Febrile young infants with abnormal urine dipstick at
low risk of invasive bacterial infection
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ABSTRACT

Objectives To develop and validate a prediction rule
to identify well-appearing febrile infants aged <90 days
with an abnormal urine dipstick at low risk of invasive
bacterial infections (IBls, bacteraemia or bacterial
meningitis).

Design Ambispective, multicentre study.

Setting The derivation set in a single paediatric
emergency department (ED) between 2003 and

2017. The validation set in 21 European EDs between
December 2017 and November 2019.

Patients Two sets of well-appearing febrile infants
aged <90 days with an abnormal urine dipstick (either
leucocyte esterase and/or nitrite positive test).

Main outcome Prevalence of IBI in low-risk infants
according to the RISeuP score.

Results We included 662 infants in the derivation set
(IBl rate:5.2%). After logistic regression, we developed
a score (RISeuP score) including age (<15 days old),
serum procalcitonin (=0.6 ng/mL) and C reactive protein
(=20mg/L) as risk factors. The absence of any risk factor
had a sensitivity of 96.0% (95% CI 80.5% to0 99.3%),
a negative predictive value of 99.4% (95% Cl 96.4%
10 99.9%) and a specificity of 32.9% (95% Cl 28.8%
to 37.3%) for ruling out an IBI. Applying it in the 449
infants of the validation set (IBI rate 4.9%), sensitivity,
negative predictive value and specificity were 100%
(95% Cl1 87.1% to 100%), 100% (95% Cl 97.3%

to 100%) and 29.7% (95% Cl 25.8% to 33.8%),
respectively.

Conclusion This prediction rule accurately identified
well-appearing febrile infants aged <90 days with an
abnormal urine dipstick at low risk of IBI. This score can
be used to guide initial clinical decision-making in these
patients, selecting infants suitable for an outpatient
management.

INTRODUCTION

Urinary tract infection (UTI) is the most common
serious bacterial infection in febrile infants younger
than 3 months of age, occurring in 4%-20% of
these infants." Most children with UTIs have a
benign clinical course if they are treated appropri-
ately.* > However, bacteraemia is associated with

What is already known on this topic?

» Risk of invasive bacterial infection (IBl) in febrile
young infants with an abnormal urine dipstick
is high, and inpatient treatment is usually
recommended.

What this study adds?
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» This prediction rule accurately identified
febrile infants aged <90 days with abnormal
urine dipstick at low risk of IBI. Infants with a
score of 0 may be suitable for an outpatient
management.

UTI in 4%-10% of febrile infants younger than
3 months, placing these infants at risk of dissem-
ination to the central nervous system.’™ In fact,
febrile infants under 2 or 3 months of age with a
UTI are very likely to be admitted for parenteral
antibiotic.”’

Diagnosis of UTI is based on urine culture. Urine
culture results, however, are not available for at
least 24 hours. Thus, there is considerable interest
in alternative testing methods such as the urine
dipstick, which may anticipate the results of the
urine culture and enable presumptive therapy to
be initiated in the emergency department (ED).'* !
In addition, the presence of leucocyte esterase and
urinary nitrite is a risk factor for invasive bacterial
infection (IBI) in young febrile infants.'?

Clinical prediction rules support clinical decision-
making and can reduce variation in care and limit
unnecessary interventions. Certain subjective clin-
ical findings and laboratory markers, such as serum
procalcitonin (PCT) or C reactive protein (CRP),
have been used to risk stratify febrile infants with
leucocyturia.”® 1 Nevertheless, further assessment
is necessary to identify optimal thresholds and to
evaluate their utility.

A prediction rule to stratify febrile infants with
leucocyturia by risk level can be used to guide initial
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clinical decision-making in these patients, identifying infants
suitable for outpatient management.'*

The aims of this study were to devise and to validate a score to
safely identify well-appearing febrile infants aged <90 days with
an abnormal urine dipstick at low risk of IBI.

METHODS

Multicentre collaborative research network

The RESeuP-Spanish Paediatric Emergency Research Group
and the Research in European Paediatric Emergency Medicine
network approved the study.

Study design, setting and population

This was an ambispective, multicentre study including infants
aged <90 days with a temperature of =38°C (100.4°F)
measured either at home or in the ED and an abnormal urine
dipstick (either a positive leucocyte esterase or nitrite test). In
order to avoid bias, since few participant centres had an analyst
available all day to perform a microscopic analysis of the urine,
only patients with an altered urine dipstick were included.

