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Introduction

�5F@M�CBG9H B9CB5H5@ G9DG=G ��(,� =G 5GGC7=5H98 K=H< <=;<
ACFH5@=HM 5B8 ACF6=8=HM 3�� �4� "B 7CBG9EI9B79� 5BH=6=CH=7G
5F9 GH5FH98 DFCADH@M =B =B:5BHG K=H< 7@=B=75@ G=;BG GI;;9GH�
=J9 C: 657H9F=5@ =B:97H=CB� "B 5GMADHCA5H=7 B9K6CFBG K=H<
F=G? :57HCFG :CF �(, �ACH<9F =B589EI5H9@M HF95H98 :CF 7C@�
CB=G5H=CB K=H<  FCID � ,HF9DHC7C77IG � �,�� A5H9FB5@
:9J9F� DFC@CB;98 FIDHIF9 C: A9A6F5B9G� 5B8 DF9A5HIF=HM��
5 7CAD@9H9 6@CC8 7CIBH ����� 5B8 A95GIF9A9BH C: 57IH9
D<5G9 F957H5BHG 5F9 7CAACB@M IG98 HC 897=89 K<9H<9F 5B�
H=6=CH=7G G<CI@8 69 58A=B=GH9F98 3Q�4� !CK9J9F� H<9 @CK
DCG=H=J9 DF98=7H=J9 J5@I9 C: H<9G9 8=5;BCGH=7 H9GHG F9GI@HG =B
58A=B=GHF5H=CB C: 5BH=6=CH=7G HC 5 @5F;9 BIA69F C: =B:5BHG
=B K<CA H<9 8=5;BCG=G C: �(, K=@@ 69 FI@98 CIH ��Q��
<CIFG @5H9F CK=B; HC B9;5H=J9 6@CC8 7I@HIF9G� F5D=8 7@=B=75@
=ADFCJ9A9BH 5B8 BCFA5@=G5H=CB C: 8=5;BCGH=7 H9GHG 3�Q��4�
&CF9CJ9F� H<9 J5GH A5>CF=HM C: =B:5BHG K<C 89J9@CD �(,
697CA9 GMADHCA5H=7 K=H<=B H<9 :=FGH �� <CIFG C: @=:9 3�� ��
��� �4� -<9F9:CF9� K9 <MDCH<9G=G98 H<5H 9J5@I5H=B; =B:5BHG
K=H< F=G? :57HCFG :CF �(, 6M F9D95H98 7@=B=75@ 9L5A=B5H=CB
K=H<CIH IG=B; 8=5;BCGH=7 6@CC8 H9GHG 8C9G BCH 89@5M =B=H=�
5H=CB C: 5BH=6=CH=7G HF95HA9BH� -C 7CAD5F9 H<9 D9F:CFA5B79
C: F9D95H98 7@=B=75@ 9L5A=B5H=CB K=H< ��� 5B8 ��F957H=J9
DFCH9=B ��+)� A95GIF9A9BH� K9 =BJ9GH=;5H98 H<9 =AD57H C:
F98I7=B; 8=5;BCGH=7 H9GHG CB H<9 H=A=B; C: =B=H=5H=CB C: 5BH=�
6=CH=7�HF95HA9BH�=B�=B:5BHG�K=H<�GIGD97H98��(,�

Patients and methods

Patients and data collection
-<=G <=GHCF=75@@M 7CBHFC@@98 GHI8M K5G 5DDFCJ98 6M H<9 "B�
GH=HIH=CB5@ +9J=9K �C5F8G C: H<9 .B=J9FG=HM C: %5IG5BB9�
"B:5BHG K9F9 =B7@I898 =: H<9M K9F9 6CFB 5H H<9 %5IG5BB9
.B=J9FG=HM !CGD=H5@ 69HK99B �979A69F �

� 5B8 �979A�
69F �
�� 5H 5 ;9GH5H=CB5@ 5;9 P� K99?G 5B8 F979=J98 =BHF5�
J9BCIG 5BH=6=CH=7G 8IF=B; H<9 :=FGH K99? C: @=:9 :CF GIGD97�
H98 �(,� '9K6CFBG K=H< G9J9F9 7CB;9B=H5@ A5@:CFA5H=CBG
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5B8 =B:5BHG F979=J=B; 5BH=6=CH=7G 5G DFCD<M@5L=G K9F9 9L�
7@I898� �IF=B; H<9 K<C@9 GHI8M D9F=C8� =BHF5D5FHIA 5BH=�
6=CH=7 DFCD<M@5L=G K5G 58A=B=GH9F98 HC ACH<9FG 7C@CB=G98
K=H<  �, 5G F97CAA9B898 6M �9BH9FG :CF �=G95G9 �CBHFC@
5B8�)F9J9BH=CB�3��4�
-KC H=A9 D9F=C8G K9F9 7CAD5F98� 69:CF9 5B8 5:H9F H<9
7<5B;9 C: CIF G7F99B=B; DFCHC7C@ :CF =B:5BHG 6CFB K=H< F=G?
:57HCFG�:CF��(,�
Period 1, December 2006 – September 2009: � ��� K=H<
A5BI5@ 8=::9F9BH=5@ 7CIBH 5B8 5 A95GIF9A9BH C: �+) K9F9
D9F:CFA98 =B 5@@ =B:5BHG 6CFB HC ACH<9FG K=H< 5H @95GH CB9
F=G? :57HCF :CF B9CB5H5@ =B:97H=CB �=B589EI5H9  �, DFCD<M�
@5L=G� FIDHIF9 C: A9A6F5B9G ��� <CIFG 3)+(&4� A5H9FB5@
:9J9F� DF9A5HIF=HM �� K99?G C: ;9GH5H=CB�� =B 577CF85B79
K=H< H<9 �

� ;I=89@=B9G C: H<9 ,K=GG ,C7=9HM C: '9CB5HC�
@C;M 34� 'C GD97=:=7 =BGHFI7H=CBG K9F9 ;=J9B HC 7@=B=7=5BG
F9;5F8=B; H<9 H=A=B; C: 8=5;BCGH=7 H9GHG� /=H5@ G=;BG K9F9
7<97?98 6M A=8K=J9G 9J9FM � <CIFG 8IF=B; H<9 :=FGH ��
<CIFG 5B8 9J9FM � <CIFG 8IF=B; H<9 B9LH �� <CIFG =B 5@@ =B�
:5BHG�K=H<�F=G?�:57HCFG�:CF��(,�
Period 2, October 2009 – December 2011: "B 588=H=CB HC
H<9 ACB=HCF=B; C: J=H5@ G=;BG 6M A=8K=J9G� =B:5BHG K=H<
F=G? :57HCFG :CF �(, K9F9 9L5A=B98 6M D598=5HF=7 F9G=89BHG
9J9FM � <CIFG 8IF=B; H<9 :=FGH �� <CIFG� � ��� K5G D9F�
:CFA98 CB@M =B =B:5BHG 9LDCG98 HC A5H9FB5@ 7<CF=C5AB=CB�
=H=G� 89:=B98 5G A5H9FB5@ :9J9F �� O� D@IG 5H @95GH HKC C:
H<9 :C@@CK=B; G=;BG� A5H9FB5@ <95FH F5H9 ��

	A=B� :C9H5@
<95FH F5H9 ���
	A=B� IH9F=B9 H9B89FB9GG� DIFI@9BH 5AB=CH=7
:@I=8� A5H9FB5@ @9I7C7MHCG=G ���


	AA� �IF=B; H<9 HKC
GHI8M D9F=C8G� H<9 897=G=CB HC GH5FH 5BH=6=CH=7G K5G 5H H<9
8=G7F9H=CB C: H<9 5HH9B8=B; B9CB5HC@C;=GH 5B8 6@CC8 7I@HIF9G
K9F9 C6H5=B98 CB@M =B HF95H98 D5H=9BHG� �@CC8 7I@HIF9G�
���G 5B8 �+) A95GIF9A9BHG K9F9 D9F:CFA98 8IF=B; H<9
HKC GHI8M D9F=C8G =B 5@@ HF95H98 D5H=9BHG HC 5GG=GH 7@=B=7=5BG
=B 89H9FA=B=B; H<9 8IF5H=CB C: 5BH=6=CH=7 HF95HA9BH� %IA65F
DIB7HIF9G K9F9 D9F:CFA98 CB 5B =B8=J=8I5@ 65G=G 5B8 IF=B9
7I@HIF9G K9F9 BCH D5FH C: H<9 8=5;BCGH=7 KCF?ID :CF �(,
3��4�
"B:5BHG HF95H98 K=H< 5BH=6=CH=7G :CF GIGD97H98 �(, 8IF=B;
)9F=C8 � 5B8 )9F=C8 � K9F9 =89BH=:=98 IG=B; H<9 7@=B=75@
=B:CFA5H=CB GMGH9A &9H5/=G=CB �=&�GC:H� &5GG57<IG9HHG�
.,�� 5B8 CIF B9CB5H5@ 85H565G9� �IF=B; )9F=C8 �� 75G9G
K9F9 5@GC 7C@@97H98 DFCGD97H=J9@M 6M H<9 F9DCFH=B; C: 957<
=B:5BH HF95H98 K=H< 5BH=6=CH=7G 8IF=B; H<9 :=FGH K99? C: @=:9�
)FCGD97H=J9 7C@@97H=CB C: 75G9G 8IF=B; )9F=C8 � G<CK98 H<5H
&9H5/=G=CB 9::97H=J9@M =89BH=:=98 5@@ =B:5BHG HF95H98 K=H<
5BH=6=CH=7G�:CF�GIGD97H98��(,��BC�75G9G�K9F9�A=GG98��

