who were noncom-
pliant. Randomization was performed by the site pharmacist or 
designated medical staff according to a prespecified randomi-
zation schedule. The investigator, medical staff participating in 
patient care, the patients, and their families were unaware of the 
group assignments.

For this trial, the contents of a 500-mg probiotic capsule 
(Complete Probiotic Platinum [1MD, Sherman Oaks, California]) 
containing 11 diverse strains of Lactobacillus and Bifidobacterium 
spp, including Lactobacillus acidophilus (15  × 109 colony-
forming units [CFU]), Lactobacillus rhamnosus (1.0 × 109 CFU), 
Bifidobacterium bifidum (4 × 109 CFU), and Bifidobacterium lactis 

(15  × 109 CFU) was dissolved in 10  mL of 5% dextrose water 
(500 mg/10 mL), and it was given as 0.5 mL (25 mg)/kg 2 times 
per day (maximum daily dose, 20 mL [1.0 g]) with or without food 
during the course of the study. Participants in the placebo group 
received an equivalent volume (0.5 mL/kg) of drinking water twice 
daily during the course of study. A daily intake of 106 to 109 CFU of 
Lactobacillus and Bifidobacterium spp is reported as the minimum 
effective dose for therapeutic purposes in adults [17, 23].

The participants and the investigators were blinded to the 
content of the bottles, which contained liquid probiotics or 
placebo water. The hospital pharmacy at each study site was 
responsible for the preparation, assignment, dispensing, and 
distribution of liquid probiotics during the study period.

The liquid probiotic mixture was placed into plastic retail 
bottles, sealed, and refrigerated at 10°C. We performed bacte-
rial counts on the liquid probiotics at the time of preparation 
and again 2 and 4 weeks later to determine the bacterial survival 
rate and found no significant reduction in total bacterial counts 
over the 4 weeks of storage time. The probiotics and placebo 
were delivered to the participants’ parents every 2 to 4 weeks, 
and the parents were instructed to keep the product refrigerated 
after each use to retain viability during storage. Parents were 
contacted weekly during the trial by study staff to ensure adher-
ence to the treatment protocol and to inquire about any clinical 
symptoms of UTI. Adherence was measured by the volume of 
leftover probiotic liquid returned to the investigator subtracted 
from the volume of liquid probiotic dispensed at the previous 
visits. Patients were excluded from the study if their rate of 
compliance to the study protocol was <80% during the monthly 
clinic visits. Participants were visited in the clinic at monthly 
intervals for routine physical examination.

UTI diagnosis was suspected for any febrile ill-looking child 
with no apparent source for the fever and confirmed by the 
presence of at least 50  000 CFU/mL of a single uropathogen 
cultured from a urine specimen obtained through transurethral 
catheterization or suprapubic aspiration [1–3, 10]. Pyuria was 
defined in any child with ≥10 leukocytes per μL in a centrifuged 
urine sample [2]. Children with a symptomatic UTI were 
treated with appropriate antibiotics according to the previously 
accepted guidelines [1–3, 10] and then excluded from the study. 
All laboratory tests were centralized at each participating center 
and performed in a blinded manner.

The primary end point of the study was composite cure (UTI-
free survival) 18 months after the initiation of therapy. The sec-
ondary end point was the median time to first UTI recurrence.

The number of participants needed for this study that would 
permit a 2-sided significance level of 1% and 95% power was 
70 patients in each group [24]. To anticipate the possibility of 
patients lost in follow-up, incomplete data collection, or poor 
compliance with taking probiotics (10%), the planned sample 
size was determined to be 83 patients per group. Continuous 
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variables were expressed as means and standard deviations, 
whereas categorical variables were expressed as absolute num-
bers and proportions of patients in a given category. Data were 
compared using the Fisher exact test (categorical variables) and 
the Student t test (continuous variables). The χ2 test was used 
for comparing the probiotic and placebo groups. The Kaplan-
Meier model was used to estimate the probability of UTI during 
prophylaxis in both treatment arms. From the Kaplan-Meier 
estimates, we computed the median time to the first UTI recur-
rence. Pearson regression models were used to obtain estimates 
of the mean rates of UTI recurrence at follow-up. Any P value 
of <.5 was considered significant. All statistical analyses were 
performed using SPSS 13.0 (SPSS, Inc, Chicago, Illinois).

RESULTS

Of the 244 patients enrolled, 181 (74.18%) were included in the 
safety intention-to-treat and safety populations and randomly 
assigned in a 1:1 ratio to receive probiotics (n  =  91) or placebo 

(n = 90) once daily for 18 months (Figure 1). Baseline characteristics 
did not differ significantly between the 2 treatment groups (Table 1).

Probiotics were superior to placebo with respect to the pri-
mary efficacy end point. At 18  months, composite cure was 
observed in 96.7% (3 of 91 patients) of the patients in the pro-
biotic group and 83.3% (15 of 90) of the patients in the placebo 
group (difference, −13.3 percentage points [95% confidence in-
terval, −8.9 to 4.1]; P = .02) (Figure 2).

