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Procalcitonin-guided decision making for duration of
antibiotic therapy in neonates with suspected early-onset
sepsis: a multicentre, randomised controlled trial (NeoPIns)
Martin Stocker*, Wendy van Herk*, Salhab el Helou, Sourabh Dutta, Matteo S Fontana, Frank A B A Schuerman, Rita K van den Tooren-de Groot,
Jantien W Wieringa, Jan Janota, Laura H van der Meer-Kappelle, Rob Moonen, Sintha D Sie, Esther de Vries, Albertine E Donker, Urs Zimmerman,
Luregn J Schlapbach, Amerik C de Mol, Angelique Hoffman-Haringsma, Madan Roy, Maren Tomaske, René F Kornelisse, Juliette van Gijsel,
Eline G Visser, Sten P Willemsen, Annemarie M C van Rossum, and the NeoPInS Study Group†

Summary

Background Up to 7% of term and late-preterm neonates in high-income countries receive antibiotics during the first
3 days of life because of suspected early-onset sepsis. The prevalence of culture-proven early-onset sepsis is 0∙1% or
less in high-income countries, suggesting substantial overtreatment. We assess whether procalcitonin-guided
decision making for suspected early-onset sepsis can safely reduce the duration of antibiotic treatment.
Methods We did this randomised controlled intervention trial in Dutch (n=11), Swiss (n=4), Canadian (n=2), and
Czech (n=1) hospitals. Neonates of gestational age 34 weeks or older, with suspected early-onset sepsis requiring
antibiotic treatment were stratified into four risk categories by their treating physicians and randomly assigned [1:1]
using a computer-generated list stratified per centre to procalcitonin-guided decision making or standard care-based
antibiotic treatment. Neonates who underwent surgery within the first week of life or had major congenital
malformations that would have required hospital admission were excluded. Only principal investigators were masked
for group assignment. Co-primary outcomes were non-inferiority for re-infection or death in the first month of life
(margin 2∙0%) and superiority for duration of antibiotic therapy. Intention-to-treat and per-protocol analyses were
done. This trial was registered with ClinicalTrials.gov, number NCT00854932.
Findings Between May 21, 2009, and Feb 14, 2015, we screened 2440 neonates with suspected early-onset sepsis.
622 infants were excluded due to lack of parental consent, 93 were ineligible for reasons unknown (68), congenital
malformation (22), or surgery in the first week of life (3). 14 neonates were excluded as 100% data monitoring or
retrieval was not feasible, and one neonate was excluded because their procalcitonin measurements could not be
taken. 1710 neonates were enrolled and randomly assigned to either procalcitonin-guided therapy (n=866) or standard
therapy (n=844). 1408 neonates underwent per-protocol analysis (745 in the procalcitonin group and 663 standard
group). For the procalcitonin group, the duration of antibiotic therapy was reduced (intention to treat: 55∙1 vs 65∙0 h,
p<0∙0001; per protocol: 51∙8 vs 64∙0 h; p<0∙0001). No sepsis-related deaths occurred, and 9 (<1%) of 1710 neonates
had possible re-infection. The risk difference for non-inferiority was 0∙1% (95% CI –4∙6 to 4∙8) in the intention-totreat analysis (5 [0∙6%] of 866 neonates in the procalcitonin group vs 4 [0∙5%] of 844 neonates in the standard group)
and 0∙1% (–5∙2 to 5∙3) in the per-protocol analysis (5 [0∙7%] of 745 neonates in the procalcitonin group vs 4 [0∙6%] of
663 neonates in the standard group).
Interpretation Procalcitonin-guided decision making was superior to standard care in reducing antibiotic therapy in
neonates with suspected early-onset sepsis. Non-inferiority for re-infection or death could not be shown due to the
low occurrence of re-infections and absence of study-related death.
Funding The Thrasher Foundation, the NutsOhra Foundation, the Sophia Foundation for Scientific research.

Introduction
Neonatal sepsis is a leading cause of global mortality in
children younger than 5 years.1 Proven early-onset sepsis
has mortality rates as high as 30% in high-income countries
and up to 60% in low-income countries.2,3 Prompt diagnosis
and treatment of neonatal early-onset sepsis are crucial to
prevent severe morbidity and mortality.4 However, the
initial, clinical presentation is often subtle and nonspecific,
and commonly used biomarkers have low predictive values
for early sepsis, which presents a daily challenge to
clinicians involved in neonatal care.5

In high-income countries, between 4∙0–7∙4% of term
and late-preterm neonates are given intravenous
antibiotics within the first 3 days of life if they are
suspected to have early-onset sepsis. However, the
prevalence of culture-proven early-onset sepsis is less
than 0∙1%, which suggests that antibiotic treatment—
with its ensuing hospital admission, neonatal and
parental discomfort, medical costs, and use of
resources—is unnecessary in many neonates.6–9
Additionally, evidence is accumulating that antibiotic
treatment in early life disturbs the microbial flora that
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Research in context
Evidence before this study
The National Institute for Health and Care Excellence (NICE)
guideline CG149 Neonatal infection (early-onset): antibiotics for
prevention and treatment, published in August, 2012, states that
evidence to guide the decision to stop antibiotic treatment in
neonates receiving antibiotics for suspected early-onset
neonatal infection is scant. The guideline recommends initiating
studies answering the question: What is the clinical effectiveness
of laboratory investigations used individually or in combination
to exclude early-onset neonatal infection in neonates receiving
antibiotics for suspected infection? The ideal study design was
described as a randomised controlled trial comparing clinical
outcomes associated with particular investigation and treatment
termination strategies. No literature search was done.
Added value of this study
To our knowledge, the Neonatal Procalcitonin Intervention Study
(NeoPInS) is the first neonatal intervention study on suspected
early-onset sepsis aiming to show superiority (duration of
antibiotic treatment) and non-inferiority (re-infection or death in
the first month of life) of biomarker-guided antibiotic therapy

