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Objective Early-onset sepsis (EOS) is associated with increased mortality and morbidity in preterm neonates. We
aim to study the epidemiology of EOS among extremely preterm neonates across a multinational neonatal registry.
Study design A retrospective cohort study (2007-2023) of neonates born under 28 weeks’ gestation from the In-
ternational Network for Evaluation of Outcomes in Neonates collaboration, involving 11 national neonatal registries.
The definition of EOS was blood or cerebrospinal fluid culture-positive sepsis within the first days after birth (ranging
from <2 to <7 days of life). Primary outcome was mortality. Secondary outcome was major morbidities (severe
neurological injury, severe retinopathy of prematurity, necrotizing enterocolitis, late-onset sepsis, or bronchopul-
monary dysplasia). Univariate and multivariate analyses were performed.

Results Four thousand three hundred fifty-four of 130,938 (3.3%) neonates with mean (=SD) gestational age 26.1
(£1.7) weeks and birthweight 874 (+241) grams developed EOS. Rates of EOS ranged from 1.6% to 6.6% across
International Network for Evaluation of Outcomes in Neonates countries. Pregnancy associated hypertension and
caesarean delivery were not associated with EOS. For EOS infants the mortality rate was 35.5% and mortality or
morbidity rate was 78.2%. Odds of mortality remained higher after adjustment (AOR, 2.49; 95% CI: 2.27, 2.74) along
with mortality or morbidity (AOR, 1.89; 95% Cl, 1.70-2.10). Severe neurological injury was the leading complications
(AOR, 2.34; 95% CI, 2.11-2.59). Variations in incidence, morbidity, and mortality were also noted between coun-
tries.

Conclusion EOS is common in extremely preterm neonates, varying across countries and associated with higher
odds of mortality and morbidity. (J Pediatr: Clin Pract 2026;21:200216).
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However, current studies remain limited geographically and
it is difficult to translate these findings to the worldwide
context due to notable Variances in neonatal care and out-
comes across different countries.” Giannoni et al. identified
this issue when comparing late preterm and term EOS among
11 countries across North America, Europe, and Australia,
describing wide variations in incidence, mortality, and anti-
biotic exposure.”

The International Network for Evaluation of Outcomes
in Neonates (iNeo) is a collaboration of 11 multinational
neonatal networks comprising of 10 high-income countries
and 1 middle-income country, utilizing standardized data
to highlight gaps in care that can inform improvements
in health policies among tertiary neonatal intensive care
units (NICUs).'™"" Previous studies have analyzed EOS
in preterm neonates using data from individual partici-
pating neonatal networks of iNeo,”'? and a two-network
comparison,” but a comprehensive study across multiple
networks has not been done. This study aims to expand
current literature and provide a standardized comparison
of EOS incidence, risk factors and outcomes among neo-
nates of 22-28 weeks’ gestation utilizing the multinational
database, iNeo. However, this paper does not make
comment on the causative microorganism profiles of
EOS among each country.

Study Design

This retrospective cohort study utilized collected data of ne-
onates born at 22°-28° weeks’ gestation, admitted to a partici-
pating unit of the iNeo database between 1 January 2007 and
31 December 2023. Neonates >1499g were excluded from the
study, as a birth weight cut-off of <1500g was a registration
requirement of many of the participating networks. Neonates
diagnosed with a major congenital anomaly were excluded.
Neonates who were transferred between participating units
were only counted once and those admitted for the first
time after 36 weeks postmenstrual age were excluded. As
data of stillborn deliveries and delivery room deaths were
not routinely collected by all units, these were not included.
The differences between neonatal networks for population
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coverage, data collection and included units are described
in the Supplementary Table.

Ethics and Data Management

Each participating network holds individual research ethics
approvals for collection of data within each country. Most
networks either extract data directly from patient records
or participating units enter data directly into a central
database, with the exception of certain networks.® All
data were transferred to and handled by the iNeo Coordi-
nating Centre at the Maternal-Infant Care Research Centre,
Mount Sinai Hospital, Toronto, Canada. The iNeo Coordi-
nating Centre also obtained research ethics board approval
for data transfer and all research projects facilitated by the
iNeo collaboration.

