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ABSTRACT

This body of work arose from everyday challenges that paediatricians and neonatologists have working
in the field of general paediatrics and neonatology regarding the implementation and use of the
universal Group B Streptococcal (GBS) Screening and Management Guidelines. Despite universal
screening programs for maternal GBS colonisation in pregnancy that have been instituted across
hospitals in Australia, neonatal GBS infection remains the most common cause of infectious neonatal
morbidity and mortality. This bacterium can illicit early onset disease occurring in the first week of life of
the neonate, or late-onset disease occurring anywhere after the first week of life, up to the first three
months causing major mortality and morbidity, often presenting as neurodevelopmental sequelae in
affected infants.

In Australia, most of our states and territories have adopted a version of the universal screening
approach of pregnant mothers during week 35-37 of their pregnancy, for GBS colonisation. Depending
on individual risk factors, maternal antibiotic prophylaxis is offered to mothers in labour in order to
prevent neonatal GBS disease. Despite the universal recommendations to screen and manage this
disease, the guidelines are often followed sporadically and left up to the clinician’s discretion. There is
also a concern that the widespread use of maternal antibiotic prophylaxis is increasing worldwide
antibiotic resistance of GBS strains and may lead to unwanted health issues in the longer term for the
infant (such as increasing atopic and gastrointestinal disease).

The first publication, ‘GBS Study Protocol’, describes the novel study design implemented for the
comprehensive collection of retrospective data over a 16-year period across 5 hospitals in South
Australia and the Northern Territory. Currently, notification of Group B streptococcal infections in the
young infant is not mandatory. As a result, the true incidence of early onset and late onset GBS disease
is not known in Australia. This case-control study was designed to measure the true incidence of both
early onset and late onset GBS disease over the last 16 years in South Australia (SA) and the Northern
Territory (NT) and to identify any maternal and neonatal risk factors for disease (see Appendix for data
collection tools).

The second publication, ‘GBS Case-Control Study’, reports the outcomes of the case control study. A
primary objective of this study was to determine maternal and neonatal risk factors for GBS neonatal
infection in the SA and NT between the years 2000 to 2015. A further primary objective is to measure
the incidence of GBS neonatal infection in SA and the NT for early-onset GBS disease (disease in the
first 7 days of life) and late-onset GBS disease (disease occurring after 7 days to 90 days of life), as
well as to comment on the clinical features and burden of GBS disease. The SA incidence of probable
and confirmed cases of early onset GBS was found to be 32 per 100,000 live births and of late onset
GBS was 17.8 per 100,000 live births; and NT incidence of early onset GBS was 90 per 100,000 live
births and 17.8 per 100,000 live births for late onset GBS.

This information will assist in determining whether a future GBS vaccination program should be
recommended for pregnant mothers in the future. This large study conducted at five hospital sites,
required the participation of several site supervisors and data collectors, with Human Research Ethics
Committees approvals obtained at each site including the SA Aboriginal Human Research Ethics
Committee approval (see Appendix for Human Research Ethics committee approval forms).
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CHAPTER 1

LITERATURE REVIEW: OVERVIEW OF GROUP B STREPTOCOCCUS SCREENING AND

NEONATAL GBS DISEASE MANAGEMENT IN AUSTRALIA

1.1 Group B Streptococcus: Pathogenicity & Epidemiology

Group B streptococcus (GBS) Streptococcus agalactiae is responsible for the majority of serious neonatal
infections. (.2) Neonatal group B streptococcus infections are categorised as early-onset GBS (EOGBS)
disease, occurring in the first week of life, or late-onset GBS (LOGBS) disease, occurring after the first
week until 90 days of life. ) EOGBS infection is the result of transfer of GBS bacterium from the mother’s
colonised genital tract to the fetus. @) During delivery vertical transmission of GBS from mother to infants
can occur in 30-70% of cases. ) The pathogenesis of late-onset infections is less clearly defined and
likely multifactorial. ) GBS pathogens can be acquired during delivery via the birth canal, but nosocomial
and other maternal factors, such as GBS being passed to the infant via breast milk, are likely to be

involved. ®)

In the 1970s GBS emerged as the principal pathogen responsible for neonatal sepsis. ©8) Isolates of
GBS can be divided into 10 capsular polysaccharide (CPS) serotypes (la, Ib, Il - VIII, IX) which are
each antigenically individual with serotype Ill being a major cause of neonatal disease, in particular
GBS meningitis ). Further studies have also shown that on a molecular level, using GBS multi-locus
sequence typing, the GBS capsular serotype clonal complex 17 (ST-17), also appears to be a key

serotype causing neonatal disease. (1)
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1.2 Group B Streptococcus Infections: Risk factors & Clinical Disease

|dentified maternal and neonatal risk factors for GBS disease include: “prematurity, maternal group B
streptococcus carriage, prolonged rupture of membranes (greater than 18 hours), and signs of maternal
chorioamnionitis such as maternal intrapartum fever”. (1) Neonates with EOGBS and LOGBS present
with a wide range of clinical symptoms ranging from “respiratory distress, oxygen requirement,
hypothermia, hyperthermia, lethargy, poor perfusion, hypotension and seizures”. (12 The effectiveness
of intrapartum antibiotic prophylaxis (IAP) to mothers in labour to prevent neonatal GBS disease was
first described in the 1980s (7.8 1) and confirmed in a meta-analysis of five randomized trials. @ 13)
Administration of IAP during labour has proven to significantly reduce neonatal GBS disease. (') Prior
to screening protocols and IAP, the incidence of EOGBS disease in Australia was reportedly 2-3 per
1000 live births. (12.14) The subsequent introduction of IAP into many countries’ neonatal GBS screening
protocols has led to a reduction in the incidence neonatal GBS disease by 50% - 80%. ©.15.16) Prior to
the implementation of maternal IAP, the incidence of EOGBS was considerably higher than LOGBS,
responsible for ‘approximately 80% of neonatal GBS infections.’ (') Since the introduction of IAP into

GBS prevention strategies, both syndromes are approaching similar rates in Australia. (17.18)

1.3 Group B Streptococcus Infections: Risk-based vs Universal Screening Approaches

Two major screening approaches have been adopted internationally. The first is based on stratification
of risk for pregnant women at the time of delivery with IAP administered to women in labour with clinical
risk factors for the disease. @ The second is based on the universal screening of pregnant women by
vaginal and rectal swabs for GBS with IAP then offered to carriers.@ Internationally it is recommended
that screening for GBS is conducted via a rectal and vaginal swab for GBS detection at 34-37 weeks'’
gestation, (12 with the ‘positive predictive value of GBS culture within this period of 87% and negative

predictive value of 96%’. (12.19) |AP is also offered to women if there are risk factors for GBS disease,
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such as “a mother having a previous infant with invasive GBS disease, GBS bacteriuria in the current
pregnancy, a positive GBS screening culture during the current pregnancy, prematurity, any suggestion
of chorioamnionitis such as an intrapartum temperature (regardless of GBS status), and prolonged
ruptured membrane of > 18 h where GBS status is unknown”. (12 While a screening-based approach
has not been reported to change IAP use when compared to a risk-based approach, (12.20) screening for
GBS by culture rather than by assessing risk factors may significantly reduce antibiotic usage. (12.21)
The United Kingdom and the Netherlands have adopted a risk-based approach alone, 2224 which is
likely related to the concern of widespread maternal IAP usage. The major concerns regarding the use
of maternal IAP for GBS screening protocols is that it ‘will lead to greater chance of selecting for non-
GBS and more resistant organisms creating antibiotic resistance in particular organisms’ causing

EOGBS and other serious neonatal infections. (12.16)

1.4 Group B Streptococcus Infections: Impact on Screening Approaches

The data on the impact of screening on the incidence of GBS disease is similarly conflicting. An
Australian study reported a fall in the incidence of EOGBS from 0.84 per 1000 live births during the pre-
screening period to a significant 0.00 per 1000 live births after the institution of GBS screening. (12 As a
result, the authors calculated that ‘in order to prevent one case of EOGBS, 1191 colonised women
would be required to be given IAP’. (12 Furthermore, they concluded that ‘since maternal colonisation
incidences of GBS are 24% and the positive predictive accuracy of antenatal culture-based screening is
87% (19 5704 women would need to be screened fo prevent one case of EOGBS’. (2) Similarly, after
GBS screening guideline introduction in the United States of America (USA), which comprised a
universal screening approach to GBS using rectovaginal swabs, there was a decrease of early onset

GBS sepsis and meningitis from 1.7 per 1000 livebirths to 0.6 per 1000 livebirths in (between 1990 to
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1998); (16.25) and after widespread introduction of universal screening in 2002 in the USA, the incidence

of early-onset disease fell further, from 0.47 per 1000 livebirth to 0.34 per 1000 livebirths. (25)

However, a study conducted in the Netherlands showed that the introduction of GBS screening (using
the risk-factor based approach) and treatment guidelines for invasive group B streptococcus disease in
1999 ‘did not reduce the incidence of disease in neonates in the following 25 years’. (- In fact, there
was an increase in the incidence of invasive GBS infection from 0.20 per 1000 livebirths to 0.32 per
1000 livebirths in 2011 (p<0:0001), and increased incidence of EOGBS from 0.11 per 1000 livebirths to
0.19 per 1000 livebirths (p<0-0001) between 1987 and 2011. ) This was attributed to a rise in the
number of cases caused by GBS belonging to a specific GBS serotype Ill ( clonal complex 17) and a
decrease in a specific GBS serotype Il ( clonal complex 19), resulting in largely the same distribution of
GBS serotype Ill before and after the introduction of IAP. - The authors postulated that the rise in
incidence may be due to “changes in the host, medical practice, increased submission of isolates to the

National Laboratory, or the pathogen itself”. -

Similarly, an epidemiological study from England and Wales spanning 20 years between 1991 and
2010, showed a steady increase for GBS from 0.42 per 1000 live births to 0.70 per 1000 live births,
largely accounted for by marked increases in late-onset disease, from 0.11 per 1000 live births to 0.29
per 1000 live births, @8) following introduction of guidelines in 2003 using the risk factor approach. This
steady increase was thought to be related increased numbers of premature infants, (26) but the authors
determined that they may not have captured the true levels of EOGBS treated by IAP, as only culture

proven GBS was included in this study. (26)
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In Australia, the approaches used include both the universal screening with swabs and risk-based
approach, and may explain why we have seen a decrease in EOGBS in Australia, like the USA which
adopted the universal screening approach. Unlike the USA and many European countries, the
Netherlands and the UK have only adopted the risk-based screening approach (2224) which may explain
the steady incline of EOGBS in these countries. Worldwide there appears to be ongoing contradictory
data regarding GBS incidence and burden, and only by knowing the true incidence of EOGBS, LOGBS
and disease burden in Australia will we be able to make informed public health choices regarding a

future GBS immunisation program, which has the potential to ameliorate the disease.

1.5 Group B Streptococcus Infections: Current knowledge gaps

This study will provide important data on the true incidence of the disease, as well the exploration of
potential risk factors for disease and incidence, for example ethnicity and whether it is an additional risk
factors for disease or disease mortality. This data will help inform whether a future GBS vaccination
program for pregnant women would be beneficial. For instance, studies conducted in the USA have
shown black ethnicity groups have a higher incidence of GBS, 27) however in Australia we do not have
conclusive evidence to say whether individuals of Aboriginal or Torres Strait Islander (ATSI) ethnicity is
an independent risk factor for maternal GBS colonisation or neonatal GBS disease. One study
conducted in 1995 showed that Aboriginal Australian infants have a rate three times higher of GBS than
non-Aboriginal infants (5.2 per 1000 births vs 1.7 per 1000 infants), (" however more recent data did
not find that Aboriginal newborns were more at risk of neonatal sepsis. (28 The discrepancies between
these two studies is further evidence that the true disease burden and risk factors for EOGBS and
LOGBS in Australia remains unknown, and further evidence is required to ascertain the true disease
incidence and burden. Only then will we be able to develop and implement a vaccination program to

target certain population groups if they are shown to be at greater risk for disease.
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1.6 Evaluation of South Australian Perinatal Practice Guidelines GBS Screeninqg Practices & Why
Further Studies Are Required

South Australia (SA) has had formal guidelines for the management of GBS colonisation in pregnant
mothers at 36 weeks with a low vaginal swab and treatment of neonatal GBS disease since 2004, (29)
following a publication by the Centre for Disease Control (CDC) for a consensus approach to GBS
screening and maternal IAP in 2002. G0 It is recommended that AP for GBS should be “given as soon
as possible in labour” with adequate GBS prophylaxis considered to have been achieved if at least “1
dose of antibiotics is given 4 hours before birth”. 29 There has been ongoing debate as to whether
antibiotics given less than 4 hours before birth will confer some benefit to the neonate. While some
studies suggest that administration as little as 1-2 hours before delivery may offer some protection, this
is not as effective in preventing EOGBS as maternal antibiotic administration 4 or more hours prior to
birth. 31) In reality, these guidelines are followed to the treating clinician’s discretion, and there is
currently no available data from any auditing process in SA regarding the true incidence of GBS

neonatal disease or if mothers received antibiotics and how soon before delivery this occurred.

The SA perinatal guidelines suggest that infants are deemed to be at risk for early onset neonatal GBS
sepsis if there are any of the following: ‘evidence of maternal chorioamnionitis (maternal temperature
above 38° C, maternal pulse > 100/min, fetal heart rate > 160 bpm, uterine tenderness, rising CRP or
white blood cell count, unless there is another obvious cause), preterm labour at less than 37 weeks
gestation, preterm or pre-labour rupture of membranes, and prolonged rupture of membranes greater
than 18 hours at term (greater than 36 weeks gestation) with or without labour.” 29 An infant is also
considered high risk if the mother is GBS positive, defined as: ‘maternal GBS vaginal colonisation
during this pregnancy based on a swab taken less than 5 weeks before labour, maternal GBS

bacteriuria in the current pregnancy, and early-onset neonatal GBS sepsis in a previous pregnancy’. ()
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There is no current data on which of the presenting clinical features are the most accurate predictors for
the risk of vertical transmission of GBS from mother to infant. Further data collection is required to
determine the true risk factors for GBS disease in our Australian population and any new risk factors for

EOGBS and LOGBS disease.

Over time there has been variation in the clinical guidelines with respect to the type of investigations
ordered on the mother and infant. With regards to maternal investigations, compared to earlier
iterations of the clinical guideline, the updated version published in 2009 placed greater emphasis on
not solely relying on a negative maternal GBS swab as a reliable indicator as reduced risk. (32 This was
based on data from a retrospective cohort study of 61% of term infants with EOGBS where the
antenatal maternal screening GBS swab was used as a guide to GBS status at birth was falsely
negative. 3 In addition, maternal GBS bacteriuria, demonstrated in the current pregnancy, and the
mother having a previous infant infected with GBS was also recognised as increasing the risk of
neonatal GBS infection. (2) Interestingly the 2009 guidelines reiterated the importance of recto-vaginal
swab sampling, as opposed to low vaginal alone, which resulted in an increase in the detection of
maternal GBS carriage from 22% to 27%. ©2) A 22% detection rate of maternal GBS colonisation
seems low when considering it is the basis for screening all women during pregnancy. Therefore, the
determination of the true percentage of maternal GBS colonisation, how it was detected (rectovaginal
vs vaginal only) and what percentage of these women then have an infant with proven neonatal GBS

disease are all critical in refining the clinical management of this patient group.

Since 2007 the guidelines have recommended that neonates displaying signs of sepsis or with whom
had mothers with maternal chorioamnionitis, should have a blood culture, complete blood picture and a

band (immature neutrophils)/total neutrophil ratio. 34) In addition, the neonate should receive antibiotics
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and a lumbar puncture, an endotracheal aspirate, gastric aspirate and surface swabs to determine
colonisation of flora soon after a birth (however the 2004 guidelines did note that this had a poor
correlation with invasive sepsis). (29 Previously utilised neonatal urine latex tests are a poor screening
test for assessing suspected sepsis in newborns, 4 and as a result are no longer routinely conducted

in the workup of infants.

The 2012 guidelines stipulated that normal ranges for neonatal complete blood pictures ‘vary with
population, gestation and postnatal age,” %5 36) and that the band (immature neutrophils): total
neutrophil ratio was the most sensitive indicator of sepsis ) with a band neutrophil ratio (or [I/T] ratio)
of > 0.2 a suggested cut-off for treatment for the neonate with antibiotics. (38 However, the blood
picture may be normal if taken too early after birth in a colonised baby and sensitivity increases at 4-6
hours after birth. %9 There has been no data since the implementation of these guidelines in SA to
corroborate how many infants with EOGBS and LOGBS are demonstrating a total [I/T] of > 0.2 and
whether this is the sole factor in the treating clinicians’ decision to administer antibiotics. Owing to the
‘high false positive rate of the blood picture’ in asymptomatic term babies at risk of sepsis, (9 antibiotics
are often given until blood cultures are negative at 24 hours, and the complete blood picture has
normalised. 39 Therefore, this study will collect data on what percentage of asymptomatic infants with
risk factors are receiving these antibiotics, compared to ‘population, gestation and postnatal age’ of
infants with true disease. This data will help inform if these infants are truly at a risk for EOGBS and
LOGBS and may result in rationalisation of antibiotic usage. In turn, this may potentially decrease the

economic burden of unnecessary antibiotic usage and associated prolonged hospital stay.

Currently, term asymptomatic infants whose mothers are GBS positive, or GBS unknown with ROM >

18 hours with incomplete IAP, are investigated with a complete blood picture (see appendix for
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treatment algorithm). However, if an asymptomatic term baby has a negative maternal GBS swab (or is
GBS unknown with ROM < 18 hours), the guidelines suggest they do not require a full blood count but
have ‘four hourly respiratory rate and temperature observations for 24 hours.’ (29) preterm babies that are
asymptomatic and whose mothers received inadequate IAP should be investigated and treated with
antibiotics. @9 If these mothers received adequate IAP, these newborns are investigated but ‘antibiotics
are given selectively based on results of preterm cultures or degree of prematurity.’ 29 This study will
collect data on neonatal investigations on premature or asymptomatic term infants with positive
maternal GBS swabs, or prolonged rupture of membranes, and relate this data to subsequent
development of EOGBS or LOGBS. In addition to determining the compliance to current guideline

recommendations, this data may support rationalisation of maternal IAP use.

There is no doubt that one consequence of following these clinical guidelines may be a prolongation of
hospital stay for some infants. Previous SA guidelines (2009 - 2011) stated that infants with risk factors
for sepsis should be observed in hospital for at least 24 hours (in the discussion of early discharge
home < 48 hours after birth of the term asymptomatic infant with risk factors), with a caveat that some
individual circumstances may indicate a longer period of observation. (32.40.41) |n 2012 the
recommendation was made that “term asymptomatic babies at risk for sepsis but with adequate
intrapartum antibiotic prophylaxis, and those where mother is GBS unknown but with no other risk
factors, may be discharged after a minimum observation period of 4-6 hours. If discharged, parents
should be advised to seek immediate medical attention is their baby develops breathing difficulty or

poor feeding over the following 24 hours”. 39
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1.7 Routine GBS screening and treatment with IAP vs future vaccination programs

Both the universal screening approach and the assessment of maternal risk factors approaches have
advantages and disadvantages, for example, the former being more expensive (12), The latter approach
is ‘easier to implement, but difficult to monitor because there is no specimen collection, processing and
reporting of results.” 8.12) |t has been demonstrated that the screening-based approach was almost
‘560% more effective in preventing early-onset GBS disease (0.33 per 1000 vs 0.59 per 1000 live
births)'. (20 The study stated that ‘risk factors were present in 24% of women and the use of antibiotics
was similar in both groups including the screened group and unscreened group (31% and 29%
respectively), demonstrating that the screening-based approach did not result in significant increase in
antibiotics usage’. (12.20) Australia currently employs both the risk based and screening-based

approach.

A Cochrane review on the topic evaluated three trials (capturing 500 women) assessing the effects of
maternal antibiotic prophylaxis versus no treatment. The review showed that IAP did ‘not significantly
reduce the incidence of all-cause mortality, mortality from GBS infection or from infections caused by
bacteria other than GBS'. 40 The incidence of early GBS infection was reduced with IAP compared to
no treatment [risk ratio (RR) 0.17, 95% confidence interval (Cl) (0.04 to 0.74)] with a calculated number
needed to treat to of 25.40) However, the ‘incidence of LOGBS was not significantly different between
groups’, 40 with the authors proposing that ‘giving antibiotics was not supported by conclusive
evidence’. 40) Importantly, the authors concluded that even though IAP appeared to reduce EOGBS,
this result was at high risk of bias due to the included studies’ methodology and execution which did not
include preset sample sizes, the lack of a placebo in the control groups, and the exclusion of women

who developed signs of infection in labour. (40)
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This systematic review also reiterated that little data has been collected in North America following the
implementation of GBS screening guidelines and IAP, and that there were only three randomised
controlled trials conducted more than 20 years ago in three different countries that have been
published, encompassing a total of 500 women. ©0) Similarly in Australia, there is also a sparsity of data
on GBS, highlighting the importance of further data collection to elucidate the true disease incidence

and burden, in order to address EOGBS and LOGBS effectively in our local and global community.