colonises the neonate and might be associated with health
problems such as eczema, allergies, inflammatory bowel
diseases, and increased weight gain.10
Procalcitonin has the highest negative predictive value
(87–100%) of all established biomarkers for severe,
invasive bacterial infections in neonates.11,12 The
interpretation of procalcitonin values in neonates is
complicated by a physiological increase up to 48 h post
partum, and other perinatal factors—such as
chorioamnionitis, hypoxaemia, perinatal asphyxia, and
maternal pre-eclampsia—can also cause it to increase.13
Reference values of procalcitonin in neonates with and
without early-onset sepsis have been established.14,15
Procalcitonin-guided decision making has been used
to safely reduce antibiotic treatment in critically ill
adults and children with suspected or proven invasive
bacterial infections.16,17 To our knowledge, no neonatal
intervention studies to reduce antibiotic treatment
including a safety endpoint have been done. In a singlecentre pilot intervention study18 in term and near-term
neonates with suspected early-onset sepsis, we
previously showed that procalcitonin-guided decision
making can reduce the duration of antibiotic treatment
in this population. However, we could not assess safety
due to the limited sample size, so we initiated a
multicentre, multinational intervention study in both
academic and non-academic hospitals to assess whether
procalcitonin-guided decision making for neonates with
suspected early-onset sepsis could safely reduce the
duration of antibiotic treatment (superiority aspect)
without increasing re-infection or death in the first
month of life (non-inferiority aspect).

improving antimicrobial stewardship. NeoPInS is well aligned
with the ideal study design as recommended by NICE clinical
guideline 149 and with the need for pragmatic studies. In a group
of 1710 neonates from high-income countries with a low
prevalence of proven early-onset sepsis, we found that
standardised risk assessment for suspected early-onset sepsis
with procalcitonin-guided decision making reduces the duration
of antibiotic therapy and hospital stay, with a low rate of
re-infections and without study-related mortality.
Implications of all the available evidence
The results of NeoPInS can help to improve patient care and
clinical practice in newborn babies’ first days of life. Reducing
unnecessary antibiotic treatment is important, as we now have
accumulating evidence of the adverse effects of antibiotic
resistance and the consequences of disturbing the microbiome
in early life, such as eczema, allergies, inflammatory bowel
diseases, and increased weight gain. Additionally, the reduction
of hospital admission will improve families’ experiences of this
special period of life and might reduce the burden for
health-care facilities and services.

Methods

Study design
The Neonatal PCT Intervention Study (NeoPInS) is an
investigator-initiated, superiority and non-inferiority,
multicentre, randomised controlled intervention study,
done by the Neonatal Sepsis Trial Network. Patients were
enrolled in 18 hospitals in the Netherlands (n=11),
Switzerland (n=4), Canada (n=2), and the Czech Republic
(n=1). No financial incentive was provided to investigators
and participants. The local institutional review board and
national ethical committee of each site approved the
protocol.

Participants
Neonates born after 34 weeks of gestational age who had
suspected early-onset sepsis in the first 72 h of life and
who required antibiotic therapy were eligible for
inclusion. Suspected early-onset sepsis was based on risk
factors, and/or clinical symptoms, and/or laboratory
results (figure 1). Babies who underwent surgery within
the first week of life and neonates with major congenital
malformations that would have required hospital
admission for the malformation alone were excluded.
Written informed consent from the parents or guardians
was obtained for all participants.

Randomisation and masking
Neonates were randomly assigned in a 1:1 ratio to
receive procalcitonin-guided treatment or standard care
by the treating physician (junior doctor or paediatrician
on call). Parents, nursing staff, physicians, and local
investigators were aware of group assignment. Principal
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For more on the Neonatal Sepsis
Trial Network see www.nestnet.org

Assessment of risk classification (on t=1–12 hours)
Risk factors

Check box if positive
1 Mother Group B streptococcus positive
2 Maternal chorioamnionitis (fever >38·5, fetal tachycardia)
3 Premature rupture membranes >18 hours
4 Gestational age <37 weeks

A=
0 boxes checked? Score 0

Clinical symptoms

0/1

≥1 box checked? Score 1→

Check box if positive
1 Respiratory distress or apnoea
2 Tachycardia or bradycardia
3 Arterial hypotension and/or poor perfusion
4 Hypothermia or hyperthermia
5 Seizure, floppy infant, irritability, or lethargy

B=

6 Vomiting or feeding intolerance or ileus
0 boxes checked? Score 0
Laboratory findings

0/1

≥1 box checked? Score 1→

Check box if abnormal

1 White blood cells <5 x 10 E9 cells per L
2 C-reactive protein >10 mg/L

C=
0 boxes checked? Score 0

≥1 box checked? Score 1→

0/1

Total score A + B + C =

Culture

Total score

Duration of antibiotic therapy

Category

PCT group

Neg

0/1

Category 4 infection unlikely
(low risk)

Neg

2

Category 3 infection possible
(medium risk)

Neg

3

Category 2 infection probable
(high risk)

Pos

≥1

Category 1 infection proven

Standard group
36–72 h

At least 24 h, stop after
2 consecutive procalcitonin
values within range

5–7 days

7–21 days

B
20
10

PCT (ng/mL)

5
2
1
0·5
0·1
0

0

6

12

18

24

30

36

42

48

54

60

66

72

78

84

90

96

Time after birth (h)

