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Abstract
Introduction: The NICE guideline CG149 has increased the 
number of well infants receiving antibiotics for suspected 
early-onset sepsis (EOS). The Kaiser Permanente sepsis risk 
calculator (SRC) has safely and dramatically reduced investi-
gations and antibiotics for suspected EOS in the USA. This 
study evaluates the current management of suspected EOS 
against the NICE guideline CG149 and the SRC. Methods: 
This study is a prospective, multicentre, observational study 
across 13 neonatal units in London. Infants were born be-
tween June and August 2019 at ≥34 weeks gestation and 
commenced on antibiotics for suspected EOS and cared for 
on postnatal/transitional care wards. Data were prospective-
ly recorded: risk factors, clinical indicators, investigations, 
and results. Outcome measures included the following: (1) 

incidence of EOS and (2) proportion of infants recommend-
ed for antibiotics by NICE versus theoretical application of 
SRC. Results: 1,066/8,856 (12%) infants on postnatal/transi-
tional care wards received antibiotics, 7 of whom had a pos-
itive blood culture (group B Streptococcus = 6 and Escherich-
ia coli = 1), making the EOS incidence 0.8/1,000 infants. Six 
hundred one infants had data for SRC analysis, which recom-
mended “antibiotics” or “blood culture” for 130/601 (21.6%) 
infants using an EOS incidence of 0.5/1,000 versus 527/601 
(87.7%) if NICE was applied. Conclusions: Currently, 12.0% of 
infants on postnatal/transitional care wards receive antibiot-
ics for suspected EOS. The SRC could dramatically reduce an-
tibiotic use, but further prospective studies are required to 
evaluate safety of SRC implementation.
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Introduction

Early-onset sepsis (EOS) in neonates is defined as bac-
teraemia or bacterial meningitis within 72 h of birth. De-
spite improvements in antenatal care and provision of 
maternal intrapartum antibiotics, it remains an impor-
tant cause of morbidity in neonates, particularly those 
born preterm [1]. In high-income settings, it occurs in 
0.7/1,000 live births (42% of whom were term infants) 
and is responsible for 5.6/1,000 neonatal admissions [2]. 
Early identification and management of EOS is vital to 
avoid adverse outcomes.

In 2012, the National Institute for Clinical Excellent 
(NICE) published the “Neonatal infection (early onset): 
antibiotics for prevention and treatment clinical guide-
line (CG149)” [3]. This guideline intended to provide cli-
nicians in the UK with a consistent, safe framework for 
performing neonatal septic screens, promote antibiotic 
stewardship, reduce infant mortality, and reduce neona-
tal unit admissions and length of hospital stay. In reality, 
this guideline has increased investigations, antibiotic us-
age, duration of treatment, and hospital stay for many 
well newborns [4]. Investigations and treatments are as-
sociated with pain for the infant [5], antibiotic exposure 
(disrupting gut microbiota and contributing to antibiotic 
resistance) [6], separation of mother and baby, more for-
mula milk supplementation [7], and greater costs to the 
National Health Service [4].

The Kaiser Permanente Research group developed an 
online sepsis risk calculator (SRC) to evaluate risk of neo-
natal EOS in infants ≥34 weeks gestation [8]. The infant’s 
EOS risk is calculated using the population’s incidence of 
EOS and modified using objective information present at 
birth and the infant’s evolving clinical presentation [9, 
10]. This tool has been validated as a safe way to reduce 
the proportion of infants receiving empiric antibiotics 
without adverse effects [11, 12] and recommended by the 
Committee on the Fetus and Newborn of the American 
Academy of Pediatrics [13]. However, studies comparing 
theoretical effectiveness and safety of the SRC against 
NICE have produced conflicting results. One study re-
ported that the SRC could reduce interventions and anti-
biotic usage [14], another that NICE guidelines identify 
asymptomatic cases earlier [15], and another raised con-
cerns that the SRC may “miss” cases of EOS, particularly 
in the setting of chorioamnionitis [16].

One of the challenges of implementing the SRC in the 
UK is accurately defining the background incidence of 
EOS, which subsequently impacts clinical recommenda-
tions for the infant. The SRC offers a range of options 

between 0.1 and 4/1,000 live births and highlights 2 evi-
dence-based options for an American population: 
0.3/1,000 live births (Kaiser Permanente Northern Cali-
fornia’s incidence of EOS) and 0.5/1,000 live births (Cen-
tre for Disease Control and Prevention national incidence 
of EOS) [14]. However, the incidence of EOS varies geo-
graphically, not only by country but also between differ-
ent regions [15].