Covariates

Gestational age (GA) was estimated in hierarchical order of
early ultrasound, timing of last menstruation, obstetric esti-
mate, and physical examination after birth. Birth weight
z-scores were calculated utilizing birth weight references
from each country. Data on antenatal corticosteroid admin-
istration, hypertension in pregnancy, delivery of twins or of
higher order, and mode of delivery were recorded. (See
Table 1).

Exposure and Outcomes

The primary exposure, EOS, was defined as blood or cerebro-
spinal fluid culture-confirmed sepsis within the first three
days after birth. For Japan (NRNJ), EOS was considered until
the first seven days after birth and for Australia and New Zea-
land (ANZNN), until 2 days after birth due to predefined
coding criteria. As data on causative organism were not avail-
able from every network, EOS was reported as a binary
outcome of EOS or no EOS. Polymicrobial infections were
only reported once per neonate. The primary outcome was
mortality and was determined by death prior to discharge
or transfer to a step-down unit. Major neonatal morbidity
was a secondary outcome defined by the presence of one or
more of the following conditions: severe neurological injury,
which included stage 3 or 4 intraventricular hemorrhage
(IVH) with ventricular dilatation, as per the criteria by Papile

4 '
Table 1. Characteristics of EOS across the iNeo collaboration
Characteristic Total population EOS No EOS PValue
Antenatal corticosteroids, N/Total N (%) 102936/127096 (81.0) 3369/4286 (78.6) 99567/122810 (81.1) <.001
Hypertension in pregnancy, N/Total N (%)* 18435/120779 (15.3) 402/4052 (9.9) 18033/116727 (15.5) <.001
Male, N (%) 70153/130830 (53.6) 2323/4351 (53.4) 67830/126479 (53.6) .76
Gestational age (weeks), mean (SD) 26.1 (1.6) 25.5(1.7) 26.1(1.7) <.001
Birth weight (grams), mean (SD) 873.6 (241.0) 529.9 (236.1) 875.1 (241.0) <.001
Birth weight z-score, mean (SD) —0.1(0.8) 0.1 (0.8) —0.1(0.8) <.001
Caesarean birth, N/Total N (%) 84254/129615 (65.0) 2570/4348 (59.1) 81684/125267 (65.2) <.001
Twins or higher order, N/Total N (%) 34627/130914 (26.5) 908/4354 (20.9) 33719/126560 (26.6) <.001
Outborn, N/Total N (%) 11581/129034 (9.0) 262/4233 (6.2) 11319/124801 (9.1) <.001
Mortality rate, N/Total N (%) 1545/4353 (35.5) 21117/126510 (16.7)
Age of death (days), median (IQR) 5(2-13) 7 (2-20)

\ J

*No data for SNN 2007-15.Abbreviation: EOS (early-onset sepsis).

Duggan et al



October 2026

et al,"” or parenchymal injury (including periventricular leu-
komalacia (PVL)) with or without IVH; severe retinopathy of
prematurity, defined as either stage 3 or 4 according to the
International Classification'* or the need for laser surgery
or intraocular injections of anti-vascular endothelial growth
factor; stage 2 or 3 necrotizing enterocolitis according to
Bell’s criteria'’; culture-proven late-onset sepsis; and bron-
chopulmonary dysplasia defined as oxygen requirement at
36 weeks postmenstrual age or at transfer to level 2 units if
transferred earlier. These major neonatal morbidities were
also analyzed individually.