Figure 1: Risk classification and duration of antibiotic therapy using normal values of post-birth procalcitonin
(A) Assessment of risk classification and duration of antibiotic therapy. (B) Normal hourly values of post-birth procalcitonin. PCT=procalcitonin. Neg=negative.
Pos=positive.
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Time = 0 h
Lab

Both
groups:
WBC, CRP*
and blood
culture

+

Time <12 h

Start

Risk assessment
for earlyonset sepsis

Start
antibiotic
therapy
when
suspected
of earlyonset
sepsis

Category 4:
infection unlikely
Category 3:
infection possible
Category 2:
infection probable
Category 1:
infection proven

Randomisation and duration
of antibiotic therapy
Procalcitonin group

Standard group

Procalcitoninguided
decision making

36–72 h†
5–7 days†

Time 12 h‡

Time 24 h‡

Time 36–72 h

Time >72 h

Lab

Lab

Lab

Lab

Follow-up

Procalcitonin
group:
WBC, CRP,
procalcitonin

Procalcitonin
group:
WBC, CRP,
procalcitonin

Standard
group:
WBC, CRP

Standard
group:
WBC, CRP

Laboratory
examinations
(as on time
= 24 h) are
repeated every
24–48 h on
indication until
discontinuation
of antibiotic
treatment

1) Was there a reinfection
within 72 hours
after discontinutation
of initial course of
antibiotic therapy?
2) Did the neonate die in
the first month of life,
and, if so, what was the
cause of death?

Procalcitonin
group:
procalcitonin
Standard
group:
none

7–21 days†

Time 36–72 h

Figure 2: Study timeline
Lab=laboratory measurements. WBC=white blood cell count. CRP=C-reactive protein. *If randomisation was known, procalcitonin was also measured in the procalcitonin group. †Antibiotic therapy
was given according to local policy. ‡(6–18 h).

investigators were masked to group assignment. In
Switzerland and the Czech Republic, randomisation
was achieved by drawing group assignment cards at
random. In the Netherlands and Canada randomisation
was done by computer-based block randomisation with
stratification for centre using blocks of four, six, and
eight patients produced by the Department of
Biostatistics, Erasmus MC University Medical Centre,
Rotterdam, Netherlands. Allocation was concealed in all
centres using sequentially numbered sealed opaque
envelopes.

Procedures
The probability of infection was assessed using an
easy-to-use scoring system based on risk factors,
clinical symptoms, and conventional laboratory tests,
independent of procalcitonin values (figure 1A).18 The
minimum score was 0, and the maximum score was
3 points. One point was given if one or more of the
risk factors (maternal group B streptococci carriage,
clinical signs of chorioamnionitis, premature rupture of
membranes longer than 18 h, and gestational age less
than 37 weeks) were positive. One point was given if one
or more of the clinical symptoms (respiratory signs, heart
rate abnormalities, perfusion problems, temperature
deviations, neurological signs, or abdominal signs) were
positive. One point was given for abnormal routine
laboratory tests (leukocytopenia or C-reactive protein >10
mg/L).
The neonates were stratified into four risk categories
within 12 h after initiation of antibiotic therapy: infection
proven (category 1: neonates with positive blood culture,
and total score ≥1); infection probable (category 2:
neonates with risk factors, clinical signs, and abnormal
routine laboratory values, total score 3); infection possible
(category 3: neonates with abnormal findings in two of
the three risk factors, clinical signs, and routine
laboratory tests, total score 2); and infection unlikely
(category 4: neonates with one or no abnormal finding of
the three areas of risk factors, clinical signs, and routine
laboratory tests, total score 0 or 1).
4

Neonates in categories 1 and 2 were given antibiotics
and standard care for at least 7 days according to the local
policy in each participating centre. For these babies,
duration of antibiotic therapy was not guided by
procalcitonin. We included these neonates in this study
as part of our pragmatic approach to reflect daily clinical
practice, where in patients except those in category 1
there is often a high level of uncertainty about whether or
not they have an infection. In the standard treatment
group, neonates in category 3 were treated for 5–7 days
and neonates in category 4 were treated for 36–72 h. In
the procalcitonin group, duration of therapy for patients
in categories 3 and 4 was based on procalcitonin-guided
decision making, for a minimum of 24 h, stop after 2
consecutive procalcitonin values within range, with a
maximum treatment duration equal to the maximum
treatment duration in the standard group (figure 1).
In the standard group, as in usual practice, the decision
to discontinue antibiotic therapy was made by the
treating physician on the basis of blood culture results,
clinical signs, and routine laboratory test results. In the
intervention group, the treating physician was advised to
discontinue antibiotic therapy in neonates categorised as
group 3 or 4 (infection possible or infection unlikely,
corresponding to a score of 0, 1, or 2) after two consecutive
procalcitonin measurements had been found within the
normal range (figure 1). Physicians were always allowed
to overrule the recommendation and continue antibiotic
therapy if they felt that was appropriate (eg, on the basis
of clinical symptoms or other laboratory investigations).
The baby was discharged from hospital on the basis of
the treating physicians’ assessment. Reasons for
prolonging hospital stay after discontinuation of
antibiotic therapy were recorded as serious adverse
events.
Laboratory examinations were done according to
figure 2. Blood sampling was limited to normal
frequencies already used in standard neonatal care, and
one additional sample was obtained in the procalcitonin
group 12 h (6–18 h) after inclusion. If possible, blood
samples were obtained from existing intravenous lines to
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minimise the burden on the child. Blood cultures were
drawn before starting antibiotic therapy, and other
cultures (eg, CSF culture) or other additional diagnostic
tests (eg, radiography) were performed on indication.
Procalcitonin measurement was done on site at the
central laboratory of each participating centre using the
Roche Elecsys BRAHMS procalcitonin assay, with a
functional sensitivity of 0∙06 μg/L using Time Resolved
Amplified Cryptate Emission (TRACE). Depending
on the participating centre, a Kryptor machine
(Kryptor PCT; Brahms, Hennigsdorf, Germany, with a
minimum sample volume of 50 µL) or a suitable Roche
Diagnostics Immunoanalyser (with a minimum sample
volume of 30 µL) was used for the measurements. The
measuring range of the assay was 0∙02–100 μg/L with
an automated dilution extending the upper range to
1000 μg/L.
At the time the neonate was discharged from hospital,
their parents were informed about signs of a recurrent
infection (either by a study-specific patient contact card
or hospital-specific discharge procedures) and instructed
to contact the hospital if their baby’s condition
deteriorated. For all patients, follow-up information for
the first month of life regarding recurrence of infection,
readmission to hospital, additional courses of antibiotics,
and death was obtained by interviewing the parents
during their follow-up visits, or by telephone interview at
least 1 month after discharge.

