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ABSTRACT

Objective To evaluate epidemiology and outcomes
among very preterm infants (<32 weeks' gestation) with
culture-positive and culture-negative late-onset sepsis
(LOS).

Design Cohort study using a nationwide, population-
based registry.

Setting 21 neonatal units in Norway.

Participants All very preterm infants born 1 January
2009-31 December 2018 and admitted to a neonatal
unit.

Main outcome measures Incidences, pathogen
distribution, LOS-attributable mortality and associated
morbidity at discharge.

Results Among 5296 very preterm infants, we
identified 582 culture-positive LOS episodes in 493
infants (incidence 9.3%) and 282 culture-negative LOS
episodes in 282 infants (incidence 5.3%). Extremely
preterm infants (<28 weeks' gestation) had highest
incidences of culture-positive (21.6%) and culture-
negative (11.1%) LOS. The major causative pathogens
were coagulase-negative staphylococci (49%),
Staphylococcus aureus (15%), group B streptococci
(10%) and Escherichia coli (8%). We observed increased
odds of severe bronchopulmonary dysplasia (BPD)
associated with both culture-positive (adjusted OR
(aOR) 1.7; 95%Cl 1.3 to 2.2) and culture-negative
(aOR 1.6; 95% Cl 1.3 to 2.6) LOS. Only culture-positive
LOS was associated with increased odds of cystic
periventricular leukomalacia (cPVL) (aOR 2.2; 95% Cl
1.4 10 3.4) and severe retinopathy of prematurity
(ROP) (aOR 1.8; 95% CI 1.2 to 2.8). Culture-positive
LOS-attributable mortality was 6.3%, higher in Gram-
negative (15.8%) compared with Gram-positive (4.1%)
LOS, p=0.009. Among extremely preterm infants, survival
rates increased from 75.2% in 2009-2013 to 81.0%
in 2014-2018, p=0.005. In the same period culture-
positive LOS rates increased from 17.1% to 25.6%,
p<0.001.

Conclusions LOS contributes to a significant burden
of disease in very preterm infants and is associated with
increased odds of severe BPD, cPVL and severe ROP.

BACKGROUND

Very preterm infants (VPIs) have substantially
higher rates of sepsis than both term infants, older
children and adults.” A divergent immune-response
regulation in case of an invasive infection may partly
explain the high vulnerability in this age group.? The
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Very preterm infants (VPIs) have higher rates of
late-onset sepsis (LOS) and sepsis-associated
morbidity and mortality than term infants.

= Different pathogens may have different
prognosis with regards to acute illness and
subsequent association with morbidities of
preterm infants at discharge.

WHAT THIS STUDY ADDS

= In Norway, among VPIs, the incidence of
culture-positive LOS was 9.3% and culture-
negative LOS was 5.3%.

= Overall culture-positive LOS-attributable
mortality was low (6.3%), but higher in Gram-
negative (15.8%) than Gram-positive LOS
(4.1%).

= Culture-positive and culture-negative LOS were
associated with a 1.6-fold to 1.7-fold increased
adjusted odds for severe BPD.

= An improved survival and more proactive care
for extremely premature infants in the last 5-
year period was concomitantly associated with
increasing rates of LOS.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= LOS remains associated with considerable
morbidity and mortality, emphasising the
need for reducing invasive procedures and a
continuous focus on hygiene in preterm infants.

