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Objectives: Wide variations in antibiotic use in very preterm infants have been reported across centres despite 
similar rates of infection. We describe 10 year trends in use of antibiotics and regional variations among very 
preterm infants in Norway. 

Patients and Methods: All live-born very preterm infants (<32 weeks gestation) admitted to any neonatal unit 
in Norway during 2009–18 were included. Main outcomes were antibiotic consumption expressed as days of 
antibiotic therapy (DOT) per 1000 patient days (PD), regional variations in use across four health regions, rates 
of sepsis and sepsis-attributable mortality and trends of antibiotic use during the study period. 

Results: We included 5296 infants: 3646 (69%) were born at 28–31 weeks and 1650 (31%) were born before 
28 weeks gestation with similar background characteristics across the four health regions. Overall, 80% of 
the very preterm infants received antibiotic therapy. The most commonly prescribed antibiotics were the 
combination of narrow-spectrum β-lactams and aminoglycosides, but between 2009 and 2018 we observed 
a marked reduction in their use from 100 to 40 DOT per 1000 PD (P < 0.001). In contrast, consumption of 
broad-spectrum β-lactams remained unchanged (P = 0.308). There were large variations in consumption of 
vancomycin, broad-spectrum β-lactams and first-generation cephalosporins, but no differences in sepsis-attrib-
utable mortality across regions. 

Conclusions: The overall antibiotic consumption was reduced during the study period. Marked regional 
variations remained in consumption of broad-spectrum β-lactams and vancomycin, without association to 
sepsis-attributable mortality. Our results highlight the need for antibiotic stewardship strategies to reduce 
consumption of antibiotics that may enhance antibiotic resistance development.

© The Author(s) 2023. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Antibiotics are globally the most commonly prescribed medica-
tions in neonatal ICUs (NICUs).1–4 The majority of very preterm in-
fants receive antibiotics and often prolonged courses.1,5–7

However, despite often similar rates of infections and microbial 
resistance profiles, there are wide variations in empirical antibiot-
ic use across NICUs, both within and between countries.3,5,8–10 It 
is a valid question to ask why this occurs. In other parts of paedi-
atric medicine, exemplified by paediatric oncology, strict 
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treatment protocols are followed across national and inter-
national centres.11 Antimicrobial stewardship programmes 
(ASPs) advise clinicians on optimal empirical antibiotic therapy. 
Lack of high-quality clinical trial data12,13 combined with limited 
pharmacokinetic/pharmacodynamic data on antibiotics in neo-
nates creates challenges when clinical experts try to agree on 
treatment guidelines.

Over the last decades it has been increasingly acknowledged 
that antibiotic overuse among very preterm infants is not only as-
sociated with increasing antibiotic resistance14, but also with se-
vere adverse effects such as increased risk of invasive candidiasis, 
necrotizing enterocolitis (NEC), bronchopulmonary dysplasia 
(BPD) and death.4,5,7,15–17 Adequate choice of antibiotic regimens 
and the treatment duration, both for empirical and targeted ther-
apy, are therefore important elements in order to reduce these 
adverse effects. Empirical therapy should ideally be based on local 
microbial resistance profiles, and also limit exposure to broad- 
spectrum antibiotics, minimizing potential adverse neonatal out-
comes and emergence of MDR organisms.6,7,10,16 Some antibiotic 
classes are also associated with higher rates of nephrotoxicity, 
which may further compromise care of vulnerable preterm 
infants.18,19

Surveillance of antibiotic consumption is an important elem-
ent of any ASP.20 Moreover, a factual approach quantifying the 
burden of treatment in relation to the burden of disease may 
contribute to optimize the delicate balance between antimicro-
bial stewardship and effective sepsis management.21 In the ab-
sence of data from clinical trials, high-quality, population-based 
studies are good alternatives to elucidate these complex topics. 
The primary aim of this study was to describe total antibiotic con-
sumption, trends over time and regional variations among very 
preterm infants in Norway. Secondly, we aimed to assess 
whether there were associations between antibiotic consump-
tion and regional variations in rates of neonatal sepsis and 
sepsis-attributable mortality.

