
RESEARCH ARTICLE

Group B Streptococcus early-onset disease and

observation of well-appearing newborns

Alberto BerardiID
1*, Caterina Spada2, Maria Letizia Bacchi Reggiani3, Roberta Creti4,

Lorenza Baroni5, Maria Grazia CaprettiID
6, Matilde Ciccia7, Valentina Fiorini8,

Lucia Gambini9, Giancarlo Gargano5, Irene Papa10, Giancarlo Piccinini11, Vittoria Rizzo12,

Fabrizio Sandri7, Laura Lucaccioni1, on behalf of the GBS Prevention Working Group of

Emilia-Romagna¶

1 Terapia Intensiva Neonatale, Dipartimento Integrato Materno-Infantile, Azienda Ospedaliero-Universitaria

Policlinico, Modena, Italy, 2 Medico in formazione, Scuola di Specializzazione in Pediatria, Università degli

Studi di Modena e Reggio, Modena, Italy, 3 Dipartimento di Medicina Specialistica, Diagnostica e

Sperimentale, Azienda Ospedaliero-Universitaria S.Orsola-Malpighi—Università di Bologna, Bologna, Italy,

4 Reparto di Antibiotico Resistenza e Patogeni Speciali (AR-PS) Dipartimento di Malattie Infettive Istituto

Superiore di Sanità, Roma, Italy, 5 Terapia Intensiva Neonatale, Dipartimento Ostetrico e Pediatrico, Istituto

di Ricovero e Cura a Carattere Scientifico IRCCS, Arcispedale Santa Maria Nuova, Reggio Emilia, Italy,

6 Terapia Intensiva Neonatale, Dipartimento Del Bambino, Della Donna e Delle Malattie Urologiche, Azienda

Ospedaliero-Universitaria Sant’Orsola–Malpighi, Bologna, Italy, 7 Terapia Intensiva Neonatale, Dipartimento

Materno Infantile, Ospedale Maggiore, Bologna, Italy, 8 Pediatria, Ospedale B Ramazzini, Carpi, Italy,

9 Terapia Intensiva Neonatale, Azienda Ospedaliero-Universitaria Policlinico, Parma, Italy, 10 Terapia

Intensiva Neonatale, Ospedale Infermi, Rimini, Italy, 11 Pediatria, Ospedale Santa Maria Delle Croci,

Ravenna, Italy, 12 Terapia Intensiva Neonatale e Pediatrica, Ospedale Civile M. Bufalini, Cesena, Italy

¶ The full membership of the GBS Prevention Working Group of Emilia-Romagna can be found in the

Acknowledgments

* berardi.alberto@policlinico.mo.it

Abstract

Background

International guidelines lack a substantial consensus regarding management of asymptom-

atic full-term and late preterm neonates at risk for early-onset disease (EOS). Large cohorts

of newborns are suitable to increase the understanding of the safety and efficacy of a given

strategy.

Methods

This is a prospective, area-based, cohort study involving regional birth facilities of Emilia-

Romagna (Italy). We compared cases of EOS (at or above 35 weeks’ gestation) registered

in 2003–2009 (baseline period: 266,646 LBs) and in 2010–2016, after introduction of a new

strategy (serial physical examinations, SPEs) for managing asymptomatic neonates at risk

for EOS (intervention period: 265,508 LBs).

Results

There were 108 cases of EOS (baseline period, n = 60; intervention period, n = 48). Twenty-

two (20.4%) remained asymptomatic through the first 72 hours of life, whereas 86 (79.6%)

developed symptoms, in most cases (52/86, 60.5%) at birth or within 6 hours. The median
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age at presentation was significantly earlier in the intrapartum antibiotic prophylaxis (IAP)-

exposed than in the IAP-unexposed neonates (0 hours, IQR 0.0000–0.0000 vs 6 hours, IQR

0.0000–15.0000, p<0.001). High number of neonates (n = 531) asymptomatic at birth,

exposed to intrapartum fever, should be treated empirically for each newborn who subse-

quently develops sepsis. IAP exposed neonates increased (12% vs 33%, p = 0.01), age at

presentation decreased (median 6 vs 1 hours, p = 0.01), whereas meningitis, mechanical

ventilation and mortality did not change in baseline vs intervention period. After implement-

ing the SPEs, no cases had adverse outcomes due to the strategy, and no cases developed

severe disease after 6 hours of life.

Conclusions

Infants with EOS exposed to IAP developed symptoms at birth in almost all cases, and

those who appeared well at birth had a very low chance of having EOS. The risk of EOS in

neonates (asymptomatic at birth) exposed to intrapartum fever was low. Although definite

conclusions on causation are lacking, our data support SPEs of asymptomatic newborns at

risk for EOS. SPEs seems a safe and effective alternative to laboratory screening and

empirical antibiotic therapy.

