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IMPORTANCE The procalcitonin (PCT) assay is an accurate screening test for identifying
invasive bacterial infection (IBI); however, data on the PCT assay in very young infants are
insufficient.
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OBJECTIVE To assess the diagnostic characteristics of the PCT assay for detecting serious
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bacterial infection (SBI) and IBI in febrile infants aged 7 to 91 days.
DESIGN, SETTING, AND PARTICIPANTS A prospective cohort study that included infants
aged 7 to 91 days admitted for fever to 15 French pediatric emergency departments was
conducted for a period of 30 months (October 1, 2008, through March 31, 2011). The data
management and analysis were performed from October 1, 2011, through October 31, 2014.
MAIN OUTCOMES AND MEASURES The diagnostic characteristics of the PCT assay, C-reactive

protein (CRP) concentration, white blood cell (WBC) count, and absolute neutrophil cell
(ANC) count for detecting SBI and IBI were described and compared for the overall
population and subgroups of infants according to the age and the duration of fever.
Laboratory test cutoff values were calculated based on receiver operating characteristic
(ROC) curve analysis. The SBIs were defined as a pathogenic bacteria in positive culture of
blood, cerebrospinal fluid, urine, or stool samples, including bacteremia and bacterial
meningitis classified as IBIs.
RESULTS Among the 2047 infants included, 139 (6.8%) were diagnosed as having an SBI and
21 (1.0%) as having an IBI (11.0% and 1.7% of those with blood culture (n = 1258),
respectively). The PCT assay offered an area under the curve (AUC) of ROC curve similar to
that for CRP concentration for the detection of SBI (AUC, 0.81; 95% CI, 0.75-0.86; vs AUC,
0.80; 95% CI, 0.75-0.85; P = .70). The AUC ROC curve for the detection of IBI for the PCT
assay was significantly higher than that for the CRP concentration (AUC, 0.91; 95% CI,
0.83-0.99; vs AUC, 0.77; 95% CI, 0.65-0.89; P = .002). Using a cutoff value of 0.3 ng/mL for
PCT and 20 mg/L for CRP, negative likelihood ratios were 0.3 (95% CI, 0.2-0.5) for identifying
SBI and 0.1 (95% CI, 0.03-0.4) and 0.3 (95% CI, 0.2-0.7) for identifying IBI, respectively.
Similar results were obtained for the subgroup of infants younger than 1 month and for those
with fever lasting less than 6 hours.
CONCLUSIONS AND RELEVANCE The PCT assay has better diagnostic accuracy than CRP
measurement for detecting IBI; the 2 tests perform similarly for identifying SBI in febrile
infants aged 7 to 91 days.
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T

he prevalence of severe bacterial infections (SBIs), defined as urinary tract infection (UTI), bacterial gastroenteritis, and more invasive bacterial infections (IBIs), such
as bacteremia and meningitis, varies from 5% to 15% in infants
younger than 3 months, and diagnostically reliable symptoms
or clinical signs are few.1-5 Therefore, it can be difficult to distinguish young infants with SBIs from those with viral infection. As a result, a complete sepsis evaluation, empirical antibiotic therapy, and hospital admission are recommended for
febrile infants up to 1 month of age and are common for those
1 to 2 months of age.1,2,4,6 Clinicobiological scores to identify patients at low risk of SBI have been developed to allow optimal
treatment.1,6-8 These scores are less accurate in infants younger
than 1 month,9-11 difficult to use in practice,12 and variably applied by physicians.3,12-15 Their cost and the associated iatrogenic morbidity have not been extensively evaluated. Management of such cases could be improved by new tools, and
candidates include diagnostic tests for viral infection9,16 and procalcitonin (PCT) assays with earlier detection than usual biomarkers. The value of the PCT assay has been evaluated for the
detection of SBI in infants17-22 and more specifically of IBI,23-25
and the findings are favorable. However, to our knowledge, few
studies26-29 have assessed the performance of PCT assays for infants up to 3 months of age. The objective of this prospective
study was to assess the diagnostic accuracy of PCT assays and
to compare it with other, routinely used biomarkers for detecting SBI and IBI in febrile infants aged 7 to 91 days and for subgroups of infants according to their age (7-30 days or >30 days)
and the duration of fever (≤6 hours).

Methods
Study Design, Setting, and Participants
We performed a prospective, multicenter, cohort study in 15
French pediatric emergency departments for a period of 30
months from October 1, 2008, through March 31, 2011. The data
management and analysis were performed from October 1,
2011, through October 31, 2014. Infants older than 7 days and
younger than 91 days with temperatures of 38°C or higher at
home or on admission, without antibiotic treatment within the
previous 48 hours, and without major comorbidities (immune deficiency, congenital abnormality, or chronic disease)
were eligible. We did not include infants 6 days or younger because they are likely to have early-onset sepsis related to perinatal factors9 and because physiologic PCT concentrations
during the first 3 days of life are higher than thereafter.30
A list of eligible patients not included was established, and
a systematic search for SBI in these patients was conducted.
The Saint Germain en Laye Ethics Committee approved the
study. Parental written informed consent was obtained.

Data Collection
Physicians recorded demographic and neonatal data, onset of fever, fever in family members, symptoms, and clinical findings,
including the Yale Observation Scale.31 At the end of the clinical
examination and before the results of the tests were available, the
physician classified the clinical appearance as well or minimally,
jamapediatrics.com
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At a Glance
• The area under the curve (AUC) of the receiver operating
characteristic curve for the detection of invasive bacterial infection
(IBI) for the procalcitonin (PCT) assay was significantly higher than
that for the C-reactive protein (CRP) concentration (AUC, 0.91;
95% CI, 0.83-0.99; vs AUC, 0.77; 95% CI, 0.65-0.89; P = .002).
• The PCT assay offered an AUC similar to that for CRP for the
detection of SBI (AUC, 0.81; 95% CI, 0.75-0.86; vs AUC, 0.80;
95% CI, 0.75-0.85; P = .70).
• With a cutoff value of 0.3 ng/mL for PCT and 20 mg/L for CRP,
negative likelihood ratios for identifying IBI were 0.1 (95% CI,
0.03-0.4) and 0.3 (95% CI, 0.2-0.7), respectively.
• The PCT assay has better diagnostic accuracy than CRP
measurement for detecting IBI in very young febrile infants.

moderately, or very ill. The investigations, including white blood
cell (WBC), absolute neutrophil cell (ANC), and C-reactive protein
(CRP) measurement, blood culture, urinanalysis, lumbar puncture, stool culture, and chest radiography, and the decision to treat
with antibiotics or to hospitalize were left to the discretion of the
physicians. Admitted patients were followed up until discharge,
and discharged patients were followed up 48 hours after the initial admission with a medical visit or a telephone call.

