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Background: The epidemiology of early-onset sepsis (EOS) may change over time.
Longitudinal surveillance of causative pathogens, antibiotic susceptibility patterns and
antibiotic therapy is important for optimal therapy strategies.

Objectives: To describe the incidence of culture-confirmed EOS, causative pathogens,
antibiotic susceptibility patterns and antibiotic therapy over a 23-year period.

Methods: Retrospective population-based study from a single-center neonatal intensive
care unit at Stavanger University Hospital, Norway, covering a population in South-West
Norway, during the 23-year period 1996-2018.

Results: Of 104,377 live born infants, 101 infants (0.97/1,000) had culture-confirmed
ECS; 89 with Gram positive and 12 with Gram-negative bacteria. The EOS-attributable
mortality was 6/101 (5.8%). For the three most prevalent pathogens the incidences
were; Group B streptococcus (GBS) 0.57/1,000, Escherichia coli 0.11/1,000 and viridans
group streptococci (VGS) 0.10/1,000. GBS was the most common pathogen (59/93;
63%) in infants with gestational age (GA) > 28 weeks. In contrast, among extremely
preterm infants (GA <28 weeks) the incidence of E. coli infection was higher than for
GBS infection. The second most common bacterial pathogens causing EOS among
term infants were VGS. There was no change in the incidence of EOS for the entire
study period, but from 2000 to 2018 there was a mean decline in EOS by 6% per
year (95% Cl 1%—10%) (p = 0.019). The incidences of GBS and E. coli did not
change during the study period. The initial empirical antibiotic regimen for EOS was in
all cases a combination of benzylpenicillin or ampicillin and an aminoglycoside, but in
21/101 (21%) of cases a broad-spectrum antibiotic was either added or substituted
this regimen. In 2/101 (2%) EOS cases, the pathogens were nonsusceptible to the
empirical antibiotic regimen. All E. coli isolates were susceptible to aminoglycosides.
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Conclusion: GBS was the most common causative pathogens in EOS, but E. coli
dominated in infants with GA <28 weeks. There was no change in the incidence of
EOS during the entire study period. The current empiric regimen with benzylpenicillin
and gentamicin provides a very high coverage for EOS in our setting.

Keywords: infection, early-onset sepsis, neonatal sepsis, antibiotic therapy, antibiotic resistance, antibiotic

susceptibility

INTRODUCTION

Early-onset sepsis (EOS) remains a major contributor to neonatal
morbidity and mortality (1). Although most EOS cases occur
in term infants, incidence and infection-attributable mortality
is higher in preterm infants, inversely related to gestational
age (GA) (2). In many countries and regions the incidence
of EOS has decreased in the past decades, in particular after
implementing effective intrapartum antibiotic prophylaxis (1, 3-
6). Among term (GA > 37 weeks) and moderately preterm
infants (GA 28-36 weeks) with EOS, group B streptococci (GBS)
are the dominant pathogens identified in blood cultures (5-
7). In contrast, among extremely preterm infants (GA < 28
weeks), Escherichia coli is often the most frequently detected
pathogen (5). Patterns of other bacterial pathogens causing EOS
are less well-described.

In infants with suspected EOS, empirical antibiotic therapy
is commenced before blood culture results are available.
Longitudinal surveillance for identification of changes in
causative pathogens, clinical outcomes including mortality,
and antibiotic susceptibility is important when tailoring
optimal prevention and empiric therapy strategies (5, 8, 9).
However, data on antibiotic susceptibility is often not reported
in epidemiological studies. There is growing concern about
increasing antibiotic nonsusceptibility among pathogens
causing EOS, especially in Gram-negative pathogens where
often few therapeutic options are available (10). Increasing
nonsusceptibility ~rates, could potentially threaten the
effectiveness of standard empiric regimens (5, 10-12). In
the action plan to combat antibiotic resistance, the World
Health Organization calls for increased knowledge on local
epidemiology and antibiotic susceptibility patterns (9).

In this population-based study including more than 100,000
live born (LB) infants, we aimed to describe the incidence
of culture-confirmed EOS, causative pathogens, antibiotic
susceptibility patterns and antibiotic therapy over 23 years in
South-West Norway.

MATERIALS AND METHODS

Setting

Stavanger University Hospital in South-West Norway is the
only hospital for a well-defined population of around 370,000
inhabitants, offering primary, secondary and tertiary obstetric
and neonatal intensive care. There have been 4,000-5,000 annual
deliveries during the last decades. All infants born in the
catchment area and who receive intravenous antibiotic therapy

for EOS have been admitted to the neonatal intensive care unit
(NICU) in Stavanger.

