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Abstract 

 
 

Otitis media (OM) is inflammation and infection of the middle ear, behind the tympanic 

membrane. OM most often occurs in early childhood, and resolves with little ill-effect. 

Unfortunately, for some ‘at-risk’ children, perforation, chronic discharge and hearing 

impairment are common outcomes. OM is predominantly associated with the respiratory 

pathogens Streptococcus pneumoniae, non-typeable Haemophilus influenzae (NTHi), and 

Moraxella catarrhalis. 

 

OM research Northern Territory (NT) of Australia began in the early 1990s. Data were 

combined from all available randomised controlled trials (RCTS), cohort studies and 

surveillance studies from 1995-2018 into an expandable data asset (BIGDATA). BIGDATA will 

facilitate analysis of long-term trends in ear health, nasopharyngeal (NP) carriage, and 

pneumococcal conjugate vaccine (PCV) immunisation impacts.  

 

From BIGDATA, an analysis of S. pneumoniae serotypes was undertaken. Since the 

introduction of PCVs the dynamic of serotype carriage has changed dramatically in the NT, 

in both Aboriginal and non-Aboriginal children. NP carriage of vaccine-type (VT) 

pneumococci was reduced; replaced by non-vaccine types. There was minimal impact on 

overall carriage. Increasing valency vaccines have maintained the low levels of VT carriage, 

whilst impacting the carriage of unique vaccine serotypes as the infant schedule shifted from 

PCV7 to PHiDCV10 to PCV13. Reduction in PCV types also reduced β-lactam non-

susceptibility, however macrolide resistance is increasing in non-VT serotypes. VT carriage in 

children with AOM also decreased over the eras.  
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PHiD-CV10 differs in carrier proteins to PCV7 and PCV13, with 8 of 10 serotypes conjugated 

to protein D, a lipoprotein from H.influenzae. Protein D was expected to impact H. influenzae 

carriage and disease, as it promotes an immune response. If immune response to protein D 

occurs, hypothetically NTHi which did not have the gene encoding for protein D would be 

selected for by PHiD-CV10 use. By testing for the presence of the gene in NTHi from the three 

vaccine eras it was determined that it was not the case for NP carriage NTHi, although 

whether NTHi isolated from ear discharge was impacted differently was not able to be 

determined (published).  

 

With the impact of PHiD-CV10 unclear, a RCT was designed comparing an early start mixed 

primary schedule of PHiD-CV10 at 1, 2 and 4 months and PCV13 at 6 months to either vaccine 

alone at 2, 4 and 6 months (the infant schedule at the time). In the 425 Aboriginal infants 

randomised there no difference at the primary endpoint of 7 months. This lack of carriage 

difference in infants is consistent with international data; reporting impact on NP carriage 

post booster dose only. For ear discharge swabs there was a statistically significant difference 

between the PHiD-CV10 and mixed schedule group, with a lower proportion positive in the 

PHiD-CV10 at 7 months of age. However, due to the low number of children with perforation 

no strong conclusions can be drawn. Overall, perforations most often had NTHi cultured, and 

very young babies with discharge also had Staphylococcus aureus isolated. There were no 

differences between the groups at any age for the carriage of the PCV13 unique serotypes 3, 

6A and 19A (published). 

 

This PhD program describes the impact of pneumococcal conjugate vaccines on the NP and 

ear discharge microbiology of Aboriginal children in Northern and Western Australia as three 

PCVs have been incorporated into the infant immunisation schedule in the NT, with specific 

focus on the impact on S. pneumoniae and NTHi. Remote living Aboriginal children still 
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experience unacceptably high rates of OM. Interventions should be aimed at carriage 

prevention and delay for infants, to shift the burden from the first months of life, to reduce 

the long-term impact of recurrent and chronic OM. 
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1 Chapter 1: Introduction and aims 

 
 

1.1  Overview 

This thesis by publication describes the impact of pneumococcal conjugate vaccination on 

otitis media (OM) associated nasopharyngeal and middle ear microbiology of Aboriginal and 

Torres Strait Islander remote living infants and children in the Northern Territory (NT) and 

Western Australia (WA).  

 

1.2  What is OM? 

OM refers to infection and inflammation of the middle ear space (Klein, JO 2000). OM is 

characterised by a spectrum of middle ear disease, with differing pathogenesis and sequelae. 

The diagnostic terms describe the state of the middle ear and tympanic membrane (TM). 

Acute fluid accumulation (purulent or non-purulent) can cause pain, bulging and reddening 

of the TM, to the point of perforation. Each diagnosis in the OM spectrum is defined by 

whether middle ear fluid is present, its impact on the TM (colour, translucency, position and 

mobility), and whether the TM is intact or perforated, the size and duration of TM 

perforation (TMP) and if there is discharge from the TMP or not. Box 1 lists the definitions 

and associated acronyms used in this thesis.  

 

1.2.1  Diagnosis 

OM is commonly diagnosed by visualisation of the TM with the aid of light and magnification 

(otoscopy) to ascertain if there is inflammation or perforation. Addition of tympanometry 

(Box 1) or pneumatic otoscopy (adding a ‘puffer’ to the otoscope) is useful as it measures the 

reduction in movement of the TM due to the presence of fluid in the middle ear, and can 
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indicate ear pathology. Accurate diagnosis of OM cannot be made without TM visualisation, 

and therefore appropriate management. 

 

Box 1: Otitis media diagnosis definitions and acronyms 
Otitis media: All forms of inflammation and infection of the middle ear 

Otitis Media with Effusion (OME): Presence of fluid behind the ear drum without any 
acute symptoms. OME may be episodic or persistent.  A type B tympanogram or reduced 
mobility of the ear drum are the most reliable indicators of OME. 

Acute Otitis Media without perforation (AOMwoP): The presence of fluid behind the TM 
plus at least one of the following: bulging TM, red TM, fever, ear pain or irritability. A 
bulging TM and/or ear pain are the most reliable indicators of AOMwoP. 

Acute Otitis Media with Perforation (AOMwiP): Discharge of pus through a perforation 
(hole) in the TM within the last 6 weeks. The perforation is usually very small (a pinhole) 
when the eardrum first ruptures. The perforation can heal and re-perforate after the initial 
onset of AOMwiP. 

Recurrent AOMwoP or AOMwiP (rAOM): The occurrence of 3 or more episodes of AOM 
in a 6-month period, or occurrence of 4 or more episodes in the last 12 months. 

Chronic Suppurative Otitis Media (CSOM): Persistent ear discharge through a persistent 
perforation (hole) in the TM for 2 to 6 weeks or more. Importantly, the diagnosis of CSOM 
is only appropriate if the tympanic membrane perforation is seen and if it is large enough 
to allow topical antibiotic drops to enter the middle ear space. 

Dry Perforation (DP): Presence of a perforation (hole) in the eardrum without any signs 
of discharge or fluid behind the eardrum. Some people also refer to this as inactive CSOM. 

Middle Ear Discharge (ED): Fluid containing neutrophils (“pus”) originating from the 
middle ear cavity. Presence of discharge can often be confirmed by pneumatic otoscopy 
or swabbing.  
 
Tympanic membrane perforation (TMP): Perforation of the tympanic membrane. 

Suppurative OM: any AOMwoP, AOMwiP, or CSOM. 

Diagnostic tools 

Otoscopy: Looking in the ear with a bright light to identify features associated with outer 
or middle ear disease.   

Pneumatic Otoscopy: The combination of simple otoscopy with the observation of 
eardrum movement when air is blown into the ear canal. Pneumatic otoscopy is able to 
determine mobility of the eardrum. Reduced mobility of an intact eardrum is a good 
indication of the presence of middle ear fluid. 

Tympanometry: An electro-acoustic measurement of the stiffness, mass and resistance of 
the middle ear (more simply described as mobility of the eardrum). This test can be used 
to describe normal or abnormal middle ear function. 

 



23 
 

1.2.2  Why is OM important? 

OM is a very common childhood illness, affecting nearly all children in the first years of life 

(Monasta 2012). OM, and AOM episodes in particular, are a predominant reason for 

paediatric contacts with primary health care services and antibiotic prescriptions 

(Gunasekera 2007; Anderson 2017). The personal impact of caring for a sick, irritated child, 

sleepless nights, pressure on parents and carers from lost workdays, and reduced quality of 

life make it a challenging experience for families.  Acute episodes of OM can be accompanied 

by TM perforation, which may be recurrent in high risk populations, such as Indigenous 

children worldwide, and lead to more severe OM disease like CSOM (Boswell 1996; 

Gunasekera 2007).   

 

In high-income settings generally OM disease is self-limiting and resolves without 

complication. Remote living Aboriginal and /or Torres Strait Islander children (hereafter 

respectfully called ‘Aboriginal’) are at higher risk due to the combination of low socio-

economic status, and high rates of risk predictors such as smoke exposure (personal and 

environmental), household crowding, and living with young children, which increase 

colonisation by bacterial pathogens and viruses, increasing the burden of infections, 

including OM. Whilst there have been improvements in living conditions and reductions in 

risk increasing exposures over time, Aboriginal children still experience a high disease 

burden. 

 

OM can also potentially lead to life-threatening complications such as mastoiditis, 

meningitis, brain abscess and lateral sinus thrombosis (O'Connor 2009). Statistical modelling 

using meta-analyses estimates the global burden as 362 million episodes of AOM and 7 

million episodes of CSOM in children less than 5 years annually, and twenty-one thousand 

deaths (all ages) from complications of OM (Monasta 2012).   
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All forms of OM can cause conductive hearing loss, which is the most common and most 

important complication of OM in Aboriginal children (Kong 2017). OM-associated conductive 

hearing loss is reported as both transient (related to effusion) (Kostic 2015; Cai 2017), and 

potentially permanent (related to damage to the TM and auditory nerves) (Jensen 2013; 

Yehudai 2015).  Prolonged hearing loss in young children may cause negative life-trajectory 

impact (Kong 2017). The peak age for children to experience any OM is between 6 to 18 

months (Klein, JO 2000), an age of most rapid brain development and vital periods for speech 

and language development (Gravel 2000). Hearing loss during these years can have lifelong 

detrimental impact, with poorer educational outcomes, and long-term employment and 

socioeconomic detriment (Hogan 2014; Clarkson 2016; Niclasen 2016). Among Aboriginal 

children in the NT, hearing impairment is associated with increased vulnerability on entering 

school, reduced school attendance and performance, increased child maltreatment and 

contact with the youth justice system (He 2019; Su 2019; He 2020).  

 

1.3  Microbiology of OM 

Bacterial OM is most commonly associated with the pathogens Streptococcus pneumoniae, 

non-typeable Haemophilus influenzae (NTHi), and Moraxella catarrhalis (Bluestone 1992; 

Leach, AJ 1994; Ngo 2016). Other bacteria are isolated from middle ear samples, including 

Staphylococcus aureus, Streptococcus pyogenes, and Alliococcus otitidis. S. aureus is more 

often associated with chronic disease (CSOM), along with Pseudomonas aeruginosa, as 

they are common ear canal flora, and colonise the middle ear post perforation (Ngo 2016; 

Coleman 2018).  

 

Several respiratory viruses are also associated with OM, either as a cause, in the absence of 

bacteria, or as a vector for increasing bacterial infection (such as the interaction between 
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Influenza A and S. pneumoniae (Short 2013)). Viruses reported as OM-related include Human 

Adenovirus (Moore 2010; Binks 2011a), RSV (Ruohola 2013), and human rhinovirus (Moore 

2010; Chonmaitree 2016). Viral infection and interactions with bacterial pathogens will not 

be discussed in this thesis, which is focussed on bacteriology only as able to be impacted by 

pneumococcal conjugate vaccines.  