Clinical Diagnoses
The attending physician made the diagnosis, categorized as SBI
or no bacterial infection, masked to the PCT value. Definite SBI
was defined as the isolation of a bacterial pathogen from the culture of blood, cerebrospinal fluid, stool sample, or urine collected by catheterization with 50 000 CFUs/mL or greater of a
single pathogen with a pyuria (>5 WBCs per high-power field)
and/or bacteriuria on microscopic analysis or a positive dipstick test result for leukocyte esterase or nitrite.32 Infants with
a urine culture from a bag specimen of 100 000 CFUs/mL or
greater of a single pathogen were considered to possibly have
a UTI, and infants with infiltrate on chest radiography interpreted by an experienced radiologist were considered to possibly have pneumonia and, accordingly, SBIs. The IBIs were bacteremia and bacterial meningitis defined as a pathogenic bacteria
in positive culture of blood and cerebrospinal fluid, including
Streptococcus pneumonia, Neisseria meningitidis, groups A and
B Streptococcus, Staphylococcus aureus, and Escherichia coli.
Staphylococcus epidermidis and Streptococcus viridans were categorized as contaminants. Patients with possible SBIs and all
other patients were recorded as not having definite bacterial infection for the diagnostic test performances analysis. All cases
of IBI were reviewed by 2 pediatric infectious disease specialists and 2 bacteriologists, all masked to the PCT results.

Laboratory Tests Measurement
Serum samples were collected after the initial clinical examination for quantitative PCT assays. The PCT analysis was performed retrospectively, and the laboratory was not informed of
the clinical features. Blood samples were centrifuged immediately after collection, and the serum samples were frozen in the
laboratory of each participating center and sent frozen (−80°C)
to the laboratory of the main investigating center (CHU Antoine
(Reprinted) JAMA Pediatrics January 2016 Volume 170, Number 1
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Table 1. Demographic, Clinical, Biological, and Care Data
No. (%) of
Study Participants
(N = 2047)

Characteristics
Demographic and clinical
Male sex

1218 (59.5)

Age ≤30 d

415 (20.3)

Maternal risk factor

478 (23.4)

Febrile family member

553 (27.0)

Duration of fever ≤6 hours

889 (43.4)

Poor general condition according to parents

627 (30.6)

Clinical appearance moderately or very ill

637 (31.1)

Laboratory tests and care
PCT measurement

2047 (100)

WBC measurement

2022 (98.8)

CRP measurement

2037 (99.5)

Blood culture

1258 (61.5)

Lumbar puncture

1326 (64.8)

Urine culture or dipstick test

1995 (97.5)

Urine culture alone

1377 (67.3)

Chest radiography

1320 (64.5)

Hospital admission

1505 (73.5)

Antibiotic treatment

856 (41.8)

Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; WBC, white blood cell.

Béclère, Clamart-France). Samples were stored at −80°C until
testing. Procalcitonin is stable after long-term deep-frozen
storage.33 All samples were tested with the VIDAS B.R.A.H.M.S.
PCT assay (BioMérieux) by a semiautomated enzyme-linked
immunosorbent assay immune analysis. The CRP was measured using a rapid immunometric method (Vitros Fusion 5.1,
Ortho Clinical Diagnostics) according to the instructions of the
manufacturer. The WBC and ANC counts were measured using
an automated cell counter.

Study Size and Main Outcome Measure
The sample size was calculated on the primary outcome measure: this required an accurate estimate of the area under the
curve (AUC) of the receiver operating characteristic (ROC) curve
of the value of the PCT assay for the diagnosis of IBI. The number of individuals to be included was determined from the accuracy of the 95% CI of this AUC. The sample size was estimated so that the 95% CI for AUC of the PCT assay would have
a ±5% accuracy. Assuming an AUC at 0.85 and an IBI prevalence of 2%, a sample of 2000 infants was needed.34

Statistical Analysis
First, the general characteristics of the patients and clinical care
conditions were described. The diagnosis was reported for the
population as a whole and according to age (≤30 or >30 days).
Categorical variables were reported as percentages and compared using the Fisher exact test or χ2 test. The following analyses were performed between definite SBIs and no definite bacterial infection. For analysis of definite SBIs and IBIs that
included laboratory data as predictors, we included only patients for whom a blood culture was obtained.
64

Second, clinical characteristics and laboratory values were
compared between those with and without definite SBIs and
IBIs. Third, a multiple logistic regression model was performed
that included clinical and laboratory markers (PCT, CRP, WBC,
and ANC as binary variables) that were significantly associated
in the univariable analysis with the outcome variables (definite
SBI and IBI). The optimal statistical cutoff values for each biomarker were calculated based on ROC curve analysis as the
maximum (sensitivity + specificity − 1). Fourth, the diagnostic performances of the laboratory markers considered for detecting definite SBI and IBI were investigated by drawing a ROC
curve and comparing the AUC34,35 for all infants with blood cultures and among them, for those 30 days or younger and for
those with fever lasting for less than 6 hours. A sensitivity analysis with definite plus possible SBIs was performed. Fifth, sensitivity, specificity, and positive and negative likelihood ratios
were assessed for optimal cutoffs obtained from our ROC curve
analysis and other previously published cutoffs.19,20 P < .05 was
considered statistically significant. STATA/SE statistical software, version 12 (StataCorp), was used for statistical analyses.