Derivation sample

The derivation sample was obtained from a prospective paedi-
atric ED registry that includes all infants aged less than 90 days
with fever without a source (FWS) starting in September 2003.
This paediatric ED is in a tertiary hospital with around 55 000
ED episodes corresponding to children <14 years of age annu-
ally, including 200-250 infants <90 days of age with FWS.
The hospital’s protocol recommends obtaining blood and urine
cultures for all febrile infants aged <90 days regardless of urine
dipstick and blood test results. Cerebrospinal fluid (CSF) exam
and admission for antibiotics are recommended for high-risk
infants according to established clinical and laboratory criteria.
The database used in this prospective registry has been described
elsewhere.">"” For the purposes of this study, we analysed those
infants seen until August 2017.

3609 febrile infants <90
days old included in the
registry

2911 (80.7%) infants
with normal urine
dipstick

698 (19.3%) infants
with abnormal urine
dipstick

36 (5.2%) infants excluded

* 16 any mandatory test missed

» 1 urine collected by non-sterile method
* 19 not-well appearing

662 (94.8%) infants
with abnormal urine
dipstick

|  DERIVATION SAMPLE |

Figure 1
and/or nitrite test was positive.

Validation sample

The validation sample was prospectively recruited in 21 Euro-
pean paediatric EDs between December 2017 and November
2019. Patients aged <90 days managed for FWS with a positive
urine dipstick were recruited and managed in accordance with
the protocols of each hospital. We monitored the progress of the
patients by telephone within a month of discharge.

Exclusion criteria

We excluded patients who had received antibiotics in the
previous 72hours, when the urine sample was not collected
using a sterile method; patients in whom caregivers refused to
sign the consent; and infants lacking for the value of any of the
biomarkers included in the score. Finally, as appearance has been
proven as a risk factor for IBI and given that it seems unreason-
able to discharge a febrile infant who appears unwell regardless
of any other clinical or laboratory findings, we also excluded
from the analysis those patients who were classified as not well
appearing. For patients receiving medical attention on two occa-
sions due to the same episode, only those data pertaining to the
first care encounter were collected.

Definitions

» Fever without a source: axillary or rectal temperature of
>38°C (100.4°F) measured either at home or in the ED in
an infant in whom after medical history and physical exam it
is not possible to identify the source of the fever.

» Previously healthy infant: born at term, not treated for unex-
plained hyperbilirubinemia, not hospitalised longer than the
mother, not currently or previously receiving antimicrobial
therapy, no prior hospitalisation, and no chronic or under-
lying illness.

» Well appearing: normal findings according to the Paediatric
Assessment Triangle (appearance, work of breathing and
circulation to skin)'® as assessed by a physician within an
hour of arrival to the ED.

» Abnormal urine dipstick: presence of a positive leucocyte
esterase and/or nitrite test in urine samples collected by a

581 infants <90 days
old with abnormal urine
dipstick

132 (22.7%) infants excluded

* 65 any mandatory test missed

| *+ 12 antibiotic received in the prior 72 hours
* 1 urine collected by non-sterile method

* 11 no parental consent

* 43 not-well appearing

449 (77.3%) infants
included

| VALIDATION SAMPLE |

Derivation and validation sample flowchart. Note: urine dipstick results were considered abnormal in cases where a leucocyte esterase
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sterile method (urethral catheterisation, suprapubic aspira-

tion or clean-catch technique'® °).

» Positive urine culture: growth of (1) =1000cfu/mL of a
single pathogen in a urine culture collected by suprapubic
aspiration or (2)>10 000 cfu/mL of a single pathogen in a

urine sample collected by urethral catheterisation or clean-

catch technique. The perineal bag was not considered a valid

method to collect the samples.
» Serious bacterial infection.

— Invasive bacterial infection: bacterial meningitis or

bacteraemia.

— Bacteraemia: isolation of a bacterial pathogen in a

blood culture. Bacteria reported to consistently cause
disease in children were considered true bacterial
pathogens. Isolation of Staphylococcus epidermidis,
Propionibacterium acnes, Streptococcus viridans, or
diphtheroids in immunocompetent patients without
heart disease, ventriculo-peritoneal shunt, central

catheters, or another indwelling device were consid-
ered contaminants. When any doubt was raised, it
was solved with the main investigator.
— Bacterial meningitis: detection of a bacterial pathogen
in CSF (with or without associated pleocytosis).
Urinary tract infection: patients with positive findings on
urine dipstick (either leucocyte esterase or nitrite test)
and positive urine culture.
IBI secondary to UTI: isolation of the same bacterium in
urine culture and in blood and/or CSF culture.

