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ABSTRACT
Introduction: Two strategies are available for prevention of early-onset group B streptococcal
(GBS) sepsis – clinical risk factor-based screening and routine culture-based screening of
pregnant women for GBS colonisation. In our hospital, we switched from the former to the
latter approach in 2014.
Methods: We compared the incidence of early-onset GBS sepsis during 2001–2015 between
infants born to pregnant women who were screened for GBS colonisation and those born to
women who were not.
Results: Among 41,143 live births, there were nine cases of early-onset GBS sepsis. All infants
with GBS sepsis were born to pregnant women who were not screened for GBS colonisation.
Early-onset GBS sepsis incidence among infants of women not screened for GBS colonisation
was 0.41 per 1,000 live births (95% confidence interval [CI] 0.19–0.77) when compared to
infants of screened women, for whom the sepsis incidence was 0.0 per 1,000 live births (95%
CI 0.0–0.19) (p = 0.005).
Conclusion: Our data suggests that routine culture-based screening of pregnant women for
GBS colonisation is a better preventive strategy for early-onset GBS sepsis in neonates when
compared to clinical risk factor-based screening.
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INTRODUCTION
Group B streptococcal (GBS) sepsis/infection has been recognised as a major cause of neonatal
sepsis for over four decades.(1,2) Vertical transmission from mother to infant may result in earlyonset GBS (EO-GBS) infection during the first week of life. EO-GBS infection carries
significant fatality rates and many survivors have poor long-term neurological outcomes.(3,4)
The infection risk can be reduced significantly by administering intrapartum antibiotic
prophylaxis (IAP) to the pregnant woman before the infant’s birth, if certain risk factors are
present in her (clinical risk factor-based strategy) or if antenatal rectovaginal swab reveals GBS
colonisation (routine screening strategy).(5) The incidence of EO-GBS sepsis has declined ever
since IAP was used more frequently by obstetric units worldwide.(6) At our hospital, IAP is
usually given based on maternal clinical risk factors but obstetricians have lately been keener
on the routine culture-based screening approach, as it is perceived to be a more targeted, logical
and easier-to-implement strategy, coupled with increased patient demand due to heightened
societal awareness.(7)
This retrospective review aimed to delineate the trend in antenatal screening for GBS
colonisation at our hospital and its impact on EO-GBS sepsis rates in infants over a 15-year
period.