= An observed increase in culture-positive LOS
among extremely premature infants warrants
implementation of quality improvement
initiatives to reduce LOS rates.

risk of infection is further aggravated by frequent
need for invasive therapy and prolonged hospi-
talisations that increases the risk of colonisation
with a nosocomial, antibiotic-resistant commensal
flora.>™® Hospital-acquired late-onset sepsis (LOS)
represents a disease that is partially preventable by
improved care.” Despite improvements in hygiene
and neonatal care, a substantial proportion of VPI
still develop LOS, which has been associated with
increased mortality and long-term morbidity.®
Regular surveillance of LOS epidemiology is
important to guide prevention and treatment strat-
egies. Epidemiology and distribution of pathogens
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causing culture-positive LOS changes over time and varies
between countries.” There are few recent population-based
studies on LOS in preterm infants.” Contemporary information
regarding LOS rates, risk factors and associated mortality and
morbidities are therefore needed. A sepsis diagnosis without
growth in blood culture is common in adults.'’ In contrast,
culture-negative neonatal sepsis is a controversial entity but
contributing to substantial antibiotic exposure."' > Thus,
important data on the proportion of preterm infants treated for
a presumed late-onset infection, coined as culture-negative LOS,
is often missing.

In this study, we aimed to identify the burden of both culture-
positive and culture-negative LOS and its associated mortality
and morbidity until discharge in an unselected population of
VPIs born in Norway between 2009 and 2018.

METHODS

Population and setting

The study includes all preterm infants born below 32 weeks’
gestation admitted to any neonatal intensive care unit (NICU)
in Norway during the 10-year period between 1 January 2009
and 31 December 2018. At this time, no national guideline for
empirical antibiotic therapy for LOS existed in Norway.

Data source and approvals

Data were obtained from the Norwegian Neonatal Network
(NNN), a national population-based registry comprising all 21
NICUs across four health trust regions. The registry includes
daily registrations of all investigations, treatments and diagnoses
on all infants admitted to one or several Norwegian NICUs until
final discharge.”® ' The completeness of data is checked for
important diagnostic variables (including if blood cultures are
obtained when starting antibiotics) and for central morbidities
related to preterm birth. We retrieved background data including
date and year of birth, mode of delivery, birth weight (BW), gesta-
tional age (GA), clinical risk index for babies 2 (CRIB2) score,"
Apgar score, plurality, sex, antenatal steroids and clinical data
including antibiotic use, days of mechanical ventilation (MV)
and parenteral nutrition (with/without lipids), blood culture
results, the highest C reactive protein (CRP) value during LOS,
common morbidities of prematurity, LOS-attributable mortality
and overall mortality before discharge. The number of live-born
infants was obtained from the Medical Birth Registry of Norway
(MBRN). Both the MBRN and NNN collect personal identifi-
able data without consent according to the MBRN Regulation
and the Personal Health Data Filing Systems Act of Norway.

Definitions and outcomes

Culture-positive LOS was defined as growth of bacteria or fungi
in a blood culture collected after 3 days of life and antibiotic
treatment for at least 5days or death before 5days during this
LOS episode in an infant with clinical signs of sepsis.'* An infant
with growth of coagulase-negative staphylococci (CoNS) in the
blood was classified as culture-positive LOS if the infant had
clinical symptoms, received minimum $ days antibiotic therapy
and had a CRP >10mg/L. We also included as culture-positive
LOS an episode with polymicrobial growth in the blood culture
if there was one significant pathogen along with either a CoNS
or another typical contaminant. An episode with a positive blood
culture was defined as n#ot LOS based on the following criteria:
growth of two or more CoNS species or growth of other typical
contaminants (micrococci, propionibacteria, corynebacteria
or diphtheroids), antibiotic therapy shorter than 5days and/

or when the clinicians did not label the episode with a sepsis
(ICD-10 (International Classification of Diseases 10th Revi-
sion), P36.1-8) diagnosis in the national registry. A CLABSI was
defined as a case of culture-positive LOS in a patient with an
indwelling catheter in place within 2 days prior to the onset of
symptoms/infection.'® Multiple positive blood cultures growing
the same pathogen within a 7-day period were considered a single
LOS episode. Finally, culture-negative LOS (ICD-10, P36.9) was
defined according to national criteria that includes: (1) clinical
signs of sepsis, (2) maximum CRP >30mg/L, (3) minimum anti-
biotic therapy for 5 days and (4) excluded other common causes
for the clinical picture.!” Onset of LOS was defined as the day
a blood culture was drawn or the day when antibiotic therapy
was started for culture-negative LOS. Culture negative LOS-
attributable death was defined as death within 7 days of the posi-
tive blood culture or start of antibiotics.®