Methods
Setting, data source and ethics
In 2021, Norway had a population of around 5.4 million people. Public 
healthcare is free of charge for all inhabitants. Hospital services are or-
ganized in four health regions covering populations of different sizes 
and both urban and rural areas. In the South-East region (n ∼ 3.1 million) 
the Oslo capital region has three large NICUs, in the West region (n ∼ 1.1 
million) Stavanger and Bergen have the two largest NICUs, in the Mid re-
gion (n ∼ 0.75 million) Trondheim and Ålesund have the two largest 
NICUs and in the North Region (n ∼ 0.48 million) Bodø and Tromsø 
have the two largest NICUs. Socioeconomic status in Norway is fairly 
equally distributed, but the proportion of immigrants is highest in the 
South-East region.

Data for this study were obtained from the Norwegian Neonatal 
Network (NNN), a national population-based registry collecting data 
from all 20 Norwegian NICUs covering all four regional health regions. 
The registry includes daily registrations of investigations, treatments 
and diagnoses for all infants admitted to Norwegian NICUs.22,23 The 
NNN collects personal identifiable data without the need for consent, ac-
cording to regulations for the Medical Birth Registry of Norway and the 
Norwegian Personal Health Data Filling System Act. The Regional Ethical 
Committee for medical and health research ethics approved this study 
(REK Helse Sør Øst 2012/944-1).

Study population, data and definitions
This study includes all live-born preterm infants below 32 weeks gesta-
tion admitted to NICUs in Norway during the 10 year period from 
1 January 2009 to 31 December 2018. We retrieved background data in-
cluding year of birth, mode of delivery, birth weight (BW), gestational age 
(GA), clinical risk index for babies 2 (CRIB2) score,24 Apgar score, sex, 
antenatal steroids and clinical data including any antibiotic use and its 
duration, blood culture results, duration of indwelling central lines and 
mechanical ventilation, and mortality before discharge. Small for GA 
(SGA) was defined as BW under the 10th percentile using Norwegian 
growth charts.25 We defined severe BPD as receiving any respiratory sup-
port, other than supplemental oxygen only, at 36 weeks post-menstrual 
age (PMA) and severe retinopathy of prematurity (ROP) as treated with la-
ser or anti-vascular endothelial growth factor in either eye.

We extracted data on all antibiotics administered, and divided them 
into five different groups. Narrow-spectrum β-lactams included benzylpe-
nicillin, ampicillin and cloxacillin. Broad-spectrum β-lactams included 
third-generation cephalosporins and carbapenems; second-generation 
cephalosporins and piperacillin/tazobactam were not used for very pre-
term infants in Norway during the study period.22 The final three antibiotic 
groups were aminoglycosides (gentamicin or tobramycin), first-gener-
ation cephalosporins (cefalotin or cefazolin) and vancomycin, which is 
the only glycopeptide licensed in Norway.

Antibiotic exposure within each health region is presented as days of 
treatment (DOT) per 1000 patient days (PD).26 We present data on DOT 
for any antibiotic therapy per 1000 PD, and data on DOT for specific anti-
biotic groups per 1000 PD. Since a combination of different antibiotic 
groups is often used, the cumulative days of DOT for the specific antibiotic 
groups per 1000 PD will exceed the DOT for any antibiotic per 1000 PD.

We similarly present the burden of invasive therapies as days of mech-
anical ventilation per 1000 PDs and days of indwelling central lines per 
1000 PDs. Both these variables are associated with increased risk of infec-
tion and antibiotic use.27,28

Since antibiotic consumption also depends on infection rates, we pre-
sent regional rates of sepsis in the study population. Culture-positive sep-
sis was defined as growth of a bacterium or fungus that is commonly 
considered pathogenic in blood culture and antibiotic treatment for at 
least 5 days or death before 5 days during this episode in an infant with 
clinical signs of sepsis.23,29 A culture-positive sepsis with onset of therapy 
within the first 3 days of life was defined as early-onset sepsis (EOS) and 
after 3 days of life as late-onset sepsis (LOS).29,30 For the definition of LOS 
with CoNS, we also required a C-reactive protein (CRP) level of >10 mg/L 
to distinguish from contamination.29 In the case of EOS, CoNS were al-
ways classified as contaminants.31 Sepsis-attributable death was defined 
as death within 7 days of a positive blood culture.32