METHODS
The study period was from 1 January 2001 to 31 December 2015. Anonymised clinical details
of EO-GBS sepsis (blood culture positive) in infants were obtained from the neonatal intensive
care unit patient database at the National University Health System, Singapore, with ethical
approval from the hospital’s domain specific review board. The hospital laboratory provided
data for antenatal screening rates for GBS colonisation of pregnant women. This data was
available from 2006–2015. For the period 2001–2005, when laboratory GBS screening data
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was not available, a screening rate of 5.0% was assumed based on the 2006 screening rate of
5.5%, which was consistent with the then adopted no routine culture-based GBS screening but
clinical risk factor-based prevention approach.(8)
Rectovaginal swabs were taken between 35 and 37 weeks gestation and sent to the
hospital laboratory without unnecessary delay. Samples were submitted in Amies transport
medium without charcoal (Copan, Brescia, Italy). Prior to January 2012, samples were plated
directly onto trypticase soy agar with 5% sheep blood (bioMérieux, Marcy-l’Etoile, France).
Inoculated agar plates were incubated in ambient air at 36°C for up to two days. Colonies
suspicious for GBS were identified via MALDI Biotyper (Bruker Daltonics, Bremen,
Germany). An enrichment step with Todd-Hewitt broth (bioMérieux, Marcy-l’Etoile, France)
was introduced in January 2012, wherein samples were inoculated into the Todd-Hewitt broth
and incubated in ambient conditions at 36°C for 6–8 hours before being plated, as above.
In 2014, routine GBS screening became unit policy and closely followed the US
Centers for Disease Control and Prevention (CDC) guidelines.(9) The antibiotic used was
intravenous ampicillin, given as a 2-g loading dose followed by 1 g every four hours.(10) Prior
to 2014, intrapartum ampicillin was generally given to women in labour in case of maternal
fever, preterm premature rupture of membranes more than 18 hours and preterm labour ≤ 34
weeks, according to the clinical risk factor-based protocol.(11) Since 2008, however,
obstetricians at our hospital also began offering pregnant women routine culture-based GBS
screening at 35–37 weeks gestation. This decision was taken after two infants with EO-GBS
sepsis were born at the centre in 2008 after no such instances in the preceding four years.
If GBS screen-positive pregnant women had received adequate IAP, their infants would
be observed for 24–48 hours after birth for signs of neonatal sepsis.(9) If, however, IAP was
inadequate (ampicillin < 4 hours before delivery) or not administered, our policy for the
asymptomatic well infant was to perform a full blood count, C-reactive protein and blood
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culture, and commence on intramuscular penicillin for 48 hours until blood culture returned
negative. This approach for cases of inadequate IAP was different from the American Academy
of Pediatrics guideline, which recommends observation for signs of infection without the need
to administer empirical antibiotics to an asymptomatic infant.(9) The Royal College of
Obstetricians and Gynaecologists Green-Top Guideline does not have a clear recommendation
in this regard.(12)
All statistical analyses were performed using IBM SPSS Statistics version 24.0 (IBM
Corp, Armonk, NY, USA), with statistical significance set at p < 0.05. Fisher’s exact test was
used to compare the incidence of EO-GBS sepsis between infants born to screened and
unscreened pregnant women as well as the differences in GBS colonisation rates across the
various ethnic groups. Linear regression analysis was performed to determine the rise in
screening rate per year.

RESULTS
The GBS screening rate was 5.5% in 2006 and this significantly increased to 34.2% in 2007
and 60.6% in 2008 (Table I). Subsequently, there was a gradual annual rise and the GBS
screening rate reached a high of 81.4% in 2015, averaging an annual appreciation of 4.4%
(95% confidence interval [CI] 1.6%–6.4%) (p = 0.003). GBS colonisation rates remained fairly
constant over the years, averaging 25.6% (95% CI 23.6%–27.6%). GBS colonisation rates
among different ethnic groups during 2010–2014 were Chinese (22.1%, 919/4,149 infants),
Malay (30.8%, 690/2,241 infants), Indian (29.2%, 675/2,314 infants) and other (20.7%,
338/1,631 infants). The difference in colonisation rates was significantly different between
Malay and Indian infants when compared to infants of Chinese and other ethnicities (p <
0.001).
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During the 15-year study period, there were 41,143 live births and nine infants with
EO-GBS sepsis, giving an incidence of 0.22 per 1,000 live births (95% CI 0.12–0.42 per 1,000).
The majority of affected infants was born term (66.7%) and presented with respiratory distress
within the first eight hours of birth (Table II). Maternal GBS status was unknown at delivery
for all nine infants with EO-GBS sepsis. No intrapartum parenteral antibiotics were
administered for any of these women. In one infant with preterm premature rupture of
membranes, oral erythromycin was given per protocol. There was one infant with meningitis.
All infants survived to hospital discharge. One infant suffered profound hearing loss and
another had intellectual impairment in early childhood, which might have been associated with
coexistent extreme prematurity.
All nine infants with EO-GBS sepsis were born to women who were not screened for
GBS colonisation. Thus, the incidence of EO-GBS sepsis among infants born to pregnant
women not screened was 9/22,220 or 0.41 per 1,000 live births (95% CI 0.19–0.77) when
compared to that of infants born to screened women, which was 0/18,923 or 0 per 1,000 live
births (95% CI 0.0–0.19) (p = 0.005). Since three infants with GBS sepsis were born preterm
and were not preventable by antenatal screening, and the population of preterm infants in the
whole cohort was 3,415/41,143 live births (8.3%), the EO-GBS sepsis incidence among infants
born to women not screened for GBS colonisation after excluding preterm deliveries was
6/18,805 or 0.32 per 1,000 live births (95% CI 0.11–0.69). Hence, to prevent one case of EOGBS sepsis, 3,125 (95% CI 1,449–9,091) pregnant women needed to be screened and 822
(95% CI 381–2,391) treated, based on the GBS colonisation rate of 26.3% in our study.

