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CLINICAL SCENARIOS

Case 1

The parents of a 14-month-old female
infant report that she has been fussy
with rectal temperatures of up to 39.8°C
for the past 2 days. Her past medical his-
tory is unremarkable and her immuni-
zations are up to date. She has been tak-
ing fluids without vomiting. On
examination, she appears well and has
no identifiable source for the fever.

Case 2
A 5-year-old boy presents with com-
plaints that “it hurts when I pee.” He
has no other symptoms. On examina-
tion, he is afebrile and circumcised.
In this article, we assess whether cli-
nicians can accurately diagnose uri-
nary tract infections (UTIs) by using in-
formation from the history and physical
examination.

WHY IS THIS QUESTION
IMPORTANT?

Urinary tract infections account for 0.7%
of all pediatric office encounters and5%)

‘ment visits in the United States.' Il not
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Context Urinary tract infection (UTI) is a frequently occurring pediatric illness that,
if left untreated, can lead to permanent renal injury. Accordingly, accurate diagnosis
of UTl is important.

Objective To review the diagnostic accuracy of symptoms and signs for the diag-
nosis of UTI in infants and children.

Data Sources A search of MEDLINE and EMBASE databases was conducted for ar-
ticles published between 1966 and October 2007, as well as a manual review of bib-
liographies of all articles meeting inclusion criteria, 1 previously published systematic
review, 3 clinical skills textbooks, and 2 experts in the field, yielding 6988 potentially
relevant articles.

Study Selection Studies were included if they contained data on signs or symp-
toms of UTI in children through age 18 years. Of 337 articles examined, 12 met all
inclusion criteria.

Data Extraction Two evaluators independently reviewed, rated, and abstracted data
from each article.

Data Synthesis [ninfants with fever, history of a previous UTI (likelihood ratio [LR]
range, 2.3-2.9), temperature higher than 40°C (LR range, 3.2-3.3), and suprapubic
tenderness (LR, 4.4; 95% confidence interval [CI], 1.6-12.4) were the findings most
useful for identifying those with a UTI. Among male infants, lack of circumcision in-
creased the likelihood of a UTI (summary LR, 2.8; 95% Cl, 1.9-4.3); and the presence
of circumcision was the only finding with an LR of less than 0.5 (summary LR, 0.33;
95% Cl, 0.18-0.63). Combinations of findings were more useful than individual find-
ings in identifying infants with a UTI (for temperature >39°C for >48 hours without
another potential source for fever on examination, the LR for all findings present was
4.0;95% Cl, 1.2-13.0; and for temperature <39°C with another source for fever, the
LR was 0.37; 95% Cl, 0.16-0.85). In verbal children, abdominal pain (LR, 6.3; 95%
Cl, 2.5-16.0), back pain (LR, 3.6; 95% ClI, 2.1-6.1), dysuria, frequency, or both (LR
range, 2.2-2.8), and new-onset urinary incontinence (LR, 4.6; 95% Cl, 2.8-7.6) in-
creased the likelihood of a UTI.

Conclusions Although individual signs and symptoms were helpful in the diagnosis
of a UTI, they were not sufficiently accurate to definitively diagnose UTls. Combina-
tion of findings can identify infants with a low likelihood of a UTI.

JAMA. 2007;298(24):2895-2904 www.jama.com

detected and treated promptly, a UTI can
lead to renal scarring, hypertension, and
end-stage renal disease.

Children suspected of having a
UTI should have a urine specimen
collected that is free from contami-
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URINARY TRACT INFECTION

]
Table 1. Pooled Prevalence of UTI in Infants by Age and Sex

Male Infants Female Infants
[ 1 1
<3 mo 3-12mo <3 mo 3-12mo >12-24 mo
No. of studies 8 2 8 2 1
Prevalence of febrile UTI, 8.7 (5.4-11.9) 2.2(1.3-8.1) 7.5(5.1-10.0) 7.2(6.5-8.9) 2.1(1.2-3.6)

% (95% C)

Abbreviations: Cl, confidence interval; UTI, urinary tract infection.

nating flora. This often involves
either catheterization of the urethra
or suprapubic aspiration, both of
which can be viewed as relatively
invasive procedures. Accordingly, it
is important to use all available clini-
cal information to select children
who are likely to benefit from diag-
nostic testing.

Definition of a UTI

Recovery of any organisms from a su-
prapubic specimen, at least 50 000
colony-forming units per milliliter
(CFUs/mL) from a catheterized speci-
men,” or at least 100 000 CFUs/mL from
a clean-catch specimen is considered sig-
nificant bacteriuria. The presence of at
least 10 white blood cells per microli-
ter from an unspun specimen exam-
ined using a counting chamber or at least
5 white blood cells per high power field
from a centrifuged specimen consti-
tutes significant pyuria. The presence of
significant bacteriuria and pyuria in a
symptomatic child constitutes a UTL
Common uropathogens include Esch-
erichia coli (accounting for approxi-
mately 85% of UTIs in children), Kleb-
siella, Proteus, Enterobacter, Citrobacter,
Staphylococcus saprophyticus, and En-
terococcus. Positive cultures obtained
using perineal bags are more likely to
represent contamination than a true
UTI.? A UTI can involve the kidney pa-
renchyma (pyelonephritis), the blad-
der (cystitis), or both.

