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Validation of a decision rule identifying febrile
young girls at high risk for urinary tract

infection
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Objective: To validate a previously published clinical deci-
sion rule to predict risk of urinary tract infection in febrile
young girls.

Methods: We performed a retrospective case-control study at
a children’s hospital emergency department in a different city
than that in which the original derivation study took place. Girls
younger than 2 years in whom urinalysis and urine culture were
performed for evaluation of fever were eligible. Cases consisted
of all patients with a positive urine culture result, defined as
50,000 or more colony-forming units per milliliter of a urinary
tract pathogen (n = 98). A random sample of patients with a neg-
ative urine culture result (n = 114) was also selected as controls.
The clinical prediction rule included five risk factors: age
younger than 12 months, white race, temperature of 39.0°C or
higher, absence of any other potential source of fever, and fever
for 2 days or more. The sensitivity and false-positive rate of this
rule were calculated at different cutoff values.

Results: The overall discriminative ability of the rule, as in-
dicated by the area under the receiver—operator characteristic
curve (AUC), was similar in this validation sample (AUC =
0.72) to that in the original study (AUC = 0.76). However, in
the validation sample, the presence of three or more risk fac-
tors (rather than two or more as in the original study) appeared
to be the optimum cutoff to define a positive rule, which results
in an indication for obtaining further diagnostic testing (sensi-
tivity, 88% [95% CI, 79-94%]; false-positive rate, 70% [95%
CI, 61-79%]).

Conclusion: A simple clinical decision rule previously devel-
oped to predict urinary tract infection based on five risk factors
performs similarly in a different patient population.
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INTRODUCTION

Urinary tract infection (UTT) has been found to be a relatively com-
mon cause of fever in children, with a reported prevalence among
febrile young girls in an emergency department (ED) setting of 4.3 to
8.3% (1, 2). Specific symptoms of UTI are uncommon in young chil-
dren, making identification of the child with UTI difficult. However,
the risk of UTI is affected by various factors, including age, race, pres-
ence of another source of fever, and height and duration of fever (1,
2). A clinical decision rule based on these five risk factors was re-
cently developed to identify febrile girls younger than 2 years with
UTI (3). In the sample in which the rule was derived, the presence of
two or more risk factors was found to have a sensitivity of 95%; how-
ever, the performance of the clinical decision rule has not been vali-
dated in a different patient population. We report here the use of this
published predictive model in a different ED.

METHODS

In this retrospective, case-control study, patients were selected
from girls aged 1 month to 2 years seen in the ED of the Children’s
Hospital of Pittsburgh between July 1, 1995, and June 30, 1997, from
whom a urine sample was obtained by urethral catheterization, and
urinalysis and urine culture were performed as part of the evaluation
of fever. Ninety-eight patients with UTI, defined as urine culture with
growth of 50,000 or more colony-forming units per milliliter of a uri-
nary tract pathogen, were identified and included in the study. A ran-
dom sample of 114 girls in the same age group with a negative urine
culture result was also identified by selecting every fifth patient seen
during the same time period who had a negative urine culture result.
Medical records were reviewed, and data were abstracted regarding
the five risk factors included in the predictive model: age (<12
months vs 12-23 months), race (white vs nonwhite), duration of fever
(<2 days vs =2 days), height of fever (<39°C vs =39°C), and ab-
sence of another potential source of fever. The presence of another
source of fever in this study was defined according to the discharge
diagnosis; diagnoses such as “fever,” “fever with no source,” or “vi-
ral syndrome” were considered to indicate the absence of a source of
fever, while patients with specific diagnoses, including otitis media,
upper respiratory infection, or gastroenteritis, were considered to
have another potential source of fever.

Logistic regression was performed to evaluate the association
between each risk factor and the presence of UTI, adjusting for
confounding by other variables. Adjusted odds ratios and 95% con-
fidence intervals were calculated. A summary score, with each risk
factor assigned one point, was calculated for each patient. The sen-
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sitivity and specificity of the rule at each possible cutoff score was
calculated, with 95% confidence intervals, and the results were
plotted on a receiver—operator characteristic (ROC) curve. The
overall ability of the rule to discriminate between patients with and
without UTI is indicated by the area under the ROC curve.