Introduction

Group B Streptococcus (GBS) is a leading cause of neonatal sepsis in high-income countries.[1]

GBS early-onset sepsis (EOS) results from mother-to-infant transmission at delivery. Most

neonates with EOS are symptomatic at birth, but some may present with subtle and nonspe-

cific symptoms or may initially appear well. Among asymptomatic neonates, clinicians must

identify those with bacteraemia and significant risks for progression to EOS. Previous studies

have identified maternal risk factors (RFs) for EOS, and guidelines have suggested algorithms

for managing asymptomatic neonates with RFs.[1] However, the majority of information for

risk assessment was derived from data obtained before the widespread use of intrapartum anti-

biotic prophylaxis (IAP) for EOS prevention.[2] Recent data have reduced the validity of the

risk-based approach,[3] which results in prolonged hospitalization and unnecessary antibiotic

use for a large number of well-appearing infants.[4,5] The Centers for Disease Control and

Prevention (CDC) guidelines recommend a full diagnostic evaluation and antibiotic therapy if

a patient shows signs of sepsis, a limited evaluation and antibiotic therapy in cases of chor-

ioamnionitis, and a limited evaluation and observation in cases of preterm birth or prolonged

membrane rupture.[1] Two recent European guidelines recommend observation without fur-

ther testing for all asymptomatic neonates with RFs,[6,7] although neither guideline provides

any data to support their recommendations. However, neonatal management is controversial,

especially among chorioamnionitis-exposed newborns.[1,8–10] Because EOS has become rare

due to widespread use of IAPs and because chorioamnionitis is also uncommon (0.5–10% of

deliveries),[8] large cohorts of newborns are better suited to providing information regarding

the safety and efficacy of a given strategy.

We reviewed GBS-EOS cases (at or above 35 weeks of gestation) that occurred over a

14-year period (from 2003 to 2016) in an Italian population of over 530,000 live births. Hospi-

tal records of newborns with EOS were reviewed in detail to determine obstetrical RFs and the

severity of neonatal disease according to the timing of symptom onset and IAP exposure. This
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analysis was conducted to evaluate the safety of a new Italian strategy involving serial physical

examinations (SPEs) for the management of asymptomatic neonates at risk for EOS.[4,11,12]

This strategy was introduced in the last months of 2009. Because SPEs were fully implemented

beginning in 2010, EOS cases occurring before (2003–2009) and after (2010–2016) the imple-

mentation of this strategy were compared.

Materials and methods

Study design

A screening-based strategy (prenatal screening at 35–37 weeks of gestation) and IAP according

to the CDC guidelines[1] are in place in Emilia-Romagna, which is a northern region of Italy.

[13,14] Since 2003, a network of GBS active and area-based surveillance has included all

regional birth facilities. Cases with a positive blood or cerebrospinal fluid (CSF) culture in an

infant younger than 3 months of age are notified to the coordinating centre.[12] In order to

minimize missed cases, an e-mail is sent on a monthly basis to all regional consultant paedia-

tricians and microbiological laboratories to ask for notification. Demographics, modes of

delivery, RFs for EOS, IAP administration and clinical information are obtained from the

labour and delivery records by surveillance officers using a standardized form.[12] Incomplete

data is retrieved via a telephone call from the coordinating centre.

This is a prospective, area-based and time-based cohort study involving regional birth facil-

ities of Emilia-Romagna. Total cases of EOS that occurred from 1 January 2003 to 31 Decem-

ber 2016 in infants aged at or above 35 weeks of gestation were analysed in detail. To maintain

patient confidentiality, spreadsheets submitted to the principal investigator were anonymous

and did not include any data that would have allowed identification of patients or caregivers.

Furthermore, cases of EOS that occurred from 2003 to 2009 (baseline period) were managed

according to CDC guidelines. They were compared with cases that occurred from 2010 to

2016 (intervention period), when a new strategy for managing neonates (SPEs) was intro-

duced. The project was approved by the local ethical committee of Azienda Ospedaliero-Uni-

versitaria di Modena, Italy (No 265/17).

Definitions

GBS early-onset disease: GBS isolated from a normally sterile body site (e.g., blood or CSF) in

infants between 0 and 72 hours old.

Risk factors: According to the CDC guidelines,[1] the RFs include preterm birth (<37

weeks of gestation), a previous infant with a GBS invasive infection, rupture of membranes

(ROM)�18 hours prior to delivery, GBS bacteriuria identified during the current pregnancy

and a maternal intrapartum fever�38˚C during labour (as a surrogate for chorioamnionitis).

At-risk newborn is defined as an infant whose mother is GBS colonized or has one or more

RFs for EOS.[4]

Adequate IAP: Penicillin, ampicillin or cefazolin given i.v. at least 4 hours prior to delivery.

[1]

Severe disease: Includes any of the following: death, meningitis, seizures, brain lesions at

hospital discharge, need for catecholamine support or mechanical ventilation.

The management of well-appearing neonates (at or above 35 weeks of

gestation)

From 2003 to 2009 (baseline period) neonates at risk of EOS exposed to inadequate IAP were

managed according to CDC guidelines.[1] They had a CBC count, serial CRPs, and a blood

Group B Streptococcus early-onset disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0212784 March 20, 2019 3 / 11

https://doi.org/10.1371/journal.pone.0212784


culture after birth. Empirical treatment with antibiotics was given on the basis of clinical pre-

sentation, laboratory evaluation, and blood culture results. All neonates exposed to intrapar-

tum fever (which we used as a surrogate for chorioamnionitis) were given empirical treatment

with ampicillin and gentamicin until EOS was excluded.

