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Abstract 
Background: Group B Streptococcus [GBS] is a bacterium which transiently 
colonises the genital tract and can be transmitted from mother to baby at 
birth. Babies colonised with GBS can develop early-onset group B strepto-
coccus disease [EOGBSD] which can lead to extended hospital stay, disability 
and death. One of the primary methods for determining which women are 
most likely to be GBS positive at the time of birth is antenatal universal cul-
ture-based screening. Recently Polymerase Chain Reaction [PCR] screening 
has emerged as a point-of-care method for screening women during the in-
trapartum period. This study will compare the diagnostic accuracy of this 
new technology and antenatal culture-based screening at 35 to 37 weeks ges-
tational age, with the reference standard of formal culture-based testing in 
labour. Methods: This prospective observational study will take place in an 
Australian hospital. Consecutive women with one or more live fetuses, in-
tending to have a vaginal birth will be asked to participate. Planned screening 
for GBS colonisation using microbiological culture on a self-collected speci-
men will occur at 35 to 37 completed weeks gestational age as per our usual 
hospital policy. A PCR GBS test by Xpert GBS (Cepheid) will be performed 
on admission to labour ward or at the time of rupture of membranes. The 
reference standard will be a formal GBS culture on a combined lower vaginal 
and perianal swab. The sensitivity, specificity, positive and negative predictive 
values, and positive and negative likelihood ratios will be estimated for both 
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antenatal screening and the intrapartum Xpert GBS (Cepheid) point-of-care 
test and compared to the reference standard. Results: It is expected that the 
study will be completed by mid to late 2020. Conclusion: This study has the 
potential to improve the accuracy of GBS screening of pregnant women and 
therefore health outcomes for mothers and babies. There is also the potential 
for a cost savings to the health system. 
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1. Background 

Antimicrobial resistance is a major threat to human health worldwide [1]. Anti-
biotic overuse is the leading cause of antibiotic resistance. Up to one-half of an-
tibiotic use in humans is either unnecessary or inappropriate [2] [3]. One means 
of countering that threat is through “antibiotic stewardship”, ensuring that anti-
biotics are used when they are needed and not otherwise. However, accurate an-
tibiotic administration requires accurate diagnosis [1]. 

GBS is an asymptomatic and transient bacterium that colonises the lower 
genital tract and/or gastrointestinal tract of 10% - 40% pregnant women [4]. The 
global mean prevalence of maternal GBS colonisation is 17.9% (11.1% - 22.4%) 
[5]. In Australia it is estimated that 23% of pregnant women are GBS positive 
[6]. Colbourn et al. [7] found that without intervention, 33% of babies born to 
GBS positive mothers will become GBS colonised and of those babies, 1 in 33 
will develop early-onset Group B Streptococcus disease [EOGBSD]. Jeffery and 
Lahra [8] state that in Australia the natural incidence of blood culture-positive 
EOGBSD is 1.4/1000 live births. Where it occurs, EOGBSD can be severe. Its 
complications can include septicaemia, pneumonia, meningitis, long-term dis-
ability and death. Accordingly, to prevent transmission, all Australian hospitals 
are required to adopt one of two available GBS screening methods for pregnant 
women [9]. Those are universal culture-based screening and risk-factor screen-
ing. Another method, real-time PCR screening by Xpert GBS, is yet to be studied 
or used for GBS screening in Australia. 

1.1. GBS Screening Methods 
1.1.1. Universal GBS Culture-Based Screening 
Universal culture-based screening requires a combined lower vaginal and peri-
anal swab from all pregnant women at 35 - 37 weeks gestation. Women identi-
fied as GBS positive are offered prophylactic antibiotics from rupture of mem-
branes until the birth of their baby. In settings that use this form of screening the 
incidence of EOGBSD is 0.23/1000 (CI 0.13-0.59) [5]. Culture-based screening is 
an accurate method of detecting GBS at the time the swab is taken. But because 
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GBS is transient, a swab at 35 - 37 weeks can be an imperfect predictor of GBS 
status at birth. The negative predictive value of an antenatal GBS culture declines 
if the interval between screening and birth is ≥ 5 weeks [10]. As a consequence, 
an estimated 12% - 13.6% of women receive antibiotics in labour for GBS when 
they are GBS negative at the time they give birth [11]. While the Centres for 
Disease Control and Prevention [10] reports that 60% of babies who develop 
EOGBSD are born to mothers who tested GBS negative at 35 - 37 weeks gestation. 