1.8 Future GBS vaccination programs

With the lack of conclusive evidence supporting IAP and cost of universal screening, it appears that the
future management of this disease lies in prevention with a maternal vaccine in pregnancy as opposed
to treatment with maternal IAP and neonatal antibiotics. Given the significant morbidity and mortality
that GBS causes in our infant population worldwide, such a vaccination program may finally be the
answer to decrease the stable incidence of LOGBS, which IAP has not been able to do, and potentially
eradicate the disease altogether. There are several advantages to such an immunisation program.
Maternal immunisation would be more cost effective than IAP, does not need to be administered during
each pregnancy, it would eliminate the concern regarding ‘development of antimicrobial resistance in
GBS with maternal IAP, and most importantly, it has the potential to prevent LOGBS'. #1) Immunisation
would offer several advantages over maternal IAP as maternal IAP is not without its own risk and would
be an acceptable approach to disease prevention in Australia, where maternal vaccination programs for
pertussis and influenza to confer immunity to the fetus already exist. IAP given to pregnant women is
not without risk as they can cause allergic reactions in the mother, which can be severe and potentially
life-threatening. Maternal IAP can also increase the possibility of resistant strains of GBS, and
concerningly it is reported that 20% of GBS isolates are already resistant to clindamycin and 30-40%

to erythromycin’. (42.43)
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Developing an appropriate vaccine requires an understanding of the main virulence factors associated
with GBS. GBS is a gram-positive encapsulated coccus which occurs in pairs or short chains which
shares a common Lancefield group B polysaccharide antigen. It is further distinguished on the basis of
type-specific CPS into ten antigenically unique serotypes (la, Ib, II-IX).’ .44 In past decades it has been
proposed that ‘95% of infant and maternal GBS disease is caused by only five capsular polysaccharide
serotypes: la, Ib, Il, [l and V', 45.46) and for serotypes la, Ib, Il and V, and several studies indicate that
protective human immunity is associated with sufficient amounts of maternal antibodies to these
capsular polysaccharides’. 47) GBS virulence factors include the use of capsular polysaccharide (CPS),
adhesion factors that increase binding to host cells, inducing pore-forming toxins into host cells which
cause damage, evasion factors which prevent complement binding and lead to a decrease in
recruitment of neutrophils, and repelling and resisting antimicrobial peptides. “8) CPS is the ‘most
widely studied GBS virulence factor as it acts by facilitating evasion of the host's immune system on a
molecular level', 49 and it has been suggested that there is a ‘correlation between invasive neonatal

GBS infection and low levels of maternal antibodies to CPS antigens’. (4.50)

CPS has emerged as a popular vaccination target in the last decade as a result of its importance as a
virulence factor. ") A study by Baker et al demonstrated that high ‘maternal antibodies correlate with
protection against serious GBS infection in neonates and that vaccination of pregnant women against
CPS might be an effective strategy to protect neonates against GBS infection’. ¢.50) This may be
incredibly important for premature infants, as they only possess approximately 30-50% of maternal
antibody compared to term infants. Mothers at risk of having premature labour would be good
candidates for a GBS vaccine to provide ‘higher antibody levels that can compensate for prematurity

and potentially protect their infants from late-onset disease’. (62)
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GBS vaccine development has only advanced to phase 1b/ll trials by vaccine manufacturer
Novartis/GSK ©3), which is a trivalent (la, Ib, and Ill) GBS polysaccharide conjugate vaccine. ¢4) In 2017
the vaccine manufacturer Pfizer started phase 1 trials to assess a pentavalent GBS polysaccharide
targeting GBS serotypes la, Ib, I, Ill, and V. (%) Vaccination to target GBS disease prevention would
revolutionise the treatment and management of this disease, and not only would it finally lead to
decreasing levels of late onset GBS disease (which the advent of IAP has not been able to achieve),

but it would also decrease the rates of miscarriage and stillbirth related to overwhelming GBS infection.

(44)

1.9 Summary of current concerns reqarding neonatal GBS and the need for this study

There is currently no mandatory reporting for neonatal GBS infection or its complications in Australia,
and previous reported incidences of early onset and late onset GBS disease has come from studies
now over 10 years old and have relied on passively reported data from clinicians to the Australian
Paediatric Surveillance Unit. As a result, we do not know the true incidence of early onset and late
onset infection in SA or the NT. There is also concern regarding the use of intrapartum antibiotic usage
in the management of mothers found to be at high risk for an infant with neonatal GBS disease. This
study will ascertain if there are any new risk factors for neonatal GBS infection and identify the true
incidence of the disease in SA and NT. Gathering this data will be imperative in deciding on a feasibility
for a future perinatal GBS vaccination program in Australia in order to potentially eradicate this

significant neonatal disease.
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CHAPTER TWO:

GBS STUDY PROTOCOL

Assessing disease burden and risk factors for neonatal group B
streptococcal infection to inform the best strategies to prevent life
threatening infections in newborns

A CASE CONTROL STUDY
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ABSTRACT
Introduction

Group B streptococcus (GBS) is the most common cause of life-threatening infections in the neonatal period
and the leading infectious cause of morbidity and mortality in newborns. The GBS bacterium colonises
approximately 10% to 30% of pregnant women. Understanding the incidence, risk factors and outcomes of
neonatal GBS will help inform hospital guidelines in the appropriate use of intrapartum antibiotic prophylaxis
(IAP). It will also inform use and the potential for the introduction of a GBS vaccine program in Australia for

pregnant women to prevent further neonatal morbidity and mortality.
Methods and analysis

Cases of neonatal GBS disease will be identified by laboratory database searches for positive GBS cultures
and medical record clinical auditing using international statistical classifications of disease (ICD 10) code P
36.0 (sepsis of the newborn due to group B streptococcus). A 16-year period from 2000-2015 in South
Australia (SA) and Northern Territory (NT) will be reviewed. Cases will be distinguished into early onset GBS

disease (<7 days) and late onset GBS disease (=7 days to 90 days).

Two control cases will be selected for each index GBS case. These will be the first baby born before and after
the index GBS case, falling within in a similar weight category and matched for sex. The control infants will
be excluded if they have evidence of sepsis during the first 90 days of life.

Risk factors for GBS neonatal infection in SA and NT will be collected using a data collection tool and
determined via a case control design and multivariable logistic regression analysis.

Ethics and dissemination

This study was approved by all institutional Human Research Ethics Committees responsible for participating
sites. Additional ethics approval was applied for and granted by the Aboriginal Health Research Ethics
Committee in South Australia. Study findings will be published in peer review journals and presented at

national and international conferences.
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ARTICLE SUMMARY

Strengths and limitations of this study:

e This study will provide generalizable data on risk factors for early and late onset GBS for
Australian mothers and infants with data collected from three hospitals in South Australia and

two hospitals in the Northern Territory, Australia over a 16-year study period.

e This study will provide an accurate incidence of Group B streptococcal infection in Australian

infants <90 days of age.

e Both clinician-diagnosed and laboratory-confirmed cases will be included and hospitalisation

data and laboratory data cross-matched to ensure complete ascertainment of cases.

¢ Alimitation of this study includes clinician bias when interpreting whether infants had clinical
signs of GBS disease in the absence of laboratory confirmation, ‘probable cases’ of GBS
disease were included in this study but were not included in the statistical analysis when

determining risk factors for early and late onset GBS.
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INTRODUCTION

Group B Streptococcus (GBS) is a bacterium that commonly colonises the gastrointestinal tract and
vagina of adult women, the urethra of adult men, and the upper respiratory tract of young infants.(6)
Approximately 10% to 30% of pregnant women are colonised with GBS. ") When newborns are exposed
to GBS it can cause sepsis and meningitis. Neonatal and infant GBS infections are categorised according
to age at onset of infection. Early onset disease refers to disease occurring during the first week of life (0
to 6 days), frequently presents as sepsis or pneumonia and is usually due to exposure to GBS before or
during the birth process. Late onset disease applies to infants with disease from 7 to 90 days post birth,
often presenting as bacteraemia and/or meningitis and may reflect vertical transmission or transmission

from community or nosocomial sources. (58)

Infants who develop neonatal sepsis may be at risk of neurodevelopmental impairment, although there
is limited information regarding the long-term outcome for survivors of GBS bacteraemia or sepsis. ()
Those with neonatal sepsis who are born premature, or of low birth weight, are likely to be at even greater

risk of adverse neurodevelopmental sequelae.(60-65)

Pro-inflammatory cytokines in amniotic fluid and in foetal or neonatal blood appear to increase the risk
for neonatal brain injury and adverse long-term outcome, with experimental data indicating that
inflammatory cytokines may be neurotoxic and can increase the permeability of the preterm blood brain
barrier 63). Neonates with infection are also at risk for circulatory and respiratory insufficiency with
decreased systemic blood pressure, hypoxemia, and pathologic alterations in cerebral blood flow, which

also contributes to adverse neurodevelopmental sequelae.(®?)

Accurately characterising the outcomes of serious infections is a crucial component of disease
surveillance. Much of the information on outcomes for survivors of neonatal GBS infection is based on
children who survived GBS meningitis prior to 1980. Of those children 25% to 50% had permanent
neurologic sequelae including profound intellectual disability, quadriplegia, cortical blindness, deafness,

uncontrolled seizures, and hypothalamic dysfunction.®6-72) More recent studies conducted in the USA
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and UK suggest that there has been little improvement in outcomes for children with neonatal GBS

meningitis.(3-75) No similar studies have been conducted in Australia.

At present, neonatal GBS sepsis and meningitis is not a notifiable disease and there are sparse data on
disease incidence in Australian infants. In addition, data on GBS affecting Aboriginal and Torres Strait
Islander infants (ATSI) is similarly limited.(28. 6. 77) The identification of risk factors for neonatal GBS

disease is critical for an understudied Australian population.

Currently there are two main strategies used in Australia and internationally to try and reduce the
incidence and severity of neonatal sepsis and meningitis; routine GBS screening of all women (vaginal
and rectal swab) as well as risk-based assessment versus risk based GBS assessment only. However,
there is currently no consensus on which should be routinely applied, and critically, both approaches are

supported by low quality evidence.(®8.78)

In SA and the NT, public hospital guidelines recommend all pregnant women between 35-37 weeks’
gestation be screened using a recto-vaginal swab for GBS culture. If women are found to be colonised,
they are offered IAP treatment. Women who return a negative swab for GBS but who have a complication

during pregnancy/labour such as premature rupture of membrane are also offered IAP.

However, in many countries and other jurisdictions in Australia, routine screening with recto-vaginal swab
for GBS culture is not performed and only a risk-based strategy is used. This approach is also preferred
by 44% of Australian neonatologists.(!”: 79 Infants at greatest risk of EOGBS sepsis are those born to
women who experience preterm labour or delivery, have membrane rupture greater than 18 hours prior
to delivery, intrapartum maternal fever or maternal chorioamnionitis, or a previous delivery of an infant
with GBS disease.(') The risk-based method has been shown to be less effective at reducing GBS
infections in newborns compared to the universal screening method, but is more cost effective with
significantly lower rates of antibiotic administration.('”) Importantly, it has been reported in settings using
an antenatal screening approach that approximately 60% of EOGBS cases occur among women with

negative GBS cultures at antenatal screening, highlighting an inherent limitation with screening and
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IAP.33) Further, maternal IAP does not reduce the incidence of late-onset disease.") Similarly, not all
cases of EOGBS are identified using a risk based approach, a recent study in the UK showed that the
maijority of babies with EOGBS do not have risk factors evident at delivery so will be missed by such a

strategy, with only 35% of EOGBS cases had 1 or more risk factors antenatally. (0

Current Surveillance within Australia

In 2012 a systematic review only identified three studies investigating the incidence of neonatal GBS
infection in Australia.®!) Each study confirmed that since the introduction of intrapartum antibiotics, the
incidence of early onset neonatal GBS has fallen.(12. 82 8) However, all reported data are now over a
decade old. One of the studies conducted over a 10-year period in Australia and New Zealand reported
that the incidence of early onset neonatal GBS sepsis had dropped from 143 per 100 000 in 1993 to 25
per 100 000 live births in 2001.62) A slight decrease was reported in late onset GBS disease incidence

with 94 per 100 000 prior to the introduction of IAP and 72 cases per 100 000 after its introduction. (12

A more recent prospective surveillance study by the Australian Paediatric Surveillance Unit (APSU),
published in 2015, identified GBS disease in infants aged 0-90 days between July 2005 and June 2008
at 12 major public hospitals across Australia (the NT was not included in this study).®) Despite a reporting
rate of one-third of that of known GBS cases to the APSU in this time, indicating the limitations of relying
on passively reported data and not laboratory confirmed cases, the authors estimated rates of EOGBS

to be 38 cases per 100,000, and LOGBS 19 cases per 100,000 live births.(&4)

In comparison, a retrospective study conducted in Townsville, Queensland (QLD) estimated the
incidence of EOGBS as 43 per 100,000 live births and 38 per 100,000 for LOGBS, (") with LOGBS

incidence being more than national figures estimated by the APSU.
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Burden of GBS in Aboriginal and Torres Strait Islander population

Minimal research has been conducted in Australia to identify the burden and risk factors for GBS disease
in the Aboriginal and Torres Strait Islander population. A 2011 study conducted in Townsville, QLD did
not find that Aboriginal newborns were more at risk of neonatal sepsis, despite this being a finding in
previous studies.® The study also identified risk factors not currently used as part of IAP strategies,
such as previous foetal l0ss.(77) Indigenous status was not found to be a risk factor for GBS sepsis in the

limited study conducted by the APSU. (&)

Impact of antibiotics in the perinatal period on health outcomes

The long-term impacts of intrapartum antibiotic administration on antibiotic resistance and on intestinal
florais currently not clear.('”) It is becoming evident that microbiota colonisation during the neonatal period
influences adult health.®) Medical interventions and antibiotics administered during this period that
disturb microbial colonisation may therefore increase the risk of coeliac disease, atopy, type 1 diabetes,
obesity and asthma.(®) Some authors have suggested that increased administration of antibiotics due to
GBS screening may also increase the incidence of neonatal infections caused by pathogens other than

GBS, including B- lactam-resistant strains.(86)

New GBS vaccines for pregnant women

The introduction of a GBS vaccine for pregnant women is a key development for the prevention of
neonatal GBS infection. Advantages of a vaccine include potential eradication of early onset GBS sepsis,
reduction in the use of antibiotics, prevention of late onset GBS, and a reduction in the costs of screening.
There may also be an additional impact on endpoints for which the association with GBS s less clear,
such as stillbirths and prematurity. A study in the UK showed that a GBS vaccination program would

prevent about twice as many cases of death and disability in the neonate as microbiological screening,
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and three times as many as risk factor-based screening.®) A recent study in the UK has shown that such
a maternal vaccination program would be cost effective against neonatal invasive GBS.(®8 Several
different GBS antigens have been considered for inclusion in potential vaccines.®) A trivalent
polysaccharide conjugate vaccine has been studied in pregnant women with efficient transplacental
antibody transfer to the foetus and persistence of antibody until 2 months of age.®) One concern with
the development of a globally effective vaccine is the existence of up to 10 GBS serotypes capable of
causing disease, with different geographical distributions around the world. Currently, phase | studies
using hexavalent GBS vaccine have been started (evaluating serotypes la, Ib, Il, lll, IV, and V) in non-

pregnant women, which will likely proceed into phase Ib/Il studies in pregnant women by 2020.(%)

Rationale and objectives for proposed study

The objectives for this study are to determine the risk factors for neonatal GBS in an Australian population,
and to determine the true incidence of early onset and late onset GBS in SA and the NT. Knowing the
true incidence, and whether certain populations pose a higher risk for EOGBS and LOGBS, will provide
critical information necessary to assess the feasibility of a GBS vaccine program in Australia. This study
phase will consist of a descriptive study that identifies GBS infections in infants less than 90 days old

between 2000 and 2015 in SA and NT.
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METHODS AND ANALYSIS
Study Design

The SA and NT pathology databases will be searched for GBS positive sterile site specimens from infants
aged less than 90 days at time of diagnosis as well as using the “ICD 10 CODE P36.0" (Sepsis of newborn
due to streptococcus, group B). Once potential cases have been identified a case note audit will be
conducted to confirm or exclude cases. Cases will be classified using an adapted case definition from
the Ontario Public Health Standards Infectious Disease Protocol case definition in which a “confirmed
GBS case” will be an infant less than 90 days of age in whom GBS has been cultured from a normally
sterile site, together with clinically compatible signs and symptoms of invasive disease.% Clinical
presentations of GBS disease are characterised by an infant having either: (1) Early onset disease (<7
days), usually characterised by sepsis, pneumonia, meningitis, osteomyelitis or septic arthritis OR (2)

Late onset disease (=7 days to 90 days), usually characterised by sepsis and meningitis.

A “probable GBS case”, i.e. a clinically suspected case, will be that of an infant with clinically compatible
signs and symptoms with a diagnosis of neonatal GBS disease in a newborn up to 90 days after birth,
whose mother has laboratory confirmation of Group B streptococcus from a lower vaginal or anorectal
specimen. Probable GBS cases will be included in the study to determine the incidence of GBS disease
and to ensure completeness of reporting in cases where an infant is treated early with antibiotics before
all the appropriate specimens have been taken, however these cases will not be included in the statistical

analysis of this study when determining risk factors for neonatal GBS disease.

Both cases and controls will be identified at the Women’s and Children’s Hospital, the Lyell McEwin

Hospital, Flinders Medical Centre in SA and the Royal Darwin Hospital and Alice Springs Hospital, NT.

Two controls per case will be selected using the hospital birth register, one control will be an infant born

as soon as possible before the case and the other control as soon as possible after the case, where both
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infants are the same sex and fall in the same birth weight category as the case (categories: <749 g, 750—
999 g, 1000-1499 g, 1500- 1999 g, 2000-2499 g, 2500-2999 g, 3000-3499 g, >3500 g). The control
infants must have no evidence of clinical infection requiring IV antibiotics during the first 90 days of life,

which was ascertained during medical case note and pathology database audit.

To determine risk factors, a standardised data collection tool will be used to obtain clinical information
from GBS cases and control mothers and neonates including (but not limited to): age, sex, indigenous
status and geographical distribution; disease type (i.e. meningitis, pneumonia or septicaemia); disease
symptoms & date of onset; date of admission & date of discharge; level of admission, and length of time

at each level i.e. ICU/HDU/general medical ward; results of investigations performed; outcomes and

identified sequelae; clinical interventions; screening (maternal risk assessment, type of swab or culture,
and antibiotic administration); and clinical information (parity, gestation, membrane rupture greater than
18 hours prior to delivery, intrapartum maternal fever, suspicion of chorioamnionitis, GBS colonisation,
birth weight, mode of delivery, APGAR scores, whether resuscitation was performed, history of previous
fetal death (in this study defined as death during any gestation during pregnancy), or previous delivery of

an infant with GBS disease).

Study sample

In SA and NT, all the major teaching hospitals will participate to ensure a large proportion of births in
each region are captured in the search. All infants born between 2000 and 2015 who are identified as
being GBS positive through hospital coding or laboratory results will be included in the study. Control

infants born immediately before and after the case in the same sex and weight category will be selected.
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Sample Size and analysis plan

The number of live births identified from the Australian Bureau of Statistics in SA over the study period
was 303,453 births of which 25,387 births were of Aboriginal or Torres Strait origin (ATSI). The number
of births in NT over the study period: 61, 628 live births of which 5146 births were of ATSI origin. Using
a conservative estimate of cases obtained from rates published by the APSU, which was a rate of 0.11
per 1,000 births for early onset disease and a rate of 0.08 per 1,000 births for late onset disease, )
approximately 40 early-onset neonatal GBS sepsis cases and 29 late onset GBS cases could be

expected over the 16-year study selecting this time period.