Differential Diagnosis

Infants (herein defined as ages 0-24
months) can present with fever as the
sole manifestation of a UTL.*> Among
febrile infants with no other identifi-
able potential source for fever on
physical examination (eg, acute otitis
media, acute gastroenteritis, upper

2896 JAMA, December 26, 2007—Vol 298, No. 24 (Reprinted)

respiratory tract infection), the differ-
ential diagnosis frequently includes
viral infection, UTI, and occult bacter-
emia. The probability of UTI (7%)°
exceeds the probability of occult bac-
teremia among fully immunized chil-
dren (<1%).78

Among verbal children (2-18
years) with urinary symptoms, the
differential diagnosis includes uri-
nary calculi, urethritis, sexually
transmitted infection, dysfunctional
elimination,’ and diabetes. In girls,
the differential also includes nonspe-
cific vulvovaginitis and the presence
of a vaginal foreign body.

Prevalence of a UTI

The prevalence of a UTI among chil-
dren with symptoms suggestive of a UTI
can be used as an estimate of baseline
risk. In a meta-analysis,® we deter-
mined the pooled prevalence of UTI in
children by age and sex from 18 pedi-
atric studies. Among infants present-
ing with fever without an identifiable
source on examination, the overall
prevalence of a UTI was 7.0% (95% con-
fidence interval [CI], 5.5%-8.4%), but
varied from 2.1% to 8.7% based on age
and sex (TABLE 1). Among verbal chil-
dren with urinary symptoms, the preva-
lence of UTI was 7.8% (95% CI, 6.6%-
8.9%).

Examination for the Symptoms
and Signs of a UTI

The duration and height of fever should
be ascertained. Temperatures higher
than 38.0°C are considered significant
and temperatures higher than 39.0°C
are usually regarded as high fever. In
verbal children, the presence of dys-
uria (painful urination), frequency, ur-
gency, incontinence, fever, abdominal
pain, suprapubic discomfort, back pain,

and vaginal/penile discharge should be
elicited.

Children should be examined
thoroughly to determine whether a
source can be found to explain the
fever. The external genitalia should
be carefully examined to rule out any
gross anatomic abnormalities, skin
lesions, frank discharge, or foreign
body. In male infants and children,
circumcision status should be noted.
Suprapubic tenderness, which sug-
gests cystitis, should be assessed by
palpation over the suprapubic region
while the patient is supine. Costover-
tebral angle tenderness, which sug-
gests upper urinary tract involve-
ment (pyelonephritis), is assessed
with the patient in the sitting posi-
tion. The angle formed by the junc-
tion of the lower edge of the rib cage
and the vertebra is firmly tapped
with the side of the hand.

METHODS

We searched the medical literature to
determine the accuracy and precision
of clinical examination in children sus-
pected of having an acute sympto-
matic UTI. We searched MEDLINE and
EMBASE databases for articles pub-
lished between 1966 and October 2007,
with a search strategy similar to that
used by other authors in this series.
Search terms included urinary tract in-
fection, cystitis, pyelonephritis, diaghos-
tic tests, physical examination, sensitiv-
ity, specificity, prevalence, incidence,
circumcision, irritability, suprapubic ten-
derness, vomiting, diarrhea, frequency,
dysuria, incontinence, pain, costoverte-
bral tenderness, fever, pyrexia, leth-
argy, symptoms, signs, physical exami-
nation, and medical history taking
(FIGURE 1). This computerized search
was supplemented with a manual re-
view of bibliographies of all articles
meeting inclusion criteria, 1 previ-
ously published systematic review,’ 3
commonly used clinical skills text-
books, and contact with 2 experts in the
field. Two of the authors (N.S. and J.L.)
independently screened the titles and
abstracts (when available) of the search
results. Full-text articles that could con-
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tain data regarding signs and symp-
toms of UTI were retrieved. Two of the
authors (N.S. and N.E.M.) indepen-
dently reviewed, rated, and abstracted
data from each article.

We applied explicit a priori inclu-
sion and exclusion criteria. Articles
were included if they contained
original prospective data on the
accuracy or precision of history or
physical examination findings in
diagnosing acute culture-proven UTI
in children through age 18 years.
Articles in languages other than
English that met our inclusion crite-
ria were translated to English and
reviewed as above. Articles were
excluded that only evaluated adults.
In an effort to focus on the signs and
symptoms of UTI in the general pedi-
atric population, we excluded studies
that enrolled only a narrow spectrum
of children with UTI. Thus, studies
that enrolled only children with
asymptomatic bacteriuria (bacteri-
uria without pyuria or symptoms) or
children in high-risk subgroups (se-
verely malnourished, premature,
sexually abused, and those with geni-
tourinary or neurological abnormali-
ties or with nosocomial infections)
were excluded. We also excluded
articles in which inclusion was based
on the presence of symptomatic ill-
nesses other than UTI or fever (fe-
brile seizures, infectious diarrhea,
bronchiolitis). Case series (<10
patients) and case-control studies
were excluded. Articles that con-
tained insufficient or incomplete data
to allow calculation of likelihood
ratios (LRs) for signs or symptoms of
acute UTI were excluded.

Because bedside tests are often used
to confirm the diagnosis of UTI, a sec-
ond objective was to demonstrate how
to integrate information from the pa-
tient’s signs and symptoms with infor-
mation from the urinalysis. Accord-
ingly, we searched for articles
examining the role of bedside urinaly-
sis in the diagnosis of UTI. A recent
high-quality meta-analysis was found
that examined the accuracy of urinaly-
sis in diagnosing UTI in children.'®!"

©2007 American Medical Association. All rights reserved.