1.1.2. Risk-Factor Screening 
Risk-factor screening is the method used in the United Kingdom as well as some 
Australian hospitals. Risk-factor screening requires antibiotics to be offered to 
women with the following risk factors: preterm labour; rupture of membranes ≥ 
18 hours; maternal fever ≥ 38; a previous infant with EOGBS; GBS bacteriuria 
during the current pregnancy; previous GBS-positive swab in current pregnancy; 
confirmed chorioamnionitis; and, other twin with current EOGBSD [9]. The 
main concern with risk-factor screening is timely identification of the risk so 
that antibiotics can be administered [12]. The incidence of EOGBSD in settings 
that use this method of screening is 0.5/1000 live births [13]. 

1.1.3. Point-of-Care PCR Screening: New Technology 
Since GBS screening was introduced in the 1990s, PCR screening has emerged 
and promises greater accuracy for identifying GBS status at time of birth. El He-
lali et al. [14] have shown that, using one PCR device, Xpert GBS (Cepheid), 
screening of pregnant women can be undertaken by trained midwives in labour 
ward. The process involves the midwife taking a lower vaginal swab when a 
woman is admitted to labour ward and processing this in the PCR machine 
within the labour ward with a result available in less than 50 minutes [14]. 
GBS-positive mothers can then receive prophylactic antibiotics as they would in 
the universal screening approach. The Xpert GBS (Cepheid) Assay had a sensi-
tivity of 98.5% and a specificity of 99.6% for detecting GBS status at birth when 
compared to antenatal culture [14]. The Xpert GBS (Cepheid) has the potential 
to reduce the number of babies developing EOGBSD as well as antibiotic stew-
ardship as it relates to maternal GBS screening and treatment. This new form of 
screening has since been introduced at various hospitals in Europe and has been 
found to be cost-neutral when compared to universal antenatal culture-based 
screening [15]. Further research is needed into the accuracy and cost-effectiveness 
of point-of-care PCR screening for GBS in different settings. Before this PCR 
screening can be introduced in Australia, the findings [14] need to be shown to 
be generalizable in an Australian population. 

2. Objectives 

2.1. Aims 

To assess the accuracy of point-of-care Xpert GBS (Cepheid) near the time of 
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birth and antenatal culture-based screening at 35 to 37 weeks gestational age. 

2.2. Hypothesis 

1) Point-of-care Xpert GBS (Cepheid) in early labour has a sensitivity of at 
least 95% and specificity of at least 95% for diagnosing or excluding maternal 
colonisation with GBS compared with a combined lower vaginal and perianal 
culture in early labour. 

2) Point-of-care Xpert GBS (Cepheid) has improved sensitivity and specificity 
compared with culture-based screening at 35 to 37 weeks gestational age. 

3. Methods 
3.1. Study Design 

This will be a prospective observational study. 

3.2. Participants 

Eligibility criteria are women with an ongoing viable pregnancy planning to have 
a vaginal birth at Royal Prince Alfred Hospital, Sydney and who are approxi-
mately 34 weeks’ gestational ages. 

Exclusion criteria are to be applied at 36+0 completed weeks gestational age. 
They include: fetal death in utero; planned caesarean section; informed consent 
not obtained; and, age less than 18 years. 

Potential participants will be approached in the antenatal clinic from 34(+0) 
weeks gestational age onwards, and term women in labour ward/ birth centre 
(on admission if appropriate). Consecutive women in the public health care sys-
tem will be approached. 

3.3. Test Methods 
3.3.1. Index Test 
The index test will be performed by clinical staff caring for the participants in 
early labour. We are yet to finalise the logistics of the PCR technology during the 
study. Staff will be unaware of the results of the reference standard test. How-
ever, they will be aware of the results of the low vaginal and perianal swab and 
culture for GBS routinely performed at 35 to 37 weeks gestational age. 