Outcomes
The primary outcomes were duration of antibiotic
treatment (superiority aspect) and re-infection or death
in the first month of life (non-inferiority aspect). The
secondary outcome was duration of hospital stay.
Recurrence of infection was defined as a recurrence that
required an additional course of antibiotic therapy within
72 h after completion of the initial course of antibiotic
treatment.
During the trial, data were collected from individual
patient records by the local investigators. A monitoring
team did 100% source data verification through onsite
visits to ensure data quality and completeness. Database
access was restricted to the data management team until
the end of the trial. An independent data and safety
monitoring board reviewed masked data on patient
safety. Serious adverse events were reported to the
principal investigators within 48 h (except deaths, which
were reported immediately) and subsequently reported
to the data and safety monitoring board and the
designated ethical committee in the Netherlands. All
serious adverse events were verified by the monitoring
team and followed up until they had abated or the
patient’s clinical condition had stabilised. To ensure
quality, layout and randomisation improvements were
made to the risk assessment during the trial (appendix
pp 4–5). The trial was done in accordance with the
International Conference on Harmonisation for Good

2440 neonates with suspected early-onset sepsis

622 no consent for participation
263 reason unknown
132 no parental consent form
106 logistical reasons
55 language barriers
25 no parental consent for data storage
14 parental consent withdrew before randomisation
11 refused, resistance against earlier stop antibiotics
10 refused, resistance against additional blood draw
6 social reason
93 ineligible
68 reason unknown
22 congenital malformation
3 surgery in the first week of life
15 other reasons
14 no 100% data monitoring or retrieval feasible
1 procalcitonin measurements not possible

1710 neonates randomised

866 procalcitonin group (intention to treat)

121 protocol violations
68 missing key variables
41 misclassifications with effect on
outcome
10 lost to follow-up
2 lost to transfer to other hospital

745 procalcitonin group (per-protocol analysis)

844 standard group (intention to treat)

181 protocol violations
85 misclassifications with effect on
outcome
70 cases with ≥2 procalcitonin values
known
19 missing key variables
7 lost to follow-up

633 standard group (per-protocol analysis)

Figure 3: Trial profile

Clinical Practice (ICH-GCP), the Declaration of Helsinki,
and all applicable local regulations.

Statistical analysis
Primary analyses were done both according to the
intention-to-treat principle and the per-protocol principle
(figure 3). With the intention-to-treat analysis for
superiority, we aimed to mimic daily practice, and with the
per-protocol analysis for non-inferiority, we aimed to show
the real potency of the protocol. The population for the
per-protocol analysis was defined by excluding protocol
violations (misclassification, missing key variable, lost to
follow-up, lost to transfer, and cases in the standard group
where 2 or more procalcitonin measurements were
known). Any adjustments to the statistical methods
compared with the published protocol are described in the
statistical analysis plan (appendix pp 36–37). All secondary
analyses were informal.
For the superiority outcome of efficacy, we compared
the duration of antibiotic therapy (stratified by centre)
and hospital stay with Wilcoxon-Mann-Whitney test. The
death of any neonate was considered as the worst
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outcome, and the duration of antibiotic treatment was set
at the highest duration found. An exploratory multivariate
analysis of the effect of various predictors (study group,
participating centre, risk category, birthweight, and
gestational age) on the durations of antibiotics and
hospital stay was done by estimating a linear regression
model. The response was log transformed. The variables
study group and risk categories were expected to have an
influence on the duration of antibiotic therapy and
hospital stay. The participating centre gave information
on the influence of local characteristics, because
antibiotic use can depend on a unit’s culture more than
on clinical evidence.19 Birthweight and gestational age are
basic variables that characterised the analysed population
with potential effects on antibiotic use.
For the non-inferiority outcome, we calculated 95% CI
for the difference between the procalcitonin group and
the standard group in probability of re-infection within
less than 72 h after completion of the initial course of
antibiotic treatment or death within the first month of
life. When the upper bound of this 95% CI was less
than 2%, we deemed the procalcitonin treatment noninferior to the standard treatment. The margin of 2% was
based on clinical and statistical reasoning. The probability
of re-infection in less than 72 h after completion of the
initial course of antibiotic treatment or death within the
first month of life was 1·7% in our pilot study. On the
basis of this non-inferiority margin, a total of 770 patients
per group was required (with power 80% and significance
0∙05, 2-sided). To allow for some unassessable cases, we
included 800 patients per group, which was sufficient to
detect a difference in the duration of antibiotic treatment
of 10 h with 95% power. Stratification by centre was not
possible for the analysis of the non-inferiority outcome.
We used SPSS version 21 (IBM, Armonk NY, USA) for
the descriptive baseline statistics and basic variable
transformations, SAS 9.3 (SAS Institute, Cary NC) for
calculating the risks of re-infections or death and the
exact CIs of the risk differences between the groups, and
R 3.2 (R Foundation, Vienna, Austria) for all other
statistics. Two-tailed p values of less than 0∙05 were
considered to be statistically significant. The trial was
registered at ClinicalTrials.gov, number NCT00854932.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results
Between May 21, 2009, and Feb 14, 2015, 2440 neonates
with suspected early-onset sepsis were screened. Consent
for participation was not obtained for 622 neonates,
93 were ineligible for reasons unknown (68), congenital
malformation (22), or surgery in the first week of
6