 

The bacteria S. pneumoniae, NTHi, and M. catarrhalis are commonly found in the 

nasopharynx (NP) of healthy infants and children.  After colonisation of the nasopharyngeal 

niche, these otopathogens can move via the Eustachian tube to the middle ear space, causing 

infection, inflammation and fluid accumulation. Therefore, NP carriage of otopathogens is a 

precursor to bacterial ear disease. Swabs of the NP are frequently used as an indicator of 

potential infective bacteria for the middle ear. This is important for OME and AOMwoP, 

where discharge from the ear cannot be easily sampled. Tympanocentesis, (a needle through 

the TM and into the middle ear space to collect fluid) is used in some settings. However, this 

process is not used in the NT without general anaesthesia. There are also ethical concerns 

that the process could cause a progression of disease to perforation, and then onto chronic 

infection. 

 

Factors increasing risk for OM include crowded living conditions, living with children aged 

under 5 years, smoke exposure (both people smoking and environmental smoke), and 

reduced breastfeeding (Kong 2009; Jacoby 2011). These factors are associated with 

increased bacterial colonisation and transmission, thus increasing OM risk. 
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1.4  OM in Australian Aboriginal and Torres Strait Islander children 

 
Remote dwelling Australian Aboriginal and Torres Strait Islander (hereafter respectfully 

termed ‘Aboriginal’) infants experience NP colonisation by S. pneumoniae, NTHi and 

M. catarrhalis in the first weeks of life, predisposing them to OM from a very young age 

(Leach, AJ 1994; Boswell 1996; Sun 2012). Thus, the Aboriginal paediatric population has 

some of the highest rates of OM in the world (Leach, AJ 2020). In the NT of Australia 90% of 

Aboriginal children aged approximately 18 months have some form of OM (Leach, AJ 2016). 

In the remote dwelling population OM will likely persist (Gunasekera 2007); recurrent 

perforations leading to chronic discharge. For most children worldwide, chronic OM 

(suppurative or otherwise) will never be experienced (Monasta 2012). The most recent NT 

survey of reported 7% of children have chronic suppurative OM (CSOM) (Leach, AJ 2016). 

Similarly, in a randomised controlled trial in the same population, 6% of infants aged 7 

months were diagnosed with CSOM (Leach, AJ 2021c).  Rates of CSOM greater than 4% are 

considered a public health emergency by the World Health Organization (WHO).  

 

1.5  OM management and prevention 

 
The management of OM varies globally, and also by the diagnostic state of OM. 

Interventions commonly include analgesics and antibiotics (systemic and topical). Chronic 

OM is also managed surgically, with tympanostomy tube placement or manual removal of 

effusion for chronic OME and tympanoplasty for perforations that are not able to heal 

completely on their own (Research 2020).  

 

Preventative measures include increased hygiene, reducing exposure to risk factors (like 

smoke) where possible, increasing breastfeeding (of infants), and vaccines (PCVs, 
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influenza)(Research 2020), which are available for some pneumococcal serotypes, and in 

development for H. influenzae and M. catarrhalis (Leroux-Roels 2016). 

 

1.5.1  OM antibiotic management 

Uncomplicated acute OM in an otherwise healthy low-risk child may not require treatment 

with antibiotics (Leach, AJ 2021a). Judicious use of antibiotics for self limiting presentations 

of OM is relevant due to the global increase in antibiotic resistance in many bacteria 

(Godman 2021). Termed ‘watchful waiting’, the approach recommends pain management, 

whilst waiting for symptoms to abate. Antibiotics are recommended if the acute OM 

symptoms (pain and fever) fail to resolve within 24-48 hours.  

 

In government-run remote health facilities in the NT the CARPA Remote Health manual is 

the recommended management guide (Remote Primary Health Care Manuals 2019). The 

management of OM in CARPA is based on the recommendations from the Otitis Media 

Guidelines for Australian Aboriginal and Torres Strait Islander Children document, which was 

updated in 2020 (Leach, AJ 2021a). Due to the likelihood of at-risk children for OM to become 

recurrent or complicated by chronicity and perforation, antibiotics are recommended for 

AOM and persistent OM with effusion (OME) (Remote Primary Health Care Manuals 2019; 

Leach, AJ 2021a). There is no national guideline in Australia beyond the beyond the 

Australian Aboriginal and Torres Strait Islander guideline, which includes recommendation 

for OM management in children with low risk of chronicity and recurrence.  

 

The goal of antibiotic intervention in at-risk children is resolution of infection (as with all 

children), but also to reduce recurrence, and prevent acute infections developing 

perforations, or escalating to chronic discharge (CSOM). If discharge from acute perforation 

persists, and the TM does not quickly heal, bacteria, fungi and yeasts from the ear canal can 
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infect the middle ear space, making ear discharge difficult to resolve. This is why chronically 

discharging ears are associated with bacteria from the ear canal, commonly S. aureus and 

P. aeruginosa, rather than NP niche otopathogens (Coleman 2018; Marsh 2020).  

 

1.5.2  OM prevention by pneumococcal conjugate vaccines 

OM prevention relies on the reduction of NP derived infections moving from the nasal space 

through the eustachian tube into the middle ear. Vaccination is a cornerstone of public 

health measures to reduce colonisation with potentially life-threatening bacteria.  

 

Pneumococcal conjugate vaccines (PCVs) which can be safely given to infants, became 

available in Australia in 2000 (National Centre for Immunisation Research and Surveillance 

2018). Three different vaccines with increasing valency formulations have been licenced in 

Australia (Box 2), their scheduled use in the NT is described in Box 3. 

 

Box 2: Pneumococcal vaccines licenced in Australia and PCV formulation 
Vaccine  Serotypes 

PPV23 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 
22F, 23F, 33F 

PCV7 4, 6B, 9V, 14, 18C, 19F, 23F 

PCV10  1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F 

PCV13 1, 3, 4, 5, 6A, 7F, 9V, 14, 18C, 19A, 19F, 23F 

Bolded serotypes are additional to previous PCV serotypes 

 

The first licenced PCV formulation, made by Pfizer, contained seven antigens for 

pneumococcal serotypes (Prevenar, PCV7) responsible for 49% to 82% of the IPD in young 

children globally (Johnson 2010). It was introduced using the schedule timing suggested by 

the manufacturer (Box 3) for the primary series, including the recommended booster for 

infants at high risk of pneumococcal infection only.  
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Box 3: NT infant immunisation schedules  
Month/Year Vaccine Primary 

schedule 
Groups Booster vaccine and age 

07/2001 PCV7 2,4,6 
months 

High risk* infants 
with catch up <2 
yo, or <5 in 
Central Australia 

PPV23 18-24 months post 
primary PCV course 

01/2005 PCV7 2,4,6 
months 

All Australian 
infants, with catch 
up <2 yo 

PPV23 18 months for 
First Nations children 
only 

10/2009 PCV10 2,4,6 
months 

All NT infants PCV10 18 months for 
First Nations children 
only 

10/2011 PCV13  2,4,6 
months 

All Australian 
infants 

PCV13 18 months for 
First Nations children, 
and children with primary 
series of PCV7 or 10 (up 
to age 35 mo) 

10/2012 PCV13  2,4,6 
months 

All Australian 
infants 

PCV13 18 months for 
First Nations children 
only 

04/2015 PCV13 6 weeks, 4, 
6 months 

All Australian 
infants 

PCV13 18 months for 
First Nations children 
only 

07/2018 PCV13 6 weeks, 4, 
6 months 

All high risk* 
infants  

PCV13 12 months 

07/2018 PCV13 6 weeks, 4 
months 

All Australian 
infants (not high 
risk*) 

PCV13 12 months 

* High risk = all Aboriginal and Torres Strait Islander infants and any other infants with illness 
predisposing them to high risk of pneumococcal infections. 

 
 

In Australia in 2001/2002 86% of paediatric IPD isolates were covered by PCV7. In Aboriginal 

children in NT and WA combined, PCV7 IPD coverage in 2001 was 72% (Watson, M 2003). 

The population specific impact of PCV vaccines is dependent on the serotype distribution 

(Løchen 2020), and the schedule timing and number of doses used, which varied by country. 

However, everywhere that government funded infant PCV programs have been 

implemented, reductions in overall IPD and VT-IPD specifically have been reported (Myint 

2013).  

 

High vaccine coverage is important for herd immunity. Australia wide the coverage in 

Aboriginal infants was high (approximately 80%) completed a primary series by 12 months 
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of age in the initial years of the program (Hull 2004), and this high rate of coverage has been 

maintained (83-93%) (Hull 2021).  

 

The Australian experience was similar, with 53% reduction in overall IPD for Indigenous 

children post use of PCV7 on the National Immunisation Program (NIP) schedule (Jayasinghe 

2015). In the NT the impact of PCV7 on NP carriage of PCV7 types was reported as a reduction 

from 11% to 8% (p = 0.0105) in PCV7 types between 2003 and 2005.  

 

Whilst PCVs are designed for invasive pneumococcal disease (IPD) prevention, they have 

been proven to have extended impacts such as reducing vaccine-type (VT) NP carriage and 

therefore decreasing transmission to non-immunised hosts (i.e. herd effects) (Dinleyici 

2008). A recent Cochrane review (de Sévaux 2020) showed that PCV7 administered in early 

infancy was associated with a 6% (95% CI -4% to 16%; 1 trial; 1662 children) and 6% (95% CI 

4% to 9%; 1 trial; 37,868 children) relative risk reduction (RRR) of in all-cause AOM in low-

risk infants but was not associated with a reduction in all-cause AOM in high-risk infants (RRR 

-5%, 95% CI -25% to 12%).  

 

In NP carriage studies early signs of the replacement phenomenon were seen (vaccine type 

pneumococci replaced by non-vaccine type pneumococci) (Dinleyici 2008; Løchen 2020), 

including replacement by and non-pneumococcal bacterial species such as S. aureus and 

H. influenzae from observational data (Wiertsema 2011; Spijkerman 2012; Olwagen 2018), 

but these findings have not been substantiated in a robust evidence setting. 
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1.5.3  Impacts on OM of extended valency and novel immunogenic 

conjugate protein D in pneumococcal conjugate vaccines 

 
Whilst S. pneumoniae is an important OM pathogen for remote dwelling Aboriginal children, 

and is of interest due to PCV licencing for prevention of IPD, NTHi is the pathogen most 

commonly isolated from ear discharge of children with AOM and CSOM aged 0 to 6 years 

(Smith-Vaughan, H. C. 2013). Therefore, reduction in NTHi associated OM (NTHi-OM) is 

required to reduce overall OM.  

 

A 10-valent PCV (Synflorix, PHiD-CV10), manufactured by GSK, was approved for use in 

Australia in 2009 (National Centre for Immunisation Research and Surveillance 2018) for IPD 

but not for NTHi-OM. PHiD-CV10 contains the PCV7 serotypes, with three additional 

serotypes, 1, 5 and 7F. The formulation conjugates 8 of the 10 serotypes to a surface 

lipoprotein from H.influenzae protein D, HiD.  In both animal studies and early safety 

assessments of the PHiD-CV10 precursor vaccine (11Pn-PD) reported HiD as antigenic 

(Nurkka 2004; Forsgren 2008). Efficacy trials in the Czech Republic, Slovakia (Prymula, R. 

