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Abstract
IMPORTANCE Appropriate use of antibiotics is life-saving in neonatal early-onset sepsis (EOS), but overuse of antibiotics is associated with antimicrobial resistance and long-term adverse outcomes. Large
international studies quantifying early-life antibiotic exposure along with EOS incidence are needed to
provide a basis for future interventions aimed at safely reducing neonatal antibiotic exposure.

Key Points
Question What is the rate of exposure
to antibiotics and the incidence of earlyonset sepsis (EOS) and sepsisassociated mortality among latepreterm and full-term newborns?

OBJECTIVE To compare early postnatal exposure to antibiotics, incidence of EOS, and mortality

Findings In this cross-sectional study of

among different networks in high-income countries.

757 979 neonates born in 13 networks
from 11 countries, 2.86% received

DESIGN, SETTING, AND PARTICIPANTS This is a retrospective, cross-sectional study of late-

antibiotics during the first postnatal

preterm and full-term neonates born between January 1, 2014, and December 31, 2018, in 13

week (range across networks,

hospital-based or population-based networks from 11 countries in Europe and North America and

1.18%-12.45%). The incidence of EOS

Australia. The study included all infants born alive at a gestational age greater than or equal to 34

was 0.49 cases per 1000 live births

weeks in the participating networks. Data were analyzed from October 2021 to March 2022.

(range, 0.18-1.45 cases per 1000 live
births), and the EOS-associated

EXPOSURES Exposure to antibiotics started in the first postnatal week.

mortality rate was 3.20%.
Meaning Early postnatal antibiotic use

MAIN OUTCOMES AND MEASURES The main outcomes were the proportion of late-preterm and
full-term neonates receiving intravenous antibiotics, the duration of antibiotic treatment, the
incidence of culture-proven EOS, and all-cause and EOS-associated mortality.
RESULTS A total of 757 979 late-preterm and full-term neonates were born in the participating networks during the study period; 21 703 neonates (2.86%; 95% CI, 2.83%-2.90%), including 12 886 boys
(59.4%) with a median (IQR) gestational age of 39 (36-40) weeks and median (IQR) birth weight of 3250
(2750-3750) g, received intravenous antibiotics during the first postnatal week. The proportion of neonates started on antibiotics ranged from 1.18% to 12.45% among networks. The median (IQR) duration of

was high compared with the rate of
sepsis and varied across networks,
suggesting it could be lowered safely.

+ Invited Commentary
+ Supplemental content
Author affiliations and article information are
listed at the end of this article.

treatment was 9 (7-14) days for neonates with EOS and 4 (3-6) days for those without EOS. This led to an
antibiotic exposure of 135 days per 1000 live births (range across networks, 54-491 days per 1000 live
births). The incidence of EOS was 0.49 cases per 1000 live births (range, 0.18-1.45 cases per 1000 live
births). EOS-associated mortality was 3.20% (12 of 375 neonates; range, 0.00%-12.00%). For each case
of EOS, 58 neonates were started on antibiotics and 273 antibiotic days were administered.
CONCLUSIONS AND RELEVANCE The findings of this study suggest that antibiotic exposure during
the first postnatal week is disproportionate compared with the burden of EOS and that there are wide
(up to 9-fold) variations internationally. This study defined a set of indicators reporting on both dimensions to facilitate benchmarking and future interventions aimed at safely reducing antibiotic exposure in
early life.
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Introduction
Worldwide, approximately one-quarter to one-third of all hospital-admitted patients are treated with
antibiotics.1-3 The World Health Organization has called for urgent action to avoid an antimicrobial
resistance crisis, placing antimicrobial stewardship (AMS) programs at the center of attention to help
physicians optimize antibiotic prescription and improve patients’ outcomes.4 In addition to
increasing rates of antimicrobial resistance,5,6 early-life antibiotic exposure disrupts the developing
microbiome, which may contribute to numerous diseases later in life, including diabetes, obesity,
inflammatory bowel disease, asthma, and allergy.7 Furthermore, neonatal antibiotic treatments are
associated with mother-newborn separation, longer duration of hospital stay, reduced breastfeeding
rates, and increased health care costs.8 AMS is, thus, of crucial importance at the start of life.
Antibiotics are the most commonly prescribed medication in neonatal units, and their prompt
initiation can be life-saving in neonatal early-onset sepsis (EOS).9 However, for late-preterm and fullterm neonates, the incidence of EOS has decreased over the last decades.10 Limited precision of current
diagnostic tools and resulting concern of missing sepsis in conjunction with unchanged management
strategies for suspected EOS are the main factors associated with antibiotic overuse in early life.11-13
Antibiotic exposure within the first postnatal week in late-preterm and full-term neonates along
with incidence of EOS have not been quantified at scale internationally. Large data sets are required
to compare antibiotic use and monitor time trends in networks and countries using different
strategies to prevent and treat EOS, to provide a basis for interventions aiming at safely reducing
neonatal antibiotic exposure.14 Moreover, standards regarding key indicators are missing for this
patient population.15 We conducted a large international study to quantify neonatal antibiotic
exposure, incidence of EOS, and all-cause and EOS-associated mortality in high-income countries.