Study Design, Participants, and Data

Collection

This is a single-center, population-based retrospective study over
a 23-year period from January 1996 to December 2018. The
annual number of live births with a GA of >22 weeks during the
study period were obtained from the maternity unit. Newborn
infants with positive blood cultures obtained during the first
72h of life were identified by the local microbiology laboratory
blood culture registry, and causative pathogens and antibiotic
susceptibility were registered. Detailed clinical information was
extracted from the medical records for all infants with culture-
confirmed EOS, including GA, birthweight (BW), symptoms and
signs of EOS, infection-attributable mortality, maximum value of
C-reactive protein (CRP), choice of antibiotics and duration of
therapy. The diagnosis of clinical chorioamnionitis was extracted
from the mother’s medical record.

Definitions, Microbiology, and Antibiotic
Therapy

EOS was defined as growth of pathogenic bacteria in a blood
culture obtained <72h of life, and treatment with antibiotics
>5 or <5 days if death occurred (1). Culture-negative EOS is
a controversial diagnosis (13), and we did not include cases
coined as culture-negative sepsis also due to lack of a uniform
consensus definition. EOS-attributable mortality was defined
as death occurring within 7 days after growth of pathogenic
bacteria in blood culture where sepsis was the assumed cause.
The incidence of EOS was defined as cases of EOS per 1,000 LB
infants. Clinical chorioamnionitis was prospectively diagnosed
by the responsible obstetrician, and for this study the clinical
diagnosis was obtained from the medical records. Cases later
diagnosed as histological chorioamnionitis were not included.
Infants were classified as symptomatic if they had signs of EOS,
and the time from birth to onset of symptoms was registered.
Blood cultures were obtained prior to initiation of antibiotic
therapy using BacT/ALERT PF Plus Aerobic Pediatric culture
bottles (BioMérieux, Inc., Durham, NC) throughout the study
period. Matrix-assisted laser desorption ionization - time-of-
flight (MALDI-TOF) mass spectrometry was introduced in 2012,
gradually replacing traditional phenotypic species identification.
Micrococci, propionibacteria, corynebacteria, or diphtheroids
grown alone in a single culture, growth of more than one
bacteria, and all coagulase-negative staphylococci (CoNS) were
considered contaminants (1). Pathogens were grouped into
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Gram-positive and Gram-negative bacteria. Viridans group
streptococci (VGS) include Streptococcus mitis and Streptococcus
alactolyticus and “Other streptococci” in this report include
Streptococcus pyogenes and Streptococcus pneumoniae. A blood
culture pathogen was defined as susceptible to an antibiotic
when the final interpretation report indicated S (susceptible)
and nonsusceptible when the report indicated R (resistant) or
I (intermediate). Antibiotic susceptibility testing followed the
guidelines from the Norwegian working group for antibiotics
(14), closely aligned with the EUCAST criteria (15).

The local empirical antibiotic regimen for EOS consisted of
ampicillin in combination with an aminoglycoside (tobramycin
or gentamicin) from 1996 to 2010, and benzylpenicillin and
gentamicin from 2011 to 2018.

Ethical Considerations

The local institutional review board and data protection officer
approved the study as a local quality improvement project that
did not need approval by the regional ethics committee.

Statistical Analyses

Data were analyzed using IBM-SPSS version 24 statistical
software (IBM, Armonk NY, USA). Results are expressed as mean
with 95% confidence interval (CI) or median with interquartile
range (IQR), as appropriate. Differences between groups and
time periods (1996-2006 vs. 2007-2018) were analyzed with ¢-
test or Mann-Whitney test as appropriate for continuous data,
and the chi-square test or Fisher-exact test for categorical data.
Regression models were used to test for trends over time (linear)
where year was the continuous predictor. All tests were two-
tailed. P-values of <0.05 were considered statistically significant.

RESULTS

Incidence and Causative Pathogens

During the 23-year study period, 104,377 infants were LB. Of
these; 96,024 (92%) infants were born at term, and 8,353 (8%)
infants were born preterm before 37 weeks gestation. Among
the preterm infants, 7,890 (7.6%) had GA between 28-36 weeks
and 463 (0.4%) GA <28 weeks. There were 101 infants with
culture-confirmed EOS (Figure 1). The overall incidence of EOS,
incidence by causative pathogens and incidence for different
groups of GA are presented in Table1 and with subgroups
in Figure2. Most cases of EOS were among term infants;
71/101 (70%), but the incidence was higher among preterm
infants (Table 1). Compared to term infants, the incidence of
EOS in moderately preterm (GA 28-36 weeks) and extremely
preterm (GA < 28 weeks) infants were 3.9 and 24-fold
higher, respectively.

Among term and moderately preterm infants, GBS was a
more frequent cause of EOS than E. coli. In extremely preterm
infants however, there were four cases of E. coli infection and
only one GBS case (Table 1). The incidence of Gram-negative
pathogens decreased by increasing weeks of GA (OR 0.79, 95%
CI 0.69-0.89, p < 0.001). VGS was the second largest group of

pathogens with 10/101 cases (10%), predominantly occurring in
term infants (9/10).