2006; Prymula, R. 2009a) and Panama (Saez-Llorens 2017) reported a reduction in NTHi-OM 

post primary and booster schedules, a reduction in NTHi-OM. A similar effect was observed 

in cross-sectional surveillance studies in the NT, with a reduction in ED positive for NTHi 

reported when PHiD-CV10 was on the NT infant schedule (replacing PCV7) from late 2009 to 

late 2011 (Leach, AJ 2015b). No impact on NP NTHi carriage was reported, and little effect 

has been seen elsewhere when implementing PHiD-CV10 in infant primary schedules. 

However, a lower proportion of NTHi-infected lungs (9/53, 17%) in  broncho-alveolar lavage 

samples from PHiD-CV10 immunised children (>2 doses in a primary series) compared to 

children receiving PCV7 or PCV13 (146/468, 31%) in an observational study of children with 

lung diseases (bronchiectasis, protracted bacterial bronchitis and chronic suppurative lung 

disease), in a multivariate regression analysis, (ORadjusted = 0.42, 95%CI 0.19-0.93) also with 
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no corresponding decrease in NP carriage (Hare 2018). An Australian RCT (O'Grady 2018) 

randomised children aged 18 months to 18 years with similar lung pathologies 

(bronchiectasis, protracted bacterial bronchitis and chronic suppurative lung disease) to 

receive two doses of PHiD-CV10 or the meningococcal-ACYW137. From NP swabs, low 

proportions of NTHi were cultured at baseline and all timepoints post immunisation, and 

there were no statistical differences between the groups. There were significant findings in 

the PHiD-CV10 group of reduced clinical respiratory symptoms, and less antibiotic 

interventions in the follow up period compared to the meningococcal-ACYW137 immunised 

children.  

 

In a three-arm RCT in Kenya (Hammitt 2014) in children aged 12 months to 4 years there was 

lower NP carriage of NTHi in children immunised with a dose of PHiD-CV10 two months 

previously than in children receiving no PHiD-CV10, (56% vs 66%; p= 0.04). However, there 

was no difference in children who received PHiD-CV10 six months earlier when compared to 

the other two arms. This study of a non-primary PHiD-CV10 series did not include follow up 

beyond 6 months, and therefore no conclusions about duration of impact on carriage can be 

drawn.   

 

Australia replaced PCV7 with a higher valency vaccine, Prevenar13 (PCV13), licenced in 

Australia in 2011. It contains the same 10 serotypes as PHiD-CV10, and includes 3 additional 

serotypes, 3, 6A and 19A. All the serotypes in PCV13 are conjugated to a modified diphtheria 

protein (CRM197), none are conjugated to HiD. Short term impact of PCV13 on NP carriage in 

the NT was a reduction of ~7% in 19A in PHiD-CV10- (8%) versus PCV13- (<1%) vaccinated 

children, with little 6A reported in either vaccine era (Leach, AJ 2016). No recent data are 

published for the NT Aboriginal and Torres Strait Islander population. Currently there are no 

licenced vaccines for M. catarrhalis.  
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As herd immunity has increased in settings with long term government vaccine programs 

reduced dose schedules have been implemented. This occurred in Australia in 2018 (Box 3), 

the primary series reduced to 2 doses from 3 for low risk infants only (high risk infant 

schedule unchanged), to increase protection in the second year of life.   However not all 

programs implemented a 3 doses infant schedule, as Australia did. The UK implemented a 

2+1 series of PCV7 (two primary and one booster) when PCVs were initially incorporated into 

the government funded program in 2006, and have recently implemented a 1 + 1 schedule 

of PCV13, based on favourable immunological data comparing the two schedules (Goldblatt 

2018). Other countries have implemented  reduced dose schedules are also being tested in 

low income settings, in counties with low NP carriage rates such as Vietnam (Temple 2021) 

and  high rates such as The Gambia (Mackenzie 2022).  

 

The WHO has listed NTHi as a species with increasing rates of resistance emerging in clinical 

isolates (WHO 2017). As NTHi is such an important pathogen for OM, surveillance of 

antimicrobial susceptibility in OM research should extend to NTHi.  

 

As a high impact illness for Australian Indigenous children, there has been significant 

research into OM treatment and prevention strategies in Northern Australia. The literature 

review presented in Chapter 2 summarises some of the key studies of OM microbiology of 

Aboriginal and Torres Strait Islander children. The literature addressed has a focus on NP and 

ED microbiology of the Aboriginal and Torres Strait Islander population. 
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1.6  Hypotheses 

The focus of this thesis is the impact of pneumococcal conjugate vaccines on the bacteriology 

of OM, specifically vaccine antigens targeting S. pneumoniae and NTHi, in Aboriginal infants 

and children in the NT and WA. The hypotheses that are central to the body of work are that: 

1) Pneumococcal serotype replacement in the NP has occurred due to efficacy of 

PCVs against component serotypes, creating a selective advantage in the NP niche 

for expansion of non-vaccine serotypes (chapters 3 and 4); 

 

2) In each PCV era, serotypes isolated from the nasopharynx in children with a 

diagnosis of AOM will be different from those serotypes in the NP of children with 

no AOM (healthy ears or OME as a worse ear diagnosis) (chapter 4);  

 

3) Protein D-negative NTHi replacement in the NP has occurred due to PHiD-CV10 

efficacy against protein D-positive NTHi, creating a selective pressure for vaccine 

evasion by protein D-negative NTHi in the PHiD-CV10 era compared to the PCV7 

and PCV13 eras (chapter 5); 

 

4) Mixed primary schedules of PHiD-CV10 and PCV13 provide more effective 

protection against NP carriage of NTHi whilst maintaining adequate protection 

against the additional serotypes 3, 6A and 19A, compared to standard single 

vaccine schedules (chapter 6).  

 

To test these hypotheses four projects have been undertaken:  

1) Creation of a combined data asset, called BIGDATA from the ongoing Ear Health 

Research program studies in OM and S. pneumoniae and other otopathogen 

carriage over the period 1996 to 2018 (chapter 3); 
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2) Analyses of the multidisciplinary data asset, BIGDATA with a focus on a 

comprehensive analysis of nasopharyngeal bacterial carriage and particularly 

pneumococcal serotype distribution in Aboriginal children aged 0-5 years with or 

without AOM, during eras of increasing valency PCVs compared to the pre-PCV era 

(chapter 4).  

 

3) To scrutinise the biobank of NP swabs and NTHi isolates from all PCV eras to 

determine the prevalence of the sub-population of NTHi negative for the gene 

encoding for Protein D, the antigenic conjugate protein in PHiD-CV10. This will 

provide evidence of potential PHiD-CV10 selective advantage for protein D-

negative NTHi (vaccine evasion), compared to PCV7 and PCV13 (chapter 5); 

 

4) Compare the microbiological NP carriage and ear discharge outcomes of infants 

immunised with a novel mixed primary series of PHiD-CV10 at 1, 2, and 4 months 

and PCV13 at 6 months to either vaccine alone in a standard 2, 4, 6 month schedule 

(as per the NIP schedule timing at the time of implementation) as part of a RCT 

with immunological and OM outcomes. As highlighted, there are hypothesised 

benefits from both currently available PCV formulations, PHiD-CV10 and PCV13; 

PHiD-CV10 for the NTHi component, and PCV13 for the additional serotypes 3, 6A 

and 19A, which have increased in carriage in some populations post-PCV7 

introduction. Combining these vaccines in a mixed primary schedule was proposed 

to reap the potential benefit of both vaccines (chapter 6).  
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The discussion (chapter 7) brings together the conclusions from these research projects, the 

impact of the research, and how these data and outcomes will contribute to my ongoing 

program of research.  

 

Otitis media is a complex disease, with complicated pathogenesis. Whilst many of the risk 

factors associated with chronic OM are very difficult to change, impacting on the 

bacteriology of ear disease is a strong foundation for positive change. Understanding the role 

of S. pneumoniae serotypes and NTHi in this disease process is fundamental to making 

carriage delay and prevention a management goal. 
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2 Chapter 2: Literature review 

 
 
Aboriginal and Torres Strait Islander (henceforth referred to as Aboriginal) infants and 

children living in remote communities in the Northern Territory (NT) and Western Australia 

(WA) experience high levels of ear disease, (otitis media, OM) with 90% of children affected 

(Morris 2005; Leach, AJ 2015b; Leach, AJ 2016). They also have high burdens of 

nasopharyngeal carriage of otopathogens.  

2.1  Aims 

This chapter describes the studies of nasopharyngeal and ear discharge microbiology in 

Aboriginal children in Australia, and assesses the methodology and reporting against 

standard parameters.  

 

2.2  Comparison with standard methods and assessment of risk of 

bias  

In 2003 the recommendations of WHO Working Group on the ‘Core Consensus Methods’ for 

detecting upper respiratory carriage of S. pneumoniae was published (O'Brien 2003). This 

document details the recommended collection and management of samples, including 

transport media, culture techniques, serotyping, and isolate transport. Whilst these methods 

are considered the ‘gold standard’, it is recognised that some aspects are out of reach in 

some research settings, and encourages ongoing research to reduce reliance on cold chain 

and culture-based methodology. The 2013 update (Satzke 2013) makes additional 

recommendations, but the original collection and transport methodological 

recommendations remain unchanged.  

 

In parallel to this process there has been an increase in guidelines to support standardisation 

and minimum reporting of information for RCTs (CONSORT (Moher 2010)) reviews (PRISMA 
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(Page 2021), observational studies (STROBE (von Elm 2007)) and study protocols (SPIRIT 

(Chan 2013)) among others. In combination these have improved and somewhat 

standardised the reporting of research methodologies and outcomes.  

 

Therefore, for the purpose of assessing bias for this review the focus will be on the suitable 

collection, transport media, transport conditions, culture, reporting of S. pneumoniae and 

H. influenzae, S. pneumoniae serotyping method (if applicable), reporting of other bacteria 

including S. aureus, P. aeruginosa and Proteus spp, and basic reporting of study design, and 

population (N, age, sex, location, time), to assign risk of measurement bias only (see section 

2.3.2).   

 

2.3  Microbiology of OM in Aboriginal and Torres Strait Islanders 

In the available literature, studies of OM in Aboriginal children in Australia date back to the 

late 1960s. Several studies from this era report children with high rates of ear disease, 

damaged tympanic membranes from previous middle ear disease, and hearing impairment 

(measured by audiological methods) in children living in the NT, New South Wales (NSW), 

Queensland (QLD) and Western Australia (WA) (Clements 1968; Brown 1972; Stuart, J. E. 

1972; Stuart, J. E. 1973; Kamien 1975). Some studies from this era also included 

comprehensive health checks and microbiological analysis of nasal and ear discharge 

samples, which will be described here.  

 

2.3.1  Inclusion criteria and search terms 

For this review, studies have been reviewed which: 

i) Include Aboriginal children  

ii) Describe nasal or nasopharyngeal microbiological culture (not PCR) and / or  

iii) Describe ear discharge microbiological culture (not PCR)  
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iv) Not exclusively from OM studies.  

 

The search terms used in PubMed were:  

“(indigenous OR aboriginal) AND (paed* or child* or infant) and (microbiol* or bacter* or 

aetiol*) OR nasopharyngeal carriage AND Australia NOT diarr* NOT dental NOT rotavirus”.  

