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Serial physical examinations, a simple and reliable tool for
managing neonates at risk for early-onset sepsis
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Abstract

AIM

To investigate whether serial physical examinations
(SPEs) are a safe tool for managing neonates at risk for
early-onset sepsis (EOS).

METHODS

This is a retrospective cohort study of neonates (= 34
wks' gestation) delivered in three high-volume level I
birthing centres in Emilia-Romagna (Italy) during a 4-mo
period (from September 1 to December 31, 2015).
Neonates at risk for EOS were managed according to
the SPEs strategy, these were carried out in turn by
bedside nursing staff and physicians. A standardized
form detailing general wellbeing, skin colour and vital
signs was filled in and signed at standard intervals (at
age 3, 6, 12, 18, 36 and 48 h) in neonates at risk for
EOS. Three independent reviewers reviewed all charts
of neonates and abstracted data (gestational age, mode
of delivery, group B streptococcus status, risk factors
for EOS, duration of intrapartum antibiotic prophylaxis,
postpartum evaluations, therapies and outcome). Rates
of sepsis workups, empirical antibiotics and outcome of
neonates at-risk (or not) for EOS were evaluated.
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RESULTS

There were 2092 live births and 1 culture-proven EOS
(Haemaophilus i) (incidence rates of 0.48/1000 live births).
Most newborns with signs of illness (51 out of 101, that
is 50.5%), and most of those who received postpartum
antibiotics (17 out of 29, that is 58.6%) were not at risk
for EOS. Compared to neonates at risk, neonates not at
risk for EOS were less likely to have signs of illness (51
out of 1442 vs 40 out of 650, 2 = 0.009) or have a sepsis
workup (25 out of 1442 vs 28 out of 650, P < 0.001).
However, they were not less likely to receive empirical
antibiotics (17 out of 1442 vs 12 out of 650, 2 = 0.3).
Thirty-two neonates were exposed to intrapartum fever
or chorioamnionitis: 62.5% (7 = 20) had a sepsis work-
up and 21.9% (7 = 7) were given empirical antibiotics.
Among 216 neonates managed through the SPEs strategy,
only 5.6% (7 = 12) had subsequently a sepsis workup
and only 1.9% (7 = 4) were given empirical antibiotics.
All neonates managed through SPEs had a normal
outcome. Among 2092 neonates, only 1.6% (7 = 34)
received antibiotics; 1.4% (7 = 29) were ill and 0.2% (n
= 5) were asymptomatic (they were treated because of
risk factors for EOS).

CONCLUSION

The SPEs strategy reduces unnecessary laboratory eva-
luations and antibiotics, and apparently does not worsen
the outcome of neonates at-risk or neonates with mild,
equivocal, transient symptoms.

Key words: Sepsis; Group B streptococcus; Intrapartum
antibiotic prophylaxis; Newborn; Prevention

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The management of asymptomatic neonates
at-risk for early-onset sepsis (EOS) remains a challenge.
Algorithms based on the threshold values of risk factors
result in a large number of uninfected newborns
being evaluated and treated. In a 4-mo, multicenter
retrospective cohort study, we evaluated a strategy
based on serial physical examinations (SPEs) instead
of sepsis workup. We studied 2092 neonates. Among
216 neonates initially managed through SPEs, only 12
(5.6%) had subsequently a sepsis workup; only 4 (1.9%)
were given empirical antibiotics. All neonates had a
normal outcome. SPEs is a simple and reliable tool for
managing neonates at risk for EOS.

Berardi A, Buffagni AM, Rossi C, Vaccina E, Cattelani C, Gambini
L, Baccilieri F, Varioli F, Ferrari F. Serial physical examinations,
a simple and reliable tool for managing neonates at risk for early-
onset sepsis. World J Clin Pediatr 2016; 5(4): 358-364 Available
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INTRODUCTION

Infections are a leading cause of neonatal mortality. Expo-
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sure to neonatal infection is a large contributor to cerebral
injury and long-term disabilities in survivors, especially
in the case of preterm neonates™ ™. Early-onset sepsis
(EQS) is transmitted (during delivery or shortly before)
from a mother who is colonized at the genital site®®!.
EOS may be diagnosed on the basis of nonspecific clinical
signs and the isolation of a pathogen from sterile sites.
EQS is typically defined as sepsis occurring within the
first 3 or 7 d after birth™. Seven days is typically used
for Group B streptococcus (GBS) sepsis'®”, that remains
a leading cause of EOS!™?, Universal screening for GBS
in late pregnancy and the administration of intrapartum
antibiotic prophylaxis (IAP) have led to a striking decline
in GBS EQOS (from 1.8 cases per 1000 live births in 1990
to 0.25 in 2013 in the United States)™?.