Periodical meetings among centres attest that neonates at risk of EOS were managed from

2010 to 2016 (intervention period) through SPEs.[4,12] The need for laboratory testing or anti-

biotics was based on only the clinical presentation. All neonates were left in the rooms with

their own mothers without being admitted to the NICU or level II nursery. Clinical monitor-

ing was performed by midwives, bedside nursing staff and physicians. A standardized form

signed by each examiner was used to detail general wellbeing, skin colour and respiratory

signs at standard intervals (at ages 3, 6, 12, 18, 24, 36 and 48 hours). Every newborn with symp-

toms of suspected sepsis was immediately referred to a neonatal care specialist.

However, as far as concerns well-appearing neonates exposed to intrapartum fever, the

approach was not uniform. Approximately 25% of the centres managed neonates through only

SPEs, whereas the remaining 75% of the centres still obtained blood cultures and a WBC count at

birth. Unlike the CDC guidelines,[1] clinician did not administer empirical antibiotics, unless neo-

nates became symptomatic, had abnormal laboratory results, or blood culture yielded pathogens.

Statistical analyses

The analyses were performed using STATA/SE 14.2 for Windows and MedCalc version 9.3

(MedCalc Software, Ostend, Belgium). Continuous data were reported as the means±SDs, and

categorical variables were reported as numbers and percentages. Incidence rates were calcu-

lated as cases per 1000 live births. The total number of live births was provided by the Regional

Health Agency.

Results

Overall population

During the 14-year study period, 532,154 live births (at or above 35 weeks of gestation)

occurred in the region (266,646 from 2003 to 2009 and 265,508 from 2010 to 2016). Surveil-

lance identified 108 EOS cases at or above 35 weeks of gestation, of which 99 (91.7%) were

born full-term (� 37 weeks of gestation) and 9 (8.3%) were born preterm (35–36 weeks of ges-

tation). Demographic and clinical data of newborns with EOS are shown in Table 1 according

to study period. Most neonates with EOS were born to pregnant women who had a negative

prenatal screening test or were not screened. However, rates of false-negative prenatal screen-

ing had a borderline decrease in 2010–2016. Furthermore, rates of IAP exposure as well as age

at onset of symptoms differ significantly in study period. In contrast rates of meningitis,

mechanical ventilation and mortality did not change in study period. Most neonates with EOS

were not at risk and were unexposed to IAP.

Asymptomatic or symptomatic cases of EOS

Fig 1 shows the 108 EOS cases. The presence (or absence) of symptoms during the first 72

hours of life, disease severity and age at presentation are shown for both study periods (2003–

2009 and 2010–2016), during which timeframes different strategies for managing neonates

were adopted. The boxes at the bottom of the Fig 1 show the ages of newborns at the onset of

symptoms.

Twenty-two (20.4%) EOS cases (13 from 2003 to 2009 and 9 from 2010 to 2016) remained

asymptomatic through the first 72 hours of life. The need for laboratory testing and blood
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culture after birth was the presence of one or more RFs in 18 of 22 neonates (exposed to intra-

partum fever: n = 10). The remaining 4 asymptomatic neonates, who were not at risk, were

sampled because of umbilical cord donation (n = 2) or unknown reason (n = 2).

Eighty-six (79.6%) neonates (47 from 2003 to 2009 and 39 from 2010 to 2016) were symp-

tomatic. Thirty neonates developed symptoms at birth. The remaining 56 neonates developed

symptoms from 1 to 72 hours of life, and most of them were not at risk for EOS.

EOS cases managed (from 2010) through SPEs

Thirty-two neonates were at-risk for EOS and were managed (from 2010) through SPEs. They

are shown in the dashed box in Fig 1.

Eight newborns (25.0%) were investigated because of intrapartum fever. They remained

asymptomatic. All were given i.v. antibiotics once blood culture results were available. Some of

them started treatment over age 24 hours.

Twenty-four neonates developed symptoms. Seven neonates had severe disease. Five of

them developed symptoms at birth; 1 developed symptoms at 2 and 1 at 4 hours of life respec-

tively (their details are given in the footnote of Fig 1). The remaining 17 neonates had non

severe disease, of which 5 developed symptoms from 7 hours onward (at 7, 9, 14, 24 and 48

hours respectively). Two of those five newborns had the most delayed presentation of symp-

toms (jaundice at 24 and 48 hours respectively); both were unexposed to IAP.

Symptomatic neonates exposed or unexposed to IAP

Among the 86 neonates with symptoms, the median age at presentation was 4 hours (IQR 0.0–

12.0). With respect to the IAP-unexposed neonates, the median age at presentation was 6

hours (IQR 1.0000–15.0000). IAP-exposed neonates were more likely to present earlier, with a

Table 1. Demographic and clinical data of neonates with EOS at or above 35 weeks of gestation according to study period.