Statistical analysis

We carried out a descriptive statistical analysis for all collected
variables. We summarised continuous data as mean and SD and
reported categorical variables as percentages. Normal distribu-
tion of data were evaluated using the Shapiro-Wilk test. For non-
normally distributed data, comparison was performed with the

Table 1 Characteristics of the included patients

Derivation sample (n=662) Validation sample (n=449) P value

Age (days) 0.16

<28,n (%) 133 (20.1) 101 (22.5)

29-60n (%) 245 (37.0) 181 (40.3)

>60n (%) 284 (42.9) 167 (37.2)
Gender (male), n (%) 454 (68.6) 310 (69.0) 0.87
Highest registered temperature (°C), mean (SD) 38.8 (0.56) 38.7 (0.54) 0.02
Duration of fever prior to ED visit (hours), median (IQR) 5 (2-15) 6 (2-14) 0.44
Urine dipstick collection method, n (%) <0.01

Urethral catheterisation 648 (97.9) 365 (81.3)

Suprapubic aspiration 0(0) 3(0.7)

Clean-catch technique 14 (2.1) 81 (18.0)
Urine dipstick result, n (%) 0.02

LE+ 402 (60.7) 307 (68.4)

NT+ 9(1.4) 9(2.0

LE+ andNT+ 251 (37.9) 133 (29.6)
WBC (cells/uL), median (IQR) 15400 (11100-19450) 14550 (10620-19 500) 0.17
ANC (cells/yL), median (IQR) 7800 (5100-10 800) 7100 (4500-10 450) 0.05
CRP (mg/L),* median (IQR) 31.0 (110-71.7) 29.9 (12.0-62.1) 0.67
PCT (ng/mL),* median (IQR) 0.3 (0.18-1.1) 0.37(0.13-1.5) 0.2
Positive urine culture, n (%) 562 (84.9) 417 (92.9) <0.01

Escherichia coli 511 (90.9) 365 (87.5)

Klebsiella pneumoniae 16 (2.8) 20 (4.8)

Proteus mirabilis 7(1.2) 0(0)

Enterococcus faecalis 6(1.1) 14 (3.4)

Other 22 (3.9) 18 (4.3)
Positive blood culture, n (%) 34 (5.1) 22 (4.9) 0.86

E. coli 28 (82.4) 19 (86.4)

Staphylococcus aureus 2 (5.9) 0(0)

K. pneumoniae 1(2.9) 1(4.6)

E. faecalis 12,9 2(9.1)

Pseudomonas aeruginosa 1(2.9) 0(0)

Streptococcus pneumoniae 1(2.9) 0(0)
Lumbar puncture performed, n (%) 99 (15.0) 88 (19.6) 0.04
Positive CSF culture, n (%) 1(0.15) 0(0) 0.35

E. coli 1(100) 0(0)
IBI secondary to UTI, n (%) 31(91.2)

*In the derivation sample, CRP and PCT serum levels were obtained in 660 and 494 patients, respectively.
ANC, absolute neutrophil count; CRP, C reactive protein; CSF, cerebrospinal fluid; ED, emergency department; IBI, invasive bacterial infection; LE, leucocyte esterase test; NT, nitrite
test; PCT, procalcitonin; UTI, urinary tract infection; WBC, white blood cell count.
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Table 2 Factors associated with the diagnosis of an IBI in the derivation sample

Univariable analysis

Multivariable analysis

No IBI (n=628) IBI (n=34) P value OR 95%ClI
Male sex, n (%) 429 (68.3) 25 (73.5) 0.52 - -
Not previously healthy, n (%) 118 (18.8) 4(11.8) 0.30 - -
Age (days), mean (SD) 54.4 (23.9) 39.0 (24.6) <0.01 0.97 0.95 to 0.99
Maximum temperature (°C), mean (SD) 38.8 (0.55) 38.9(0.62) 0.13 - -
Hours of fever, mean (SD) 12.5 (20.0) 12.2 (18.0) 0.93 - -
White blood cells (cells/pL), mean (SD) 15882.8 (6486.9) 15970.6 (6411.6) 0.94 - -
Absolute neutrophil count (cells/pL), mean (SD) 8419.0 (4734.6) 8973.6 (4853.7) 0.51 - -
C reactive protein (mg/L), mean (SD) 47.9 (58.7) 109.2 (86.8) <0.01 1.01 1.00 to 1.01
Procalcitonin (ng/mL), mean (SD) 2.13 (7.58) 13.6 (23.1) <0.01 1.03 1.00 to 1.06
Positive leucocyte esterase test, n (%) 619 (98.6) 34 (100) 0.48 - -
Positive nitrite test, n (%) 243 (38.7) 17 (50) 0.19 - -

IBI, invasive bacterial infection.