We defined severe BPD as receiving any respiratory support,
other than only supplemental oxygen, at 36+0 weeks postmen-
strual age (PMA) and severe retinopathy of prematurity (ROP)
as treated with laser or antivascular endothelial growth factor in
either eye. Intracranial haemorrhage (ICH) grade 3—4 according
to Papile and cystic periventricular leukomalacia (cPVL stage
>2)" was determined by the most severe cranial ultrasonogram
during the hospitalisation. Small for GA (SGA) was defined as
birth weight under 10th percentile using Norwegian growth
charts."”

Statistical methods

Statistical analyses were performed with SPSS V.26.0 (SPSS,
Armork, NY, USA). Results are presented as medians with IQR
or proportions (%). Differences between groups are analysed
using non-parametric tests (Mann-Whitney or Kruskal-Wallis)
for continuous variables and the % test for categorical data, as
appropriate. We used logistic regression analysis to evaluate the
association between different types of LOS and severe BPD, severe
ROP and cPVL. Based on previous reports,”*>* and by drawing
directed acyclic graphs, we selected relevant confounders for the
different morbidities, including Apgar 5 min score, CRIB2 score,
days of MV in the first week of life, days of antibiotic exposure
in the first week of life, severe ICH and early-onset sepsis (EOS).
During the 10-year study period, in Norway, there was from
2014a trend towards increasingly proactive management of
preterm infants born at 23 weeks’ gestation. Thus, we adjusted
our analyses based on the study epochs 2009-2013 and 2014-
2018. We present crude and adjusted ORs with 95% CI. Two-
tailed p values <0.05 were considered statistically significant.

RESULTS
There were 601 668 live-born infants in Norway between 2009
and 2018. Of these, 5296 (0.88%) VPIs (<32 weeks’ gestation)
were admitted to a NICU; 3646 (0.61%) infants born at 28-31
weeks’ gestation and 1650 (0.27%) extremely preterm infants
(EPIs) born before 28 weeks’ gestation. A total of 6468 blood
cultures were obtained from 3834 infants, and 1097 blood
cultures showed growth of a potential pathogen (bacterium or
fungus). After exclusion of contaminants, EOS episodes and
LOS episodes with multiple positive cultures within 7 days or
not labelled as sepsis, 582 culture-positive LOS episodes among
493 patients were identified. We also identified 282 patients
who were diagnosed with culture-negative LOS and who never
had any culture-positive LOS episode (figure 1).

Table 1 shows background characteristics, LOS incidence
according to different pathogens, selected therapies, CRP
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5296 live-born infants
< 32 weeks of gestation

l

6468 blood cultures from
3834 patients

Negative blood cultures

n=5371

1097 positive blood cultures

Early-onset sepsis

n=84

Contaminated and/or defined as
non-sepsis during first 3 days of life

n=69

944 positive blood cultures
after 3 days of life

Contaminated and/or defined as
non-sepsis after 3 days of life

n=320

Multiple positive blood cultures
within 7 days among LOS cases

n=42

582 LOS episodes
1 LOS episode, n=419 patients
2 LOS episodes, n=61 patients
3 LOS episodes, n=11 patients
4 LOS episodes, n=2 patients

493 patients with
culture-positive LOS

Figure 1  Study flow: participants and blood cultures.

response and major outcomes in all VPIs without and with
LOS and presented by LOS-subtypes. During the 10-year study
period, the overall culture-positive LOS incidence in all VPIs was
9.3% (493/5296); for 28-31 weeks infants 3.8% (139/3646) and
for EPIs 21.6% (354/1650). The overall incidence of culture-
negative LOS in all VPIs was 5.3% (282/5296); for 28-31 weeks
infants 2.7% (99/3646) and for EPIs 11.1% (183/1650). Infants
with all subtypes of LOS had significantly lower BW and were
more immature compared with infants without LOS. The median
(IQR) age at onset of the first LOS episode was 15 (9-28) days;
16 (9-30) days for 28-31 weeks infants and 14 (9-24) days for
EPIs.