The initial symptoms of sepsis are often subtle, but
the clinical course may be fulminant, so that neona-
tologists often initiate antibiotic treatment as soon as
there is the slightest clinical suspicion of EOS. There
is currently no diagnostic test that can confirm or rule
out neonatal sepsis with an acceptable sensitivity and
specificity!®'!, Evidence-based recommendations have
been insufficient to date, and neonatal management
remains challenging. Guidelines often recommend admini-
stering empirical antibiotics to well-appearing neonates
at risk of EOS (WAARNs)™ ™, Algorithms are usually
based on the assumption that the presence of maternal
risk factors (RFs) implies a higher neonatal risk of EOS.
However, most data regarding RFs for EOS have been
obtained before the era of IAP. As clinical signs are a
sensitive indicator of neonatal sepsis™*>’. The 2010 revised
Centers for Disease Control and Prevention guidelines
recommend observation (instead of laboratory testing) for
WAARNS born full term. A sepsis workup is recommended
for neonates born after prolonged membrane rupture
(= 18 h) and inadequate IAP (duration shorter than
4 h prior to delivery). A sepsis workup and empirical anti-
biotics are recommended for chorioamnionitis-exposed
neonates'”’, However, concerns have arisen that un-
necessary antibiotics contributes to the development of
antimicrobial resistance. A selective use of antibiotics in
the highest risk patients is now a universal goal®. With
the aim of further reducing unnecessary testing and
antibiotics, some authors have more recently proposed
alternative approaches (based on physical examination)
to managing WAARNs™"?",

In Emilia-Romagna (Italy) a GBS Prevention Working
Group was set up in 2003 and active GBS surveillance
was started. An efficient antenatal screening strategy
for the prevention of EOS has been successfully imple-
mented over the years**??,

Since 2009 clinicians have managed WAARNSs by re-
lying on serial physical examinations (SPEs) rather than on
laboratory tests™**, Since its introduction, this strategy
has apparently been safe, so that an increasing number
of infants at a higher risk of EOS (i.e., late preterm neo-
nates, or neonates born with chorioamnionitis) have
been gradually managed through the SPE strategy.

The purpose of this retrospective study was to
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confirm that the SPE approach was safe for all WAARNs
and was not associated with unnecessary antibiotics.
Current data concerning SPEs in WAARNSs are limited,
especially in neonates exposed to chorioamnionitis at birth,
and further data supporting this strategy are needed.

MATERIALS AND METHODS

This is a retrospective cohort study of infants delivered
during a 4-mo period (from September 1, to December
31, 2015) at three high-volume, level 1II, regional centres
(Azienda Ospedaliero Universitaria Policlinico, Modena;
Azienda Ospedaliero Universitaria Policlinico, Parma;
and Arcispedale S.M. Nuova, Reggio Emilia) in Emilia-
Romagna (an Italian region with about 40000 live births/
year). In this region, prevention of GBS infections have
led to a decline in the incidence of GBS EOS, which in
recent years has decreased to 0.19/1000 live births®®?,

Definitions

Inadequate IAP refers to ampicillin or cefazolin given less
than 4 h prior to delivery. Risk factors for EOS: These
include GBS bacteriuria identified during the current
pregnancy, a previous GBS-infected newborn, preterm
birth (< 37 wks’ gestation), rupture of membranes =
18 h, intrapartum fever = 38 C, that is a surrogate of
chorioamnionitis”’. Well-appearing refers to neonates
with risk factors for EOS without any clinical symptom
of sepsis at age 0-6 h. At-risk newborn is defined as an
infant whose mother is GBS colonized or has risk factors
for EOS. Culture-proven EOS: Isolation of a pathogen
from a normally sterile body site (blood or cerebrospinal
fluid) within 72 h of birth and clinical signs and symptoms
consistent with sepsis™®®. Suspected EOS is defined as
the presence of clinical signs and symptoms consistent
with sepsis® plus an abnormal complete blood count
and/or elevated C-reactive-protein levels in the absence
of a positive blood culture. Ruled out sepsis: Neonates
with signs of illness who rapidly recover without antibiotic
treatment.