 

The mesh translations: 

(((((("indigene"[All Fields] OR "indigeneity"[All Fields] OR "indigeneous"[All Fields] OR 

"indigenes"[All Fields] OR "indigenization"[All Fields] OR "indigenous"[All Fields] OR 

("aboriginal"[All Fields] OR "aboriginality"[All Fields] OR "aboriginals"[All Fields] OR 

"aborigine"[All Fields] OR "aborigines"[All Fields])) AND ("paed*"[All Fields] OR "child*"[All 

Fields] OR ("infant"[MeSH Terms] OR "infant"[All Fields] OR "infants"[All Fields] OR "infant 

s"[All Fields])) AND ("microbiol*"[All Fields] OR "bacter*"[All Fields] OR "aetiol*"[All Fields])) 

OR (("nasopharynx"[MeSH Terms] OR "nasopharynx"[All Fields] OR "nasopharyngeal"[All 

Fields]) AND ("carriage"[All Fields] OR "carriages"[All Fields]))) AND ("australia"[MeSH Terms] 

OR "australia"[All Fields] OR "australia s"[All Fields] OR "australias"[All Fields])) NOT 

"diarr*"[All Fields]) NOT ("dental health services"[MeSH Terms] OR ("dental"[All Fields] AND 

"health"[All Fields] AND "services"[All Fields]) OR "dental health services"[All Fields] OR 

"dental"[All Fields] OR "dentally"[All Fields] OR "dentals"[All Fields])) NOT ("rotavirus"[MeSH 

Terms] OR "rotavirus"[All Fields] OR "rotaviruses"[All Fields]) 

 
These search terms returned 613 publications on 13/1/2021. Titles were scanned for 

relevance.  Publications that appeared appropriate, or had ambiguous titles had an abstract 

review (n=89).  Several were excluded as the microbiological assessment did not include the 

nose or nasopharynx (or ear discharge) (n=6), or did not meet other requirements (n=22). 

Some publications were excluded as they were extended additional analyses of previously 
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described data (n=35). From the identified publications, bibliographic checks were utilised to 

ensure all relevant available publications were reviewed (n=2 additional). Full text was not 

available for a few older publications (n=2), however some data was able to extracted from 

other contemporary publications (n=2).  In total, data from 28 publications were included in 

the review.  

 

 

Reviews of microbiology (Jervis-Bardy 2017; Coleman 2018) of OM in for Aboriginal and 

Torres Strait Islander children have been published recently. Both reviews included PCR 

analysis of samples, not culture alone, in the context of OM studies only. One included non-

journal published literature (conference proceedings). Coleman et al (2018) includes 

publications from 1972 onwards, Jervis-Bardy et al (2017) from 1985. Jervis-Bardy et al 

(2017) conclude that the studies in Australian children with OM are consistent with 

international studies for bacteriologic findings, but recommend molecular methods, in 

particular microbiomics, which has its own complexities and challenges (Marsh 2018). 

Coleman et al (2018) highlight the lack of detail beyond the primary otopathogens in many 

bacteriologic studies of OM, also recommending full microbiota investigations, with healthy 

controls. Whilst molecular methods are generally accepted to be more sensitive for 

detection of bacteria (Smith-Vaughan, H. C. 2013), culture is best placed for assessing 

antimicrobial susceptibilities, and culture based methods are still the WHO recommended 

process for pneumococcal studies (Satzke 2013).  For these reasons, this review focusses on 

culture results and the importance of standardised methods as these studies emerged in the 

literature during the pneumococcal vaccine development era. 
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2.3.2  Data extraction and risk of measurement bias 

For the purposes of this review, data were extracted from the publications regarding 

demographic details of the participants, sampling (population), otopathogen carriage, and 

an assessment of compliance with WHO recommendations for pneumococcal microbiology 

(sample collection, management and processing) (O'Brien 2003; Satzke 2013), by me as the 

sole reviewer. The summary of the studies included in the review is presented in Table 2.1. 

 

The items included in the assessment of ‘risk of measurement bias’ (RoMB) are defined in 

Box 1. These items are given a score of 0 if reported as not done during the study, not 

reported (NR) or not compliant with recommendations, or 1 if compliant (as per 

recommendations). The WHO recommendations are listed in Box 1. As mentioned, this 

review is focussed on the microbiological reporting and results, rather than the associated 

clinical findings and the other forms of bias that impact interpretation of results. 

 

The scoring system is for the purposes of this review only.  Demographic data and description 

of microbiological methods is the assumed minimum reporting requirement. Therefore, 

minimum expected items scores within 0-8 (high risk of bias) and the study reporting with 

low risk of bias should include almost all expected reporting items. These items were 

searched for per publication, and outcome included in Table 2.1 with the summary of the 

study.  

 

The studies are reported according to sample site (NP or ear discharge), age of participants, 

publishing period, and pneumococcal vaccine era. The study populations (i.e., opportunistic 

‘all’ children or children with known clinical pathologies) are not considered separately.  
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The literature search, study inclusion criteria and RoMB were approached systematically. 

Due to the heterogeneity of the methods, study design and focus, and results reported, the 

data synthesis is presented as a narrative.  

 
Box 1: Items for Risk of Measurement Bias assessment 

Item Definition WHO recommendation 
Population  / demographics (score /5) 

Location Where study took place - 

Study period When study took place (year/s) - 

N:  Number of participants  - 

Male:  % male  - 

Age:  Age of participants - 

Basic 
reporting:  /5 

(score for population demographics, sum 
of previous 5 items) 

 

Population: How was sample population identified, is 
it representative? 

- 

Sample collection and management 

Sampling:  Sample type Nasopharyngeal 

Swab:  Materials described Dacron or rayon with aluminium 
shaft 

Tr media:  Transport media suitable (WHO 
recommended or appropriate substitute) 

Skim milk, tryptone, glucose, 
glycerol broth (STGGB) 

Tr cond:  Transport conditions suitable 
(temperature, time) 

2003- Wet ice up to 8 h, or 
refrigerated for >5 days, or frozen at 
<20°C for <6 weeks prior to ULT.  
2013- Transported on wet ice or 
colder to ULT ASAP after collection. 
Storage at −20◦C is acceptable if 
within days 

Culture:   Culture media described and suitable (for 
most bacterial species) 

Selective agar (CNA or gentamicin 
agar) with horse, sheep or goat 
blood (not human) for Spn 

Spn Reported (including absence) - 

Spn-typing:  Serotyping method Quellung 

Hi Reported (including absence) - 

Other:  Other bacteria including S. aureus, 
Pseudomonas spp, Proteus spp reported  

- 

Total:  /15 Sum of all items, including the population 
information /5 

- 

RoMB: Risk of bias – High (0-8) / Medium (9-12) 
/ Low (13-15) 

- 

Spn= S. pneumoniae; Hi=H. influenzae; Mc=M. catarrhalis; Sa=S. aureus 
 

2.3.3  Early studies reporting respiratory microbiology of Aboriginal and 

Torres Strait Islander people (prior to 1980) 

There were few data published on the microbiology of Aboriginal and Torres Strait Islander 

peoples prior to 1980. The earliest available study  was a trachoma study in Arnhem Land, in 
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the NT in 1957 (Crotty 1959). In the 1970s  a series of studies of overall health, including 

hearing, and ear assessments   was undertaken in QLD, in school aged children in Cherbourg, 

Palm Island, Yarrabah and Cunnamulla (Stuart, J. E. 1972; Stuart, J. E. 1973; Copeman 1975), 

and a birth cohort study also at Cherbourg and Brisbane (Stuart, J. E 1975).  

 

They report high recovery of Staphylococcus epidermidis, Staphylococcus aureus, and 

coliforms from nasal swabs, and low levels of Streptococcus pneumoniae and other 

streptococci. The recovery of skin flora and lack of respiratory pathogens are in strong 

contrast to microbiology of nasal swabs in our more recent studies, which consistently show 

high carriage of otopathogens in Aboriginal children. These studies demonstrate that the 

bacterial culture methodology (collection, transport, growth media) most likely influenced 

the findings, with only studies with close access to laboratories successfully growing 

Haemophilus species (Stuart, J. E 1975). Pseudomonas aeruginosa, Haemophilus spp, and 

Proteus spp were commonly isolated from ear discharge. 

 
Stuart et al (1975) cites data from a contemporary PhD thesis (Kirke) which included a study 

of respiratory microbiology of Aboriginal children admitted to Alice Springs hospital (Central 

Australia, NT). Kirke found a high prevalence of S. pneumoniae (62%) cultured from nasal 

swabs (Figure 2.1). At this time in Alice Springs there were a significant number of IPD cases, 

therefore laboratory staff were practiced at culturing and identifying S. pneumoniae 

(personal communication, P.Torzillo). 

 

These studies were all conducted prior to the era of pneumococcal vaccine development and 

the WHO advisory committee on standardised methods for pneumococcal NP carriage 

studies , and prior to standardised reporting recommendations such as CONSORT. As a result, 

all studies had high to medium RoMB.  
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Figure 2-1 Proportion of Aboriginal children with carriage of nasal 
otopathogens and commonly reported species, 1957-1975 
 

  
Spn= S. pneumoniae; Hi=H. influenzae; Sa=S. aureus, Se= S. epidermidis; Bstrep=β-haemolytic streptococci 
 
These early data report the presence of S. pneumoniae and Haemophilus spp, and high 

carriage proportions of S. aureus and S. epidermidis. Data from Stuart et al (1975) has not 

been included in the figure as it was not able to extrapolated from the graphic, but did report 

otopathogens S. pneumoniae, Haemophilus spp and S. aureus.  

 

The low proportions of recovered S. pneumoniae and H. influenzae is likely to be a direct 

result of the sample collection method, lack of cold chain in sample management, and non-

ideal environments when inoculating culture media in the field.  

 

No studies were published between 1975-85. In studies conducted after 1980, 

microbiological methodology becomes explicitly described in publications and transport 

methods and storage are somewhat standard, making reproducible, accurate results more 

likely. There are several studies reporting respiratory bacteria during this time period, prior 

to the introduction of pneumococcal conjugate vaccines (PCVs). There are also several 

studies specifically focussed on S. pneumoniae.  
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2.3.4  Pneumococcal carriage among Aboriginal and Torres Strait 

Islander people (1980 to 1995) 

In this period improvements in sample management and culture are more explicitly reported 

compared to earlier studies (transport media and culture methodology), with an increased 

focus on culture of pneumococci. There were two pneumococcal studies undertaken in this 

period. Firstly, a carriage study in Aboriginal children and adults from remote communities 

close to Alice Springs (Central Australia, NT) prior to a proposed efficacy trial of a 

pneumococcal polysaccharide vaccine (Hansman 1985). Secondly, a pneumococcal carriage 

and antimicrobial resistance study in Aboriginal and non-Aboriginal children hospitalised in 

Darwin (Skull 1996). Carriage of S. pneumoniae was 89% in the Central Australian children 

and 56% in children admitted to Darwin hospital.  Children in both groups had high 

proportions of β-lactam resistant pneumococci, 26% and 30% respectively.  

 

The substantially lower NP carriage proportions in the hospital study could be attributed to 

population differences, however the sample management conditions were not best practice 

(24 hours of refrigeration). Also, only a third of the eligible children were enrolled, which 

could indicate a selection bias towards children with less severe illness. It is possible also that 

children in Central Australia had much higher carriage due to other factors (higher exposure 

to risk factors) than Aboriginal children from northern areas of the NT. These studies, both 

targeting pneumococci show how sample management potentially can make a substantive 

difference.  
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Figure 2-2: S. pneumoniae carriage in Aboriginal children and adults 
(1980-1995) 

 
^overall; *Aboriginal remote; #Aboriginal urban; †Non-Aboriginal urban 

 
 

Leach et al (1994) is the earliest NT study to report on otopathogens associated with OM as 

was reported internationally at that time (Bluestone 1992), establishing that NT Aboriginal 

children had the same OM related bacteria, S. pneumoniae, Haemophilus influenzae, and 

Moraxella catarrhalis, as reported in other populations. These data are discussed in section 

2.3.6 in the context of carriage in infants. The birth cohort study had high rates of NP 

carriages of S. pneumoniae, non-typeable H. influenzae (NTHi), and M. catarrhalis from very 

early in life, consistent with carriage of pneumococci in children < 14 years of age (89%) 

reported by Hansman et al (1985), predisposing them to OM from one month of age. This 

consistency over time supports (1981-1992) the proposition that the hospital study (Skull 

1996) underreported pneumococcal carriage.  