In 2012 the Women'’s and Children’s Hospital, Flinders Medical Centre and Lyell McEwin Hospital made
up approximately 53% of the births in the state, representing 28%, 19%, and 14% of Aboriginal infant
births in SA.3) In the NT the Royal Darwin Hospital and Alice Springs Hospital represent approximately

67% of the births in NT, with 35% and 55% Aboriginal infant births in NT respectively.(®4)

A sample size of approximately 70 cases and 140 controls (1:2 matched design) would provide 100%
power to detect an odds ratio of 6.88 for maternal GBS carriage,?”) assuming 20% maternal GBS
carriage.®") It will provide 98% power to detect an odds ratio of 4.17 for chorioamnionitis,”) assuming
10% maternal infection,®) and 34% power to detect an odds ratio of 1.82 for prolonged rupture of

membranes(@”) assuming this will occur in an average of 12.5% of pregnancies. (%)

Potential risk factors will be descriptively summarized among the neonatal GBS disease and GBS cases.
The association between risk factors and infection will be assessed by logistic regression, controlling for

matching covariates (weight and sex) and hospital, and expressed as odds ratios with 95% confidence
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intervals. All potential risk factors will be entered into a multivariable logistic regression, and backward

selection will be used to determine the final model.

Risk factors and clinical details of GBS early onset and late onset neonatal infection cases will be
descriptively summarized. To determine risk factors for GBS early onset and late onset neonatal infection,

potential risk factors will be considered in a multivariable logistic model, controlling for hospital.

If required, missing data will be addressed using multiple imputation under a missing at random

assumption.

ETHICS AND DISSEMINATION

In SA, ethics approval was granted by the South Australian Aboriginal Health Research Ethics (Reference
Number 04-16-663) Committee and by the Women'’s and Children’s Health Network Human Research
Ethics Committee (HREC/16/WCHN/025). For the NT, ethics approval was granted by the Central
Australian Human Research Ethics Committee (HREC-16-388), the Human Research Ethics Committee
of the Northern Territory Department of Health and Menzies School of Health Research (HREC

Reference Number 2016-2584).

This study will be conducted according to the Good Clinical Practice Guidelines, and thus consent to
access medical history will be waived as it is not thought to be appropriate or feasible to obtain participant

consent as the review extended back to the past 16 years of GBS cases. A waiver of consent is also

applicable because the involvement in the research carries no more than low risk to participants, the

benefits from the research justifies any risks of harm associated with not seeking participant consent,
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there will be sufficient protection of their privacy and an adequate plan to protect the confidentiality of

data.

There are no safety concerns identified with this study. Data generated by collection of information from
medical records and pathology results will be identifiable until the completion of data extraction, for data
quality assurance (e.g. review and validate the existence of participants in the study, verify their eligibility,
and ensure the data recorded is accurate and complete). Information collected during the study will be
entered in an electronic database in a re-identifiable manner. The database will not contain any identifying
data apart from demographic details. The re-identifiable data is potentially identifiable only at the site
where a master participant code list will be retained by the investigator. The investigators will analyse the
collected data in direct relation to the study aims/objectives to determine the outcome of the study. Only

non-identifiable results will be presented in the final study report or any publications.

The principal investigator will have access to the data and will keep a record of the data held in the
department. The study documents will be kept as required of any study approved from the participating
site’s ethics committee and information published from this study will not identify any participants involved

in this study.

DISCUSSION

Maternal gastrointestinal and genital tract colonisation with GBS is a significant determinant of GBS
colonisation and infection in the neonate, “”) with up to 36% of pregnant women known to be colonised. ()
Once there is a failure of epithelial barrier function and immunological clearance of GBS, bacteraemia
can lead to neonatal sepsis or septic shock.“?) In the years before GBS screening and widespread use
of penicillin, fatal maternal puerperal sepsis due to GBS infection and neonates cultured with GBS at

autopsy was a relatively common event.®) Although in many countries IAP has had a significant impact
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in decreasing the incidence of early-onset GBS disease, it has not reduced the incidence or burden of

late onset GBS disease.®7)

In some jurisdictions in Australia, routine GBS screening of all pregnant women between 35 and 37 weeks
gestation includes a vaginal/rectal swab, with the mother offered IAP if the swab is positive. In many
countries routine swab-based screening is not performed and a risk-based strategy is employed, however

this method is less effective at reducing GBS infections in newborns.(17)

The most recent Australian study conducted by the APSU in 2015 relied on clinician’s to passively identify
GBS disease in infants aged 0-90 days between July 2005 and June 2008 at 12 major public hospitals
across Australia and after comparison with laboratory findings, identified that clinician’s identified less
than one third of true GBS cases.®) Knowing the true incidence of early onset and late onset GBS
disease in Australia, as well as which groups are at higher risk, will be important to help inform a local

and national GBS maternal vaccination policy.

Currently Australia has successful pertussis and influenza vaccine programs for pregnant mothers
whereby vaccination is primarily to protect the infant. (%) Whilst GBS infections rarely cause infection that
leads to maternal death, it is reported that as high as 60% of infections can result in miscarriage or
stillbirth of the infant.(49 Neonatal GBS meningitis can cause long term neurological deficits, greater than
20% of these patients suffer moderate to severe deficits such as leamning issues, deafness, global

developmental delay and cerebral palsy.“9)
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There have been many virulence factors that have been identified with GBS infections for a potential
vaccine antigen, however the most promising to date is vaccine targeting GBS capsular polysaccharides
(CPS).49 Studies have demonstrated that maternal IgG antibodies to CPS correlate with protection

against invasive neonatal GBS infections.“% A CPS antigen vaccine would be especially beneficial to

mothers at high risk for premature deliveries, as premature infants only have 29-51% as much maternal

antibody as full term neonates. %2

This study will provide much needed data to identify the true incidence and disease burden of early-onset
and late-onset neonatal GBS infection in SA and NT, as well as help to identify any risk factors

predisposing newborns to these infections.

CONCLUSION

Measuring the incidence, and risk factors of neonatal GBS disease is essential to inform decisions
about developing interventions to prevent infection or reduce infection rates. It will also help guide local
and national policy in the appropriate use of intrapartum antibiotics. With the development of a GBS
vaccine for use during pregnancy, we need to understand the incidence, disease burden, and risk
factors and outcomes of GBS in infants. Cost-effectiveness estimates for a funded immunisation

program will be dependent on robust Australian data.
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Table of Contents Summary: Measuring the true incidence of neonatal GBS infection in SA
and NT will help advice on feasibility of a future maternal GBS vaccination program.

What is known on this subject: Group B Streptococcus infection is a leading cause of
morbidity and mortality in the neonate. Estimated national incidence is based on old data and
there is limited data on incidence Aboriginal and Torres Strait Islander infants.

What this study adds: This study identifies a new risk factor for GBS, previous fetal death,
which should be considered in future GBS screening programs. It also reports on the
incidence of early onset and late onset GBS in South Australia and Northern Territory.
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GBS STUDY

A case control study to assess risk factors for neonatal group B streptococcal infection
in Australian infants

Yanni M, Stark M, Francis J, Fearon D, Baird R, Heath P, Macmillan M, Knight E, Gordon
A, Ricciardone J, Wilson A, Lee R, Chooi K, Quinn OP, Francis, L, Marshall H.

ABSTRACT
Objective: To determine maternal and neonatal risk factors and the incidence of neonatal early
onset (EOGBS) and late onset Group B Streptococcal (LOGBS) infection in South Australia

(SA) and Northern Territory (NT).

Methods: A case control study design with 2:1 control to cases was used with retrospective
data collected from a 16-year epoch (2000-2015). Univariate and multivariate analysis was

used to determine risk factors for neonatal EOGBS and LOGBS.

Results: The SA incidence of probable and confirmed cases of EOGBS was 32 per 100,000
live births and of LOGBS was 17.8 per 100,000 live births; and NT incidence of EOGBS was
90 per 100,000 live births and 17.8 per 100,000 live births for LOGBS. When probable cases
were removed the adjusted SA incidence for EOGBS was 18.1 per 100,000 live births and for
LOGBS was 17.5 per 100,000 live births, and NT incidence for EOGBS was 35.7 per 100,000

live births and for LOGBS was 14.6 per 100,000 live births.

Univariate analysis identified the risk factors: maternal GBS carriage, previous baby with GBS,

previous fetal death, maternal fever in labour/chorioamnionitis, prolonged rupture of
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membranes > 18 hrs, and mode of delivery. Multivariate analysis identified maternal GBS
carriage, previous fetal death, and maternal fever in labour/chorioamnionitis as risk factors.
The strongest risk factors discriminating the likelihood of having LOGBS compared to EOGBS

was female sex, non-Indigenous status, and low birthweight.

Conclusion:
The incidence and disease burden of GBS is still significant despite screening programmes and
maternal intra-partum antibiotics. The implementation of a GBS vaccination program to

pregnant women warrants urgent investigation.

INTRODUCTION

Group B Streptococcus (GBS) colonises approximately 10% to 30% of pregnant women. 757
While GBS infections do not lead to maternal death, up to 60% of infections can result in
miscarriage or stillbirth of the infant.®) Further, GBS is the most common cause of neonatal
infections worldwide.Y Neonatal GBS infection is defined as EOGBS, occurring up to 7 days
of life, and LOGBS occurring from 7 days to 90 days of life. EOGBS likely develops after
aspiration of amniotic fluid infected with GBS from the colonised maternal genital tract. ©® The
pathogenesis of LOGBS is less certain, with nosocomial sources implicated in addition to

acquisition of the pathogen from the maternal genital tract.®

Prior to the introduction of intrapartum antibiotic prophylaxis (IAP) for those women at risk
of GBS disease, the incidence of EOGBS disease in Australia was 200 to 300 per 100,000 live
births.®¥ In SA and the NT, current public hospital guidelines recommend all pregnant women
between 35-37 weeks’ gestation be screened using a recto-vaginal swab for GBS culture (see

appendix for treatment algorithm). If found to be colonised, they are offered 1AP. However,
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despite the introduction of routine maternal GBS screening and IAP and a greater than 80%
reduction in the incidence of EOGBS cases in Australia, GBS still remains a leading infectious

cause of neonatal morbidity and mortality.®”

There is little contemporary data regarding the true incidence of GBS in Australia following
the introduction of routine maternal screening and IAP. In 2012 a systematic review of the
global burden of perinatal GBS infection only identified three studies investigating the
incidence of neonatal group B streptococcal infection in Australia.®V Each of the identified
Australian studies confirmed that since the introduction of 1AP, the incidence of early onset
neonatal GBS fell.(*2 82 83) The largest, multi-centre study reported a reduction in EOGBS
incidence from 143 per 100,000 live births in 1993 to 25 per 100,000 live births in 2001.€?
However, little change was reported in LOGBS disease since the introduction of IAP with 94

per 100,000 prior to the introduction of IAP and 72 cases per 100,000 after its introduction. ¢2

A more recent prospective study by the Australian Paediatric Surveillance Unit (APSU) in
2015 passively identified GBS disease in infants aged 0-90 days at 12 major public hospitals
across Australia, notably the NT was not included in this study.®* Despite clinicians reporting
only one-third of actual GBS cases to the APSU in this time, indicating the limitations of
relying on passively reported data and not laboratory confirmed cases, 4 the authors estimated
rates of EOGBS to be 38 cases per 100,000, and LOGBS 19 cases per 100,000 live births. In

comparison, a study conducted in Townsville estimated the incidence of early onset GBS as 43

per 100,000 and 38 per 100,000 for late onset GBS, /") which was markedly more than national

figures estimated by the APSU.

Recently, attention has focused on the potential role for maternal GBS vaccination.

Internationally, GBS vaccine development has only advanced to phase Ib/11 trials,®® using a
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trivalent GBS polysaccharide conjugate vaccine, composed of capsular epitopes from
serotypes la, Ib, and 111.5% Accurate data on the incidence, risk factors, disease burden and
outcomes of GBS in infants is critical to guide local and national policy focusing on a new
immunisation program targeting this disease. Therefore, the aim of the current study was to
identify the true incidence and disease burden of EOGBS and LOGBS infection in SA and NT,
as well as help to identify any risk factors predisposing newborns to these infections. Such data
are critical for the calculation of cost-effectiveness estimates for a funded immunisation

program in Australia.

PATIENT AND METHODS

The study objectives are:

(1) To determine the risk factors for neonatal GBS in an Australian population, and
(2) To determine the true incidence of early onset and late onset GBS in SA and NT

This case control study was conducted at the Women’s and Children’s Hospital, the Lyell
McEwin Hospital, Flinders Medical Centre in SA and the Royal Darwin Hospital and Alice

Springs Hospital, NT. Retrospective data was collected for the period 2000-2015.

Clinical cases were identified by searching pathology databases for GBS positive sterile site
specimens from children aged less than 90 days at diagnosis as well as identifying cases using
the “ICD 10 CODE P36.0: Sepsis of newborn due to streptococcus, group B” and then a case

note audit was performed.

Cases were classified using an adapted case definition from the Ontario Public Health

Standards Infectious Disease Protocol case definition ©9 with a “confirmed GBS case” defined
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as an infant whom has GBS cultured from a normally sterile site, with clinically compatible
signs and symptoms of invasive disease up to 90 days after birth. Clinically compatible signs
and symptoms were characterised as having either: (1) early onset disease (<7 days),
characterised by sepsis, pneumonia, meningitis, osteomyelitis or septic arthritis OR (2) late
onset disease (>7 days to 90 days), characterised by sepsis and meningitis. Clinical details
during admission and up to 1 year of life were collected on all GBS cases via medical case note

and pathology database audit.

A “probable GBS case” was defined as an infant with clinically compatible signs and
symptoms and a diagnosis of neonatal GBS disease in a newborn up to 90 days after birth,
whose mother has laboratory confirmation of Group B streptococcus from a lower vaginal or
anorectal specimen. Probable, or clinically suspected, GBS cases were included to ensure
completeness of reporting in cases where an infant is treated early with antibiotics before all

the appropriate specimens have been taken.

Control infants were identified in a 2:1 ratio from the hospital birth register, with one control
born as soon as possible before the case and a second control as soon as possible after the case,
with both infants the same gender and in the same birth weight category as the case. Potential
control infants were excluded if they had clinical evidence of sepsis during the first 90 days of

life, ascertained during medical case note and pathology database audit.

Multivariable logistic regression analyses were performed based on risk factors that have
previously been shown to be associated with neonatal GBS infection. In addition, the true
incidence of GBS in SA and NT was determined comparing the incidence ascertained during

the audit and comparing to the total number of live births in SA and NT obtained from the
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Australian Bureau of Statistics. To assess any association between the risk factors and neonatal
GBS disease, logistical regression models were applied to report odds ratios with 95%
confidence intervals. A sample size of approximately 70 cases and 140 controls (1:2 matched
design) was calculated to provide 100% power to detect an odds ratio of 6.88 for maternal GBS
carriage®®” assuming 20% maternal GBS carriage ©” and 98% power to detect an odds ratio of

4.17 for maternal infection ¢”) assuming 10% maternal infection 2,

A total of 353,081 (30,533 of Aboriginal and Torres Strait Islander (ATSI) origin) live births
occurred in SA and NT over the study period. %) Based on 2012 data, the Women’s and
Children’s Hospital, Flinders Medical Centre, and Lyell McEwin Hospital sites account for
approximately 53% of births in SA, representing 28%, 19%, and 14% of Aboriginal infant
births in SA. %) |n the NT, the Royal Darwin Hospital and Alice Spring Hospital sites made
up approximately 67% of all births, with 35% and 55% Aboriginal infant births in NT
respectively. With a conservative estimate of 11 per 100,000 live births for early onset disease
and 8 per 100,000 live births for late onset disease based on APSU data,®® we expected
approximately 40 early-onset neonatal GBS sepsis cases and 29 late onset GBS cases over the

16-year study period.

Ethical approval for the study was obtained from the South Australian Aboriginal Health
Research Ethics (Reference Number 04-16-663) Committee, the Women’s and Children’s
Health Network Human Research Ethics Committee (HREC/16/WCHN/025), the Central
Australian Human Research Ethics Committee (HREC-16-388), and the Human Research
Ethics Committee of the Northern Territory Department of Health and Menzies School of

Health Research (HREC Reference Number 2016-2584).
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RESULTS

INCIDENCE OF GBS

During the 16-year study period, 219 cases of proven and probable GBS disease were
identified. Of this total 79 cases (36.1%) had proven culture-positive EOGBS disease, and 60
cases (27.4%) had proven culture-positive LOGBS disease. There were 12 cases (5.5%) that
had probable GBS disease with a negative maternal swab for GBS, and 49 cases (22.4%) had
probable GBS disease with a positive maternal swab for GBS. There were 19 cases (8.7%) of
probable GBS disease where a maternal swab was unknown. When these clinically suspected
cases were stratified into early-onset and late-onset GBS disease, the total number of cases of
early-onset disease was 154 cases (70.3%) and late-onset disease was 65 cases (29.7%) in SA

and NT.

Using the number of live births identified from the Australian Bureau of Statistics in SA over
the study period as 303,453 live births, the SA incidence (of probable and confirmed cases)
was 32 cases per 100,000 for early onset GBS disease and 17.8 cases per 100,000 live births
for late onset disease. The number of live births identified from the Australian Bureau of
Statistics in NT over the study period as 61,628 live births. Therefore, the incidence (of
probable and confirmed cases) in the NT was 92.5 cases per 100,000 live births for early onset

GBS disease and 17.8 cases per 100,000 live births for late onset disease.

When probable cases were removed the adjusted SA incidence for EOGBS was 18.1 per

100,000 live births and for LOGBS was 17.5 per 100,000 live births, and NT incidence for

EOGBS was 35.7 per 100,000 live births and for LOGBS was 14.6 per 100,000 live births.
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RISK FACTORS

Univariate conditional analysis of maternal and labour risk factors (Table 2) identified the
strongest independent risk factors associated with GBS disease. These included: known
maternal GBS carriage, previous baby with GBS, previous fetal death (death at any gestation
during pregnancy), maternal chorioamnionitis, prolong rupture of membranes > 18 hrs, and
mode of delivery (vaginal delivery and Caesarean section with labour). Similarly,
multivariable analysis (Table 3) demonstrated that the strongest independent risk factors
associated with GBS disease were also known maternal GBS carriage, previous fetal death
(death at any gestation during pregnancy), maternal chorioamnionitis or intrapartum fever, with

the use of maternal antibiotics found to be a protective factor.

Multivariable analysis was performed to see whether risk factors exerted a different magnitude
of effect according to the age at onset of GBS disease (Table 4). The strongest independent risk
factors discriminating the likelihood of having late onset disease compared to early-onset

disease were being a female infant, non-Indigenous status, and low birthweight.

A description of the respective clinical features for early onset disease and late onset disease
infants can be seen in Tables 5 to 7. Infants with LOGBS were more likely to require
intubation, have a longer stay in hospital, have a co-infection and less likely to be discharged
breastfeeding compared to infants with EOGBS. During this study, 11 out of our 24 neonatal
deaths were attributed to GBS infection, and during data collection of GBS isolates there were

7 stillbirths whose autopsy confirmed overwhelming GBS sepsis as cause of stillbirth.
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DISCUSSION

Incidence of GBS

Despite the introduction of GBS screening program and maternal IAP use, it is clear the
incidence and disease burden of GBS in South Australia and the Northern Territory is still
significant. Furthermore, we identified a high incidence of EOGBS in the NT compared to
APSU rates, which did not include NT data in their original study.®® This highlights potential
geographical differences in Australia with implications for future refinements in the clinical
management of this significant disease, including any future antenatal GBS vaccination

program.

While a recent prospective surveillance study conducted in the United Kingdom (UK) over
2014-2015 showed that the incidence of GBS disease was actually increasing, and that the
burden of disease was not declining despite national screening and prevention guidelines, €9
previous Australian studies have reported falls in the incidence of EOGBS in particular. This
difference may be due to the fact that in SA and NT the approach employs both universal
screening vaginal swabs and the risk-based approach, whereas the UK have only adopted the
risk-based screening approach. ?224 In the Netherlands, where a risk based approach is
applied, the rising incidence of GBS disease was attributed to a rise in the number of cases
caused by GBS belonging to a specific GBS serotype 111 (clonal complex 17) and a decrease
in a specific GBS serotype 111 (clonal complex 19), resulting in largely the same distribution

of GBS serotype 111 before and after the introduction of I1AP. @

The incidence of probable and proven EOGBS cases in the NT was higher in this study

compared to previous Australian data. Previous Australian studies have reported a fall in the
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incidence of EOGBS. ©2 84 While the APSU study was conducted between 2005-2008 at 12
major public hospitals across Australia, ®¥ it did not include the NT. Further, the authors
concluded that clinicians only reported about one-third of known GBS cases in this time,

indicating the importance of having multiple sources of surveillance in national studies. ¢4

This study captured both laboratory data and clinician reported GBS cases and covered a 16-
year time frame, thus providing a more reliable estimate of the true incidence of GBS disease.
The high incidence of EOGBS in the NT indicates that there are likely geographical and
potentially socioeconomic factors that may predispose this area to higher areas of disease.
Antenatal attendance did not differ between our GBS cases and control groups so remoteness
and access to antenatal clinics in the NT was not likely to be a factor. When evaluating use of
IAP in SA, 38% of pregnant mothers of infants with GBS disease who had prolonged rupture
of membranes received antibiotics in labour compared to 47% of mothers in the NT, thus
antibiotic usage does not seem to be an explanation for increased EOGBS, and in fact IAP was
shown to be a protective factor in this study, as supported by previous findings. @0 In fact,
there appeared to be more judicious use of antibiotics in the NT with only 15% of mothers in
the control group receiving antibiotics compared to 34% of control mothers in SA. As our study
did not collect data on GBS strain, more virulent strains in NT resistant to penicillin may

explain the higher incidence in this region.