Methods
Study Design
The Antibiotic Exposure for Suspected Neonatal Early-Onset Sepsis (AENEAS) study is an
international, cross-sectional, retrospective study investigating exposure to intravenous antibiotics
in the first postnatal week in late-preterm and full-term neonates. Thirteen networks from 11 highincome countries contributed to the study (eTable 1 in Supplement 1).
A network was defined by use of a common strategy for preventing and managing suspected
EOS and the ability to provide data on at least 25 000 live births within the 5-year study period.
Networks from Europe, North America, and Australia were eligible if they met the expected sample
size (eAppendix in Supplement 1) and had the capacity to provide high-quality data on the main study
outcomes. Candidate networks were approached on the basis of their record in the field, through
the Neonatal Sepsis Trial Network and the European Society for Pediatric Research. The study was
approved by the Swiss national ethics committee on human research and by the ethics committees
of all participating networks. The need for obtaining written informed consent was waived because
the potential difficulties in obtaining consent were considered disproportionate to the low risk and
observational nature of the study. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) for Newborn Infection (STROBE-NI) guideline.16

Procedures
We included all neonates born alive at a gestational age of 34 weeks or later between January 1, 2014,
and December 31, 2018, and treated for any reason with intravenous antibiotics started within the
first postnatal week. There were no exclusion criteria. We recorded the total number of births and
neonatal deaths and collected data on network characteristics and guidelines to prevent EOS and
manage newborns at risk of EOS (eTable 2 in Supplement 1). Data were extracted from electronic
health records, clinical information systems, patient records, databases of microbiology laboratories,
and regional and national databases by investigators at each site and transferred into a REDCap
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database. The principal investigators and statistical team controlled data quality and provided
feedback to investigators at each site to optimize data completeness and quality.

Outcome Measures and Definitions
The primary objective was to quantify antibiotic exposure, incidence of EOS, and mortality in
different networks. We classified networks capturing all births within a geographical area as
population-based and hospitals or group of hospitals from a single country using the same strategies
for prevention and management of newborns at risk of EOS as hospital-based networks.
EOS was defined as culture-proven EOS, by positive blood and/or cerebrospinal fluid (CSF)
culture, within the first postnatal week.17 Contaminated blood or CSF cultures were defined by
growth of bacteria usually considered as contaminants (eg, diphtheroids or Micrococcus species) or
cultures considered as a contamination by clinicians with a decision to treat with antibiotics for less
than 5 days. Cultures with growth of coagulase-negative staphylococci (CoNS) and antibiotic therapy
for more than 5 days were considered proven infection. Neonates without proven EOS (no EOS) were
those who received antibiotics but did not have a diagnosis of EOS. Indication for antibiotic
treatment was obtained from electronic medical records and patients’ records. Neonatal death was
defined as death before discharge or death before 28 days for patients who were hospitalized for
more than 28 days. EOS-associated mortality was defined as death within 28 days after a positive
blood or CSF culture. The cause of death was reported as free text and was then classified into
categories (respiratory and/or cardiocirculatory failure, asphyxia, malformation, or other) by the
principal investigators.

