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Introduction 
 Urinary Tract Infections (UTIs) are one of the most common infections in children 1.  

 Of the estimated annual national $2.5 billion cost for UTI management in the US, the aggregate 
hospital costs of pediatric UTI management exceeds $520 million.  

 Antibiotics are prescribed in about 70% of all pediatric clinic visits for UTIs, with a significant rise 
in the prescription of broad third generation cephalosporins (12% in 1998-2000 vs. 25% in 2005-
2007).  

  



Prevalence  
 The pooled prevalence of UTI among febrile females: 

  <3 months- 7.5% 

 3-6 months-5.7% 

 6-12 months- 8.3% 

 >12 months-2.1% 

 Overall, the pooled prevalence of UTIs in children and adolescents <19 yrs of age is 7.8%, 
including both febrile and afebrile episodes.   

 A retrospective review of almost 75,000 pediatric patients <6 yrs of age determined the rate of 
recurrent UTI (rUTI) to be 13.6%, i.e. an incidence rate of 0.12 per person-year, among otherwise 
healthy children.  



Risk of UTI 

Recurrent UTI is defined as the 
onset of symptoms after the 
resolution of a previous urinary 
tract infection. According to 
American Association of 
Pediatricians (AAP) guidelines, 
three or more episodes of UTIs in a 
period of 12 months signify 
recurrence .  
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Diagnosis 

Am Fam Physician. 2012 Nov 15;86(10):940-946. 



Am Fam Physician. 2012 Nov 15;86(10):940-946. 



Diagnostic tests 
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• The conversion of dietary nitrates to nitrites by uropathogens in the bladder takes approximately 4 hrs. Therefore the 
traditional nitrite test is not sensitive in children, particularly in infants, who frequently empty their bladders  

• The standard method of assessing urine for pyuria has been microscopic analysis of centrifuged urine with a threshold of 5 
WBCs per high-power field (~25 WBCs per µl).  

• When a counting chamber is used, a finding of at least 10 WBCs per µl of uncentrifuged urine is considered a sensitive 
indicator of UTIs especially among infants.  

• A urine culture result of ≥50,000 CFUs per mL of a single urinary pathogen is considered diagnostic for UTI. 



Renal scarring 
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Urinary stasis 
 Up to one-third of girls with constipation also 
have rUTIs.  

 Functional constipation causes urinary stasis due 
to compression of the bladder and elongation of 
the urethra by fecal retention and expansion of 
the sigmoid colon and rectum, which in turn 
reduces urinary flow and promotes urinary 
pathogen adherence. 

 Children with functional constipation are also 
found to have renal pelvic dilation even in the 
absence of anatomical abnormalities or infection. 

 Voiding dysfunction, including urinary 
incontinence and post-void residual urine, results 
in a higher rate of rUTI especially in girls.  

https://www.cincinnatichildrens.org/health/c/constipation-
dysfunction 



Vesicoureteral reflux 
 A retrospective study with more than 600 
children with UTI showed that grade IV and V 
vesicouretral reflux (VUR), is associated with 
an increased risk of rUTI, however, grades I-III 
are not. 

JAMA. 2007;298(2):179-186 



 Prospective cohort study on 307 children with VUR and 197 children without VUR over a two year period 
showed a higher rate of recurrence in children with any grade of VUR compared to those with no VUR.  

 Among children with any grade of VUR, those that were less than 24 months old or were diagnosed with bowel 
and bladder dysfunction (BBD) were at a higher risk of rUTI.  

PEDIATRICS Volume 136, number 1, July 2015 



Male circumcision and antibiotic use 
 Among otherwise healthy male neonates, there is a greater than 10 fold increase in the 
incidence of UTI among children who are uncircumcised.  

  

 Normal vaginal colonization with H2O2 producing strains of Lactobacillus inhibits colonization 
with uropathogenic E. coli (UPEC). Therefore, use of antibiotics that alter the normal vaginal 
flora may also increase the risk of rUTI among females.  