Risk factors

In general, the risk factors identified for EOGBS and LOGBS in this study where identical to
those already known which included: maternal GBS carriage, intrapartum fever/
chorioamnionitis, prolonged rupture of membranes, prematurity, previous baby with GBS and

low birth weight.?” Previously known risk factors such as young maternal age and black

GBS STUDY| PAPER TWO: DISCUSSION 58



ethnicity groups were not identified during this study.?” However, the current data did identify
additional factors not currently recognised in current screening protocols, such as previous fetal
death. Previous fetal death has been shown in a study conducted in 2013 to be a risk factor for
GBS 19 and in a systematic review conducted in 2013 GBS was responsible for causing
stillbirth worldwide, with up to ‘12.1% proportion of stillbirth attributable to GBS in at least

one low-income country’. 1%

During multivariable analysis, maternal IAP was found to be a protective factor against
neonatal GBS disease, which can be expected as antibiotics are used to prevent the onset of
neonatal GBS disease with this finding seen in other studies where the use of maternal IAP was
‘linearly associated with decreasing EOGBS’. 1% Despite the use of maternal antibiotics
appearing to have a protective effect on the infant developing neonatal GBS in our study, the
long term implications of widespread IAP include disruption of neonatal microbiota which may
increase their risk of ‘coeliac disease, atopy, type 1 diabetes, obesity and asthma’ ©® and thus

should be administered thoughtfully and according to current guidelines only.

Studies conducted in the United States of America (USA) have shown black ethnicity groups
have a higher incidence of neonatal GBS, ?” however in Australia there is no conclusive
evidence to say whether being an Aboriginal or Torres Strait Islander (ATSI) individual, is an
additional risk factor for maternal GBS colonisation or neonatal GBS disease. A study
conducted in Western Australia over the years 1980-1998 showed that ‘Indigenous infants were
more likely to die in-utero or postnatally’ than their non-Indigenous counterparts, with the
‘highest relative risks seen in the potentially preventable category of infections’.1% A study
conducted in 1995 showed that Aboriginal Australians have a three times higher rate of GBS

than non-Aboriginal infants (5.2 per 1000 births vs 1.7 per 1000 infants) and found that
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Aboriginal infants had the highest rates of GBS disease in the world, the authors concluding
that these findings were determined not to be related to prematurity but conceded that they did

not collect data on GBS colonisation in Aboriginal women. ¢4

ATSI status was not identified as a risk factor for GBS in this study unlike previous studies,
1% put it was shown that ATSI infants were more likely to have EOGBS compared to LOGBS.
Our study did not find that ATSI mothers were more likely to be colonised with GBS than non-
ATSI mothers and further evaluation into colonisation and GBS virulence strains is warranted
amongst this cohort. Similarly, studies conducted in Townsville did not find that Aboriginal
newborns were more at risk of neonatal sepsis ®® and a NZ study showed that Maori and
Pacific Island infants were not at greater risk of GBS infection. %) While the data for this
specific population group appears conflicting, if ATSI status was proven to be a risk factor for
GBS in the future, this cohort would be an ideal group for an antenatal GBS vaccination

programme.

One potential new direction for the management of this important perinatal complication is
maternal GBS vaccination. A GBS vaccination program would likely be generally acceptable
to pregnant Australian women, as there are already successful pertussis and influenza vaccine
programs for this cohort whereby vaccination is primarily to protect the infant.®® It is
becoming increasingly apparent that a future vaccination program is be the most effective
approach to lowering the incidence and disease burden of LOGBS. Maternal IAP has made a
significant impact in decreasing neonatal morbidity and mortality due to EOGBS but it has not
reduced the incidence or burden of LOGBS. 1% A study in the UK showed that a GBS

vaccination program would prevent about twice as many cases of death and disability in the
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neonate as microbiological screening, and three times as many as risk factor-based
screening.®” A vaccination program could also contribute to the avoidance of bacterial
antibiotic resistance ®® and unwanted future health risks in infants caused by microbiota
disturbance.® Other potential vaccination benefits include the prevention of preterm labour

caused by GBS as well as reduced stillbirth rates caused by GBS infection.?®

A number of factors make GBS a suitable target for an immunisation program. GBS is a gram-
positive encapsulated coccus which occurs in pairs or short chains which shares a common
‘Lancefield group B polysaccharide antigen. It is further distinguished on the basis of type-
specific CPS into ten antigenically unique types (la, Ib, 11-1X)’. #44 95% of infant and maternal
GBS disease is caused by only five capsular polysaccharide serotypes: Ia, Ib, II, IIl and V> “*
46), and several studies indicate that protective human immunity is associated with sufficient
amounts of maternal antibodies to CPS serotypes la, Ib, 111 and V. CPS serotype Il is a
major cause of neonatal disease, and is particularly associated with neonatal GBS meningitis.®
As a result this serotype has become a popular vaccination target. However, the current vaccine
preparations are based on serotypes and multi-locus sequencing types that are especially

prevalent in the USA and Europe but not necessarily elsewhere in the world.®®)

Currently, GBS vaccine development has only advanced to phase 1b/Il trials by vaccine
manufacturer Novartis/GSK ©® with a trivalent (la, Ib, and I11) GBS polysaccharide conjugate
vaccine ®® In 2017 the vaccine manufacturer Pfizer started phase 1 trials to assess a
pentavalent GBS polysaccharide targeting GBS serotypes la, Ib, 1, 11l, and V. ®” CPS-based
vaccines alternatives based on antigenic proteins have been explored, but these are restricted

to particular serotypes and offer no complete cross-serotype protection. 1°? Multi-genomic
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approaches have already identified new GBS proteins and may be the answer to future GBS

vaccine development. €9

Currently the obstacles to vaccine production include collating the most prevalent GBS
serotypes and sequence types in all the regions of the world, and developing a vaccine that will
have global benefit, offering the most cross-serotype protection. ®9 Further Australian data on
GBS serotypes is required in order to contribute towards vaccine and policy development. In
terms of economic viability of such a programme, further Australian studies are necessary to
ascertain whether it is economically viable to implement a GBS vaccination programme to
pregnant women. However, a 2018 UK study clearly established cost-effectiveness of such a

vaccination programme when considering the cost and the burden of invasive GBS disease. ©®

This study has a number of limitations. The study was retrospective study design and a
prospective study of risk factors would ensure more complete data collection. Further,
retrospective data collection is associated with a greater risk of missing data, with pertinent
information often not included in medical notes resulting in a reliance on the accuracy of
clinicians’ data entries and the availability of results on pathology databases. Another study
limitation was that the small numbers of patients identified in the NT made it difficult to match
every case for gender and weight category (particularly in the case of very premature or low
birthweight infants as these were often transferred interstate to major tertiary centres for
ongoing care). Finally, we did not evaluate which specific GBS strains were responsible for
GBS disease burden, and in future this serological information would be very relevant to
determine what strains are more prevalent in NT vs SA and better inform future vaccine

development.
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It is also important to highlight that whilst probable cases were included in the data collection
stage of the study to calculate incidence of GBS, they were excluded in data analysis of risk
factors to ensure the validity of the data. Exclusion of probable cases when evaluating risk
factors ensured a more robust data set in an era of IAP where many infants who clinically have
EOGBS disease have negative blood cultures due to the sensitivity of newborn blood cultures
being low, which is further compounded by the use of maternal antibiotics in labour. (%)
However, by excluding probable cases from data analysis, this may have influenced the

identification of risk factors associated with early onset disease.

CONCLUSION

At present neonatal GBS disease is not a notifiable disease and there are sparse data on
incidence and disease burden in Australian infants. In addition, data on GBS affecting
Aboriginal and Torres Strait Islander infants is similarly limited. 7" This study identified
that in addition to prior known risk factors, ‘previous fetal death’ should be considered a risk
factor neonatal GBS infection, and maternal antibiotics a protective factor against neonatal
GBS disease. The incidence of EOGBS in the NT appears much higher than the national
average and would potentially benefit from a future maternal GBS vaccination programme,
which may lower both the incidence of EOGBS and LOGBS and potentially lead to disease

eradication.

GBS STUDY| PAPER TWO CONCLUSION 63



Table 1: Description of proven GBS cases and control cases in SA and NT

TABLES

Confirmed GBS Controls

n/N (%) n/N (%)

N=139 ** N=264**
SA Hospitals 108/139 (77.7) 210/264(79.5)
Flinders Medical Centre 31/139 (22.3) 59/264 (22.3)
Lyell McEwin Hospital 8/139 (5.8) 16/264 (6.1)

Women’s & Children’s Hospital
NT Hospitals

Alice Springs Hospital

Royal Darwin Hospital

EOGBS* (Confirmed in SA)
EOGBS* (Confirmed in NT)
LOGBS* (Confirmed in SA)
LOGBS* (Confirmed in NT)
Mother’s mean age at delivery (SD)
Gestational age

Prematurity (< 37 weeks)

Term infants

Birth weight, mean (SD)
<1500g

1500-2499 ¢

> 2500g

Sex

Female

Male

69/139 (49.6)
31/139 (22.3)
9/139 (6.5)
22/139 (15.8)
55/139 (55.4)
22/139 (15.8)
53/139 (38.1)
9/139 (6.5)
28.5 years (6.0)

63/138 (45.7)
75/138 (54.3)
2486g (1184g)
41/135 (30.4)
19/135 (14.1)
75/135 (55.6)

62/139 (44.6%)
77/139 (55.4%)

135/264 (51.1)
54/264 (20.5)
18/264 (6.82)
36/264 (13.6)

28.8 years (6.0)

111/264 (42.0%)
153/264 (58.0%)
2565g (1138g)
71/264 (26.9)
37/264 (14.0)
156/264 (59.1)

124/264 (47%)
140/264 (53%)

*EOGBS = Early-onset Group B Streptococcus; LOGB = Late-onset Group B Streptococcus, T Clinically
suspected and probable cases were not included in the statistical analysis, they were included in the
description of clinical features and disease burden. **A difference in denominator indicates missing

data
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Table 2: Maternal and perinatal risk factors using conditional univariate analysis of proven GBS

cases
Cases Controls Odds ratio P value
n (%) n (%) (95% ClI)
(N=139) ** (N=264) **
Age, median (SD) 28 (6.0) 28.8 (6.0) 0.99 (0.95 to 1.02) 0.52
Aboriginal or Torres Strait Islander 24/136 (17.6) 32/258 (12.4) 1.54 (0.85 to 2.75) 0.15
Maternal smoking
Non-smoker 15/49 (30.6) 25/93 (26.9) 0.89*
Current smoker 26/49 (53.1) 52/93 (55.9) 0.82 (0.37 to 1.85)
Past smoker 8/49 (16.3) 16/93 (17.2) 0.85 (0.28 to 2.44)
First-time pregnancies 40/125 (32.0) 91/259 (35.1) 0.86 (0.54 to 1.35) 0.51
Multiparous mothers 73/128 (57.0) 137/259 (52.9) 1.20(0.78 to 1.84) 0.41
Prematurity (< 37 weeks) 63/138 (45.7) 111/264 (42.0)  1.25(0.57 to 2.73) 0.58
GBS bacteriuriat 0/139 (0) 3/264 (1.1)
GBS carrier 40/91 (44.0) 28/170 (16.5) 4.16 (2.32 to 7.58) <0.001
Previous baby with GBS infection 4/129 (3.1) 1/263 (0.4) 8.58 (1.25t0 168.98) 0.028
Previous fetal death 12/128 (9.4) 8/263 (3.0) 3.26 (1.31 to 8.56) 0.012
Maternal fever/ chorioamnionitis  39/94 (41.5) 19/224 (8.5) 8.75(4.65t017.10)  <0.001
Rupture of membranes 2 18 hours 30/125 (34.3) 32/258 (13.6) 2.21(1.27 to 3.86) <0.001
Maternal antibiotics in labour 41/115 (35.7) 78/261 (29.9) 1.27 (0.79 to 2.04) 0.33
Antibiotics 4 hrs prior to delivery 23/122 (18.9) 56/261 (21.5) 0.78 (0.44 to 1.34) 0.37
Method of delivery
Caesarean section without labour 16/133 (12.0) 75/260 (28.8) <0.001*

Vaginal delivery

Caesarean section with labour

87/133 (65.4)
30/133 (22.6)

134/260 (51.5)
51/260 (19.6)

3.58 (1.93 t0 6.97)
2.95 (1.46 t0 6.11)

* Global p-value, T Unable to calculate due to small numbers and wide range of error (Too few
positive GBS bacteriuria results to fit a logistic regression model and obtain a reliable estimate of the
odds ratio.) **A difference in denominator indicates missing data
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Table 3: Multivariable conditional logistic regression analysis of risk factors

Odds ratio (95% Cl)

P value

Sex
Male

Female

Maternal Group B streptococcus carriage

No

Yes

Previous fetal death

No

Yes

Suspected maternal chorioamnionitis
No

Yes

Maternal antibiotics in labour

No

Yes

0.92 (0.39t0 2.16)

6.53 (2.46 to 18.4)

8.11 (1.63 to 43.3)

28.1(9.87 t0 93.8)

0.36 (0.11 to 0.95)

0.86

<0.001

0.01

<0.001

0.04
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Table 4: Multivariable conditional logistic regression analysis: discrimination between late onset
disease versus early onset disease

Odds ratio (95% Cl) P value

Maternal GBS carriage

No 0.002
Yes 0.03 (0.0007 to 0.31)

Suspected maternal chorioamnionitis

No 0.80
Yes 0.81(0.14 to 4.35)

Duration of rupture of membranes

< 18 hours 0.56
> 18 hours 0.50 (0.039 to 4.98)

Sex

Male 0.03
Female 7.02 (1.18 to 61.13)

Aboriginal or Torres Strait Islander

No 0.01
Yes 0.06 (0.003 to0 0.5)

Birthweight 0.998 (0.996 to 0.999) <0.001
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Table 5. Clinical Features between EOGBS & LOGBS cohort* (Proven and Probable cases)

Presenting signs and symptoms EOGBS LOGBS
n/N (%) n/N (%)
(n = 154) (n =65)
Temperature instability T < 36.5 32/154 (21) 19/65 (29)
Pyrexia 2 37.5 55/154 (36) 25/65 (39)
Vomiting 5/154 (3) 10/65 (15)
Poor feeding 23/154 (15) 21/65 (32)
Irritable/unsettled infant 23/154 (15) 24/65 (37)
Abdominal Distension 4/154 (5) 6/65 (11)
Cyanosis 30/154 (20) 6/65 (11)
Respiratory distress 100/154 (65) 42/65 (65)
Apnoea 30/154 (20) 24/65 (37)
Bradycardia 26/154 (17) 18/65 (28)
Poor peripheral perfusion 59/154 (38) 22/65 (34)
Hypotension 25/154 (16) 7/65 (11)
Unexpected need for resuscitation 44/154 (29) 3/65 (5)
Hypoglycaemia 38/154 (25) 9/65 (14)
Lethargy 26/154 (17) 21/65 (32)
Seizures 7/154 (5) 10/65 (15)
Capillary refill time > 2 seconds 20/154 (13) 7/65 (11)
Metabolic and/or respiratory acidosis 49/154 (32) 10/65 (15)
Tachycardia 16/154 (10) 19/65 (29)
Shock 13/154 (8) 1/65 (2)
Persistent fetal circulation 7/154 (5) 0/65 (0)
Disseminated intravascular coagulation 2/154 (1) 1/65 (2)
Overall Clinical Presentation(s)
Sepsis 109/154 (71) 58/65 (89)
Meningitis 11/154 (7) 15/65 (23)
Pneumonia 60/154 (39) 10/65 (15)
Other invasive disease 12/154 (8) 6/65 (9)

Mean White Cell Count (x10°/L)
EOGBS n =140; LOGBS n=63

Mean Total Neutrophil Count (x10°/L)
EOGBS n=125; LOGBS n=55

Mean Total Band Count (x10°/L)
EOGBS n=125; LOGBS n=56

Mean Band neutrophil ratio [I/T ratio] (%)

EOGBS n = 125; LOGBS n=55

Gastric aspirate microscopy positive
Yes

No

Unknown/Not done

Urine latex GBS agglutinins positive
Yes

No

Unknown/Not done

13.3 (95% Cl, 11.1 to 15.4)
5.3 (95% Cl, 4.5 to 6.2)

1.7 (95% Cl, 1.2 to 2.1)
26.5 (95% Cl, 22.2 to 30.8)
17/154 (11.0)

1/154 (0.6)

136/154 (88.3)

38/154 (24.7)

19/154 (12.3)
97/154 (63.0)

10.2 (95% Cl, 8.6 to 11.7)
5.1 (95% Cl, 4.0 to 6.2)
2.1(95% Cl, 0.04 —4.1)
19.1 (95% Cl, 15.2 to 23.1)
1/65 (1.5)

0/65 (0)

64/65 (98.4)

3/65 (4.6)

10/65 (15.4)
52/65 (80.0)

* EOGBS = Early-onset Group B Streptococcus; LOGB = Late-onset Group B Streptococcus; **A difference

in denominator indicates missing data
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Table 6: Clinical details of cases EOGBS vs LOGBS*

Odds ratio (95% Cl)

P value

Respiratory distress

EOGBS

LOGBS

Required intubation or ventilation
EOGBS

LOGBS

Baby required intensive care or high dependency

EOGBS

LOGBS

Number of days in hospital **
EOGBS, mean 14.8 days (SD 19.3)
LOGBS, mean 67.3 days (SD 107)

Age at disease (days) **

EOGBS, mean 0.62 days (SD 1.2)
LOGBS, mean 41.7 days (SD 26)
Neonatal death due to GBS infection
EOGBS

LOGBS

Sterile site blood culture or PCR positive
EOGBS

LOGBS

Sterile site CSF culture or PCR positive
EOGBS

LOGBS

Co-infections

EOGBS

LOGBS

Discharged exclusive breast feeding
EOGBS

LOGBS

0.76 (0.38 t0 1.53)

3.2 (1.60 to 6.70)

1.94 (0.98 to 3.92)

RR 4.54 (3.29 to 6.29)

RR 66.84 (46.31 to 98.35)

1.99 (0.53 t0 9.57)

0.78 (0.03 to 19.91)

4.43 (1.43 to 16.73)

3.42 (1.65 to 7.25)

0.31(0.14 t0 0.67)

0.44

<0.001

0.06

<0.001

<0.001

0.32

0.86

0.009

<0.001

0.003

* EOGBS = Early-onset Group B Streptococcus; LOGB = Late-onset Group B Streptococcus ** Note

that a negative binomial regression model was fitted & the estimate and Cl provided are a Rate Ratio

(RR) rather than an Odds Ratio (OR).
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Table 7. Burden of disease between EOGBS & LOGBS cohorts during admission and at 1 year of
life* (Proven and Probable Cases)

EOGBS LOGBS

n/N (%) n/N (%)

(n = 154) ** (n =65) **
Complications within acute infection
Pneumonia 16/154 (10) 9/65 (14)
Focal skin or soft tissue infection 8/154 (5) 5/65 (8)
Focal infection of urinary tract 2/154 (1) 1/65 (2)
Meningitis 3/154 (2) 2/65 (3)
Developmental delay 0/154 (0) 3/65 (5)
Spastic quadriplegia 3/154 (2) 1/65 (2)
Seizures 6/154 (4) 5/65 (15)
Cortical blindness 1/154 (1) 1/65 (2)
Deafness 0/154 (0) 1/65 (2)
Periventricular Leukomalacia 2/154 (1) 3/65 (5)
Complications present in first year of life
Pneumonia 2/154 (1) 1/65 (2)
Focal bone infection/osteomyelitis 1/154 (<1) 2/65 (3)
Focal skin or soft tissue infection 3/154 (2) 0/65 (0)
Focal infection of urinary tract 3/154 (2) 0/65 (0)
Meningitis 2/154 (1) 0/65 (0)
Developmental delay 7/154 (5) 6/65 (9)
Spastic quadriplegia 0/154 (0) 1/65 (2)
Microcephaly 0/154 (0) 1/65 (2)
Seizures 1/154 (1) 2/65 (3)
Cortical blindness 1/154 (1) 1/65 (2)
Deafness 1/154 (1) 2/65 (3)
Periventricular Leukomalacia 3/154 (2) 2/65 (3)

* EOGBS = Early-onset Group B Streptococcus; LOGB = Late-onset Group B Streptococcus;

**A difference in denominator indicates missing data
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The main objective of this study was to measure the true incidence of neonatal GBS disease in South
Australia and the Northern Territory, and to identify any risk factors for GBS disease. Additionally, the
study sought to provide a description of the clinical features of EOGBS and LOGBS and GBS disease
burden in Australia. Unfortunately, neonatal GBS sepsis and meningitis is not a notifiable disease, with
notification to the APSU conducted on individual discretion of the treating clinician. As a result, there is
limited data on disease incidence in Australian infants, and data on GBS affecting Aboriginal and
Torres Strait Islander infants is similarly limited (7577). Although IAP has made a significant impact in
decreasing EOGBS neonatal morbidity and mortality, it has not reduced the incidence or burden of late
onset GBS disease 1), which theoretically may only be decreased with the institution of a maternal
immunization programme in pregnancy. Mandatory notification of this disease would enable us to
collect accurate data of disease incidence and burden of disease across Australia, which would help
immensely with categorisation of GBS strain and virulence factors and help inform future vaccine

development with up to date and cohesive Australian data.