 

2.3.5  Respiratory microbiology of Aboriginal and Torres Strait Islander 

people (post 1995) 

Post-1995 OM research was increasing in Northern Australia. Interventions tested in this 

research included nasal steroids, antibiotics (azithromycin) and swimming. These studies 

have been grouped broadly by age (non-infant studies in children).  
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A NSW double blind randomised controlled trial (RCT) of nasal beclomethasone versus 

placebo to reduce nasal inflammation enrolled Aboriginal children aged 3-7 years with 

chronic OM (Gibson, PG 1996). The treatment had no impact on nasal cytology, suggesting 

infection rather than allergy as the source of inflammation. Baseline NP carriage was 

S. pneumoniae (82%), H. influenzae (79%), M. catarrhalis (39%, all β-lactamase producers) 

and S. aureus (29%) (Figure 2.3). 

 

Baseline NP carriage in the pre-PCV era from cohort studies or RCTs in NT Aboriginal children 

with either AOMwoP, AOMwiP, or CSOM consistently report high NP carriage of 

S. pneumoniae (80 - 85%), H. influenzae (70 - 85%), and M. catarrhalis (as high as 96%). 

S. aureus was not reported (Gibney 2005).  

 

A placebo controlled double blind RCT of single dose of azithromycin versus seven days of 

amoxycillin in children with AOM (with or without perforation) was conducted in Aboriginal 

children aged 6 months to 6 years in 16 rural and remote communities in NT between 2003 

and 2005 (Morris 2010) (Figure 2.3).  

 

The microbiology of AOMwiP and CSOM was also studied by the same research team. In 

children with AOMwiP, ear discharge was culture-positive for S. pneumoniae 27%, and NTHi 

39%. However, in  Aboriginal children aged 5-12 years with CSOM (Stephen 2013), NP 

carriage of S. pneumoniae, NTHi, M. catarrhalis and S. aureus was 69%, 51%, 38%, and 15%, 

respectively, ED swabs from CSOM were positive for these otopathogens in 9%, 41%, 0%, 

and 24%, respectively.   

 

These OM studies all had medium to high RoMB. Consistently high carriage outcomes 

indicate the care now taken with samples has likely reduced bias from sample management.  
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High carriage proportions in children with OM are consistent with a series of pneumococcal 

serotype epidemiology cross-sectional studies in remote living Aboriginal children to during 

the PCV7, PHiD-CV10 and PCV13 vaccine eras (Leach, AJ 2009; Leach, AJ 2015b; Leach, AJ 

2016).   S. pneumoniae NP carriage significantly decreased from 82% in 2003 to 76% in 2005 

(p=0.002) (Figure 2.3) (Leach, AJ 2009).  OM was not reported, but is assumed to be 

approximately 90% of children, based on data from previous studies of the same population 

(Morris 2005).  

 

Nasopharyngeal carriage is also measured as an indicator for respiratory infections other 

than OM. A study of 104 urban and remote living Aboriginal children aged 5 months to 13 

years with non-cystic fibrosis bronchiectasis who underwent bronchoscopy between 2007 

and 2011 had NP swabs collected in addition to bronchial lavage specimens (Hare 2012b). 

NP carriage of S. pneumoniae, NTHi, and M. catarrhalis were 37%, 50% and 33% respectively 

(Figure 2.3). This study, which was measuring the impact of antibiotic use, reported higher 

likelihood of carriage of pneumococci resistant to macrolides with recent use, and have less 

lower airway infection by M. catarrhalis. The combination of urban and remote living 

children have lower overall carriage than those only living remotely.  

 

The NT based studies all used recommended WHO storage, transport and culture techniques 

(O'Brien 2003). These very high carriage rates in remote living children are consistent across 

the period. Gibson et al (1996) did not report transport or culture conditions.  The high 

carriage proportions, similar to other Aboriginal children of the same age in the NT indicates 

they were likely suitable.   
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Figure 2-3: Carriage of otopathogens in Aboriginal children enrolled in 
studies of OM, pneumococcal surveillance and bronchiectasis 

 
*2003 collection; ^2005 collection; ‡ Reports non-typeable H.influenzae (missing bar by species indicates data 
not reported, not 0% retrieved) Bronc.=bronchiectasis; Spn= S. pneumoniae; Hi=H. influenzae; Mc=M. catarrhalis; 
Sa=S. aureus 
 
 
 

2.3.6  Nasopharyngeal respiratory microbiology of Aboriginal and 

Torres Strait Islander infants (0-24 months) 

 
As established, remote infants in the NT have high carriage of otopathogens from the first 

weeks of life, predisposing them to early onset of persistent OM (Leach, AJ 1994). A pre-PCV 

birth cohort study of 100 Aboriginal (51% male) and 180 (58% male) non-Aboriginal children 

living in the same rural town of WA had regular NP swabs or aspirates to 2 years of age 

(Watson, K 2006). M. catarrhalis, S. pneumoniae, S. aureus, H. influenzae (Figure 2.4) and 

Corynebacterium spp were the predominant bacteria cultured. NP carriage of M. catarrhalis, 

Corynebacterium spp and S. aureus was higher in the non-Aboriginal infants and 

H. influenzae, S. pneumoniae and M. catarrhalis carriage was higher in the Aboriginal infants. 

As in the NT cohort, colonisation by S. pneumoniae, M. catarrhalis and H. influenzae was 

observed at younger ages in Aboriginal compared to non-Aboriginal infants.  
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Other NT studies of infants included a randomised placebo-controlled trial of long term 

antibiotics for prevention of OME progression. Infants were followed from 2-3 months of 

age, and randomised to intervention or control at OME onset (Leach, AJ 2008c). NP carriage 

of S. pneumoniae at time of randomisation was 80%, 79% NTHi and 77% M. catarrhalis 

(Figure 2.4).  

 

Lower S. pneumoniae NP carriage was reported from a maternal PPV23 vaccination RCT 

(Binks 2015) in urban and remote NT communities. NP carriage was 15%, 31% and 56% at 1, 

2 and 7 months respectively all groups combined (Figure 2.4).  

 

Figure 2-4: Watson et al (2006), nasopharyngeal carriage of 
otopathogens in Aboriginal infants across all age groups, and other 
similarly aged infants (Leach et al, 1994 and Binks et al 2015) 

 
 Spn= S. pneumoniae; Hi=H. influenzae; Mc=M. catarrhalis; Sa=S. aureus 
 
 
Compared to the WA Aboriginal birth cohort (Watson, K 2006), which was a mix of urban, 

rural and remote infants, NP carriage of S. pneumoniae, H. influenzae and M. catarrhalis was 

higher at approximately 2 months, in Leach et al (1994) and at 3-4 months old in Leach et al 

(2008), both studies in remote living Aboriginal infants. These proportions are also higher 
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than the carriage reported by Binks et al (2015), which included urban (69%) and remote 

living participants. Watson et al (2006) and Binks et al (2015) have similar proportions at one 

month for pneumococcal carriage, however from 2 months onwards carriage is higher in the 

WA infants (Watson, K 2006). 

 

These infant studies had medium or low RoMB. The risk factors for NP carriage and OM 

(smoking, household crowding, living with young children) are known to be higher for remote 

living children compared to urban, which likely impacts the carriage outcomes shown here.  

 

2.3.7  Respiratory microbiology data in Aboriginal and Torres Strait 

Islander chldren and adults post PCV introduction 

 
Two PCV7 impact studies in people of all ages measuring NP carriage have been undertaken 

in Australia. The first, in remote living Aboriginal residents (aged >2 years) from four 

communities in 2002 and 2004 in the NT (Mackenzie 2010). The second was a WA study, in 

a combination of urban, rural and remote settings NP specimens were collected from 1500 

Aboriginal participants (adults and children) between 2008-2011 (Collins 2013). Both studies 

used WHO recommended methods (O'Brien 2003), and had low RoMB.  

 

In the NT study, overall (both years of collection aggregated) carriage in adults were 26%, 

23%, and 17% of S. pneumoniae, H. influenzae, and M. catarrhalis respectively, and 67%, 

57%, and 73% in children, with carriage highest in young children. Figure 2.5). Different 

serotypes were dominant in children aged less than 5 years (16F, 19A, 6B, 1 and 11A) 

compared and adults (6B, 7C, 16F, 19F and 34), but was similar types with varying prevalence 

to older children (16F, 1, 11A, 16F and 6A), with 39 serotypes identified overall, and 26%, 

22% and 23% PCV7 serotypes in children aged less than 5 years, less than 15 years and adults 

respectively.   
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Figure 2-5: Otopathogen carriage proportions by age reported in 
Mackenzie et al (2010)  

 
Spn= S. pneumoniae; Hi=H. influenzae; Mc=M. catarrhalis; Sa=S. aureus 
 

The WA study (Collins 2013) overall carriage in children <5 years were 72%, 63% and 63% 

positive for S. pneumoniae, H. influenzae and M. catarrhalis respectively. Carriage in people 

>5 years were 35%, 22% and 27% respectively. Overall, 15% of isolates were PCV7 types, 

carried in all age groups. This population had a diverse array of serotypes, with 43 different 

serotypes identified. Predominant serotypes overall (all ages) were 6C, 16F, 19A, 23F and 

19F. Dominant serotypes differed in adults and children.  

 

Both studies had a similar pattern of higher NP carriage in young children, decreasing 

otopathogens into adulthood and increasing again in older people.  

 

A follow-on cross-sectional pneumococcal serotype monitoring study was conducted in WA 

in the PCV13 era (Collins 2013), NP samples were 47% S. pneumoniae positive, all age groups 

combined, and 35%, 41% and 10% for H. influenzae, M. catarrhalis and S. aureus 

respectively. Age group specific carriage of S. pneumoniae, H. influenzae, M. catarrhalis and  
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Figure 2-6: Otopathogen carriage proportions by age reported in Collins 
et al (2013) 

 
Spn= S. pneumoniae; Hi=H. influenzae; Mc=M. catarrhalis; Sa=S. aureus 
 
 
S. aureus was 67%, 55%, 71% and 6% for children ages less than 5 years, 53%, 39%, 37% and 

16% in children aged 5-14 years, and 10%, 6%, 7% and 9% in persons aged greater than 15 

years (Figure 2.7). There were reductions from the PCV7 to PCV13 vaccine eras, of PCV7 and 

PCV13 type carriage, both statistically significantly lower in the under 5 age group (11% to 

6% PCV7-VT, 24% to 12% PCV13-VT carriage), and non-significant in other age groups. In the 

under 5’s, significant reductions were also reported in H. influenzae (63% to 55%) and 

S. aureus (11% to 6%) carriage, but an increase in M. catarrhalis (63% to 71%). A reduction 

in any S. pneumoniae carriage was also reported in the over 15 age group (20% to 10%). 

Dominant serotypes from children aged <5 years were 11A, 16F, 15B and 19F, 5-14 year old’s 

19F, 10A, 11A and 15B and, equally 16F, 21, 10A, 6C and 19F in the >15 year olds. 

 

Data have been combined for some age groups from Mackenzie et al (2010), and Collins et 

al (2013) to be comparable to the age groupings used in Collins et al (2017) (Figure 2.7). 