Quality Assessment

of Included Articles

Two authors (N.S. and N.E.M.) inde-
pendently assessed the methodologi-
cal quality of the included articles using
criteria adapted from other authors in
this series. Disagreements were re-
solved by discussion. Level 1 articles in-
cluded those with an independent blind
comparison of signs or symptoms with
areference standard (positive urine cul-
ture from a suprapubic, catheterized,
or midstream specimen) among a large
number (=200) of consecutive pa-
tients suspected of having a UTI. Level
2 articles were similar to level 1 stud-
ies but included a smaller number of
patients (<200). Level 3 studies were
similar to level 1 and level 2 studies ex-
cept that enrollment of patients was not
consecutive. In level 4 studies, in ad-
dition to the selection bias present in
level 3 studies, the sample was further
restricted to the obvious presenta-
tions of the target condition. Level 5
studies were similar to level 4 studies
but used a reference standard of un-
certain validity.

Data Analysis

We used published data from the re-
ported studies that met our inclusion
criteria to calculate summary LRs. Five
authors provided us with additional raw
data from their studies (see “Addi-
tional Contributions” section).

Eight studies enrolled infants aged O
to 24 months who presented with fe-
ver. Of these, 4 enrolled only young in-
fants (0-3 months). Except for ill ap-
pearance, all the other signs and
symptoms had LRs that were similar
across studies that enrolled younger and
older infants. Accordingly, we pooled
LRs across all 8 studies for all findings
except ill appearance.

Two studies enrolled mostly verbal
children with urinary symptoms. Al-
though some infants were included in
these studies, only data on genitouri-
nary symptoms were reported. Data
from these studies were grouped and
analyzed together.

Two of the smaller studies included
almost equal proportions of infants and

URINARY TRACT INFECTION

]
Figure 1. Flow Diagram Outlining the Study
Selection Process

6988 Articles identified
5587 in MEDLINE
1401 in EMBASE

6651 Articles excluded based
on title and abstract

‘ 337 Articles retrieved

325 Articles excluded
168 No data on signs and
symptoms
101 Insufficient data to
calculate likelihood ratios
25 Restricted spectrum of
B patients
13 Trials involving adults
8 Case series
4 Case-control studies
2 Asymptomatic bacteriuria
2 Duplicate data
2 Level 5 studies

‘ 12 Articles included in analysis ‘

verbal children.'>"> We allocated data
from these studies based on the find-
ing being evaluated; symptoms of ab-
dominal pain and foul-smelling urine
were placed with data from verbal chil-
dren, and irritability, vomiting, diar-
rhea, and jaundice were grouped with
data from infants.

A random effects model was used to
generate conservative summary mea-
sures when data on the sign or symp-
tom was available from 3 or more stud-
ies. MetaWin version 2.0 (Sinauer
Associates, Sunderland, Massachu-
setts) was used for the data analysis. In
the development of algorithms, we
chose a cutoff of 2% as the threshold
probability that would trigger further
diagnostic testing. This value was based
on a previous survey of practicing pe-
diatricians® and our clinical judg-
ment. The posterior probabilities of UTI
were calculated from the prevalence and
LR using Bayes theorem.

RESULTS

Study Characteristics

From 6988 articles identified through
our iterative search strategy, 337 were
not excluded based on the title or
abstract. We retrieved and reviewed

(Reprinted) JAMA, December 26, 2007—Vol 298, No. 24 2897

Downloaded from jama.ama-assn.org at Centre Hospitalier Universitaire on June 19, 2011


http://jama.ama-assn.org/

URINARY TRACT INFECTION

the full text of these articles. Twelve
articles met all inclusion criteria
(TABLE 2).*71221 We excluded 2 level
5 studies.”** A total of 8837 children
through age 15 years were included in
these studies. Studies were published
between 1973 and 2006. Fever was
the main inclusion criterion in all
studies that enrolled infants. The
remainder of the studies, all of older
children, used a comprehensive list of
signs and symptoms; children with
any of these signs or symptoms were
included. The pooled prevalence of
UTI in the 12 included studies was
7.5% (95% CI, 7.0%-8.1%). All stud-
ies included in the analysis were level
1 to level 4.

Urine cultures were obtained by
bladder catheterization or by suprapu-
bic aspiration in the majority of stud-
ies, but a clean-catch specimen or
midstream sample was used in 4 stud-

ies that included children older than 2
years. In 2 studies,®?! bag specimens
were used in infants as the initial test
for UTL In both studies, positive bag
urine cultures were then confirmed
by suprapubic aspiration. In 2 other
studies,'®'® up to 25% of the positive
urine specimens were obtained using
a bag collected specimen without sub-
sequent confirmation. We included
these studies and examined the over-
all results with and without these
studies. Because little difference was
observed in the pooled results, we
opted to include them in our final
analyses. Some of the older articles
used a cutoff of 10000 CFUs/mL
(rather than 50000 CFUs/mL) to
define a UTI. We decided to include
these articles because the majority of
cultures with more than 10000
CFUs/mL are likely to also have more
than 50000 CFUs/mL.* All studies

used a threshold of at least 10*
CFUs/mL for specimens collected by
catheterization and at least 10°
CFUs/mL for clean-catch specimens.

