
● Intentional vagueness: None.

● Policy level: Recommendation.

Action Statement 6b

● Aggregate quality of evidence: X (ex-
ceptional situation).

● Benefits: VCUG after a second UTI
should identify infants with very
high-grade reflux.

● Harms/risks/costs: VCUG is an un-
comfortable, costly procedure that
involves radiation, including to the
ovaries of girls.

● Benefit-harms assessment: Prepon-
derance of benefit over harm.

● Value judgments: The committee
judged that patients with high-
grade reflux and other abnormali-
ties may benefit from interventions
to prevent further scarring. Further
studies of treatment for grade V
VUR are not underway and are un-
likely in the near future, because the
condition is uncommon and ran-
domization of treatment in this
group generally has been consid-
ered unethical.

FIGURE 3
A, Recurrences of febrile UTI/pyelonephritis in 373 infants 2 to 24 months of age without VUR, with and
without antimicrobial prophylaxis (based on 3 studies; data provided by Drs Craig, Garin, and Mon-
tini). B, Recurrences of febrile UTI/pyelonephritis in 72 infants 2 to 24 months of age with grade I VUR,
with and without antimicrobial prophylaxis (based on 4 studies; data provided by Drs Craig, Garin,
Montini, and Roussey-Kesler). C, Recurrences of febrile UTI/pyelonephritis in 257 infants 2 to 24
months of age with grade II VUR, with and without antimicrobial prophylaxis (based on 5 studies; data
provided by Drs Craig, Garin, Montini, Pennesi, and Roussey-Kesler). D, Recurrences of febrile UTI/
pyelonephritis in 285 infants 2 to 24 months of age with grade III VUR, with and without antimicrobial
prophylaxis (based on 6 studies; data provided by Drs Brandström, Craig, Garin, Montini, Pennesi, and
Roussey-Kesler). E, Recurrences of febrile UTI/pyelonephritis in 104 infants 2 to 24 months of age with
grade IV VUR, with and without antimicrobial prophylaxis (based on 3 studies; data provided by Drs
Brandström, Craig, and Pennesi). M-H indicates Mantel-Haenszel; CI, confidence interval.

TABLE 5 Rates of VUR According to Grade in
Hypothetical Cohort of Infants After
First UTI and After Recurrence

Rate, %

After First
UTI

(N � 100)

After
Recurrence
(N � 10)

No VUR 65 26
Grades I–III VUR 29 56
Grade IV VUR 5 12
Grade V VUR 1 6

FIGURE 4
Relationship between renal scarring and num-
ber of bouts of pyelonephritis. Adapted from
Jodal.59
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● Role of patient preferences: As men-
tioned previously, the judgment of
parents may come into play, be-
cause VCUG is an uncomfortable
procedure involving radiation expo-
sure. In some cases, parents may
prefer to subject their children to
the procedure even when the
chance of benefit is both small and
uncertain. The benefits of treatment
of VUR remain unproven, but the
point estimates suggest a small po-
tential benefit. Similarly, parents
may want to avoid VCUG even after
the second UTI. Because the benefit
of identifying high-grade reflux is
still in some doubt, these prefer-
ences should be considered. It is the
judgment of the committee that
VCUG is indicated after the second
UTI.

● Exclusions: None.

● Intentional vagueness: Further eval-
uation will likely start with VCUG but
may entail additional studies de-
pending on the findings. The details
of further evaluation are beyond the
scope of this guideline.

● Policy level: Recommendation.

Action Statement 7

After confirmation of UTI, the cli-
nician should instruct parents or
guardians to seek prompt medical
evaluation (ideally within 48
hours) for future febrile ill-
nesses, to ensure that recurrent
infections can be detected and
treated promptly (evidence qual-
ity: C; recommendation).

Early treatment limits renal damage
better than late treatment,1,2 and the
risk of renal scarring increases as the
number of recurrences increase (Fig
4).59 For these reasons, all infants who
have sustained a febrile UTI should
have a urine specimen obtained at the
onset of subsequent febrile illnesses,
so that a UTI can be diagnosed and
treated promptly.

● Aggregate quality of evidence: C (ob-
servational studies).

● Benefits: Studies suggest that early
treatment of UTI reduces the risk of
renal scarring.