Aims
1. To calculate the incidence of EOS in a population of 

infants born ≥34 weeks gestation cared for on the post-
natal/transitional care wards in London.

2. To compare the proportion of infants recommended 
antibiotics by the NICE guideline CG149 versus theo-
retical application of the SRC.

Methods

This prospective, multicentre, observational survey investigat-
ed management of EOS in London postnatal/transitional care 
units. All 26 London neonatal units were invited to take part via 
email. Local teams comprised a supervising consultant paediatri-
cian and trainees in paediatrics.

Infants included those born ≥34 weeks gestation between June 
3, 2019, and August 2, 2019, commenced on antibiotics for sus-
pected EOS and managed on the postnatal/transitional care ward. 
Infants admitted to the neonatal unit immediately after birth were 
excluded.

The study protocol and data collection forms were developed a 
priori [17]. Local teams obtained data from clinical records on 
background demographics, antenatal risk factors, clinical status, 
investigations, and antibiotic usage. Anonymized data were up-
loaded to a central database for analysis.

Risk estimates for the SRC were computed on Microsoft Excel 
using the Kaiser Permanente multivariate model equation [10]. 
We compared an EOS incidence of 0.5/1,000 infants to our EOS 
incidence of 0.8/1,000 infants ≥34 weeks cared for on the postnatal 
ward. The final risk estimate (“EOS risk after clinical exam”) was 
obtained according to the SRC’s clinical variables. Infants with 
other clinical signs were assigned “equivocal,” and those admitted 
to the neonatal unit or with respiratory distress >4 h after birth 
were assigned to “clinical illness.” For infants with EOS, clinical 
recommendations were confirmed against the online SRC [8].

Results

Thirteen neonatal units in London contributed data. 
One thousand sixty-six of the 8,856 (12.0%) infants ≥34 
weeks gestation born and managed on the postnatal/tran-
sitional care ward received antibiotics for suspected EOS 
during the study period (Table 1; Fig. 1).
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Incidence of EOS
19/910 blood cultures had positive culture results, of 

which 7 were pathogens (Table 1; online suppl. Table 1; 
see www.karger.com/doi/10.1159/000518059 for all on-
line suppl. material). Organisms included group B Strep-
tococcus = 6 and Escherichia coli = 1. There were no cere-
brospinal fluid results indicative of bacterial meningitis. 
The overall incidence of EOS in our study population was 
0.8/1,000 infants (95% CI: 0.3/1,000–1.6/1,000).

Theoretical Impact of SRC versus NICE
Six hundred one infants had data available for the SRC 

versus NICE analysis. Two hundred seventy-four (46%) 
were female, mean (range) gestation 39+4 (34+0–42+0) 
weeks, birth weight mean (range) 3,366 g (1,830–5,025 g). 
527/601 (87.7%) met NICE guidelines for antibiotics. 
When the SRC was applied at an EOS incidence of 
0.5/1,000 infants, “empiric antibiotics” were recom-
mended in 55/601 (9.2%); “blood culture” in 75/601 

Infants ≥34 weeks
gestation cared for on the
postnatal ward (n = 8856)

during study period

Infants screened and
treated for suspected

sepsis (n = 1066)

Infants with full data
for SRC and

NICE analyses
(n = 601)

Infants with blood culture
results available (n = 910) –

Excluded
(contaminants, n = 9)

Table 1. Incidence of bacteraemia and bacterial meningitis across London neonatal units

EOS data N

Infants ≥34 weeks gestation cared for on the postnatal ward 8,856
Infants ≥34 weeks gestation screened and treated for suspected EOS and cared for on the postnatal ward 1,066
Blood cultures available 910
Blood culture results

Positive blood cultures 19
Considered contaminants 12
Bacterial pathogen 7

CSF culture results
Positive CSF cultures 2
Considered contaminated/viral CSF cultures 2
Bacterial pathogen 0

EOS incidence/1,000 infants 0.79

EOS, early-onset sepsis; CSF, cerebrospinal fluid.