Precision of Symptoms and Signs
One study quantified agreement be-
tween the examining physician and the
study nurse on historical information
and examination findings, by having
each patient evaluated by both.'” Agree-
ment between 200 physician/nurse pairs
for historical or physical examination
findings, measured by the k statistic,
was fair to good (duration of fever,
k=0.75; any urinary symptoms,
k=0.31; past history, k=0.57; supra-
pubic tenderness, k=0.38; and ill ap-
pearance, k=0.38).2%»

Accuracy of Symptoms and Signs

Febrile Infants Aged 0 to 24 Months.
For accuracy of symptoms, a history of

]
Table 2. Studies Used to Determine the Accuracy of Clinical History and Physical Examination

No. of Patients Prevalence

Source Quality Level®  Setting ~ With Urine Culture  Age Range Inclusion Criteria  Method of Urine Collection of UTI, %

Hsiao et al,” 1 ED 424 57-180d Fever (=38.0°C) Urethral catheterization, 9.7
2006 suprapubic aspiration

Chen and 3 ED 465 1-24 mo Fever (=38.0°C) Urethral catheterization, 13.8
Baker, (Nonconsecutive) suprapubic aspiration, bag
2006 specimen (<3% by bag)

Zorc et al,”® 1 ED 1005 <2mo Fever (=38.0°C)  Urethral catheterization or 9.1
2005 suprapubic aspiration

Musa-Aisien et 1 ED 300 1-60 mo Fever (=38.0°C)  Clean-catch specimen, 8.7
al,'? 2003 suprapubic aspiration

Struthers et al,® 2 Office 110 <6y Symptoms of UTI  Clean-catch specimen, 6.4
2003 suprapubic aspiration

Newman et al,'® 4 Office 1608 =3mo Fever (=38.0°C) Urethral catheterization, 10.4
2002P (Nonconsecutive, suprapubic aspiration,

up to 25% of clean-catch specimen,
urine from bag) bag specimen

Shaw et al,'” 1 Office 2411 Female <2y Fever (=38.5°C)  Urethral catheterization 3.3
1998 Male <1y

Hoberman et 1 ED 945 <1y Fever (=38.3°C)  Urethral catheterization 5.3
al,* 1993¢

Crain and 3 (Upto25%of ED 442 <8 wk Fever (=38.1°C)  Urethral catheterization, 7.5
Gershel,® urine from bag) suprapubic aspiration,
1990 bag specimen

Krober et al,™ 2 Office 182 <3mo Fever (=38.0°C)  Urethral catheterization 11.0
1985

Dickinson,?° 2 Office 156 <15y Symptoms of UTI  Clean-catch or bag specimens, 9.0
1979 then suprapubic aspiration

Heale et al,?' 1 ED/office 789 <15y Symptoms of UTI  Clean-catch or bag specimens, 9.1
1973 then suprapubic aspiration

Abbreviations: ED, emergency department; UTI, urinary tract infection.
2Methodological quality criteria are described in the “Methods” section. Level 2 studies were similar to level 1 studies but had a sample size of less than 200. Reasons for methodological

quality scores lower than level 2 are shown in parentheses.

IDAI'(hough urine cultures were obtained at the physician’s discretion, in multivariate analysis only finding (height of fever) increased the odds of obtaining UTI. Accordingly, enrollment was
largely independent of the signs and symptoms examined in this article. However, for the reasons mentioned in the table, level 4 was assigned.

CEmergency department physicians identified children at risk for UTI based on their clinical suspicion. Investigators approached the remainder of febrile patients who presented during the
daytime hours and asked for permission to obtain a catheterized urine specimen. Because enrollment was largely consecutive, level 1 was assigned.
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UTI (LR range, 2.3-2.9) and a tem-
perature higher than 40°C (LR range,
3.2-3.3) were the findings most useful
for identifying those infants with a
UTI (TABLE 3). A temperature higher
than 39°C (summary LR, 1.4; 95% ClI,
1.2-1.7) and fever duration of more
than 24 hours (LR, 2.0; 95% CI, 1.4-
2.9) also increased the probability of
UTI but were less useful. Children of
nonblack race are at increased risk for
a UTI (summary LR, 1.4;95% CI, 1.1-
1.8). The relationship between race
and UTI could be confounded by dif-
fering circumcision rates among racial
groups. To control for the potential
effect of circumcision on the relation-
ship between race and UTI, we
obtained data from the authors of the
6 articles*”'*'7 that included data on
race and UTI. The relationship
between race and UTI persisted even
among female infants (positive and
negative LRs for nonblack and black
female infants were 1.3 [95% CI, 1.1-
1.6] and 0.63 [95% CI, 0.41-0.79],
respectively). Vomiting, diarrhea, poor
feeding, and irritability had both posi-
tive and negative LRs with Cls over-
lapping 1.00 and are therefore @8 use-
ful in screening for UTL

For accuracy of signs, the presence
of suprapubic tenderness (LR, 4.4;95%
CI, 1.6-12.4) and the lack of circumci-
sion (summary LR, 2.8; 95% CI, 1.9-
4.3) were the findings most useful in
the diagnosis of UTI (TABLE 4). (The

The

presence of circumcision was the only
finding that had an LR of less than 0.5
(summary LR, 0.33; 95% CI, 0.18-
0.63) and was the most useful finding
for identifying male infants who were
less likely to have a UTI.
Combination of signs and symp-
toms were more useful than individual
findings in identifying children with a
UTI (TABLE 5). The presence of high
and prolonged fever (>39°C for >48
hours) in the absence of another source

for fever on examination increased the
probability of a UTI (LR, 4.0; 95% CI,
1.2-13.0). The combination of a tem-
perature less than 39°C and the pres-
ence of a potential source for fever (eg,
upper respiratory tract infection) was
particularly useful (LR, 0.37; 95% CI,
0.16-0.85), especially in a black infant
(LR, 0.19). The latter value was used
to calculate the posttest probabilities in
FIGURE 2 and FIGURE 3 for children
with no risk factors for UTL