DISCUSSION
Our EO-GBS prevention policy prior to 2014 was, in general, clinical risk factor-based.
However, criteria used under this strategy were variable depending on the individual
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obstetrician’s preference. GBS screening increased significantly in 2008 following two infants
with EO-GBS sepsis after a four-year hiatus at our centre. EO-GBS sepsis rate for the entire
15-year study period from 2001–2015 was 0.22 per 1,000 live births (95% CI 0.12–0.42 per
1,000 live births). During 2009–2015, when GBS screening was offered to more patients, the
EO-GBS sepsis rate was lower at 0.14 per 1,000 live births (95% CI 0.03–0.40). During the
earlier period (2001–2008), when clinical risk factor-based strategy was prevalent, the EOGBS sepsis rate was higher at 0.31 per 1,000 live births (95% CI 0.11–0.67).
Our results offer a better perspective when compared with data from two other countries
that have differing GBS prevention protocols. In the USA, universal culture-based screening
for GBS has become the norm since the CDC issued its guidelines in 2002.(13) Meanwhile, the
UK follows the clinical risk factor-based prevention protocol. A comparison of populationbased EO-GBS sepsis rates between the two countries is shown in Table III.(14,15) During 2008–
2014, the incidence of EO-GBS sepsis in USA seemed consistently lower than that in the UK
by about 35% (0.26 per 1,000 live births vs. 0.40 per 1,000 live births). Even though ours is a
small single centre, our results suggest that routine culture-based screening was a superior GBS
prevention strategy when compared to the clinical risk factor-based option by potentially
eliminating blood culture-positive EO-GBS infection when used in tandem with empirical 48hour antibiotic prophylaxis administered to infants whose mothers were GBS positive on
screening but had received inadequate IAP.

