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Learning Objectives

• Recognize historical basis for prior 
recommendations regarding antimicrobial 
prophylaxis for children who have had a urinary 
tract infection (UTI) 

• Synthesize recent evidence regarding  
antimicrobial prophylaxis after UTI to challenge 
prior paradigm and inform new 
recommendations.

• Repeat above objectives for Otitis Media (OM).



History of Antimicrobial Prophylaxis

• Most of the evidence for the effectiveness of 
prophylaxis comes from children with 
congenital or acquired immunodeficiencies
– Oncology

– Chronic granulomatous disease

– Transplant, both stem cell and solid organ

– Asplenia

• Secondary prophylaxis (meningococcal 
disease, pertussis, etc)
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Vesicoureteral Reflux (VUR)

• Retrograde flow of urine from bladder into 
upper urinary tract

• Primary:  Incompetent ureterovesical junction

• Secondary: Consequence of other anatomical 
or functional bladder pathology



International Classification of VUR
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“The objective of this study was to answer the 
question, What is the evidence that routine 
diagnostic imaging of children after their first 
UTI results in prevention of renal scarring, 
hypertension, or renal failure?”



Results

• No controlled trials or analytic studies evaluating or 
comparing management strategies

• All studies descriptive

• Majority sampled children through referral for 
consultation, radiologic investigation, hospitalization or 
recurrent UTI.

• No studies described exclusively first UTIs in a primary 
care setting.

• No direct evidence (linking routine imaging to reduced 
renal scarring, HTN, renal failure)  to support 
effectiveness of routine diagnostic imaging.



Where to begin?

• Are our interventions for children diagnosed 
with VUR effective?

• (Because if they’re not, then maybe it’s not 
worth screening for VUR)



Outcomes to Evaluate Pros and Cons of 
Antimicrobial Prophylaxis

• Likelihood of reinfections

– Proportion of children with reinfections

– Time to first reinfection

• Likelihood of renal scarring

– Proportion of children with renal scarring

– Extent of renal scarring

• Impact on the emergence of antimicrobial resistance

– Urinary tract (gastrointestinal tract)

– Elsewhere



Antimicrobial Prophylaxis for UTI

Hoberman and Keren. N Eng J Med 2009;361:1804-6





75% of events 
by 6 months



6% (NNT=14)



Limitations

• Different population (e.g. 35% boys, uncirc’d)

• Half had no VUR

• F/u for only 12 months

• Only 27% had DMSA scan at 1 year, so limited 
info on scarring 





Study Design
• Sponsored by NIDDK
• Multicenter, randomized, placebo-

controlled
– 5 core sites (Pittsburgh, Philadelphia, Detroit, Buffalo, 

and Baltimore)
– 19 clinical sites (primary care, urology, nephrology, 

ED, inpatient)
– Data coordinating center at UNC Chapel Hill



Study Design
Inclusion

• 2 mo – 5 yr at randomization
• 1st or 2nd

F/SUTI
– Pyuria, positive urine culture (catheterized, SPA or clean voided 

specimens; bag specimens not permitted)
• Grade I-IV VUR

Exclusion

• UTI diagnosed >112 d prior to randomization
• Co-morbid urologic anomalies
• Contraindications to use of TMP-SMZ
• Selected other medical conditions

Follow-up

• Phone calls q 2 mo, visits q 6 mo, unscheduled to rule out UTI
• DMSA scan at entry, 12 mo, 4 mo after Tx. failure, and 24 mo



Definition of UTI
• Pyuria

– >10 WBC/mm3 (uncentrifuged) or
– >5 WBC/hpf (centrifuged), or
– + LE (dipstick)

• Culture proven infection
– ≥50,000 CFU/mL (catheterized, SPA) or
– ≥100,000 CFU/mL (clean voided specimen) 

• Fever
– ≥38°C documented at home or office

• Symptoms
– Suprapubic, abdominal, flank pain or tenderness
– Urgency, frequency, hesitancy, dysuria, foul smelling urine
– Infants <4 mo: failure to thrive, dehydration, or hypothermia



Endpoints
Primary

– Recurrence of F/SUTI
Secondary

– Renal scarring
• Prevalence, extent, new renal scars on outcome scan

– Treatment failure
• 2 FUTI, 1 FUTI and 3 SUTI, 4 SUTI, new or worse renal scar at 12 mo

– Bacterial resistance
• Stool colonization with E. coli resistant to TMP-SMZ
• Recurrent F/SUTI caused by TMP-SMZ-resistant pathogens

Covariates

– VUR grade
– Bladder and bowel dysfunction
– Constipation 
– Adherence





Selected Baseline Clinical Characteristics



Clinical Outcomes by Treatment 
Group



The RIVUR Trial Investigators. N Engl J Med 2014;370:2367-2376



Summary

• Prophylaxis cut recurrent infections in half.

• Breakthrough infections more likely to be 
TMP/SMZ resistant (2/3).

• No effect on new or total renal scarring

• GFR unchanged in both groups (based on 
cystatin-C measurements)



Recurrent UTIs in Children
Risk Factors and Association with Prophylactic Antimicrobials

• EHR data from network of 27 primary care   
practices with at least 2 clinic visits (2001-2006)

• >50,000 CFU/mL, single organism

• Recurrent UTI, 2nd positive culture >2 wk after 
completion of therapy

• 58% children <2 yr had VCUG

• White race, age 3-5 yr and grade 4-5 VUR 
increased risk of recurrence

• Gender, grade 1-3 VUR no increased risk of 
recurrence

• Antimicrobial prophylaxis

– No decreased risk of recurrent UTI

– Increased risk of resistant infections

Conway et al. JAMA 2007;298:179-186



Long-Term Antimicrobial Prophylaxis and Resistance

Williams G, Craig JC. Cochrane Database of Systematic Reviews 2011, Issue 3. Art. No.: 
CD001534. DOI: 10.1002/14651858.CD001534.pub3.



Pediatrics, September 2011
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Prophylaxis for OM

• Long-term, low-dose antibiotic use, referred 
to as antibiotic prophylaxis or 
chemoprophylaxis, has been used to treat 
children with recurrent AOM to prevent 
subsequent episodes. 

• Antibiotics given once or twice daily

Lieberthal A, et al. Pediatrics 
2013



Cochrane Review



Cochrane Review

• Reduced any episode of AOM (risk ratio (RR) 
0.65, 95% CI 0.53 to 0.79) 

• Number of episodes of AOM (incidence rate 
ratio (IRR) 0.51, 95% CI 0.39 to 0.66)

• Approximately five children would need to be 
treated long-term to prevent one child 
experiencing AOM whilst on treatment. 

• Antibiotics prevented 1.5 episodes of AOM for 
every 12 months of treatment per child. 



Cochrane Review



Randomized placebo-controlled trials 
of prophylaxis

• Reported a decrease of 0.09 episodes per 
month in the frequency of AOM attributable 
to therapy (approximately 0.5 to 1.5 AOM 
episodes per year for 95% of children). 

• An estimated 5 children would need to be 
treated for 1 year to prevent 1 episode of OM. 

• The effect may be more substantial for 
children with 6 or more AOM episodes in the 
preceding year.

Lieberthal A, et al. Pediatrics 
2013



Durability of Benefit

• This decrease in episodes of AOM occurred 
only while the prophylactic antibiotic was 
being given. 

• The modest benefit afforded by a 6-month 
course of antibiotic prophylaxis does not have 
longer-lasting benefit after cessation of 
therapy. 

Lieberthal A, et al. Pediatrics 2013
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