● Harms/risks/costs: There may be
additional costs and inconvenience
to parents withmore-frequent visits
to the clinician for evaluation of
fever.

● Benefit-harms assessment: Prepon-
derance of benefit over harm.

● Value judgments: None.

● Role of patient preferences: Parents
will ultimatelymake the judgment to
seek medical care.

● Exclusions: None.

● Intentional vagueness: None.

● Policy level: Recommendation.

CONCLUSIONS

The committee formulated 7 key action
statements for the diagnosis and
treatment of infants and young chil-
dren 2 to 24months of age with UTI and
unexplained fever. Strategies for diag-
nosis and treatment depend on
whether the clinician determines that
antimicrobial therapy is warranted im-
mediately or can be delayed safely un-
til urine culture and urinalysis results
are available. Diagnosis is based on
the presence of pyuria and at least
50 000 CFUs per mL of a single uro-
pathogen in an appropriately collected
specimen of urine; urinalysis alone
does not provide a definitive diagnosis.
After 7 to 14 days of antimicrobial
treatment, close clinical follow-up
monitoring should bemaintained, with
evaluation of the urine during subse-
quent febrile episodes to permit
prompt diagnosis and treatment of re-
current infections. Ultrasonography of
the kidneys and bladder should be per-
formed to detect anatomic abnormali-
ties that require further evaluation
(eg, additional imaging or urologic
consultation). Routine VCUG after the

first UTI is not recommended; VCUG is
indicated if RBUS reveals hydrone-
phrosis, scarring, or other findings
that would suggest either high-grade
VUR or obstructive uropathy, as well as
in other atypical or complex clinical
circumstances. VCUG also should be
performed if there is a recurrence of
febrile UTI.

AREAS FOR RESEARCH

One of the major values of a compre-
hensive literature review is the identi-
fication of areas in which evidence is
lacking. The following 8 areas are pre-
sented in an order that parallels the
previous discussion.

1. The relationship between UTIs in in-
fants and young children and re-
duced renal function in adults has
been established but is not
well characterized in quantitative
terms. The ideal prospective cohort
study from birth to 40 to 50 years of
age has not been conducted and is
unlikely to be conducted. There-
fore, estimates of undesirable
outcomes in adulthood, such as
hypertension and end-stage renal
disease, are based on the mathe-
matical product of probabilities
at several steps, each of which is
subject to bias and error. Other
attempts at decision analysis and
thoughtful literature review have
recognized the same limitations.
Until recently, imaging tools avail-
able for assessment of the effects
of UTIs have been insensitive. With
the imaging techniques now avail-
able, it may be possible to identify
the relationship of scarring to re-
nal impairment and hypertension.

2. The development of techniques that
would permit an alternative to inva-
sive sampling and culture would be
valuable for general use. Special at-
tention should be given to infant
girls and uncircumcised boys, be-
cause urethral catheterization may
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be difficult and can produce con-
taminated specimens and SPA now
is not commonly performed. Incu-
bation time, which is inherent in the
culture process, results in delayed
treatment or presumptive treat-
ment on the basis of tests that lack
the desired sensitivity and specific-
ity to replace culture.

3. The role of VUR (and therefore of
VCUG) is incompletely understood.
It is recognized that pyelonephritis
(defined through cortical scintigra-
phy) can occur in the absence of
VUR (defined through VCUG) and
that progressive renal scarring
(defined through cortical scintigra-
phy) can occur in the absence of
demonstrated VUR.52,53 The pre-
sumption that antimicrobial pro-
phylaxis is of benefit for individuals
with VUR to prevent recurrences of
UTI or the development of renal scars
is not supported by the aggregate of
data from recent studies and cur-
rently is the subject of the Random-
ized Intervention for Children With
Vesicoureteral Reflux study.58

4. Although the effectiveness of anti-
microbial prophylaxis for the pre-
vention of UTI has not been demon-
strated, the concept has biological
plausibility. Virtually all antimicro-
bial agents used to treat or to pre-
vent infections of the urinary tract
are excreted in the urine in high
concentrations. Barriers to the ef-
fectiveness of antimicrobial pro-
phylaxis are adherence to a daily
regimen, adverse effects associ-
ated with the various agents, and
the potential for emergence of anti-

microbial resistance. To overcome
these issues, evidence of effective-
ness with a well-tolerated, safe
product would be required, and
parents would need sufficient edu-
cation to understand the value and
importance of adherence. A urinary
antiseptic, rather than an antimi-
crobial agent, would be particularly
desirable, because it could be taken
indefinitely without concern that
bacteria would develop resistance.
Another possible strategy might be
the use of probiotics.