Statistical Analysis

Incidence rates were determined by number of cases as a per-
centage of EP admissions to participating NICUs. Adjusted
annual EOS rates are shown in Table 2. Standard
descriptive analyses were used to determine differences
between those diagnosed with EOS compared with those
who were not for general characteristics across the entire
cohort. Multivariable logistic regression analyses were used
to determine adjusted odds ratios (AORs) for mortality
and morbidity after controlling for GA, birth weight
z-scores, sex, multiple births, and outborn birth, removing
potential confounding factors that commonly contribute to
mortality and morbidity in preterm neonates as well as
which are not affected by practice variations between
countries, for example, mode of delivery. Given the range
of countries and ethnicities included in the study, it was
expected that there would be differences in birth weights
between networks. Therefore, country-specific birth weight
z-scores were used for the multivariable logistic regression
analyses over birth weights to facilitate standardization.
Standardized ratios for comparative analyses between
countries were calculated using an indirect standardization
approach. The expected numbers of neonates with
outcomes for each individual country were calculated from
the multivariable logistic regression model constructed on

N\
Table 2. Early-onset sepsis incidence rate by year
Year EOS rate Adjusted EOS rate (95% Cl)
2007 227/7165 (3.2) (ref)
2008 260/7602 (3.4) 1.1(0.9-1.3)
2009 269/7759 (3.5) 1.1(0.9-1.3)
2010 294/8043 (3.3) 1.1 (1.00-1.4)
2011 276/8347 (3.3) 1.0 (0.9-1.2)
2012 263/8576 (3.1) 1.00 (0.8-1.1)
2013 284/8198 (3.5) 1.1(0.9-1.3)
2014 302/9078 (3.3) 1.0 (0.9-1.2)
2015 331/8952 (3.7) 1.1(1.00-1.4)
2016 314/8886 (3.5) 1.1(0.9-1.3)
2017 293/8375 (3.5) 1.1(0.9-1.3)
2018 292/8194 (3.6) 0.9 (0.8-1.1)
2019 234/7788 (3.0) 0.8 (0.6-0.9)
2020 209/7352 (2.8) 0.9 (0.7-1.0)
2021 220/7242 (3.0) 0.9 (0.8-1.1)
2022 225/7292 (3.1) 0.9 (0.8-1.1)
2023 61/2089 (2.9) 0.9 (0.6-1.1)
{ Total 4354/130938 (3.3)
J
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the rest of the dataset. We applied Bonferroni correction
for pairwise comparisons across countries. Standardized
ratio estimates and the 95% CI for each individual country
were displayed graphically. All analyses were 2-sided and
conducted using SAS V.9.4 (SAS Institute), R V.4.4.0 (R
Core  Team) and  Graphpad Prism  V.10.2.0
(Graphpad Software).

Between 2007 and 2023, a total of 137,366 neonates born be-
tween 22 and 28 weeks’ gestation and admitted to a NICU
were identified among participating networks of the iNeo
database. The Canada (CNN) network provided data be-
tween 2007 and 2023. The Australia and New Zealand
(ANZNN), Finland (FinMBR), Israel (INN), Japan
(NRNJ), Spain (SEN1500), Switzerland (SNN) and Sweden
(SNQ) networks provided data between 2007 and 2022.
The Brazil (BNN) Network provided data between 2014
and 2023. The Tuscany, Italy (TuscanNN) network provided
data between 2009 and 2022. Neonates born >1500 grams
(N =1026) or with major congenital anomalies (N = 5402)
were excluded, providing a final study population of 130
938 neonates. Table 3 outlines the frequencies of neonatal
admissions, study populations, and rates of EOS within
each network.

Early-Onset Sepsis and Incidence

The total incidence of EOS across the iNeo collaboration was
3.3% with variability in incidence from 1.6% in Finland to
6.6% in Spain. Neonates diagnosed with EOS were more
likely to receive antenatal corticosteroids and to be of lower
GA and lower birth weight. Neonates diagnosed with EOS
were less likely to have maternal hypertension in pregnancy,
be delivered by caesarean section, be of twins or higher order,
or be born outside of a hospital (Table 1). The incidence of
EOS between 2007 and 2023 remained stable over time
(Table 2). A comparison of standardized EOS OR with
expected cases by network is graphically demonstrated in
Figure 1. Networks with a significantly increased
standardized EOS ratio were Spain and Japan. Those with a
significantly decreased ratio were Finland, Sweden, Brazil,
Australia and New Zealand, and Canada.