Mann-Whitney U test; comparison of normally distributed data
were performed using the t-test for independent samples. For
categorical data, the y* test was used. We considered a p value of
<0.05 statistically significant. Cls of proportions were built by the
Wilson interval method.

To determine the independent risk factors, we conducted a
logistic regression in the derivation set using the diagnosis of an
IBI as the dependent variable and including all the variables that
showed statistical significance on univariable analysis. For the
continuous variables identified by the multivariable analysis and
included in the prediction rule, we determined optimal cut-off
points using Youden’s index.*!

Finally, to analyse the accuracy of the prediction rule, values of
sensitivity, specificity, negative predictive value, positive predictive
value and area under the curve (AUC) were calculated for these
optimal cut-off points.

Data were analysed with STATA V.14.

RESULTS

We included 1111 patients (662 in the derivation set and 449
in the validation set). The study flowchart is shown in figure 1,
and the characteristics of the included patients appear in table 1.

Table 3 Prevalence of IBl according to score, and diagnostic
performance for IBI for scores >1

Derivation sample Validation sample
(n=493%) (n=449)
Patients with IBI by score, n (%, 95% Cl)
0 1/155(0.7,0.1% t0 3.6%)  0/125 (0, 0% to 3%)
1 71184 (3.8,1.9% to 7.6%)  2/145(1.4,0.4% to
4.9%)
2 11/135 (8.2, 4.6% to 14.0%) 18/156 (11.5, 7.4% to
17.5%)
3 6/19 (31.6, 15.4% to 54.0%) 2/23 (8.7, 2.4% to
26.8%)
Sensitivity (95% Cl) 0.960 (0.805 to 0.993) 1.000 (0.867 to 1.000)
Specificity (95% Cl) 0.329 (0.288 to 0.373) 0.297 (0.258 to 0.338)
Positive predictive value (95%Cl) 0.071 (0.048 to 0.103) 0.068 (0.033 to 0.071)
Negative predictive value 0.994 (0.964 to 0.999) 1.000 (0.974 to 1.000)
(95% Cl)
Area under the curve (95%CI)  0.645 (0.601 to 0.687) 0.648 (0.605 to 0.689)
Positive likelihood ratio (95% Cl)  1.431 (1.292 to 1.585) 1.422 (1.342 to 1.506)

Negative likelihood ratio (95%Cl) 0.122 (0.018 to 0.833) -

*Only patients for whom serum procalcitonin and C reactive protein levels were obtained
were included.
IBI, invasive bacterial infection.

The rate of IBI was 5.1% (95% CI 3.7% to 7.1%) in the deri-
vation sample (33 cases of bacteraemia and one patient in whom
an Escherichia coli strain was isolated in urine, blood and CSF
cultures). Meanwhile, 22 (4.9%, 95%CI 3.3% to 7.3%) were
diagnosed with an IBI in the validation sample, all presenting
bacteraemia. The prevalence of IBI according to age was 9.0%
(95% CI 5.9% to 13.3%) in patients aged <28 days, 4.9% (95%
CI 3.2% to 7.4%) in patients aged 29-60 days and 3.1% (95%
CI 1.9% to 5.1%) in patients aged >60 days.

There were 52 patients with an IBI secondary to UTIL The
remaining four IBI were three bacteraemia in the derivation set
(due to Enterococcus faecalis, Streptococcus pneumoniae and
Staphylococcus aureus, respectively), and one E. faecalis bacter-
aemia in the validation set.

Table 2 shows the association between the different vari-
ables and the diagnosis of an IBI for the derivation set. Based
on these data, a prediction rule (RISeuP score) was built using
three items: age<15 days, serum PCT level=0.6 ng/mL and CRP
level=20 mg/L. Each item of the score had a value of 1 point.
A RISeuP score of =1 predicted IBI with a sensitivity of 96.0%
(95% CI 80.5% to 99.3%) and a specificity of 32.9% (95% CI
28.8% to 37.3%) values. The absence of any of these three risk
factors identified patients in the derivation sample without an
IBI with a negative predictive value of 99.4% (95% CI 96.4%
to 99.9%). The only misclassified patient was an infant aged
52 days with E. faecalis bacteraemia and CRP=0.08 mg/L and
PCT=0.05 ng/mL. The sensitivity and negative predictive value
of the model in the validation sample were 100% (95% CI
85.1% to 100%) and 100% (95% CI 97.0% to 100%), respec-
tively. The diagnostic value of the score is shown in table 3.