Statistical Analysis
The proportion of newborns treated with antibiotics was calculated by dividing the number of
newborns receiving at least 1 dose of intravenous antibiotics within the first postnatal week by the
number of live births. Duration of antibiotic therapy was defined as calendar days with at least 1 dose
of antibiotics. Antibiotic exposure was calculated as the sum of antibiotic days of each treated
newborn divided by the number of live births and was reported as the number of antibiotic days per
1000 live births. Incidence of EOS was defined as the rate in all live-born neonates. Incidence was
reported for all EOS episodes and for episodes excluding CoNS. Mortality was defined as all events of
death for all live-born neonates independent of antibiotic therapy and EOS (overall mortality), and
in subgroups (EOS and no EOS). We analyzed the whole cohort and each network separately. We
conducted subgroup analyses of data from Stockholm County, Sweden, a large population-based
network with the lowest exposure to antibiotics, stratifying data by level of care at place of birth.18
We presented descriptive statistics as median (IQR) for continuous variables and as frequencies
(percentages) with 95% CIs for categorical variables. We calculated odds ratios (ORs) with 95% CIs
using the Mantel-Haenszel method for stratification, as measures of association where binary
outcomes were compared between groups. For the comparison of quantitative outcomes between
groups, we calculated median differences with 95% CIs. If appropriate, these effect measures were
calculated in a stratified manner, using network as strata. Correlations between quantitative metrics
were assessed using Spearman correlation coefficient. We performed analyses using R version 4.0.2
(R Project for Statistical Computing). Data were analyzed from October 2021 to March 2022.

Results
A total of 757 979 late-preterm and full-term neonates were born between January 1, 2014, and
December 31, 2018, in participating networks; 21 703 neonates (2.86%; 95% CI, 2.83%-2.90%),
including 12 886 boys (59.4%) with a median (IQR) gestational age of 39 (36-40) weeks and median
(IQR) birth weight of 3250 (2750-3750) g, were started on intravenous antibiotics within the first
postnatal week (Table 1 and Table 2). The median (IQR) duration of antibiotic therapy was 4 (3-6)
days for all newborns treated with antibiotics, 9 (7-14) days for those with EOS, and 4 (3-6) days for
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those without proven EOS (Table 2). The median (IQR) antibiotic exposure was 135 (134-136)
antibiotic days per 1000 live births. EOS was diagnosed in 375 neonates, leading to an incidence of
0.49 cases per 1000 live births (95% CI, 0.45-0.55 cases per 1000 live births). Overall, for each case
of EOS, 58 neonates were treated with antibiotics, and 273 antibiotic days were administered. More
than 95% of antibiotic courses initiated within the first postnatal week were started within the first 3
days. The median (IQR) postnatal age at antibiotic start was 1 (0-2) day in EOS, and 0 (0-1) day in
cases without proven EOS (eFigure 1 in Supplement 1). The predominant pathogens identified in
blood and CSF cultures were group B streptococci (126 of 375 cultures [34%]), CoNS (65 of 375
cultures [17%]), and Escherichia coli (62 of 375 cultures [17%]) (eTable 3 in Supplement 1).
The number of deaths for all live births was 622, leading to an all-cause mortality rate of 0.82
per 1000 live births (95% CI, 0.76-0.89 per 1000 live births). The all-cause mortality rate was 1.10%
(239 of 21 703 neonates; 95% CI, 0.96%-1.24%) in all neonates treated with antibiotics, 3.20% (12