Antenatal screening and management of neonates,
before and after the introduction of the SPE strategy

In accordance with the Centers for Disease Control
and Prevention guidelines’**!, women with prenatal
GBS colonization or risk factors (see below) should be
given IAP. Up to 2008, WAARNs underwent a limited
laboratory evaluation (complete blood count - CBC - with
differential, blood culture and C-reactive protein)!*®.. Since
2009 a new strategy (SPE) for managing WAARNs has
been implemented®?*, A standardized form detailing
information on vital signs and general wellbeing was
included in the medical records of WAARNs managed
through the SPE strategy (see below). Three independent
reviewers reviewed all charts of neonates (= 34 wk
gestation) delivered in the 3 participating centres and
abstracted data (gestational age, mode of delivery, GBS
status, risk factors for EOS, duration of IAP, postpartum
evaluations, therapies and outcome). The results of
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standardized forms detailing SPEs were also reviewed.
To maintain patient confidentiality, the spreadsheets
submitted to the principal investigator did not include any
data that would have allowed identification of patients or
caregivers.

SPE strategy

Full-term and late preterm WAARNs who received inade-
quate or no IAP are managed through SPEs, without any
laboratory evaluations. This strategy is carried out in turn
by bedside nursing staff, midwives and physicians. It is
based on the relief of simple vital signs, these may be
easily detected by medical and non-medical staff. Each
examiner fills in and signs a standardized form (detailing
general wellbeing, skin colour - including perfusion and
the presence of respiratory signs) at standard intervals
(at age 3-6-12-18-36-48 h) (Figure 1). The standardized
form is then included in the records of the newborn.
Nursing staff and midwives give notification to clinicians
when signs of illness develop. As we experienced in our
clinical practice, every evaluation requires a maximum of
1 to 2 min. SPE has proven very sensitive for the early
detection of all cases of EOS, not only for GBS sepsis.

Neonates with mild or equivocal symptoms during
the first hours of life (i.e., neonates born by caesarean
section with mild tachypnea that resolves spontaneously
within a few hours) are closely observed, but do not
necessarily undergo a sepsis workup or receive empirical
antibiotics. Antibiotics are given after the collection of
blood samples and (when possible) cerebrospinal fluid
cultures. WAARNSs are not discharged home before age
48 h.

From 2009 to 2012, SPEs were performed on WAARNSs
= 35 wks' gestation. However, intrapartum fever/chorio-
amnionitis-exposed neonates or neonates with = 2
risk factors underwent sepsis workup and were given
empirical antibiotics*. Because of its apparent safety, in
2013 this SPE strategy was extended to all WAARNs =
34 wks' gestation, regardless of RFs.

Statistical analysis

Analyses were performed using STATA/SE 11.2 for Win-
dows; continuous variables were expressed as the mean
+ standard deviation or median and range; categorical
data were expressed as humbers (percentages). Stati-
stical analyses were performed using the 4 test and
Mann-Whitney test for independent samples, when
appropriate. A P value < 0.05 was used as a threshold
for statistical significance.

RESULTS

During the study period there were 2092 newborns with
= 34 wks’ gestation; the median gestational age was 39 wk
(25"-75" IQ range 38-40) and median birth weight was
3920 g (25"-75" IQ range 2980-3590).

Demographics
Table 1 shows the demographics of neonates according
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Intrapartum fever = 38°
or chorioamnionitis?