life (three). 14 neonates were excluded as 100% data
monitoring or retrieval was not feasible, and one neonate
was excluded as procalcitonin measurements were not
possible. 1710 neonates receiving antibiotic therapy for
suspected early-onset sepsis were enrolled and randomly
assigned to receive either procalcitonin-guided decision
making or standard care (figure 3). In the intention-totreat population, 866 patients were included in the
procalcitonin group and 844 patients in the standard
group. In the per-protocol population, 745 patients were
included in the procalcitonin group and 663 patients were
included in the standard group. Baseline characteristics
were similar in both study groups for both analyses
(table 1). In our population, 710 (42%) of 1710 neonates
had a low risk (infection unlikely) and 788 (46%) of
1710 neonates had a moderate risk (infection possible) of
early-onset sepsis at the initial assessment. Different
antibiotics were started at the moment of suspected earlyonset sepsis, according to local policy in each participating
centre. A β-lactam antibiotic (penicillin or cephalosporin)
combined with an aminoglycoside was started in
1223 (73%) of 1674 neonates in the intention-to-treat
population and 990 (71%) of 1400 neonates in the perprotocol population. In other cases, a combination of
β-lactam antibiotics (penicillin and cephalosporin or
penicillin and carbapenem) was started (451 [27%] of
1674 neonates in the intention-to-treat population,
410 [29%] of 1400 neonates in the per-protocol population;
table 1).
Procalcitonin-guided decision making resulted in a
significant reduction in the duration of antibiotic therapy.
In the intention-to-treat analysis, the effect size was a
median difference of –9∙9 h between the procalcitonin
group and the standard group (55∙1 h, 95% CI 50∙5–60∙0
in the procalcitonin group vs 65∙0 h, 63∙0–69∙0 in the
standard group; p<0∙0001), and in the per-protocol
analysis the median difference between groups was
–12∙2 h (51∙8 h, 48∙2–56∙0 in the procalcitonin group vs
64∙0 h, 61∙0–68∙1 in the standard group; p<0∙0001).
Length of hospital stay was significantly shorter in the
procalcitonin group. In the intention-to-treat analysis,
the effect size was a median difference of 3∙5 h between
the procalcitonin group and the standard group (123∙0 h,
95% CI 113∙0–134∙5 in the procalcitonin group vs
126∙5 h, 117∙5–144∙3 in the standard group; p=0∙0019),
and in the per-protocol analysis it was –5·2 h (115∙8 h,
107∙5–126∙0 in the procalcitonin group vs 121∙0 h,
111∙2–138∙0 in the standard group; p=0∙0039).
Multivariate regression analysis showed that the duration
of antibiotic therapy and hospital stay depended on study
group, risk category, gestational age (term or late
preterm), and participating centre. Duration of hospital
stay also depended on birthweight (appendix p 39).
In the procalcitonin group, five (0·7%) of 745 neonates in
the per-protocol analysis (95% CI 0∙2–1∙6) and five (0∙6%)
of 866 neonates in the intention-to-treat analysis (0∙2–1∙3)
had a suspected re-infection. In the standard group, one
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Intention-to-treat population

Per-protocol population

Procalcitonin group
(n=866)

Procalcitonin group
(n=745)

Standard group
(n=844)

Standard group
(n=663)

Sex
Male

508/866 (59%)

492/844 (58%)

433/745 (58%)

378/663 (57%)

Female

358/866 (41%)

352/844 (42%)

312/745 (42%)

285/663 (43%)

Gestational age, weeks

39 (36–40)

39 (37–40)

39 (37–40)

39 (38– 40)

3·4 (2∙8–3∙7)

3·4 (2∙9–3∙7)

3·4 (2∙8–3∙7)

3·4 (3∙0–3∙7)

Spontaneous vaginal

425/862 (49%)

387/836 (46%)

363/743 (49%)

300/662 (45%)

Vacuum or forceps

125/862 (15%)

139/836 (17%)

118/743 (16%)

114/662 (17%)

62/862 (7%)

80/836 (10%)

49/743 (6%)

63/662 (10%)

250/862 (29%)

230/836 (27%)

213/743 (29%)

185/662 (28%)

Birthweight, kg
Method of delivery*

Primary caesarean section
Secondary caesarean section
Arterial cord pH

7·22 (7∙15–7∙29)

7·22 (7∙15–7∙29)

7·22 (7∙15–7∙29)

7·22 (7∙15–7∙29)

Apgar score
1 min post partum

7 (5–9)

7 (5–9)

8 (5–9)

7 (5–9)

5 min post partum

8 (7–9)

8 (7–9)

9 (7–9)

8 (7–9)

10 min post partum

9 (8–10)

9 (8–10)

9 (8–10)

9 (8–10)

Risk factors
Group B streptococcus-positive mother

119/863 (14%)

127/836 (15%)

97/745 (13%)

94/663 (14%)

Chorioamnionitis

165/863 (19%)

163/836 (20%)

155/745 (21%)