Table 2. Demographic and Clinical Characteristics of Infants Treated With Intravenous Antibiotics During the First Postnatal Weeka
Neonates, No. (%)
Clinical characteristics
Sex

All (n = 21 703)

Proven EOS (n = 375)

No proven EOS (n = 21 328)

OR or median difference (95% CI)

Femaleb

8812 (40.6)

161 (42.9)

8651 (40.6)

1.10 (0.90 to 1.35)c

Male

12 886 (59.4)

214 (57.1)

12 672 (59.4)

1 [Reference]

Gestational age, median (IQR), wk

39 (36 to 40)

39 (37 to 40)

39 (36 to 40)

0 (0 to 1)d

Birth weight, median (IQR), g

3250 (2750 to 3750)

3250 (2780 to 3785)

3250 (2745 to 3750)

110 (−15 to 230)d

Suspected infection

14 139 (88.9)

216 (97.3)

13 923 (88.8)

Prophylaxis for urinary tract malformation

185 (1.2)

0

185 (1.2)

Perioperative prophylaxis

296 (1.9)

0

296 (1.9)

Other prophylaxis

1289 (8.1)

6 (2.7)

1283 (8.2)

0 (0 to 1)

1 (0 to 2)

0 (0 to 1)

0 (0 to 1)d

4 (3 to 6)

9 (7 to 14)

4 (3 to 6)

5 (4 to 6)d

Present

7951 (75.3)

170 (89.9)

7781 (75)

3.73 (2.24 to 6.33)c

Unknown

239 (2.3)

1 (0.5)

238 (2.3)

0.39 (0.05 to 2.96)c

Absent

2374 (22.5)

18 (9.5)

2356 (22.7)

1 [Reference]

239 (1.1)

12 (3.2)

227 (1.1)

2.81 (1.55 to 5.09)c,h

4 (1 to 9)

4 (2 to 10)

4 (1 to 9)

0 (−2 to 2)d

20 (14)

e

Indication of antibiotics

Postnatal age at antibiotics start, median (IQR), d
f

Duration of treatment, median (IQR), d

NA

g

Clinical signs

Deaths
Postnatal age at death, median (IQR), de
e

Cause of death

Respiratory and/or cardio-circulatory failure

27 (17.2)

7 (77.8)

Asphyxia

43 (27.4)

0

43 (29.1)

Malformation

81 (51.6)

2 (22.2)

79 (53.4)

Other

6 (3.8)

0

6 (4.1)

Directly related

6 (3.8)

6 (66.7)

0

Indirectly related

5 (3.2)

3 (33.3)

2 (1.4)

Unrelated

146 (93.0)

0

146 (98.6)

NA

Death in relation to sepsise

NA

Abbreviations: EOS, early-onset sepsis; NA, not applicable; OR, odds ratio.
a

Categorical variables are presented as frequencies (percentages), and continuous variables are presented as median (IQR). Column percentages are presented; percentages are
based on available data for each variable.

b

Data are missing for 5 patients without proven EOS. OR is calculated using male neonates as reference.

c

Data are OR with 95% CI, stratified across networks.

d

Data are median difference with 95% CI, stratified across networks.

e

Data on 15 936 of 21 703 neonates (73.4%) treated with antibiotics are presented, including 222 of 375 neonates (59.2%) with proven EOS, and 15 687 of 21 328 neonates (73.6%)
without proven EOS, because data were not available for Norway.

f

Data are missing for 2 patients without proven infection.

g

Data on 10 564 of 21 703 neonates (48.7%) treated with antibiotics are presented, including 189 of 375 neonates (50.4%) with proven EOS, and 10 375 of 21 328 neonates (48.6%)
without proven EOS, because data were not available for Norway, Perth, and Hamilton.

