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BACKGROUND: Early-life antibiotic exposure is disproportionately high compared to the burden of culture-proven early-onset
sepsis (CP-EOS). We assessed the contribution of culture-negative cases to the overall antibiotic exposure in the first postnatal week.
METHODS: We conducted a retrospective analysis across eleven countries in Europe, North America, and Australia. All late-preterm
and term infants born between 2014 and 2018 who received intravenous antibiotics during the first postnatal week were classified
as culture-negative cases treated for ≥5 days (CN ≥ 5d), culture-negative cases treated for <5 days (CN < 5d), or CP-EOS cases.
RESULTS: Out of 757,979 infants, 21,703 (2.9%) received intravenous antibiotics. The number of infants classified as CN ≥ 5d,
CN < 5d, and CP-EOS was 7996 (37%), 13,330 (61%), and 375 (1.7%). The incidence of CN ≥ 5d, CN < 5d, and CP-EOS was 10.6 (95%
CI 10.3–10.8), 17.6 (95% CI 17.3–17.9), and 0.49 (95% CI 0.44–0.54) cases per 1000 livebirths. The median (IQR) number of antibiotic
days administered for CN ≥ 5d, CN < 5d, and CP-EOS was 77 (77–78), 53 (52–53), and 5 (5-5) per 1000 livebirths.
CONCLUSIONS: CN ≥ 5d substantially contributed to the overall antibiotic exposure, and was 21-fold more frequent than CP-EOS.
Antimicrobial stewardship programs should focus on shortening antibiotic treatment for culture-negative cases.

Pediatric Research; https://doi.org/10.1038/s41390-024-03532-6

IMPACT:

● In a study of 757,979 infants born in high-income countries, we report a presumed culture-negative early-onset sepsis incidence
of 10.6/1000 livebirths with an associated antibiotic exposure of 77 antibiotic days per 1000 livebirths.

● This study sheds light on the major contribution of presumed culture-negative early-onset sepsis to early-life antibiotic
exposure.

● Given the diagnostic uncertainty surrounding culture-negative early-onset sepsis, the low mortality rate, and the
disproportionate antibiotic exposure associated with this condition, our study emphasizes the importance of targeting culture-
negative early-onset sepsis in antimicrobial stewardship programs.

INTRODUCTION
Up to 15% of late preterm and term newborns are started on
antibiotics during the first postnatal week.1–4 The justification for
this approach is that newborns presenting with non-specific
symptoms could have early-onset sepsis (EOS), requiring immedi-
ate treatment with antibiotics to prevent severe disease, death, or
disability.5 In a large international study on late-preterm and term
newborns, we recently reported that for every 58 infants started
on antibiotics, only one turned out to have culture-proven EOS
(CP-EOS).6 Antibiotic treatment for at least 7 days is recommended
for CP-EOS.7 In the majority of infants for whom antibiotics are
started empirically and subsequently have negative cultures,
treatment can be safely stopped after 36 to 48 h.7

As signs of infection are nonspecific and the performance of
biomarkers is limited, physicians may still be concerned for EOS
despite the absence of a positive blood or cerebrospinal fluid

(CSF) culture.8–10 These cases, often coined as culture-negative
EOS (CN-EOS) may drive prolonged antibiotic treatment.10 Given
the potentially detrimental impact of early-life antibiotic overuse,
it is essential to minimize unnecessary exposure to antibiotics in
newborns.11–14 Previous studies have underscored the difficulty in
interpreting guidelines for discontinuing empiric antibiotic ther-
apy in case of negative blood culture, often resulting in subjective
decisions made independently of culture results.15–23 However,
large international datasets reflecting a broad range of guidelines
and practices are lacking. We hypothesized that presumed CN-
EOS is a major driver of antibiotic exposure in late-preterm and
term infants, representing a priority target for antimicrobial
stewardship (AMS) interventions. Using a large international
dataset of late-preterm and term infants born in high-income
settings, we determined the incidence of presumed CN-EOS and
related antibiotic exposure during the first postnatal week.
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METHODS
Study design
We conducted a secondary analysis of the Antibiotic Exposure for
Suspected Neonatal Early-Onset Sepsis (AENEAS) study.6 Thirteen networks
from 11 high-income countries in Europe, North America, and Australia
participated. A network was defined by the adoption of a unified strategy
for preventing and managing suspected EOS, coupled with the capacity to
provide data on a minimum of 25,000 livebirths over the 5-year study
period.6 We included all infants born alive in one of the participating
networks at a gestational age ≥34 weeks between January 1st, 2014, and
December 31st, 2018, and collected data on those who received
intravenous antibiotics during the first postnatal week. Ethical approvals
were obtained from the Swiss National Ethics Committee on human
research and the ethics committees of all participating networks. The
study adhered to the guidelines set forth by the Strengthening the
Reporting of Observational Studies in Epidemiology for Newborn Infection
(STROBE-NI).24