140/663 (21%)

Premature rupture of membranes 18 h or longer
before birth

207/863 (24%)

188/836 (23%)

184/745 (25%)

148/663 (22%)

Gestational age less than 37 weeks

188/863 (22%)

163/836 (20%)

158/745 (21%)

115/663 (17%)
373/663 (56%)

Clinical symptoms
Respiratory distress or apnoea

514/863(60%)

508/836 (61%)

422/745 (57%)

Tachycardia or bradycardia

95/863 (11%)

83/836 (10%)

77/745 (10%)

Arterial hypotension or poor perfusion

79/863 (9%)

77/836 (9%)

55/745 (7%)

51/663 (8%)

154/863(18%)

127/836 (15%)

139/745 (19%)

107/663 (16%)

Seizure and/or floppy infants and/or irritability and/
or lethargy

74/863 (9%)

91/836 (11%)

66/745 (9%)

70/663 (11%)

Vomiting and/or feeding intolerance and/or ileus

59/863 (7%)

56/836 (7%)

46/745 (6%)

46/663 (7%)

Hypothermia or hyperthermia

62/663 (9%)

Laboratory findings <12 hours
White blood cell count <5 x 10 E9 cells per L
C-reactive protein >10 mg/L

21/858 (2%)

14/834 (2%)

14/740 (2%)

12/661 (2%)

232/863(27%)

207/836 (25%)

173/745 (23%)

141/663 (21%)

Infection likelihood
Infection proven

12/862 (1%)

15/837 (2%)

8/745 (1%)

13/663 (2%)

Infection probable

85/862 (10%)

76/837 (9%)

59/745 (8%)

44/663 (7%)

Infection possible

405/862 (47%)

383/837 (46%)

352/745 (47%)

293/663 (44%)

Infection unlikely

350/862 (41%)

360/837 (43%)

326/745 (44%)

313/663 (47%)

10/862(1%)

3/837 (0%)

Unknown†
Time between birth and start of antibiotic therapy, h

2·0 (1∙0–12∙0)

2·0 (1∙0–11∙0)

··
2·0 (1∙0–10∙0)

··
2·0 (1∙0–10∙0)

Combination of antibiotics given at the moment of suspected early-onset sepsis
β-lactam antibiotic (penicillin or cephalosporin)
combined with an aminoglycoside

633/857 (74%)

590/817 (72%)

534/742 (72%)

456/658 (69%)

β-lactam antibiotics (penicillin + cephalosporin or
penicillin + carbapenem)

224/857 (26%)

227/817 (28%)

208/742 (28%)

202/658 (31%)

Data are median (IQR) or n/total (%). *There were no significant differences (p<0∙05) between groups. †In these cases, the risk classification was a missing key variable.

Numbers are less than n in each group where data were not available.
Table 1: Baseline characteristics

neonate died because of the consequences of severe
perinatal asphyxia, three (0∙6%) of 663 neonates in the
per-protocol analysis (95% CI 0∙2–1∙5) and three (0∙5%) of
844 neonates in the intention-to-treat analysis (0∙1–1∙2)

had suspected re-infection. The risk difference for reinfection within 72 h after completion of the initial course
of antibiotic treatment or death within the first month of
life between the two groups was 0∙1% (95% CI –5∙2 to 5∙3)
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Procalcitonin
group (n=745)
Total number of patients with prolonged antibiotic therapy
Physicians’ decision based on:

Standard group
(n=663)

180 (24∙2%)

73 (11∙2%)

89 (11∙9%)

45 (6∙9%)

Clinical presentation

39 (5∙2%)

22 (3∙3%)

Laboratory test results: C-reactive protein value

29 (3∙9%)

14 (2∙1%)

Laboratory test results: other laboratory test results

4 (0∙5%)

2 (0∙3%)

12 (1∙6%)

2 (0∙3%)

Combination of clinical presentation and C-reactive protein
value

5 (0∙7%)

3 (0∙5%)

Combination of clinical presentation and other laboratory test
results

0 (0%)

1 (0∙2%)

Combination of clinical presentation and culture results

0 (0%)

1 (0∙2%)

Combination of culture results and C-reactive protein value

0 (0%)

0 (0%)

Combination of culture results and other laboratory test results

0 (0%)

0 (0%)

Culture results

Other reasons:
(Misinterpretation of) procalcitonin nomogram

35 (4∙7%)

Practical issues (eg, change of staff shifts)

22 (3∙0%)

Reason unknown

34 (4∙6%)

25 (3∙8%)

Total

91 (12∙3%)

28 (4∙3%)

156 (20∙9%)

198 (29∙9%)

102 (13∙7%)

117 (17∙6%)

14 (1∙9%)

8 (1∙2%)

Total number of patients with shorter antibiotic therapy
Physicians’ decision based on:
Clinical presentation

··
3 (0∙5%)

Laboratory test results: C-reactive protein value

4 (0∙5%)

0 (0%)

Laboratory test results: other laboratory test results

1 (0∙1%)

0 (0%)

Culture results

3 (0∙4%)

3 (0∙5%)

Combination of clinical presentation and C-reactive protein
value

5 (0∙7%)

4 (0∙6%)

Combination of clinical presentation and other laboratory test
results

4 (0∙5%)

1 (0∙2%)

Combination of clinical presentation and culture results
Combination of culture results and C-reactive protein value
Combination of culture results and other laboratory test results
Combination of clinical presentation, culture results, and
C-reactive protein

6 (0∙8%)

34 (5∙1%)

25 (3∙4%)

43 (6∙5%)

4 (0∙5%)

1 (0∙2%)

36 (4∙8%)

23 (3∙5%)

Other reasons
(Misinterpretation of) procalcitonin nomogram
Failed intravenous-access

10 (1∙3%)
6 (0∙8%)

··
3 (0∙5%)

Reason unknown

38 (5∙1%)

78 (11∙8%)

Total

54 (7∙2%)

81 (12∙3%)

Data are n (%).