Foxman, B. (2010) The epidemiology of urinary tract infection 

Nat. Rev. Urol. doi:10.1038/nrurol.2010.190 

Outpatient Inpatient 

Etiology of Urinary Tract Infection (UTI) According to Population 

 



Host susceptibility factors 
 The urinary tract milieu is hostile to bacterial survival due to the existence of several defense 
mechanisms.  

 The innate system including mucosal barriers, polymorphonuclear leukocyte infiltration, activation of 
the complement pathway, and release of antimicrobial peptides. 

 TLR-4: The foremost innate response to infection with UPEC is through the LPS sensing pattern 
recognition receptor, Toll-like receptor 4 (TLR4). Children with asymptomatic bacteriuria are more 
likely to have tlr4 promoter polymorphisms associated with reduced expression of TLR4. Among 
women with rUTI, approximately 42% have a family history of cystitis compared to 11% of controls.  

 CXCR-1: a receptor for the chemokine IL-8 also known as the neutrophil chemotactic factor. Inherited 
polymorphisms in children result in reduced expression and predisposes them to acute 
pyelonephritis.  

 Neutrophil gelatinase-associated lipocalin (NGAL): It is known to be upregulated during UTI and has a 
bacteriostatic effect possibly through iron chelation. Children with rUTI appear to have significantly 
lower levels of urinary NGAL compared to controls.  



Microbial factors 

Nat Rev Microbiol. 2015 May;13(5):269-84. 

UPEC: Uropathogenic E. coli 
IBC: Intracellular bacterial colonies 
QIR: Quiescent intracellular bacteria 



Current practices to 
prevent UTI 



Prophylactic antibiotics 
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RIVUR Trial 
 The RIVUR clinical trial randomized more than 
600 children to receive either trimethoprim–
sulfamethoxazole (TMP-SMX) or placebo for 2 
years, showed an approximate 50% reduction in 
rUTI, irrespective of the severity of VUR, with a 
Number Needed to Treat (NNT) of 8. 

 However, 63% of the recurrences in the 
prophylaxis group were due to TMP-SMX 
resistant E. coli, which is concerning given the 
rapid rise in antimicrobial resistance in the recent 
years.  

 Furthermore, prophylaxis did not reduce the 
incidence of renal scarring, which precedes end 
stage renal disease and is the primary 
justification for prophylaxis 

N Engl J Med 2014; 370:2367-2376 



N Engl J Med 2014; 370:2367-2376 



Swedish Reflux trial 
 There was a difference in number of girls with 
recurrence caused by bacteria resistant to 
trimethoprim between treatment arms (p = 
0.0489).  

 Prophylaxis was associated with resistance to 
trimethoprim compared to surveillance (p = 
0.038) but there was no such difference 
between endoscopic treatment and 
surveillance (p = 0.70) 

J Urol. 2010 Jul;184(1):286-91. 



J Urol. 2010 Jul;184(1):286-91. 



J Urol. 2010 Jul;184(1):286-91. 



Sub-inhibitory concentration of 
antibiotics 

 Subinhibitory concentrations of certain antibiotics like ciprofloxacin and gentamicin may 
paradoxically result in upregulation of bacterial cell surface adhesins in common uropathogens 
such as E. coli and Staphylococcus saprophyticus, resulting in denser biofilm formation.  

 Intraurethral infection of mice with bacteria that were ‘primed’ with subinhibitory 
concentrations of antibiotics also resulted in a higher bladder and kidney burden than untreated 
bacteria and was more likely to cause chronic inflammation by suppression of mucosal 
immunity. 