Mackenzie et al (2010) enrolled children aged >2 years old, and did not report data for 
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S. aureus. The carriage proportions are higher in the NT cohort (Mackenzie et al, 2010) for 

S. pneumoniae, NTHi and M. catarrhalis for all age groups, compared to both Collins et al 

(2013) and Collins et al (2017). This is likely related to the whole NT cohort being from remote 

communities, as NP carriage is generally higher where risk factors are higher as mentioned 

previously.  

 

Figure 2-7: Proportions of otopathogen carriage reported in Collins et 
al (2017), compared to summary data from Mackenzie et al (2010) and 
Collins et al (2013) 

 
‡ Reports non-typeable H.influenzae; Spn= S. pneumoniae; Hi=H. influenzae; Mc=M. catarrhalis; Sa=S. aureus 
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was higher in the PCV7 group than the PHiD-CV10 group for NTHi (53%, 35%), S. pneumoniae 

(24%, 14%) and S. aureus (54%, 43%), but not M. catarrhalis (2%, 7%), only the NTHi 

reduction difference was statistically significant (Leach, AJ 2015b). 

 
Ongoing NP carriage data were reported in Leach et al (2016) as part of monitoring of OM 

and serotypes in Aboriginal children after the NT switched recommended PCV from 

PHiD-CV10 to PCV13. Carriage in the PHiD-CV10 group of S. pneumoniae, NTHi, 

M. catarrhalis and S. aureus was 81%, 71%, 44% and 20%, and 77%, 63%, 45% and 16% in 

the PCV13 group (all non-significant statistical differences) (Figure 2.8). PCV7 types were 

carried by 9% of children in the PHiD-CV10 group, and 12% in the PCV13 group. The carriage 

of PCV13 serotypes was 21% in the PHiD-CV10 group and 15% in the PCV13 group (also non-

significant). Serotype 16F was dominant in both groups (14% and 23% of isolates 

respectively), with 19A (8%) and 11A (7%) also dominant in the PHiD-CV10 group, and 15A 

(10%) and 23F (6%) in the PCV13 group. ED was also collected and cultured, with lower 

proportions of positive swabs in the PHiD-CV10 group compared to the PCV13 group of NTHi 

(36%, 64%), and S. pneumoniae (17%, 43%), and higher proportion of S. aureus (40%, 7%).   

Figure 2-8: Leach et al (2015, 2016) otopathogen carriage compared to 
similarly aged children from Mackenzie et al (2010), Collins et al (2013) 
and Collins et al (2017) 

 
‡ Reports non-typeable H.influenzae; Spn= S. pneumoniae; Hi=H. influenzae; Mc=M. catarrhalis; Sa=S. aureus 
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These data report that overall carriage is slightly higher in NT children, for S. pneumoniae, 

H. influenzae and S. aureus, but lower in recent studies for M. catarrhalis.  

 

These studies both had low RoMB, and were conducted in similar population groups, with 

similar risk factors.  

 

2.4  Microbiology of ear discharge and middle ear effusion (1982 – 

present) 

 
In addition to publications reporting both NP and ED microbiology, several studies report 

microbiology of ear discharge or middle ear effusion (collected during surgery) alone. These 

studies investigate the role of Chlamydia trachomatis (Dawson 1985), Alloiococcus otitidis 

(Ashhurst-Smith 2007), the general aetiology of middle ear effusions (MEE) from OME 

(Stuart, J 2003), and the impact of ciprofloxacin compared to framycetin-gramicidin-

dexamethasone (Sofradex) for treatment of treatment-resistant CSOM (Leach, AJ 2008e).  

 

Dawson et al (1985) report minimal otopathogens were recovered from MEE samples 

collected from Aboriginal children at myringotomy, with less than 1% positive for 

S. pneumoniae, H. influenzae, and Streptococcus pyogenes, 2% S. aureus, and 5% 

P. aeruginosa and Proteus spp and 53% of swabs growing no bacteria. Only 2 samples were 

positive for C.trachomatis, both negative for bacterial pathogens.  

 

This is similar to the OME aetiology outcomes from Stuart et al (2003), in which MEE from 

Aboriginal children collected at grommet surgery were 58% culture negative. Low 

proportions of H. influenzae (2%), M. catarrhalis (4%) and S. aureus (2%) were isolated, and 
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Corynebacterium spp and coagulase negative staphylococci were most commonly isolated 

(both 9%).  

 

These data are similar also to the A. otitidis study (Ashhurst-Smith 2007), with the notable 

exception of A. otitidis. MEE samples were collected from both Aboriginal and non-Aboriginal 

children at myringotomy. Overall results by child were 40% were positive for A. otitidis, and 

30% for Corynebacterium spp, 5% for S. aureus and H. influenzae, and 2.4% for 

S. pneumoniae and P. aeruginosa. As A. otitidis is a very slow growing organism and not 

routinely cultured, it can be under-reported (Ashhurst-Smith 2007).  

 

These MEE samples have low proportions of expected pathogens. These studies had medium 

RoMB, and transport conditions were not reported by Dawson et al (1985) or Ashhurst-Smith 

et al (2007). This could impact the culture outcomes. The bacterial viability may also be 

compromised by the presence of effusion, where bacteria are growing in biofilms or DNA 

nets (Niedzielski 2021).  

 

In the CSOM RCT of ciprofloxacin versus sofradex (Leach, AJ 2008e) at baseline from ED 

P. aeruginosa was the most common organism (60%), with 22% H. influenzae and low levels 

of S. pneumoniae (3%), highlighting the contrast in the bacteriology of chronic open-TM 

disease to the OME data above. Primary outcomes of discharge cessation were not different 

by randomisation group at end of therapy in this study. 

 

Data from ED (from open TM disease with spontaneous perforation) and MEE from a surgical 

intervention is grouped in Figure 2.9. Dawson et al (1985), Stuart et al (2003), and Ashhurst-

Smith et al (2007) report MEE data, from children with chronic OME, Leach et al (2008) and 

Stephen et al (2013) children with CSOM, Morris et al (2010) children with AOM, and Leach 



66 
 

et al (2015, 2016), and combination of both AOM and CSOM. Not all growth of non-

otopathogens has been uniformly reported in these studies, therefore the data cannot be 

easily compared. Conclusions that can be drawn however, are that the NT children (Leach et 

al (2008) to Leach et al (2016) are all NT studies) have high proportion of otopathogens and 

other relevant bacterial species in ED, and that H. influenzae is common in all middle ear 

aetiology.  

 

Figure 2-9: Ear discharge and middle ear effusion proportions positive 
for microbiological growth of otopathogens and other commonly 
reported bacteria 

 
‡ Reports non-typeable H.influenzae; Spn= S. pneumoniae; Hi=H. influenzae; Mc=M. catarrhalis; Sa=S. aureus; 
Pa=P. aeruginosa; Prot spp=Proteus spp  
 
 
A recent global review reported that S. pneumoniae and NTHi are still the dominant bacterial 

pathogens in middle ear discharge collected via tympanocentesis or myringotomy from 

children aged less than 18 years of age with AOM and chronic OME (Ngo 2016). The 

Australian studies of acute or chronic tympanic membrane perforation (Figure 2.9) are 

consistent with this global review, in terms of bacteria cultured from these sample types.  

The review by Ngo et al (2016) found that globally. S. pneumoniae was predominantly 
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to resolve with treatment.  The dominant pathogen as either NTHi or S. pneumoniae was 

variable by country (population) and continent.  

 

The low recovery of respiratory pathogens from MEE in Dawson et al (1985), Stuart et al 

(2003), and Ashhurst-Smith et al (2007) support the recommendation in both reviews (Ngo 

2016; Jervis-Bardy 2017) of molecular analysis to supplement microbiology, as increased 

sensitivity and potentially the presence of non-culturable bacteria under-estimate the 

bacteriology of MEE and ED (Oliver 2010; Smith-Vaughan, H. C. 2013). Also, these studies 

show that ear samples have a broader range of bacterial components, as well as fungi and 

yeast, and research microbiology should not be narrowly focussed if all pathogens impacting 

outcomes are to be cultured.  

 

2.5  Pneumococcal conjugate vaccine impact 

As described, several studies report impact of PCV use on otopathogen carriage, NP carriage 

data are summarised here (Figure 2.10).  

Figure 2-10: PCV impact on nasopharyngeal carriage of PCV7, PCV13 
types and common serotypes of interest  

 
^= PCV13 carriage estimated by combining PCV7, 19A and 6A carriage proportions.  
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Not all studies exhaustively report individual serotype carriage. Figure 2.10 shows data from 

NT studies between 2003 and 2013. Collins et al (2017) data are shown for 2011 and 2014 

for children <5 years of age for consistency with Leach et al (2009, 2015, 2016) data. A decline 

in PCV7 type carriage was observed from 2003 (11%) to 2005 (8%) and PCV13 types in 2010 

(29%) to 2013 (15%) in NT data from Leach et al (2015, 2016), and a similar decline in WA 

data from 2011 to 2014 (Collins 2017) for both PCV7 (11% to 6%) and PCV13 (24% to 12%) 

types. Carriage proportions of vaccine types appear to be higher overall in NT data compared 

to WA data (Figure 2.10). This could be due to the broader population included (urban and 

remote children in WA). Different serotype specific focuses in reporting dominant and 

replacement serotypes have made limited comparisons possible.  

 

2.6  NT and Australian invasive pneumococcal disease serotypes 

Whilst the link between serotype carriage and invasive pneumococcal disease (IPD) is not 

straightforward, similar trends are observed in both, in terms of impact on serotype 

distribution. IPD publications are not included in the summary or ‘risk of measurement bias’ 

assessment.  

 

PCVs are designed for the prevention of serious infection and death. Reductions in IPD 

followed the implementation of the universal PCV7 program in Australia (Gidding 2018). 

Australian (minus WA, ACT) invasive serotypes from 2009 onward are published by the 

Commonwealth Government annually. The publicly available IPD serotype data spans the 

PCV7, PCV10 and PCV13 eras in the NT, and PCV7 / PCV13 in Australia (Australian 

Government Department of Health 2019).  
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In NT children less than 5 years of age (78% Aboriginal) IPD serotypes are predominantly non-

VTs (Figure 2.11). The epidemic of serotype 1 in 2011/2012 in the NT is clear in Figure 2.11, 

IPD isolate numbers higher in 2011 and 2012 than in previous years, in all age groups except 

for those less than 5 years old.  

 

This is in contrast to a study of serotype 1 NP carriage in children in the NT, describing age 

specific clustering in children aged younger than 11 years old (Smith-Vaughan, H. C 2009).  

Smith-Vaughan et al (2009) pre-dates the 2011/12 epidemic of IPD, which occurred primarily 

in Northern and Central Australia, and includes data described in this review (Leach, AJ 

2008c; Leach, AJ 2009; Mackenzie 2010). In two subsequent publications NP carriage of 

serotype 1 during the outbreak (Lai 2013) and the epidemiology of the outbreak (Cook 2020) 

were described. Three children aged 5-9 were carriers (11%), from remote communities in 

Central Australia during the outbreak (Lai 2013). No young children vaccinated with PCV10 

or PCV13 (both include serotype 1) had serotype 1 IPD, however older children receiving 

PPV23 did (Cook 2020). The small number of cases in the NT makes trends in individual 

serotype dynamics difficult to observe, other than the serotype 1 epidemic in 2011/12 

(Figure 2.12). The difference in specific age group carriage and IPD rates in children receiving 

different types of vaccines highlights the value of NP carriage data in understanding these 

interconnecting events. 
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Figure 2-11: NT IPD serotypes by age group (in years) 

 

 
 
Figure 2-12: IPD cases by year caused by selected serotypes in NT 
children aged 0-4 years 

 
 
 

Australia wide the predominance of non-PCV types in IPD is less marked (Figure 2.13), with 

PCV-IPD remaining in children aged 0-4 years (8% Aboriginal) and common in adults of all 

ages.  
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Figure 2-13: Australian (minus WA, NT, ACT) IPD serotypes by age group 
(in years) 

 
 
 
Several VT serotypes have been of interest in Australia and internationally, including 19A, 

and 3, post universal use of PCV7. These types are included only in PCV13. 19A was the most 

common IPD serotype post PCV7 in Australia (Jayasinghe 2018). Since introduction, PCV13 

has effectively reduced IPD in young children in Australia for serotype 19A, but not serotype 

3 or 19F (Figure 2.14).  