‘L No
‘ Mother GBS colonized or with RFs ‘

Yes

Yes
R

\ Adequate IAP?
No

‘Serial physical examinations (see below)‘
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Blood culture and complete blood count at age 0-6 h
Serial physical examinations (as below)

‘ Observation (routine care) ‘

Age Signature General Skin color | Breaths/ | Respiratory
wellbeing, (R = rosy min distress
reactivity, P = pale (yes/no)
spontaneous | M = marbled
motility C = cyanotic)
(Yes/no)
1-2h
3-4h
10h (£ 2) If sepsis is suspected
18 h (£ 2) Full evaluation
22 h(£2) Broad spectrum antibiotics
36 h
44 h (£ 4)

Figure 1 The neonatal management approach for neonates at risk for early-onset sepsis. Full evaluation includes blood culture and complete blood count,
C-reactive protein, chest X ray and lumbar puncture. GBS: Group B streptococcus; IAP: Intrapartum antibiotic prophylaxis; RFs: Risk factors.

Table 1 Demographics from the sample of 2092 birth records

Mothers n = 2092
Antenatal screening, 1 (%) 1923 (91.9)
GBS culture-positive, 1 (%) 392 (20.4)
Mothers with risk factor, 2 (%) 578 (27.6)
GBS bacteriuria during pregnancy, 1 (%) 116 (5.5)
Previous infant with GBS disease, 1 (%) 1 (0.05)
Preterm delivery (34 to 36 wks’ gestation), 1 (%) 123 (5.9)
Intrapartum fever = 38 C, n (%) 32 (1.5)
Membrane rupture = 18 h, 1 (%) 254 (12.1)
Vaginal delivery, n (%) 1507 (72)
IAP administration, 1 (%) 771 (36.8)
IAP given more than 4 h prior to delivery, n (%) 470 (61.0)
IAP given to culture-positive women, 1 (%) 341 (87.0)
Gestational age, weeks, median, (IQ) 39.0 (38-40)

Birth weight, g, median (IQ) 3290 (2980-3590)

IAP: Intrapartum antibiotic prophylaxis; GBS: Group B streptococcus; 1Q:
Interquartile range 25"-75".

to maternal colonization, risk factors, and IAP admini-
stration. Approximately 27% of neonates had at least
1 risk factor for EOS, and 20% were born to mothers
with a positive GBS screening. The vast majority of them
received IAP (which in most cases was given more than
4 h prior to delivery).

Neonates exposed to intrapartum fever/chorioamnionitis
Thirty-two neonates were intrapartum fever/chorioa-
mnionitis-exposed. Seven of 32 had signs of illness (of
which 4 at age 0-6 h and 3 at age 7-24 h). Twenty out
of 32 (62.5%) had a sepsis workup, but only 7 (21.9%)
were given empirical antibiotics. All had a normal outcome
and none of them had culture-proven sepsis.

Neonates at risk and not at risk for EOS
Figure 2 presents data for neonates at risk (or not)
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for EOS and details of neonates with signs of iliness,
sepsis workup and empirical antibiotics. Most newborns
with signs of illness, and most of those who received
postpartum antibiotics were not at risk. However, com-
pared to neonates at risk, neonates not at risk for EOS
were less likely to have signs of illness (51 out of 1442 vs
40 out of 650, P = 0.009) or have a sepsis workup (25
out of 1442 vs 28 out of 650, P < 0.001), but not less
likely to receive empirical antibiotics (17 out of 1442 vs
12 out of 650, P = 0.3). Among 18 at-risk neonates with
signs of illness at age 0-6 h, 9 had mild, equivocal and
transient symptoms and were kept under observation
without further evaluation; the remaining 9 neonates
underwent a sepsis workup.

WAARNSs and SPEs

Among the 2092 newboms, 216 (10.3%) initially WAARNSs
were managed through SPEs; only 12 of 216 (5.6%)
had a sepsis workup (because of respiratory signs in
most cases) and 4 of 216 (1.9%) were given antibiotics.
Sepsis was ruled out in the remaining 8 neonates who
had a sepsis workup (as neonates recovered promptly
without any antibiotic treatment).