5. Better understanding of the ge-
nome (human and bacterial) may
provide insight into risk factors
(VUR and others) that lead to in-
creased scarring. Blood specimens
will be retained from children en-
rolled in the Randomized Interven-
tion for Children With Vesi-
coureteral Reflux study, for future
examination of genetic determinants
of VUR, recurrent UTI, and renal scar-
ring.58 VUR is recognized to “run in
families,”60,61 and multiple investiga-
tors are currently engaged in re-
search to identify a genetic basis for
VUR. Studies may also be able to dis-
tinguish the contribution of congeni-
tal dysplasia from acquired scarring
attributable to UTI.

6. One of the factors used to assess
the likelihood of UTI in febrile in-
fants is race. Data regarding rates
among Hispanic individuals are lim-
ited and would be useful for predic-
tion rules.

7. This guideline is limited to the initial
management of the first UTI in febrile
infants 2 to 24monthsof age. Someof

the infants will have recurrent UTIs;
some will be identified as having VUR
or other abnormalities. Further re-
search addressing the optimal
course ofmanagement in specific sit-
uations would be valuable.

8. The optimal duration of antimicro-
bial treatment has not been deter-
mined. RCTs of head-to-head com-
parisons of various duration would
be valuable, enabling clinicians to
limit antimicrobial exposure to
what is needed to eradicate the of-
fending uropathogen.

LEAD AUTHOR
Kenneth B. Roberts, MD

SUBCOMMITTEE ON URINARY TRACT
INFECTION, 2009–2011
Kenneth B. Roberts, MD, Chair
Stephen M. Downs, MD, MS
S. Maria E. Finnell, MD, MS
Stanley Hellerstein, MD
Linda D. Shortliffe, MD
Ellen R. Wald, MD
J. Michael Zerin, MD

OVERSIGHT BY THE STEERING
COMMITTEE ON QUALITY
IMPROVEMENT AND MANAGEMENT,
2009–2011

STAFF
Caryn Davidson, MA

ACKNOWLEDGMENTS
The committee gratefully acknowl-
edges the generosity of the research-
ers who graciously shared their data
to permit the data set with data for
1091 infants aged 2 to 24 months ac-
cording to grade of VUR to be com-
piled, that is, Drs Per Brandström,
Jonathan Craig, Eduardo Garin, Gio-
vanni Montini, Marco Pennesi, and
Gwenaelle Roussey-Kesler.

REFERENCES

1. Winter AL, Hardy BE, Alton DJ, Arbus GS,
Churchill BM. Acquired renal scars in chil-
dren. J Urol. 1983;129(6):1190–1194

2. Smellie JM, Poulton A, Prescod NP. Retro-
spective study of children with renal scar-
ring associated with reflux and urinary in-
fection. BMJ. 1994;308(6938):1193–1196

3. American Academy of Pediatrics, Commit-
tee on Quality Improvement, Subcommittee
on Urinary Tract Infection. Practice
parameter: the diagnosis, treatment, and
evaluation of the initial urinary tract infec-
tion in febrile infants and young children.
Pediatrics. 1999;103(4):843–852

4. Finnell SM,Carroll AE,DownsSM,etal. Technical
report: diagnosis andmanagement of an initial
urinary tract infection in febrile infants and
young children. Pediatrics. 2011;128(3):e749

5. American Academy of Pediatrics, Steering
Committee on Quality Improvement and
Management. Classifying recommenda-

FROM THE AMERICAN ACADEMY OF PEDIATRICS

PEDIATRICS Volume 128, Number 3, September 2011 607
 at Univ Of British Columbia on October 18, 2011pediatrics.aappublications.orgDownloaded from 

pediatrics.aappublications.org/
http://pediatrics.aappublications.org/


tions for clinical practice guidelines. Pedi-
atrics. 2004;114(3):874–877

6. Leong YY, Tan KW. Bladder aspiration for
diagnosis of urinary tract infection in in-
fants and young children. J Singapore Pae-
diatr Soc. 1976;18(1):43–47