Results
Patient Characteristics
In total, 2981 consecutive infants were eligible and 2273 patients enrolled. The rate of bacterial infection did not differ
among the 708 eligible but excluded patients for whom parental consent or data collection could not be obtained and the
patients enrolled (39 [5.5%] vs 139 [6.1%], P = .50). After verification of the exclusion criteria, complete follow-up, and availability of PCT assay results, 2047 infants were included in the
final analysis (eFigure 1 in the Supplement). Among excluded
patients, the prevalence of definite SBI was 5.8% (6.8% among
included infants, P = .60). The demographic, clinical, and care
data for the study population are reported in Table 1. Among
infants without lumbar puncture performed, only 23 were discharged and treated with oral antibiotics. None had clinical
worsening after the 48-hour follow-up.

Diagnoses
Among the 139 infants with a definite SBI (11.0% of those with
blood culture), 115 (9.1% of those with blood culture) had UTI
as diagnosed from catheterized urine specimens, with similar
proportions in the 2 age groups (7.4% in those aged ≤30 days
vs 9.6% in those aged >30 days, P = .26). Bacteremia was diagnosed in 13 infants and bacterial meningitis in 8 infants (1.0%
and 0.6% of those with blood culture, respectively). Invasive
bacterial infections were more frequent in the first month of life
(3.3% of patients with blood culture) than in the following 2
months (1.2%; P = .01). Escherichia coli was the causative organism in 105 (91.3%) of the 115 UTIs and the species most frequently isolated from blood cultures (8 [61.5%] of 13) (Table 2).

Predictive Factors of Definite SBIs and IBIs
The clinical and laboratory data compared between the categories of diagnosis using univariate and multivariate analyses are reported in Table 3. The optimal cutoff points were 0.3
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Table 2. Bacterial Infections
No. (%) of Study Participantsa
Infection Type

All
(N = 2047)

Definite SBI

Aged 7-30 d
(n = 415)

Aged 31-91 d
(n = 1632)

139 (6.8/11.0)

30 (7.2/11.0)

109 (6.7/11.0)

115 (5.6/9.1)

20 (4.8/7.4)

95 (5.8/9.6)

Pathogens
…

No IBI
UTIb

Gastroenteritis

Escherichia coli (n = 105)
Klebsiella (n = 6)
Enterococcus (n = 4)

3

1

2

Salmonella typhimurium (n = 3)

Bacterial
meningitis

8 (0.4/0.6)

4 (1.0/1.5)

4 (0.2/0.4)

Streptococcus agalactiae (n = 3)
E coli (n = 2)
Neisseria meningitidis (n = 1)
Streptococcus pneumoniae (n = 1)
Gemella hemolysans (n = 1)

Bacteremia

13 (0.6/1.0)

5 (1.2/1.8)

8 (0.5/0.8)

E coli (n = 8)
S pneumoniae (n = 1)
N meningiditis (n = 1)
S agalactiae (n = 1)
Staphylococcus aureus (n = 1)
Proteus mirabillis (n = 1)

IBI

Abbreviations: ellipses, data not
applicable; IBI, invasive bacterial
infection; SBI, severe bacterial
infection; UTI, urinary tract infection.
a

The second percentage listed is the
percentage when the denominator
included only those who had blood
cultures performed (n = 1258 of all
infants, n = 271 of infants aged 7 to
30 days, and n = 987 of infants
aged 31 to 91 days).

b

Urinary tract infection with
bacteremia and bacterial meningitis
occurring simultaneously are not
included.

No definite SBI
Possible SBI

217

58

159

…

UTI

173

53

120

E coli (n = 159)
Klebsiella (n = 6)
Enterococcus (n = 7)
Citrobacter (n = 1)

44

5

39

…

1691

327

1364

…

Pneumonia
No bacterial
infection

Table 3. Clinical and Laboratory Predictors of Patients With Bacterial Infectionsa
Patients With Definite SBI
(n = 139)
Predictor

Crude OR
(95% CI)

P Valueb

Patients With IBI
(n = 21)
AOR
(95% CI)

Crude OR
(95% CI)

P Valuec

AOR
(95% CI)

P Valuec

Age ≤30 d

1.7 (1.0-2.9)

.04

0.8 (0.4-1.5)

.50

3.0 (1.3-7.5)

.01

0.6 (0.2-1.5)

.20

Male sex

1.5 (1.0-2.1)

.04

1.6 (0.9-2.8)

.10

1.6 (0.6-4.1)

.30

0.7 (0.2-2.1)

.50

Temperature ≥39°C in PED

2.0 (1.1-3.9)

.03

0.7 (0.4-1.2)

.20

3.2 (1.2-9.1)

.02

0.6 (0.2-1.7)

.40

Febrile family member

0.2 (0.08-0.5)

.001

0.3 (0.1-0.7)

.01

0.3 (0.06-1.3)

.10

0.4 (0.1-1.7)

.20

YOS score >10d

1.2 (0.7-2.1)

.70

1.0 (0.5-1.8)

.10

3.9 (1.1-13.5)

.03

1.1 (0.4-3.1)

.80

PCT ≥0.3 ng/mL

10.0 (5.7-17.3)

<.001

4.5 (2.3-8.8)

<.001

31.0 (7.2-134)

<.001

40.3 (5.0-332)

CRP ≥20 mg/L

10.0 (5.7-17.8)

<.001

4.2 (2.1-8.4)

<.001

8.9 (3.2-24.8)

<.001

3.3 (1.1-10.8)

.05

WBCs ≥10 000/µL

3.2 (1.9-5.5)

<.001

1.1 (0.5-2.3)

.80

1.2 (0.5-3.0)

.40

0.5 (0.1-1.7)

.20

ANCs ≥5000/µL

4.7 (2.8-8.0)

<.001

1.5 (0.7-3.1)

.30

2.4 (1.0-5.9)

.06

0.9 (0.3-3.2)

.90

Abbreviations: ANCs, absolute neutrophil cells; AOR, adjusted odds ratio;
CRP, C-reactive protein; IBI, invasive bacterial infection; OR, odds ratio;
PCT, procalcitonin; PED, pediatric emergency department; SBI, serious bacterial
infection; WBCs, white blood cells; YOS, Yale Observation Scale.
SI conversion factors: To convert CRP to nanomoles per liter, multiply by 9.524;
to convert WBCs to ×109/L, multiply by 0.001; to convert ANCs to ×109/L,
multiply by 0.001.
a

P Valueb

Cutoff points of laboratory tests were calculated as the maximum

ng/mL for PCT, 20 mg/L for CRP (to convert to nanomoles per
liter, multiply by 9.524), 10 000/μL for WBC count (to convert to ×109/L, multiply by 0.001), and 5000/μL for ANC count
(to convert to ×109/L, multiply by 0.001). In the multivariable
analysis, a PCT level at the 0.3-ng/mL cutoff point was the only
independent risk factor for IBI.
jamapediatrics.com

.001

(sensitivity + specificity − 1) using receiver operating characteristic curve
analysis. Only those with blood cultures are included (n = 1258).
b

P value of the comparison between patients with definite SBI and without
definite SBI (including possible SBI).

c

P value of the comparison between patients with IBI and without definite SBI
(including possible SBI).

d

A YOS score greater than 10 denotes a high risk of SBI.