Neonates treated with antibiotics

Postpartum antibiotics were given to 34 (1.6%) of the
2092 neonates, of whom 5 (0.2%) were asymptomatic
(they were given antibiotics because of risk factors for
EOS) and 29 (1.4%) had signs of illness (respiratory
signs in 23 out of 29 neonates). Nine required oxygen
support (chest X-rays were consistent with pneumonia
in 4 cases), none received nasal CPAP or mechanical
ventilation. Twelve of the 29 neonates (41.4%) presented
with symptoms at age 0-6 h. One of them had culture
proven sepsis (caused by Haemophilus i.) The baby was
born at 35 wks’ gestation to a GBS-negative mother
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n=1442 n =650
NARNSs (routine care) ARNs

S I " n=416 |

‘Signs of illness : : WAARNs :

I

. (Egei O-E hl | = Routine care |
WAARNS (age 0-6 h)
managed through SPE

-

r A L

. =28 7‘ | Tn=23" | | n=12" jHr n=T0*7‘
| Signs of iliness L Signs of illness ‘ | Signs of iliness Ol Signs of illness |
. (age0-6h) ,  (age>6h) | . _(age>6h)  (age>6h) ,
n=9 n=16 n=9 n=9 n=10
Sepsis Sepsis Sepsis Sepsis Sepsis
workup workup workup workup workup
v v v v v
n=7 n=10 n=5 n=4 n=3
Empirical Empirical Empirical Empirical Empirical
antibiotics antibiotics antibiotics antibiotics antibiotics

Figure 2 Neonates at risk or not at risk for early-onset sepsis: Signs of illness, sepsis workup and empirical antibiotics. Neonates delivered via a planned
caesarean section are included among NARNs. ARNs: Neonates born to GBS-positive mothers or with risk factors; NARNs: Neonates born to GBS-negative mothers
without risk factors; SPE: Serial physical examinations; WAARNSs: Well-appearing at-risk neonates; GBS: Group B streptococcus.

and was given no IAP. Seventeen of the 29 (58.6%)
presented with symptoms at age 7 to 63 h. Four of these
17 neonates had been managed initially through the SPE
strategy (Figure 2).

All 34 neonates who were given postpartum
antibiotics had a sepsis workup before treatment (all
had blood culture obtained; 11 underwent also lumbar
puncture), and all had a normal outcome, without brain
lesions at ultrasound scanning (when performed).

DISCUSSION

Since IAP has become a standard of care, the mana-
gement of WAARNs has remained a challenge for
clinicians. Laboratory tests currently available have poor
specificity, low positive predictive value and lack sufficient
accuracy for guiding the decision as to whether neonates
should be treated with antibiotics™. Most guidelines for
neonatal management rely on studies carried out prior
to the era of IAP. However, IAP leads to a substantial
reduction of the risk of EOS. Recent studies show that
algorithms based on the threshold values of risk factors
may result in a large number of uninfected newborns
being evaluated and treated; or they may fail to identify
many newborns who require early treatment!***%*,
Therefore, new data are necessary in order to develop
alternative approaches.

More recently, methods to stratify the risk of EOS
by combining different maternal RF groups and clinical
examination of newborns have been devised®. It is
however unclear what impact these methods have on
preventing the occurrence of sepsis or what impact
they have on the number of asymptomatic newborns

Raishidenge ~ WJCP' | www.wjgnet.com

362

unnecessarily treated with antibiotics. Such methods
still recommend empirical antibiotics for some WAARNSs.
A recent study aimed at evaluating the impact of this
strategy among 2094 newborns found that 5.3% of full-
term neonates were given empirical antibiotics, but more
than 40% of them were asymptomatic®.

A second controversial issue concerns the manage-
ment of chorioamnionitis-exposed neonates. Early
studies reported that most failures of IAP (up to 90%
of cases) occur in such neonates®®”’. However, recent
data show that less than 50% of failures of IAP are tied
to chorioamnionitis® and the risk of EOS is strongly
dependent on gestational age™". Because most asymp-
tomatic chorioamnionitis-exposed neonates are born
full term, the number of neonates to be evaluated and
treated empirically (number needed to treat) in order to
prevent one infection may be high (60-1400 newborns)
and antibiotic treatment might not be justified for full-
term neonates™®.