The yearly incidence of EOS for different pathogens are shown
in Figure 3. There was no difference in the total incidence of EOS
between the two periods 1996-2006 and 2007-2018 (1.05/1,000
vs. 0.90/1,000, p = 0.49). There was no change in the incidence
during the study period for all infants with EOS or for EOS caused
by different pathogens (data not shown). However, for the period
from 2000 through 2018 analyzed separately, there was a mean
decline in the incidence of EOS by 6% per year (95% CI 1-10%) (p
=0.019). There was no change in the incidence of EOS during the
study period for any of the GA groups when analyzed separately
(data not shown).

Clinical Characteristics and Mortality

In total, 14/101 infants with EOS had been exposed to
chorioamnionitis; 10/71 (14%) term, no moderately preterm, and
4/8 (50%) extremely preterm infants. Among infants with EOS
exposed to chorioamnionitis, all extremely preterm infants and
7/10 term infants developed symptoms of EOS within the first
6 h of life. Overall, 95/101 (94%) infants with EOS had onset of
symptoms within the first 24 h of life. The median (IQR) time to
start of EOS-symptoms was 3.0h (1.0, 13.0). The proportion of
infants with symptoms at birth was higher among preterm 18/30
(60%) compared to term infants 26/71 (37%), p = 0.047.

The mortality and maximum value of CRP for different groups
of GA with EOS are shown in Table 2. Six infants with EOS
died; five of these were born preterm. The median (IQR) GA in
infants who died was 34 (26-36) weeks. The EQS- attributable
mortality was higher in infants with GA <28 weeks compared
to term infants (p = 0.025). The maximum CRP values were
higher in infants with Gram-positive compared to Gram-negative
EOS, p = 0.003.

Antibiotic Therapy and Susceptibility

The antibiotic regimen for EOS was in all cases a combination of
benzylpenicillin or ampicillin and an aminoglycoside. In 21/101
(21%) of cases, a broad-spectrum antibiotic was either added or
substituted later the empiric regimen. There was no change in the
number of infants given broad-spectrum antibiotics between the
periods 1996-2006 and 2007-2018.

The median (IQR) duration of antibiotic therapy for EOS
declined from 14 (10-14) days in the period 1996-2006
compared to 8 (7-10) days in the period 2007-2018 (p < 0.013).

All GBS isolates were susceptible to benzylpenicillin, and all
E. coli isolates were susceptible to both gentamicin and a third-
generation cephalosporin. No Gram-negative isolates produced
extended-spectrum beta-lactamase (ESBL). 10/11 (91%) of E. coli
isolates were nonsusceptible to ampicillin (Table 3).

Among the nine Staphylococcus aureus EOS isolates,
one isolates was nonsusceptible to both benzylpenicillin
and aminoglycosides; the combination empiric regimen
in use. Eight of nine isolates were susceptible to an
aminoglycoside. One isolate was methicillin resistant
(MRSA), but susceptible to an aminoglycoside. Six out
of nine S. aureus EOS isolates were nonsusceptible to
benzylpenicillin. All other Gram-positive EOS isolates in
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104 377 live born neonates

Positive blood culture isolates
n=182

Contaminants

I:> Coagulase-negative staphylococci; 67
Single-positive culture; 14

Micrococct,
Propionibacteria,
Corynebacteria,

Diphtheroids

Total n=81

A%

Early-onset Sepsis
n=101

FIGURE 1 | Flowchart — Infants diagnosed with early-onset sepsis in a population-based observational study at Stavanger University Hospital, Norway, 1996-2018.

TABLE 1 | Incidence of early-onset sepsis (EOS) per 1000 live births among infants born at Stavanger University Hospital during 1996-2018.

All EOS isolates GBS Escherichia coli VGS

Infants Number infants incidence Number infants incidence Number infants incidence Number infants incidence
(95% Cl) (95% ClI (95% ClI (95% ClI

All N =101 N =60 N =11 N=10
N = 104,377 0.97 (0.71, 1.23) 0.57 (0.39, 0.75) 0.11(0.03, 0.18) 0.10 (0.06, 0.19)
GA > 37 weeks N=T71 N =45 N=3 N=9
N = 96,024 0.74 (0.52, 0.96) 0.47 (0.31, 0.63) 0.08 (0.02, 0.09) 0.084 (0.014, 0.18)
GA 28-36 weeks N =22 N=14 N=14 N=1
N = 7,890 2.8(1.43, 4.28) 1.8 (0.66, 3.0) 0.51 (0.01, 0.92) 0.13
GA < 28 weeks N=38 N=A1 N=4 N=0
N = 463 17.8 (6.2, 29.4) 2.2 8.2 (0.13, 16.3)