Table III. EO-GBS sepsis rates per 1,000 live births in the USA(14) and the UK.(15)
Year
EO-GBS sepsis rate
USA(14)
UK(15)
2008
0.29
0.39
2010
0.26
0.40
2011
0.26
0.38
2013
0.26
0.38
2014
0.27
0.42
EO-GBS: early-onset group B streptococcal
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Among the nine infants with EO-GBS sepsis in our cohort, none of the mothers were
given IAP. Only one infant (Patient 1) had a risk factor (i.e. preterm labour) that called for the
administration of IAP. However, for this infant, the delivery was too precipitous and there was
insufficient time for IAP administration. This illustrates one drawback of the clinical risk
factor-based prevention protocol, in that many of our pregnant women whose infants later
developed EO-GBS sepsis did not have clinical risk factors for GBS sepsis during labour.(16)
Three instances of EO-GBS sepsis in our cohort were among infants born preterm and, in all
likelihood, their mothers would not have been screened even if routine culture-based screening
protocol were practised. However, some guidelines do recommend IAP for all preterm labours
due to the higher risk of EO-GBS sepsis in preterm deliveries, an observation that was also
borne out by data in our cohort, where risk of EO-GBS sepsis in preterm deliveries was 1 in
1,371 live births when compared to 1 in 6,172 live births of term deliveries – a 4.5-fold higher
risk.
Maternal GBS colonisation rate at our centre, which is a multidisciplinary tertiary
general hospital with an obstetric unit, was 26.3%. This was consistent with recent reports.(17,18)
We also noticed significantly different GBS carriage rates among local ethnic groups, with
significantly higher rates among Malay and Indian patients when compared to those of Chinese
and other ethnicities. Differences in GBS carriage rates among various ethnic groups have been
noted previously in other countries as well.(19,20)
There are concerns that significantly more women would receive antibiotics if a routine
screening strategy were employed when compared to a clinical risk-based strategy. Two
studies, however, have suggested that this might not necessarily be the case. A 1996 Morbidity
and Mortality Weekly Report found that the proportion of screened pregnant women who
received IAP during a screening approach was 26.7% when compared with 24.7% of pregnant
women who had clinical risk factors during the intrapartum period that warranted
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administration of IAP.(21) Hiller at al determined that in their cohort, 20% of women were GBS
colonised compared to 18% of women who were identified as being eligible for IAP based on
the clinical risk factor algorithm.(22) These studies suggest that the risks from antibiotic overuse
(e.g. antibiotic-induced anaphylaxis, antimicrobial resistance, antibiotic-associated asthma and
other allergies) should not be amplified if a routine culture-based screening strategy is used for
pregnant women.(23,24)
Implementation of routine GBS screening at our hospital was quite straightforward,
with very few pregnant women declining it when offered at the 35–37 weeks gestation visit.
Deciding on the need for IAP was also simple, as doctors busy in the labour wards would only
need to consider the test results of a single GBS screening, which would be positive, negative
or not available. In contrast, decision-making regarding IAP, when using the clinical risk
factor-based approach, is much more challenging because there are many more variables to run
through and is thus more complex to comply with in real-world clinical practice.
However, studies on EO-GBS sepsis from USA have surprisingly found that 70%–82%
of infants with EO-GBS sepsis were born to screened women who were status negative for
GBS colonisation despite using rectovaginal swabs and employing appropriate laboratory
methods, as recommended by the CDC.(16,25) Such apparently false-negative screening results
precluded the use of IAP in these pregnant women. Hence, it would be very important for any
screening programme to look into the possible reasons for false-negative maternal GBS
screening results when using the culture-based approach. These may include time interval
between swab collection and delivery, using vaginal rather than rectovaginal swabs, swab
storage and transfer practices, and inappropriate culture methods.(9) In our study, there were no
cases of EO-GBS sepsis among infants born to women who were screened negative for GBS
colonisation. This was reassuring in terms of quality control for a screening programme.
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There were some limitations to our study due to its retrospective nature. Data for GBS
screening rates for 2001–2005 was not available, and while our assumption of a 5.0% screening
rate (based on actual 2006 data) should not be far off the mark, it could nevertheless have
affected statistical calculations. There was no information on the proportion of GBS-colonised
women who were given IAP, even though none of the infants born to such women had EOGBS sepsis in our study. Also, our analysis included only blood culture-positive infants. There
might have been infants who had GBS infection but were blood culture negative, and were
symptomatic and treated as clinical infection. Such cases might conceivably occur more
commonly in infants born to screen-positive mothers who were given IAP, an effect analogous
to partial treatment. Lastly, although EO-GBS sepsis usually presents during the first 48 hours
of life, rarely, infants can become symptomatic later up to six days of life, requiring
readmission for treatment. Such cases would not have been captured in this retrospective
review.
In summary, our results of no EO-GBS sepsis in infants born to GBS-screened pregnant
women seem to support the effectiveness of a routine culture-based GBS screening approach
for pregnant women. Our experience was that it was not difficult to implement such a strategy,
as screening rates rose rapidly soon after process change at our centre. What remains unknown
is the true cost-effectiveness of either a clinical risk factor-based or a routine culture-based
screening strategy, which could probably be ascertained only by large randomised controlled
trials. Such trials may, however, be difficult to justify in view of the already very low incidence
of EO-GBS sepsis in infants regardless of the GBS screening approach adopted for pregnant
women.(26,27)
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Table I. Overall GBS screening data at our centre during 2001–2015.
Variable
2001
2,441
122*