Statistical methods
Statistical analyses were performed with SPSS 29.0 (SPSS, Armonk, NY, 
USA). Results are presented as medians with IQRs or proportions (%). 
Differences between groups were analysed with non-parametric 
(Kruskal–Wallis or Mann–Whitney U-test) or parametric (ANOVA and 
t-test) tests for continuous variables, and Fisher’s exact or chi-squared 
tests for categorical data, as appropriate. Trends in antibiotics use in 
each health region were analysed with linear logistic regression and ad-
justed for CRIB2 score as a relevant confounder. Two-tailed P values of 
<0.05 were considered statistically significant.

Results
We included 5296 infants: 3646 (69%) born at 28–31 weeks and 
1650 (31%) born before 28 weeks gestation. The median GA and 
BW were 29 weeks and 1.2 kg, respectively. Infants shared 
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similar baseline characteristics across all four health regions, in-
cluding illness severity scores (CRIB2), sex distribution and pro-
portion of SGA infants. There were some differences in rates of 
Caesarean deliveries and antenatal steroid use (Table 1).

Around 80% of very preterm infants received antibiotic ther-
apy during their stay in the NICU and the median treatment dur-
ation was 7 days (IQR 2–11). Among infants born before 
28 weeks gestation, 98% received antibiotics in comparison 
with 72% in those born between 28 and 31 weeks (P < 0.001) 
(Table S1, available as Supplementary data at JAC Online). The 
overall trends in antibiotic consumption across all four regions 
are displayed in Figure 1. The proportion of infants receiving anti-
biotics decreased from 84% in 2009 to 70% in 2018 (P < 0.001) 
and the proportion of infants receiving antibiotic therapy for 
more than 5 days decreased from 48% in 2009 to 18% in 2018 
(P < 0.001). Figure 2 displays trends in consumption of the differ-
ent antibiotic groups. The most frequently used antibiotics were 
narrow-spectrum β-lactams and aminoglycosides, and the over-
all reduction in antibiotic consumption during the study period 
was predominantly due to a reduction in consumption of these 
two groups (P < 0.001 for both). In contrast, the consumption of 
broad-spectrum β-lactams (P = 0.308) and vancomycin (P =  
0.292) remained stable throughout the study period.

There were considerable regional differences in the total anti-
biotic consumption (Table 2), the South-East and Mid regions hav-
ing the highest overall consumption, with 159 and 161 DOT per 

1000 PD, respectively. There were also marked variations in the 
consumption of broad-spectrum β-lactams (South-East highest), 
first-generation cephalosporins (North highest) and vancomycin 
(South-East highest).

Table 1 presents potential risk factors for neonatal sepsis and 
Table 3 presents rates of the different types of sepsis and their 
sepsis-attributable mortality. There were significant regional dif-
ferences in exposure to central lines, the lowest rate being in the 
West region. This region also had lower rates of CoNS-LOS com-
pared with the three other regions. The consumption of vanco-
mycin and first-generation cephalosporins varied significantly 
between the North region and the other three regions, but 
CoNS-LOS-attributable mortality rates were similar (Tables 2
and 3). Finally, rates of Gram-negative LOS and their 
sepsis-attributable mortality were similar between regions, but 
the use of broad-spectrum β-lactam antibiotics varied markedly, 
from 42 DOT/1000 PD in the South-East region to 17 DOT/ 
1000 PD in the North region.

Discussion
In this unselected population of all very preterm infants in 
Norway, the overall consumption of antibiotics decreased 
markedly during the 10 year period, but the consumption of 
broad-spectrum β-lactams, first-generation cephalosporins and 
vancomycin remained stable. However, there was a considerable 

Table 1. Background characteristics of 5296 preterm infants born before 32 weeks gestation by four Norwegian health regions