Mortality

Across the entire iNeo study population, the observed all-
cause mortality rate among neonates diagnosed with EOS
was 35.5%, with an AOR of 2.49 (95% CI, 2.27-2.74)
compared to those without (Table 4). Mortality rates
among neonates diagnosed with EOS varied between 22.5%
in Sweden and 56.8% in Brazil. Within each network, all
countries had a statistically significant increased adjusted
odds of mortality among neonates with EOS compared to
those without, except Finland (AOR, 1.89; 95% CI, 0.70-
5.11) and Sweden (AOR, 1.65; 95% CI, 0.93-2.92), which
were not statistically significantly different (Table 4). A
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BNN CNN FinMBR INN NRNJ SEN1500 SNN SNQ TuscanNN iNeo

ANZNN

Neonatal registry*

2007-2022 2007-2022 2007-2022 2007-2022 2007-2022 2009-2022 2007-2022

2007-2022

2014-2023 2007-2023

2007-2022

Year

137366
1026

7105 1418

77

8037 27253 2865 9864 33730 17130 5047
369 36 34

51

24917
305

Gestational age 22-28 wks, N

Birth weight

15

42

92

>1499 grams, N
Major congenital anomalies,

Study population, N

5402

24
1379

123

6905
142/6905
5891/6521

129

4576
177/4876
4464/4840

580
16458
1092/16458
14168/16266

1598

32098
1235/32098
18688/30580

156

9703
347/9703
7362/9693

102

2727
44/2727
2519/2678

1142

25742
560/25742
22341/25235

24

7445
192/7445
4973/6523
2197/7405
3902/7442

1007

23605
512/23605
21355/23605

N

130938

4354/130938
102936/127096

J

3.3)

81.0)
11.9)

26.1
873.6
-0.1

18435/120779
70153/130830
84254/129615
34627/130914

3.8)
85.7)
13.8)

53.2)
1.7

D —
IS
o™
==
el
0 N

189/1374
73411379

2.1)
80.7)
25.2)

636/4620
3765/6904
876.7

0.1
3932/4874
1742/6905

3.6)
92.2)
17.9)
53.5)
1.4

0.8

80.7)
28.9)

396/2209
2605/4874
3932/4874
1410/4876

6.6)
87.1)
16.8)
52.5)
1.5)
226.9)
)
61.4)
38.0)

893.8
—0.1
10111/16457

2349/13988
8623/16422
6250/16457

3.9)
61.1)
13.7)
53.4)
1.8)
239.9)
0.8)
76.5)
18.9)

4187/30639
17138/32076
23788/31088

6076/32098

3.6)
76.0)
10.3)
55.2)
1.7)
235.7)
0.79)
65.7)
36.8)

995/9674
5351/9703
26.1
878.7
—-0.1
6376/9701
3570/9703

1.6)
94.1)
7.3)
52.6)
1.8)
252.7)
0.9)
61.5)
26.8)

166/2280
1435/2727
26.0
878.0

0.1
1636/2659
731/2727

2.2)
88.5)
16.0)
54.0)
1.6)
238.2)
0.8)
59.6)
25.8)

3996/24992
13878/25707
26.1

905.7

0.1
15281/25628
6636/25732

2.6)
76.2)
29.7)
52.4)
1.8)

0.9

53.1)
22.0)

3955/7442
1637/7445

2.2)
91.3)

14.1)
53.9)
1.5
0.8)
59.6)
26.1)

26.2
913.7
0.1

3324/23598
12722/23596
14012/23523

6161/23597

Antenatal corticosteroids, N/Total N (%)
Hypertension in pregnancy, N/Total N (%)t
Male, N (%)

Gestational age (weeks), mean (SD)

Birth weight (grams), mean (SD)

Birth weight z-score, mean (SD)

Twins or higher order, N/Total N (%)

Early-onset sepsis N/Total N (%)
Caesarean birth, N/Total N (%)

*Neonatal registries: ANZNN (Australian and New Zealand Neonatal Network), BNN (Brazilian Network on Neonatal Research), CNN (Canadian Neonatal Network), FinMBR (Finnish Medical Birth Register), INN (Israel Neonatal Network), NRNJ (Neonatal Research

Network of Japan), SEN1500 (Spanish Neonatal Network), SNN (Swiss Neonatal Network), SNQ (Swedish Neonatal Quality Register), TuscanNN (Tuscany Neonatal Network), iNeo (International Network for Evaluation of Outcomes in Neonates).