h

Data are OR (95% CI) for proven EOS (vs no proven EOS), stratified across networks.
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of 375 neonates; 95% CI, 1.70%-5.50%) in those with EOS, and 1.06% (227 of 21 328 neonates; 95%
CI, 0.93%-1.21%) in those without proven EOS. Among EOS cases, mortality was 7.7% (6 of 78
neonates; 95% CI, 2.9%-16.0%) in late-preterm and 2.0% in full-term newborns (6 of 297 neonates;
95% CI, 0.7%-4.3%). Culture-proven EOS accounted for 1.9% of all-cause mortality. Altogether, 1
neonate died from EOS per 63 165 births (12 of 757 979 births; 0.016‰; 95% CI,
0.008‰-0.028‰).
Exposure to antibiotics, incidence of EOS, and all-cause mortality varied substantially across
networks (Figure 1, Figure 2, and Table 1). The proportion of neonates treated with antibiotics
ranged from 1.18% to 12.45% (a 9-fold difference). Three of the 13 networks reported treatment rates
below 2%. Median duration of antibiotic treatment ranged from 8 to 12 days in infants with EOS and
from 3 to 7 days in infants without proven EOS. The number of antibiotic days per 1000 live births
ranged from 54 to 491. The incidence of EOS ranged from 0.18 to 1.45 cases per 1000 live births (an
8-fold difference), and the incidence of EOS without inclusion of CoNS cases ranged from 0.14 to 1.18
cases per 1000 live births. All-cause mortality was 0.33 to 2.46 per 1000 live births, and mortality
in EOS cases ranged from 0% to 12%. Antibiotic exposure correlated with EOS incidence in different
networks (Spearman r = 0.77; 95% CI, 0.39-0.93 for all EOS episodes; r = 0.69; 95% CI, 0.23-0.90
for EOS episodes without CoNS) (Figure 3 and eFigure 2 in Supplement 1).
Over time, when analyzing data without Norway (which provided only 2015-2018 data), the
proportion of neonates treated with antibiotics decreased from 3.4% (95% CI, 3.3%-3.5%) in 2014
to 2.7% (95% CI, 2.6%-2.8%) in 2018, with no change in the duration of treatment (eFigure 3 in
Supplement 1). This resulted in a decreased antibiotic exposure from 167 antibiotic days per 1000 live
births (95% CI, 165-170 antibiotic days per 1000 live births) in 2014 to 127 antibiotic days per 1000
live births (95% CI, 125-129 antibiotic days per 1000 live births) in 2018. Incidence of EOS and
all-cause and EOS-associated mortality did not change during the study period (eFigure 4 in
Supplement 1).
In Stockholm County, Sweden, a large population-based network with the lowest exposure to
antibiotics, the number of antibiotic days per 1000 live births was 50 (95% CI, 49-52 antibiotic days
per 1000 live births) in neonates born in level I and II facilities and 63 antibiotic days per 1000 live
births (95% CI, 61-65 antibiotic days per 1000 live births) in neonates born in level III and IV facilities
(eTable 4 in Supplement 1). The incidence of EOS in Stockholm County was 0.25 case per 1000 live
births (95% CI, 0.16-0.37 case per 1000 live births) in neonates born in level I and II facilities and 0.40
case per 1000 live births (95% CI, 0.23-0.64 case per 1000 live births) in neonates born in level III
and IV facilities.