Test Performances
The AUC for the PCT assay for the identification of IBI was significantly better than those for CRP, ANC, and WBC measurements. The AUC for the identification of definite SBI for the
PCT assay did not differ significantly from those for CRP and
ANC measurements and was better than that for WBC mea(Reprinted) JAMA Pediatrics January 2016 Volume 170, Number 1
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Figure. Area Under the Curve (AUC) for the Receiver Operating Characteristic Curves for Biomarkers to Detect Definite Serious Bacterial Infections
(SBIs) and Invasive Bacterial Infections (IBIs)
Definite SBI
1.00
PCT

CRP
0.75

CRP
WBCs

0.50

AUC

AUC

0.75

IBI

PCT

1.00

0.50

ANCs

WBCs

0.25

0.25
ANCs

0

0
0

0.25

0.50

0.75

1.00

0

0.25

1–Specificity
Definite SBI (n = 139)
Biomarker

AUC (95% CI)

PCT, ng/mL
CRP, mg/L
ANCs, /µL
WBCs, /µL

0.81 (0.75-0.86)
0.80 (0.75-0.85) .70
0.73 (0.66-0.79) .08
0.66 (0.58-0.73) <.001

0.50

0.75

1.00

1–Specificity
IBI (n = 21)

P Value*

AUC (95% CI)

P Value*

0.91 (0.83-0.99)
0.77 (0.65-0.89)
0.61 (0.45-0.77)
0.48 (0.31-0.66)

.002
.004
<.001

*Compared with PCT.

ANCs indicates absolute neutrophil cells; CRP, C-reactive protein; PCT, procalcitonin; and WBCs, white blood cells.

Table 4. Sensitivity, Specificity, and Likelihood Ratios (95% CIs) for Definite SBI and IBI at Various Thresholds
Sensitivity

Specificity

Positive
Likelihood Ratio

Negative
Likelihood Ratio

PCT ≥0.3 ng/mL

74 (62-84)

78 (75-80)

3.3 (2.8-3.9)

0.3 (0.2-0.5)

PCT ≥0.5 ng/mL

60 (48-72)

85 (83-87)

3.9 (3.1-5.0)

0.5 (0.4-0.6)

PCT ≥2.0 ng/mL

36 (25-48)

94 (92-95)

5.7 (3.9-8.4)

0.7 (0.6-0.8)

CRP ≥20 mg/L

77 (66-86)

75 (72-77)

3.1 (2.6-3.6)

0.3 (0.2-0.5)

CRP ≥40 mg/L

59 (46-70)

86 (84-88)

4.2 (3.7-6.3)

0.5 (0.4-0.6)

PCT ≥0.3 ng/mL

90 (68-99)

78 (75-80)

4.0 (3.3-4.8)

0.1 (0.03-0.4)

PCT ≥0.5 ng/mL

85 (62-97)

85 (82-87)

5.6 (4.4-7.0)

0.2 (0.06-0.5)

PCT ≥2.0 ng/mL

60 (36-81)

94 (92-95)

9.6 (6.3-14.7)

0.4 (0.2-0.7)

CRP ≥20 mg/L

75 (51-91)

75 (72-77)

3.0 (2.3-3.9)

0.3 (0.2-0.7)

CRP ≥40 mg/L

45 (23-69)

86 (84-88)

3.2 (1.9-5.3)

0.6 (0.4-0.9)

Biomarkers
Definite SBI

IBI

surement (Figure). The AUC for the PCT assay and CRP measurement for the detection of definite SBIs did not differ significantly among patients with fever duration of less than 6
hours or those younger than 1 month. However, the AUC for
the PCT assay was better than for CRP measurement in the detection of IBIs in both subgroups (eFigure 2 and eFigure 3 in
the Supplement). Taking into account definite plus possible
SBIs, the ROC curve had an AUC for PCT and CRP of 0.81 (95%
CI, 0.78-0.84) and 0.83 (95% CI, 0.80-0.86; P = .06), respectively (eFigure 4 in the Supplement). The performances of the
PCT assay and CRP measurement at selected and standard
thresholds are summarized in Table 4. Of the 21 patients diagnosed as having IBIs, 5 had a CRP level less than 20 mg/L,
and only 1 had a PCT level less than 0.3 ng/mL (eTable in the
Supplement).
66

Abbreviations: CRP, C-reactive
protein; IBI, invasive bacterial
infection; PCT, procalcitonin;
SBI, serious bacterial infection.
SI conversion factors: To convert CRP
to nanomoles per liter, multiply by
9.524.