Table 2. Comparing the proportion of infants managed for EOS by NICE versus the SRC

Clinical recommendation Vitals NICE, 
total (%)

SRC: EOS incidence 
0.5/1,000 infants, total (%)

SRC: EOS incidence 
0.8/1,000 infants, total (%)

No culture, no antibiotics Routine vitals 74 (12.3) 396 (65.9) 301 (50.1)
No culture, no antibiotics Vitals every 4 h for 24 h 75 (12.5) 121 (20.1)
Blood culture Vitals every 4 h for 24 h 75 (12.5) 97 (16.1)
Empiric antibiotics Vitals per NICU 527 (87.7) 55 (9.2) 82 (13.6)
Total 601 (100) 601 (100) 601 (100)

EOS, early-onset sepsis; SRC, sepsis risk calculator.

Fig. 1. Consort flow diagram.



An Observational Study on Neonatal 
Early-Onset Sepsis

565Neonatology 2021;118:562–568
DOI: 10.1159/000518059

Ta
b

le
 3

. T
he

 S
RC

 re
co

m
m

en
da

tio
ns

 fo
r t

he
 7

 in
fa

nt
s w

ith
 c

on
fir

m
ed

 b
ac

te
ra

em
ia

In
fa

nt
 

N
o.

SR
C

 p
re

di
ct

or
O

nl
in

e 
SR

C
 re

su
lts

ge
st

at
io

na
l 

ag
e,

 w
ee

ks
hi

gh
es

t m
at

er
na

l 
an

te
pa

rt
um

 
te

m
pe

ra
tu

re
, °

C

ru
pt

ur
e 

of
 

m
em

br
an

es
, 

h

m
at

er
na

l 
G

BS
 st

at
us

ty
pe

 o
f i

nt
ra

pa
rt

um
 

an
tib

io
tic

s
cl

in
ic

al
 

ex
am

EO
S 

in
ci

de
nc

e 
pe

r 1
,0

00
 

in
fa

nt
s

EO
S 

ri
sk

  
at

 b
ir

th
EO

S 
ri

sk
 a

fte
r 

cl
in

ic
al

 e
xa

m
cl

in
ic

al
 re

co
m

m
en

da
tio

n
vi

ta
ls

1
38

+1
38

.6
28

N
eg

at
iv

e
N

on
e

Eq
ui

vo
ca

l
0.

5
3.

04
15

.0
0

Em
pi

ri
c 

an
tib

io
tic

s
V

ita
ls 

pe
r 

N
IC

U

0.
8

4.
86

23
.8

5
Em

pi
ri

c 
an

tib
io

tic
s

V
ita

ls 
pe

r 
N

IC
U

2
37

+4
36

.5
2

N
eg

at
iv

e
N

on
e

C
lin

ic
al

 
ill

ne
ss

0.
5

0.
05

1.
08

St
ro

ng
ly

 c
on

sid
er

 st
ar

tin
g 

em
pi

ri
c 

an
tib

io
tic

s
V

ita
ls 

pe
r 

N
IC

U

0.
8

0.
08

1.
74

St
ro

ng
ly

 c
on

sid
er

 st
ar

tin
g 

em
pi

ri
c 

an
tib

io
tic

s
V

ita
ls 

pe
r 

N
IC

U

3
39

+6
38

.0
39

U
nk

no
w

n
Br

oa
d-

sp
ec

tr
um

 
an

tib
io

tic
s 2

–3
.9

 h
  

pr
io

r t
o 

bi
rt

h

Eq
ui

vo
ca

l
0.

5
0.

44
2.

19
Bl

oo
d 

cu
ltu

re
V

ita
ls 

ev
er

y 
4 

h 
fo

r 2
4 

h

0.
8

0.
70

3.
50

Em
pi

ri
c 

an
tib

io
tic

s
V

ita
ls 

pe
r 

N
IC

U

4
36

+6
37

.1
18

N
eg

at
iv

e
N

on
e

Eq
ui

vo
ca

l
0.

5
0.

38
1.