Discussion
To our knowledge, this cross-sectional study is the largest international study on antibiotic exposure
started in the first postnatal week in late-preterm and full-term neonates. Nearly 3% of neonates
were started on antibiotics, resulting in an antibiotic exposure of 135 days per 1000 live births. The
overall incidence of culture-proven EOS was 0.49 case per 1000 live births with a mortality rate of
3.20%. For each case of EOS, 58 neonates were started on antibiotics and 273 antibiotic days were
administered. The burden of treatment varied up to 9-fold across the 13 networks, and the burden of
disease varied up to 8-fold.
The burden of disease is associated with the incidence of EOS and sepsis-associated morbidity
and mortality, which are inversely associated with gestational age.19-21 In Europe, the US, and
Australia, the incidence of EOS in late-preterm and full-term neonates ranges between 0.13 and 0.95
per 1000 live births and has decreased over the last decades.17,20-24 As death from EOS has become
a rare event in late-preterm and full-term neonates, studies analyzing several hundreds of thousands
neonates are required to provide accurate estimates of EOS-associated mortality. Consistent with
recent estimates, we observed an EOS-associated mortality rate of 3.20%.17,21,25,26
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Figure 1. Burden of Treatment
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Precise data on antibiotic utilization are needed to improve antimicrobial prescription practices
promoting quality of care and patient safety. Given the specificities of neonatal care and the
importance of AMS in early life, relevant indicators are required to identify antibiotics utilization
practices that should be promoted or avoided.15 Using the number of births rather than the number
of hospitalizations as a denominator allows us to quantify antibiotic exposure at the population level.
We described the burden of antibiotic treatment as the (1) proportion of all live births started on
antibiotics, (2) duration of therapy, and (3) number of antibiotic days per 1000 live births. The
proportion of neonates started on antibiotics in our study is at the low end of the up to 14% described
in the literature.11,17,24,27 Three of the 13 networks reported treatment rates below 2% with the lowest
rate of 1.18% in Stockholm County. To our knowledge, this is the lowest rate reported in literature.
Most recent publications on the proportion of neonates treated with antibiotics reported on the
impact of using the neonatal EOS calculator, a risk stratification and decision-making tool that
recommends starting antibiotics when the estimated risk of EOS is 3 cases or more per 1000.17
Although the proportion of neonates started on antibiotics was reduced by this tool, the lowest rate
of antibiotic exposure reported after implementing the EOS calculator is 3.0%.11,17,27 In our study,

Figure 2. Burden of Disease
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the only network using the EOS calculator decreased antibiotic treatment rates, but treatment rates
after the intervention remained above all other networks. Seven networks used the serial physical
examination approach, a strategy that has been associated with safe reduction of antibiotic use.28-30
Networks performed differently at minimizing the proportion of neonates started on antibiotics,
limiting the duration of treatment in those without proven infection, and at preventing and/or diagnosing EOS. Networks with higher antibiotic exposure also had higher EOS incidence. This contrasts with
findings from studies24,31 showing wide variations in antibiotic use across neonatal units but no correlation between the proportion of neonates exposed to antibiotics and the incidence of EOS at each site.
Population-based networks include all neonates born in a given geographical area (comprising hospital
and non–hospital-based delivery units and home births). In contrast, hospital-based networks include
only neonates born at participating hospitals and are, therefore, not representative of a region or a
country. Moreover, comparisons between hospital-based networks are limited by the specific patients’
case mix at each institution that may influence the risk of EOS and antibiotic prescription patterns. In
our study, tertiary care hospitals (levels III and IV) which are characterized by higher patient acuity and
volume, were overrepresented in hospital-based networks. To address these limitations, we performed
analyses stratifying neonates born in Stockholm County (a large population-based network with the
lowest exposure to antibiotics and the lowest all-cause mortality) by the level of care at the place of
birth. The burden of disease and the burden of treatment were higher for neonates born in level III and
IV facilities compared with level I and II facilities. This is not unexpected given the mission of level III and
IV facilities to take care of the most vulnerable and most ill patients. However, in Stockholm County, the
proportion of neonates treated with antibiotics and number of antibiotic days per 1000 live births was
lower both in level I and II and in level III and IV facilities compared with all other networks. This indicates that antibiotic exposure can be minimized even in high-risk tertiary care facilities, without increasing all-cause mortality.
We observed substantial heterogeneity among networks regarding the strategies used to prevent
EOS and manage newborns at risk of EOS32 but could not identify a common pattern of approaches
associated with a lower burden of disease and/or treatment. Therefore, we are not able to generate a
hypothesis regarding which strategy may work best. We speculate that education of staff, leadership,
and AMS culture might have an important impact on clinical decision-making.2,12,13,33,34
Given the relatively low incidence of EOS and sepsis-associated mortality in late-preterm and
full-term newborns, the burden of treatment is disproportionate to the burden of disease. This
imbalance is bigger in full-term neonates, who have a lower sepsis-related mortality than latepreterm neonates.21,23 Culture-proven EOS accounted for 1.9% of all-cause mortality, and all-cause
mortality was more frequent than EOS. This is in line with literature showing that perinatal asphyxia