Cases of EOS

in 2003–2009

(n = 60)

Cases of EOS

in 2010–2016

(n = 48)

p Total cases of EOS

(n = 108)

Incidence per 1000 live births (C.I.) 0.23 (0.2284–0.2315) 0.18 (0.1785–0.1814) 0.26 0.20 (0.1989–0.2010)

Birth weight,median, g (IQR) 3240 (3010–3630) 3351 (3025–3570) 0.86 3270 (3011–3600)

Gestational age at delivery,median, weeks (IQR) 39.0 (38.0–40.0) 39.0 (38.0–40.0) 0.92 39.0 (38.0–40.0)

Prenatal screening, n (%) 52 (86.7) 37 (77.1) 0.30 89 (82.4)

Positive prenatal screening, n (%) a 15 (28.8) 19 (51.4) 0.05 34 (31.5)

At least 1 risk factor (except GBS positive screening), n (%) 21 (35.0) 18 (37.5) 0.90 39 (36.1)

No RF, GBS screening negative or unknown, n (%) 31 (51.7) 16 (33.3) 0.09 47 (43.5)

IAP exposure, n (%) 7 (11.7) 16 (33.3) 0.01 23 (21.3)

Mechanical ventilation, n (%) 4 (6.7) 10 (20.8) 0.06 14 (13.0)

Meningitis (±sepsis), n (%) b 6 (10.0) 1 (2.1) 0.12 7 (6.5)

Mortality, n (%) 0 1 (2.1) 0.92 1 (0.9)

Severe disease, n (%) 7 (11.7) 10 (20.8) 0.30 17 (15.7)

Age at presentation,median, hours (IQR) c 6 (1–18.7) 1 (0.0–4.0) 0.01 4 (0.0–12.0)

C.I., confidence interval; EOS, early-onset sepsis; GBS, group B streptococcus; IAP, intrapartum antibiotic prophylaxis; IQR, interquartile range; RF, risk factor for

early-onset sepsis
a Percentage and significance are calculated based on the women who underwent antenatal screening in both periods
b 34 of 60 neonates (2003–2009) and 23 of 48 neonates (2010–2016) did not undergo lumbar puncture; the significance of meningitis is calculated based on the neonates

who underwent lumbar puncture in both periods
c Asymptomatic neonates were excluded from calculation

https://doi.org/10.1371/journal.pone.0212784.t001
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median age at presentation of 0 hours (IQR 0.0000–0.0000, p<0.001). Fig 2 shows the age of

symptom onset among the IAP-exposed and unexposed neonates. The antibiotics adminis-

tered in each case are shown in the footnotes. Only one IAP-exposed newborn developed EOS

symptoms (a mild tachypnoea) more than 6 hours after birth.

Neonates exposed to intrapartum fever

Eighteen neonates were exposed to intrapartum fever, of which 10 (55.6%) remained asymp-

tomatic through the first 72 hours of life. The remaining 8 neonates (44.4%) developed symp-

toms (at birth, n = 7; or at age 7 hours, n = 1).

The expected number of pregnant women with intrapartum fever (n = 5854) was calculated

according to the prevalence of intrapartum fever (1.1%) in our population.[13] By assuming

full implementation of the CDC guidelines, the number of newborns potentially treated (num-

ber needed to treat, NNT) for each infant asymptomatic at age 0 to 6 hours with culture-

Fig 1. EOS cases (at or above 35 weeks of gestation) in the 2 study periods (2003–2009 vs 2010–2016). Cases are divided according to the presence (or

absence) of risk factors, the presence (or absence) of symptoms during the first 72 hours of life and the time of onset of symptoms. Cases of severe disease are

shown in the grey boxes. Neonates managed through SPEs are shown in the dashed box.ARN, at-risk neonates; EOS, early-onset disease; h, hours; NARN, not

at-risk neonates; wks, weeks. ¶ One neonate with severe disease was unexposed to IAP; he was born preterm (36 weeks of gestation) to an unscreened mother,

and symptoms developed at 2 hours of age. Another neonate was treated in labour with 8 doses of clindamycin; he was born after a prolonged membrane

rupture (60 hours) and symptoms developed at 4 hours of age.

https://doi.org/10.1371/journal.pone.0212784.g001
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proven EOS was calculated according to Wortham.[8] The NNT was 531 (Table 2). EOS was

confirmed in only 0.31% of infants exposed to intrapartum fever.

Fig 2. Age of onset of symptoms among IAP-exposed and unexposed neonates (asymptomatic neonates are excluded). IAP, intrapartum antibiotic

prophylaxis. Empty bars: cases unexposed to IAP. Black bars: cases exposed to any IAP. Symptoms developed at 0 hours (beta-lactam antibiotics�4 hours,

n = 4; beta-lactam antibiotics<4 hours, n = 4; non-beta-lactam antibiotics, n = 5). Symptoms developed at 1 to 6 hours (non-beta-lactam antibiotics, n = 1).

Symptoms developed at>6 hours (beta-lactam antibiotics�4 hours, n = 1).

https://doi.org/10.1371/journal.pone.0212784.g002

Table 2. Number of neonates needed to treat for each neonate asymptomatic at age 0 to 6 hours who was exposed

to intrapartum fever.