88
Bl

oo
d 

cu
ltu

re
V

ita
ls 

ev
er

y 
4 

h 
fo

r 2
4 

h

0.
8

0.
60

3.
01

Em
pi

ri
c 

an
tib

io
tic

s
V

ita
ls 

pe
r 

N
IC

U

5
41

+3
38

.4
7

U
nk

no
w

n
N

on
e

W
el

l 
ap

pe
ar

in
g

0.
5

1.
52

0.
62

N
o 

cu
ltu

re
, n

o 
an

tib
io

tic
s

V
ita

ls 
ev

er
y 

4 
h 

fo
r 2

4 
h

0.
8

2.
43

1.
00

Bl
oo

d 
cu

ltu
re

V
ita

ls 
ev

er
y 

4 
h 

fo
r 2

4 
h

6
40

+1
38

.3
60

Po
sit

iv
e

Br
oa

d-
sp

ec
tr

um
 

an
tib

io
tic

s >
4 

h 
 

pr
io

r t
o 

bi
rt

h

W
el

l 
ap

pe
ar

in
g

0.
5

1.
34

0.
55

N
o 

cu
ltu

re
, n

o 
an

tib
io

tic
s

V
ita

ls 
ev

er
y 

4 
h 

fo
r 2

4 
h

0.
8

2.
15

0.
88

N
o 

cu
ltu

re
, n

o 
an

tib
io

tic
s

V
ita

ls 
ev

er
y 

4 
h 

fo
r 2

4 
h

7
39

+0
37

.5
14

.2
5

N
eg

at
iv

e
N

on
e

W
el

l 
ap

pe
ar

in
g

0.
5

0.
35

0.
14

N
o 

cu
ltu

re
, n

o 
an

tib
io

tic
s

Ro
ut

in
e 

vi
ta

ls

0.
8

0.
56

0.
23

N
o 

cu
ltu

re
, n

o 
an

tib
io

tic
s

Ro
ut

in
e 

vi
ta

ls

EO
S,

 e
ar

ly
-o

ns
et

 se
ps

is;
 S

RC
, s

ep
sis

 ri
sk

 c
al

cu
la

to
r.



Kimpton et al.Neonatology 2021;118:562–568566
DOI: 10.1159/000518059

(12.5%); “no culture, no antibiotics” but enhanced vitals 
in 75/601 (12.5%); and no culture, no antibiotics, and 
routine vitals in 369/601 (65.9%) (Table 2). Compared to 
the current practice influenced by NICE, theoretical ap-
plication of the SRC at an EOS incidence of 0.5/1,000 in-
fants could reduce antibiotics from 601 to 55 infants 
(90.8% reduction). If a more cautious approach was taken 
and antibiotics were administered to infants recom-
mended for “blood culture” (75/601) in addition to “em-
piric antibiotics” (55/601), 130/601 (21.6%) would be 
treated with antibiotics (78.4% reduction compared to 
the current practice). Table 2 compares the SRC’s advice 
at 0.5/1,000 infants to our EOS incidence of 0.8/1,000 in-
fants.

Confirmed EOS Cases
Of the 7 infants with bacteraemia, the SRC recom-

mended 2 infants for empiric antibiotics, 2 infants for 
blood culture with enhanced observations, and 2 infants 
for enhanced observations only (Table 3). NICE recom-
mended 6 of the 7 infants for antibiotics. One infant did 
not meet either SRC or NICE criteria for antibiotics but 
received antibiotics due to a combination of clinical con-
cerns. Adjusting the background incidence of EOS from 
0.5 to 0.8/1,000 infants escalated clinical advice for 3 in-
fants.

Discussion

This multicentre, prospective study estimated the in-
cidence of EOS and determined the proportion of infants 
recommended antibiotics by NICE in comparison with 
theoretical application of the SRC. Over a 2-month peri-
od, 12.0% of infants ≥34 weeks gestation managed on 
postnatal/transitional care wards received antibiotics for 
suspected EOS, the majority (87.7%) in line with NICE. 
Theoretical application of the SRC at an EOS incidence of 
0.5/1,000 infants could reduce antibiotics from 601 (cur-
rent practice influenced by NICE) to 55 infants (recom-
mended “antibiotics” by the SRC) (90.8% reduction). If a 
more cautious approach was taken and infants at inter-
mediate risk (those recommended for a blood culture and 
a period of observation) were given antibiotics rather 
than observed, a 78.4% reduction could still be achieved. 
Goel et al. [14] projected that the SRC could reduce anti-
biotics by 74% (relative reduction) compared with NICE. 
However, their study included the entire eligible birth co-
hort rather than just infants managed on the postnatal/
transitional care ward.