7. Pryles CV, Atkin MD, Morse TS, Welch KJ.
Comparative bacteriologic study of urine
obtained from children by percutaneous
suprapubic aspiration of the bladder and
by catheter. Pediatrics. 1959;24(6):983–991

8. Djojohadipringgo S, Abdul Hamid RH, Thahir
S, Karim A, Darsono I. Bladder puncture in
newborns: a bacteriological study. Paediatr
Indones. 1976;16(11–12):527–534

9. Gochman RF, Karasic RB, Heller MB. Use of
portable ultrasound to assist urine collec-
tion by suprapubic aspiration. Ann Emerg
Med. 1991;20(6):631–635

10. Buys H, Pead L, Hallett R, Maskell R. Supra-
pubic aspiration under ultrasound guid-
ance in children with fever of undiagnosed
cause. BMJ. 1994;308(6930):690–692

11. Kramer MS, Tange SM, Drummond KN, Mills
EL. Urine testing in young febrile children: a
risk-benefit analysis. J Pediatr. 1994;125(1):
6–13

12. Bonadio WA. Urine culturing technique in fe-
brile infants. Pediatr Emerg Care. 1987;3(2):
75–78

13. Lohr J. Pediatric Outpatient Procedures.
Philadelphia, PA: Lippincott; 1991

14. Taylor CM, White RH. The feasibility of
screening preschool children for urinary
tract infection using dipslides. Int J Pediatr
Nephrol. 1983;4(2):113–114

15. Sørensen K, Lose G, Nathan E. Urinary tract
infections and diurnal incontinence in girls.
Eur J Pediatr. 1988;148(2):146–147

16. Shannon F, Sepp E, Rose G. The diagnosis of
bacteriuria by bladder puncture in infancy
and childhood. Aust Pediatr J. 1969;5(2):
97–100

17. Hoberman A, Chao HP, Keller DM, Hickey R,
Davis HW, Ellis D. Prevalence of urinary tract
infection in febrile infants. J Pediatr. 1993;
123(1):17–23

18. Haddon RA, Barnett PL, Grimwood K, Hogg
GG. Bacteraemia in febrile children present-
ing to a paediatric emergency department.
Med J Aust. 1999;170(10):475–478

19. Wiswell TE, Roscelli JD. Corroborative evi-
dence for the decreased incidence of uri-
nary tract infections in circumcised male
infants. Pediatrics. 1986;78(1):96–99

20. To T, Agha M, Dick PT, Feldman W. Cohort
study on circumcision of newborn boys and
subsequent risk of urinary-tract infection.
Lancet. 1998;352(9143):1813–1816

21. Wiswell TE, Hachey WE. Urinary tract infec-
tions and the uncircumcised state: an up-
date. Clin Pediatr (Phila). 1993;32(3):
130–134

22. Wiswell TE, Smith FR, Bass JW. Decreased
incidence of urinary tract infections in cir-
cumcised male infants. Pediatrics. 1985;
75(5):901–903

23. Ginsburg CM, McCracken GH Jr. Urinary
tract infections in young infants. Pediatrics.
1982;69(4):409–412

24. Craig JC, Knight JF, Sureshkumar P, Mantz
E, Roy LP. Effect of circumcision on inci-
dence of urinary tract infection in pre-
school boys. J Pediatr. 1996;128(1):23–27

25. Levine DA, Platt SL, Dayan PS, et al. Risk of
serious bacterial infection in young fe-
brile infants with respiratory syncytial vi-
rus infections. Pediatrics. 2004;113(6):
1728–1734

26. Roberts KB, Charney E, Sweren RJ, et al. Uri-
nary tract infection in infants with unex-
plained fever: a collaborative study. J Pedi-
atr. 1983;103(6):864–867

27. Gorelick MH, Hoberman A, Kearney D, Wald
E, Shaw KN. Validation of a decision rule
identifying febrile young girls at high risk
for urinary tract infection. Pediatr Emerg
Care. 2003;19(3):162–164

28. Gorelick MH, Shaw KN. Clinical decision rule
to identify febrile young girls at risk for uri-
nary tract infection. Arch Pediatr Adolesc
Med. 2000;154(4):386–390