Whilst there is worldwide data available on the incidence of maternal GBS colonisation and neonatal
EOGBS and LOGBS disease, there has been a lack of Australian data in the last decade. There is also
a shortage of data specifically in relation to the Aboriginal & Torres Strait Islander population, with
conflicting information in the past regarding whether Aboriginality is an additional risk factor for neonatal
GBS infection or not. A study conducted in 1995 postulated that Aboriginality may be a potential risk
factor, showing that Aboriginal Australians have higher rate of GBS than non-aboriginal infants (5.2 per

1000 vs 1.7 per 1000 infants) (106) ,

On evaluation of both probable and proven cases, this study found a surprisingly high incidence of

EOGBS in the Northern Territory, 98 per 100,000 live births which is much higher than the national

average provided by the APSU of 38 per 100,000 live births with LOGBS. Probable GBS cases were
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included in the study to determine the incidence of GBS disease and to ensure completeness of
reporting in cases where an infant is treated early with antibiotics before all the appropriate specimens
have been taken, which can often occur in the era of universal neonatal GBS screening programmes
and the administration of IAP. Australia currently has successful pertussis and influenza vaccine
programs for pregnant mothers, where vaccination is given to mothers primarily to protect the unborn
infant, and thus it can be assumed a similar antenatal GBS vaccination program will be acceptable to

the Australian population.

Future Australian studies are required to ascertain whether this higher incidence of EOGBS in the NT is
valid, and if so, what changes in policy and practice could provide could reduce this incidence. From
our retrospective study it did not appear that the NT used IAP less than the SA cohort, and in fact the
opposite was identified as 25% of NT mothers whose infants had neonatal GBS disease received
antibiotics at least 4 hours prior to baby delivery from onset of ROM, compared to 15.9% of SA mothers
whose infants had neonatal GBS disease. However, if looking at overall rate of antibiotics given to
mothers in labour (including those that received them less than 4 hours prior to their infant was born)
this was only given to 37.7% SA mothers with GBS infants and 47% of NT mothers respectively, and

thus the increased usage of IAP in the NT compared to SA.

Traditionally, benzyl penicillin is used as IAP and is administered at least 4 hours before delivery.
Despite the fact that 4 hours has been found to be highly effective at preventing EOGBS in clinical
trials, it has been proposed in some studies that even 1-2 hours may confer some benefit to the
neonate as well but may not be as affective at preventing EOGBS. 31 The use of maternal IAP in the
NT was higher than use of maternal IAP in SA, and thus IAP does not account for the higher incidence
of probable and confirmed cases of EOGBS in the NT. One might conclude there may be a

geographical factors to GBS disease such as antibiotic resistance, or strains of GBS that are more
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virulent dependent on local geography, or a higher force of infection, carriage density or prolonged
carriage. Further studies would be required to evaluate this in the future as to whether there are more

virulent strains in the NT compared to SA, less sensitive to maternal IAP.

A future antenatal vaccination program is likely to be the feasible option in the future for lowering the
incidence and disease burden of LOGBS. Worldwide universal screening and maternal IAP has made a
significant impact in decreasing neonatal morbidity and mortality due to EOGBS, but it has unfortunately
has not reduced the incidence or burden of LOGBS (1%) , A vaccination program would help prevent avoid
the development of antibiotic resistant bacteria 29 and unwanted future health risks in infants caused by
microbiota disturbance (%) Other vaccination benefits include preventing preterm labour caused by GBS
as well as stillbirths caused by GBS infection, and the prevention of allergic reactions caused by

antibiotics (29).

Whilst there may be clinician bias when interpreting whether infants had clinical signs of GBS disease
in the absence of laboratory confirmation, these infants on medical notes review had several indicators
of sepsis clinically and thus ‘probable cases’ of GBS disease were included in the study for incidence
calculation. However, these probable cases were not included in the statistical analysis when
determining risk factors for early and late onset in order to ensure that the data analysis remained
robust based on laboratory confirmation. When probable cases were removed the adjusted SA
incidence for EOGBS was 18.1 per 100,000 live births and for LOGBS was 17.5 per 100,000 live births,
and NT incidence for EOGBS was 35.7 per 100,000 live births and for LOGBS was 14.6 per 100,000
live births, in this instance both EOGBS and LOGBS are both lower than the proposed APSU national
average of 32 per 100,000 live births for early-onset and 17.8 per 100,000 live births. ©4) Further
studies are required to investigate whether this lower incidence represents clinicians’ adherence to

GBS screening and IAP treatment guidelines, or whether it is due to geographical or maternal factors.

GBS STUDY | THESIS DISCUSSION AND SUMMARY 74



Prior to this study, known risk factors for EOGBS disease included: maternal GBS carriage, intrapartum
fever and maternal chorioamnionitis, prolonged rupture of membranes, prematurity, low birth weight,
young maternal age, black ethnicity groups (based on studies conducted in the USA), previous baby
with GBS, and low levels of GBS anticapsular antibody. 27) Risk factors for LOGBS are less well-
defined in literature, however nosocomial and maternal sources have been implicated 7). From this
study maternal age, ethnicity, maternal smoking status, poor antenatal attendance, maternal drug use,
and number of prior pregnancies did not appear to be risk factors for neonatal GBS disease. We were
unable to ascertain if GBS bacteriuria was a risk factor for GBS (likely due to lack of data), although it is
acknowledged that women with GBS bacteriuria are presumed to be colonised with GBS and managed

accordingly during pregnancy. (109)

From previously published literature maternal age and prematurity are known risk factors for GBS
disease (27) which was not identified in this study, perhaps due to small numbers of cases. This study
was similarly not able to elucidate if sex, ATSI status or premature labour were risk factors for GBS
disease compared to the control group, however it did identify that male and female infants both had a
50% chance of having EOGBS, with males slightly higher chance of LOGBS (55.4% vs 44.6%). ATSI
infants had a higher chance of EOGBS than LOGBS (25.3% vs 12.3%) when both groups were
compared. Although this study was not able to determine if being Aboriginal or Torres Strait Islander
predisposes to GBS neonatal infection our data suggests a trend with a higher odds ratio for disease in

Aboriginal infants.

Interestingly, infants below 1.5 kg tended to have LOGBS rather than EOGBS (55.4% vs 18.1%) and

those above 3.5 kg tended to have EOGBS rather than LOGBS (33.1% vs 11.1%); whilst infants of low

birth weight are often premature, we cannot assume this of the entire cohort as some term infants may

GBS STUDY | THESIS DISCUSSION AND SUMMARY 75



be affected by intrauterine growth restriction and thus be small for gestational age. Prematurity may not
have been found to be a risk factor in this study for GBS due to the sample size restrictions from
several hospital sites, especially of that in the NT, where very premature infants are often transferred in
utero to tertiary centres interstate for pending delivery. The results in the study regarding the risk factor
of prematurity may have arisen due to the small numbers of patients identified in the NT which made it
impossible to match every case for gender and weight category (particularly in the case of very
premature or low birthweight infants as these were often transferred interstate to major tertiary centres

for ongoing care).

From this study risk factors for GBS disease included: maternal GBS carriage, previous fetal death (in
this study defined as death at any gestation during pregnancy), maternal chorioamnionitis, and as one
would assume, with maternal antibiotics in labour appearing to be a protective risk factor against
neonatal GBS disease. Previous fetal death appears to be a new risk factor for GBS disease which
should be highly recommended in guideline development of risk factors in future antenatal screening

protocols.

This study was only able to comment on burden of disease if patients re-presented to any of the 5
hospitals involved in data collection the first year of life. As a result, there is a possibility that this data is
incomplete and GBS is responsible for higher rates of complications than was ascertained during this
study. It was found that infants with LOGBS were more likely than EOGBS to have focal bone infection
or osteomyelitis (3.1% vs 0.6%), developmental delay (9.2% vs 4.5%), spastic quadriplegia (1.5% vs
0%), seizures (3.1% vs 0.6%), cortical blindness (1.5% vs 0.6%), and deafness (3.1% vs 0.6%).
Paradoxically in our study, infants with EOGBS were more likely to present in the first year of life after

discharge with meningitis than LOGBS (1.3% vs 0%).
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Whilst maternal IAP continues to be a protective factor against neonatal GBS disease, the widespread
use of IAP is already concerning for the development of resistant strains of GBS and non-GBS
pathogens and should not be the default approach to management of GBS in the future. It is apparent
from this study that the burden of early and late onset GBS disease in our Australian population is still
prevalent despite the introduction of GBS screening programmes and maternal IAP use. A prospective
surveillance study conducted in the UK showed the incidence of GBS disease was increasing, and that
the burden of disease was not declining despite national screening and prevention guidelines. 60 A
recent study conducted in the UK in 2018 has established cost-effectiveness of such a vaccination
programme when considering the cost and the burden of invasive GBS disease, @8 but further
Australian studies are required to ascertain whether it is cost-effective based on these results for
implementation of a GBS vaccination programme to pregnant women. Other rare but debilitating
diseases are being considered for immunisation programs in young infants such as meningococcal
disease. Further research is required to determine the specific strains of GBS causing disease in
infants in different Australian regions to help determine an effective maternal GBS vaccine to prevent

potentially devastating neonatal GBS infections.
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SUMMARY & RECOMMENDATIONS

In summary, the results of this study provide three recommendations:

1. A recommendation that all Australian states and territories move towards a mandatory
reporting system for neonatal GBS early onset and late onset disease, and to formally collect
data on any associated neonatal morbidity and mortality in order to ascertain the true incidence
of disease, disease burden, and any potential geographic variations in Australia of GBS isolate

strains.

2. A recommendation for previous fetal death to be included as a risk factor to current GBS

screening guidelines alongside previously known risk factors.

3. A recommendation to consider a national GBS vaccination program for pregnant women, once
a safe and effective GBS vaccine becomes available, particularly for at risk pregnant women,
based on risk factors such as prior foetal death. This would potentially improve pregnancy
outcomes and is likely be acceptable to the Australian women given the successful introduction
of similar vaccination programmes for influenza and pertussis where the primary aim is to

confer neonatal immunity when given to mothers during pregnancy.

GBS STUDY | THESIS DISCUSSION AND SUMMARY 78



The benefits of a GBS vaccination program include but are not limited to: decreasing the
incidence of late onset GBS, which has remained steady despite the introduction of GBS
screening programs and reduced use of maternal intrapartum antibiotics, and potential
eradication of early and late onset GBS including serious neurodevelopmental sequelae. An
immunisation program for pregnant women would potentially prevent preterm labour as well as
stillbirths caused by GBS infection, and prevent side effects caused by antibiotics such as
allergic reactions and the development of antibiotic resistant bacteria and unwanted future
health risks in infants caused by microbiota disturbance such as gastrointestinal conditions and

atopic diseases such as asthma.

Implementation of these 3 recommendations has the potential to eliminate neonatal GBS
disease but further Australian data will be required regarding GBS serotype and geographical

distribution in order to evaluate potential coverage of potential GBS vaccines in Australia.
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CENTRAL AUSTRALIAN HUMAN RESEARCH ETHICS COMMITTEE

Centre for Remote Health
PO Box 4066 Alice Springs NT 0871
Ph: (08) 8951 4700 Fax: (08) 8951 4777
Email: cahrec@flinders.edu.au

Associate Professor Helen Marshall
Women's and Children's Health Network
Discipline of Paediatrics
72 King William Rd
MNorth Adelaide SA 5006
29" June 2016

Our Ref: HREC-16-388

Dear Associate Professor Marshall

RE: Ethics Application = Approval

The Central Australian Human Research Ethics Committee (CAHREC) Chair has considerad
your response to the Committee's request for further information about andfor amendment|s)
to your research project ‘Assessing disease burden and risk factors for neonatal group
B streptococcal infection to inform the best strategies to prevent life threatening
infections in newborns’,

The Chair agreed that this project now meets the requirements of the MNational Statement on
Ethical Conduct in Human Research.

The Chair decided to grant approval for your project to proceed.

The period for which approval has been given is from the date of this letter until the 2™
January 2017. If you do not complete the research within the projected time please request
an extension from CAHREC,

Ethics approval is contingent upan the submission of an annual Progress report and a Final
report upon completion of the project. It is the responsibility of researchers to make a note of
the following dates and submit these reports in a timely manner, as reminders may not be
sent out. Failure to submit reports will result in your ethics approval lapsing.

Your Final report is due on;

2 January 2017

Copies of the report form can be downloaded from the CAHREC website,

Yours sincerely

Chris Schwarz

Secretariat Support
Central Australian Human Research Ethics Committee

GBS STUDY |APPENDIX: NT ETHICS APPROVALS

81



CENTRAL AUSTRALIAN HUMAN RESEARCH ETHICS COMMITTEE
Centre for Remote Health
PO Box 4066 Alice Springs NT 0871
Ph: (08) 8951 4700 Fax: (08) B951 4777
Email: cahrec@flinders.edu.au

Associate Professor Helen Marshall
Women's and Children's Health Network
Discipline of Paediatrics

72 King William Rd

MNorth Adelaide SA 5006

28" July 2017

Our Ref: HREC-16-388

Dear Associale Professor Marshall

RE: P R nd Extension wal

The Central Australian Human Research Ethics Committee (CAHREC) Chair has considered
the annual report and the application for an extension to the completion date of your
research project ‘Assessing disease burden and risk factors for neonatal group B
streptococcal infection to inform the best strategies to prevent life threatening
infections in newborns’.

The Chair is satisfied the research is being conducted within the guidelines set out by the
Ethics Committee. He has granted approval for an extension until the 30" December 2017.

Your Final report is due on the 30" December 2017.

Yours sincerely

Chris Schwarz
Secretariat Support
Central Australian Human Research Ethics Committee
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Fostal: PO Box gudgh, Casuarina NT aEn, Santmlia
Iocation: John Matheves Building I:Illug %8},
Emyal Darwin Hospitel Campus, Rocklands Dy, Casmarina HT o810

nZIES Pir (08) 8046 2500 Fa: D8] 8046 Bt

Websile: menzies.mdu.au
schoal of health research BEM: TO kT 542 847

Ethics Adminlstration Ofice

Flis Raferance Humber: HREC-2016-2584
Phona: ([5) 5546 5557 or (DE) 3546 5632
Emall: ethics@menzies. adu.au

B1 March 2016

Associate Professor Helen Marshall
Paediatric Trials Linit,

Women's and Children's Hospital,
Level 2, Clarence Reiger Building,
72 King William Road,

Morth Adelaide, SA, 5008,

Dear AP rof Marshall,

HREC Reference Mumber: 2016-2584

FProject Title: Assessing disease burden and risk factors for neonatal group B
streptococcal infection to inform the best sfrategies to prevent life threatening
infections in newborms.

Thank you for submitting the above Quality Assurance Activity /case study for ethical review.
This project was considered by the Chair of the Human Research Ethics Commitiee of the
Mortherm Territory Department of Health and Menzies School of Health Research (HREC), in
accordance with guidelines for review of negligible/low risk research. The study activity has been
found to meet the criteria and requirements for a quality assurancefaudit activity as outlined in
the NHMRC Mational Statement on Ethical Conduct in Human Research (2007).

| am pleased to advise that the Chair has granted ethical approval of this research project
Flease note that approval applies only to research conducted after the date of this letter.

This approval will be ratified at the next meeting of the Human Research Ethics Committes.
Approved Project Timeline: 31032016 — 31032017

Dr Joshua Francis, A'Prof Rob Baird, Dr Michasl Stark and A/Prof Helen Marshall will
participate in the retrospective data collection and data analysis.

The nominated participating sitefs in this project is'are:
# Royal Darwin Hospital
#  Alice Springs Hospital {Subject to local CA HREC approwval)
Approval is granted for a maximum period of twelve months. An annual progress report or final
report is required on or before the 31/03/2017.
You are reminded that a final report must to be lodged with this Office by 317032017,

The final report must also outline the feedback mechanism used for reporting back to the
health care unit where the study was undertaken.

APPROVAL IS SUBJECT TO the following conditions being met:

1.  The Coordinating Principal Investigator will immediately report anything that might
warrant review of ethical approval of the project.

Magziph polu. e
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The Coordinating Prncipal Inwestigator will notify the Human Resesarch Ethics
Commitee of the Morhern Temritery Depariment of Health and Menzies School of
Health Research (HREC) of any event that requires a modification or amendment
te the protocol or other project documents and submit any reguired amendments
in accordamce with the instructions provided by the HREC. These instructions can be
found on the Menzies” website.

The Coordinating Principal Investigator will submit any necessary reports related to the
safety of research participants (e.g. protocol deviations, protocol violations) in
accordance with the HREC's policy and procedures. These guidelines can be found
on the Menzies’ website.

The Coordinating Primcipal Ineestigator will report to the HREC annually and notify the
HREC when the project is completed at all sites using the specified forms. Forms and
instructions may be found on the Menzies” website.

The Coordinating Prncipal Investigator will motify the HREC i the project is
discontinued at a participating site before the expected completion date, and
provide the reason's for discontinuance.

The Coordinating Principal Investigator will notify the HREC of any plan i extend the
duration of the project past the approval period listed above and will submit any
asscciated required documentation. The preferred time and method of requesting an
extension of ethical approval is during the annual progress report. Howswver, an
extension may be requested at any time.

The Coordimating Principal Investigator will motify the HREC of his or her inability to
continue as Coordinating Principal Investigator, including the name of and contact
infomnation for a replacement.

The safe and ethical conduct of this project is entirely the responsibility of the
investigators and their institution(s ).

Researchers should immediately report anything which might affect continuing ethical
acceptance of the project, including:

«  Adverse effects of the project on particpants and the steps taken to deal with
these;
Oiher unforeseen events;
Mew information that may invalidate the ethical integrity of the study; and

* Proposed changes in the project

. Approval for a further twelve months, within the original proposed timeframe, will be

granted upon receipt of an annual progress report if the HREC is satisfied that the
conduct of the project has been consistent with the criginal protocol.

. Confidentiality of research participants should be maintained at all times as required

by law.

. The Patient Information Sheet and the Consent Form shall be printed on the relevant

site letterhead with full contact details.

. The Patiemt Information Sheet must provide a brief outline of the research activity

including: risks and benefits, withdrawal opticns, contact details of the researchers
and must also state that the Human Research Ethics Administrators can be contacted
{telephone and email} for information conceming policies, nghts of participants,
concems or complaints regarding the ethical conduct of the study.

. Wou must forward a copy of this letter to all Investigators and to your institution (if

Mz A A ol el
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applicable).

This letter constitutes ethical approval only. This project cannot procesd at any site wntil
separate research govemance authorisation has been obtained from the CED or Delegate of the
institution under whose auspices the research will be conducted at that site.