Under the NICE guideline CG149, empiric antibiot-
ics are often commenced due to concerns of maternal 
sepsis, fever, or chorioamnionitis. Women often have 
pyrexia in labour, and given the maternal morbidity as-
sociated with chorioamnionitis, the subjective diagnosis 
of invasive infection, and the low thresholds for treat-
ment, many women receive intrapartum antibiotics 
[18]. Intrapartum antibiotics have greatly reduced EOS 
[19], but newborns still receive antibiotics because intra-
venous antibiotic therapy for invasive maternal infec-
tion is a “red flag” for empiric antibiotics in the newborn 
under the NICE guidance CG149 [3]. The protective ef-
fect of maternal antibiotics on EOS was demonstrated in 
the multivariate SRC model [13], leading to reduced risk 
estimates and fewer antibiotics in well infants. In the 
new NICE 2021 guidance NG195 [20], parenteral anti-
biotics are no longer a risk factor, and chorioamnionitis 
and intrapartum fever are considered as 2 separate risk 
factors [21].

Our EOS incidence of 0.8/1,000 infants for Greater 
London approximated the neonIN infection surveillance 
network incidence of 0.7/1,000 [2] and that of Morris et 
al. [15] (0.4–0.7/1,000 infants) for the other part of the 
UK. However, our EOS incidence is only an estimate, and 
the confidence intervals are wide due to the infrequency 
of EOS and our short observational period of 2 months. 
Changes to EOS incidence result in noticeable differences 
in the SRC’s clinical recommendations, as demonstrated 
by our findings at an EOS incidence of 0.5/1,000 versus 
0.8/1,000 infants. Thus, we recommend regional surveil-
lance studies to monitor the incidence of EOS. However, 
caution should be taken before adjusting the SRC to local 
incidence rates, as the model may require formal recali-
bration [22].

Missed cases of EOS are rare in resource-rich locations 
given its infrequency and the quality of neonatal care 
[11]. All 7 cases of EOS in our study received antibiotics, 
but 1 infant did not meet NICE or SRC criteria for anti-
biotics. This infant received antibiotics due to a combina-
tion of clinical concerns, highlighting the importance of 
using clinical intuition as well as guidelines, as not all in-
fants have early clinical signs or typical maternal risk fac-
tors [15]. Evidence on missed cases is reported to be com-
parable between the SRC and conventional management 
[23]. However, studies evaluating the SRC in the UK are 
limited and often theoretical in design.

Randomized controlled trials evaluating the safety of 
the SRC may not be feasible because of the low incidence 
of EOS in high- and middle-income countries. Future 
studies should include concurrent data collection dur-
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ing implementation and after implementation of the 
SRC using routine electronic patient records and record 
linkage.

We are currently undertaking a prospective observa-
tional study comparing the number of “missed cases” of 
EOS using NICE CG149 versus SRC across neonatal units 
in Greater London [24]. We recommend neonatal units 
implement a similar local system to monitor for missed 
cases.

There are other considerations for neonatal units con-
sidering implementing the SRC. The SRC recommends 
some infants at intermediate risk to have a blood culture, 
enhanced observations, and initially withholding antibi-
otics, which is not a common practice in the UK. Health 
care providers should consider the available resources 
within their health care settings and whether enhanced 
monitoring and serial clinical examinations are feasible 
to identify evolving EOS cases. This decision should be 
balanced with the potentially large reduction in newborns 
requiring antibiotics at birth and associated reduction in 
workload [25]. In addition, if a blood culture is taken, 
aseptic techniques should be used to avoid contaminants 
and prompt processing and reporting systems available 
to prevent delays to antibiotic administration and cessa-
tion.

There are limitations to this study. (1) This study is 
limited to infants ≥34 weeks gestation who received anti-
biotics and were cared for on the postnatal ward, and we 
did not obtain data for infants admitted to NICU or those 
who did not receive antibiotics. This limits our ability to 
determine compliance with NICE guidelines, as we do 
not have information on non-use of antibiotics. (2) The 
application of the SRC is theoretical and applied to a co-
hort of infants who were already identified as requiring 
antibiotics. (3) The incidence of EOS was based on the 
assumption that the infants who did not have a blood cul-
ture did not have sepsis. (4) There were missing data for 
the SRC comparison, which reduced the number of in-
fants in this part of the analysis.

Conclusion

NICE guidance leads to a large proportion (12.0%) of 
infants ≥34 weeks on postnatal/transitional care wards to 
receive antibiotics for suspected EOS. The SRC, if used 
conservatively, could reduce antibiotic use by 78.4% us-
ing an EOS incidence of 0.5/1,000 infants. Prospective 
studies are required to evaluate the safety and the final 
clinical outcomes of the SRC.
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