29. Shaw KN, Gorelick M, McGowan KL, Yakscoe
NM, Schwartz JS. Prevalence of urinary
tract infection in febrile young children in
the emergency department. Pediatrics.
1998;102(2). Available at: www.pediatrics.
org/cgi/content/full/102/2/e16

30. Shaikh N,Morone NE, Lopez J, et al. Does this
child have a urinary tract infection? JAMA.
2007;298(24):2895–2904

31. Powell HR, McCredie DA, Ritchie MA. Urinary
nitrite in symptomatic and asymptomatic
urinary infection. Arch Dis Child. 1987;62(2):
138–140

32. Kunin CM, DeGroot JE. Sensitivity of a nitrite
indicator strip method in detecting bacteri-
uria in preschool girls. Pediatrics. 1977;
60(2):244–245

33. Hoberman A, Wald ER, Reynolds EA, Pen-
chansky L, Charron M. Is urine culture nec-
essary to rule out urinary tract infection in
young febrile children? Pediatr Infect Dis J.
1996;15(4):304–309

34. Herr SM, Wald ER, Pitetti RD, Choi SS. En-
hanced urinalysis improves identification
of febrile infants ages 60 days and younger
at low risk for serious bacterial illness. Pe-
diatrics. 2001;108(4):866–871

35. Kunin C. A ten-year study of bacteriuria in
schoolgirls: final report of bacteriologic,
urologic, and epidemiologic findings. J In-
fect Dis. 1970;122(5):382–393

36. Kemper K, Avner E. The case against screen-
ing urinalyses for asymptomatic bacteri-
uria in children. Am J Dis Child. 1992;146(3):
343–346

37. Wald E. Genitourinary tract infections: cysti-
tis and pyelonephritis. In: Feigin R, Cherry
JD, Demmler GJ, Kaplan SL, eds. Textbook of
Pediatric Infectious Diseases. 5th ed. Phila-
delphia, PA: Saunders; 2004:541–555

38. Mayo S, Acevedo D, Quiñones-Torrelo C,
Canós I, Sancho M. Clinical laboratory auto-
mated urinalysis: comparison among auto-
mated microscopy, flow cytometry, two test
strips analyzers, and manual microscopic
examination of the urine sediments. J Clin
Lab Anal. 2008;22(4):262–270

39. Kass E. Asymptomatic infections of the uri-
nary tract. Trans Assoc Am Phys. 1956;69:
56–64

40. Hoberman A, Wald ER, Reynolds EA, Pen-
chansky L, Charron M. Pyuria and bacteri-
uria in urine specimens obtained by cathe-
ter from young children with fever. J
Pediatr. 1994;124(4):513–519

41. Downs SM. Technical report: urinary tract infec-
tions in febrile infants and young children. Pedi-
atrics. 1999;103(4). Availableat:www.pediatrics.
org/cgi/content/full/103/4/e54

42. Hoberman A, Wald ER, Hickey RW, et al. Oral
versus initial intravenous therapy for uri-
nary tract infections in young febrile chil-
dren. Pediatrics. 1999;104(1):79–86

43. Hodson EM, Willis NS, Craig JC. Antibiotics
for acute pyelonephritis in children. Co-
chrane Database Syst Rev . 2007;(4):
CD003772

44. Bloomfield P, Hodson EM, Craig JC. Antibiot-
ics for acute pyelonephritis in children. Co-
chrane Database Syst Rev . 2005;(1):
CD003772

45. Hoberman A, Charron M, Hickey RW, Baskin
M, Kearney DH, Wald ER. Imaging studies af-
ter a first febrile urinary tract infection in
young children. N Engl J Med. 2003;348(3):
195–202

46. Jahnukainen T, Honkinen O, Ruuskanen O,
Mertsola J. Ultrasonography after the first
febrile urinary tract infection in children.
Eur J Pediatr. 2006;165(8):556–559

47. Economou G, Egginton J, Brookfield D. The
importance of late pregnancy scans for re-
nal tract abnormalities. Prenat Diagn. 1994;
14(3):177–180