Variables n
Total number of live births at or above 35 weeks of gestation 532,164

Prevalence of intrapartum fever among pregnant women (%) 1.1

Number of neonates exposed to intrapartum fever 5854

Number of neonates with symptoms at age 0 to 6 hours 7

Number of asymptomatic neonates 5847

Number of neonates asymptomatic at age 0 to 6 hours with a positive blood culture 11

NNT 531

NNT, Number needed to treat

https://doi.org/10.1371/journal.pone.0212784.t002
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Discussion

This study shows the clinical impact of a 14-year screening-based policy[12,13] for EOS pre-

vention in an Italian cohort and the results of a strategy for managing asymptomatic neonates

at risk. A significant proportion of newborns with EOS were at low risk for sepsis. Most cases

were unexposed to IAP because they were born to pregnant women who tested negative for

GBS colonization or were not tested as they were not at risk. High rates of neonates with EOS

born to GBS-negative mothers have been reported in areas where the screening-based strategy

and IAP reached high coverage,[15,16] which is one of the main drawbacks of this strategy.

However, the rates of false-negative screening cultures had a borderline decrease over time.

Guidelines for prevention have led to a decline in EOS worldwide, although they have

resulted in laboratory evaluations and antibiotic exposure for numerous well-appearing unin-

fected neonates.[17]

A recent review estimates that 14% of full-term neonates in the European Union are evalu-

ated and that 8% are treated with antibiotics annually, although only 0.1% have proven EOS.

[5] Therefore, alternative strategies for managing neonates are warranted. The SPEs strategy

has changed dramatically the management of well-appearing neonates at-risk for EOS in 2

studies performed in our region. The number of well-appearing newborns undergoing labora-

tory testing decreased from 11.6% to 1.6% (p< 0.01) in a single centre study.[4] In a subse-

quent, retrospective study carried out in 3 NICUs of Emilia-Romagna, only 3.0% of initially

asymptomatic neonates at risk for EOS were evaluated.[18]

We reviewed EOS cases from a large cohort of newborns in detail. Most cases with symp-

toms that occurred after birth were not at risk for EOS. Cases among neonates at risk were

diagnosed in a timely manner after 2010 through SPEs, and none among those who developed

symptoms after 6 hours of life had severe disease. Two cases of severe disease developed symp-

toms at 2 and 4 hours of life. However, with such an early symptom onset, no strategy, includ-

ing laboratory testing or empirical antibiotic therapy at birth, could have mitigated their

severity. This very close observation during the first hours of life seems an excellent tool to

timely diagnose symptoms of EOS, likely before common laboratory testing results. Indeed,

rates of meningitis, mortality and mechanical ventilation did not change in study periods.

IAP exposure increased significantly in 2010–2016, perhaps because of the decrease of

false-negative screening cultures. IAP-exposed neonates with confirmed EOS were more likely

to be symptomatic at birth than unexposed neonates. This finding is reassuring for clinicians

who manage IAP-exposed neonates who appear well at birth. The risk of developing symptoms

after 6 hours of life was extremely low, because only one neonate became symptomatic. In con-

trast, a number of IAP-unexposed newborns developed symptoms many hours after birth.

One possible explanation for this finding is that IAP exposure reveals newborns who have

developed an advanced infection in utero (who are symptomatic at birth) while protecting

neonates from the EOS that would be acquired during passage through the birth canal. In

addition, only 0.31% of newborns exposed to intrapartum fever had confirmed EOS. Thus, the

NNT to prevent one case among asymptomatic neonates was high (>530) and might have

been even higher, because only one among the initially asymptomatic neonates with con-

firmed EOS developed symptoms after 6 hours of life.

The safety and efficacy of SPEs for managing chorioamnionitis-exposed newborns was

tested recently in 277 well-appearing chorioamnionitis-exposed neonates (�34 weeks of gesta-

tion) in a single US centre.[19] The authors found that the SPE strategy was associated with a

55% reduction in antibiotic exposure without any adverse outcomes. Since many infants with

EOS have a low risk of sepsis, the authors recommend that the SPE strategy should include all

asymptomatic newborns regardless of the presence of RFs for EOS.[19]
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Our data, obtained from a large cohort of newborns, attest to the safety of an observation-

based approach for managing all asymptomatic newborns at risk for EOS, although definite

conclusions on causation are lacking. Furthermore, we do not know whether this strategy

reduces unnecessary antibiotic use compared to other strategies, while remaining equally safe.

In the USA, the neonatal sepsis calculator (NSC) provides an infant’s risk score through an evi-

dence-based algorithm derived from perinatal parameters (gestational age, duration of mem-

brane rupture, highest maternal temperature during labour, group B streptococcal

colonization status, and IAP) and the neonatal examination. In a US cohort study that

included 56,261 live births at or above 35 weeks of gestation, empirical antibiotic use decreased

from 5.0% to 2.6% for the neonates.[10] Strunk and co-workers reported that after implemen-

tation of the NSC in a single centre in Australia, the proportion of infants treated with antibiot-

ics decreased from 12.0 to 7.6%.[20] In contrast, the above mentioned study performed in

three Italian centres showed that empirical antibiotics were given to 1.4% of the entire cohort

of neonates after implementation of the SPE strategy.[18] Whether these differences between

the NSC in the USA and Australia and the SPE strategy in Italy depend on the different popu-

lations is unclear, and further studies comparing both strategies are required to answer this

question.