282 patients with
culture-negative LOS

Table 2 shows that CoNS was involved in 49% of culture-
positive LOS followed by Staphylococcus aureus (15%), group
B streptococci (10%) and Escherichia coli (8%). The overall
culture-positive LOS-attributable mortality was 6.3%, but signifi-
cantly higher in Gram-negative (15.8%) versus Gram-positive
(4.0%) LOS, p=0.009. The culture-negative LOS-attributable
mortality rate was 2.1%.

Overall survival to discharge was similar in the two 5-year
periods 2009-2013 (90.9%) and 2014-2018 (92.0%). However,
among EPIs, survival increased from 75.2% in 2009-2013 to
81.0% in 2014-2018, p=0.005 (online supplemental table 1).
In the second S-year period, these EPIs also had an increase in
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Table 1 Background characteristics and outcomes in 5232 very preterm infants (<32 weeks' gestation) without and with late-onset sepsis (LOS)
Infants without  Culture-negative  Culture-positive ~ Gram-positive, CoNS Gram-negative Candida
LOS LOS LOS excl. CONS-LOS LOS LOS LOS
n=4457* n=282 n=493 n=163 n=224 n=95 n=11
Perinatal and neonatal data
Antenatal steroids (%) 84.3 90.6 92.9 90.2 93.8 98.9 90.9
Birth weight (g), median (IQR) 1277 (980,1555) 838 (652,1112) 830 (676,1034) 853 (697,1030) 806 (658,1039) 839 (700,1034) 725 (635,856)
Small for gestational age (%) 25.9 33.0 29.4 33.8 31.7 17.9 9.1
Gestational age (weeks), median (IQR) 29+6 (28+0, 31+1) 26+6 (25+1,28+6) 26+4 (25+0, 28+2) 26+4 (25+4,28+6) 26+4 (24+6,28+1)  26+5 (25+0,28+1)  24+5 (24+2, 26+1)
Caesarean delivery (%) 51.1 56.0 44 50.3 43.8 36.8 27.3
Female (%) 45.6 40.8 41.6 41.2 41.5 44.2 27.3
Apgar 5min, median (IQR) 8(7,9) 7(5,8) 7(6,8) 7(6,8) 7 (6, 8) 7(6,8) 6(5,8)
Mechanical ventilation days, median (IQR) 0(0,2) 11(2,33) 11 (3,30.5) 10 (2,31) 12.5(4,31) 9(3,23) 36 (29,48)
Central catheters days, median (IQR) 1.0(0,1) 15.0 (8,27) 17.0 (10,26) 15.0 (7,25) 17.5 (12,28) 16.0 (9,27) 27.0 (18,53)
Parenteral nutrition days, median (IQR) 3.0(0,8) 13.0(7,21) 13.0 (9,24) 11(7,19) 15 (11,27) 12 (8,20) 20 (11,45)
Incidence LOS (%) NA 5.3 93 3.1 4.2 1.8 0.2
Proportion CLABSI among LOS (%) NA NA 41.6 25.8 51.8 42.1 72.7
Outcomes
Day of life onset LOS, median (IQR) NA 27 (15,45) 15(9,28) 25 (14,40) 12 (8,21) 13 (8,20) 17 (10,32)
LOS-attributable mortality (%) NA 2.1 6.3 43 4.0 15.8 0
Days to death from LOS onset, median (IQR) ~ NA 4(3,5) 1(1,2) 1(1,3) 2(1,2) 2(0,3) NA
C reactive protein  (mg/L), median (IQR) NA 75 (48,138) 53 (28,53) 62 (35,110) 46 (27,75) 70 (26,131) 47 (30,72)
Severe BPD (%) 9 a1 37.9 393 40.6 30.5 45.5
Severe ROP (%) 1.8 8.2 9.3 9.2 9.4 105 0
Cystic PVL (%) 23 32 7.3 8.6 5.4 105 9.1
Severe ICH (%) 34 8.2 9.7 7.4 8.4 14.7 16.7
Surgically treated NEC (%) 0.7 6.8 8.1 3.7 93 12.6 8.3
Postnatal steroids (%) 7.2 37.2 39.1 374 43.6 28.4 72.7
Days of hospitalisation, median (IQR) 46 (33, 66) 89 (62,115) 88 (61,115) 91 (61,114) 89 (67,118) 78 (48,108) 113 (92, 126)