Figure 3. Burden of Treatment vs Burden of Disease

Antibiotic days per 1000 live births

500

Perth

400

Apulia

300
Western
Switzerland
200

Hamilton
Warsaw
Hungary

Central
Switzerland

Wallonia

Norway

100
Rhode
Island
Stockholm
County

0
0

Emilia Romagna
Prague

0.5

1.0

1.5

Early-onset sepsis cases per 1000 live births

JAMA Network Open. 2022;5(11):e2243691. doi:10.1001/jamanetworkopen.2022.43691 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a Universitaetsbibliothek Bern User on 11/24/2022

Relationship between the incidence of early-onset
sepsis and exposure to antibiotics in each network.
The size of the bubbles represents the number of
births. The dashed lines represent the median of the 13
networks.

November 23, 2022

9/13

JAMA Network Open | Pediatrics

Antibiotic Exposure and Early-Onset Neonatal Sepsis in Europe, North America, and Australia

and congenital malformations cause a greater number of deaths in late-preterm and full-term
neonates than sepsis.35
Large cohorts reporting on the burden of disease along with the burden of treatment are scarce.
Previous studies11,17,36 focused mainly on 1 dimension and/or did not provide important baseline
information, such as the proportion of all live-born neonates treated with antibiotics and/or the
duration of treatment. To facilitate benchmarking and guide clinicians regarding AMS and future
research, we propose a new minimal standard including 7 key indicators for reporting data on EOS
and antibiotic use: (1) incidence of culture-proven EOS per 1000 live births, (2) EOS-associated
mortality rate, (3) proportion of neonates started on antibiotics per 100 live births, (4) duration of
antibiotic therapy, and (5) number of antibiotic days per 1000 live births, and the whole study
population needs to be described by (6) gestational age and (7) all-cause mortality.

Limitations
Although the strengths of our study are grounded in the large, international, high-quality data set
promoting new standards to quantify the burden of disease along with the burden of treatment, our
study has limitations. Owing to the retrospective design, we could not collect data on prenatal
exposure to antibiotics, risk factors for EOS, biomarkers, and long-term morbidity. In addition, data
on management strategies are descriptive, whereas clinical practice may substantially deviate from
guidelines. The heterogeneity between and within networks and the selection bias of participating
networks limits the generalizability of our findings. Population-based networks are representative of
a region or a country, but hospital-based networks depend on the level of care and case selection at
each site. The difficulty in distinguishing CoNS-related infections from contamination is a limitation
that we addressed by showing results with and without CoNS-related infections. There is no clear-cut
difference in the definition between perinatal (EOS) vs nosocomial (late-onset) infections. Including
neonates started on antibiotics within the first postnatal week leads to some overlap between the 2
conditions. From an AMS perspective, this has the advantage of capturing all antibiotic courses
started within a well-defined period.2,4 Given that more than 95% of antibiotic courses initiated
within the first postnatal week were started within the first 3 days, it is unlikely that the choice of a
7-day rather than a 3-day cutoff affected our results.

Conclusions
The burden of treatment is considerable in comparison to the burden of disease, and there are wide
variations internationally. We defined a set of indicators reporting on both dimensions to facilitate
benchmarking and guide AMS programs and future research. A neonatal antibiotic treatment rate
less than or equal to 1% appears achievable. Decreasing unwarranted neonatal antibiotic exposure
may help reduce the risk of antimicrobial resistance and preserve the developing microbiome to
improve long-term health.
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