DISCUSSION

In this large prospective multicentre study, we calculated and
validated a prediction rule to identify well-appearing febrile
infants aged <90 days with an abnormal urine dipstick at low
risk of IBI. The proposed score is based on objective findings and
has a very high negative predictive value for identifying infants
without IBL.

Recently, some authors have devised predictive models that
identify infants with a UTT at very low risk of adverse events and
bacteraemia, thereby making them suitable for shorter inpatient
stays or outpatient management.”® '* The first rule'® showed
excellent accuracy for adverse events, although it was unable to
predict bacteraemia secondary to UTI. Furthermore, this clinical
rule applies to febrile infants with a positive urine culture, which
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may limit its feasibility in the ED, although it would facilitate
earlier discharge of the infants. Years later, a new clinical rule'
was designed, focusing on patients with abnormal urine dipstick,
making this a more practical approach in the ED. Additionally,
a positive leucocyte esterase or nitrite test with urine dipstick
has been proven to be an independent risk factor for bacter-
aemia.'? %> Though not prospectively validated, this clinical rule
showed good accuracy.' However, the cut-off point of the vari-
ables included in this model were chosen based on the step-by-
step approach and were not derived from an adequate statistical
analysis.”?

In our multivariable analysis, age and blood PCT and CRP
were independent risk factors for IBI, with the adequate cut-
off points being 15 days, PCT=0.6ng/mL and CRP=20mg/L,
maximising the sensitivity of the model with the highest possible
specificity. Regarding the age cut-off, values under 15 days were
not considered, given that prior research had showed that infants
under this age with abnormal urine dipstick are at higher risk of
IBI, and the accuracy of biomarkers when ruling out an IBI was
lower in the youngest patients.'” **

Nearly 30% of the infants included had a RISeuP score of 0
and could have been managed safely as outpatients. It is note-
worthy that among the 70% of infants not considered to be at
low risk of IBI, the rate of IBI was 6.9%, with a false-positive
rate of 68.8%. Applying higher cut-off points for age, PCT and
CRP would increase the specificity though at the expense of
sensitivity. Since our main objective was to develop a tool with
which to safely identify patients at low risk of IBIs, and given the
adverse outcomes that misdiagnosis could produce, we believe
those items were optimal for the score, no matter the AUC value.
However, it must be taken into account that in recent times the
trend to manage patients aged >28 days on an outpatient basis
has increased.” In line with this, in those centres with a higher
rate of outpatient management, the use of this clinical rule might
have the opposite effect to that desired, increasing the number
of patients who would be admitted for antibiotic treatment. In
any case, given that nowadays the rate of hospitalisation in these
patients in most centres is high, we consider that the implementa-
tion of the RISeuP score in practice would mean a global benefit
for patients. Furthermore, since the most used criteria to select
patients at low risk of bacteraemia still underdiagnosed 3.2% of
infants, " the use of a clinical tool with greater sensitivity should
be an improvement for the clinician.

The lower prevalence of IBI among patients with a RISeuP
score of 3 in the validation sample also merits commentary.
Since there were no differences between the samples that could
explain the elevated biomarker values in the derivation sample
such as disparities in mean patient age, nor in the symptom dura-
tion, the only plausible explanation for this difference is the low
number of patients with a score of 3. In any case, given that only
those patients with a RISeuP score of 0 would be candidates for
safe management on an outpatient basis, we do not believe that
this lower prevalence invalidates our results.

Our study has several limitations. First, the derivation sample
was obtained from a retrospective analysis conducted using a
single-centre registry. Nevertheless, patients were recruited
prospectively, and as all data were obtained from a single hospital,
we are confident of their accuracy. Second, the samples differed
in some aspects, such us age, maximum temperature and propor-
tion of positive urine cultures. Despite this, we do not consider
these differences to be clinically relevant and are unlikely to have
biassed the results of the study. Third, we included only well-
appearing infants. Not well-appearing infants are at higher risk
of bacteraemia and meningitis,'* '* and since the main goal of

the rule was to determine a low-risk group of infants suitable
for outpatient management, we decided to exclude not well-
appearing patients. On the other hand, it should be underlined
that we only had an infant with bacterial meningitis. This could
limit the accuracy of this rule to identify well-appearing young
infants with febrile UTT and associated bacterial meningitis, but,
honestly, we do think that this reflects the low rate of bacterial
meningitis in infants with febrile UTI after the neonatal period.”®
It is also true that only 16.8% of patients had a lumbar puncture
performed, so it is not possible to be sure that no meningitis was
missed. However, since a follow-up was made to all patients, and
no adverse outcome was reported, it is unlikely that a patient
was misdiagnosed.