PMA at discharge (weeks), median (IQR) 36+4 (35+3,38+1) 39+4 (37+2, 42+2)

39+2 (37+6, 41+6)

39+2 (37+45,39+2)  39+3 (37+0,42+2)  38+2 (35+5,41+3)  40+3 (38+5, 43+0)

LOS attributable mortality; defined as death within 7 days of positive blood culture or for culture neg. when blood culture was obtained divided by total affected infants. Severe bronchopulmonary dysplasia (BPD);
need for any respiratory support, other than only 0,, at 36+0 weeks postmenstrual age (PMA). Severe retinopathy of prematurity (ROP); receiving therapy with laser or antivascular endothelial growth factor. Cystic
periventricular leukomalacia. Intracranial haemorrhage (ICH): grade 3—4 according to Papile. Central catheter days include any of the following: umbilical artery and/or vein, peripherally inserted central catheter and

central venous catheter. Parenteral nutrition days; total days of parenteral nutrition, with or without lipids.
*64 infants with EOS, but without LOS, were excluded from this presentation/analysis.

tC reactive protein (CRP) maximum value; 211/775 (27%) of CRP values were missing. However, for all CONS-LOS cases, the CRP value was traced and reported.
CLABSI, central line associated bloodstream infection; CoNS, coagulase-negative staphylococci; PVL, periventricular leukomalacia.

duration of parenteral nutrition from median 10 to 12 days,
p<0.001 (online supplemental table 1). The improved survival
was associated with a concomitant increase in the overall rates
of LOS in extremely preterm infants, increasing from 17.1% in
2009-2013 to 25.6% in 2014-2018, p<0.001.

Table 3 shows associations between LOS and severe BPD, cPVL
and severe ROP. After adjusting for confounders, we found that
both culture-positive and culture-negative LOS were associated
with increased odds of severe BPD. Only culture-positive LOS
was associated with increased odds of cPVL and severe ROP.

DISCUSSION
In this 10-year population-based study, we present the burden of
LOS in an unselected, contemporary cohort of more than 5000
infants born below 32 weeks’ gestation. LOS was uncommon in
preterm infants between 28 and 31 weeks’ gestation. In contrast,
more than 20% of EPIs developed a culture-positive LOS, and
an additional 11% had an episode coined as culture-negative
LOS. In EPIs, an improved survival in the last S-year period
was associated with a modest increase in duration of parenteral
nutrition, but also a significant increase in culture-positive LOS
incidence. The overall LOS-attributable mortality was low, but
infants diagnosed with LOS had subsequent increased risk of
inflammation-associated conditions like BPD, ¢PVL and ROP?
There are divergent reports on the epidemiology of culture-
positive LOS among VPIs.* 7~ 227 This is partly due to varia-
tions in definition of timing of LOS (defined as onset within 48