Our study is subject to important limitations. Firstly, this study is a comparison of time-

based cohorts, as infants were not randomized to each strategy, and our results would not be

generalizable. In addition, we have no data regarding neonatal antibiotic exposure after SPEs

in the entire region, although in a single centre study antibiotic exposure was decreased by

over 4 times.[4] A prospective cohort study to evaluate current rates of antibiotic exposure in

the whole region is ongoing. Furthermore, the approach used to manage neonates exposed to

intrapartum fever was not uniform among our regional centres because some centres still

obtained laboratory testing results. This finding may reflect current uncertainties regarding

both a clear definition of chorioamnionitis and a safe management of these high risk new-

borns. However, a substantial proportion (25%) of neonates exposed to intrapartum fever

were managed from 2010 to 2016 through SPE alone, without any adverse outcome regardless

of risk. Based on this experience, all regional centres currently adopt the SPE strategy for man-

aging all asymptomatic newborns at�34 weeks of gestation.

In conclusion, this large cohort study evaluates risk factors for EOS, the presence of symp-

toms during the first 72 hours of life and the time of onset of symptoms according to IAP

exposure. IAP-exposed neonates who appear healthy at birth have a very low chance of having

EOS. Rates of confirmed EOS among neonates exposed to intrapartum fever are low. Further-

more, we report the results of a new strategy for managing neonates with RFs for EOS.

Although definite conclusions on causation are lacking, our data support SPEs of asymptom-

atic newborns with EOS risk factors. This strategy may be a safe and effective alternative to lab-

oratory screening tests and empiric antibiotic therapy.

Supporting information

S1 File. Early onset sepsis 2003–2016.

(XLS)

Acknowledgments

We are grateful to Professor William Benitz, (Division of Neonatal and Developmental Medi-

cine Lucile Packard Children’s Hospital, Palo Alto, CA, USA), who revised the initial draft of

the manuscript and gave very valuable suggestions.

Group B Streptococcus early-onset disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0212784 March 20, 2019 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212784.s001
https://doi.org/10.1371/journal.pone.0212784


We also thank the GBS Prevention Working Group of Emilia-Romagna (members are

listed below):

L. Memo, G. Nicolini (Ospedale San Martino, Belluno); M. Ciccia, A. Bastelli, F. Sandri

(Ospedale Maggiore, Bologna); S. Ambretti, M.G. Capretti, L. Corvaglia, A. Dondi, M. Lanari,

L. Pasini, L. Ragni, (Policlinico Sant’Orsola, Bologna); A. Albarelli (Ospedale Santa Maria,

Borgo Taro); V. Fiorini, C. Giugno, P. Lanzoni (Ospedale B. Ramazzini, Carpi); E. Di Grande,

A. Polese (Ospedale Sant’Anna, Castelnuovo Monti); M.C. China, V. Rizzo, M Stella (Ospedale

M. Bufalini, Cesena); A. Zucchini (Ospedale Civile, Faenza); L. Malaguti (Ospedale del Delta,

Ferrara); M. Azzalli, G. Garani, C. Lama (Ospedale Sant’Anna, Ferrara); S. Nasi, P. Bacchini,

G. Fragni (Ospedale di Vaio, Fidenza); P. Baldassarri, R.M. Pulvirenti, E. Valletta, V. Venturoli

(Ospedale Morgagni-Pieratoni, Forlı̀); C. Alessandrini, M.L. Bidetti, S. Storchi Incerti (Ospe-

dale Civile, Guastalla); C. Di Carlo, A. Lanzoni, L. Serra, D. Silvestrini (Ospedale Santa Maria

della Scaletta, Imola); A. Berardi F. Facchinetti, F. Ferrari, L. Lugli, C. Venturelli (Azienda

Ospedaliera Policlinico, Modena); M. Sarti (Ospedale Baggiovara, Modena); A. Volta (Ospe-

dale Franchini, Montecchio Emilia); I. Dodi, L. Gambini, C. Magnani (Ospedale Policlinico,

Parma); B. Guidi (Ospedale Civile, Pavullo); M. Bertelli, G. Biasucci, R. Chiarabini, N. De Pau-

lis, D. Padrini, S. Riboni (Ospedale G. da Saliceto, Piacenza); M.F. Pedna, V. Sambri (Labora-

torio Area Vasta Emilia-Romagna, Pievesestina); L. Casadio, F. Marchetti, C. Muratori, G.

Piccinini, C. Renzelli (Ospedale Santa Maria delle Croci, Ravenna); S. Amarri, L. Baroni, E.