The median time to the first incidence of UTI recurrence, the 
secondary end point, was 3.5 months (range, 1–4 months) and 
6.5 months (range, 2–14 months) in the probiotic and placebo 
groups, respectively (P  =  .04) (Table 2). Girls had higher UTI 
recurrence rates than boys in both arms of the study (11.5% [6 
of 52] vs 0% [0 of 39] in the probiotic group and 27.4% [14 of 51] 
vs 5% [2 of 40] in the placebo group, respectively; P = 0.02) (Table 
2). The children younger than 12 months had a higher incidence 
of recurrent UTI than did older children (2.2% in the probiotic 
group vs 11.1% in the placebo group, respectively; P = .04).

Figure 1.  Enrollment, randomization, and retention-to-treat population.
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The main microorganism that caused recurrent UTI was 
Escherichia coli (88%), followed by Klebsiella pneumoniae (12%); 
these results were not significantly different between the 2 groups.

No specific probiotic-related adverse events (including 
skin rash, nausea, vomiting, diarrhea, or leukopenia) among 
the participants emerged from a review of symptoms, physical  
examination, and laboratory tests during the study follow-up.

DISCUSSION

In this study, we compared the effect of probiotic and placebo 
prophylaxis in young children with uncomplicated UTI and 
found that probiotics, with a higher rate of composite cure 
observed after 18  months of therapy, were superior to pla-
cebo. The lower incidence of UTI recurrence in the probiotic 
group suggests that greater UTI-free survival with probiotics 
provides additional clinical benefit for children with a normal 
urinary tract.

To our knowledge this is the first randomized placebo-
controlled clinical trial to be undertaken in a relatively large 
pediatric population over a length of time adequate enough to 
evaluate the role of probiotics in preventing future UTI in oth-
erwise healthy children.

Previous studies that evaluated the effectiveness of probiotics 
on UTI prevention in children have produced discrepant 
results. The findings in our study are consistent with those 
reported by Lee et  al [22]. In their retrospective study, these 
authors compared the efficacy of probiotic prophylaxis (n = 73) 
with that of placebo (n  =  68) in infants aged between 1 and 
24 months after a first UTI during 6 months of therapy. They 
found that compared to the infants who received placebo, the 
incidence of recurrent UTIs was significantly lower in infants 
treated with probiotics (8.2% vs 20.6%, respectively).

Unlike Lee et al, Hosseini et al [20], in a systematic review 
and meta-analysis on the efficacy of probiotics in the prevention 
of UTI in children, found that probiotic therapy did not have 
any beneficial effect in reducing the incidence or recurrence of 
UTI. The same conclusion came from a Cochrane Database sys-
tematic review by Schwenger et al [21]. These authors reviewed 
a total of 4 studies that compared probiotics with placebo in 
children and adult patients with complicated UTI and found no 
significant advantage for probiotics over placebo.

The discrepancy between the findings in the present study 
and the studies reported by Hosseini et  al and Schwenger 
et al are likely the result of diversity in the study designs and 
methodologies used by different investigators.

A number of species and strains of probiotics are used in 
different formulations. Many factors can also influence the via-
bility of probiotic microorganisms during production, storage, 
and delivery until the time of consumption, including tempera-
ture, pH, molecular oxygen, and additives such as sugar, sodium 
chloride, and antimicrobial preservative. In addition to storage, 
the selection of probiotic strains and differences in the dosing 
and duration of therapy influence the efficacy of probiotics.

Of the 200 probiotic strains studied, the 4 most common 
putative strains of human origin have been Lactobacillus 
rhamnosus, Lactobacillus acidophilus, Bifidobacterium bifidum, 
and Bifidobacterium lactis [18]. Recent studies have found 
that probiotic strains such as Lactobacillus rhamnosus and 

Figure 2.  The Kaplan-Meier model estimating the probability of recurrent urinary tract infection during prophylaxis for both treatment arms.

Table 1.  Characteristics of the Patients at Baseline (Intention-to-Treat 
Population)

Variable Probiotic Group (n = 91) Placebo Group (n = 90) P

Age (mean ± SD) (years) 3.3 ± 1.5 3.6 ± 0.9 .89

Female/male (n [%]) 52/39 (57/35) 50/40 (56/38) .35

Weight (mean ± SD) (kg) 18.6 ± 4.0 17.9 ± 4.1 .63

Systolic BP (mean ± SD) (mm Hg) 84.3 ± 5.8 90.6 ± 4.8 .27

Diastolic BP (mean ± SD) (mm Hg) 49.5 ± 2.4 48.9 ± 2.6 .74

Serum creatinine (mean ± SD) (mg/dL) 0.5 ± 0.2  0.4 ± 0.2 .88

BUN (mean ± SD) (mg/dL) 10 ± 1 11 ± 3 .35

Urine culture Sterile Sterile —

Kidney ultrasound result Normal Normal —

Abbreviations: BP, blood pressure; BUN, blood urea nitrogen; SD, standard deviation.
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Lactobacillus fermentum can prevent UTI recurrence by 
modulating the colonization of bacterial uropathogens [25–28].