In the current study, the low incidence of culture-
proven EOS (0.48/1000) was the result of high rates
of maternal prenatal screening and IAP. No cases of
GBS-EOS occurred in the study period. This finding
is consistent with regional data, which clearly show a
continuous decline in GBS-EQOS over the years, thanks to
the implementation of the prevention strategy™.

Most newborns had symptoms at birth or in the
first few hours of life, and most had apparently no risk
factors for EOS. Under our approach, neonates with
mild or equivocal, initial symptoms or asymptomatic
neonates with risk factors for EOS underwent SPEs
without sepsis workup. Furthermore, only approximately
2/3 of neonates exposed to intrapartum fever or chorioa-
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mnionitis had a sepsis workup and only 21% (neonates
with signs of illness) were given antibiotics. We could
not calculate the number needed to treat, as we had no
cases of EOS among initially asymptomatic neonates
managed through SPEs.

This less invasive approach has resulted in very few
infants (1.6%) treated with antibiotics. Nevertheless, no
cases of EOS were missed, as all neonates had a sepsis
workup (including blood culture) prior to administering
antibiotics. Furthermore, none of the newborms had com-
plications or a worse outcome because of this strategy. By
providing strong assurance that frequent examinations
actually are performed, this strategy seems safe, reliable
and easy to perform.

This study has major limitations, firstly the small
sample size of neonates in study. EOS has become
rarer than in the past, therefore larger population is
required in order to better define neonatal risks. This is
especially true for intrapartum fever/chorioamnionitis-
exposed newborns, who represent approximately 1% in
our population. However, starting from 2003, we recom-
mended an SPE-based approach for the entire region,
but the GBS-EOS surveillance network has to date
reported no cases of delayed diagnosis. Moreover, our
study addresses neonates aged 0-72 h, and we could
not exclude that some newborns have fallen ill after the
first days of life. However, our approach does not seem
to increase the risk of subsequent complications'*.

In conclusion, our study suggests that the SPE stra-
tegy may reduce unnecessary laboratory evaluations and
antibiotics, apparently without worsening the outcome.
However, larger studies are needed to validate this
strategy.

COMMENTS

Background

There are insufficient evidence-based recommendations for managing well-
appearing neonates at-risk for early-onset sepsis (EOS). Algorithms based on
the threshold values of risk factors may result in a large number of uninfected
newborns being evaluated and treated; or they may fail to identify many newborns
who require early treatment.

Research frontiers
New data are necessary in order to develop alternative approaches.

Innovations and breakthroughs

In this 4-mo, multicenter retrospective cohort study, we studied 2092 neonates,
of which > 30% were at-risk for EOS; 216 neonates were initially managed
through a strategy based on serial physical examinations (SPEs) instead of
sepsis workup. Only 12 (5.6%) had subsequently a sepsis workup and only 4
(1.9%) were given empirical antibiotics. All neonates managed through SPEs
had a normal outcome. Among 2092 neonates, only 1.6% (n = 34) were given
antibiotics (all but 5 had clinical symptoms consistent with sepsis). Most of them
were not at risk for EOS.

Applications
A strategy based on SPEs reduces unnecessary sepsis workup and antibiotics,
and does not worsen the outcome.

Terminology
SPEs are carried out in turn by bedside nursing staff, midwives and physicians.
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at standard intervals (at age 3-6-12-18-36-48 h). A standardized form (detailing
general wellbeing, skin colour - including perfusion and the presence of
respiratory signs) filled in and signed by the staff is then included in the records
of the newborn.

Peer-review

The reviewed article raises important topic of newborn babies potentially at
risk of early infection (EOS) because of maternal Group B streptococcus
colonization or the existence of other risk factors or the presence of non-
specific signs of infection. At the same time, as the authors point out, the real
risk for a newborn - in the era of intrapartum antibiotic prophylaxis - is not so
common in the group of term and late preterm infants. Driven by concern about
the excessive use of antibiotics, as well as exposing the infant to pain when
performing laboratory tests, the authors propose a clinical observation in the
form of repeated physical evaluation every few hours in the first days of life. It is
well-written.
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