1No data for SNN 2007-15.
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comparison of standardized EOS mortality OR with expected
cases by network is graphically demonstrated in Figure 2.
Networks with a significantly increased standardized EOS
mortality ratio were Brazil and Israel. The one with a
significantly decreased standardized ratio was Japan.

Mortality and Morbidity

The rate of mortality and/or morbidity in the total popula-
tion was 78.2%, with an AOR of 1.89 (95% CI, 1.70-2.10))
for neonates with EOS compared to those without EOS.
When analyzed individually, the leading complication of
EOS was severe neurological injury (AOR, 2.34; 95% CI,
2.11-2.59) with twice as many neonates diagnosed with
EOS having severe neurological injury (40%) compared
to those that were not diagnosed with EOS (20%)
(Table 5). The rate of mortality and/or morbidity varied
between 50.0% in Finland and 85.9% in Brazil
Statistically significant increased adjusted odds of
mortality and/or morbidity among neonates with EOS
were observed in all networks, except for Finland (AOR,
1.26; 95% CI: 0.54-2.97). A comparison of standardized
EOS mortality and/or morbidity OR with expected cases
by network is graphically demonstrated in Figure 3.
Networks with a significantly increased standardized EOS
ratio were Spain. There were no networks with a
significantly decreased standardized ratio.

Across a multinational cohort of EP neonates born between
2007 and 2023, incidence rates of EOS remained high at
3.3% and consistent over time. There was variability in the
incidence of EOS between countries. Spain had the highest
rate and odds of EOS compared to the other networks and
Finland had the lowest rate and odds of EOS comparatively.
Additionally, approximately one out of 3 neonates diagnosed
with EOS died and 3 out of 4 neonates either died or had ma-
jor morbidity. Mortality and morbidity rates also varied be-
tween countries, with Brazil having the highest mortality
rate and mortality and/or morbidity rate compared to other
networks. Japan also stood out as having a reduced EOS mor-
tality ratio compared to its expected cases. A recent survey on
antimicrobial use for extreme preterm neonates diagnosed
with EOS across different NICUs in iNeo demonstrated vari-
ances in antimicrobial regimes across different countries.'®
Japanese NICUs particularly took a more conservative
approach, with many units treating gram positive sepsis
with 14 days of intravenous antibiotics and gram negative
sepsis with 21 days.'® This may reflect their reduced mortality
ratio, but a formal link could not be demonstrated in this
study. Finland and Sweden data indicate that EOS was not
associated with adjusted odds of mortality and mortality/
morbidity. We speculate that this is possibly due to a lower
incidence of EOS in these 2 networks which resulted in wide
confidence intervals. However, it is also possible that out-
comes truly do not differ in these networks between patients

Duggan et al
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Standardized EOS ratio by Network
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Figure 1. Comparison of standarized EOS ratio with expected cases by network. Points represent standardized ratios for
comparative analyses between networks using an indirect standardization approach. Error bars represent 95% confidence in-
tervals of standardized ratios for each network and the dotted lines represent the 95% confidence intervals of standardized ratios
based on expected cases. ANZNN, Australian and New Zealand Neonatal Network; BNN, Brazilian Network on Neonatal
Research; CNN, Canadian Neonatal Network; FinMBR, Finnish Medical Birth Register; INN, Israel Neonatal Network; NRNJ,
Neonatal Research Network of Japan; SEN1500, Spanish Neonatal Network; SNN, Swiss Neonatal Network; SNQ, Swedish
Neonatal Quality Register; TuscanNN, Tuscany Neonatal Network.

with and without EOS. Different countries have previously re-
ported comparable EOS incidences and outcomes among pre-
term neonates, including networks within the iNeo database,
such as ANZNN,® INN,'” and CNN,'? as well as other epide-
miologic studies in the United States,’ Norway,18 and
Switzerland.'” However, it is difficult to compare these studies
to the current study, given their differing exclusion criteria,
including gestational age. It is also difficult to make any mean-
ingful comparisons to current literature in Italy, Spain, Japan,

and Brazil as these studies either did not differentiate between
term and preterm neonates, focused on specific causative mi-
croorganisms or antibiotic resistance profiles or studied late-
onset sepsis rather than EOS.”"*” It is important to carefully
interpret and compare these studies, as the baseline popula-
tion drives the rate in each sample and can inflate or minimize
results of outcomes. However, it can be concluded that inci-
dence rates of EOS among EP neonates have not changed
significantly over time.