 

  



72 
 

Figure 2-14: IPD cases caused by selected serotypes in Australian 
children aged 0-4 years 

 
 
These data indicate the ongoing IPD caused by PCV-types. In the NT, with paediatric IPD 

suffered predominantly by Aboriginal children, understanding serotype carriage and its link 

to IPD is important, but outside the scope of this thesis and requires prospective surveillance 

across the NT. 

 

2.7  Conclusions 

These reviewed publications combined report a variety of bacterial combinations in carriage 

and ED / MEE microbiology. The ongoing consideration of microbiological data are required 

to increase understanding of ecosystem modification induced by the introduction of vaccines 

and antibiotic use.  

 

The data show that whilst there are similarities across the Australian data, the proportions 

of bacterial carriage of otopathogens are particularly high in remote living Aboriginal children 

in the NT.   Therefore, ongoing population specific impact monitoring is appropriate. Many 

factors impact carriage outcomes in children. The heterogeneity across reviewed studies 

makes analysis of risk factor impacts on carriage, independent of microbiological methods, 

impossible to measure.   
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Since the early described studies of NP bacteriology of Aboriginal children several factors 

impacting bias and bacterial reporting have improved. There is a guideline for 

standardisation of sample management - increasing the likelihood of accurate bacterial 

results due to considerations given to transport media and methods, and using improved 

swabs and media for maximal bacterial yield. In addition, the uptake of reporting guidelines 

such as CONSORT / STROBE / PRISMA has improved overall research reporting.  

 

Reporting of bacterial results in studies of NP carriage and OM studies in particular, would 

benefit from standardisation. S. aureus is an example of a potential pathogen that was 

reported inconsistently in the literature examined. Studies of ED and MEE have highlighted 

that culture conditions for some bacterial species are quite specific, i.e., A. otitidis, and 

therefore complex microbiological analysis or a combination of microbiological and 

molecular methods is required for a deeper understanding of the middle ear niche, especially 

as relates to different OM disease states. However, while there are other existing molecular 

methods (microbiomics) for getting a broader picture of bacterial communities, 

standardisation of methodologies and reporting metrics is missing in this field also (Marsh 

2020). 

 

While molecular techniques have value in this field, culture remains the best option for 

generation of strain specific antimicrobial resistance data, and therefore still has an 

important role.  

 

Minimal reporting of commensal, possibly protective organisms, has been included in the 

featured literature. This focus on what is present (and likely pathogenic) rather than what is 

absent, may bias our understanding of the NP and ear environments in health and OM.  
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NP studies of PCV impact have also variably reported pneumococcus and other 

otopathogens. While culture of other pathogens may not be relevant to understand the 

changing serotype dynamic, the changes in bacterial composition of the niche is relevant to 

downstream effects on the niche, to ensure replacement is correctly understood, and to be 

aware of impacts that may have negative outcomes for children should other pathogenic 

bacteria become dominant in these environments.  

 

Whilst the prevalence of PCV7 and PCV13 serotypes has reduced over time, none of the 

presented studies is able to clearly describe the decline in PCV-types, and there is residual 

vaccine-type carriage. There are limited data related to the pre-PCV era serotype distribution 

available. Reporting differences between studies for serotype-specific and vaccine-type-

specific carriage makes comparison of serotype trends by era difficult.   

 

Some of these identified gaps will be addressed through the described hypotheses and aims 

in the following chapters. 
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Table 2-1: Summary of studies include in literature review of carriage and ear discharge microbiology 
Author, 
year; 
journal  

Populati
on 

Location; 
study period 

Study 
design 

N;  
% male;  
age 

Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

Crotty, 
1959;  
Am J 
Ophthalm
ol (Crotty 
1959) 

Aborigin
al 
children  

Arnhem 
(Groote 
Island, 
Oenpelli, 
Goulburn 
Island, 
Darwin) NT; 
1957 

Cross 
sectional 

N: 66; 
Male: NR 
Age: NR 

Trachoma study. Assessing trachoma 
severity and bacterial testing of nasal and 
ocular secretions. Primary culture was on 
blood agar only, transport time to laboratory 
(Darwin) was 8-24 hours, and samples were 
plated in open air (outside, under a veranda).  
30/66 (45%) Gram negative cocci (potentially 
Neisseria or Moraxella spp), 24/66 (36%) Se, 
9/66 (14%) non specified coliforms, 7/66 
(11%) “non-haemolytic streptococci”,  3/66 
(5%) β-haemolytic streptococci, 1/66 (1.5%) 
Klebsiella pneumoniae, and 0% S. aureus (Sa) 
(Fig 2.1). Report overall low levels carriage of 
pathogens, in my opinion related to culture 
and transport methods. 
 

Sampling: Nasal  
Swab: NR 
Tr media:  Blood plates 
Tr cond: sub-optimal and sub-optimal time to 
incubation 
Culture:  blood agar   
Spn: NR 
Spn typing: NA 
Hi: NR 
Other: Reported 
Basic reporting:  3/5 
Population: Trachoma pos 
Total= 3/15  
RoMB: High  
Nasal swabs compared to NP swabs is less 
likely to recover otopathogens.  Culture 
conditions unsuitable, using blood agar only, 
‘plated in open air’, potentially exposing them 
to airborne contaminants 

Rountree, 
1969; 
(Rountree 
1969) 

Aborigin
al 
children  

Ernabella, 
NT; na 

 
148  Full text unavailable. 

19% Sa, 13% coliforms, 12% group C and G 
streptococci, 7% Spn, 4% Haemophilus spp, 
3% S. pyogenes (Fig 2.1). 

NA 

Kirke, 
1970; 
Unpublish
ed thesis 

Aborigin
al 
children 
admitted 
to 
hospital 

Alice Springs 
hospital, NT;  
1969 

 
100; 
NR;  

Full text unavailable.  
Spn (62%), 19% combined Gram negatives, 
12% Sa and 4% other α-haemolytic 
streptococci (Fig 2.1) 

NA 



76 
 

Author, 
year; 
journal  

Populati
on 

Location; 
study period 

Study 
design 

N;  
% male;  
age 

Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

Stuart, 
1972; Med 
J Aust 
(Stuart, J. 
E. 1972) 

Aborigin
al 
children 

Cherbourg, 
QLD; 
assumed 
1970/71 

Cross 
sectional 

N: 100;  
Male: 51%;  
Age: 5-14 
years 

Assessment of health, hearing, ear disease 
(examination of ears, nose, throat, 
audiometry, swabs) at primary school. 59 
had nasal discharge, 14 purulent (76% of 4-9 
year olds, 42% of 9-14 year olds); 23 ears 
with perforations, 12 discharging.  
Report common hearing impairment, and 
signs of damage to TM from previous 
disease. Swabs collected onto chocolate agar 
slopes, transport (refrigerated), incubated at 
laboratory (Brisbane). 6% Sa, 26% Se, 11% 
coliform bacilli, 10% diphtheroids, 8% 
Haemophilus spp, 6% Pa (Fig 2.1). ED (n=10): 
Haemophilus spp (n=5, 50%) Se (n=3), 
Proteus, Pa, coliform bacilli, Sa (all n=2) and 
‘haemolytic streptococcus’ (n=1). bacterial 
identification (not described). N swab:  

Sampling: Nasal 
Swab: NR 
Tr media: Choc slope  
Tr cond: NR  
Culture: NR 
Spn: Unclear 
Spn typing: NA 
Hi: Spp reported 
Other: Reported 
Basic reporting:  4/5 
Population: Random 
Total= 8/15  
RoMB: Medium 
Reporting of methods was poor. Results 
indicate broader culture media (and possibly 
the use of selective media) than described in 
Crotty et al (1959), and potentially more 
favourable transport conditions. 

Stuart, 
1973; Med 
J Aust 
(Stuart, J. 
E. 1973) 

Aborigin
al 
children 
and non-
Aborigin
al 

Cherbourg, 
Palm Island 
and 
Yarrabah, 
QLD; 
1971/72 
 

Cross 
sectional  

N: 793; 
Male: NR; 
Age: 4-14 
years 
 

Report health indictors, hearing loss 
common, Sa carriage Yarrabah 47%, Palm 
Island 24%, Cherbourg 28%. P.mirablis 
carriage Palm Island 22%, Yarrabah 1%, 
Cherbourg 0%. β-haemolytic streptococci 
Cherbourg 18%, Palm Island 3%, Yarrabah 
2%. ‘Diplococcus’ (Spn) Cherbourg 11%, 
Palm Island 0%, Yarrabah 6%. Overall 
carriage (Fig 2.1)  
ED: Proteus spp, Pa, and Se. 

Sampling: Nasal 
Swab: NR 
Tr media: Choc slope 
Tr cond: NR  
Culture: NR 
Spn: Yes 
Spn typing: NA 
Hi: NR 
Other: Reported 
Basic reporting:  4/5 
Population: Children from previous survey at 
Cherbourg, others not described. 
Total= 7/15 
RoMB: High 
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Author, 
year; 
journal  

Populati
on 

Location; 
study period 

Study 
design 

N;  
% male;  
age 

Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

Transport conditions sub-optimal, culture 
methods not described. No Haemophilus spp 
cultured by intent. 

Stuart, 
1975; Med 
J Aust 
(Stuart, J. 
E 1975) 

Aborigin
al 
infants, 
born in 
Brisbane 
(n=104) 
and 
Cherbour
g (n= 
115) 

QLD; 
1970/71 

Longitudi
nal 
cohort 
comparis
on 
(3monthl
y) up to 
36 
months 

N: 219,  
Male: NR; 
N: 0 -33m 

Comparison of carriage in 2 cohorts, Hi and 
Hp reported together. Low pathogens. Some 
differences in carriage, (more gram-negative 
in Cherbourg cohort, attributed to 
environment). Interest in Sa. Hypothesise 
that Sa, Spn and B streps important for OM. 
Carriage of Spn, Sa, coliforms higher at 
Cherbourg (combination of E.coli, Klebsiella 
spp, Enterobacter, and Citrobacter bacteria)  
ED 12mo (n=26):  Proteus spp (42%), Sa 
(35%), and β-streptococci (27%), Spn (8%).  

Sampling: Nasal 
Swab: NR 
Tr media: Choc slope 
Tr cond: NR  
Culture: Routine, identification described 
Spn: Yes 
Spn typing: NA 
Hi: Yes (half) 
Other: Reported 
Basic reporting:  4/5 
Population: Suitable 
Total= 10/15 
RoMB: Medium 
Sample transport for Cherbourg sub-optimal, 
culture methods not described, but likely 
suitable. The data presentation poor. 