Discussion
We report the results of a large prospective study that indicate that the PCT assay has better test characteristics compared with CRP, ANC, and WBC measurements for diagnosing IBIs in febrile infants aged 7 to 91 days admitted to a
pediatric emergency department. Considering the AUC and selected and standard cutoff values, the PCT assay has better test
indexes than CRP measurement for identifying IBIs, whereas
the PCT assay has similar diagnostic properties as CRP measurement for detecting definite SBI in this same population.
However, urinalyses are reliable to rule out SBI, contrary to IBI,
considering that the most common type of bacterial infection
in this age group is UTI. Among infants 30 days or younger and
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also those with fever with recent onset, our analysis led to the
same conclusions.
Our results are consistent with studies 2 6 -2 8 that
included only infants younger than 3 months. The only such
prospective study included 234 infants and reported an AUC
curve for the PCT assay of 0.82 for definite SBI; this value
was greater than those for ANC and WBC measurements but
was not compared with that for CRP measurement.26 The
studies by Olaciregui et al27 and Gomez et al28 retrospectively included 1112 and 347 infants, respectively, and found
better AUC curves for the PCT assay than for CRP measurement for identifying IBIs. Both reported similar discriminative capability of the PCT assay and CRP measurement to
predict SBI in the whole population; this capability may be
improved if only infants with fever of recent onset are
considered.27,28 However, these findings should be interpreted with caution. Olaciregui et al27 indicated that the
trend for improvement in the predictive value of PCT in
infants with fever lasting for 12 hours or less was small.
Gomez et al28 included infants not only with fever lasting
for less than 6 hours but also with normal urinalysis results.
Although we cannot ensure that the onset of fever reported
by parents is absolutely reliable, we assumed that parents of
very young infants were very careful.
No marker can replace clinical judgment in cases of severely ill patients or patients with sepsis. In the multivariate
analysis, clinical features were not independent predictive
factors for IBI. It would be extremely valuable to find a marker
with high diagnostic value to rule out this type of infection.
Our findings provide further evidence that PCT is the best
marker for this purpose and, in particular, when using a cutoff value of 0.3 ng/mL.
This threshold is lower than the 0.5 ng/mL value commonly used for PCT and provides the best diagnostic accuracy for bacterial infections overall. This finding is supported by a meta-analysis 36 of the same age group and
outcome. Lowering the cutoff to 0.12 ng/mL as suggested by
Maniaci et al26 would have detected all IBIs in our sample,
but the specificity would have been decreased to 26%.
Increasing the cutoff to 0.5 ng/mL may lead to a lower negative likelihood ratio (likelihood ratio of 0.2), whereas a cutoff point of 0.3 ng/mL provided a useful negative likelihood
ratio (likelihood ratio of 0.1) in our study.
Urinary tract infections were the most frequent SBI,
accounting for 80% of all SBIs. Consistent with published
findings, UTIs were found in 5.6% in the total sample by
analysis of urine from catheterization 3 and in 14.1% by
analysis of urine from catheterization and bag.28 In cases in
which PCT alone failed to identify a UTI, combination with
rapid urine analysis, eg, urine dipstick tests, might help
improve practice.29 Urine dipsticks have been previously
reported to have good diagnostic performance in this age
group and in older infants, such that this approach may be
adequate for screening for UTIs.37,38 In addition, PCT is useful as a predictor of late renal scars and vesicoureteral reflux
and may be useful for identifying infants who may benefit
from a dimercaptosuccinic acid scan, thereby helping to
avoid unnecessary cystourethrography.21,39
jamapediatrics.com
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Bacteremia and bacterial meningitis were detected in 13
(1.0%) and 8 (0.6%) of 1258 infants from whom blood cultures were obtained, respectively. These results were close
to those of 2 previous large series,3,4 despite a lower frequency of bacteremia, 5,26-28 but cannot be extrapolated
because blood culture and lumbar puncture were only
obtained in 1258 (61.5%) and 1326 (64.8%) of 2047 included
infants, respectively. Patients without blood culture were
excluded from the analysis. Although lumbar puncture was
not performed in all patients, especially discharged infants
who received antibiotics, the favorable clinical course
makes it improbable that bacterial meningitis was misdiagnosed. In addition, urine culture was not always performed
in the case of a normal dipstick result. We considered that
those patients are unlikely to have UTIs.37,38
Our study has other limitations. The treatment of the
infants enrolled was at the discretion of the investigator,
which may have introduced variability of care. These variations indicate, however, the clinical practice conditions. In
addition, not all febrile infants younger than 3 months presenting at participating centers during the study period
were enrolled for analysis. Nevertheless, the frequencies of
SBI among these infants were not significantly different
from those of the 2047 infants included in the analysis.
A higher UTI prevalence was reported for bag specimens
than for catheterization specimens. Bag collection is known
as a method that overestimates UTI diagnosis. Nevertheless,
positive culture results from bag specimens are classified as
possible UTIs and not as definite SBIs. We also did not consider pneumonia as a definite SBI. This bias did not, however, affect the results obtained for prediction of definite
SBI and IBI. The performances of the PCT assay and CRP
measurement are, however, slightly different between definite SBI and definite plus possible SBI identification.
Catheterization is probably the best urine collection procedure, but bags are still widely used for urine collection from
infants, and because viral or bacterial pneumonia can be
indistinguishable, these findings have implications for
current practice.
Our results suggest that it may be possible to improve
clinical practice for the treatment of young febrile infants.
Despite the rarity of IBIs, our sample size and primary outcome based on the diagnosis of IBI allowed us to assess the
performance of the PCT assay in this population and to
identify a threshold that would adequately distinguish
infants at low risk for IBIs. Although our optimal PCT
threshold is calculated in isolation and may be different in
the multivariable model, one advantage of our results may
be the potential to avoid lumbar puncture, particularly in
patients older than 1 month with a PCT level less than 0.3
ng/mL. Although the PCT assay is probably the best biological predictor currently available to distinguish between IBI
and viral infection,40 false-negative or false-positive results
are possible but rare.24 Although it would be unwise to use
the PCT assay alone, combined with careful analysis of the
case history, physical examination, and appropriate tests, it
provides important information for the detection of IBIs in
this population.
(Reprinted) JAMA Pediatrics January 2016 Volume 170, Number 1
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Conclusions
Our large prospective study reveals that PCT is the best marker
for identifying bacteremia and bacterial meningitis in febrile infants 7 to 91 days old and that it is moderately useful for identifying infants with SBIs. However, urinalyses are reliable to de-