48. Roberts J. Experimental pyelonephritis in
the monkey, part III: pathophysiology of ure-

608 FROM THE AMERICAN ACADEMY OF PEDIATRICS
 at Univ Of British Columbia on October 18, 2011pediatrics.aappublications.orgDownloaded from 

www.pediatrics.org/cgi/content/full/102/2/e16
www.pediatrics.org/cgi/content/full/102/2/e16
www.pediatrics.org/cgi/content/full/103/4/e54
www.pediatrics.org/cgi/content/full/103/4/e54
http://pediatrics.aappublications.org/


teral malfunction induced by bacteria. In-
vest Urol. 1975;13(2):117–120

49. Smith T, Evans K, Lythgoe MF, Anderson PJ,
Gordon I . Rad iat ion dos imetry of
technetium-99m-DMSA in children. J Nucl
Med. 1996;37(8):1336–1342

50. Ward VL. Patient dose reduction during
voiding cystourethrography. Pediatr Radiol.
2006;36(suppl 2):168–172

51. Pennesi M, Travan L, Peratoner L, et al. Is
antibiotic prophylaxis in children with vesi-
coureteral reflux effective in preventing py-
elonephritis and renal scars? A random-
ized, controlled trial. Pediatrics. 2008;
121(6). Available at: www.pediatrics.org/
cgi/content/full/121/6/e1489

52. Garin EH, Olavarria F, Garcia Nieto V, Valen-
ciano B, Campos A, Young L. Clinical signifi-
cance of primary vesicoureteral reflux and
urinary antibiotic prophylaxis after acute
pyelonephritis: a multicenter, randomized,
controlled study. Pediatrics. 2006;117(3):
626–632

53. Montini G, Rigon L, Zucchetta P, et al. Pro-
phylaxis after first febrile urinary tract in-
fection in children? A multicenter, random-
ized, controlled, noninferiority trial.
Pediatrics. 2008;122(5):1064–1071

54. Roussey-Kesler G, Gadjos V, Idres N, et al.
Antibiotic prophylaxis for the prevention of
recurrent urinary tract infection in children
with low grade vesicoureteral reflux: re-
sults from a prospective randomized study.
J Urol. 2008;179(2):674–679

55. Craig J, Simpson J, Williams G. Antibiotic
prophylaxis and recurrent urinary tract in-
fection in children. N Engl J Med. 2009;
361(18):1748–1759

56. Brandström P, Esbjorner E, Herthelius M,
Swerkersson S, Jodal U, Hansson S. The
Swedish Reflux Trial in Children, part III: uri-
nary tract infection pattern. J Urol. 2010;
184(1):286–291

57. National Institute for Health and Clinical Ex-
cellence.Urinary Tract Infection in Children:
Diagnosis, Treatment, and Long-term

Management: NICE Clinical Guideline 54.
London, England: National Institute for
Health and Clinical Excellence; 2007. Avail-
able at: www.nice.org.uk/nicemedia/live/
11819/36032/36032.pdf. Accessed March
14, 2011

58. Keren R, Carpenter MA, Hoberman A, et al.
Rationale and design issues of the Random-
ized Intervention for Children With Vesi-
coureteral Reflux (RIVUR) study. Pediatrics.
2008;122(suppl 5):S240–S250

59. Jodal U. The natural history of bacteriuria in
childhood. Infect Dis Clin North Am. 1987;
1(4):713–729

60. Eccles MR, Bailey RR, Abbott GD, SullivanMJ.
Unravelling the genetics of vesicoureteric
reflux: a common familial disorder. Hum
Mol Genet. 1996;5(Spec No.):1425–1429

61. Scott JE, Swallow V, Coulthard MG, Lambert
HJ, Lee RE. Screening of newborn babies for
familial ureteric reflux. Lancet. 1997;
350(9075):396–400

FROM THE AMERICAN ACADEMY OF PEDIATRICS

PEDIATRICS Volume 128, Number 3, September 2011 609
 at Univ Of British Columbia on October 18, 2011pediatrics.aappublications.orgDownloaded from 

www.pediatrics.org/cgi/content/full/121/6/e1489
www.pediatrics.org/cgi/content/full/121/6/e1489
www.nice.org.uk/nicemedia/live/11819/36032/36032.pdf
www.nice.org.uk/nicemedia/live/11819/36032/36032.pdf
pediatrics.aappublications.org/
http://pediatrics.aappublications.org/


APPENDIX
Clinical practice guideline algorithm.
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