The Xpert GBS (Cepheid) is an automated process that integrates DNA ex-
traction, amplification and detection without the need for enrichment. The 
process is completed in less than 50 minutes and the DNA target sequence is 
within the 3'DNA area adjacent to the streptococcus agalactiae cfb gene [14]. 
Each single-use cartridge contains a processing control for the sample as well as 
an internal control. PCR data from a sample is collected by a computer that then 
detects and reports GBS status [14]. We are yet to decide what the Xpert GBS 
(Cepheid) cycle threshold will be for determining GBS colonisation of a sample. 
Cepheid has confirmed that the primers and probe sequences used in the assay 
cannot be provided as they are proprietary information. 
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3.3.2. Reference Standard 
The reference standard will be a combined lower vaginal and perianal swab col-
lected by a doctor or midwife within 24 hours of birth. 

GBS swabs are first inoculated in an enrichment medium (LIM broth) and af-
ter 18 - 24 hours incubation are cultured on a Chromogenic GBS plate (looking 
for colour/typical colonies). At this stage negative samples are excluded and 
some positive samples go through a final identification confirmation. Laboratory 
staff will be unaware of the index test results. 

3.3.3. Analysis 
The sensitivity, specificity, positive and negative predictive values will be calcu-
lated by constructing a 2 × 2 table comparing the reference standard with the 
index test. Positive and negative likelihood ratios will be calculated from the sen-
sitivity and specificity. Sensitivity and specificity will be reported as percentages 
with 95% confidence intervals. The diagnostic accuracy of the index test 
(point-of-care Xpert GBS) will be compared with that of screening at 35 to 37 
weeks gestational age using McNemar’s test to compare proportions. We do not 
expect indeterminant tests for the reference standards. If any occur, the woman 
will be excluded but the number will be reported. Indeterminant index tests will 
be included in the study and a sensitivity analysis will be performed assuming 
they are all positive or all negative. Participants with missing data for the refer-
ence standard will be excluded. At this stage we are not sure if index tests that 
are classified as GBS status unknown will be analysed as if they are positive or 
screened via a risk-factor approach. There is no planned analysis of variability of 
diagnostic accuracy within subgroups or participants. 

3.3.4. Sample Size 
Assuming the true sensitivity is 98%, for a desired precision of ±2%, with an as-
sumed 10% loss to follow-up, 210 participants with a positive reference standard 
will be required. Assuming a true specificity of 99.6% and a desired precision of 
±1.6%, 67 participants with a negative reference standard will be required. As-
suming 20% of all participants will have a positive reference standard (GBS car-
riage rate), 1050 women will need to be recruited. 

For comparing point-of-care Xpert GBS (Cepheid) with culture-based 
screening at 35 to 37 weeks gestational age we assumed a sensitivity of 90% for 
culture-based screening [11] and 95% for the point of care test. For a 20% rate of 
GBS colonisation, power of 80%, and alpha value of 5%, 1155 participants will be 
required [16]. 

Thus, to meet all aims, 1155 participants will be required. 

4. Outcomes 
4.1. Primary Outcomes 

Specificity, sensitivity, positive and negative predictive values, positive and nega-
tive likelihood ratios will be also calculated. 
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4.2. Secondary Outcomes 

Maternal outcomes to be collected: maternal age; parity, gestational age at deliv-
ery; type of labour onset; duration of labour; duration of membrane rupture be-
fore delivery; intrapartum fever; GBS status at delivery; antibiotic prophylaxis or 
antibiotic therapy; number of doses of penicillin (or other); previous child with 
early-onset GBS disease; GBS screening results and incidence; bacteriuria during 
the current pregnancy, mode of delivery, maternal admission to the Intensive 
Care Unit, maternal death (death while pregnant) [17]. 

Neonatal outcomes to be collected: resuscitation; admission to Neonatal In-
tensive Care Unit; Apgar scores at 5 minutes; infant birth weight; length of in-
fant hospital stay; suspected EOGBDS; confirmed bacteraemia EOGBSD; antibi-
otic administration and number of doses; neonatal death; neonatal disability 
(death before 28 completed days after live birth) [17]. 

5. Recruitment 
Consent 

Consent will occur at two possible time points: 
a) Antenatally 
b) In the early phase of labour 
Women will be approached at the time of their usual antenatal clinic ap-

pointment at any time from 30 weeks’ gestation, but aiming for 34 weeks. Re-
cruitment will occur at one major tertiary hospital in Australia. Strategies to 
maximise recruitment will include: 
 Midwives and doctors will receive a short training session about the study so 

that they feel confident to discuss the study with pregnant women. 
 Participants will be provided with written information via information 

pamphlets, posters, the development of an App with information about GBS 
and the study will be considered. 