ARTICLE INFORMATION
Accepted for Publication: August 27, 2015.
Published Online: November 23, 2015.
doi:10.1001/jamapediatrics.2015.3210.
Author Affiliations: Department of Pediatrics,
Antoine Béclère University Hospital, Assistance
Publique-Hôpitaux de Paris, Clamart, France
(Milcent, Gajdos); INSERM, CESP Centre for
Research in Epidemiology and Population Health,
Paris-Sud, Paris-Saclay University, Villejuif, France
(Milcent, Poulalhon, Bouyer, Gajdos); Pediatric
Emergency Department, Paris Descartes University,
Necker Enfants Malades Hospital, Assistance
Publique-Hôpitaux de Paris, Paris, France (Faesch);
Department of Pediatrics, Hôpital Mère Enfant,
Nantes University Hospital, Nantes, France
(Gras-Le Guen); Pediatric Emergency Unit and
Infectious Diseases, Lille University, Lille, France
(Dubos); Department of Pediatrics, Poissy Hospital,
Poissy, France (Badier); Department of Pediatrics,
Kremlin Bicêtre University Hospital, Assistance
Publique-Hôpitaux de Paris, Le Kremlin-Bicêtre,
France (Marc); Department of Pediatrics,
Dupuytren University Hospital, Limoges, France
(Laguille); Department of Pediatrics, Jean Verdier
Hospital, Assistance Publique-Hôpitaux de Paris,
Paris 13 University, Bondy, France (de Pontual);
Department of Pediatrics, Sud Francilien Hospital,
Corbeil-Essonnes, France (Mosca); Department of
Pediatrics, Centre Hospitalier de Marne La Vallée,
Jossigny, France (Nissack); Department of
Pediatrics, Créteil Hospital, Créteil, France
(Biscardi); Department of Paediatric Surgery,
Hôpital d'Enfants de La Timone, Marseille, France
(Le Hors); Department of Pediatrics, Rouen
University Hospital, Rouen, France (Louillet);
Department of Pediatrics, Louis Mourier University
Hospital, Assistance Publique-Hôpitaux de Paris,
Colombes, France (Dumitrescu); Pediatric
Emergency Unit, Hôpitaux Pédiatriques de Nice,
CHU Lenval, Nice, France (Babe); Assistance
Publique-Hôpitaux de Paris, Hôpital Paul Brousse,
Virologie, National Reference Laboratory for
Maternofetal Rubella Infections, Villejuif, France
(Vauloup-Fellous).
Author Contributions: Dr Milcent had full access to
all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Milcent, Bouyer, Gajdos.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Milcent, Gajdos.
Critical revision of the manuscript for important
intellectual content: Milcent, Faesch, Gras-Le Guen,
Dubos, Poulalhon, Badier, Marc, Laguille,
de Pontual, Mosca, Nissack, Biscardi, Le Hors,
Louillet, Dumitrescu, Babe, Vaulloup-Fellous,
Bouyer.
Statistical analysis: Milcent, Poulalhon, Bouyer,
Gajdos.
68

tect SBI, mainly represented by UTI in this age group, contrary
to IBI. The performance of PCT testing should encourage the development of decision-making rules that incorporate PCT. Their
effectiveness, cost, and the associated iatrogenic morbidity
should be analyzed; these approaches should then be validated
to determine how they should be combined to improve the management of febrile infants 7 to 91 days old.

Obtained funding: Gras-Le Guen, Gajdos.
Administrative, technical, or material support:
Milcent, Marc, Le Hors, Dumitrescu.
Study supervision: Milcent, Dubos, de Pontual,
Bouyer, Gajdos.
Conflict of Interest Disclosures: None reported.
Funding/Support: This work was supported by
grants PHRC AOR 06/047 and 10/079 from the
French Health Ministry.
Role of the Funder/Sponsor: The funding source
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and the decision to
submit the manuscript for publication.
Additional Contributions: We thank the members
of the PRONOUR (Procalcitonin for Predicting
Serious Bacterial Infection in Infants Less Than 3
Months) Study Group: Francis Perreaux, MD, Muriel
Beliah, MD, Jeremie Bled, MD, Laure Clech, MD,
Marie-Noelle Dufourg, MD, Alix Mollet, MD,
Géraldine Poirot, MD, Souha Siouti, MD, Pascale
Trioche Eberschweiler, MD, François Petit, Pharm,
PhD, Gérard Chéron, MD, Agathe Aprahamian, MD,
Natahlie Bocquet, MD, Carole Desmoulins, MD,
Sophie Larrar, MD, Sophie Miramont, MD, Valérie
Nouyrigat, MD, Géraldine Patteau, MD, Bénédicte
Vrignaud, MD, Elyse Launay, MD, Céline, Robin,
Marion Boivin, Arnaud Legrand, Béatrice Pellegrino,
MD, Catherine Chotard, MD, Didier Armengaud,
MD, Renaud de Tournemire, MD, Elisabeth Caron,
Céline Gandon, Valérie Maghraoui, MD, Ferielle
Zenkhri, MD, Vincent Guigonis, MD, Abdel Tahir,
MD, Véronique Messager, MD, Séverine Thon, MD,
Céline Menetrey, MD, Caroline Oudot, MD, Jane
Languepin, MD, Christophe Piguet, MD, Cécile
Etoubleau, MD, Nicolas Rodier, Déborah Postil,
Marie Domelier, MD, Laure Ponthier, MD, Alexandra
Masson, MD, Alexandra Loupiac, MD, Emily
Bennett-Petitjean, MD, Marie-Claire Mozziconacci,
MD, Fanny Laffarge, MD, Florence Compain, MD,
Marianne Peyre, MD, Marie-Lucile Benoit, MD,
Guillaume Jaouen, MD, Paul Desvilles, MD, Sandrine
Garnier, MD, Franck Mougnaud, Thanh-Van Trieu,
MD, Anne-Marie Teychene, MD, Alexandra Malka,
MD, Nader Hakim, MD, Isabelle Ferrie, MD, Patricia
Benhaim, MD, Soufiane Bouabdallah, MD, Christelle
Baldacchino, Alain Martinot, MD, Valérie Hue, MD,
Marie Aurel, MD, Isabelle Pruvost, MD, Aimée
Dorkenoo, MD, Fafhreddine Maiz, MD, Angèle
Dejean de la Batie, MD, Alexandre Pupin, MD,
Natahalie Garrec, MD, Julie Chognot, MD, Annie
Sfez, MD, Xavier Durrmeyer, MD, Delphine
Delalande, MD, Murielle Louvel, MD, Isabelle
Labedan, MD, Ines Layouni, MD, Barabara Azcona,
MD, Juliette Berquier, MD, Valérie Brémond, MD,
Michèle Portas, MD, Emmanuelle Bosdure, MD,
Claude Somma, MD, Marie Edith Coste, MD, Aurélie
Boutin, MD, Martine Grall-Lerosey, MD, Robert
Four, MD, Margot Descriennes, MD, Hubert
Debieville, MD, Calire Kohsok, MD, Béatrice Saggio,