hours or up to 7days after birth),’ *® but even more important
due to different definitions of CoNS infections.” 7% Our
definition of CoNS-LOS aligns with definitions suggested by
the Vermont Oxford Network and a recent Dutch multicentre
study, both requiring a single positive blood culture along with
clinical symptoms and minimum 5-day antibiotic therapy.®!' >
In the Dutch study, an increased inflammatory response (CRP
>10mg/L) was also added.*" In contrast, the revised CDC guide-
lines require two independently drawn positive blood cultures,”
despite common practice in many NICUs is to obtain only one
culture before therapy. These discrepancies have great impact
on incidence data comparison. The overall culture-positive LOS
incidence of 9.3% in all VPIs and 21.6% in EPIs in our study is in
the lower range of LOS incidences reported, ranging from 12%
to 30% in VPIs and 20% to 40% in VPIs.” **' **** However, a
recent Swiss population-based study reported much lower LOS-
incidences both among VPIs (6%) and EPIs (11%), respectively,
but excluded CoNS infections in the absence of a catheter at the
time of blood culture collection.”

The LOS pathogen distribution among all infants in our study
is also in line with other recent international reports.*” %° 28 3¢
CoNS was by far the most prevalent pathogen and induced a
marked inflammatory response in most preterm infants, reflected
by elevated CRP values. More than half of all CoNS-LOS
episodes were classified as CLABSIs, and nearly all patients with
CoNS-LOS had received parenteral nutrition. Increasing rates of
CoNS infections are multifactorial, often attributed to invasive

F4 Huncikova Z, et al. Arch Dis Child Fetal Neonatal Ed 2023;0:F1—F7. doi:10.1136/archdischild-2022-324977

1ybuAdoo Ag pa1aaioid 10o1uoxuLssplL uabiag
1 1938101|qI0SIBNSIBAIUN 18 £20Z ‘92 AeN U0 /wod"fwguy//:dny wouy papeojumoq "€Z0z Areniged Z Uo //6ZE-220Z-PIYIsIpyore/9eTT 0T Sk paysiignd 1s1iy :p3 [eleuosN [e18d pliyd sId yaly


https://dx.doi.org/10.1136/fetalneonatal-2022-324977
http://fn.bmj.com/

Original research

Table 2 Pathogen distribution in 582 late-onset sepsis (LOS)
episodes and LOS-attributable mortality in 493 very preterm infants

LOS attributable death in
493 patients with a positive
blood culture (%t)

Culture-positive
LOS episodes
n=582 (%*)

Gram positive bacteria, excl. CONS 183 (31.4) 71163 (4.3)
Staphylococcus aureust 89 (15.1) 2(2.2)
Group B streptococcus 55 (9.5) 2(3.6)
Enteroccocus spp. 24 (4.1) 2(8.3)
Bacillus spp. 4(0.7) 1(2.5)
Other 11(1.9) 0(0)

CoNS 282 (48.5) 9/224 (4.0)

Gram-negative bacteria 105 (18.0) 15/95 (15.8)
Escherichia coli 49 (8.4) 7(14)
Klebsiella spp. 26 (4.5) 5(19.2)
Enterobacter spp. 18 (3.1) 1(5.6)
Serratia spp. 4(0.7) 0(0)

Other 4(0.7) 0(0)
Salmonella spp. 2(0.3) 1 (50)
Pseudomonas spp. 1(0.2) 1(100)
Acinetobacter spp. 1(0.2) 0(0)

Candida spp. 11 (1.9) 0/11 (0)

Other 1(0.2) 0(0)

Total 582 31/493 (6.3)

LOS attributable death was defined as death within 7 days of positive blood culture.
* Percentage of all LOS cases.

tPercentage infants in each pathogen category.

$0nly one out of 89 S. aureus cases was methicillin resistant.

CoNS, coagulase-negative staphylococci.

procedures, fragile skin, use of central lines and parental nutri-
tion.>® Care for the VPIs implies weighing the potential risks
and benefits of a given treatment, and the use of central lines
is particularly essential for providing adequate parenteral nutri-
tion. Faster advancement of enteral feeds and earlier removal
of central lines is feasible and has been associated with lower
rates of LOS in some, but not all studies.’ > ** During the study

period, there were no uniform Norwegian guideline on paren-
teral nutrition for VPIs.