Incidence; case per 1,000 live births.
GA, Gestational age, median (IQR); GBS, group B streptococci; VGS, viridans group streptococci.

this study were uniformly susceptible to benzylpenicilin. DISCUSSION

The overall non-susceptibility rate to the current empirical

regimen benzylpenicillin and gentamicin was 2/101 This study reports the epidemiology of EOS and antibiotic
(2%) (Table 3). susceptibility over more than two decades in a well-defined
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FIGURE 2 | Causative pathogens in culture-confirmed early-onset sepsis (EOS) in infants born at Stavanger University Hospital, 1996-2018. (A) GA > 37 weeks. (B)
GA 28-36 weeks. (C) GA < 28 weeks. GBS, Group B Streptococci; VGS, viridans group streptococci.
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FIGURE 3 | Annual incidence of early-onset sepsis (EOS) per 1,000 live born caused by all pathogens, Group B streptococci (GBS), Escherichia coli and viridans
group streptococci (VGS) during 1996-2018. GBS, Group B Streptococci; VGS, viridans group streptococci.

population in South-West Norway. Key findings are that GBS
is the most common causative pathogen in EOS, but E. coli
dominates in infants with GA <28 weeks. The incidence of
EOS remained stable for the entire study period, but with a
possible decline in incidence for the period 2000-2018 analyzed
separately. Finally, we demonstrated a low level of antibiotic
nonsusceptibility, and the current recommended empirical
antibiotic regimen (benzylpenicillin and gentamicin) continues
to have an excellent coverage for EOS in our area.

The overall incidence of EOS was 0.97/1000 LB, comparable
to reports from other epidemiological studies from Sweden (0.9)
(3), United Kingdom (0.7) (16) and the United States (0.77-
1.08) (1, 5, 17). We found a 24-fold higher incidence of EOS in
extremely preterm infants compared to term infants, a slightly
lower ratio than the 30-fold higher EOS rate reported by Stoll
et al. (5). The high rate of EOS cases in extremely preterm
infants is a reminder of the vulnerability of preterm infants,
emphasizing the importance of clinicians’ high vigilance in care
of these infants.

VGS, along with E. coli, was interestingly the second largest
group of pathogens that caused EOS, predominantly in term
infants. All infants with VGS-EOS had clinical symptoms

suggestive of sepsis, CRP levels above 10 mg/L and received
>5 days of antibiotics, indicating a clinically relevant sepsis
episode. In many other studies, VGS are excluded as “unspecific’
(3), complicating the comparisons between studies. Stoll et al.
reported that 7/235 (3.0%) infants with EOS had growth of
VGS (5), whereas 10/862 (1.2%) infants in the 1989-2003 data
from Yale-New Haven had VGS sepsis (8). In the Yale-New
Haven data, commensal organisms such as VGS increased during
1979-1988, possible because the simultaneously rise in preterm
patient population with longer duration of NICU hospitalization
and central vascular catheters. In our study though, VGS were
almost exclusively found among term infants. VGS have also
been reported to be the cause of EOS among infants exposed to
chorioamnionitis and being asymptomatic within 6 h of age (18).

We found no change in the total incidence of EOS for the
entire 23-year study period, nor in the incidence of Gram-
positive or Gram-negative EOS. Data from Yale-New Haven
Hospital showed a decrease in EOS from 1979 to 2004, and
from 2004 to 2013 a stable incidence of around 0.9/1,000 (6). In
contrast, a recent population-based study from Sweden showed a
significant reduction in EOS incidence over the last two decades
(3). However, both studies had a baseline incidence that were
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TABLE 2 | Early-onset sepsis (EOS) attributable mortality and maximum C-reactive protein (CRP) levels among infants of different gestational age (GA) born at Stavanger

University Hospital, 1996-2018.

All cases EOS

Gram-positive EOS Gram-negative EOS

Deaths/Cases (%) CRP* (mg/L) Deaths/Cases (%) CRP* (mg/L) Deaths/Cases (%) CRP* (mg/L)
All infants 6/101 (5.8%) 65 (39-110) 3/89 (3.3%) 67 (44-120) 3/12 (25%) 30 (11-62)
GA > 37 weeks 1/71 (1.4%) 65 (43-122) 1/67 (1.5%) 67 (47-126) 0/4 (0%) 22 (5-39)
GA 28-36 weeks 3/22 (13%) 71 (22-99) 2/18 (11%) 65 (10-96) 1/4 (25%) 55 (17-114)
GA < 28 weeks 2/8 (25%) 45 (13-112) 0/4 (0) 92 (20-167) 2/4 (50%) 30 (10-60)

IQR, interquartile range; EOS, Early-onset sepsis; GA, gestational age.