Outcomes
'9CB5H5@ =B:97H=CB K5G 89:=B98 5G� ��� 7I@HIF9�DFCJ9B =B�
:97H=CB �DCG=H=J9 6@CC8 5B8	CF 79F96FCGD=B5@ :@I=8 7I@HIF9�
CF ��� DFC656@9 =B:97H=CB K=H< P� G=;BG C: G9DG=G K=H<=B
H<9 :=FGH � 85MG C: @=:9 �H9AD9F5HIF9 =BGH56=@=HM� =FF=H56=@=HM
CF @9H<5F;M� :998=B; 8=::=7I@H=9G� 75D=@@5FM F9:=@@ �� G97CB8G�
5DBC95� H57<M75F8=5 5B8	CF H57<MDBC95�� 5B8 9@9J5H98 �+)
��
 A;	@� 5B8 H<9 897=G=CB C: H<9 5HH9B8=B; B9CB5HC@C;=GH HC
HF95H :CF 5H @95GH � 85MG K=H< =BHF5J9BCIG 5BH=6=CH=7G� 'CB=B�
:97H98 B9CB5H9G K9F9 H<CG9 K<C 8=8 BCH A99H H<9 56CJ9 7F=�
H9F=5� -<9 DF=A5FM CIH7CA9 A95GIF9 K5G H<9 H=A9 69HK99B
6=FH< 5B8 H<9 :=FGH 8CG9 C: 5BH=6=CH=7G =B =B:5BHG HF95H98 :CF
GIGD97H98 �(,� ,97CB85FM CIH7CA9G K9F9 H<9 8IF5H=CB C:

H<9 5BH=6=CH=7G HF95HA9BH� H<9 8IF5H=CB C: <CGD=H5@ GH5M� 5B8
H<9 C77IFF9B79 C: 7CAD@=75H=CBG 89:=B98 5G F9EI=F9A9BH
:CF 75H97<C@5A=B9 HF95HA9BH� A97<5B=75@ J9BH=@5H=CB� A9B�
=B;=H=G CF 895H<� � 7CADCG=H9 J5F=56@9 :CF H<9 C77IFF9B79
C: 5BM C: H<9 56CJ9 A9BH=CB98 7CAD@=75H=CBG K5G 5@GC 7F9�
5H98�

Statistical analyses
�5G9@=B9 7@=B=75@ 7<5F57H9F=GH=7G K9F9 89G7F=698 6M G<CK=B;
H<9 A98=5B 5B8 H<9 :=FGH 5B8 H<=F8 EI5FH=@9G �*�Q*� :CF
7CBH=BICIG J5F=56@9G� 5B8 BIA69FG 5B8 D9F79BH5;9G :CF 75H�
9;CF=75@ J5F=56@9G� �CAD5F=GCBG C: 7CBH=BICIG 5B8 75H9;CF�
=75@ J5F=56@9G 69HK99B H<9 D5H=9BHG :FCA )9F=C8 � 5B8 )9F=�
C8 � K9F9 D9F:CFA98 IG=B; HKC�H5=@98 H�H9GHG 5B8 )95FGCB�G
�<=�GEI5F98 H9GHG �K=H< 15H9GT 7CBH=BI=HM 7CFF97H=CB K<9B
F9EI=F98��
,IFJ=J5@ 7IFJ9G K9F9 9GH=A5H98 IG=B; H<9 $5D@5B�&9=9F
A9H<C8� �CL F9;F9GG=CB AC89@ K5G :=HH98 HC GHI8M H<9 9::97H
C: H<9 GHI8M D9F=C8 CB H<9 H=A9 69HK99B 6=FH< 5B8 =B=H=5H=CB
C: 5BH=6=CH=7G� +9GI@HG K9F9 9LDF9GG98 5G <5N5F8 F5H=CG
�!+G� K=H< H<9=F ��� 7CB:=89B79 =BH9FJ5@ ���� �"�� -<9
@9J9@ C: G=;B=:=75B79 K5G G9H 5H 
�
�� .B=J5F=56@9 5B5@MG=G
K5G D9F:CFA98 =B 5@@ HF95H98 D5H=9BHG� 5B8 =B H<9 GI6;FCIDG
C: D5H=9BHG K=H< CF K=H<CIH B9CB5H5@ =B:97H=CB� &I@H=J5F=�
56@9 5B5@MG=G 58>IGH98 H<9 9::97H C: H<9 H=A9 D9F=C8 :CF DC�
H9BH=5@ 7CB:CIB8=B; 7CJ5F=56@9G H<5H K9F9 7<CG9B a priori
�;9GH5H=CB5@ 5;9� 6=FH<K9=;<H� ;9B89F� )+(&� A5H9FB5@ 7C@�
CB=G5H=CB K=H<  �,� 759G5F95B G97H=CB�� (B@M H<9 7CJ5F=�
56@9G H<5H G<CK98 5 IB=J5F=56@9 5GGC7=5H=CB 5H H<9 
��
 @9J9@
K=H< H<9 H=A9 69HK99B 6=FH< 5B8 H<9 :=FGH 8CG9 C: 5BH=6=CH=7G
K9F9 =B7@I898 =B H<9 :=B5@ AC89@� ,H5H=GH=75@ 5B5@MG9G K9F9
D9F:CFA98 CB H<9 +�GC:HK5F9 J9FG=CB ������ �+ �9J9@CD�
A9BH��CF9�-95A��/=9BB5���IGHF=5��

Results

�IF=B; H<9 K<C@9 GHI8M D9F=C8� ����� =B:5BHG K9F9 6CFB 5H
CIF =BGH=HIH=CB 5H 5 ;9GH5H=CB5@ 5;9 P� K99?G� �=:HM�:=J9 =B�
:5BHG 6CFB 8IF=B; )9F=C8 � 5B8 :=:HM�:=J9 =B:5BHG 6CFB 8IF�
=B; )9F=C8 � K9F9 9L7@I898 :FCA H<9 GHI8M CK=B; HC G9J9F9
7CB;9B=H5@ A5@:CFA5H=CBG CF HF95HA9BH K=H< DFCD<M@57H=7
5BH=6=CH=7G� �@=B=75@ 7<5F57H9F=GH=7G C: H<9 F9A5=B=B; =B:5BHG
6CFB 8IF=B; )9F=C8 � �B � ���� 5B8 H<9=F ACH<9FG K9F9
G=A=@5F HC H<CG9 C: H<9 =B:5BHG 6CFB 8IF=B; )9F=C8 � �B �
���
� 85H5 BCH G<CKB�� �ACB; H<9G9 ����
 =B:5BHG� ���
K9F9 HF95H98 K=H< 5BH=6=CH=7G :CF GIGD97H98 �(,� 5B8 H<9F9�

Figure 1

Kaplan-Meier estimates of the time between birth and the first dose
of antibiotics in: (A) all infants treated for suspected early-onset
neonatal sepsis during Period 1 (full line, n = 132) and Period 2
(dotted line, n = 90), p <0.001; (B) infants with neonatal infection
during Period 1 (full line, n = 36) and Period 2 (dotted line, n = 16),
p <0.001.
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:CF9 A9H CIF =B7@IG=CB 7F=H9F=5� -<9 DFCDCFH=CB C: =B:5BHG
6CFB 5H 5 ;9GH5H=CB5@ 5;9 P� K99?G K<C F979=J98 5BH=6=CH�
=7G :CF GIGD97H98 �(, K5G ���� ���	����� 8IF=B; )9F=C8
��5B8��������
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Discussion

+98I7H=CB =B H<9 IG9 C: 8=5;BCGH=7 H9GHG =B H9FA 5B8 @5H9�
DF9H9FA =B:5BHG K=H< F=G? :57HCFG :CF �(, 8=8 BCH 89@5M H<9
=B=H=5H=CB C: 5BH=6=CH=7 HF95HA9BH� (B H<9 7CBHF5FM� =H F9GI@�
H98 =B 95F@=9F HF95HA9BH =B 5@@ H<9 D5H=9BHG HF95H98 :CF =B�
:97H=CB 5B8 =B H<9 GI6;FCIDG C: D5H=9BHG K=H< 5B8 K=H<CIH
B9CB5H5@ =B:97H=CB� "B8998� 5:H9F H<9 =BHFC8I7H=CB C: 5 DFC�
HC7C@ H<5H @=A=H98 H<9 BIA69F C: 8=5;BCGH=7 H9GHG 5B8 =A�

Table 1: Baseline characteristics of the newborn infants treated with antibiotics for suspected early-onset neonatal sepsis.