{ N
Table 4. Outcomes of EOS by network
EOS
EOS mortality EOS mortality mortality EOS mortality or morbidity EOS mortality and/or EOS mortality and/or
Rate Unadjusted oR (95% aOR (95% rate morbidity morbidity
Country N/Total N (%) Cl) CI) N/Total N (%) Unadjusted oR (5% CI) a0R (35% ClI)
ANZNN 156/512 (30.5) 2.9(2.3-3.8) 2.3(1.7-3.1) 391/512 (76.1) 1.8 (1.4-2.4) 1.4 (1.1-1.9)
BNN 109/192 (56.8) 1.7 (1.2-2.5) 1.9 (1.2-2.9) 165/192 (85.9) 2.2 (1.3-3.8) 2.2 (1.2-4.0)
CNN 164/560 (29.3) 2.4 (1.9-3.1) 2.0 (1.5-2.6) 421/560 (75.2) 1.8 (1.4-2.3) 1.5 (1.1-2.0)
FinMBR 11/44 (25.0) 1.5(0.6-3.7) 1.9 (0.7-5.1) 22/44 (50.0) 1.3 (0.6-2.8) 1.3 (0.5-3.0)
INN 183/347 (52.7) 2.9(2.2-3.9) 4.0 (2.8-5.6) 286/347 (81.8) 2.7 (1.8-3.8) 2.7 (1.8-4.0)
NRNJ 416/1235 (33.7) 5.9 (5.0-6.9) 4.6 (3.8-5.5) 986/1235 (79.8) 2.5(2.1-3.0) 1.8 (1.5-2.2)
SEN1500 385/1092 (35.3) 1.7 (1.4-2.0) 1.7 (1.4-2.1) 897/1092 (82.1) 2.0 (1.6-2.4) 2.00 (1.6-2.5)
SNQ 32/142 (22.5) 1.8 (1.0-3.0) 1.7 (0.9-2.9) 99/177 (55.9) 1.8 (1.1-2.8) 1.8 (1.1-3.0)
SNN 61/177 (34.5) 3.3 (2.2-5.1) 2.8 (1.8-4.5) 93/142 (65.5) 2.1 (1.4-3.1) 1.7 (1.1-2.6)
Tuscan NN 28/53 (52.8) 3.6 (1.7-7.5) 3.3(1.4-8.0) 45/53 (84.9) 4.4 (1.6-11.8) 3.6 (1.2-10.8)
Total 1545/4354 (35.5) 2.8 (2.5-3.0) 2.5(2.3-2.7) 3405/4354 (78.2) 2.2 (2.0-2.4) 1.9 (1.7-2.1)
Population
7

Neonatal registries: ANZNN (Australian and New Zealand Neonatal Network), BNN (Brazilian Network on Neonatal Research), CNN (Canadian Neonatal Network), FinMBR (Finnish Medical Birth Reg-
ister), INN (Israel Neonatal Network), NRNJ (Neonatal Research Network of Japan), SEN1500 (Spanish Neonatal Network), SNN (Swiss Neonatal Network), SNQ (Swedish Neonatal Quality Register),
TuscanNN (Tuscany Neonatal Network), iNeo (International Network for Evaluation of Outcomes in Neonates).