*C-reactive protein (CRP) values are the highest values reported during the sepsis episode and presented as median and interquartile range (mg/L).

higher compared to our study. We found a significant reduction
in the total EOS incidence with a mean 6% decline per year for
the period 2000-2018. This was however not an a priori planned
analysis, and should be interpreted with caution. On the other
hand, it concurs with two multicenter studies from 2005-2014
in UK and 2002-2012 in Australian and New Zealand reporting
a decreasing trend in the incidence of EOS to 0.7/1,000 and
0.83/1,000, respectively (16, 19).

E. coli, associated with high mortality rates, caused a
substantial proportion of EOS in extremely preterm infants. We
found a stable incidence of E. coli EOS during the 23 years, in
line with other European studies (3, 16), but numbers may be too
small to detect significant changes. In contrast, US and Australian
studies (1, 5, 19-21) consistently reports higher rates of E. coli
EOS. Stoll et al. reported an increasing incidence of E. coli sepsis
when comparing surveillance data from 2015-2017 to 2006-2009
(5), with overall incidence rates of 0.4/1000 LBs and 12.1/1000
LB in infants with GA <28 weeks. The lower incidence of E. coli
EOS in European studies are usually accompanied by a higher
incidence rate of GBS, as in our study (3, 16). Yet, the incidence
of GBS in our study is comparable to other reports (1, 5, 7).
We did not find any change in incidence during these years.
Risk-based intrapartum antibiotic preventive strategies against
GBS, based on UK guidelines, were implemented in our unit in
2008 (22, 23). Limitations in the GBS prevention strategies have
been demonstrated both in risk-based and in screening-based
programs (5, 24), but the latter may be associated with a slightly
lower rate of EOS caused by GBS.

We found that the maximum CRP level in both Gram-
positive and Gram-negative bacteria were relatively low. This is
in line with other studies reporting on elevation of inflammatory
markers in EOS (25, 26), and is an important reminder for clinical
evaluation of infants at risk of EOS within a structured strategy
(4, 27).

One of the key findings in this study was that the vast
majority (98%) of EOS isolates were susceptible to the current
empirical antibiotic regimen; benzylpenicillin and gentamicin.
Although numbers are small, the Gram-negative antibiotic
nonsusceptibility rate, remained unchanged. This is comparable
to a recent study, from the USA where they found a stable
E. coli nonsusceptibility rate during 2009-2017 (10). The
nonsusceptibility rates were on the other hand substantially
higher than in our study. Our nonsusceptibility rates correlate
well-with a UK study reporting a 7% nonsusceptibility to the

TABLE 3 | Antibiotic nonsusceptibility rates in cases with early-onset sepsis at
Stavanger University Hospital, 1996-2018.

Nonsusceptible

Escherichia coli (n = 11)

* Ampicillin 10/11 (91%)
e Gentamicin 0/11 (0%)
* Third generation cephalosporin 0/11 (0%)
Staphylococcus aureus (n = 9)

e Gentamicin 1/9 (11%)
e Oxacillin (methicillin-resistant -MRSA) 1/9 (11%)

All early-onset sepsis isolates (n = 101)

e Benzylpenicilin + gentamicin (combined) 2/101 (2%)

All group B streptococci (N = 60) and all viridans group streptococci (n = 10) were
susceptible to benzylpenicillin.

empirical antibiotic regimen of benzylpenicillin and gentamicin
among 328 EOS isolates (11). Furthermore, Cailes et al. reported
a decreasing nonsusceptibility from 2005-2009 to 2010-2014,
and also a lower nonsusceptibility rate among Gram-negative
isolates causing EOS vs. late-onset sepsis. Nonsusceptibility rates
are low in Norway due to a restrictive antibiotic policy, although
increasing gentamicin nonsusceptibility of E. coli, extended-
spectrum beta-lactamase producing Gram-negative bacteria and
MRSA are increasingly found (28). This, correlates well-with
Flannery et al. findings that pathogens causing EOS in the
USA are not affected by the increasing extreme drug resistance
seen globally (10, 29). In 2011, our NICU changed from
ampicillin to benzylpenicillin as the beta-lactam backbone for
empiric EOS therapy. Ampicillin use is associated with a higher
Klebsiella pneumoniae gut colonization, including ampicillin
nonsusceptible strains (30). Our results do not support the need
for empirical use of ampicillin instead of benzylpenicillin.

Key strengths of this study are the 23-year long study
period and the strictly population-based design. The number
of infants included in our study roughly equals the total
number of births in Norway over a 2-year period. We
have complete data sets on all infants with positive blood
cultures, including antibiotic susceptibility patterns, antibiotic
use, and neonatal and maternal data for the entire study
period. The data were collected by a single researcher. The
study includes detailed maternal and neonatal information.
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We only included culture-confirmed episodes regarded as
the “gold standard” for the definition of neonatal sepsis.
There are also limitations. The data were collected from a
single-center and the findings may not be generalizable to
other countries with high antibiotic consumption driving high
antibiotic nonsusceptibility rates, settings with higher burden
of neonatal sepsis, or settings with limited resources and weak
healthcare systems. Another important limitation is the low rate
of extremely preterm infants. Albeit being in line with other
regions of Norway, it may be lower compared to countries
outside Scandinavia. Finally, there are inherent limitations with
retrospective data.