Carretto, S. Fornaciari, G. Gargano, S. Pedori, M. Riva, C. Zuelli (Ospedale Santa Maria

Nuova, Reggio Emilia); G. Ancona, S. Bolognesi, I. Papa, G. Vergine, L. Viola (Ospedale

Infermi, Rimini); C. Chiossi, R. Pagano, C. Rivi, C. Zanacca (Ospedale Civile, Sassuolo); C.

Bonvicini, R. Palmieri (Ospedale C. Magati, Scandiano).

Author Contributions

Data curation: Maria Letizia Bacchi Reggiani.

Formal analysis: Maria Letizia Bacchi Reggiani.

Writing – original draft: Alberto Berardi, Caterina Spada.

Writing – review & editing: Roberta Creti, Lorenza Baroni, Maria Grazia Capretti, Matilde

Ciccia, Valentina Fiorini, Lucia Gambini, Giancarlo Gargano, Irene Papa, Giancarlo Picci-

nini, Vittoria Rizzo, Fabrizio Sandri, Laura Lucaccioni.

References
1. Verani JR, McGee L, Schrag SJ. Division of Bacterial Diseases, National Center for Immunization and

Respiratory Diseases, Centres for Disease Control and Prevention (CDC). Prevention of perinatal

group B streptococcal disease—revised guidelines from CDC, 2010. MMWR Recomm Rep 2010, 59

(RR-10):1–36

2. Benitz WE, Gould JB, Druzin ML. Risk factors for early-onset group B streptococcal sepsis: estimation

of odds ratios by critical literature review. Pediatrics. 1999; 103:e77 PMID: 10353974

3. Flidel-Rimon O, Galstyan S, Juster-Reicher A, Rozin I, Shinwell ES. Limitations of the risk factor based

approach in early neonatal sepsis evaluations. Acta Paediatr 2012; 101:e540 https://doi.org/10.1111/

apa.12013 PMID: 22937988

4. Berardi A, Fornaciari S, Rossi C, Patianna V, Bacchi Reggiani ML, Ferrari F, et al. Safety of physical

examination alone for managing well-appearing neonates� 35 weeks’ gestation at risk for early-onset

sepsis. J Matern Fetal Neonatal Med. 2015; 28:1123–7 https://doi.org/10.3109/14767058.2014.946499

PMID: 25034325

5. Van Herk W, Stocker M, van Rossum AM. Recognising early onset neonatal sepsis: an essential step in

appropriate antimicrobial use. J Infect. 2016 Jul 5; 72 Suppl:S77–82. https://doi.org/10.1016/j.jinf.2016.

04.026 PMID: 27222092

Group B Streptococcus early-onset disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0212784 March 20, 2019 10 / 11

http://www.ncbi.nlm.nih.gov/pubmed/10353974
https://doi.org/10.1111/apa.12013
https://doi.org/10.1111/apa.12013
http://www.ncbi.nlm.nih.gov/pubmed/22937988
https://doi.org/10.3109/14767058.2014.946499
http://www.ncbi.nlm.nih.gov/pubmed/25034325
https://doi.org/10.1016/j.jinf.2016.04.026
https://doi.org/10.1016/j.jinf.2016.04.026
http://www.ncbi.nlm.nih.gov/pubmed/27222092
https://doi.org/10.1371/journal.pone.0212784


6. Hughes RG, Brocklehurst P, Steer PJ, Heath P, Stenson BM on behalf of the Royal College of Obstetri-

cians and Gynaecologists. Prevention of early-onset neonatal group B streptococcal disease. Green-

top Guideline No. 36. BJOG 2017; 124:e280–e305 Accessed at January 2, 2018 https://doi.org/10.

1111/1471-0528.14821

7. Stocker M, Berger C, McDougall J, Giannoni E; Taskforce for the Swiss Society of Neonatology and the

Paediatric Infectious Disease Group of Switzerland. Recommendations for term and late preterm

infants at risk for perinatal bacterial infection. Swiss Med Wkly. 2013; 143:w13873 https://doi.org/10.

4414/smw.2013.13873 PMID: 24089151

8. Wortham JM, Hansen NI, Schrag SJ, Hale E, Van Meurs K, Sánchez PJ, et al.; Eunice Kennedy Shriver

NICHD Neonatal Research Network. Chorioamnionitis and Culture-Confirmed, Early-Onset Neonatal

Infections. Pediatrics. 2016; 137(1). https://doi.org/10.1542/peds.2015-2323

9. Benitz WE, Wynn JL, Polin RA. Reappraisal of guidelines for management of neonates with suspected

early-onset sepsis. J Pediatr. 2015; 166:1070–4 https://doi.org/10.1016/j.jpeds.2014.12.023 PMID:

25641240

10. Kuzniewicz MW, Puopolo KM, Fischer A, Walsh EM, Li S, Newman TB, et al. A Quantitative, Risk-

Based Approach to the Management of Neonatal Early-Onset Sepsis. JAMA Pediatr. 2017 1; 171:365–

371 https://doi.org/10.1001/jamapediatrics.2016.4678 PMID: 28241253

11. Cantoni L, Ronfani L, Da Riol R, Demarini S. Physical examination instead of laboratory tests for most

infants born to mothers colonized with group B Streptococcus: support for the Centers for Disease Con-

trol and Prevention’s 2010 Recommendations. J Pediatr 2013; 163:568–73 https://doi.org/10.1016/j.

jpeds.2013.01.034 PMID: 23477995

12. Berardi A, Lugli L, Rossi C, Guidotti I, Lanari M, Creti R, et al; GBS Prevention Working Group, Emilia-

Romagna. Impact of perinatal practices for early-onset group B Streptococcal disease prevention.