Another possible limitation involves the use of a single urine
dipstick test and the absence of routine microscopic analysis.
Although the accuracy of urine dipstick is as good as micros-
copy testing for diagnosing UT], it is likely to misdiagnose some
patients with a suspected UTL? Also, Mori et al proved that urine
dipstick performed similarly to microscopy when attempting to
rule out a positive urine culture,'® and our clinical experience is
consistent with this finding. Other possible limitation might be
that peripheral bands were not analysed as a possible predictor
of IBI. Although Schnadower et al found a statistically signif-
icant association between elevated peripheral band count and
bacteraemia in febrile infants with UTL" they are barely used
in Europe. Also, the diagnostic value of this biomarker has been
proven as moderate, as best.?® Finally, another limitation might
be the colony count threshold chosen to consider a urine culture
as positive. Since it is controversial which ones are the optimal
cut-off points,”” ** some patients might be misdiagnosed as UTT.
In any case, since the main objective of the score was to select a
group of patients at low risk of IBI, we consider that that issue
did not bias our results.

CONCLUSION

This prediction rule accurately identified well-appearing febrile
infants aged <90 days with abnormal urine dipstick at low risk
of IBL. The RISeuP score can be used to guide initial clinical
decision-making in young febrile infants with abnormal urine
dipstick without misclassifying children with IBI

Author affiliations

'Pediatric Emergency Unit, Rio Hortega University Hospital, Valladolid, Spain
ZPediatric Emergency Department, Biocruces Bizkaia Health Research Institute,
Hospital Universitario Cruces. University of the Basque Country, UPV/EHU, Bilbao,
Basque Country, Spain

3Pediatric Emergency Department, Hospital Infantil Universitario Nino Jesus, Madrid,
Madrid, Spain

“Pediatric Emergency Department, Hospital Regional Universitario de Malaga,
Malaga, Spain

*Pediatric Emergency Department, Donostia Ospitalea, Donostia, Spain

SPediatric Emergency Department, Hospital Universitario Materno Infantil de
Canarias, Las Palmas Gran Canaria, Spain

"Pediatric Emergency Department, Geneva University Hospital, Geneva, Switzerland
8padiatrics, Virgen de la Arrixaca University Hospital, Murcia, Spain

°Pediatrics, Basurto University Hospital, Bilbao, Spain

"Pediatric Emergency Department, Robert-Debré Mother-Child University Hospital.
Sorbonne University, Paris, France

"Pediatric Emergency Department, Gregorio Marafion University Hospital, Madrid,
Spain

"pediatric Emergency Department, Virgen del Rocio University Hospital, Sevilla, Spain
"pediatrics, Hospital Francesc de Borja, Gandia, Spain

"pediatric Emergency Department, Parc Tauli University Hospital, Sabadell, Spain
"pediatrics, Granollers General Hospital, Granollers, Spain

"®pediatrics, Hospital San Aqustin, Linares, Spain

"pediatrics, Hospital of Mendaro, Mendaro, Spain

"8pediatrics, Hospital de San Jorge, Huesca, Spain

"pediatrics, Hospital of Barbastro, Barbastro, Spain

762 Velasco R, et al. Arch Dis Child 2021;106:758-763. doi: 10.1136/archdischild-2020-320468

1ybuAdoo Ag paroalold
"0SZ X09 Od g1 SSOD/SYV 1B TZ0Z ‘6 1snbny uo /wod [wg-ope//:dny woij papeojumoq ‘0Z0Z J8qWIBAON /Z U0 8970ZE-0202-PIYdSIPYdIR/9eTT 0T St paysignd isiy :piyd sia yaiy


http://adc.bmj.com/

Dpediatrics, Hospital San Juan de Dios del Aljarafe, Sevilla, Spain
Ipediatrics, Hospital Comarcal de Laredo, Laredo, Spain

Twitter Roberto Velasco @quetzal 1980 and Santiago Mintegi @MintegiSanti

Contributors RV conceptualised and designed the study, analysed the data, wrote
the initial draft of the manuscript,and approved the final manuscript as submitted.
AL collaborated in the data collection, revised multiple versions of the initial
manuscript and critically reviewed the final manuscript. BG and MdIT collaborated
in the design of the study and in the data collection, revised multiple versions of the
initial manuscript and critically reviewed the final manuscript. ID, AC, DdIR, SMa,