Table 2: Reasons for changes in recommended antibiotic therapy in the per-protocol population

in the per-protocol analysis and 0∙1% in the intention-totreat analysis (–4∙6 to 4∙8). None of the neonates suspected
of re-infection in the standard group or the procalcitonin
group had a culture-proven bacterial infection. A detailed
description of all nine cases with a re-infection within 72 h
after completion of the initial course of antibiotic treatment
or deceased within the first month of life and an overview
of all serious adverse events reported during the study can
be seen in the appendix (pp 40–41).
According to the protocol, physicians were allowed to
overrule the algorithm if they felt that was appropriate.
We named these overruled cases non-adherent and
8

compared them in an informal analysis with all cases
treated strictly according to the algorithm. The
recommendations on the duration of antibiotic treatment
were overruled by the treating physician in 191 (25∙6%) of
745 neonates in the procalcitonin group and in
162 (24∙4%) of 663 neonates in the standard group
(table 2). Physicians decided to continue antibiotic
treatment when antibiotic therapy could have been
stopped according to the protocol significantly more often
in the procalcitonin group (89 [11∙9%] of 745 neonates)
than in the standard group (45 [6∙9%] of 663 neonates,
p<0∙0010). Physicians decided to stop antibiotic treatment
earlier than recommended in 102 (13∙7%) of 745 neonates
in the procalcitonin group and in 117 (17∙6%) of
663 neonates in the standard group (p=0∙0409). An
informal analysis showed that the duration of antibiotic
therapy was significantly reduced when comparing
adherent with non-adherent cases: mean duration of
antibiotic therapy of adherent cases was 40·0 h (95% CI
36·0–46·5) in the procalcitonin group and 61·5 h
(59·0–64·5) in the standard group. Similarly, length of
hospital stay was significantly reduced when comparing
adherent cases with non-adherent cases (appendix p 45).
Five non-adherent subjects had suspected re-infection:
four in the procalcitonin group and one in the standard
group. Of the four non-adherent cases in the procalcitonin
group, the antibiotic therapy was stopped earlier than
recommended in three cases and prolonged in one case.
For the non-adherent case in the standard group, the
antibiotic therapy was stopped earlier than recommended
(appendix p 45).

Discussion
We report that procalcitonin-guided decision making led
to a significant reduction in duration of empirical
antibiotic therapy and hospital stay in term and nearterm neonates with suspected early-onset sepsis, with a
low rate of re-infections and with no study-related
mortality. Combining serial procalcitonin measurements
with initial assessment based on perinatal risk factors, the
neonate’s clinical signs and symptoms, and conventional
laboratory variables support antimicrobial stewardship
and help physicians to decide to discontinue antibiotic
treatment sooner in neonates classified as having low or
moderate risk of infection.
In this era of globally increasing antibiotic resistance
rates, WHO have highlighted the urgent need for
enhanced antimicrobial stewardship to address this
issue.20,21 Compliance with antimicrobial stewardship is
difficult to obtain and rarely reported in neonatology.22–24
Increasing evidence suggests, however, that every dose of
antimicrobial therapy counts in the emergence of
antimicrobial resistance and in changing the human
microbiome, and other evidence suggests that changes
in the microbiome in early life are particularly important
in shaping the individual’s immune system and future
health.19,25–27 A cornerstone of antimicrobial stewardship,
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therefore, is to lower the emergence of antimicrobial
resistance by reducing use of antimicrobials.28–30 In our
cohort, with a short overall duration of antibiotic therapy
in the control group compared with the literature, we
were able to show a statistically significant reduction in
duration of antibiotic treatment (55 h vs 65 h) between
the intervention and the standard group.9 Although this
duration of antibiotic treatment has been calculated at
group level, the difference might be much larger at the
individual level.
Procalcitonin seems to be the best intervention to
reduce duration of antibiotic treatment in neonates
suspected of early-onset sepsis, because procalcitonin
has the highest negative predictive value of all established
biomarkers for infection.11,12 One could argue that proven
neonatal infection is so uncommon that any intervention
that enables clinicians to reduce the duration of antibiotic
treatment will have a similar effect. This is true, but to
our knowledge no other intervention studied in neonates
suspected of early-onset sepsis reduces the duration of
antibiotic treatment while showing low morbidity and
mortality. The only other studies on biomarkers that
reported an attempted reduction of the duration of
antibiotic treatment in neonates were done more than a
decade ago by Philip and coworkers31 and Ehl and
colleagues32 using C-reactive protein (CRP)-guided
decision making. Neither study was powered to prove the
safety of this approach. To our knowledge, all other
published studies assessing biomarkers for neonatal
infection are observational studies, most including the
biomarkers: immature to total neutrophil counts, CRP,
or interleukin-6.33 Observational studies for neonatal
infections are difficult to interpret due to the absence of a
gold standard for proven infection.
The start and duration of antibiotic treatment is often
more dependent on the physician’s beliefs or the unit’s
culture than on objective variables.34 A comparison of
127 neonatal intensive care units in California, USA,
showed a 40-times variation in patient-days of antibiotic
use with similar rates of proven infections.35 Our
multivariate regression analysis shows that the duration
of antibiotic therapy depends on the participating centre,
which is in line with the findings in California. A risk
stratification scheme that aimed to reduce the number
of neonates started on antibiotic treatment was
developed using retrospective data from a population of
more than 600 000 term and late preterm neonates born
in 12 hospitals in the USA,8 which recommended a
number needed to treat (NNT) of 118 for one cultureproven infection as a reasonable cutoff to start antibiotic
treatment.8 A population-based study in Norway showed
that 91 of 3964 term neonates given antibiotics had a
proven bacterial infection (NNT=44).9 In our
international study population we found 27 proven
bacterial infections of 1710 neonates given antibiotics
(NNT=63), which is within the reported range from the
USA and Norway.