Study group Period 1
(n = 132)

Period 2
(n = 90)

p-value

Caesarean section, n (%) 62 (47.0) 46 (51.1) 0.54

PROM, n (%) 18 (13.6) 16 (18.2) 0.36

Positive maternal GBS status, n (%) 27 (23.3) 20 (26.7) 0.60

Product of multiple gestation, n (%) 7 (5.3) 6 (6.7) 0.67

Female gender, n (%) 63 (47.7) 47 (52.2) 0.51

Median gestational age, weeks (Q1-Q3) 39.1 (37.1–40.2) 39.2 (37.1–40.5) 0.52

Median birthweight, grams (Q1-Q3) 3'220 (2760–3660) 3'100 (2630–3540) 0.27

Median umbilical artery pH (Q1-Q3) 7.23 (7.17–7.29) 7.25 (7.15–7.30) 0.90

Median umbilical vein pH (Q1-Q3) 7.32 (7.27–7.36) 7.33 (7.28–7.36) 0.42

Median 1 min Apgar score (Q1-Q3) 8 (4–9) 8 (6–9) 0.41

Median 5 min Apgar score (Q1-Q3) 9 (7–10) 9 (8–9) 0.62

Median 10 min Apgar score (Q1-Q3) 9 (8–10) 9 (8–10) 0.72

GBS = group B streptococcus; PROM = premature rupture of membranes, Q1 = first quartile; Q3 = third quartile
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Table 2: Clinical characteristics of the newborn infants treated with antibiotics.

Period 1
(n = 132)

Period 2
(n = 90)

p-value

Median time between birth and the first dose of antibiotics, hours (Q1-Q3) 10.7 (4.1–26.9) 4.5 (2.6–10.9) 0.002

Median duration of antibiotic treatment, hours (Q1-Q3) 77.5 (64.0–158.3) 64.2 (62.3–133.3) 0.001

Median duration of hospital stay, days (Q1-Q3) 7.0 (5.0–9.0) 6.0 (4.0–8.0) 0.77

Patients with neonatal infection, n (%) 36 (27.3) 16 (17.8) 0.70

Noninfected neonates, n (%) 96 (72.7) 74 (82.2) 0.10

Catecholamine treatment, n (%) 6 (4.5) 5 (5.6) 0.98

Mechanical ventilation, n (%) 13 (9.8) 8 (8.9) 0.81

Noninvasive ventilation, n (%) 57 (43.2) 49 (54.4) 0.81

Meningitis, n (%) 1 (0.76) 0 0.85

Mortality, n (%) 1 (0.76) 0 0.85

Any complication* 8 (6.1) 5 (5.6) 0.89

* Requirement for catecholamine treatment and/or mechanical ventilation, meningitis or death
Q1 = first quartile; Q3 = third quartile

Table 3: Uni- and multivariable hazard ratios (HRs) and 95% confidence intervals (CIs) for the time between birth and the first dose of antibiotics according to the time
period, gestational age, birthweight and premature rupture of membranes (PROM).

Univariable analysis Multivariable analysis

Covariable Level HR 95% CI p-value HR 95% CI p-value

Time period 1 1 1

2 1.58 1.20–2.07 <0.001 1.56 1.17–2.07 0.002

Gestational age +1GA wk 0.91 0.84–0.97 0.005 0.92 0.84–1.01 0.089

Birthweight +1g 0.99 0.99–0.99 0.002 0.99 0.99–1.00 0.418

PROM No 1 1

Yes 1.41 0.98–2.06 0.065 1.33 0.91–1.93 0.136
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Figures (large format)

Figure 1

Kaplan-Meier estimates of the time between birth and the first dose of antibiotics in: (A) all infants treated for suspected early-onset neonatal
sepsis during Period 1 (full line, n = 132) and Period 2 (dotted line, n = 90), p <0.001; (B) infants with neonatal infection during Period 1 (full line,
n = 36) and Period 2 (dotted line, n = 16), p <0.001.
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