JR, AG, A-AL, AR, IM, CMA, SMi, SC, JA, PdR, ES, IRdO, IN and BV reviewed, made
suggestions and approved the initial version of the protocol, collaborated in the data
collection and reviewed, made suggestions and approved the final manuscript as
submitted. SMi conceptualised and designed the study, revised multiple versions of
the initial manuscript and approved the final manuscript as submitted. All authors
approved the final manuscript as submitted and agreed to be accountable for all
aspects of the work.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval This study was approved by the Western Valladolid Clinical
Research Ethics Committee CEIC Internal Code 91/17. Derivation set: approval was
obtained from the hospital ethics committee. Validation set: The clinical research
ethics committee of the coordinating hospital and the institutional review boards

of each participating institution approved the study (internal code 91/17). Informed
consent was requested from parents or caregivers prior to the inclusion of patients in
the validation set.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

ORCID iDs
Roberto Velasco http://orcid.org/0000-0003-0073-2650
Borja Gomez http://orcid.org/0000-0001-6542-4494

REFERENCES

1 Byington CL, Enriquez FR, Hoff C, et a/. Serious bacterial infections in febrile infants 1
to 90 days old with and without viral infections. Pediatrics 2004;113:1662—6.

2 Schnadower D, Kuppermann N, Macias CG, et al. Outpatient management of young
febrile infants with urinary tract infections. Pediatr Emerg Care 2014,30:591-7.

3 delaTorre M, de Lucas N, Velasco R, et a/. [Aetiology and outcomes of potentially
serious infections in febrile infants less than 3 months old]. An Pediatr 2017;87:42-9.

4 Bachur R, Caputo GL. Bacteremia and meningitis among infants with urinary tract
infections. Pedliatr Emerg Care 1995;11:280—4.

5 Dayan PS, Hanson E, Bennett JE, et al. Clinical course of urinary tract infections in
infants younger than 60 days of age. Pediatr Emerg Care 2004;20:85-8.

6 Schroeder AR, Shen MW, Biondi EA, et a/. Bacteraemic urinary tract infection:
management and outcomes in young infants. Arch Dis Child 2016;101:125-30.

7 Nugent J, Childers M, Singh-Miller N, et al. Risk of Meningitis in Infants Aged 29 to
90 Days with Urinary Tract Infection: A Systematic Review and Meta-Analysis. / Pediatr
2019;212:102-10.

20

21

22

23

24

25

26

27

28

Original research

Poletto E, Zanetto L, Velasco R, et a/. Bacterial meningitis in febrile young infants
acutely assessed for presumed urinary tract infection: a systematic review. Eur J
Pediatr 2019;178:1577-87.

Chaudhari PP, Monuteaux MC, Bachur RG. Management of urinary tract infections in
young children: balancing admission with the risk of emergency department Revisits.
Acad Pediatr 2019;19:203-8.

Mori R, Yonemoto N, Fitzgerald A, et al. Diagnostic performance of urine dipstick
testing in children with suspected UTI: a systematic review of relationship with age
and comparison with microscopy. Acta Paediatr 2010;99:581-4.

Tzimenatos L, Mahajan P, Dayan PS, et al. Accuracy of the urinalysis for urinary tract
infections in febrile infants 60 days and younger. Pediatrics 2018;141:e20173068.
Gomez B, Mintegi S, Benito J, et al. Blood culture and bacteremia predictors in
infants less than three months of age with fever without source. Pediatr Infect Dis J
2010;29:43-7.

Schnadower D, Kuppermann N, Macias CG, et al. Febrile infants with urinary

tract infections at very low risk for adverse events and bacteremia. Pediatrics
2010;126:1074-83.

Velasco R, Benito H, Mozun R, et al. Febrile young infants with altered urinalysis

at low risk for invasive bacterial infection. A Spanish pediatric emergency research
network's study. Pediatr Infect Dis J 2015;34:17-21.

Martinez E, Mintegi S, Vilar B, et a/. Prevalence and predictors of bacterial meningitis
in young infants with fever without a source. Pediatr Infect Dis J 2015;34:494-8.
Mintegi S, Gomez B, Carro A, et al. Invasive bacterial infections in young afebrile
infants with a history of fever. Arch Dis Child 2018;103:665-9.

Gomez B, Diaz H, Carro A, et al. Performance of blood biomarkers to rule out
invasive bacterial infection in febrile infants under 21 days old. Arch Dis Child
2019;104:547-51.

Dieckmann RA, Brownstein D, Gausche-Hill M. The pediatric assessment triangle:

a novel approach for the rapid evaluation of children. Pediatr Emerg Care
2010;26:312-5.

Herreros ML, Tagarro A, Garcia-Pose A, et al. Accuracy of a new clean-catch technique
for diagnosis of urinary tract infection in infants younger than 90 days of age.
Paediatr Child Health 2015;20:e30-2.