Probiotics 
 Probiotics are generally thought to exert their effect though:  

 1) production of antimicrobial products such as hydrogen peroxide, bacteriocins, and organic 
acids that lower the environmental pH and inhibit uropathogen colonization 

 2) competition with uropathogens for iron which is an essential element for several bacterial 
functions 

 3) occupy the epithelial space to physically resist the adherence of uropathogenic bacteria 



Current evidence 
 In one trial, 120 children with established VUR and TMP-SMX prophylaxis in the preceding year 
were randomly assigned to receive either Lactobacillus acidophilus or continue TMP-SMX 
prophylaxis during the second year of follow-up.  The rates of rUTI were similar between the two 
groups.  

 In a follow-up trial, 128 infants diagnosed with primary VUR were randomized to receive either 
the probiotic Lactobacillus acidophilus or TMP-SMX for one year. The rates of rUTI in the 
probiotic and antibiotic prophylaxis groups were not statistically different.  

 In a retrospective study of 191 infants with acute pyelonephritis and normal urinary tract 
anatomy, including no VUR,  prophylaxis with Lactobacillus led to an 8.2% incidence rate of rUTI 
in the 6 month follow up, which was similar to the 10% rate in the antibiotic group and 
significantly lower than the 20.6% rUTI rate in no prophylaxis group. All of the infants with rUTI 
in the antibiotic group were infected with TMP-SMX strains of bacteria, compared to 25% in the 
probiotic group and 41% in the no-prophylaxis group, further demonstrating the negative 
consequences of chronic antibiotic prophylaxis.  



Fluoroquinolone-probiotic combination 

Clin Ther. 2015 Sep; 37(9): 2143–2147 



Cranberry juice 
 Recent work has shown that cranberry extract prevents adhesion of UPEC to uroepithelial cells 
in a dose-dependent manner.   

 This is mediated by two main components of cranberry; fructose, which inhibits UPEC 
adherence by Type 1 fimbriae, and anthocyanidins which inhibits adherence by p-fimbriae 
(pyelonephritis fimbriae).  

 However, clinical trials on the use of cranberry juice or extracts are inconclusive due to small 
sample sizes and differences in dose and formulation of cranberry juice or extracts.  



Current evidence 
 Of the trials reviewed, four showed a significant reduction in incidence of rUTI. Most of these 
studies included < 50 patients.  

 However, one study did enroll 263 children between the ages of 1-16 years with normal urinary 
anatomy or grade I-II VUR 52. Subjects were given 5 mL/kg, up to 300 mL per day of either 
cranberry juice or placebo juice in 1 or 2 daily doses for 6 months. The total number of UTI 
episodes per year was significantly lower in the cranberry group compared to the placebo, but 
the proportion of subjects that had >1 recurrence was the same.  

 Antimicrobial prophylaxis had to be started in 3% of subjects in cranberry group compared to 5% 
among the placebo.  

 Most studies concur that the use of cranberry juice and preparations are safe for use in all age 
groups, with the most common side effects being gastrointestinal discomfort.  



Surgical intervention 
 Male circumcision: Bacterial colonization in the foreskin (prepuce) has been associated with 
UTIs in male infants less than 3 months of age. In a study that followed 2000 infants, those that 
were circumcised had a 10-fold lower risk of UTI.  

  

 Renal surgery:  The American Urological Association found the rate of resolution of rUTI was 
98% for open surgery and 83% for endoscopic surgery. However, even after surgery, complete 
resolution of recurrence was dependent on absence of concomitant BBD.  Further, children with 
low grade VUR (I-III) have an approximately 40% chance of spontaneous resolution, especially 
among children less than 1 yr of age.  

  



Vaccines 
 SolcoUrovac is a whole-cell inactivated vaccine used as a vaginal suppository containing 6 E. coli 
strains and 1 strain each of P. mirabilis, M. morganii, E. faecalis and K. pneumoniae.  

 In a phase II clinical trial with this vaccine, 55% percent of the subjects who received the 
vaccinations were symptom free during the 6 month follow-up period compared to 11% of those 
in the placebo group.   