URINARY TRACT INFECTION

Verbal Children. For accuracy of
symptoms, the presence of abdomi-
nal pain (LR, 6.3; 95% CI, 2.5-16.0),
back pain (LR, 3.6; 95% CI, 2.1-6.1),
dysuria, frequency, or both
(LR range, 2.2-2.8), and new-onset
urinary incontinence (LR, 4.6; 95%
ClI, 2.8-7.6) increased the likelihood
of a UTI (TABLE 6). Because the
negative LRs for all studied symp-
toms were more than 0.60, and often
approached 1.00, the absence of indi-

]
Table 3. Diagnostic Accuracy of UTI Symptoms Among Infants Aged O to 24 Months

Positive Likelihood Ratio

Negative Likelihood Ratio

Symptoms by Source (95% ClI) (95% ClI)
Hsiao et al,” 2006 1.3(1.2-1.4) 0.05 (0-0.79)
Chen and Baker,'* 2006 1.2(1.1-1.9) 0.28 (0.11-0.74)
Zorc et al,'® 2005 1.0 (0.9-1.1) 0.96 (0.63-1.45)
Newman et al,'® 2002 1.1(1.1-1.2) 0.35(0.18-0.67)
Shaw et al,’” 1998 3.0 (2.4-3.9) 0.63 (0.51-0.77)
Hoberman et al,* 1993 1.3(1.0-1.5) 0.66 (0.42-1.04)
Summary @a1.1-1.8) 0.52 (0.29-0.73)
History of prior UTI
Shaw et al,’” 1998 2.9(1.2-7.1) 0.95 (0.89-1.02)
Hoberman et al,* 1993 2.3(0.3-17.4) 0.97 (0.89-1.07)
Zorc et al,™® 2005 2.0 (1.4-2.6) 0.78 (0.66-0.91)
Newman et al,'® 2002 1.6 (1.3-1.9) 0.81(0.71-0.92)
Shaw et al,’” 1998 1.2(1.1-1.9) 0.64 (0.42-0.98)
Hoberman et al,* 1993 1.2 (1.0-1.5) 0.66 (0.41-1.06)
Summary @21.2-1.7) 0.78 (0.65-0.81)
Hoberman et al,* 1993 -1 .3-8.3) 0.66 (0.35-1.25)
Krober et al,' 1985 @82(0.7-15.6) 0.93 (0.80-1.08)
Newman et al,’® 2002 @20)(1.4-2.9) 0.90 (0.83-0.97)
Prolonged fever for >48 h
Shaw et al,’” 1998 1.3(0.8-1.9) 0.95 (0.85-1.06)
Vomiting
Musa-Aisien et al,'? 20032 0.43 (0.15-1.26) 1.2(1.0-1.4)
Newman et al,'® 2002 0.85 (0.58-1.23) 1.03 (0.96-1.10)
Hoberman et al,* 1993 1.1 (0.6-1.9) 0.96 (0.68-1.35)
Summary 0.89 (0.43-1.25) 1.07 (0.88-1.21)
Diarrhea
Musa-Aisien et al,'? 20032 0.93(0.31-2.82) 1.01(0.87-1.17)
Hoberman et al,* 1993 0.64 (0.32-1.26) 1.3(1.0-1.7)
Poor feeding
Musa-Aisien et al,'? 20032 0.75 (0.10-5.50) 1.01 (0.93-1.10)
Newman et al,'® 2002 0.98 (0.79-1.21) 1.01(0.89-1.14)
Hoberman et al,* 1993 1.00 (0.72-1.39) 1.00 (0.54-1.84)
Summary 0.99 (0.75-1.00) 1.01 (0.99-1.01)
Irritability
Musa-Aisien et al,'? 20032 1.8 (0.2-14.0) 0.98 (0.91-1.06)
Hoberman et al,* 1993 0.94 (0.72-1.23) 1.26 (0.52-3.04)

Abbreviations: Cl, confidence interval; UTI, urinary tract infection.
2Included children older than 24 months (median age, 18 months).
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URINARY TRACT INFECTION

vidual symptoms does not substan-
tially reduce the likelihood of a UTI.
Offensive urine odor had both posi-
tive and negative LRs that crossed
1.00 and is therefore not useful in
the diagnosis of a UTL

For accuracy of signs, we found no
data regarding the diagnostic value of

individual signs, or combination of find-
ings, in verbal children.

COMMENT

In evaluating pediatric patients with fe-
ver or signs and symptoms suggestive
of a UTI, the practitioner needs to de-
termine the probability of a serious in-

|
Table 4. Diagnostic Accuracy of Urinary Tract Infection Signs Among Infants Aged 0 to 24

Months

Positive Likelihood Ratio Negative Likelihood Ratio

Signs by Source

(95% CI) (95% ClI)

Il appearance (infants <3 mo)
Zorc et al,’ 2005

0.59 (0.22-1.59)

1.038 (0.99-1.08)

Newman et al,'® 2002 1.1(0.9-1.3) 0.95 (0.84-1.08)
Il appearance (infants 3-24 mo)

Shaw et al,’” 1998 1.9(1.5-2.4) 0.68 (0.53-0.88)
Jaundice

Musa-Aisien et al,’> 20032 @21(0.3-17.4) 0.98 (0.91-1.06)
Suprapubic tenderness

Shaw et al,”” 1998 @4 (1.6-12.4) 0.96 (0.90-1.01)
No other source for fever on examination®

Newman et al,'® 2002 1.1(1.0-1.2) 0.55 (0.35-0.86)

Shaw et al,’” 1998 1.8(1.3-2.5) 0.80 (0.68-0.95)

Hoberman et al,* 1993 1.4 (1.2-1.8) 0.60 (0.40-0.91)