Should you wish to discuss the above research project further, please contact the Ethics
Administrators via email: ethics@menzies.edu.au or telephone: (08) 8948 8637 or (02)
8845 8592

The Human Research Ethics Committee of the Mortherm Terrtory Department of Health and
Menzies School of Health Research wishes you every continued success in your research.

Yours simcerely,

Dr Lewis CampbellChair

Chair

Human Research Ethics
Committes

of Northern Territory

Department of Health
and Menzies School of Health Research
NHMRC Registration Mo. ECO0153
http:iwew menzies edu.auwpage/Research/Ethics approwvall

This HREC is constituted and operates in accordance with the Mational Health and
Medical Research Council's (MNHMRC) Nzficnal Statement on Ethical Conduct in Human
Research [2007). The processes used by this HREC to review multi-centre research
proposals have been certified by the Mational Health and Medical Research Council.

. Mrgezdeh. el o
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5 December 2017
Ethics Acminisiration Offce
:—-mmur' (08) 5545 8550
Professor Helen Marshall g ”*
Paediatric Trals Unt Emalt sthcs@menies adu au

Women's and Chidren's Hospital
Level 2 Clarence Reiger Buiding
72 King William Road

North Adelaide SA 5006

CC. Dr Marianne Yanm
Dear Professor Marshall,

HREC Reference Number: 2016-2584
Project Title: Assessing disease burden and risk factors for neonatal group B streptococcal
infection to inform the best strategies to prevent iife threatening infections in newborns

The amendment fo the above project submited on 04/12/2017 was approved and wil be ratified at the next
meeting of the Human Research Ethics Committes of the Northern Temitory Department of Health and Menzies
School of Health Research (HREC). Please note that this approval apples only to research conducted after the
date of this letter

The following amendments are approved:
1. Extension of project timeline from 31/12/2017 to 300X2018

Pleasa note that all requiremeants of the original ethical spproval for this project still apply

Approved timeline: 21032016 - 3003/2018
Annual progress report due: 30032018

APPROVAL IS SUBJECT TO the folowing conditions baing met

1. The Coordinating Principal Investgator wil immediately report anything that might warrant review
of ethical approval of the project

2. The Coordinating Principal Investigator will notify the HMuman Research Emics Committee of the
Neethem Temitory Department of Health and Menzies School of Heaith Research (HREC) of any
event thal requires a modification or amendment to the protocol or other project documents and
submit any required amendments in accordance with the instructions provided by the HREC These
Instructions can be found on the Menzies' website,

3. The Coordinating Principal Investigator wil submit any necessary reports related 1o the safety of

research participants (e.g. protocol deviations, protocol vickations) in accordance with the HREC's

palicy and procedures. These guidelines can be found on the Menzies websile.

The Coordinating Principal investigator wil report 10 the HREC annually and notify the HREC when the

project is completed at all sites using the specified forms. Forms and instrucsons may be found on the

Merzies  website

The Coordnatng Principal Investigator will notfy the HREC I the project is discontinued at a

participating site before the expected completion date, and provide the reascns for discontinuance

The Coordinating Principal investgator will notfy the HREC of any plan 1 extend the duration of the

project past the approval period listed above and wil submit any associated requred documentabon

The preferred time and method of requestng an axtension of ethical approvad 18 during the annual

progress report However, an extension may be requested at any ime
7 The Cocruinating Prncipal Investgator wil notify Ihe HREC of his o her inability to continue as

: Principal Investigator, including the name of and contact informason for & replacement.

and ethical conduct of this praject is entirely the responsibility of the invesbgators and their
nattutions),

. MatzArh eolu e
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§ Researchers should immediately report anything which might affect continuing ethical acceptance of
the project, ncluding
o Adverse effects of the project on participants and the steps taken % deal with these.
¢ Other unforeseen avents;
¢ New informaton that may invaldate the ethical integrity of the study; and
+ Proposed changes In the project
10. Approval for a further twelve months, within the origingl proposed timeframe. will be granted upon
receipt of an annual progress report If the HREC is satisfied that the conduct of the progect has been
consstant with the ongnat protocol.
11. Confidentiality of research partcipants should be maintained at all imes as required by law
12. The Patient informaton Sheet and the Cansent Form shall ba ponted on the relevant site letterhead
with full contact details
13, The Patent informaton Sheet must provide a bnef outline of the research activity including: nsks and
tenefits, wehdrawa! options, contact details of the researchers and must also state that the Human
Research Ethics Administrators can be contacted (telephone and emad) for information concerning
poiicies, rights of participants, concerns or complaints regarding the ethical conduct of the study,
14. You must forward a copy of this latter to all Investigators and to your institution (If applicable)

Shoud you wish 10 discuss the above research project further, please contact the Ethics Agministrators

via email sthics@menzies ady gy or telephone. (08) 8946 BEST or (08) 8048 BES2

The Human Research Ethics Commitiee of the Northern Termtory Depatment of Health and Menzies Scheol
of Health Research wishes you avary cContinued SUCCEss In your research

Yours sincevely,

’C
. Me2hlA 2ol an
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File Reference Number: HREC-2016-2584
3 July 2018 Phone: (08) 8545 BSET or (08) BME BEG2
Emall: sthosimennes sou
AlProfessor Helen Marshall

Paediatnc Trals Unit

Women's and Children's Mospital
Lavel 2 Clarence Rexger Bulkding
72 King Wiliam Road

North Adelaide SA 5008

Dear AlProfessor Marshall

HREC Reference Number: 2016-2584
Project Title: Assessing disease burden and risk factors for neonatal group B streptococcal infection to
inform the best strategies to prevent Nfe threatening infections in newbomns

The Human Resaarch Ethics Commitiee of the Northern Territory Department of Health and Menzies School of
Health Research (HREC) thanks you for taking the tme to complete and retum your annual progress report for
the above project

The report has been reviewed and noted

Thae following amendment has been approved
* An extension to the projact completion date from 31/03/2018 o 31/12/2018

Contnued elhvcal approval is granted for the above research project
Please note that this approval appies only fo research conducted after the date of this letter

Approved timeline: 31032016 - 31122018
Annual progress report due:  31/122018
APPROVAL IS SUBJECT TO e following congitions beng met:

1. The Coordinaling Principal Investigaior will immediately report anything that might warrant review of
athical approval of the project.

2. Tne Coordinating Principal investigator will notify the Human Research Ethics Committee of the Northern
Torrtory Departmant of Health and Menzies School of Health Research (HREC) of any event that
requires @ modification or amendment to the protocol or other project documents and submit any
required amendments In accordance with the instructions provded by the HREC. These nstructions can
be found on the Menzies' webste

3. The Coordinating Prncipal Investigator wil submit any necessary repons relaied 1 the safety of research
participants (e.g. protocol deviations, protocol violations) in accordance with the HREC s policy and
procedures. These guidelines can be found on the Menzies' website

4 The Coordnating Princpal Investgator wil report 1o the HREC annually and notfy the HREC when the
project is completed at all stes using the specified foms. Forms and instructions may be found on the
Menzies' websie

5 Tre Cooranating Prncipal lnvestigator wil notfy the HREC If the pragct & discontinued ot a participating
site before the expected completion date, and provide the reason/s for discontinuance

nabng Principal Invesbgator wil notdy the HREC of any plan o extend the duration of the
the approval period listed above and wil submit any associited required documentation The
ime and method of requesting an extension of ethical approval & dunng the annual progress

5 an exiension may be requested a any time

Mz Als 2olu o
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7. The Coordinating Principal Investigator will nolify the HREC of his or her inabllity to continue as
Coordinating Principal investigator. nchidng the name of and contact nformation for a replacerment

8 The safe and ethical conduct of this project s entirely the responsibiiity of the investigators and heir
nstitubion(s).

B Researchers should immediately report anytheng which might affect continuing ethical acceptance of the
project, inckidng:

Advarse effects of the project on participants and the steps taken to deal with these,

Othar unforeseen events,

New information that may invalidate the ethical intagnty of the study; and
Proposed charges in the project

10. Approval for a further twelve manths. within the orniginal proposed timeframe, will be granted upon recespt

of an annual progress report If the HREC is satisfied that the conduct of the project nas been consstent
with the original protocol

11. Cenfidentiality of research participants should be maintasined at all times as required by law

12. The Pasant Information Sheet and the Consent Form shall be printed on the refevant site letterhead with
il contact details.

13. The Patient Information Sheet must peovide @ brief culling of the research activity including: risks and
benefits, withdrawal options, contact details of the researchers and must also state that the Muman
Research Ethice Administrators can be confacted (telephone and email) for information concerning
policies. rghts of participants, concerms or complaints regarding the ethical conduct of the study

14 You must forward a copy of this fetter to all Investigators and to your institution (f applicable).

Should you wish %o discuss the above research project further, please contact the Ethics Administrators via
email: gihvcsEimenzies edu sy or telephane: (08) 8946 BBAT or (08) 8546 8652

The Human Research Ethics Committee of the Northem Temitory Department of Health and Menzies School of
Health Research wishes you every conlinued success in your research

Yours sincerely.

Ms Jane Thomas

Report Roview Representative

Human Research Ethics Committee

of the Northern Territory Department of Mealth
and Menzies School of Health Research

F.
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Dear Helen

Re: Assessing disease burden and risk factors for neonatal group B streptococcal
infection to inform the best strategies to prevent life threatening infections in
newborns. HRECHMG/WCHNI25. Ethies expiry date: 30/06/2018.

Lead HREC for the above study for the following institutions/sites:

Women's and Children's Health Metwaork
Lyell McEwin Hospital
Flindars Medical Centra

| refier to your letter dated 24™ June 2016 in which you responded to matters raised by the
WCHN Human Research Ethics Committee at its 24" February 2016 meeting. | am pleased to
advise that your protocol has been granted full ethics approval and meets the requirements of
the National Statement on Ethical Conduct in Human Research.

Specifically, the following documents have been noted/approved:

Document Version Date

LMR Application: AUMS/F10427 08 February 2016
Response to Reguest for Further Informafion: He;p_an;e letter 24 June 2016

Cover Letter |10 February 2016
Study Profocal 1 |10 February 2016 |

This letter constitutes advice on ethical consideration only. You must not commence this
research project at a site until you have obtained separate research governance approval
from the site concerned. A copy of this letter should be forwarded to all site investigators
for submission to the relevant Research Governance Officer,

At the WCHN, or any other SA Health site, separate authorisation from the Chief Executive or
dalegate of that site must be obtained through a Site Specific Assessment (S54) request. For
information on this process at the WCHN, please contact the WCHN Research Governance
Officer, Ms Camilla Liddy (telephone 81681 8688, email camilla liddy@health.sa.gov.au).

| remind you approval is given subject to:

simmediate notification of any serious or unexpected adverse evants to participants,

simmediate nofification of any unforeseen events that might affect continued ethical acceptability
of the project;

ssubmission of any proposed changes to the original protocol.  Changes must be approved by
tha Committes before they are impleamentad,

simmediate advice, giving reazons, if the protocol is discontinued before its completion;
ssubmizsion of an annual report on the progress of the study, and a final report when it is
completed to the WOHN Ressarch Governance Officer. It is your responsibility to provide these
reports, without reminder. The proforma for the report may be found on the WCHMN Ressarch
Governance and Ethics website. ‘/-'—”\

- >l

4D

Government
f South Australia

30 Eeqlh
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Approval is given for three years only. If the study is more prolonged than this, an extension
request should be submitted unless there are significant modifications, in which case a new
submission may be required, Please note the expiry date in the fitle above and include it in any
future communications.

Yours sinceraly

" TAMARA ZUTLEVICS (DR)
CHAIR
WCHN HUMAN RESEARCH ETHICS COMMITTEE
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Women's
& Children's
Hospital

Research Secretariat

Level 2, Samuel Way Buildng
72 King Wilkam Road

31* May 2018 North Adelaide SA 5006
Tl 0B 8161 6390
Tel 088161 6521
Wi wh 53.gov au

Prof H Marshall

VIRTU

WCHN

Dear Helen

Re: Assessing disease burden and risk factors for neonatal group B streptococcal
infection to inform the best strategies to prevent life threatening infections in
newborns. HREC/16/WCHN/25, Ethics expiry date: 30/06/2021.

At its meeting on 30" May 2018, the WCHN Human Research Ethics Committee approved your
request to extend ethical approval for a further two years. Please note the amended approval number
above reflecting the extension, and use it in any future communications.

As the consideration of annual reports is now part of research governance monitoring, | have
referred your annual report to the WCHN Research Governance Officer, Ms Camilla Liddy.

| remind you continued approval is given subject to;

simmediate notification of any serious or unexpected adverse events to participants;

simmediate notification of any unforeseen events that might affect continued ethical acceptability of the
project,

esubmission of any proposed changes to the original protocol. Changes must be approved by the
Committee before they are implemented;

simmediate advice, giving reasons, if the protocol is discontinued before its completion;

ssubmission of an annual report on the study's progress and a final report on completion to the WCHN
Research Governance Officer. It is your responsibility to provide these reports, without reminder from
the Committee,

| also remind you of the institution's research governance requirements. If the study involves non
WCHN staff or students, a signed Confidentiality Agreement is to be provided to Ms C Liddy,
Research Governance Officer, WCHN Research Secretariat. Additionally, if they visit any WCHN site
or access identifiable patient information, a verified copy of their Department for Communities &
Social Inclusion (DCSI) National Criminal History Record Check (Child related employment screening)
is to be provided to Ms C Liddy and the Human Resources Department. The study may continue on
this proviso.

Yours sincerely

TAMARA ZUTLEVICS (DR)
CHAIR
WCHN HUMAN RESEARCH ETHICS COMMITTEE "'9"

» -

4.

Gavernmaent
of South Australia

SA Heatth
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ARoRIGINAL HEALTH
REsearcH ETHICS COMMITTEE

[24 June 2016

Assoc. Prof. Helen Marshall
Women's and Children's Hospital
University Department of Paediatrics
72 Kimg William Road

Morth Adelaide 5A 500&

By Emiail: Helen Marshall@adelaide.edu.au; Mark. Mcomillan@adelaide. edu.au

RE: ‘GBS Study’ - Assessing disease burden and risk factors for neonatal group B streptococcal infection to
inform the best strategies to prevent life threatening infections in newborns
Ref. No: 04-16-663

Crear Helen,

Thank you for your submissicn requesting ethical review from the Aboriginal Health Research Ethics Committee
[AHREC).

| am pleased to inform you that your study met with the Committee’s support and was recommended for full
approval. The Committes originally reviewed the study at its meeting held on 5 May 2016 and youwr response to
the Committee's query regarding de-identification that was reviewed out-of-session on 23 June 2016. Please be
advised of the following standard conditions::

1} The duration of approval is from 23 June 2016 until the completion date of the study indicated as 1 August
2017.

2] Inaccordance with the MHMRC guidelines, AHREC requires annual reports from principal researcheris).
Please find the reporting template at:
http://ahcsa.org.au/research-overview/ethical-review-ahrec/

We wish you well with the study and look forward to receiving your progress reports. If you require further
informatien, please do not hesitate to contact the E=ecutive Officer, Dr Gokham Ayturk, by email at
Gokhan.Ayturk@ahcsa.org.au .

Sincerely yours,
Dr Gokhan Ayturk on behalf of

Kim Morey
Chairperson, AHREC

Aboriginal Health Council

3! South Ausilia Inc

AHREC i a sub.commitbe= of A CSA

g King William Road Unley SA sodn PO Box gé1 Unley SA gaé
Tek (cf) B273 7200 Fax: [of) Bazy rzge Email shcse@ahcsa.arg.au Website: www.ahcsaarg.au
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Women's

& Children's
A/Prof Helen Marshall Hospital
Women's and Children's Hospital
72 King William Road . b
NORTH ADELAIDE SA 5006 ssamch Sacratariat
Lewel 2, Samusel Way Bui
72 King Wilam Road
Td 0881616390
Tl 0881616521
06 July 2018 waveve.weh 52 Qow 3
Dear Helen

SSA Reference: SSA/M16/WCHN/108

HREC Reference: HREC/16/WCHN/025

Study title: Assessing disease burden and risk factors for neonatal group B
streptococcal infection to inform the best strategies to prevent life
threatening infections in newborns

Site Specific Assessment Review (LNR/SA Health MA)

Thank you for submitting an application for research governance authorisation of this project We are
pleased to inform you that authorisation has been granted for this study to commence at the Women's
and Children's Hospital.

In authorising this project, the following documentation was considered:

Covering letter dated 24 June 2016 from Ms Susan Lee,

SSA Form AU/M6/71A5218;

WCHN HREC approval letter dated 29 June 2016;

Neonatal GBS Study Protocol version 1 dated 10 February 2016;
CV for Helen Marshall (Principal Investigator), and
Documentation reviewed and approved by the WCHN HREC.

SR WLN -

Terms and conditions of governance authorisation

Please read the terms and conditions of Women's and Children's Health Network (WCHN)
governance aulhonsatuon as researchers have a responslbdlty to comply wcth reportlng requnrements
and other conditions. Fai 3 implic:

of the Study at the Women's and Children’s Hospltal (WCH) FOf example fallure to provide an
annual report within the specified timeframe or failure to ensure that all non-WCHN staff and students
satisfy the WCHN Confidentiality Agreement and DCSI| Child Related Screening check requirements
may lead to the withdrawal of site authorisation and suspension of the Study, and may result in further
serious consequences.

In the letter dated 23 June 2016, the Chair of the WCHN Human Research Ethics Committee
stipulated certain conditions for ethical approval of this study at the all sites approved under the SA
Health Mutual Acceptance scheme, This authorisation imposes the following additional conditions:

1. Authorisation of the Study is limited to the site or sites Identified in this letter.

2. Authorisation of the Study is granted for the term of your project as provided in Section 5 of
the LNR SSA or until the project is complete, whichever is earlier.

3. The Study must be conducted In accordance with the conditions of ethical approval provided
by the lead Human Research Ethics Committee (HREC) reviewing the Study, SA Health
policies and in conjunction with ail applicable standards, including the National Statement on
Ethical Conduct in Human Research (2007 and updates) and the Australian Code for the
Responsible Conduct of Research (2007 and updates).

Government
of South Australia

1 SA Health
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4. Whare non-WCHN staff or students are involved in the Study, that person or those persons
must execute a WCHN Confidentlality Agreament. This requirement applies to all non-WCHMN
staff and students [dentified in the SSA submission and to any and all non-WCHN staff or
students involved in the Study at any time in the future, Non-WICHN staff or students are not
guthorised to perfarm any acts in relaton to the Study without the Research Governance
Officer reviewing and approving a WCHN Confidentiality Agreement.

5. Any non-WCHM staff or students working on the Study, whether identified in the initial 554
submission or in future, who visit the WOHN site for any amount of time or who have access
o any identifiable WOCHMN patient information (WCHN patients under the age of 18 years)
must provide the Research Governance Officer with evidence of a current Department for
Communities and Social Inclusion (DCSI) Child-Related Employment Screening check, in
accordance with SA Health policy and WCHN Human Resources reguirements. Mon-WCHM
staff or students are not authorized to be on the site or access any identifiable WCHN patient
data (WCHN patients undar the age of 18 years) without the Research Governance Officer
reviewing and approving a curnent DCS| Child-Related Employment Screening check,

5. The Research Governance Officer must be included in all relevant correspondence regarding
the Study, including correspondence between the WCHN site and the lead HREC for studies
approved under National Mutual Acceptance, This includes, buf is not limited to, all
correspondence relating ta:

protocol amendment applications,

protocal deviations or violalions at WCHN sites,

Serious Adverse Events at WCHN sites;

notification of study close out, study withdrawal or study completion;

extension of approval reguests; and

anything that may change the athical or scientific integrity of the Study.

7. An Annual Report must be provided to the Research Governance Officer within 30 days of
each anniversary of the initial lead HREC approval date for the duration of lgad HREC
approval. The Annual Report must be submrl'ted on the ::u:rent WGHN .ﬂnnual Rep::url form
Fallum tey prn'.uda an Annual Report '.'.'II'J"lI he I+

~man o

3 Where UHIHEFSIW persunne* are mnlve:l in the Eiudyr. the Fnrscupal Inwestugalnr rnust natify
the University that WCHN HREC has approved the Study and WCHN research governance
has authorised the Study. Prior to commencing the Study, the Principal Investigator must
ensure all University requiremeants are complied with, including any indemnity and insurance
requirements.

Additional condition of WCHN research governance authorisation = Data access and
information disclosure

WOHM provides no consent for the data it has provided for this study to be used for any purpose
which can generate a financial return from a third party either by the use of the data as standalone
data or as a collection of data, except or unless WCHN has provided express written consent for such
purpose o ooour.