CONCLUSION

In this population-based study of EOS over 23 years, we
found that that GBS was the most common causative
pathogens in EOS, but among extremely preterm infants
E. coli dominated. We found no change in the incidence
of EOS during the whole 23-year period, but with
a possible decrease in incidence during 2000-2018.
Empirical benzylpenicillin and gentamicin in combination
provides a very high coverage for EOS pathogens in
our setting.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Stoll BJ, Hansen NI, Sanchez PJ, Faix RG, Poindexter BB, Van Meurs KP, et al.
Early onset neonatal sepsis: the burden of group B Streptococcal E. coli disease
continues. Pediatrics. (2011) 127:817-26. doi: 10.1542/peds.2010-2217

2. Schrag SJ], Farley MM, Petit S, Reingold A, Weston EJ, Pondo T, et al.
Epidemiology of invasive early-onset neonatal sepsis, 2005 to 2014. Pediatrics.
(2016) 138:€20162013. doi: 10.1542/peds.2016-2013

3. Johansson Gudjonsdéttir M, Elfvin A, Hentz E, Adlerberth I, Tessin I,
Trollfors B. Changes in incidence and etiology of early-onset neonatal
infections 1997-2017 - a retrospective cohort study in western Sweden. BMC
Pediatr. (2019) 19:490. doi: 10.1186/512887-019-1866-z

4. Puopolo KM, Benitz WE, Zaoutis TE. Management of neonates born at
>/=35 0/7 weeks gestation with suspected or proven early-onset bacterial
sepsis. Pediatrics. (2018) 142:€20182894. doi: 10.1542/peds.2018-2894

5. Stoll BJ, Puopolo KM, Hansen NI, Sanchez PJ, Bell EE Carlo WA,
et al. Early-onset neonatal sepsis 2015 to 2017, the rise of Escherichia
coli, and the need for novel prevention strategies. JAMA Pediatr. (2020)
174:200593. doi: 10.1001/jamapediatrics.2020.0593

6. Bizzarro M]J, Shabanova V, Baltimore RS, Dembry LM, Ehrenkranz
RA, Gallagher PG. Neonatal sepsis 2004-2013: the rise and fall
of coagulase-negative staphylococci. ] Pediatr. (2015) 166:1193-
9. doi: 10.1016/j.jpeds.2015.02.009

7. Fjalstad JW, Stensvold HJ, Bergseng H, Simonsen GS, Salvesen B, Ronnestad
AE, et al. Early-onset sepsis and antibiotic exposure in term infants: a
nationwide population-based study in Norway. Pediatr Infect Dis ]. (2016)
35:1-6. doi: 10.1097/INF.0000000000000906

8. Bizzarro M], Raskind C, Baltimore RS Gallagher PG. Seventy-
five years of neonatal sepsis at Yale: 1928-2003. Pediatrics. (2005)
116:595-602. doi: 10.1542/peds.2005-0552

AUTHOR CONTRIBUTIONS

AV conceptualized and designed the project, collected and
analyzed data, wrote the first version of the manuscript, and
revised the manuscript. She had full access to all of the data in
the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis. KO conceptualized and
designed the project, directed and organized all phases of the
project, analyzed data, contributed with statistical analyses and
supervised AV during all the phases of the project. CK and SR
supervised AV during final phases of the project, analyzed data,
revised the manuscript for intellectual content and approved the
final manuscript. All authors approved the final manuscript as
submitted and agree to be accountable for all aspects of the work.

ACKNOWLEDGMENTS

We specially thank Albert Emil Jacobsen, Department of
Microbiology, Stavanger University Hospital, Norway for
providing data on positive blood cultures in infants. We thank
Philip von Brandis, MD, Head of Unit, Department of Obstetrics
and Gynecology, Stavanger University Hospital, Norway for
providing data on chorioamnionitis and LB infants during
the study period. We thank Anastasia Ushakova, Statistics,
Department of Research, section of Biostatistics, Stavanger
University Hospital, Norway for statistical assistance and advice.
Finally, we thank Iren Lohr, MD, department of Microbiology,
Stavanger University Hospital, Norway, for excellent advice and
assistance in Microbiological classifications and vocabulary.

9. WHO. Global Action Plan on Antimicrobial Resistance (2015). Available
online at: https://www.who.int/antimicrobial-resistance/global-action-plan/
en/ (accessed March, 2021).