Summary @4 1.1-1.8) 0.69 (0.55-0.80)
Uncircumcised male infants

Hsiao et al,” 2006 4.4 (3.2-6.3) 0.13 (0.03-0.49)

Zorc et al,’® 2005 1.9(1.7-2.2) 0.17 (0.08-0.36)

Newman et al,'® 2002 3.3(2.7-4.0) 0.35 (0.23-0.54)

Shaw et al,” 1998 4.1 (2.2-7.5) 0.69 (0.58-0.82)

Hoberman et al,* 1993 3.3(1.3-8.3) 0.66 (0.35-1.25)

Crain and Gershel,'® 1990 1.7 (1.3-2.2) 0.35 (0.14-0.86)

Summary 258(1.9-4.3) 0.33 (0.18-0.63)

Abbreviation: Cl, confidence interval.

@|ncluded children older than 24 months (median age, 18 months).
P Other source for fever included illnesses such as upper respiratory tract infection, acute otitis media, and acute gas-

troenteritis.

Table 5. Likelihood Ratios for Combination of Signs and Symptoms in Infants Aged O to 24

Months?
Positive Likelihood Ratio
Source Symptom Combination (95% ClI)
Shaw et al,”” 1998 Temperature fol in a child @0 (1.2-13.0)
with
Shaw et al,”” 1998 Tempermg‘nild @886 (1.4-8.8)
with
Shaw et al,”” 1998 Temperature in a child with ({6) 20(1.8-2.4)
Hoberman et
al,* 1993¢
Shaw et al,'” 1998 Temperature >39°C for >48 h 1.7 (0.9-2.9)
Hoberman et al,* 10.86 (0.50-1.47)

0.37 (0.16-0.85)

1993
Hoberman et al,* Temperature <39°C in a child with a
1993 potential source for fever

Abbreviation: Cl, confidence interval.

2Assuming that race and symptoms are independent, the likelihood ratio for black and nonblack children can be ob-
tained by multiplying the above likelihood ratios by 0.52 and 1.40, respectively.
P Other potential sources for fever included illnesses such as upper respiratory tract infection, acute otitis media, and

acute gastroenteritis.
CBased on combined data from both studies.
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fection. In our review, we provided
practitioners with tools to more accu-
rately estimate the probability of UTI
in their patients.

Role of Baseline Risk

in Diagnosing UTI

In the evidence-based approach, the
clinical encounter starts with the esti-
mation of the pretest probability fol-
lowed by the application of 1 or more
diagnostic tests to determine posttest
probability. The pretest probability can
be estimated from the prevalence of the
condition in a population (Table 1).

Role of Symptoms and Signs

in Diagnosing UTI

Although certain signs and symptoms
(high fever, fever >24 hours, history
of a previous UTI, abdominal pain,
nonblack race, lack of circumcision,
back pain, dysuria, frequency, new-
onset urinary incontinence, suprapu-
bic tenderness, and absence of another
source of fever on examination)
increase the probability of UTI, fione

For
example, the probability of UTI in a
child with dysuria (LR, 2.4) is still
only approximately 17%. Accordingly,
in children, empirical treatment with-
out further evaluation would no doubt
lead to overuse of antibiotics. Simi-
larly, none of the signs or symptoms
alone had a sufficiently small enough
negative LR to allow clinicians to con-
fidently rule out UTI. Nevertheless, in
a child with a low baseline probability
of UTI, the absence of several key risk
factors in combination can decrease
the probability of UTI to a point where
routine diagnostic testing would no
longer be indicated.

Race represents an important factor
in determining risk of UTI. Although
earlier articles highlighted the in-
creased risk of UTI among white in-
fants, recent articles indicate that the
prevalence of UTI among Asian and
Hispanic infants is similar to that of
white infants.”!* Black infants have
much lower rates of UTI. We there-
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fore chose to categorize race as black
and nonblack.

Use of Dipstick Urinalysis

in Diagnosing UTI

Dipstick urinalysis supplements
clinical information and helps
answer the question of whether a
child has a UTI. Because delay in
treatment has been associated with
renal scarring, urinalysis test results
should be used to determine whether
antimicrobial therapy needs to be ini-
tiated immediately.

The most sensitive and specific uri-
nalysis method available—the en-
hanced urinalysis—involves micro-
scopic examination of an uncentrifuged
specimen using a counting chamber.*

Use of this more sensitive and specific
test' will minimize inappropriate treat-
ment. However, if an enhanced uri-
nalysis cannot be obtained, dipstick test
results may be used to guide treat-
ment decisions.

A recent meta-analysis of 70 pediat-
ric studies provides information on the
accuracy of dipstick urinalysis.' A dip-
stick test negative for both nitrite and
leukocyte esterase had an LR of 0.20

(95% CI, 0.16-0.26). (ANdipstickitesy
positive for either nitrite or leukocyte
esterase had an[ER©OF6.1)(95% CI, 4.3-
8.0). A dipstick test positive for both
nitrites and leukocytes had an LR of 28

(95% CI, 17-46).

URINARY TRACT INFECTION
ccordingly, ilaipositivedips

stick test result is obtained, itishould
always be followed up with a confir-
(matory urine culture This will allow
one to differentiate between a false-
positive dipstick test result and a true
UTI, and this information will help

guide treatment and diagnostic imaging
decisions.