Pediatr Infect Dis J. 2013; 32:e265–71 https://doi.org/10.1097/INF.0b013e31828b0884 PMID:

23385951

13. Berardi A, Rossi C, Bacchi Reggiani ML, Bastelli A, Capretti MG, Chiossi C et al. An area-based study

on intrapartum antibiotic prophylaxis for preventing group B streptococcus early-onset disease:

advances and limitations. J Matern Fetal Neonatal Med. 2017; 30:1739–1744. https://doi.org/10.1080/

14767058.2016.1224832 PMID: 27593156

14. Berardi A, Baroni L, Bacchi Reggiani ML, Ambretti S, Biasucci G, Bolognesi S, et al.; GBS Prevention

Working Group Emilia-Romagna. The burden of early-onset sepsis in Emilia-Romagna (Italy): a 4-year,

population-based study. J Matern Fetal Neonatal Med. 2016; 29:3126–31 https://doi.org/10.3109/

14767058.2015.1114093 PMID: 26515917

15. Puopolo KM, Madoff LC, Eichenwald EC. Early-onset group B streptococcal disease in the era of mater-

nal screening. Pediatrics 2005; 115;1240–1246 https://doi.org/10.1542/peds.2004-2275 PMID:

15867030

16. Madrid L, Seale AC, Kohli-Lynch M, Edmond KM, Lawn JE, Heath PT et al. Infant Group B Streptococ-

cal Disease Incidence and Serotypes Worldwide: Systematic Review and Meta-analyses. Clin Infect

Dis. 2017; 65.(S2):S160–S172

17. Randis TM, Polin RA, Saade G. Chorioamnionitis: time for a new approach. Curr Opin Pediatr. 2017;

29:159–164 https://doi.org/10.1097/MOP.0000000000000466 PMID: 28134708

18. Berardi A, Buffagni AM, Rossi C, Vaccina E, Cattelani C, Gambini L, et al. Serial physical examinations,

a simple and reliable tool for managing neonates at risk for early-onset sepsis. World J Clin Pediatr.

2016; 5:358–364. https://doi.org/10.5409/wjcp.v5.i4.358 PMID: 27872823

19. Joshi NS, Gupta A, Allan JM, Cohen RS, Aby JL, Weldon B, et al. Clinical Monitoring of Well-Appearing

Infants Born to Mothers With Chorioamnionitis. Pediatrics. 2018; 141 pii: e20172056.

20. Strunk T, Buchiboyina A, Sharp M, Nathan E, Doherty D, Patole S. Implementation of the Neonatal Sep-

sis Calculator in an Australian Tertiary Perinatal Centre. Neonatology. 2018; 113:379–382 https://doi.

org/10.1159/000487298 PMID: 29514161

Group B Streptococcus early-onset disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0212784 March 20, 2019 11 / 11

https://doi.org/10.1111/1471-0528.14821
https://doi.org/10.1111/1471-0528.14821
https://doi.org/10.4414/smw.2013.13873
https://doi.org/10.4414/smw.2013.13873
http://www.ncbi.nlm.nih.gov/pubmed/24089151
https://doi.org/10.1542/peds.2015-2323
https://doi.org/10.1016/j.jpeds.2014.12.023
http://www.ncbi.nlm.nih.gov/pubmed/25641240
https://doi.org/10.1001/jamapediatrics.2016.4678
http://www.ncbi.nlm.nih.gov/pubmed/28241253
https://doi.org/10.1016/j.jpeds.2013.01.034
https://doi.org/10.1016/j.jpeds.2013.01.034
http://www.ncbi.nlm.nih.gov/pubmed/23477995
https://doi.org/10.1097/INF.0b013e31828b0884
http://www.ncbi.nlm.nih.gov/pubmed/23385951
https://doi.org/10.1080/14767058.2016.1224832
https://doi.org/10.1080/14767058.2016.1224832
http://www.ncbi.nlm.nih.gov/pubmed/27593156
https://doi.org/10.3109/14767058.2015.1114093
https://doi.org/10.3109/14767058.2015.1114093
http://www.ncbi.nlm.nih.gov/pubmed/26515917
https://doi.org/10.1542/peds.2004-2275
http://www.ncbi.nlm.nih.gov/pubmed/15867030
https://doi.org/10.1097/MOP.0000000000000466
http://www.ncbi.nlm.nih.gov/pubmed/28134708
https://doi.org/10.5409/wjcp.v5.i4.358
http://www.ncbi.nlm.nih.gov/pubmed/27872823
https://doi.org/10.1159/000487298
https://doi.org/10.1159/000487298
http://www.ncbi.nlm.nih.gov/pubmed/29514161
https://doi.org/10.1371/journal.pone.0212784