MD, Françoise Lenoir, MD, Aminata Traore, and
Hélène Agostini. We also thank the members of the
Expert Committee: Florence Moulin, MD, Candice
Meyzer, MD, Jean-Winoc Decousser, MD, and
Christelle Guillet-Caruba, MD.
REFERENCES
1. Baker MD, Bell LM, Avner JR. Outpatient
management without antibiotics of fever in
selected infants. N Engl J Med. 1993;329(20):
1437-1441.
2. Baraff LJ. Management of fever without source
in infants and children. Ann Emerg Med. 2000;36
(6):602-614.
3. Pantell RH, Newman TB, Bernzweig J, et al.
Management and outcomes of care of fever in early
infancy. JAMA. 2004;291(10):1203-1212.
4. Bachur RG, Harper MB. Predictive model for
serious bacterial infections among infants younger
than 3 months of age. Pediatrics. 2001;108(2):311-316.
5. Baskin MN. The prevalence of serious bacterial
infections by age in febrile infants during the first 3
months of life. Pediatr Ann. 1993;22(8):462-466.
6. Dagan R, Powell KR, Hall CB, Menegus MA.
Identification of infants unlikely to have serious
bacterial infection although hospitalized for
suspected sepsis. J Pediatr. 1985;107(6):855-860.
7. Baskin MN, O’Rourke EJ, Fleisher GR. Outpatient
treatment of febrile infants 28 to 89 days of age
with intramuscular administration of ceftriaxone.
J Pediatr. 1992;120(1):22-27.
8. Bonadio WA, Hagen E, Rucka J, Shallow K,
Stommel P, Smith D. Efficacy of a protocol to
distinguish risk of serious bacterial infection in the
outpatient evaluation of febrile young infants. Clin
Pediatr (Phila). 1993;32(7):401-404.
9. Hui C, Neto G, Tsertsvadze A, et al. Diagnosis
and management of febrile infants (0-3 months).
Evid Rep Technol Assess (Full Rep). 2012;(205):1-297.
10. Baker MD, Bell LM. Unpredictability of serious
bacterial illness in febrile infants from birth to
1 month of age. Arch Pediatr Adolesc Med. 1999;153
(5):508-511.
11. Kadish HA, Loveridge B, Tobey J, Bolte RG,
Corneli HM. Applying outpatient protocols in febrile
infants 1-28 days of age: can the threshold be
lowered? Clin Pediatr (Phila). 2000;39(2):81-88.
12. Baker MD, Bell LM, Avner JR. The efficacy of
routine outpatient management without antibiotics
of fever in selected infants. Pediatrics. 1999;103(3):
627-631.
13. Zerr DM, Del Beccaro MA, Cummings P.
Predictors of physician compliance with a published
guideline on management of febrile infants. Pediatr
Infect Dis J. 1999;18(3):232-238.
14. Young PC. The management of febrile infants
by primary-care pediatricians in Utah: comparison

JAMA Pediatrics January 2016 Volume 170, Number 1 (Reprinted)

Copyright 2016 American Medical Association. All rights reserved.

jamapediatrics.com

Procalcitonin Use to Predict Bacterial Infection in Febrile Infants

with published practice guidelines. Pediatrics. 1995;
95(5):623-627.
15. Goldman RD, Scolnik D, Chauvin-Kimoff L, et al;
Fever in Infants Group Research, Pediatric
Emergency Research of Canada. Practice variations
in the treatment of febrile infants among pediatric
emergency physicians. Pediatrics. 2009;124(2):
439-445.
16. Levine DA, Platt SL, Dayan PS, et al; Multicenter
RSV-SBI Study Group of the Pediatric Emergency
Medicine Collaborative Research Committee of the
American Academy of Pediatrics. Risk of serious
bacterial infection in young febrile infants with
respiratory syncytial virus infections. Pediatrics.
2004;113(6):1728-1734.
17. Gendrel D, Raymond J, Coste J, et al.
Comparison of procalcitonin with C-reactive
protein, interleukin 6 and interferon-alpha for
differentiation of bacterial vs. viral infections.
Pediatr Infect Dis J. 1999;18(10):875-881.
18. Lacour AG, Gervaix A, Zamora SA, et al.
Procalcitonin, IL-6, IL-8, IL-1 receptor antagonist
and C-reactive protein as identificators of serious
bacterial infections in children with fever without
localising signs. Eur J Pediatr. 2001;160(2):95-100.
19. Galetto-Lacour A, Zamora SA, Andreola B, et al.
Validation of a laboratory risk index score for the
identification of severe bacterial infection in
children with fever without source. Arch Dis Child.
2010;95(12):968-973.
20. Andreola B, Bressan S, Callegaro S, Liverani A,
Plebani M, Da Dalt L. Procalcitonin and C-reactive
protein as diagnostic markers of severe bacterial
infections in febrile infants and children in the
emergency department. Pediatr Infect Dis J. 2007;
26(8):672-677.
21. Leroy S, Fernandez-Lopez A, Nikfar R, et al.
Association of procalcitonin with acute
pyelonephritis and renal scars in pediatric UTI.
Pediatrics. 2013;131(5):870-879.
22. Moulin F, Raymond J, Lorrot M, et al.
Procalcitonin in children admitted to hospital with
community acquired pneumonia. Arch Dis Child.
2001;84(4):332-336.