All these discrepancies can introduce bias that affects the 
results and makes the interpretation of data between studies 
rather difficult. For probiotics to be efficacious in UTI preven-
tion, it is essential to select the most effective strains, correct 
dosing, and appropriate duration of therapy.

To our knowledge, our study represents the first randomized 
controlled trial to evaluate the role of probiotic prophylaxis 
after a first febrile UTI in young children with a normal urinary 
tract. Unlike the studies reported previously, we used a mix-
ture of Lactobacillus and Bifidobacterium probiotic strains (at a 
recommended daily dose of 1 × 109 CFU) rather than Lactobacillus 
species alone. In addition, according to previously published 
recommendations [23], we prepared the liquid probiotics by using 
sterile 5% dextrose water (pH 5.5), added no preservatives, sealed 
the preparation immediately, and stored it at 10°C until the time 
of delivery to achieve optimal bacterial survival.

The main cause of UTI in children is the ascension of bac-
teria from the periurethral area. The bacteria originate in the 
bowel. The gastrointestinal microflora contributes greatly to im-
mune function and acts a physical barrier against uropathogenic 
organisms across the gut mucosa. Prolonged use of antibiotics 
can alter gut microflora and disrupt immune function between 
the host and gut mucosa to favor colonization and overgrowth 
of pathogens across intestinal mucosal barriers, which causes 
periurethral colonization. The normal urogenital microflora of 
a healthy woman comprises approximately 50 bacterial species, 
dominated by Lactobacillus species (107–108/mL) [29]. Indeed, 
maternal vaginal lactobacilli are the first source of lactobacilli 
for newborn infants, who acquire them while passing through 
the birth canal. After that time, lactobacilli in breast milk are 
a second important source of infant gut lactobacilli, which are 
known to prevent UTI during infancy [26].

Probiotics (live nonpathogenic microbes), when 
administered in an adequate amount, have the potential to re-
store immune function and reduce colonization by potentially 
pathogenic bacteria [17–19, 29].

Although most commercially available probiotic strains are 
widely regarded as safe, safety might be of concern in critically 
ill children and in children with a severe immunodeficiency 

syndrome, because probiotic strains could cause bacteremia or 
sepsis [30].

Our study has several limitations. First is the selection of 
the study patients. Our study was performed within the univer-
sity hospitals’ referral networks. We could have missed results 
from community and primary care settings, which limits the 
generalizability of the study. If the patients’ heterogeneity, so-
cioeconomic status, and ethnicity were different between the 2 
groups, then ascertainment bias could have occurred. Second, 
AAP guidelines do not recommend routine screening with 
voiding cystourethrography [10], which prevented us from 
fully exploring the effect of VUR on recurrent UTI and the ef-
fectiveness of probiotic prophylaxis according to VUR grade. 
Third, we did not include uncircumcised boys in each study 
arm, which might have affected the validity of our analysis and 
introduced bias that affected the results. Last, we did not study 
whether probiotic therapy reduced colonization of the bowel by 
virulent infecting strains of E coli.

The major strength of this study is that it was a randomized 
controlled probiotic-versus-placebo clinical trial of a relatively 
large pediatric population. The length of follow-up was ade-
quate for assessing the role of probiotics in the prevention of re-
current UTIs in children with a normal urinary tract after their 
first febrile UTI.

CONCLUSION

Compared with placebo, probiotic prophylaxis reduced the  
incidence of UTI recurrence significantly in children after a  
febrile UTI. This efficacy was more pronounced in girls than 
in boys.

Given the limitations of our study, additional investigation is 
needed to better understand the risks and benefits of probiotic 
prophylaxis. This type of study should be powered to examine 
the efficacy of prophylaxis in older patients and in those with 
and those without VUR. Selection of the best probiotic strains, 
optimal dosing, and appropriate duration of therapy are impor-
tant issues that also must be addressed in future clinical trials.
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Table 2.  Mean Overall Rates of UTI After 18 Months of Therapy

Variable
Probiotic Group 

(n = 91)
Placebo Group 

(n = 90) P

Participants with first UTI 3 (3.3) 15 (16.7) .03

  Female (n/N [%]) 6/52 (11.5) 14/51 (27.4) .02

  Male (n/N [%]) 0/39 (0) 3/40 (5.0) .02

Time to first UTI recurrence (median [range]) 
(months)

3.5 (1–4) 6.5 (2–4) .04

Abbreviation: UTI, urinary tract infection
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