The median duration of antibiotic therapy of 55∙1 h for
the procalcitonin group in the intention-to-treat-analysis,
including neonates of all infection risk categories, is low
compared with that suggested by previous literature. In a
population-based study in Norway,9 the median duration
of antibiotic therapy in term neonates was reported to be
8 days for culture-positive early-onset sepsis, 6 days for
culture-negative early-onset sepsis, and 4 days for socalled ruled-out sepsis situations. Whereas guidelines
regarding duration of antibiotic therapy for low-risk
situations or ruled-out sepsis situations uniformly
recommend re-assessing the need for antibiotic therapy
after 48 h, observational studies indicate that prolonged
antibiotic therapy for low-risk situations is common. An
intervention study showed antibiotic use could be reduced
safely in the neonatal intensive care unit in ruled-out
sepsis situations and culture-negative sepsis therapy.36
The superiority effect size was dependent on protocol
adherence. The reduction of duration of antibiotic
therapy was 9∙9 h in the intention-to-treat analysis and
12∙2 h in the per-protocol analysis. The recommendations
on antibiotic treatment duration were overruled by the
treating physician in around 25% of the neonates in the
per-protocol population. When comparing adherent
versus non-adherent cases in the procalcitonin group of
the per-protocol population in an informal analysis, a
further reduction of duration of antibiotic therapy was
shown, with an increased superiority effect size of 21·5 h.
Non-inferiority results were also compromised by nonadherence: five of eight possible re-infections were
observed in the non-adherent group; three of four in the
procalcitonin group with shortened antibiotic therapy.
The effect size of the reduction of duration of hospital
stay (median duration of 123 h in the intervention group
versus 126 h in the standard group) was smaller than the
reduction of antibiotic therapy. Feeding difficulties,
hyperbilirubinaemia, and apnoea or bradycardia were
frequently reported in the late-preterm infants of our
cohort; these are known to increase the duration of
hospital stay independently of treatment for possible
sepsis. Indeed, multivariate analysis showed that preterm
birth and lower birthweight significantly increased the
duration of hospital stay. This is in accordance with a
study37 using the USA national database, which showed
that more than 50% of late-preterm infants needed
prolonged hospital admission, mainly because of feeding
difficulties. Not surprisingly, the studied intervention has
only a limited benefit for the duration of hospital stay in
neonates that also require hospital admission for reasons
other than suspicion of infection. It would be interesting
to analyse duration of hospital stay separately for
neonates with or without other reasons for hospital
admission, but this was not possible in our study design.
We do not know, therefore, the effect of the study
intervention on duration of hospital stay for neonates
with a low or moderate risk of infection without other
reasons for hospital admission.
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Non-inferiority for re-infection or death could not be
shown due to the low occurrence of re-infections and
the absence of study-related deaths. With a possible reinfection rate of less than 1%, no culture-proven
bacterial re-infection in both groups, and no studyrelated mortality, we believe that the procalcitoninguided approach used in our study can be introduced
safely in countries with a similar population.
Prolongation of hospital stay due to feeding difficulties,
hyperbilirubinaemia, and apnoea or bradycardia were
the most frequently reported adverse events. Beside the
eight patients with possible re-infection, none of the
other reported adverse events were deemed by the data
and safety monitoring board and the ethical committee
to be possibly study related.
An important limitation of our study is that the
results cannot be extrapolated to pre-term neonates,
populations with larger proportions of neonates with a
high risk of early-onset sepsis, countries with a higher
incidence of proven early-onset sepsis, or countries
with a different safety-netting system. The neonates in
the participating countries all had easy and lowthreshold access to health care. We have not investigated
the extent of the role played by the safety-netting
systems in the participating countries. Other limitations
of our study include the use of a non-validated
assessment tool for the risk of early-onset sepsis and
the inevitable absence of non-masked procalcitonin
values in the procalcitonin group, which could have
influenced clinicians’ decisions to prolong antibiotic
therapy due to high procalcitonin values—possibly
resulting in less reduction of antibiotic therapy for the
entire intervention group.
A strength of our study is its pragmatic approach, as is
promoted for paediatric trials.38 Although the trial did not
include an intervention for the neonates in the high-risk
categories (those newborn babies with proven and
probable early-onset sepsis), they were included in the
study because the definition of sepsis in neonates is
difficult, and whether or not the neonate is truly infected
is rarely known at the moment antibiotic treatment is
started.39,40 We aimed to include our target population as
closely as possible by using broad inclusion criteria,
emphasising a pragmatic approach. It is important to
underline that this study was not designed to find out
whether or not to start antibiotic therapy, but aimed to
reduce the duration of antibiotic treatment. Our
population consisted of high proportions of neonates
with a low risk (infection unlikely) and a moderate risk
(infection possible) of early-onset sepsis at the initial
assessment. The infection risk distribution of the studied
population highly influenced the non-inferiority aspect
of the study.
In conclusion, standardised risk assessment for
suspected early-onset sepsis and procalcitonin-guided
decision making reduced the duration of antibiotic
therapy and hospital stay, with a low rate of re-infection
10

and without study-related mortality, in a large cohort of
neonates from high-income countries with a low
incidence of proven early-onset sepsis.
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