0dds ratios are adjusted for by gestational age, birth weight z-score, sex, multiple births, cesarean birth, and outborn.
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Standardized EOS mortality ratio by Network
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Figure 2. Comparison of standarized EOS mortality ratio with expected cases by network. Points represent standardized ratios
for comparative analyses between networks using an indirect standardization approach. Error bars represent 95% confidence
intervals of standardized ratios for each network and the dotted lines represent the 95% confidence intervals of standardized
ratios based on expected cases. ANZNN, Australian and New Zealand Neonatal Network; BNN, Brazilian Network on Neonatal
Research; CNN, Canadian Neonatal Network; FinMBR, Finnish Medical Birth Register; INN, Israel Neonatal Network; NRNJ,
Neonatal Research Network of Japan; SEN71500, Spanish Neonatal Network; SNN, Swiss Neonatal Network; SNQ, Swedish
Neonatal Quality Register; TuscanNN, Tuscany Neonatal Network.

Opverall, severe neurological injury was observed to be the
predominant complication of EOS, with twice as many neo-
nates diagnosed with EOS having severe neurological injury
compared to those that were not diagnosed with EOS. This
is consistent with previously published analyses of smaller co-
horts.”* Huang et al identified out of neonates born at less
than 28 weeks’ gestation diagnosed with EOS, 41% were diag-
nosed with severe PVL or IVH compared to 24% of mild PVL
or IVH.” Tt has been theorized that IVH and PVL can
develop secondary to the systemic inflammatory response re-
sulting from bacteremia.”” The cascade of inflammatory cy-
tokines can injure the blood brain barrier and cerebral
vasculature that is already fragile among extremely preterm
neonates, leading to vessel perforation. Additionally, the in-
flammatory response can hinder appropriate blood pressure
regulation, in turn significantly altering cerebral perfusion,
which is already known to be a contributing factor for IVH
and PVL. Direct CNS infections, such as meningitis, can
similarly predispose neonates to IVH and PVL. Beyond
EOS, there are many contributing factors for neurological
injury that are difficult to control for in such a large dataset.
However, recent smaller studies in Germany24 and China®
have also demonstrated increased odds of developing IVH
of varying degrees of severity due to the presence of EOS
among preterm neonates using multivariate analyses.

Recent literature recognizes that EOS incidence is heavily
influenced by intrapartum or maternal factors, such as spon-
taneous preterm labor, which may indicate reasons for vari-
ances of incidence between countries. Chorioamnionitis also
has been found to not only be a risk factor for spontaneous

6

preterm labor,”®*” but also increases the risk of EOS.?**° Un-
fortunately, we do not have enough information on chorioam-
nionitis in our database to investigate further. However, it has
been theorized that noninfective indications for preterm birth,
such as pre-eclampsia, may place infants at lower risk of devel-
oping EOS.” In medically-indicated preterm delivery, ~90%
are delivered via caesarean section without preterm labor,*®
potentially highlighting a large cohort of neonates at lower
risk of developing EOS. In our study, lower rates of EOS
were detected among neonates born by caesarean section,
with hypertension in pregnancy and as twins or high order.
This has been consistent with previous literature in Australia,
New Zealand, Israel, and the USA.>>° However, in this study,
higher rates of caesarean section, birth of twins or higher order
or hypertension in pregnancy were not necessarily associated
with lower rates of EOS within individual countries. Spain,
with the highest rate and odds of EOS in the study, had a
caesarean section rate of 61.4%, hypertension in pregnancy
rate of 16.8% and birth of twins or higher order rate of
38.0%, which were similar to the overall population rates
(65.0%, 11.9% and 26.5% respectively). Interestingly in com-
parison with Finland with the lowest rate and odds of EOS,
Finland had lower rates of hypertension in pregnancy
(7.3%), but similar rates of birth of twins or higher order
(26.8%) and caesarean section rate (61.5%) to that in Spain.
Identifying low- and high-risk preterm neonates for devel-
oping EOS continues to remain a challenge due to different
risk factors from term neonates, and indiscernible clinical sta-
tuses between infected and non-infected preterm neo-
nates.””>  However, preterm neonates delivered via