Approach to Febrile Infants
Younger Than 3 Months

Infants younger than 3 months with
a UTI generally present with fever.
The prevalence of UTI in this age
group in both male and female
infants is high. Furthermore, infants

Figure 2. Diagnostic Algorithm for Febrile Male Infants Aged 3 to 24 Months Suspected of Having a UTI

Febrile'/male infant aged 3 to 24 mo with
no known urinary tract abnormalities

Probability of UTI ~2%
I

'

Uncircumcised
LR=2.8
Probability of UTI ~6%

!

EDUTI risk factors
listed below?

History of UTI
Temperature >39°C

Fever without an apparent

source
Il appearance
Suprapubic tenderness
Fever >24 h
Nonblack race

Yes

'

Circumcised
LR=0.33
Probability of UTI ~1%

No

Probability of UTI

Probability of UTI

!

=2 UTI risk factors
listed below or
suprapubic tenderness?

History of UTI

Temperature >39°C

Fever without an apparent
source

Ill appearance

Fever >24 h

Nonblack race

Yes

Probability of UTI Probability of UTI

~10% to 25%

<2%

'

'

Obtain urinalysis and
urine culture

Clinical follow-up in
24 h to reassess
risk of UTI

'

'

~2% to 4%

<2%

'

'

Obtain urinalysis and
urine culture

Clinical follow-up in
24 h to reassess
risk of UTI

'

'

Urine dipstick nitrite
and leukocyte
esterase negative

LR=0.2
Probability of UTI
~2% to 6%

Urine dipstick nitrite
or leukocyte
esterase positive

LR=6
Probability of UTI
~40% to 66%

Urine dipstick nitrite
and leukocyte
esterase positive

LR =28
Probability of UTI
~75% to 90%

Urine dipstick nitrite
and leukocyte
esterase negative

LR=0.2
Probability of UTI
<2%

Urine dipstick nitrite
or leukocyte
esterase positive

LR=6
Probability of UTI
~15% to 34%

Urine dipstick nitrite
and leukocyte
esterase positive

LR =28
Probability of UTI
~46% to 71%

UTI indicates urinary tract infection; LR, likelihood ratio.
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URINARY TRACT INFECTION

with a UTI are more likely than older
children to have bacteremia, sepsis,
and congenital genitourinary anoma-
lies. Isolation of the causative organ-
ism is essential in establishing the
correct diagnosis, selecting the
proper antimicrobial, and determin-
ing the appropriate length of treat-
ment. Accordingly, urinalysis and
culture should be considered for all
febrile infants younger than 3
months.

Approach to Febrile Male Infants
Aged 3 to 24 Months

Febrile uncircumcised male infants
aged 3 to 24 months are at relatively
high risk for UTI (probability of
UTI, approximately 6%), and catheter-
ization should be considered when
risk factors for UTI are present
(Figure 2).

Febrile circumcised male infants aged
3 to 24 months with a UTI are at low
risk for UTI (probability of <1%), and
catheterization should be considered
when 2 or more signs or symptoms of
UTI are present (Figure 2).

Approach to Febrile Female Infants
Aged 3 to 24 Months

Febrile (Sl infants aged 3 to 12
months with no obvious source for
fever on examination have a rela-
tively high risk of UTI (pretest prob-
ability of approximately 7%)
(Figure 3). Although clinical findings
increase the probability of UTI (to
10%-25%), the presence of these
findings, individually or in combina-
tion, does not rule in the diagnosis.
Although the absence of individual
findings was not helpful in ruling out
UTI, combination of findings can

identify infants with a low likelihood
of UTL

Although febrile female infants aged
12 to 24 months are at lower risk for
UTIL, the presence of any risk factor in-
creases the probability enough to war-
rant further diagnostic testing
(Figure 3).

Approach to Verbal Children

In circumcised male children with non-
specific signs or symptoms (eg, vom-
iting, diarrhea, chronic enuresis), rou-
tine diagnostic testing is not warranted
(FIGURE 4). The probability that such
a child has a UTI is less than 1%. Cir-
cumcised male children with several
specific symptoms of UTI (abdominal
pain, back pain, dysuria, frequency,
high fever, or new-onset inconti-
nence) should have a urine specimen
collected for diagnostic testing and re-

Figure 3. Diagnostic Algorithm for Febrile Female Infants Aged 3 to 24 Months Suspected of Having a UTI

no known urinary tract abnormalities
I

[Febrile-infant aged 3 to 24 mo with]

'

Age <12 mo
Probability of UTI ~7%

i

=1 UTlI risk factors?

History of UTI
Temperature >39°C

Fever without an apparent No

source
Il appearance
Suprapubic tenderness
Fever >24 h

Nonblack race

Yes l

Probability of UTI
~10% to 25%

Probability of UTI

!

Age =12 mo
Probability of UTI ~2%

i

=1 UTl risk factors?

History of UTI

Temperature >39°C

Fever without an apparent No
source

Il appearance

Suprapubic tenderness

Fever >24 h

Nonblack race

Yes l

Probability of UTI Probability of UTI

<2%

'

'

Obtain urinalysis and
urine culture

Clinical follow-up in
24 h to reassess
risk of UTI

'

'

~3% to 8%

<2%

'

'

Obtain urinalysis and
urine culture

Clinical follow-up in
24 h to reassess
risk of UTI

'

1

Urine dipstick nitrite Urine dipstick nitrite

and leukocyte or leukocyte
esterase negative esterase positive
LR=0.2 LR=6

Probability of UTI
~2% to 6%

Probability of UTI
~40% to 66%

Urine dipstick nitrite
and leukocyte
esterase positive

LR =28
Probability of UTI
~75% to 90%

Urine dipstick nitrite
and leukocyte
esterase negative

LR=0.2
Probability of UTI
<2%

Urine dipstick nitrite
or leukocyte
esterase positive

LR=6
Probability of UTI
~15% to 34%

Urine dipstick nitrite
and leukocyte
esterase positive

LR =28
Probability of UTI
~46% to 71%

UTl indicates urinary tract infection; LR, likelihood ratio.
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ceive treatment if the urine culture test
results are positive.