RESULTS

The characteristics of the patients in this validation sample are
shown in Table 1. Compared with the original derivation sample
from the Children’s Hospital of Philadelphia, the patients in the
Children’s Hospital of Pittsburgh study were more likely to be
white (66% vs 12%) and to lack another source of fever (76% vs
22%). Even among those without UTI, only 38% had another pos-
sible explanation for the fever. As this is a case-control study, not
a cohort study (as the original Philadelphia study was), the distri-
bution of the risk factors under study does not necessarily reflect
their distribution in the underlying source population at Children’s
Hospital of Pittsburgh.

Three of the five risk factors (white race, absence of another
source of fever, and fever for at least 2 days) were strongly asso-
ciated with UTI, as shown in Table 2, and a fourth (fever =39°C)
had a borderline association. Only age less than 12 months was not
significantly associated with UTIL. The performance of the clinical
decision rule based on all five risk factors is illustrated in the ROC
curve (Fig. 1). The ROC curves for the derivation and validation
samples are quite similar. Overall, the discriminative ability of the
rule was similar in the Children’s Hospital of Pittsburgh study
population (area under the curve = 0.72) to that in the original
Children’s Hospital of Philadelphia derivation sample (area under
the curve = 0.77). However, the curve for the sample in the cur-
rent study is shifted to the right compared with that of the original
study. At each possible cutoff, the validation sample shows a
higher true-positive rate and false-positive rate. For example, the
presence of two or more risk factors identified 99% of the patients
with UTI in this sample (ie, sensitivity, 99% [95% CI, 94-100%])
compared with a sensitivity of 95% (95% CI, 85-99%) in the de-
rivation study. The false-positive rate at this cutoff was 90% (95%
CI, 83-95%) in the validation sample compared with 69% (95%
CI, 66—72%) in the original derivation study. In the current study,
the presence of three or more risk factors had a sensitivity of 88%

TABLE 1

Demographic and clinical characteristics of subjects from
the validation and derivation groups

Children’s Hospital ~ Children’s Hospital

of Pittsburgh of Philadelphia
(validation group) (derivation group)
Mean age (* SD), mo 9458 11.7 = 6.7
Percent younger than 67 52
1 year
Percent white 66 11.6
Mean temperature 394 0.8 394 0.7
(= SD),°C
Percent with temperature 74 70
of 39°C or higher
Mean duration of 1.9 20 1.8 £ 1.8
symptoms, d
Percent with symptoms 38 19
= 2 days
Percent with another source 24 78
of fever
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TABLE 2

Association between clinical risk factors and urinary tract infection

Children’s Hospital Children’s Hospital

of Pittsburgh of Philadelphia
(validation group), (derivation group),
Risk Factor adjusted OR (95% CI) adjusted OR (95% CI)

White race 3.0(1.4-6.4) 7.5 (4.2-13.5)
Age < 12 months 0.85 (0.4-1.7) 3.0 (1.5-5.9)
Temperature > 39°C 1.6 (0.8-3.3) 2.6(1.3-5.4)
Absence of another 13.4 (4.1-44) 2.4 (1.3-4.5)

source of fever
Fever for 2 days 3.3(1.6-6.9) 2.0 (1.1-3.6)

or more

(95% CI, 79-94%) and a false-positive rate of 70% (95% CI,
61-79%).