Definitions
We defined CP-EOS by a positive blood and/or CSF culture within the first
postnatal week. Contamination was defined by growth of bacteria typically
regarded as contaminants (e.g., diphtheroids or Micrococcus species) or
when cultures were deemed as contaminated by clinicians, leading to a
decision to treat with antibiotics for less than 5 days. Infants with growth of
coagulase-negative staphylococci (CoNS) in blood or CSF cultures and who
received antibiotic therapy of more than 5 days were classified as having
CP-EOS.6 Infants who received antibiotic therapy during the first postnatal
week but who did not have a positive blood or CSF culture were classified
in two groups depending on duration of antibiotic treatment. The group
treated for ≥5 days was classified as CN ≥ 5d, corresponding to presumed
CN-EOS. The group treated for <5 days was classified as CN < 5d,
corresponding to so-called “ruled-out” sepsis.25 The decision to choose a
cutoff at 5 days was made based on the literature and after visual
inspection of histograms representing the duration of antibiotic treatment
in culture-negative cases (Fig. 1 and Supplementary Fig. 1).9,16,26

Neonatal death was defined as either death before discharge or death
occurring before 28 days for patients hospitalized beyond 28 days.6

Mortality associated with CP-EOS was defined as death occurring within
28 days after a positive blood and/or CSF culture. Mortality associated with
CN ≥ 5d and CN < 5d, was defined by death within 28 days after the
initiation of antibiotic treatment.

Measurements
The primary outcome was to quantify the incidence of presumed CN-EOS
and related antibiotic exposure and compare it with CP-EOS and ruled-out
sepsis. The secondary outcomes were to describe the mortality within each
group and network and analyze the distribution of the duration of
antibiotic treatment among infants with and without CP-EOS without using
specific duration cutoffs for culture-negative cases.

Statistical analysis
The incidence of CN ≥ 5d, CN < 5d and CP-EOS was defined as the rate
among all live-born neonates. Treatment duration was defined as calendar
days with at least one dose of antibiotics. Antibiotic exposure was
calculated as the sum of antibiotic days for each treated newborn divided
by the number of livebirths and was reported per 1’000 livebirths.
Descriptive statistics were reported as median and interquartile range

(IQR) for continuous variables and as frequencies with 95% confidence
intervals (CIs) for categorical variables. The Spearman correlation
coefficient (R) was employed to evaluate correlations between quantitative
metrics. A weighted correlation (Rw) was calculated to emphasize the
varying importance of each data point in the analysis. The analyses were
executed using R version 4.3.0 (R Project for Statistical Computing).

RESULTS
Incidence of CN ≥ 5d, CN < 5d, and CP-EOS
Among the 21,703 infants started on intravenous antibiotics
during the first postnatal week, 7996 (37%; 95% CI 36–38) were
classified as CN ≥ 5d, 13,330 (61%; 95% CI 61–62) were classified as
CN < 5d, and 375 had CP-EOS (1.7%; 95% CI, 1.6–1.9). Two patients
with negative blood cultures were excluded due to missing data

on duration of antibiotic treatment. The incidence of CN ≥ 5d,
CN < 5d, and CP-EOS was 10.6 (95% CI 10.3–10.8), 17.6 (95% CI
17.3–17.9), and 0.49 (95% CI 0.44–0.54) cases per 1000 livebirths
(Table 1). The incidence of CN ≥ 5d, CN < 5d, and CP-EOS ranged
from 3.7 to 40.9 (11-fold variation), 2.1 to 103.7 (49-fold variation),
and 0.18 to 1.5 (8-fold variation) per 1000 livebirths in different
networks (Supplementary Fig. 2). CN ≥ 5d was 22 times more
frequent than CP-EOS (range 14 to 38 in different networks). The
incidence of CN ≥ 5d correlated positively with the incidence of
CP-EOS in each network (R= 0.79, P= 0.002; Rw= 0.90,
P= 0.0002) (Fig. 2).

Antibiotic exposure in CN ≥ 5d, CN < 5d, and CP-EOS
The median (IQR) duration of treatment was 6 (5–8) days for
CN ≥ 5d, 3 (3-4) days for CN<5d, and 9 (7–14) days for CP-EOS. The
median (IQR) number of antibiotic days administered per 1000
livebirths was 77 (77–78) days for CN ≥ 5d, 53 (52–53) days for
CN < 5d, and 5 (5–5) days for CP-EOS. Across different networks,
the median number of antibiotic days administered per 1000
livebirths ranged from 27 to 362 in CN ≥ 5d (13-fold variation),
from 8 to 307 days in CN < 5d (38-fold variation), and from 2 to 17
in CP-EOS (9-fold variation) (Fig. 3).