S8 Health insurance

| confirm that based on the information provided by you, the Department for Health and Ageing's
insurance arrangements will indemnify SA Health staff involved in the study.

The provision of this insurance is based on you maintalning ethics approval and ensuring that persons
perfarming treatment or testing are gualified to perform such treatment or W@sting, of in the case of
students they are approprigtely supervisad by parsons that are qualified.

S8 Health insurance does not Include cover for deliberate breaches of confidentiality, wilful
mizconduct, o the misuse of informaticn, fraud or similar risks.
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Please contact me if you have any queries about the consideration of your Site Specific Assessmant.
Flease quate the 354 reference number in any corespondence about the Study.

We wish you every succass in your research.

Yours sincerely

CAMILLA LIDDY <

Reseanch Governance Officer

Women's and Children's Health Matwork
Research Secrelanal

P (08) B161 BEAS

E: camilla.liddyi@sa. aoy.au

CC: Ms Susan Lee, VIRTU

Hey dates:
Annual Report due (every year): June
WCHN research governance expiry date: 04 April 2018
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fal ey Government of South Australia
g " L4 Haealth

ks

Morthern Adelaide Local Health Metwork

21 March 2017 Reszarch Govemance Office
Lewel 2, Clil_'li-:.:il Tri:als Unit
AfProf Helen Marshall hfe'y;““'fgagm"a'
. N Ay SO
Director, VIRTU . ELIZABETH VALE SA 5112
Women's and Children's Hospital Tel: 08 8187 G346
72 King William Road Email: healthnalhnrgod@ sa.gov.au

MORTH ADELAIDE SA 5006
Dear A/Prof Marshall

HREC reference number: HRECHMEMW CHN/2S

S8A reference number: S5AMTINALHMNZZ

Project title: Assessing disease burden and rigk factors for neonatal group B streptococcal infection
to inform the best strategies to prevent life threatening infections in newboms

| am pleased to advize that the above project is approved to be conducted at Lyell McEwin Hospital.

Thig approval is subject to compliance with the conditions set out below in addition to the conditions
specified by the reviewing HREC.

1. Record keeping is maintained in accordance with GCP, NHMRC, State and Mational
guidelines.

2. Motify the HNALHN Research Governance Office of:

Any HREC approved amendments to the project

The annual progress of the project (annual report)

Extensions to the ethical approval of the project

Serious or unexpected adverse effects for MALHM participants

Site based protocol deviations

Any changes to the indemnity, insurance arrangements or CTRA for the project

* ‘Your inakility to continue as Principal Investigator or any other change in research personnel
involved in this project

* Failure to commence the study within 12 months of site approval / or if a decision is taken to
end the study at this site

* Any other unforeseen events

+ Any other matters which may impact the conduct of the project in HALHN

* A comprehensive final report at study completion including any published matenal

# Site audits and final audit report

3. Maintain confidentiality of NALHN participants at all times, as required by law.

4. Dispose of research matenals in accordance with the reguirements outlined in the NHMRC
Australian Code for the Responsible Conduct of Research.

If University personnel are involved in this project, the Principal Investigator should notify the
University before commencing their research to ensure compliance with University requirements
including any insurance and indemnification requirements.

The NALHN Research Governance Office may conduct an audit of the project at any time.
Please note: templates for the post approval submission of documents to the RGO can be

accessed from: hitpzfeenw_basilhetzelinstitute . com.awresearchinformation-fior-
researchersinalhn/forms-and-templates/

ESA reference number: S5AMT/INALHN22
Project title: Assessing disease burden and rizk factors for neonatal group B streptococcal infection
to inform the best strategies to prevent life threatening infections in newboms
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oy Gowernment of South Australia

,@ =y A4 Health

F ey

Should you have any queries about the consideration of your Site Specific Assessment form,
please contact me on 08 182 9346 or healthnalhnrgof@sa.gov.au

The 554 reference number should be quoted in any comespondence about this matter.

Yours sincerely

Alison Bamr
Research Govemance Officer
Morthern Adelaide Local Health Network (LMHMH/PHC)

Key Dates:

Document Due date
lAnnual Report 29 June 2018

58A reference number: SSAMNTIMALHNZZ
Project title: Assessing disease burden and risk factors for neonatal group B streptococcal infection
to inform the best strategies to prevent life threatening infections in newboms
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pffice for Research 7OUTN,  Government of South Australia

Flinders Medical Centre ! -
ward 6C, Room 6A219 . = 54 Health

Flinders Drive, Badiord Park SA 5042 oL Sonshern Adelaide Local Healih Nebwark
Tel: (08) 8204 &453

E: Haalth.SALHNOMceforRessarchiflsa. gov.au

11 October 2016

A/Professor Helen Marshall
Discipline of Paediatrics
Women's and Children's Hospital
72 King William Road

NORTH ADELAIDE 5A& 5006

Dear AfProfessor Marshall

HREC reference number: HREC/ 16/ WCHN/25 324.16

Project title: Assessing disease burden and risk factors for neonatal group B
streptococal infection to inform the best strategies to prevent life
threatening infections in newboms

Ethics approval: 28 June 2016 to 29 June 2019
Site: Flinders Medical Centre
Subject: Site Specific Assessment Review

Thank you for submitting an application for authorisation of this project.

0On the basis of the information provided in your Site Specific Assessment submission, I am
pleased to inform you that authorisation has been granted for this study to commence,

This authorisation is based on the following documents:

Site Specific Assessment AUS16/0ACS211 dated 1 May 2016

WCHN HREC approval letter dated 29 June 2016
Neonatal GBS Study Protocol v1.9 10 February 2016
A/Prof Helen Marshall, Principal Investigator CV 1 January 2016

HREC reviewed documents listed on the approval letter are accepted as part of the site
authorisation.

The 55A reference number should be guoted in any cormespondence about this matter.

If University personnel are involved in this project, the Principal Investigator should notify the
University before commencing their research to ensure compliance with University requirements
including any insurance and indemnification requirements.

Should you have any gueries about the consideration of your Site Specific Assessment form,
please contact Dawn Jennifer on 8204 6453,

Yours sincerely

Professor Willis Marshall
Director, Office for Research

GBS STUDY | APPENDIX: SA ETHICS APPROVALS 99



|Z::u::m out {CtrI+Minusj|

GBS STUDY: USE THIS FORM FOR INDEX CASES

BABY URN:
MOTHERS URN:
Once form completed please delete baby’s and mother's URN before sending form o WCH

Instructions: Please answer each question by ticking the appropriare box or writing your response in the space provided. DH= Don'
Know, UK= unknown, NA = Not applicable

DE-IDENTIFIED ID:

Enter the following informafion

PATIENT DETAILS
1. First 2 letters of first name: I:“:I 2. First 2 letters of surname I:”:I

. Date of Birth DD.‘DDJDD 4. Sex DI‘-‘I DF
5. Posteode of family: DI:”:”:‘

L

&. Couniry of Birf: Australia [ aither[_] I ather, specify Cox
7. Mother's Ethnicity I:IDK
&. Father's Ethnicity D DK

2. Is the chid of ATS| descent?  Aboriginal I:l Taorres Strait [slander I:‘ Both I:lN-: I:‘ Dk I:‘

BIRTH HISTORY

10. Gestational age:  Termn D Pre-term (<37 weeks) D If pre-term, state gestabonal age [wesks) DHD
11. Mothers Parity PRIOR to delivery of this child: G __ FP__

12. Birth weight grams [exact weight i known please)

& Weight category:
< T42g
T50-2049g
1000-1488g
1500-1998g
2000-2409g
2500-2998g
3000-3498g
== 3500g

OoO0OoOoOoOoOon

13: Method of delivery:

Spontanecus vaginal delivery (no instruments)
Spontanecus vaginal delivery (with instruments: Vientousse suction cup I:‘ fomeps I:I intrauterine scalp electrode I:‘]
Induced vaginal delvery (no instruments )

Induced vaginal delvery {(with instruments: Vontousse suction cup I:I forceps I:‘ intrauterine scalp electrode I:‘]
Induced delivery but due to complications, baby delivered by emergency Cassarian section

OoOooooOond

Elective Cassarian secton

14. APGAR SCORE:

GBS STUDY Page 1 of 10
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At 1 min At 5 min At 10 min

Activity (Muscle Tone)

Pulse

Grmace (Reflex Imitability)

Appearance (skin colour)

Respiration

OR if APGAR breakdown not known:
Total score at 1 min
Total score at & min
Total score at 10 min

Resuscitation required: ¥ [ 1 N[ Jox [
If YES

Wasopharyngeal suctioning I:‘

Respiratory suppont — CPAPMNeopuf® I:I highest Fio2 reached: __ %

Chest compressions I:‘
Intubation I:I

15. Prolonged rupture of membranes (more than 18 hours prior to delivery): Y I:I M I:I

F YES, LENGTH OF RUPTURE OF MEMBRAMNES

HRS

F ¥ES, did mother receive matemal antbictics during labowr? Y I:‘ M I:‘ DK D

Mame of MATERMAL antibictics I:l K

DArr' picillin

00
I:‘Arr'm]rc llin

a0
I:‘ Azithromycin

A

D Benzyipenicillin

A0

I:I Clindamycin

0
I:l Erythromycin

O
I:‘ Lincomycin

00
] other

[
[] other

GBS STUDY

stare pate: 11,10, 1]
start pate: 1], C]0], CIC]
start pate: [,/ ]
start pate: [ ], 11, ]
start pate: [ [ ,L 11,1
stare pate: 11,10, 1]
stare pare: [, 1]
start pate: [, [, [

start pate: | 1,L 1L, ]

GBS STUDY | APPENDIX: GBS INDEX CASE DATA INPUT FORM

end pate: (I, (1]
£nd pare: 1,11
end pate: (][], (0]
ena pate: |1, [1[]
end Date: [ {1/ [1[ ]
end pate: (I, (1]
end pare: |1, 1]
end Date: ][],

End DatE:DD_-' I:”:I

Page X of 10
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|

I:I Other Start DMEZI:”:'_-’I:”:'_-’ l:":l End Date: l:“:l-' I:":I
A0

Was at least one dose of [V Antibiotics given at least 4 hours from onset of rupture of membranes prior to baby's delvery? Y EI M |:|

u[]

16. GBS SWAB TAKEN OF MOTHER DURING THIS PREGNANCY: Y I:I M D DK I:I
I ¥ES what gestation was swab taken at: weeks
IF ¥ES, What was the SITE of GBS swah:-

RECTO-VAGINAL [ |
RecTAL []

LOW or HIGH vAGINAL ]
FROM URINE CULTURE [

DONT KNOW I:I
OTHER

17.IF GBS SWAB WAS MNOT TAKEM this pregnancy, was this patient known to have a previous positive GBS swalb prior to this pregnancy?
vy wuld

I ¥ES what gestation was swab taken at weeks
IF ¥ES to known previous GBS swab, what was SITE of swab:

RECTO-VAGINAL []
recTaL [

LOW or HIGH VAGINAL []
FROM URINE cuLTURE (|

DONT kNOW [
OTHER

18_ Any previous delivery of an infant with GBS disease: D M I:‘
IF YES:

Infant DOB Date of Bim:DD.‘DD.‘DD
Sex I:IM I:IF

10. Any previous history of fetal death? v | N[_]
IF yes at what age:

IF yes, what diagnosis was given

20. Any previous history of neonatal death (under 30 days)? Y I:I M I:I
IF yes at what age:

GBE STUDY Pagze 3 of 10
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F yes, what diagnosis was given

MATERNAL HISTORY

21. Pasticoncurrent medical conditions I:‘ Yes (If yes, specify details below) I:I Mo I:I WK
Prematurity: I:‘ Yz I:I Mo I:‘ UK If yes, gestational age atbirth _ weeks {if known)
Asthrma I:‘ Yes I:I Mo I:‘ LK I yes, I:‘ PMH I:‘ ongoing
Cardiovascular disease I:‘ Yes I:l Mo I:‘ LK I yes, I:‘ PMH I:‘ ongoing
Qither respiratory disease I:‘ Yes I:l Mo I:‘ LK I yes, I:‘ PMH I:‘ ongoing
Co-infection (e.g. influenza, viral RTI) I:‘ ez D Mo I:‘ WK K yes, I:‘ PMH I:‘ ongoing
L= =T
Diabetes mellitus: D Yas |:| M D WK i yes, D ongoing D resoved
Obesity D Yas |:| M D WK i yes, D ongoing D resolved; BMI
Other metabolic I:I fes I:I Mo I:I WK i yes, I:I ongoing I:I resofved
Drataiils: e e
mmaunodeficiency conditions I:I Yes I:I Mo I:I WK i yes, I:I ongoing I:I resched
L= T =N

OB e I:I‘r'es I:I Mo I:IL.'J'K f'_.les.D-:"gl:uing I:I resoived

Ot e D\"Ei D N DU;‘H f:,les..I:Ic:"gning I:I resoived

22. Maternal Smoking status Cument smoker DPast smoker

23, Any recreational or ilicit drugs used durng pregnancy, pleass specify e e

24_ Any other known maternal complications or issues this pregnancy, please specifyl e

25. Any foetal complications identified during this pregnancy (from first'second timester screen n|;| or morpholegy ultrasounds ), please
== O OSSP UP PO UUSRRTOt

26. Any suspicion of matemal choricamnionitis during latour? (Matemal Intraparturmn Fever, maternal tachycardia, matemnal uterine
tachycardia, fetal tachycardia, foul smeling amniotic fuid) Yes I:l Mo I:l (004 I:‘

Enter the following

RECRUITMENT PROCESS

37_How was the patient identified? ICD P35.0 Case Note Audt L] Laborstory[ ] other [
specify;

ADMISSION DETAILS

28. Date of Admission DI:I-' I:II:I;I:“:I

28. Was the patient transferred from another hospital ? Yes I:I Mo I:I O I:I

If yes, name of referring hospita 18b. Dave of Admission at referring hospita I:ll:ljl:”:l.-’l:":‘

NEOMATAL CLINICAL DETAILS

GBE STUDY Pag= 4 of 10
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Meonatal Initial Presentation:

30, 1% medical presentation or review by clinical

e | Y O
Time: I:“:I I:“:I 24hrs D

1. Place of medical presentation:

staff:

WK
WK

Labour ward I:' Postnatal ward I:I Mecnatal unit I:I Emergency Department l:l GP I:I

32, Was a Full Blood Couwnt done on the neonate

'H"EE-D Mo

i ¥ES, was this becauss of.

to onset of GBS symptoms?

ok []

Hospital protocol for matemal choroamnionitis

ves ] nal] ok

Hospital protocol for mother with positive GB
Yes Mo

5 swab but baby was asymptomatic
DK

ure [

Mother had a negative GBS swab but there was some clinical concemn regarding the necnate (increased respiratory rate,

hypoglycaemia, hypothermia, etc) Yes

Mol ] Dk

Mother's GBS status was unknown and there was some clinical concem regarding the neonate (increased respiratory rate,

hypoglycaemia, hypothermia, etc) Yes
Other, please specify

No[] DK

If FBC was taken to screen for GBS dissase
Total White cell count

m the newborn what was the:

{please include units )

Total Band count

{please nclude units)

Band Neutrophil Ratio (aka “UT" ratio)

33, 1% dose of parenteral antibictics given:

Diate: DDJDD;DD
Time: I:":l I:":l 24hrs

Given by:
[us
[] &P at &P clinic

I:Iln ED

I:llnpatient ward

Mame and dose of antibiotics:

I:l Ampicillin
I:I Amancycillin

[ Benzyipenicain

GBS STUDY

(please include units)

I:l UK
I:l UK

Cu
]

Start Date: I:":l-'l:":l-’ I:":‘

Start Date: I:”:I-’I:ID-’ I:ID
]

Start Date; I:”:I-’I:”:I-’ I:”:I

GBS STUDY |APPENDIX: GBS INDEX CASE DATA INPUT FORM

End Date: I:“:‘-' I:":‘

End Date: Dl:l-' I:“:I

End Date: Dl:l-' I:”:I
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00

I:‘ Benzathine penicillin Start Date: I:“:H:”:l-' I:":l End Date: I:”:l-' I:":l

X

I:I Cefotaxime Start Date: DD#DD# l:”:l End Date: l:“:l-' I:":I

X

I:I Ceftriaxone Start Date: DD#DD# DD End Date: DD-' DD

00

I:l Fluclozacillin Start Date: DD#DD# DD End Date: DD-' DD

00

I:l Gentamicin Start Date:ljlj_fljljf I:":‘ End DatE:DD; I:":‘

00

I:l Vancomycin Start Date: I:“:I-'DD-' I:”:I End Date: I:”:I-' I:":I

A

I:I Other Start Date:DD_ﬁDDr I:":‘ End DatE:DD_-' I:":‘

40

D Other Start Date:DD_ﬁDDr I:":‘ End DatE:DD_-' I:":‘

00

I:‘ Other Start Date:|:||:|_-'|:":|_-' I:":‘ End DatE:DD; I:":‘

|

Neonatal Clinical Presentation on Admission:

4 Date of presentation to MICLU: DD;DD;DD DU.‘K
a5 Time of presentation to NICU: |:”:| : |:”:|24hr5 D LK

36. Syndromeds (tick all that apply):

I:l Meningitis I:l Seplicaemia I:‘ Prnewmnonia

I:'Dmer IMVASINE GISBESE. e e e

37 Vial signs on presentation:

Heart rate Respratory Rate: Blood Pressure
Max Max ! Highest

Min Min ! Lowest

Temperature: __ _ . “C

3B. Presenting Signs and Symptoms in neonate (tick all that apply)

Temperature instability

GBS STUDY
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Vomiting

Poor feeding
rritablefunseatted
Abdominal distension
Cyanosis

Respiratory symptoms!
Apnoea

Bradycardia

Poor peripheral perfusion
Hypotension

Unexpected need for resuscitation
Hypoglycasmia

Lethargy

Seizures

{increased respiratory rate or T work of breathing)

Capdlary refill time more than 2 seconds

Metabolic andor respiratory acidosis

Tachycardia
Shock

Persistent foetal circaudation (Persistent Pulmonary Hypertension)

DIic

Clinical Imformation during Acute Hospitalisation

Meonatal Complications:

39, Were there any complications during the acute admission or at follow up:

Cves e [ox
[ves [no [ox
[ves [ne ok
[ves [ne ok
Cves Tne Dok
Oves Tae Tluk
[ves [mo [Juk
g‘r'es QND I;IUP-’.