 An intramuscular formulation of SolcoUrovac was used in a trial on 10 otherwise healthy girls (5-
11 yrs of age) with rUTI 61. Subjects were vaccinated 3 times at weekly intervals and then 
received a booster at 6 months. The total number of UTI episodes among all subjects decreased 
from 34, in the 6 months prior to enrollment, to 13 over a 1 yr follow-up period.  



 Uro-Vaxom is an oral capsule that contains a lyophilized mixture of membrane proteins from 18 
UPEC isolates.  

 The capsules are taken daily. In a randomized control trial in 120 women, subjects took the 
vaccine or placebo daily for 3 months and were followed for a further 3 months. By the end of 
the 6 month study period, subjects in the vaccine group had no episodes of rUTIs.  

 Uro-Vaxom is currently part of the European Association of Urology guidelines for alternative 
treatment of UTI in adults.  

 None of these vaccines are licensed in the US, mainly due to low efficacy, poor adherence to 
daily regimens and associated toxicity.  

  



Future studies 
 Antibiotics with Intracellular Activity 

 Certain classes of antibiotics such as fluoroquinolones and nitrofurantoin have intracellular 
activity and are therefore capable of eradicating the quiescent colonies of UPEC in a murine UTI 
model.  

 The exact mechanism of this intracellular activity is unknown. However, a recent study showed 
that at least part of the effect exerted by Nitrofurantoin may be due to release of Nitric Oxide, 
which can easily enter the lipid membrane and impart antimicrobial activity within the cells 65 

  



Antibiotic effects on intracellular UPEC and host cell cytotoxicity.  

Matthew G. Blango, and Matthew A. Mulvey Antimicrob. Agents 

Chemother. 2010;54:1855-1863 



 Vaccines 

 Ideal vaccination strategies against rUTIs would be to target bacterial factors involved in 
establishment and maintenance of bladder colonization.  

 A number of studies have been done on conjugate UTI vaccines targeting the UPEC capsule and 
O-antigen of the lipopolysaccharide (LPS) and have shown protection against same strain 
infection in animal models.  

 Vaccines targeting FimH , the type I pilus adhesin which plays a critical role in bacterial adhesion 
to urothelial cells, have shown some promise.  Studies in monkeys showed significant protection 
against infection with type I pili expressing UPEC.  

 This vaccine was originally acquired by Medimmune (Gaithersburg, Maryland, USA) and was 
previously tested in Phase I and II trials in the early 2000s. The vaccine was safe but showed 
equivocal efficacy. Thus, the vaccine did not advance to a Phase III trial. Subsequently the 
vaccine license was acquired by Sequoia Sciences (St. Louis, Missouri, USA) with plans to start 
Phase III trials using a new adjuvant.  

  



Small molecule inhibitors of UPEC pathogenic factors 
 
They generally act to decrease bacterial virulence and allow the host immune 
system to effectively eradicate the bacteria.  
 
Cusumano et al identified mannose derivatives, called mannosides, which inhibit 
the binding of FimH adhesin on type I pili to the manosylated receptors on the 
uroepithelial cells by formation of a FimH-oligomannose complex.  
 
These molecules were shown to be effective in treatment of an established chronic 
infection in a murine model and also showed synergistic activity with conventional 
antibiotics such as TMP-SMX.  



Chitosan 
 
Chitosan is an FDA approved biodegradable linear polysaccharide  which was 
previously used to reduce fat absorption in gut.  
 
Blango et al have also studied the role of chitosan in prevention of rUTIs . When 
instilled in the bladder in a murine model, chitosan interrupts tight-junctions in 
the uroepithelium causing rapid differentiation and subsequent sloughing off of 
superficial cells which harbor IBCs in the acute stages of UTI and later quiescent 
reservoirs.  
 
A more recent study reported that a combination of chitosan and ciprofloxacin 
can eradicate the quiescent reservoirs completely.  



Thank you! 
  