2002
2,723
136*

2003
2,351
118*

2004
2,227
111*

2005
2,250
113*

2006
2,332
128

2007
2,559
875

2008
2,507
1,520

5*

5*

5*

5*

5*

5.5

34.2

60.6

NA*

NA*

NA*

NA*

NA*

30

168

NA*

NA*

NA*

NA*

NA*

23.4

Not screened

2,319*

2,587*

2,233*

2,116*

2,137*

Early-onset
GBS sepsis

3

0

1

0

0

Live birth
Total
screened
Screening
rate (%)
Screen
positive
Colonisation
rate (%)

No.
2009
2,583
1,713

2010
2,625
1,664

2011
2,696
1,924

2012
3,115
2,228

2013
3,183
2,283

2014
3,629
2,795

2015
3,922
3,193

Total
41,143
18,923

66.3

63.4

71.4

71.5

71.7

77.0

81.4

--

368

475

480

495

603

626

751

831

4,827

19.2

24.2

27.7

28.8

25.7

27.1

27.4

26.9

26

25.6†

2,204

1,684

987

870

961

772

887

900

834

729

22,220

0

0

2

0

2

1

0

0

0

0

9

*Figures are assumptions (see text). †Based on 2006–2015 data. GBS: group B streptococcal; NA: not available

Table II. Clinical details of infants with GBS sepsis at our centre during 2001–2015.
Variable
Mother’s GBS
status at delivery
Postnatal
vaginal swab
Risk factors for
sepsis

Patient 1
Not known

Patient 2
Not known

Patient 3
Not known

Patient 4
Not known

Patient 5
Not known

Patient 6
Not known

Patient 7
Not known

Patient 8
Not known

Patient 9
Not known

Not done

GBS

GBS

GBS

GBS

Negative

Negative

GBS

GBS

Preterm
labour

None

None

None

None
(PPROM)

None

None

None

Intrapartum
antibiotic
prophylaxis

None

None

None
(maternal
fever <
38°C)
None

None

None

Oral
erythromyci
n

None

None

None
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Mode of
delivery
Gestational age
(wk)
Apgar score at 5
min
Age at first
symptom
First symptom

Emergency
LSCS
27

Emergency
LSCS
37

Vacuum

NVD

NVD

38

Birth before
arrival
35

Vacuum

NVD

26

Emergency
LSCS
37

37

38

38

8

9

9

9

9

8

9

9

9

At birth

8 hr

At birth

6 hr

At birth

At birth

6 hr

2 hr

4 hr

Respiratory
depression

Lethargy,
hypothermia

Grunting

Grunting,
poor
perfusion

Foul
smelling
liquor

Respiratory
distress

Grunting

Grunting,
hypothermia

21.65

12.17

3.02

11.20

1.42

4.76

6.25

Grunting,
poor
perfusion,
fever
2.68

White blood cell
count (109/L)
Platelet count
(109/L)
1st CRP (mg/L)
2nd CRP (mg/L)
Other postnatal
comorbidities
Survival
Long-term
outcome

2.67
208

354

176

265

386

159

262

288

274

14
None

3
None

15
81
Pneumonia

<5
10
None

<5
58
None

<5
145
None

Yes
Well at age
11 yr

7
43
Pneumonia,
PPHN
Yes
Profound
hearing loss

<5
12
None

Yes
Well at age 8
yr

1
75
Meningitis,
seizures
Yes
Well at age 5
yr

Yes
Well at age 8
yr

Yes
Intellectual
impairment
at age 6 yr

Yes
Well at age 5
yr

Yes
Well at age 5
yr

Yes
Well at age 4
yr

CRP: C-reactive protein; GBS: group B streptococcal; LSCS: lower-segment caesarean section; NVD: normal vaginal delivery; PPHN: persistent
pulmonary hypertension of the newborn; PPROM: preterm premature rupture of membranes