L {¥es [_INo DK
L {es | |No |_]DK
L%es LINo LIDK
LI%es LINo LIDK
L I¥es [1No LIDK
L {Yes LMo LIDK
L {¥es [_INo DK
L {es | |No |_]DK
L ¥es No LJDK
LI%es LINo LIDK
L I¥es [1No LIDK
L I¥es L INo L IDK

I:l‘f'EE I:lMc I:ILIH

D Pnieumonia

I:l Present at 6 week check up

D Present at 1 year check up

I:‘ Focal infection involving bones or
joints

D Present at 6 weak check up

L] presentat 1 year check up

I:I Focal infection involving skin
andfor soft tissue

D Present at 6 week check up

D Presant at 1 year check up

I:l Focal infection of the urinary tract

I:l Present at 6 week check up

I:I Presant at 1 year check up

I:I Endocarditis

D Present at 6 week check up

D Present at 1 year check up

I:‘ Meningitis

|_| Present at 6 week check up

I_l Present at 1 year check up

U ventriculitis (CNS)

D Present at 6 week check up

D Presant at 1 year check up

I:I Oisteomyelitis

|_| Present at 6 week check up

|_| Presant at 1 year check up

O Develn pmental delay

I:l Present at 6 week check up

D Present at 1 year check up

Spastic quadriplegia

I:l Present at 6 weak check up

I:I Present at 1 year check up

D Present at 6 week check up

D Presant at 1 year check up

H
O Microce phaly
|

Seizure disorder

D Present at 6 week check up

I:I Present at 1 year check up

GBS STUDY
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[0 cCortical blindness D Present at 6 weak check up I:I Present at 1 year check up

O Deafnezs |:| Present at 6 weak check up |:| Present at 1 year check up

[0 Perventricular Leukemalacia |:| Present at 6 wesk check up I:l Present at 1 year check up
{on braim imaging}

D Other: I:l Present at 6 week check up D Present at 1 year check up

D Other: I:l Present at 6 week check up D Present at 1 year check up

D Other: I:l Present at 6 week check up D Present at 1 year check up

Meconatal Interventions Received During Hospital Admission

40, antibiotic treatment: D Yes D Mo D UK
If yes:
MEMET e ROUEES I:‘ I'l."|:| In;

Start Date: I:":‘;’I:”:H:”:l End Date:ljlj.-'ljlj_fljlj

Mame: .. RDUTES D WD IM; Dosage: ... |s.g. S0mg tid];
start Date:DD:’DD;DD End DEKE:I:”:‘_-’DDIDD
L T 1= SR - 1= 1| 1= I:I I'l."D IM;  Dosage: ... |2.g. 50mg tid);

Start Date:DD_-’DDIDD End DitE:I:“:I_-’I:”:I_."I:“:I

41. Required Intubation/mechanical ventilation D Yes I:l Mo D UK

If s
method of ventilation:
1}  Mon-invasive ventilation : I:‘ CPAP I:l BPAP I:‘ LIE
Episode 1 Start Date: DD;DD-’DD Enmd Date:DD;DD;’DD average FI02 required: _ %%
Episode 2 Start Date: DDIDD-’DD End Date:DD;DD:’DD average FID2 required: _ %%
Episode 3 Start Date: I:‘I:I;I:”:I-'I:”:‘ End Date: I:”:III:”:H:”:' average FID2 required: __ %
Episode 4 Start Date: DDIDD-’DD End Date: DD;DD-’DD awerage FI02 required: _ %
2}  Iwasive ventiation
Episode 1 Start Date: I:II:I;I:“:I-’I:”:I Enmd Date:DD;DD;’DD average FI02 required: _ %%
Episode 2 Start Date: DDIDD-’DD End Date:DD;DD:’DD average FI02 required: _ %%
Episode 3 Start Date: DDIDD-’DD End Date:DD;DD:’DD average FI02 required: __ %
Episode 4 Start Date: DD;DD-’DD End Date: DD;DD-’DD awerage FI02 required: __ %
42. Required nasogastric feeds? Cves Do Dux
Fad expressed breast milk exclusively via ng D fes I:I Nio D LK
Fed formula exclusively via ng Yes I:l No UK

GBS STUDY
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Fed a mixture of expressed breast milk and formula via ng I:‘ Yeas I:‘ Mo I:l LI
Start Date: DDJDD-’DD End Date:DD.-’DD_-’DD

43. Required total parental nutrition? I:l Yes I:‘ Mo I:‘ LK

Start Date: DDJDD-’DD Emd Date:DD.’DD!DD

44 Investigations:

Sterile Sites:
Specimen Test Callection Dote Resuits
[dld/mmm,iyy)
Microscopy ; O MNegative Dpnsitive I:IN-::I: Done
i [
- - - DEFIBTES oo e e oo
Blood . . .
Culture: . [ negative DP-::sm'.'e DN-::I: Done
i [
e M others: e .
PCR . i ] mesative || pasitive [_Inot pone
[
- - U others: e
7 |:| MNegative I:I Positive I:Ir-.lut Done
Lumbar Culture: T O others: oo .
puncture 7 J ] MNegative |_|P-::siti'.'e |_|N-::l: Done
PCR: - T M Others: e
[CSF)
Picroscopy: / | Megative I:lP'-::siti'.'e I:lr-l-::t Done
T L others: e
45, Were there any co-infections? D a5 D Mo D 1]
Specimen Test Callection Dote Resuits
[dd/mmm.iyy)

General Follow-up

46. Medical follow-up
Wias an outpatient appointment made for follow-up? I:I Yes I:I Ne I:I LI

Was a follow-up appointment made to see GP 4 to 6 weeks after discharge from hospital? I:I Yes I:I Mo I:I (1] 4
47. Feeding status at discharge
Discharged breast feeding D ez D Mo D UK
Discharged on formula feeds l:l Yes l:l Mo l:l [F]:4
Discharged on mixture of breast feeding and formula feeds D fes El Mo D LIK

45 Discharge weight: grams

TREATMENTIOUTCOME DETAILS
GBE STUDY Paz= 9 of 10
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49 'Was patient admitted to 1CU/HDU? I:l Yes |:| Mo I:l UK If yes, total length of 1CU admission (incl. multiple 1cw
admissions):

DD Days D D howrs

50. 'Was patient transferred to another hospital?- I:‘ Yes D Mo I:‘ 114

If yas, name of hospital: e e

What was the date of discharge or transfer? I:”:I-’I:“:I-' I:“:I

Cutcome at discharge
O recovered and discharged without any complications or sequelae
O transferred to ansther hospital with unknown outcome

O Inpatient death; please specify cause of death ..o e

ICD-10 DIAGNOSIS CODES

408_ Primary code: I:l

50. Secondary codes: | | | | | | |

GBS STUDY

GBS STUDY |APPENDIX: GBS INDEX CASE DATA INPUT FORM

Fape 10 0f 10

109



GBS STUDY: USE THIS FORM FOR CONTROL CASES

BABY URMN:
MWOTHERS LURN:
Once form complered please delete baby's and mother’s URN before sending form o WCH

Instructions: Please answer each guestion by ticking the appropriare box or writing your response in the space provided. DH= Don't
Know, UK= unknown, NA = Not applicable

DE-IDENTIFIED ID:

Enter the following information

BEFORE STARTING - Did this COMTROL PATIENT present to hospital in the first 80 days of life with sepsis? (As identfied per anline hospita
aboratory records or case notes) D*"es D Mo D UK

If YES = THIS |5 EXCLUSION CRITERIA, DO NOT USE THIS PATIENT AS A CONTROL.

PATIENT DETAILS
1. First 2 letters of first name: DD 2. First 2 letters of sumame DD

3. Date of Birth I:":‘.'I:":‘;I:":‘ 4. Sex I:‘M I:‘F
5. Postoode of familly: I:“:”:“:I

&. Country of Birth Australia [] other ] If other, specify Lok
7. Mother's Ethnicity I:I (004
E. Father's Ethnicity l:l DK

©.Is the chid of ATS| descent?  Aboriginal || Torres Strait Islander [ Botn [ Ne ] oK []

BIRTH HISTORY

10. Gestational age:  Temn I:I Pre-termn (<37 weeks) I:I If pre-term., state gestational age _ (wesks) DE I:'
11. Mothers Parity PRIOR to delivery of this child: G P__

12_ Birth weight grams (exact weight i known please)

& Weight categony:
< T4@p
To0-00dg
1000-1498g
1500-1998g
2000-2488g
2500-2000g
3000-3400g
== 3500g

OoOoOoOoOoOooo

13: Method of delivery:

O

Spontanecus vaginal delivery [no instruments)
Spontanecus vaginal delivery [with instruments: Vontousse suction cup I:I forceps: I:I intrauterine scalp electrode I:IJ
Induced vaginal delvery (no instruments)

Induced delivery but dus to complications, baby delivered by emengency Caesarian section

O
O
[ Induced vaginal delivery ({with instruments: Vontousse suction cup D forceps D intrautering scalp elecrode D]
O
|:| Elective Caesarian section

GBS 5

—
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i4. APGAR SCORE:

At 1 min

At 5 min

At 10 min

Activity (Muscle Tone)

Fulze

Grmace (Reflex Imitability)

Appearance (skin colour)

Respiration

OR i APGAR breakdown not known:

Total score at 1 min

Total score at 5 min

Total score at 10 min

Resuscitation required: I:‘ M I:‘ DK I:l
If YES

Nasopharyngeal suctioning I:‘

Respiratory support — CPAP MNeopuff D highest Fio2 reached: _ %

Chest compressions
Intubation ||

15. Prolonged nupture of membranes (maore than 18 hours pror to delivery): I:I N I:I
F ¥ES, LENGTH OF RUPTURE OF MEMBRAMES

F ¥ES, did mother receive matemal antibiotics during labouwr? ¥ l:l M I:I DK D

Mame of MATERMNAL antibictics I:l UK
I:IA.rr picillin
DArrmyrc llin
I:l Azithromycin
I:I Benzyipenicillin
I:I Clindamycin
I:I Erythromiycin

D Lincomycin

I:I Other

GBE STUDY

00
00
00
|
HC]
00
00

00

%5& Tof 7

HRS

start pate: 1L ],L 100,001
start pate: 1L ,L 100,001
start oate: (], [IC], 1]
start pate: (| ],[IC] (]
start pate: [ ][], [ 1],
start pate: [ ][], 1], T]

start pate: L[, L1, L]

start pate: | 1,1, 0]
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D Cither Start Date:DD_ﬁDD;DD End DatE:I:”:I_-'I:ID
00

D Other Start Date:DD;DD;DD End DatE:DD_-'DD
a0

Was at least one dose of [V Antibiotics given at least 4 hours from onset of rupture of membranes prior to baby's defivery? Y I:' ] I:‘

LIKD

16. GBS SWAB TAKEN OF MOTHER DURING THIS PREGNANCY: Y I:l ] I:‘ (]9 I:l
f YES what gestation was swab taken at: weeks
F ¥ES, What was the SITE of GBS swab

RECTO-VAGINAL []
recTAL [

LOW or HIGH VAGINAL []
FroM URINE cuLTure [

DoNT know [
OTHER

7. IF GBS SWAE WAS NOT TAKENM this pregnancy, was this patient known to have a previous positive GBS swab prior to this pregnancy?
v n[

T YES what pestation was swab taken at: weeks
F YES to known previous GBS swab., what was SITE of swakb:

RECTO-VAGINAL []
RECTAL []

LOW or HIGH vaGiNaL (]
FROM URINE CULTURE [

DONT KNOW I:‘
OTHER

1B. Any previous delivery of an infant with GBS disease: |:| M |:|
F YES:

nfant DOB Date of Birt“:ljlj.‘ljlj-‘ljlj
Sex I:lh'l DF

18_ Any previous histery of fetal death? Y I:‘ N I:I
F yes at what age:

F yes, what diagnosis was given

20 Any previcus history of neonatal death (under 30 days)? Y I:‘ M I:I
F yes at what age:

GBE STUDY Page 3 of 7
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F yes, what diagnosis was given

MATERMAL HISTORY

21. Pasticoncurrent medical conditions I:‘ Yes (If yes, specify details below) I:I Mo I:l WK
Prematurity I:I Yes I:‘ Mo I:‘ UK i yes, gestational age at birth ___ weeks (if known)
Asthmia I:I fes I:I Mo I:‘ WK K yes, I:‘ PMH I:‘ onigoing
Cardiovascular disease I:I fes I:I Mo I:‘ WK K yes, I:‘ PMH I:‘ onigoing
Other respiratory disease I:l h= I:l Mo I:‘ LK I yes, I:‘ PMH I:‘ ongoing
Co-mfection (eg. influenza, wiral RTI} D Yes I:‘ Miz D WK K yes, I:‘ PMH I:‘ onigomg
I8 U
Ciabetes mellims: D h= D Mo D WK If yes, D ongoing D resolved
Opesity D Yes I:‘ Miz D WK K yes, I:‘ ongoing D resolved; BMI___
Other metabolic I:I Yes I:I Mo I:I WK K yes, I:I ongoing I:I resolved
1= L,
mmunodeficiency conditions l:l Yes I:I Miz l:l WK K yes, I:I ongoing l:l resolved
I8 U

Other e DYH D Miz DL‘;‘K f:,'e5.|:|n:"gning D resolved

OB D‘r‘es D Mo DLIJK f;.les.l]-:"gning D resohved

22. Maternal Smoking status D Cument smoker DF‘ast smoker

23. Any recreational or ilicit drugs used during pregnancy, please speeify: ...l

24_ Any other known maternal complications or issues this pregnancy, please specify: ..

25. Any foetal complications identified during this pregnancy (from first/second timester screen ng or marphology ulirasounds), please
== eSO

26. Any suspicion of matemnal chorcamnionitss during labour? {Matemal Infrapartum Fever, matemal tachycardia, matemal uterine
tachycardia, fetal tachycardia, foul smeling amniotic fuid) Yes D NGI:‘ Ok D

Enter the following

ADMISSION DETAILS
27. K required admission, Date of Admission: DD-’DD-’ DD

2B. Was the patient transferred from ancther hospital? ves[ | ne[] pDx[]

If yes, name of referring hospitz 1Eb. Date of Admission at referring hospita I:“:‘_."I:”:I,-’I:”:l

e Did the necnatal experence any of these issues during admission? {please fick all that may apply):

Temperature nstability D‘r'eti |:| M DI’.‘IH

Vomiting I:I fesg I:I No I:l DK

Poor feeding D a5 D Mo |:| Dk

rritable/unsettied I:l Yes D Mo D Dk
GBE STLUDY Page 4 of 7
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Abdominal distension
Cyanosis

Respiratery symptoms/ {increased respiratory rate or T work of breathing)

Apnoea

Bradycardia

Poor peripheral perfusion
Hypotension

Unexpected need for resuscitation
Hypoglycaemia

Lethargy

Seizures

Capidlary refil tme miore than 2 seconds

Metabolic and/or respiratory acidosis

Tachycardia
Shock
Persistent foetal circulation (Persistent Pulmonary Hypertension)
Dic
a0 What diagnosis was the necnate given during this admission:

Cves [ne [Hok
[Jves [ne [Jor
[ves [me [Juk

I:I"l"Ei I:‘ND I:IUH
ves [ne [us

LIYes LI1No LIDK
L {Yes LMo L_IDK
L {¥es L]No L_IDK
L es LlNo DK
L ¥es | |No DK
LIYes LI1No LIDK
L_I¥es LI1No LIDK
LIYes LI1No LIDK
L {Yes LMo L_IDK
L ¥es | |No DK
L es LlNo DK
| ¥es | {Ne |_|DK

Neonatal Complications:

31. Were there any complications during the acute admission or at follow up:

I:“r'EE I:‘Nc I:IUH

I:I Phaumonia

D Present at & wesk chack up

D Present at 1 year check up

I:‘ Focal infection involving bones or
joints

|_| Present at 6 week check up

I_I Present at 1 year check up

D Facal infection invalving skin
andfor soft tissue

D Present at 6 week check up

I:l Present at 1 year check up

D Facal infection of the urinary tract

D Present at & wesk chack up

D Present at 1 year check up

I:‘ Endocarditis

|:| Present at 6 week check up

D Present at 1 year check up

I:I Meningitis

|_| Present at 6 week check up

I_I Present at 1 year check up

[ ventriculitis (CNS)

D Present at 6 week check up

I:l Present at 1 year check up

I:I Ostecmyelitis

D Present at 6 week check up

D Present at 1 year check up

O pevelo pmental delay

|:| Present at 6 week check up

D Present at 1 year check up

Spastic guadriplegia

D Present at 6 week check up

I:l Present at 1 year check up

|_| Present at & wesk chack up

L] presentat1 year check up

Seizure disorder

D Present at & wesk chack up

D Present at 1 year check up

[l
O Microcephaly
|
O

Cortical blindness

|_| Present at 6 week check up

I_I Present at 1 year check up

GBS STUDY
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O Deafness D Present at 6 weaak check up I:I Present at 1 year check up
I:I Ferwventricular Leukomalacia D Present 3t & week check up D Present at 1 year check up
{on brain imaging)
Other: IJ Present at 6 week check up |:| Present at 1 year check up
I_I Other: I_l Present at 6 wask check up |:| Present at 1 year check up
I_I Other: I_l Present at 6 wask check up I_I Present at 1 year check up

NEOMATAL CLINICAL DETAILS

General Follow-up

32, Medical follow-up
‘Was an cutpatient appointment made for follow-up? I:I Yes I:I No I:I LK

‘Was a follow-up appointment made to see GP 4 to § weeks after discharge from hospital? D Yes D Mo D UK
33. Feeding status at discharge
Discharged breast feeding D Yes D Mo I:‘ UK
Discharged on formula feeds |:| Yes |:| Mo D UK
Discharged on mixture of breast feeding and formula feeds D Yes D Nix |:| LIK

34. Discharge weight: grams

TREATMENT/OUTCOME DETAILS

35. Was patient admitted to ICU/HDU? |:| fes |:| Mo |:| UK If yes, tatal length of 10U admission [incl. multiple 1icu
admissions):

I:”:l Days I:l l:l hours
36. Was patient transferred to another hospital?: I:I Yes I:I Mo I:I UK

If yes, mame of ROSPIEL oot et e e e em e e e

‘What was the date of discharge or transfer? I:”:‘*I:”:I-' I:”:‘

Outcome at discharge
O recovered and discharged withouwt any complications or sequelae

D Transferred to another hospital with unknown outcome

| Inpatient death; please specify CAUSE OF GRETR oo et et e et en e s cen e e e

ICD-10 DIAGHNOSIS CODES

48 Prmary code l:l

50. Secondary codes: | |
GBE STUDY Pags 5 of 7
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SOUTH ASUTRALIAN PERINATAL PRACTICE GUIDLELINES: GROUP B STEPTOCOCCAL OBSTETRIC
AND NEONATAL MANAGEMENT GUIDELINES

South Australian Perinatal Practice Guidelines
neonatal sepsis
(Including matemnal group B streptococcal colonisation)

Obstetric management for treatment of chorioamnionitis and
prevention of early onset neonatal sepsis

Suspected = IV antibiotic treatment

choricamnionitis N |ampicillin, gentamicin and
metronidazole)

> Expedite delivery

» GBS positive

v benzyl penicllin
Term > PROM ?13 to 24_ * prophylais
hours, irrespective of
GBS status

Mo routine antibiotic
prophylaxis required if GBS
negative or unknown and
RDM < 1E hours

> Low and high vaginal swabs
Preterm labour o )
with intact + = [V benzyl penicillin GBS prophylaxis for
threatened or actual preterm labour
membranes
Routine broad-spectrum antibiotics not requirsd
r Intrapartum GBS prophylaxis or treatment of
amnionitis may be neceszsary when labour
recurs; additional antibiotic prophylaxis may
he indicated. hazed nn swah results
> Low and high vaginal swabs
» IV benzyl penicillin GBS prophylaxis for 48
Preterm rupture of hours
membranes, with L
or without kb = And oral erythromycin for 10 days
= Intrapartum GBS prophylaxis or treatment of
amnionitis may be necessary when labour
recurs; additional antibiotic prophylaxiz may
MOTE: GBS positive = positive swab or be indicated, based on swab results
bacteriuria this pregnancy, or previous ¥ i ) N - ) _.
3 ; ; ; gns of choninamnionitis, administer IV ampicillin, gentamicin
infant with early onset GBS sepsis and metroni .
e
ry
I3EN numbar: HTE-1-T4Z43456L.3 U
Endorced by: Seandh Avehaian Matarra B aansl Chnecsl Natanm ol “_-I':_‘h 1:...-.. .
Lact Reviced: 1Thas e
Contnnk: Sawlh At akarn Pearinalal Prachoe Guedalnes Wirkgog &
cywhs. perinatalprobocoli health 2 govau Page 2 of 13
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ESouth Australian Pennatal Practice Guidelines
neonatal sepsis

(Including matemal group B streptococcal colonisation)

Obstetric management for treatment of choricamnionitis and
prevention of early onset neonatal sepsis

Suspected
chorioamnionitis

Term

> IV antibiotic treatment

{ampicillin, gentamicin and
metronidazole)

» Expedite delivery

Preterm labour
with intact
membranes

> GBS positive

v benzyl penicillin
* PROM >18 to 24 * prophylaxis

hours, irrespective of

GBS status

Mo routine antibiotic
prophylaxis required if GBS
nagative or unknown and
ROM < 1E hours

Preterm rupture of
membranes, with
or without labour

> Low and high vaginal swabs

> IV benzyl penicillin GBS prophylaxis for
threatened or actual preterm labour

Routing broad-spectrum antibiotics not required
> Intrapartum GBS prophylaxiz or treatment of
amnionitis may be necessary when labour
recurs; additional antibiotic prophylaxis may
he indicated. haszed nn swah resnlts

MOTE: GBS positive = positive swab or
bacteriuria this pregnancy, or previous
infant with early onset GBS sepsis

I3EN numbar
Endorced by:-
Lact Reviced:
Contnod:

> Low and high vaginal swabs

= IV benzyl penicillin GBS prophylaxiz for 48
hours

> And oral erythromycin for 10 days

» Intrapartum GBS prophylaxis or treatment of
amnionitis may be necessary when labour
recurs; additional antibiotic prophylaxis may
be indicated, bazsed on swab results

If signs of choripamnionitis, administer IV ampicillin, gentamicin

and metronidazole

YTE-1-T4Z43 45620 u
?Tu;‘ﬂll;:wlwiu" Fatarral B Maonatal Clinical Netanoii Y ey

Saulh Austrakan Paringlal Practics Guadabnes Workgoup &
cywhs. perinatalprobocolif-heatth =a gov = Page 2 of 13
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