South-East 
n = 2919

West 
n = 1217

Mid 
n = 730

North 
n = 430 P value

Background
GA (weeks), median (IQR) 29 + 3 (27 + 1–31 + 0) 29 + 3 (27 + 3–30 + 6) 29 + 4 (27 + 3–31 + 0) 29 + 4 (27 + 2–31 + 4) 0.963
BW (g), median (IQR) 1199 (875–1505) 1225 (903–1516) 1225 (899–1510) 1200 (895–1730) 0.447
SGA (%) 27.2 24.9 25.2 29.1 0.520
Apgar 5 min, median (IQR) 8 (7–9) 8 (6–9) 8 (7–9) 8 (7–9) 0.272
CRIB 2 score, median (IQR) 7 (4–10) 6 (4–9) 6 (3–9) 6 (4–10) 0.234
Caesarean delivery (%) 41.9 60.1 71.8 45.6 <0.001a

Antenatal steroids (%) 85.2 86.2 87.9 81.4 0.021b

Female (%) 44.2 46.1 44.4 47.9 0.402
Exposures

Days of mechanical ventilation per 1000 PD 113 62 136 92 0.104
Days of central lines per 1000 PD 273 100 182 149 <0.001c

Days of hospitalization, median (IQR) 49 (33–74) 50 (34–73) 50 (34–75) 56 (41–79) <0.001d

Outcomes
Severe BPD (%) 13.9 9.8 14.1 17.7 <0.001c

Severe ROP (%) 2.4 4.3 2.2 3.0 0.006c

Surgically treated NEC (%) 1.7 1.8 1.4 2.3 0.646
In-hospital mortality (%) 8.5 9.0 9.5 8.4 0.828
Age at death (days), median (IQR) 7 (2–21) 6 (1–16) 3 (1–20) 4 (2–20) 0.162

Severe BPD: need for any respiratory support, other than O2 only, at 36 weeks + 0–6 days PMA; one value was missing. Severe ROP (receiving therapy 
with laser or anti-vascular endothelial growth factor): nine values were missing. Central lines (include any of the following: umbilical artery and/or vein, 
peripherally inserted central catheter and central venous catheter): four values were missing. CRIB 2: 290 values were missing 
aSignificant differences between all regions except between South-East and North. 
bSignificant differences between Mid and North. 
cSignificant differences between West and all other regions. 
dSignificant differences between North and all other regions.
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variation between health regions, both in the overall antibiotic 
consumption as well as in consumption of different antibiotic 
groups. Despite these variations, sepsis-attributable death and 
the overall in-hospital mortality were similar in all regions.

Measurement of antibiotic consumption in DOT, if normalized 
to PD, is the preferred metric of antibiotic use in children and is 
often used for benchmarking between institutions or regions. 
An overall antibiotic consumption of 149 DOT/1000 PD among 
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very preterm infants in our study is at the lower end compared 
with studies with similar populations.19,30,33–36 However, caution 
should be exercised when making comparisons between institu-
tions or other regions with different case mixes.34 In our study, 
background data did not indicate obvious signs of case mix and 
we used population-based data for all regions. Still, we note 
that neonatal surgery is centralized to two hospitals located in 
South-East and Mid Norway. Transfer of preterm infants in need 
of surgery, e.g. for necrotizing enterocolitis, may partly explain 
the higher overall antibiotic consumption in these regions. 
Moreover, the median duration of stay for infants was longer in 
the North, potentially having an impact on DOT per 1000 PD by 
increasing the denominator.

Narrow-spectrum β-lactam antibiotics and aminoglycosides 
were the most commonly used antibiotics across all regions. 
The combination of these two antibiotic groups has long been 
standard empirical therapy for EOS in Norway37 and in many 
other countries.38,39 However, consumption of these antibiotics 

declined markedly during the study period, in particular in terms 
of prolonged empirical therapy. We believe this reflects the in-
creased attention to the potential adverse clinical outcomes of 
prolonged early empirical antibiotics first reported by Cotten 
and co-workers in 20097 and subsequently reported by 
others,6,16 including recent data from this Norwegian cohort of 
very preterm infants.17 Quality improvement projects in 
Norway focusing on antibiotic overuse in infants that took place 
during the study period may also have contributed to a more cau-
tious use of antibiotics in the preterm population.40,41 Similar 
findings have been reported by single-centre studies in Sweden 
and the Netherlands, showing a marked decrease in antibiotic 
consumption following antibiotic stewardship efforts in the 
hospitals.35,42