Changes over time
Over time, when analyzing data without Norway (providing only
2015–2018 data), the incidence of CN ≥ 5d decreased from 11.9
(95% CI 11.3–12.6) in 2014 to 9.2 (95% CI 8.7–9.8) in 2018, and the
incidence of CN < 5d decreased from 21.8 (95% CI 20.9–22.7) in
2014 to 17.4 (95% CI 16.6–18.2) in 2018 (Supplementary Fig. 3).
Similarly, the median (IQR) number of antibiotic days administered
for CN ≥ 5d and CN < 5d decreased over time, from 76 (70–83) to
60 days (54–75), and from 60 (55–66) to 50 days (45–55) days per
1000 livebirths (Supplementary Fig. 4).

Mortality associated with CN ≥ 5d, CN < 5d, and CP-EOS
All-cause mortality rate was 0.81% (95% CI 0.62–1.0) for CN ≥ 5d,
1.2% (95% CI 1.0–1.4) for CN < 5d, and 3.2% (95% CI 1.7–5.5) for
CP-EOS. The median (IQR) postnatal age at death was 10 (5–21)
days for CN ≥ 5d, 2 (1–4) days for CN < 5d, and 4 (2–10) days for
CP-EOS. Data on cause of death was available for 66% (157/239) of
fatal cases (Norway could not provide the data). In culture-
negative cases, CN ≥ 5d and CN < 5d, no deaths were attributed to
sepsis, with most of them attributed to malformations (20/44, 46%
and 59/104, 57%), followed by perinatal asphyxia (15/44, 34%
and 28/104, 27%). In CP-EOS, all deaths were related to sepsis
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Fig. 1 Duration of antibiotic treatment in infants with negative
cultures and in infants with culture-proven early-onset sepsis.
Histogram and density plot of the duration of antibiotic treatment
for infants with negative cultures (No CP-EOS) and for infants with
culture-proven early-onset sepsis (CP-EOS) in the whole cohort. Data
is presented as the proportion of infants with No CP-EOS and with
CP-EOS.
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(6/9, 67% directly related and 3/9, 33% indirectly related), and
most deaths were attributed to respiratory and/or cardiocircula-
tory failure (7/9, 78%), with 2/9 (22%) attributed to malformations.

DISCUSSION
In this large international study, CN ≥ 5d accounted for over half of
the total number of antibiotic days administered to late-preterm
and term newborns in the first postnatal week and was not
associated with sepsis-related mortality. This suggests that
presumed CN-EOS is a major driver of antibiotic use, disproportio-
nately contributing to the burden of antibiotic exposure in
early life.
CN-EOS is a condition where the treating physician decides not

to discontinue empirically started antibiotics despite negative
cultures. This practice is supported by the arguments that the
sensitivity of blood and CSF cultures is below 100%, not all

invasive infections are associated with bacteremia (e.g., pneumo-
nia), and that current biomarkers have insufficient performance to
unequivocally rule out a bacterial infection.20 Criteria used to
define CN-EOS vary widely in the literature and are generally
based on the physicians’ decision to treat a patient for at least 3, 5
or 7 days.9,16–20 Clinical signs and biomarker levels are frequently,
but inconsistently used as additional diagnostic criteria.10,23 A
single-center study identified that physicians tend to continue
antibiotics for more than 3 days despite negative cultures in the
presence of elevated C-reactive protein levels, abnormal white
blood cell count values, need for vasopressors and/or mechanical
ventilation.23 However, several national guidelines recommend
that abnormal laboratory tests alone should not justify prolonged
empiric antibiotic therapy without evidence of site-specific
infection or critical illness and emphasize the importance of
stopping antibiotics within 36–72 h in the absence of confirmed
bacterial infection.7,27–29

The analysis of distribution of duration of antibiotic treatment
among infants with and without CP-EOS provides a better
understanding of the approaches used in daily clinical practice.
In the entire cohort, the length of treatment appeared as a
continuum, with no specific cutoff and considerable overlap
between patients with and without CP-EOS. However, in four out
of 13 networks, we found a bimodal distribution in the duration of
treatment in patients without CP-EOS, suggesting that patients in
whom EOS was ruled out were treated 3 to 4 days, whereas
patients with presumed CN-EOS were treated 5 to 10 days.
In our study, the incidence of CN ≥ 5d was 10.6 per 1000