DISCUSSION

Clinical decision rules, which categorize patients into different
levels of risk, may be used to guide patient management. However,
rules that categorize patients accurately in one population may per-
form less well when applied in a different setting (4). External val-
idation is therefore crucial in determining the general applicability
of a predictive model. In this study, a previously published decision
rule was found to have similar overall diagnostic accuracy as in the
population in which the rule was first derived.
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FIG. 1. Receiver—operator characteristic curves for the clinical decision
rule. The curve for the validation sample (Children’s Hospital of Pitts-
burgh) is shown with solid circles, while the derivation sample (Children’s
Hospital of Philadelphia) curve is shown with open squares. The cutoff
value (number of risk factors present) for a positive rule is shown next to
each point on the graph.
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Although both studies were performed in an ED, the patient
characteristics are different. Patients in the validation study were
less likely, for example, to have another potential source of fever
(including such nonspecific entities as gastrointestinal symptoms
or upper respiratory infection). The validation population also had
a higher proportion of white patients when compared with the sam-
ple from Philadelphia. It is important to note that the patients in this
study were drawn from those in whom urinalysis and urine culture
were performed as part of the evaluation for fever. Because testing
for UTI was not performed universally among young febrile girls
in the ED, we were unable to determine the characteristics of all po-
tentially eligible patients. However, in a previous study from the
Children’s Hospital of Pittsburgh, 56% of febrile young children
evaluated in the ED were white (1). These results suggest that the
clinical decision rule performs similarly in fairly diverse patient
populations.

The retrospective nature of this study is an important potential
limitation. Specifically, although we do not have data on the pa-
tients in whom urine testing was not performed, our experience is
that clinicians in the ED at Children’s Hospital of Pittsburgh have
been influenced by some of the risk factors included here (espe-
cially race, absence of another source of fever, and duration of
fever) since the original study of prevalence of UTI was conducted
(1) to determine whether or not to perform such tests. In other
words, the decision to perform the gold standard test, in this case
urine culture, is influenced by the results of the screening test (ie,
the result of the clinical prediction rule). This may produce a type
of bias called spectrum bias, or test referral bias, leading to a study
population in which each of these risk factors is overrepresented
when compared with the underlying source population. (Because
not all eligible subjects have their disease status verified with the
gold standard, this is sometimes also referred to as verification
bias (5).) This would result in overestimation of both the apparent
true-positive rate (ie, sensitivity) and false-positive rate (6, 7). In-
deed, this was noted in the present study, with both true- and false-
positive rates at each cutoff being higher in the validation sample
than in the derivation sample. If the proportion of all febrile young
children at the Pittsburgh ED in whom urine testing was per-
formed was known, we could attempt to estimate the degree of
verification bias and correct for it (5). We do not have precise es-
timate of the rate of urine testing in the target population. How-
ever, the authors’ experience is that such testing is performed
fairly liberally.

The choice of a cutoff value is determined by the relative impor-
tance of sensitivity and specificity, which, in turn, will depend on
the practice setting and the availability of follow-up. The results of
this study suggest that obtaining a urine culture in all girls with two
or more risk factors would lead to the identification of virtually all
cases of UTI but would eliminate only 10% of negative test results.
Limiting urine culture to those girls with three or more of the clin-
ical features would still have acceptable sensitivity (88%) but
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would have the effect of further decreasing unnecessary tests by
about a third. However, as noted previously, the sensitivity and
specificity are likely underestimates of what would be expected in
an unselected population. Accordingly, these results must be inter-
preted with caution. In the ED, where sensitivity is typically more
highly valued, it may be prudent to use a more inclusive definition
of high risk (ie, two or more risk factors present) to avoid missing
patients with UTL In a practice setting, where close follow-up is
ensured, the more restrictive definition of a positive rule (ie, at least
three risk factors present) may be acceptable.

CONCLUSIONS

Recognition of UTI as a relatively common source of fever in
young children has led to recommendations for increased vigilance
in testing for UTI among such patients (8). Because signs and
symptoms of UTI in such children are nonspecific, a high index of
suspicion is necessary. A selective approach, based on clinical risk
factors, has been proposed to identify children at sufficiently low
risk of UTI, in whom diagnostic testing (ie, urinalysis and urine
culture) may be safely deferred, potentially decreasing unnecessary
testing and treatment (3). We have shown that the previously re-
ported clinical risk factors were also predictive of UTI in this pop-
ulation, and that the ability of the clinical decision rule to discrim-
inate between low- and high-risk patients was similar in a different
patient population than in the one in which it was derived. Further
study, particularly in more diverse practice settings, can help define
the effectiveness and efficiency of a rule-based approach to testing
for UTI in febrile young girls.
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