For LOS, in comparison with EOS, a much larger heterogenicity 
in empirical treatment regimens has been reported.8,43,44 In our 
study, we did not differentiate between empirical therapy and tar-
geted antibiotic use for blood culture-proven sepsis, but it is well 

Table 2. Antibiotic consumption and regional variations, expressed as DOT per 1000 PD, among very preterm infants born before 32 weeks gestation in 
Norway

DOT per 1000 PD Norway South-East West Mid North P value

All antibiotic therapya 149 159 141 161 122 0.012b

Narrow-spectrum β-lactams 108 103 109 108 70 <0.001c

Broad-spectrum β-lactams 34 42 24 31 17 <0.001d

Aminoglycosides 102 100 108 108 91 0.038e

First-generation cephalosporins 3 1 1 1 25 <0.001c

Vancomycin 27 36 18 22 8 <0.001c

Narrow-spectrum β-lactams: benzylpenicillin, ampicillin and cloxacillin. Broad-spectrum β-lactams: third-generation cephalosporins (∼85%) and car-
bapenems (∼15%). 
aWhen calculating ‘all antibiotics’, 1 day with combination therapy is counted as 1 day. 
bSignificant differences between North and Mid, between North and South-East, and between West and South-East. 
cSignificant differences between North and all other regions. 
dSignificant differences between South-East and all other regions. 
eSignificant differences between North and South-East, and between North and West.

Table 3. Rates of sepsis and sepsis-attributable mortality across four Norwegian health regions

South-East 
n = 2919

West 
n = 1217

Mid 
n = 730

North 
n = 430 P value

All culture-positive EOS, n (%)a 38 (1.3) 18 (1.5) 20 (2.7) 8 (1.9) 0.076
Sepsis-attributable mortality, n (%) 12/38 (31.6) 3/18 (16.7) 2/20 (10) 3/8 (37.5) 0.201

All culture-positive LOS, n (%)a 340 (11.6) 67 (5.5) 36 (4.9) 50 (11.6) <0.001b

Sepsis-attributable mortality, n (%) 31/340 (9.1) 9/67 (13.4) 8/36 (22.2) 6/50 (12) 0.650
Gram-negative LOS, n (%)c 62 (18.2) 16 (23.9) 10 (27.8) 7 (14.0) 0.240

Sepsis-attributable mortality, n (%) 9/62 (14.5) 2/16 (12.5) 2/10 (20.0) 2/7 (28.6) 0.756
Gram-positive, excluding CoNS- LOS, n (%)c 106 (31.2) 31 (46.3) 11 (30.6) 15 (30.0) 0.015d

Sepsis-attributable mortality, n (%) 5/106 (4.7) 3/31 (3.2) 1/11 (9.1) 1/15 (6.7) 0.872
CoNS LOS, n (%)c 165 (48.5) 20 (29.9) 14 (38.9) 25 (50.0) <0.001b

Sepsis-attributable mortality, n (%) 5/165 (3.0) 2/20 (10.0) 1/14 (7.1) 1/25 (4.0) 0.175

aPercentage of the study population. 
bSignificant differences between South-East and West, between South-East and Mid, between West and North, and between Mid and North. 
cPercentage of all culture-positive LOS cases. 
dSignificant differences between South-East and West.
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known that empirical therapy constitutes the largest proportion of 
antibiotic use. There were clear regional variations in the choice of 
antibiotics after the first week of life, in particular for vancomycin, 
broad-spectrum β-lactams and first-generation cephalosporins. 
National blood culture data from Norway report that all Group B 
streptococci are susceptible to penicillin, the vast majority of 
Staphylococcus aureus isolates are susceptible to oxacillin and 
around 95% of all Escherichia coli are susceptible to gentami-
cin.40,45 Antibiotic susceptibility data specifically from neonatal 
blood cultures are not available from all Norwegian regions. 
However, data from one large NICU reported a lower gentamicin 
susceptibility rate for E. coli than in older children and adults.46

Previous Norwegian reports have shown that the majority 
(>80%) of hospital CoNS isolates from infants are resistant to oxa-
cillin in vitro, but almost uniformly susceptible to vancomycin.46–48