10. Flannery DD, Akinboyo IC, Mukhopadhyay S, Tribble AC, Song L, Chen F,
et al., Antibiotic susceptibility of Escherichia coli among infants admitted to
neonatal intensive care units across the US From 2009 to 2017. JAMA Pediatr.
(2020) 175:168-75. doi: 10.1001/jamapediatrics.2020.4719

11. Cailes B, Kortsalioudaki C, Buttery J, Pattnayak S, Greenough G,

Matthes J, et al. Antimicrobial resistance in UK neonatal units:
neonIN infection surveillance network. Arch Dis Child Fetal
Neonatal Ed. (2018) 103:F474-8. doi: 10.1136/archdischild-2017-
313238

12. Laxminarayan R, Matsoso P, Pant S, Brower C, Rettingen JA,
Klugman K, et al. Access to effective antimicrobials: a worldwide
challenge. Lancet. (2016) 387:168-75. doi: 10.1016/S0140-6736(15)
00474-2

13. Klingenberg C, Kornelisse RE, Buonocore G, Maier RE Stocker M.
Culture-negative early-onset neonatal sepsis - at the crossroad between
efficient sepsis care and antimicrobial stewardship. Front Pediatr. (2018)
6:285. doi: 10.3389/fped.2018.00285

14. The Norwegian Working Group for Antibiotics. Available online at: https://
unn.no/fag- og- forskning/arbeidsgruppen-for-antibiotikasporsmal-og-
metoder-for-resistensbestemmelse-afa (accessed February 9. 2021).

15. European Committee On Antimicobial Susceptibility Testing, EUCAST.
Avialble online at: https://eucast.org/ast_of_bacteria/ (accessed February 9,
2021).

16. Cailes B, Kortsalioudaki C, Buttery J, Pattnayak S, Greenough A, Matthes
J, et al. Epidemiology of UK neonatal infections: the neonIN infection
surveillance network. Arch Dis Child Fetal Neonatal Ed. (2018) 103:F547-
53. doi: 10.1136/archdischild-2017-313203

Frontiers in Pediatrics | www.frontiersin.org

March 2021 | Volume 9 | Article 634798


https://doi.org/10.1542/peds.2010-2217
https://doi.org/10.1542/peds.2016-2013
https://doi.org/10.1186/s12887-019-1866-z
https://doi.org/10.1542/peds.2018-2894
https://doi.org/10.1001/jamapediatrics.2020.0593
https://doi.org/10.1016/j.jpeds.2015.02.009
https://doi.org/10.1097/INF.0000000000000906
https://doi.org/10.1542/peds.2005-0552
https://www.who.int/antimicrobial-resistance/global-action-plan/en/
https://www.who.int/antimicrobial-resistance/global-action-plan/en/
https://doi.org/10.1001/jamapediatrics.2020.4719
https://doi.org/10.1136/archdischild-2017-313238
https://doi.org/10.1016/S0140-6736(15)00474-2
https://doi.org/10.3389/fped.2018.00285
https://unn.no/fag-og-forskning/arbeidsgruppen-for-antibiotikasporsmal-og-metoder-for-resistensbestemmelse-afa
https://unn.no/fag-og-forskning/arbeidsgruppen-for-antibiotikasporsmal-og-metoder-for-resistensbestemmelse-afa
https://unn.no/fag-og-forskning/arbeidsgruppen-for-antibiotikasporsmal-og-metoder-for-resistensbestemmelse-afa
https://eucast.org/ast_of_bacteria/
https://doi.org/10.1136/archdischild-2017-313203
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Vatne et al.

Neonatal Sepsis; Epidemiology and Antibiotics

17.

18.

19.

20.

21.

22.

23.

24.

Weston EJ, Pondo T, Lewis MM, Martell-Cleary P, Morin C, Jewell B, et al., The
burden of invasive early-onset neonatal sepsis in the United States, 2005-2008.
Pediatr Infect Dis ]. (2011) 30:937-41. doi: 10.1097/INF.0b013e318223bad2
Wortham JM, Hansen NI, Schrag SJ, Hale E, Van Meurs K, Sanchez
PJ, et al. Chorioamnionitis and culture-confirmed, early-onset neonatal
infections.  Pediatrics. (2016)  137:€20152323. doi:  10.1542/peds.20
15-2323

Singh T, Barnes EH, Isaacs D. Early-onset neonatal infections in Australia
and New Zealand, 2002-2012. Arch Dis Child Fetal Neonatal Ed. (2019)
104:F248-52. doi: 10.1136/archdischild-2017-314671

Stoll BJ, Hansen N. Infections in VLBW infants: studies from the
NICHD Neonatal Research Network. Semin Perinatol. (2003) 27:293-
301. doi: 10.1016/S0146-0005(03)00046-6