Female and uncircumcised male chil-
dren with symptoms suggestive of uri-
nary tract involvement have a baseline
UTI probability of approximately 8%.°
When these children present with spe-
cific signs or symptoms of UTI, a urine
specimen should be obtained for dip-
stick testing. Initial management can be
guided based on dipstick test result. If
positive, a confirmatory urine culture
is recommended to guide future man-
agement decisions.

Limitations

The first limitation relates to how data
were pooled. Two articles contained
data from both infants and verbal chil-
dren. We pooled data from these ar-
ticles with data from articles that in-
cluded only infants or only verbal
children. A second limitation was the
lack of specificity regarding how the

signs and symptoms were defined or
elicited in the original articles. Fi-
nally, although nonblack race was as-
sociated with UTI, because of the po-

URINARY TRACT INFECTION

tential risk for confounding and the
uncertainties in race labeling, more re-
search is needed to determine the im-
pact of race on UTI risk.

]
Table 6. Diagnostic Accuracy of Urinary Tract Infection Symptoms Among Verbal Children

Positive Likelihood Ratio Negative Likelihood Ratio

Source Symptoms (95% Cl) (95% Cl)

Musa-Aisien et Abdominal pain 6.8/(2.5-16.0) 0.80 (0.65-0.99)
al,'? 20032

Heale et al,' Back pain 3.6(2.1-6.1) 0.84 (0.75-0.95)
1973

Dickinson,? Dysuria/frequency 2.2/(1.1-4.3) 0.71(0.45-1.13)
1979

Heale et al,! Dysuria 2.4/(1.8-3.1) 0.65 (0.51-0.81)
1973

Heale et al,! Frequency 2.8/(2.0-4.0) 0.72 (0.60-0.86)
1973

Heale et al,! New-onset urinary 4.6/(2.8-7.6) 0.79 (0.69-0.90)
1973 incontinence (day/night)

Heale et al,! Offensive urine odor 0.93 (0.34-2.51) 1.01 (0.95-1.07)
1973

Struthersbet al,'® Offensive urine odor 0.82 (0.34-1.96) 1.2(0.6-2.4)
2003

Abbreviation: Cl, confidence interval.
@Al children had temperatures higher than 38°C.
Pincluded some nonverbal chidren.

- ________________________________________________________________________________________________]
Figure 4. Diagnostic Algorithm for Verbal Children Older Than 24 Months With Urinary or Abdominal Symptoms

abdominal symptoms

[ Verbal child with urinary or j

'

Females and
uncircumcised males

Probability of UTI ~8%

Yes

Dysuria or

frequency?

Abdominal pain,
back pain, or
new-onset

incontinence?

LR ~2.5

Probability of UTI ~18%

LR ~5
Probability of UTI ~30%

¥

'

Obtain urinalysis and urine culture

I

Circumcised males
Probability of UTl'<1%

UTI unlikely; consider other
conditions in the
differential diagnosis

Consider urinalysis and
culture only if multiple
signs or symptoms of UTI

'

v

Urine dipstick nitrite and
leukocyte esterase negative
LR=0.2
Probability of UTI 4% to 8%

Urine dipstick nitrite or
leukocyte esterase positive
LR=6
Probability of UTI 60% to 70%

Urine dipstick nitrite and
leukocyte esterase positive
LR =28
Probability of UTI 86% to 92%

UTl indicates urinary tract infection; LR, likelihood ratio.
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URINARY TRACT INFECTION

SCENARIO RESOLUTION

Case 1

The baseline risk of UTI in the 15-
month-old female is approximately 2%
(Table 1). Because she has prolonged
high fever with no other source on ex-
amination (LR, 4.0), her risk of UTT is
approximately 7% (Table 5). The cli-
nician decides to obtain a catheterized
urine sample for diagnostic testing. A
dipstick test result is positive for leuko-
cytes. At this point, because the prob-
ability of UTI is substantial (approxi-
mately 32%) (Figure 3), treatment with
an oral antimicrobial agent is initi-
ated. A telephone call is planned for the
following day to ascertain clinical im-
provement.

Case 2

The baseline probability of UTI in the
circumcised male child is less than 1%.
Because this patient has dysuria (LR,
2.4) (Table 6), his probability of UTI
increases to approximately 2%. A clean-
catch urine specimen is obtained re-
vealing trace leukocyte esterase (LR, 6).
Given that the probability of UTI is ap-
proximately 11% and that the child is
afebrile, the clinician decides to await
results of the urine culture before ini-
tiating antimicrobial therapy.

CLINICAL BOTTOM LINE

Diagnosing a UTI, especially among
nonverbal children, challenges physi-
cians because of the nonspecific na-
ture of the presenting signs and symp-
toms. Although no sign or symptom by
itself is diagnostic of UTI in children,
the presence of fever with a tempera-
ture higher than 40°C, history of a pre-
vious UTI, lack of circumcision, ab-
dominal pain, back pain, dysuria,
frequency, new-onset incontinence, and
suprapubic tenderness increase the
baseline likelihood of UTT by 2 to 6 fold.
The absence of several key signs and
symptoms in combination can be used
to identify infants at low risk for UTL

2904 JAMA, December 26, 2007—Vol 298, No. 24 (Reprinted)
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