Herreros Fernandez ML, Gonzélez Merino N, Tagarro Garcia A, et al. A new technique
for fast and safe collection of urine in newborns. Arch Dis Child 2013;98:27-9.
Bantis LE, Nakas CT, Reiser B. Construction of confidence regions in the ROC space
after the estimation of the optimal Youden index-based cut-off point. Biometrics
2014;70:212-23.

Velasco R, Gomez B, de la Torre M, et al. A positive nitrite test was an independent
risk factor for invasive bacterial infections in infants under 90 days of age with fever
without source. Acta Paediatr 202010.1111/apa.15230. [Epub ahead of print: 15 Feb
2020].

Mintegi S, Bressan S, Gomez B, et al. Accuracy of a sequential approach to identify
young febrile infants at low risk for invasive bacterial infection. Emerg Med J
2014,31:e19-24.

Velasco R, Benito H, Mozun R, et al. Importance of urine dipstick in evaluation of
young febrile infants with positive urine culture: a Spanish pediatric emergency
Research Group study. Pediatr Emerg Care 2016;32:851-5.

Patel HD, Livsey SA, Swann RA, et al. Can urine dipstick testing for urinary tract
infection at point of care reduce laboratory workload? J Clin Pathol 2005;58:951-4.
Ramgopal S, Wilson PM. Automated versus manual band counts for the diagnosis of
invasive bacterial infections in infants who are febrile. J Pedliatr 2020;221:246-50.
Roberts KB, Wald ER. The diagnosis of UTI: colony count criteria revisited. Pediatrics
2018;141:20173239.

Primack W, Bukowski T, Sutherland R, et al. What urinary colony count indicates a
urinary tract infection in children? J Pediatr 2017;191:259-61.

Velasco R, et al. Arch Dis Child 2021;106:758—763. doi: 10.1136/archdischild-2020-320468

763

1ybuAdoo Ag paroalold
"0SZ X09 Od g1 SSOD/SYV 1B TZ0Z ‘6 1snbny uo /wod [wg-ope//:dny woij papeojumoq ‘0Z0Z J8qWIBAON /Z U0 8970ZE-0202-PIYdSIPYdIR/9eTT 0T St paysignd isiy :piyd sia yaiy


https://twitter.com/quetzal1980
https://twitter.com/MintegiSanti
http://orcid.org/0000-0003-0073-2650
http://orcid.org/0000-0001-6542-4494
http://dx.doi.org/10.1542/peds.113.6.1662
http://dx.doi.org/10.1097/PEC.0000000000000202
http://dx.doi.org/10.1016/j.anpedi.2016.07.005
http://dx.doi.org/10.1097/00006565-199510000-00004
http://dx.doi.org/10.1097/01.pec.0000113876.10140.9b
http://dx.doi.org/10.1136/archdischild-2014-307997
http://dx.doi.org/10.1016/j.jpeds.2019.04.053
http://dx.doi.org/10.1007/s00431-019-03442-4
http://dx.doi.org/10.1007/s00431-019-03442-4
http://dx.doi.org/10.1016/j.acap.2018.05.011
http://dx.doi.org/10.1111/j.1651-2227.2009.01644.x
http://dx.doi.org/10.1542/peds.2017-3068
http://dx.doi.org/10.1097/INF.0b013e3181c6dd14
http://dx.doi.org/10.1542/peds.2010-0479
http://dx.doi.org/10.1097/INF.0000000000000482
http://dx.doi.org/10.1097/INF.0000000000000629
http://dx.doi.org/10.1136/archdischild-2017-313578
http://dx.doi.org/10.1136/archdischild-2018-315397
http://dx.doi.org/10.1097/PEC.0b013e3181d6db37
http://www.ncbi.nlm.nih.gov/pubmed/26435675
http://dx.doi.org/10.1136/archdischild-2012-301872
http://dx.doi.org/10.1111/biom.12107
http://dx.doi.org/10.1111/apa.15230
http://dx.doi.org/10.1136/emermed-2013-202449
http://dx.doi.org/10.1097/PEC.0000000000000935
http://dx.doi.org/10.1136/jcp.2004.025429
http://dx.doi.org/10.1016/j.jpeds.2020.01.065
http://dx.doi.org/10.1542/peds.2017-3239
http://dx.doi.org/10.1016/j.jpeds.2017.08.012
http://adc.bmj.com/

	Febrile young infants with abnormal urine dipstick at low risk of invasive bacterial infection
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Multicentre collaborative research network
	Study design, setting and population
	Derivation sample
	Validation sample
	Exclusion criteria
	Definitions
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