Fungal LOS was rare in our study population. This stands in
sharp contrast to a population-based Norwegian study from 1999
to 2000 in which Candida species emerged as the second most
frequent pathogen with 12% of all LOS isolates.*® Increasing
use of fungal prophylaxis in EPIs,*” although not universally
in Norwegian tertiary NICUs, may partly explain this striking
reduction in fungal infections.

LOS-attributable mortality in preterm infants remains a great
concern but seems to be decreasing.*” In our study, Gram-negative
LOS had the highest mortality rate of 15.8%, but it was still
lower than in some previous studies reporting mortality rates up
to 30%-40%.*° Culture-positive LOS-attributable mortality in
our study (6.3%) was considerably lower than reported in most
other studies,® 2’ 3 but slightly higher than in a recent report
from the German Neonatal Network with 4.29.** Multiple
reasons may explain the relatively low mortality rate, including
a general improvement in neonatal care over the last decade.
Prevalence of antimicrobial resistance in children is also low in
Norway,*! leading to lower risk of antibiotic therapy failure.

We found higher adjusted odds of subsequent severe BPD,
cPVL and severe ROP in patients who had experienced one or
more culture-positive LOS episodes when compared with non-
infected infants. These results are consistent with the existing
literature indicating the detrimental effect of LOS and inflamma-
tion on both the lungs, eyes and the brain, 2472125 343¢

There is a paucity of epidemiological data on culture-negative
LOS in preterm infants, and whether culture-negative-LOS is
a clinically significant entity remains controversial.'' '* Blood
cultures may be falsely negative because of inappropriate
sampling volume or if cultures are collected after commence-
ment of antibiotic therapy. It has also been suggested that culture-
negative LOS may reflect a milder form of LOS compared
with culture-positive LOS.* In our study, infants with culture-
negative LOS had many features in common with those having

Table 3  Adjusted and crude OR for severe morbidities in relation to different types of LOS