Daley AJ, Isaacs D. Ten-year study on the effect of intrapartum antibiotic
prophylaxis on early onset group B streptococcal and Escherichia coli
neonatal sepsis in Australasia. Pediatr Infect Dis ]. (2004) 23:630-
4. doi: 10.1097/01.inf.0000128782.20060.79

Hughes R, Brocklehurst P, Steer P, Heath P, Stenson B, On behalf of
the royal College of Gynaecologists and Obstetricians. Prevention
of Early-onset Neonatal Group B Streptococcal Disease: Green-top
Guideline No. 36. BJOG. (2017) 124:¢280-305. doi: 10.1111/1471-0528.
14821

Hordnes K, Stray-Pedersen B, @ian P, Brigtsen AK. Group B Streptococci in
Pregancy and Labour. Guidelines From the Norwegian Society for Gynecology
and Obstetrics. (2014). Available online at: https://www.legeforeningen.no/
foreningsledd/fagmed/norsk- gynekologisk-forening/veiledere/veileder-i-
fodselshjelp/gruppe-b-streptokokker-hos-gravide-og-fodende/  (accessed
March, 2021).

Hasperhoven GEAI-Nasiry S, Bekker V, Villamor E, Kramer B. Universal
screening versus risk-based protocols for antibiotic prophylaxis during
childbirth to prevent early-onset group B streptococcal disease: a systematic
review and meta-analysis. BJOG. (2020) 127:680-91. doi: 10.1111/1471-0528.
16085

25.

26.

27.

28.

29.

30.

Renoldner BN, Hofer N, Resch B. Early-onset neonatal sepsis: group b
streptococcal compared to E. coli disease. ] Neonatal Biol. (2015) 4:201.
doi: 10.4172/2167-0897.1000201

Drageset M, Fjalstad JW, Mortensen S, Klingenberg C. Management of early-
onset neonatal sepsis differs in the north and south of Scandinavia. Acta
Paediatr. (2017) 106:375-81. doi: 10.1111/apa.13698

Vatne A, Klingenberg C, @ymar K, Ronnestad AE, Manzoni P, Rettedal
S. Reduced antibiotic exposure by serial physical examinations in term
neonates at risk of early-onset sepsis. Pediatr Infect Dis J. (2020) 39:438-
43. doi: 10.1097/INF.0000000000002590

NORM. The Norwegian Center for Surveillance and Prevention of
Antibiotimicrobial Resistance. (2016). Available online at: https://unn.no/fag-
og-forskning/norm-norsk-overvakingssystem-for-antibiotikaresistens-hos-
mikrober (accessed March, 2021).

Weissman SJ, Stoll B. Ampicillin and gentamicin in infants with suspected
sepsis: long live amp and gent-but for how long? JAMA Pediatr. (2020)
175:131-2. doi: 10.1001/jamapediatrics.2020.4726

Metsvaht T, Ilmoja ML, Parm U, Merila M, Maipuu L, Miilirsepp P, et
al. Ampicillin versus penicillin in the empiric therapy of extremely low-
birthweight neonates at risk of early onset sepsis. Pediatr Int. (2011) 53:873-
80. doi: 10.1111/j.1442-200X.2011.03468.x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Vatne, Klingenberg, Rettedal and Qymar. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Pediatrics | www.frontiersin.org

March 2021 | Volume 9 | Article 634798


https://doi.org/10.1097/INF.0b013e318223bad2
https://doi.org/10.1542/peds.2015-2323
https://doi.org/10.1136/archdischild-2017-314671
https://doi.org/10.1016/S0146-0005(03)00046-6
https://doi.org/10.1097/01.inf.0000128782.20060.79
https://doi.org/10.1111/1471-0528.14821
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-forening/veiledere/veileder-i-fodselshjelp/gruppe-b-streptokokker-hos-gravide-og-fodende/
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-forening/veiledere/veileder-i-fodselshjelp/gruppe-b-streptokokker-hos-gravide-og-fodende/
https://www.legeforeningen.no/foreningsledd/fagmed/norsk-gynekologisk-forening/veiledere/veileder-i-fodselshjelp/gruppe-b-streptokokker-hos-gravide-og-fodende/
https://doi.org/10.1111/1471-0528.16085
https://doi.org/10.4172/2167-0897.1000201
https://doi.org/10.1111/apa.13698
https://doi.org/10.1097/INF.0000000000002590
https://doi.org/10.1001/jamapediatrics.2020.4726
https://doi.org/10.1111/j.1442-200X.2011.03468.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Early-Onset Sepsis in Neonates - A Population-Based Study in South-West Norway From 1996 to 2018
	Introduction
	Materials and Methods
	Setting
	Study Design, Participants, and Data Collection
	Definitions, Microbiology, and Antibiotic Therapy
	Ethical Considerations
	Statistical Analyses

	Results
	Incidence and Causative Pathogens
	Clinical Characteristics and Mortality
	Antibiotic Therapy and Susceptibility

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	References