The crude numbers of sepsis-attributable mortality in this study 
were small and our study was not powered for this outcome, 
but we found no regional differences, neither overall nor for specif-
ic pathogens. Thus, based on both national susceptibility and out-
come data, the variations observed in our study predominantly 
seem to reflect variations in antibiotic policies rather than substan-
tial differences in care complexity and susceptibility patterns of in-
vasive pathogens. A variation in use of broad-spectrum antibiotics, 
without obvious large differences in case mixes, is also reported 
from other studies.6,26 Recently, a large US study reported a 
4-fold variation in DOT for antibiotics per 1000 PD across NICUs 
with similar care complexity.34 A potential overuse of third- 
generation cephalosporins or carbapenems increases selective 
pressure for multi-resistant Gram-negative organisms, and is asso-
ciated with increased risk for invasive candidiasis.8,49 Reports also 
indicate that broad-spectrum β-lactams often do not offer a bene-
fit in antimicrobial spectrum over a narrow-spectrum β-lactam 
and an aminoglycoside in combination,18 and some studies even 
indicate increased morbidity or mortality.50

CoNS is the most prevalent pathogen causing LOS among very 
preterm infants in Norway,29 as in many other countries.42,51

CoNS-LOS has been associated with a later increased risk of se-
vere BPD,29 but this association is not consistently reported.52,53

However, these commensal bacteria rarely cause fulminant sep-
sis, but vancomycin is frequently used as empirical therapy.1,8,26

Indiscriminate use of vancomycin has been linked to the emer-
gence of vancomycin-resistant organisms.54 Some studies also 
report that vancomycin has a higher nephrotoxic and ototoxic 
potential in preterm infants compared with β-lactams,55–57

whereas others do not report increased risk of toxicity.58,59 The 
empirical use of vancomycin is therefore controversial. Several 
large multicentre studies have failed to demonstrate a survival 
benefit with empirical vancomycin therapy for CoNS bloodstream 
infections versus alternatives with β-lactam antibiotics combined 
with an aminoglycoside or versus delayed vancomycin ther-
apy.49,60 In line with this, we found a similar low CoNS-LOS attrib-
utable mortality across all regions despite marked variations in 
vancomycin consumption. Studies from the Netherlands report 
that the majority of oxacillin-resistant CoNS sepsis cases can suc-
cessfully be treated with first-generation cephalosporins, antibio-
tics that also provide Gram-negative coverage.61–63 This strategy 
was chosen in the North region and was therefore associated 
with markedly higher use of first-generation cephalosporins 
compared with the other regions. Choice of an adequate 

empirical regimen for LOS needs to balance the higher risk of 
sepsis-attributable mortality with Gram-negative bacteria, risk 
of toxicity and antibiotic resistance development with different 
regimens. The American Academy of Pediatrics and Canadian 
guidelines for neonatal sepsis discourage vancomycin as empir-
ical LOS therapy if the prevalence of MRSA in the community is 
low.10,64

The primary strength of this study is prospective collection of 
data on a daily basis with standardized online registration. As 
data on antibiotic therapy were registered on a daily basis, con-
sistent underestimation of treatment is unlikely. The 10 year 
study period allows evaluation of trends, and the population- 
based design avoids selection bias.

Inaccuracy of registered data together with a large number of 
physicians involved represents the main limitation. Moreover, we 
did not have antibiotic susceptibility profiles of isolates causing 
sepsis. Finally, we did not have detailed data of the proportion 
of empirical therapy versus therapy for proven infections.

Conclusions
This study demonstrates a marked decline in overall antibiotic 
consumption during the study period. Still, there were substantial 
regional variations in antibiotic consumption among very pre-
term infants in Norway, despite similar rates of sepsis and 
sepsis-attributable mortality, highlighting the need for coordi-
nated ASP strategies. There is still a low prevalence of multi- 
resistant organisms in Norwegian NICUs, offering a time-critical 
opportunity to preserve a favourable ecological situation. 
Standardization of national treatment guidelines combined 
with adequate ASPs are needed to safely minimize broad- 
spectrum antimicrobial exposure and limit the development of 
antimicrobial resistance.
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