Severe BPD* Severe ROPt Cystic PVL#
Comparison 22-31 weeks’ GA 22-27 weeks 22-31 weeks 22-27 weeks 22-31 weeks 22-27 weeks
Culture-positive LOS versus no sepsis§
Adjusted OR 1.7 (1.3-2.2) 1.5 (1.1-2.1) 1.8(1.2-2.8) 1.8(1.2-2.9) 2.2 (1.4-3.4) 2.1(1.2-3.4)
Crude OR 6.3 (5.1-7.8) 3.2 (2.5-4.1) 5.7 (3.9-8.3) 2.5(1.6-3.7) 3.4 (2.3-5.0) 2.0(1.3-3.3)
Gram negative LOS versus no sepsis 25
Adjusted OR 1.3(0.7-2.2) 1.2 (0.7-2.4) 1.6 (0.7-3.7) 1.7 (0.8-4.0) 3.2 (1.5-7.0) 2.8(1.2-6.7)
Crude OR 45(2.9-7.1) 2.5(1.5-4.1) 6.5 (3.3-13.0) 2.6 (1.2-5.5) 5.1 (2.6-10.1) 2.5(1.1-5.7)
Gram-positive LOS versus no sepsis
Adjusted OR 2.1(1.3-3.2) 1.8(1.1-2.9) 2.2(1.2-4.1) 2.2(1.2-4.1) 3.3(1.8-6.2) 3.0 (1.5-6.0
Crude OR 6.7 (4.8-9.3) 3.5(2.3-5.2) 5.6 (3.2-10.0) 2.7 (1.5-4.9) 4.1(2.3-7.3) 2.6 (1.3-5.1)
CoNS LOS versus no sepsis
Adjusted OR 1.5(1.1-2.3) 1.6 (1.1-2.4) 1.6 (0.9-3.0) 1.6 (0.9-3.0) 1.3 (0.6-2.6) 1.4 (0.7-3.0)
Crude OR 7.0 (5.3-9.3) 3.5 (2.5-4.9) 5.4 (3.5-9.4) 2.4(1.4-4.2) 2.4(1.3-4.5) 1.6 (0.8-3.2)
Culture-negative LOS versus no sepsis
Adjusted OR 1.6 (1.3-2.6) 2.2(1.4-3.2) 1.8 (1.0-3.0) 1.6 (0.9-2.8) 1.0 (0.5-2.0) 1.0 (0.4-2.3)
Crude OR 7.3 (5.6-9.4) 4.6 (3.3-6.4) 4.9 (3.1-8.0) 2.1(1.3-3.7) 1.4 (0.7-2.9) 0.9 (0.4-2.0)
Severe bronchopulmonary dysplasia (BPD); 1 value was missing. Severe retinopathy of prematurity (ROP), 9 values were missing.
*Adjusted for CRIB2, mechanical ventilation, antibiotic exposure in the first week of life and year of birth (2009-2013 vs 2014-2018).
tAdjusted for CRIB2, mechanical ventilation in the first week of life and year of birth (2009-2013 vs 2014-2018).
tAdjusted for CRIB2, Apgar 5min, EQS, intracranial haemorrhage grade 3—4 and year of birth (2009-2013 vs 2014-2018).
§No sepsis; neither culture-positive EOS nor LOS, n=4457 infants.
CRIB2, clinical risk index for babies 2; EQS, early-onset sepsis; LOS, late-onset sepsis; PVL, periventricular leukomalacia.
Huncikova Z, et al. Arch Dis Child Fetal Neonatal Ed 2023;0:F1—F7. doi:10.1136/archdischild-2022-324977 F5
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a culture-positive LOS, apart from a lower LOS-attributable
mortality, which was also observed in large study from China.*

The primary strength of this study is prospective collection of
data on a daily basis with a standardised electronic registration.
The population-based design avoids selection bias. The study
period over 10 years allows evaluation of trends in incidence,
as consistent diagnostic criteria were applied throughout the
whole study period. Inaccuracies in data entry are inevitable in
register studies but unlikely to change over time or geographic
location. The main limitation is the reliance on a large number
of physicians to register data. Given a long observation period,
clinical practice changes may influence some of the outcomes.
However, except for sporadic use of probiotics to EPIs during
2014-2017, there were no other supportive therapies for sepsis
implemented in Norway during the study period. We also did
not have information on blood culture volume or other inflam-
matory biomarkers. Finally, in the logistic regression analyses,
we attempted to correct for relevant confounders, but we cannot
exclude residual confounding.

A fundamental question is whether it is possible to reduce LOS
incidence in the most immature infants and, if so, how? In the
Canadian neonatal network, a continuous quality improvement
project reduced LOS rates in 26-28 week-old infants, whereas
LOS rates remained high at 31%-36% in infants below 26
weeks.>> We observed an unfortunate increase in LOS incidence
in EPIs concomitantly with more proactive care, higher survival
and intensification of parenteral nutrition. However, these asso-
ciations do not have to represent any causal relationship.

In summary, this study describes the burden of LOS, both
culture-positive but also the controversial entity culture-negative
LOS, in an unselected population of VPIs. LOS remains associ-
ated with a considerable morbidity, and mortality was particularly
high among Gram-negative LOS cases. Potentially preventable
hospital-acquired infections are often caused by CoNS, and this
pathogen caused around half of all LOS episodes. The increase in
LOS incidence in the most immature infants is of great concern.
It is paramount to explore preventative factors for LOS and
to implement evidence-based care bundles rates,*® ** aiming to
reduce LOS incidence also in the youngest and most vulnerable
preterm infants.
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