livebirths, which is 21 times more frequent than CP-EOS. In
contrast, other studies with an incidence of CP-EOS ranging from
0.34 to 1.6 per 1000 livebirths reported an incidence of presumed
CN-EOS of 4.2 to 9.3 per 1000 livebirths in late-preterm and term
newborns.16,19–21 The lower CN-EOS/CP-EOS ratio of 6–16 in those
studies could be related to the fact that they did not include all
late-preterm and term infants and used different criteria to
diagnose CN-EOS and CP-EOS.9 An estimation based on blood
culture sensitivity and a mathematical equation suggests that CN-
EOS should be up to 10-fold less frequent than CP-EOS.10 When
1ml of blood is inoculated according to current recommenda-
tions, cultures can detect up to 98% of a bacterial load of at least 4
CFU/ml, and up to 95% of low-colony-count bacteremia.7,26,30 As
the proportion of blood cultures with a minimum of 1 ml ranges
from 64% to 93% in different studies,31–33 it is crucial to optimize
blood culture collection technique to reduce the risk of false-
negatives.34,35 Median time to positivity of blood cultures is
12–15 h, and 96% of the positive blood cultures are detected by
36 h in newborns.36,37 Therefore, blood cultures drawn adequately
can be trusted if they remain negative after 24–36 h of sampling,
and empirically started antibiotics can be safely stopped in most
cases with negative cultures. Our data indicate that antibiotic
treatment is often prolonged beyond 2 days in culture-negative
cases, and that presumed CN-EOS is substantially overdiagnosed.
The positive correlation between the incidence of CN ≥ 5d and CP-
EOS in each network suggests that the attitude of physicians
regarding prolonging duration of antibiotic treatment in neonates
despite negative blood and CSF cultures might be driven by their
local incidence of CP-EOS. It also suggests that all networks may
have a potential to improve their strategies in diagnosing and
treating CN- EOS. There were substantial variations regarding the
guidelines used to prevent and treat EOS in different networks.6

However, we could not identify strategies associated with a lower
incidence of CN-EOS. We speculate that the level of implementa-
tion of best practices to prevent EOS and promote rationale use of
antibiotics could have had an important impact.38

All- cause mortality in the CN ≥ 5d group was 4.0-fold lower
than in CP-EOS, and 1.5-fold lower than in the CN < 5d group.
Moreover, deaths in the CN ≥ 5d group were not attributed to
suspected infection, as fatal cases were associated with
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non-infectious conditions (perinatal asphyxia and congenital
malformations). This is supported by recent literature showing
that CN-EOS is associated with a lower risk of death compared to
CP-EOS.39–41

The fear of inadequately treating a patient with presumed CN-
EOS and the perceived safety of antibiotics are likely to be the
major contributors to the disproportionate exposure to antibiotics
in patients with negative cultures.11 Underestimation of the high
sensitivity of blood cultures and overestimation of the diagnostic
value of abnormal biomarkers may also contribute to over-
treatment.42 We advocate for a factual approach taking into
account that many conditions that mimic sepsis are far more
common than bacterial infection. The decision-making process
should be based on risk factors, clinical presentation, and
diagnostic tests. In infants that are started on empirical antibiotics,
the need to continue treatment should be reassessed at least on a
daily basis, relying on the changes in clinical condition, micro-
biology results, with or without the use of biomarkers. Recent
studies have shown that antibiotics started for suspected EOS can
be safely discontinued within 24 h in half of the cases.35,43 In the
future, algorithms integrating all relevant data should help
clinicians in this process.
The strengths of our study derive from the large high-quality

international dataset, enabling us to investigate the incidence of
presumed CN-EOS and the associated antibiotic exposure across
networks with different guidelines to prevent and treat suspected
EOS. Our study has several limitations. As CN-EOS reflects a state
of diagnostic uncertainty, there are no uniformly accepted criteria
to define this condition. Based on current literature and our data,
we chose a cutoff of 5 days of antibiotic treatment to define
presumed CN-EOS.9,16 Patients with negative cultures who died
before 5 days of antibiotic treatment were assigned to the CN < 5d
group. This is unlikely to have affected our capacity to assess the
incidence, associated antibiotic exposure and mortality of CN-EOS
given the low number of these cases and since none of these
deaths were related to infection. As we did not collect data on risk
factors, focal infections (such as pneumonia) and biomarker levels,
we could not analyze the reasons why clinicians prolonged
antibiotic therapy in individual patients with negative cultures.
However, prophylactic treatments accounted for a minor fraction
of antibiotic exposure in our cohort.6 The design of our study does
not allow to present incidence data stratified by gestational age
which prevents us from getting insights for specific subgroups.

CONCLUSIONS
This study sheds light on the major contribution of presumed CN-
EOS to early-life antibiotic exposure. Given the uncertainty related
to the diagnosis of CN-EOS, the low mortality of this condition,
and its disproportionate contribution to antibiotic exposure, our
study identifies CN-EOS as a major target for AMS programs.
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