Duggan et al
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Table 5. Individual morbidity outcomes of EOS by total populations
EOS No EOS Unadjusted
Country N/Total N (%) N/Total N (%) aOR (95% Cl) aOR (95% Cl)
Severe neurological injury 1263/3161 (40.0) 17523/70195 (20.0) 2.7 (2.4-2.9) 2.3 (2.1-2.6)
Treated retinopathy of prematurity 976/2741 (35.6) 20181/88716 (22.8) 1.9 (1.7-2.1) 1.7 (1.5-1.9)
Late onset sepsis 857/3633 (23.6) 27806/115100 (24.1) 1.0 (0.9-1.1) 0.8 (0.7-0.9)
Necrotising enterocolitis 398/4330 (9.2) 8616/124358 (6.9) 1.4 (1.2-1.6) 1.2 (1.1-1.4)
q Bronchopulmonary dysplasia 179/332 (53.9) 4424/7834 (56.5) 0.9(0.7-1.2) 0.7 (0.5-1.0)
7

0dds ratios are adjusted for by gestational age, birth weight z-score, sex, multiple births, cesarean birth, and outborn.

caesarean section without the presence of preterm labor and
who are hemodynamically stable have been considered a
cohort that can be targeted for the reduction of empirical anti-
biotic therapy.”’ Further investigation into the preterm EOS
risk due to these factors may further highlight the reasons
for varying EOS incidences worldwide, but may also herald
a new era of antibiotic stewardship.

Our study has several strengths. The large sample size ac-
quired from a multinational database instills confidence that
this study is a fairly accurate representation of the preterm pop-
ulation of each participating country. In addition, standardized
definitions and data collection and continual benchmarking
and quality improvement projects conducted by iNeo facilita-
tors allow this study to generate in-depth analyses otherwise
unable to be performed in these countries previously. Random
variation was also accounted for with 17 years of data.

We acknowledge some limitations. Given not all registries
recorded data on causative microorganisms for EOS, this
paper could not comment on the microorganism profile
of each country and the differences between each. Due to
strict data collection guidelines of some participating net-
works, only neonates with a birth weight of <1500 grams
were included in the study, therefore not encapsulating
larger neonates possibly overinflating mortality and
morbidity outcomes. Aside from differing maternal factors,
causative microorganisms and antibiotic resistance profiles
influencing variability between countries,”””* it is impor-
tant to note there are other organizational factors that can
also influence these variabilities, including philosophy of
care provision such as routine use of antimicrobial drugs
for extremely preterm infants,” health expenditure, re-
sources and staffing, regionalization, and variable

Standardized EOS mortality and/or morbidity ratio by Network

Q
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,,,,,,,,,,,,,,,,,,,,,,,,,,, i

~~~~~~~~ 95% control limits
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Figure 3. Comparison of standarized EOS mortality and/or morbidity ratio with expected cases by network. Points represent
standardized ratios for comparative analyses between networks using an indirect standardization approach. Error bars represent
95% confidence intervals of standardized ratios for each network and the dotted lines represent the 95% confidence intervals of
standardized ratios based on expected cases. ANZNN, Australian and New Zealand Neonatal Network; BNN, Brazilian Network
on Neonatal Research; CNN, Canadian Neonatal Network; FinMBR, Finnish Medical Birth Register; INN, Israel Neonatal
Network; NRNJ, Neonatal Research Network of Japan; SEN7500, Spanish Neonatal Network; SNN, Swiss Neonatal Network;
SNQ, Swedish Neonatal Quality Register; TuscanNN, Tuscany Neonatal Network.
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population coverage from each network,”’® which limits
how readers can interpret the results in this study.

In this multinational cohort study of 11 participating coun-
tries, the incidence of EOS among neonates born between 22
and 28 weeks’ gestation varied between 2 and 6%. Overall,
across the iNeo network, EOS was associated with higher
odds of mortality and composite of mortality or morbidity, se-
vere neurological injury being the predominant complication.
Mortality and morbidity outcomes also varied between coun-
tries. This study was able to analyze EOS outcomes that closely
reflect the EP populations within each participating country,
providing a new benchmark for quality improvement of pre-
vention, diagnosis and management of EOS. The range of
differing outcomes for EOS-diagnosed EP neonates in this
cohort highlights the need for further research into novel
and tailored diagnostic and management strategies. ll
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