 The presence of a recruitment midwife in the antenatal clinics who will pro-
vide information about the study and obtain informed consent. 

 Each participant will be given the contact details of the research midwife who 
will be able to answer any queries or concerns she may have about the trial. 

6. Data Collection and Management 
6.1. Data Collection Methods 

Required data fields will be collected and/or extracted from both medical records 
and electronic obstetric database. 

6.2. Data Management 

 Data collected will be entered into a registered electronic database by re-
search staff who are separate to the clinical care of the participants. 

 Hardcopies of participants’ data will be stored in a secure office. 
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 The electronic database will include the study identification number but no 
directly identifying data such as medical record number, date of birth or 
personal address. 

 The de-identified database will be backed up on a server at Royal Prince Al-
fred Hospital. 

 Data linking identifying details to the study number will be kept at a separate 
location in a locked filing cabinet. 

 At study completion, data will be kept in a locked filing cabinet, and 
de-identified electronic data will be kept on a portable device such as a USB 
drive in a separate secure location at Royal Prince Alfred Hospital. 

 All electronic data will be checked for accuracy by a second member of the 
research team and any apparent data entry errors will be discussed by the 
primary investigators and investigated/corrected as required. 

7. Discussion 

The correct identification of mothers who are colonised with GBS near the time 
of birth is a key aspect of determining which babies are most at risk of EOGBSD. 
Currently in Australia the two forms of screening for GBS are universal cul-
ture-based screening and the risk-factor approach. The transience of GBS com-
bined with the unpredictable date of delivery can lead to the poor predictive 
value of a GBS culture swab performed antenatally. While more babies develop 
EOGBSD in settings that use the risk-factor approach meaning that some hospi-
tals refuse to adopt this method. A recent integrative review by Braye et al. [19] 
makes a strong case for reviewing and updating GBS screening of pregnant 
women in Australia. 

If intrapartum screening is to be beneficial, the PCR technology needs to: offer 
high accuracy for identifying GBS status; be user-friendly for the healthcare 
practitioner; require low maintenance; be cost-neutral or cost-effective com-
pared to other screening methods; lead to a decrease in EOGBSD cases; and, en-
sure that fewer women unnecessarily receive prophylactic antibiotics [15]. 

Point-of-care intrapartum PCR screening for GBS has the potential to more 
accurately identify women who are GBS positive near the time of birth and the 
literature indicates that point-of-care PCR technology has been implemented in 
various settings due to high sensitivity, specificity and cost-effectiveness. Further 
potential benefits of point-of-care PCR screening include: GBS unknown women 
will now be able to be tested at the onset of labour in the labour ward; term 
women who rupture their membranes before onset of labour can be screened for 
GBS at that time rather than offered an induction of labour based on a GBS 
positive status at 35 - 37 weeks gestation as is current policy in some settings; 
and, a cost-saving is possible in that women having an elective caesarean section 
will no longer require GBS screening unless they rupture their membranes. 

GBS screening by Xpert GBS (Cepheid) has been found to be “cost-neutral” 
when compared to universal antenatal culture-based screening [15]. However 
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this outcome was based on screening by vaginal swab rather than a combined 
vaginal and perianal swab which would be the method used in our study. Ulti-
mately further research is needed into the accuracy and cost-effectiveness of 
point-of-care PCR screening for GBS in different settings such as Australia. 

Research Ethics Approval 

Approval will be sought from the Ethics Review Committee of the Sydney Local 
Health District, Sydney, Australia. 

Protocol Amendments 

If modification to the study protocol is necessary, then permission will be sought 
from the ethics committee and the changes will be described in the final report. 

Confidentiality 

All the information collected from the study will be treated confidentially, and 
only the researchers will have access to it. The electronic database will be 
de-identified and stored at a different location to codes linking identifying data 
to study identification numbers. The electronic database will be on Microsoft 
Access, password-protected, and only accessible by research staff. 

Conflicts of Interest 

The researchers have no competing interests to declare. 

Significance 

This project will be the first in Australia to investigate the accuracy and 
cost-effectiveness of PCR by Xpert GBS (Cepheid) screening for GBS [18]. 
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