jamapediatrics.com

Original Investigation Research

23. Fernández Lopez A, Luaces Cubells C, García
García JJ, Fernández Pou J; Spanish Society of
Pediatric Emergencies. Procalcitonin in pediatric
emergency departments for the early diagnosis of
invasive bacterial infections in febrile infants:
results of a multicenter study and utility of a rapid
qualitative test for this marker. Pediatr Infect Dis J.
2003;22(10):895-903.
24. Dubos F, Moulin F, Gajdos V, et al. Serum
procalcitonin and other biologic markers to
distinguish between bacterial and aseptic
meningitis. J Pediatr. 2006;149(1):72-76.
25. Prat C, Domínguez J, Rodrigo C, et al. Use of
quantitative and semiquantitative procalcitonin
measurements to identify children with sepsis and
meningitis. Eur J Clin Microbiol Infect Dis. 2004;23
(2):136-138.
26. Maniaci V, Dauber A, Weiss S, Nylen E, Becker
KL, Bachur R. Procalcitonin in young febrile infants
for the detection of serious bacterial infections.
Pediatrics. 2008;122(4):701-710.
27. Olaciregui I, Hernández U, Muñoz JA,
Emparanza JI, Landa JJ. Markers that predict
serious bacterial infection in infants under 3 months
of age presenting with fever of unknown origin.
Arch Dis Child. 2009;94(7):501-505.
28. Gomez B, Bressan S, Mintegi S, et al. Diagnostic
value of procalcitonin in well-appearing young
febrile infants. Pediatrics. 2012;130(5):815-822.
29. Woelker JU, Sinha M, Christopher NC, Powell
KR. Serum procalcitonin concentration in the
evaluation of febrile infants 2 to 60 days of age.
Pediatr Emerg Care. 2012;28(5):410-415.
30. Chiesa C, Panero A, Rossi N, et al. Reliability of
procalcitonin concentrations for the diagnosis of
sepsis in critically ill neonates. Clin Infect Dis. 1998;
26(3):664-672.
31. McCarthy PL, Lembo RM, Fink HD, Baron MA,
Cicchetti DV. Observation, history, and physical
examination in diagnosis of serious illnesses in
febrile children less than or equal to 24 months.
J Pediatr. 1987;110(1):26-30.

Improvement and Management. Urinary tract
infection: clinical practice guideline for the
diagnosis and management of the initial UTI in
febrile infants and children 2 to 24 months. Pediatrics.
2011;128(3):595-610.
33. Schuetz P, Christ-Crain M, Huber AR, Müller B.
Long-term stability of procalcitonin in frozen
samples and comparison of Kryptor and VIDAS
automated immunoassays. Clin Biochem. 2010;43
(3):341-344.
34. Hanley JA, McNeil BJ. The meaning and use of
the area under a receiver operating characteristic
(ROC) curve. Radiology. 1982;143(1):29-36.
35. DeLong ER, DeLong DM, Clarke-Pearson DL.
Comparing the areas under two or more correlated
receiver operating characteristic curves:
a nonparametric approach. Biometrics. 1988;44(3):
837-845.
36. England JT, Del Vecchio MT, Aronoff SC. Use of
serum procalcitonin in evaluation of febrile infants:
a meta-analysis of 2317 patients. J Emerg Med.
2014;47(6):682-688.
37. Glissmeyer EW, Korgenski EK, Wilkes J, et al.
Dipstick screening for urinary tract infection in
febrile infants. Pediatrics. 2014;133(5):e1121-e1127.
38. Kanegaye JT, Jacob JM, Malicki D. Automated
urinalysis and urine dipstick in the emergency
evaluation of young febrile children. Pediatrics.
2014;134(3):523-529.
39. Leroy S, Romanello C, Galetto-Lacour A, et al.
Procalcitonin to reduce the number of unnecessary
cystographies in children with a urinary tract
infection: a European validation study. J Pediatr.
2007;150(1):89-95.
40. Simon L, Gauvin F, Amre DK, Saint-Louis P,
Lacroix J. Serum procalcitonin and C-reactive
protein levels as markers of bacterial infection:
a systematic review and meta-analysis. Clin Infect Dis.
2004;39(2):206-217.

32. Roberts KB; Subcommittee on Urinary Tract
Infection, Steering Committee on Quality

(Reprinted) JAMA Pediatrics January 2016 Volume 170, Number 1

Copyright 2016 American Medical Association. All rights reserved.

69

Supplementary Online Content
Milcent K, Faesch S, Gras le Guen C, et al. Use of procalcitonin assays to predict serious
bacterial infection in youth febrile infants. JAMA Pediatr. Published online November 23,
2014. doi:10.1001/jamapediatrics.2015.3210.

eFigure 1. Flow Diagram
eFigure 2. Receiver Operating Characteristic (ROC) Curves for Biomarkers to Detect
Definite SBIs and IBIs Among Infants With Fever Duration of Less Than 6 Hours
eFigure 3. Receiver Operating Characteristic (ROC) Curves for Biomarkers to Detect
Definite SBIs and IBIs Among Infants Aged 7 to 30 Days
eFigure 4. Receiver Operating Characteristic (ROC) Curves for Biomarkers to Detect
Definite and Possible SBIs
eTable. Cross-tabulation of Infant Counts Classified by the PCT Assay and CRP
Measurement for Diagnosis of IBI and SBI

This supplementary material has been provided by the authors to give readers additional information about their work.

© 2015 American Medical Association. All rights reserved.

eFigure 1. Flow Diagram
2981 eligible patients aged 7 to 91
days in 15 PED
708 patients for whom parental consent or
data collection could not be obtained

2273 patients enrolled

36 not meeting inclusion criteria
- 4, age < 7 days or > 92 days
- 11, temperature < 38°
- 12, previous antibiotic treatment
- 2, known immune or chronic disease
- 7, no parental approval

10 lost to follow-up before the final

180 PCT not available (failure of blood
sample collection, n=167, failure of
2047 patients included
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eTable. Cross-tabulation of Infant Counts Classified by the PCT Assay and CRP
Measurement for Diagnosis of IBI and SBI
Patients with IBI/SBI
CRP < 20 mg/L
CRP ≥ 20 mg/L
Total

PCT < 0.3 ng/mL
1*/28
0/17
1/45

PCT ≥ 0.3 ng/mL
4/14
16/80
20/94

Total
5/42
16/97
21/139

*a 83 day-old patient with 4 hours fever duration and a group A Streptococcus otitis media who became spontaneously afebrile
and was discharged before the blood culture result, positive for Streptococcus pneumonia, became available
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