Copeman, 
1975; 
Med J 
Aust 
(Copeman 
1975) 

Aborigin
al 
children  

Cunnamulla, 
QLD; 
1971 

Cross 
sectional 

187; 
NR; 
0-15 years 

Health assessment of Aboriginal children. 
Swabs inoculated onto chocolate agar 
slopes. Nasal swabs: Se (38%), Sa (29%), 
‘coliform bacilli’ (10%), low Pa and Proteus 
spp. ED (n=36): Se (39%), Proteus spp (22%), 
Sa (8%) β-haemolytic streptococci (Fig 2.1).  

Sampling: Nasal 
Swab: NR 
Tr media: Choc slopes 
Tr cond: NR  
Culture: NR 
Spn: NR 
Spn typing: NA 
Hi: NR 
Other: Reported 
Basic reporting:  4/5 
Population: Suitable 
Total= 6/15 
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Author, 
year; 
journal  

Populati
on 

Location; 
study period 

Study 
design 

N;  
% male;  
age 

Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

RoMB: High 
Microbiological methods transport time not 
described. 

Hansman, 
1985: 
J. Hyg. 
Camb 
(Hansman 
1985) 

Aborigin
al 
children 
and 
adults 

Communitie
s close to 
Alice 
Springs, NT; 
1981 

Cross 
sectional  

N: 282; 
Male: NR; 
Age: All ages 

Pneumococcal carriage study prior to 
vaccine pilot.  
Swabs were cultured within 24 hours of 
collection. Description of viability testing for 
Spn demonstrates recognition of sample 
management (storage medium, 
temperature control) to increase 
reproducibility and decrease bacterial loss.  
Spn 68% overall, 89% in <14 yo, 39% in 14-
20yo, 34% >20yo (Fig 2.2). 
Spn serogroups: 23 (19%), 19 (17%), 6 (13%) 
22 (7%) and 16 (6%).   
Antimicrobial testing (Mastring; disc 
diffusion tool): Non-susceptible Spn 26%, 
9%, and 5% of children, teens, and adults 
respectively. 

Sampling: Nasal 
Swab: Cotton 
Tr media: Stuart’s TM 
Tr cond: NR  
Culture: HBA and gentamycin BA 
Spn: Yes 
Spn typing: Quellung 
Hi: NR 
Other: Spn reported only 
Basic reporting:  4/5 
Population: NR 
Total= 8/15 
RoMB: High 
Culture methods (‘routine’), transport 
conditions not described.  
 

Leach, 
1994; 
Pediatr 
Infect Dis J 
(Leach, AJ 
1994) 

Aborigin
al and 
non-
Aborigin
al infants 

Tiwi Is and 
Darwin, NT; 
1992 

Longitudi
nal 
cohort 
comparis
on 

N: 67; 
Male: NR; 
Age: birth 
cohort 
Aboriginal 
infants from 
the Tiwi 
Islands (NT) 
(n=41, 44% 
male) and 
non-
Aboriginal 
infants from 

Birth cohort comparison of OM and bacterial 
colonisation.  
Early carriage of all otopathogens in 
Aboriginal infants (Mc from 8 days of age, Hi 
from 10, Spn from 20 days, (median age all 
species 28 days)) compared to non-
Aboriginal (median age 60 days). Earlier 
onset of OM.  

Sampling: NP 
Swab: NR 
Tr media: STGGB 
Tr cond: Suitable  
Culture: Suitable 
Spn: Yes 
Spn typing: NA 
Hi: Yes 
Other: Reported 
Basic reporting:  4/5 
Population: Suitable 
Total= 12/15 
RoMB: Medium 
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Author, 
year; 
journal  

Populati
on 

Location; 
study period 

Study 
design 

N;  
% male;  
age 

Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

Darwin (n=17, 
NR% male).  

The microbiological methodology well 
described. Sample transport suitable, ‘frozen’ 
in appropriate media. 

Gibson, 
1996; J 
Paediatr 
Child 
Health 
(Gibson, 
PG 1996) 

Aborigin
al 
children 

Remote 
community, 
NSW; 
NR 

Randomi
sed trial 
for nasal 
steroids   

N: 31; 
Male: 48%; 
Age: 3-7y 
(mean  4.8y)  

Nasal inflammation in children with chronic 
OM (otoscopy, audiometry, tympanometry, 
nasal swab for microbiology and cytology). 
At enrolment 26/31 (74%) had a type B 
tympanogram.  
2 children perforations, 9 had a hearing 
impairment (8 bilateral). 19 nasal discharge 
(61%; 45% mucoid, 16% purulent). Swabs 
cultured according to ‘routine’ methods, 
within 24 hours of collection. Baseline 
swabs: Spn (82%), Hi (79%), Mc (39%, all β-
lactamase producers), Sa (29%) (Fig 2.3). 
No impact of intervention. 

Sampling: Nasal 
Swab: Cotton 
Tr media: NR 
Tr cond: NR  
Culture: NR 
Spn: Yes 
Spn typing: NA 
Hi: Yes 
Other: Reported 
Basic reporting:  4/5 
Population: Chronic OM, 23/31 had OME at 
baseline. 
Total= 6/15 
RoMB:  High  
Results indicate that culture was likely 
suitable. 

Skull, 
1996; 
Aust N Z J 
Med (Skull 
1996) 

Aborigin
al and 
non-
Aborigin
al 
children  

Darwin 
hospital, NT; 
1994-5 

Observat
ional 

N: 85; 
Male: 56%; 
Age: 2 weeks 
to 11 years 
(median age 
15 months, 
78% less than 
2 years old) 

Measure the resistance of pneumococci to 
penicillin and ceftriaxone in hospitalised 
children. 
Overall Spn carriage 44%, higher in 
Aboriginal children living in non-urban areas 
(56%) and similar to non-Aboriginal children 
and Aboriginal children living in urban 
Darwin (23% and 27% respectively). 30% of 
Spn resistant to penicillin and 35% to 
ceftriaxone. 

Sampling: NP 
Swab: NR 
Tr media: STGGB 
Tr cond: Refrigeration  
Culture: Suitable 
Spn: Yes 
Spn typing: NA 
Hi: No 
Other: No 
Basic reporting:  5/5 
Population: Children in hospital (low 
proportion) 
Total= 9/15 
RoMB: Medium 
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year; 
journal  

Populati
on 
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study period 
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design 

N;  
% male;  
age 

Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

Samples were refrigerated for up to 24 hours 
prior to freezing, suitable culture methods 
described. Spn data <expected, potentially 
biased sampling, only a third of eligible 
children recruited. 

Gibney, 
2005; BMC 
Ped 
(Gibney 
2005) 

Aborigin
al 
children 

Tiwi Islands, 
NT, 
2000  

Longitudi
nal 
observati
onal 

N: 31;  
Male: 48%; 
Age: 0-8y 
(71%<2y) 

AOM clinical course (otoscopy, 
tympanometry, NP swabs and ED if present). 
Sample collection, transport, culture 
methods suitable (WHO guidelines used).  
Baseline carriage high, 81% Spn, 70% Hi, and 
96% Mc, (Fig 2.3), proportions stable over 
two week observation period. 56-71% did 
not show a clinical improvement.   

Sampling: NP 
Swab: NR 
Tr media: STGGB 
Tr cond: Frozen  
Culture: Suitable 
Spn: Yes 
Spn typing: NR 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population: Dx of AOM 
Total= 12/15 
RoMB: Medium 

Watson, 
2006; 
Pediatr 
Infect Dis J 
(Watson, K 
2006) 

Aborigin
al and 
non-
Aborigin
al infants 

Kalgoorlie-
Boulder, 
WA; 
1999-2002 

Longitudi
nal 
cohort 

N: 100  
Male: 
Aboriginal 
(51% male) 
and 180 (58% 
male) non-
Aboriginal; 
Age: 0-2 years 

Upper respiratory tract colonisation and 
carriage in infants, comparing 2 cohorts of 
infants.  
Nasopharyngeal aspirates or NP swabs were 
collected at1-3 weeks, 6-8 weeks, and 4, 6, 
12, 18 and 24 months. WHO guidelines used. 
Predominant bacteria overall Mc, Spn, Sa, Hi 
and Corynebacterium spp. Mc, 
Corynebacterium spp and Sa higher in non-
Aboriginal infants; Hi, Spn and Mc higher in 
Aboriginal infants. Colonisation by Spn, Mc 
and Hi was observed at younger ages in 
Aboriginal compared to non-Aboriginal 
children (Fig 2.4). PCV7 introduction (2001) 

Sampling: NP / NPA 
Swab: NR 
Tr media: STGGB 
Tr cond: Frozen  
Culture: Suitable 
Spn: Yes 
Spn typing: NR 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population: Suitable 
Total= 13/15 
RoMB: Low 
Sample collection, transport and culture 
methods suitable and well described. 
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on 
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N;  
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Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

did not impact the carriage rates of 
otopathogens.  
 

Leach, 
2008;  
BMC 
Pediatr 
(Leach, AJ 
2008c) 

Aborigin
al infants 

Tiwi, 
NT;1996-
2001 

RCT  N: 103; 
Male: 52%; 
Age: 0-12 
months 

Placebo controlled RCT of 6mo of amoxicillin 
in infants with OME for the prevention of 
AOM (otoscopy, tympanometry, NP swabs, 
ED if present). WHO guidelines used.  
NP carriage of Spn (80%), NTHi (79%) and Mc 
(77%) (Fig 2.4).  
The intervention group had more normal ear 
diagnoses, fewer perforations, and less 
pneumococcal carriage than the control 
group..  

Sampling: NP 
Swab: NR 
Tr media: STGGB 
Tr cond: NR  
Culture: Suitable 
Spn: Yes 
Spn typing: NR 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population: OME diagnosis at baseline 
Total= 11/15 
RoMB: Medium 

Leach, 
2009;  
BMC 
Infect Dis 
(Leach, AJ 
2009)  

Aborigin
al 
children 

Remote 
communities
, NT; 
2003 and 
2005 

Cross 
sectional  

N: 1720; 
Male: 49% 
Age: 0-3 years 
(mean age 30 
months). 
2003: 902 
children (50% 
male, mean 
age 25 mo) 
2005: 818 
children (49% 
male, mean 
age 35 mo) 

Monitoring pneumococcal serotypes post 
introduction of PCV7. 
WHO guidelines used. High Spn carriage 
rates were reported overall (77%), 
decreasing significantly from 82% in 2003 to 
76% in 2005 (Fig 2.3). Statistically significant 
decrease in PCV7 serotypes, and PPV23 
serotypes 2003-5. OM, other otopathogen 
carriage data not reported.  

Sampling: NP / ND 
Swab: Cotton 
Tr media: STGGB 
Tr cond: Frozen  
Culture: Suitable 
Spn: Yes 
Spn typing: Quellung 
Hi: NR 
Other: NR 
Basic reporting:  5/5 
Population: Suitable 
Total= 12/15 
RoMB: Medium 

Mackenzie
, 2010; 
BMC 
Infect Dis 

Aborigin
al 
children 

Remote 
communities 
(4), NT; 

Cross 
sectional 

N: 888; 
Male: 44%; 
Age: >2 years, 
(mean 25y). 

Carriage epidemiology and risk factors. 
High proportions of pathogen carriage in all 
age groups, particularly children.  

Sampling: NP 
Swab: Cotton 
Tr media: STGGB 
Tr cond: Frozen  
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on 
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design 

N;  
% male;  
age 

Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

(Mackenzi
e 2010) 

and 
adults 

2002 and 
2004 

2002: 306 
adults >16y 
(38% male). 
191 kids 2-15y 
(52% male).  
2004: 232 
adults (42% 
male) and 159 
kids (51% 
male).  

Overall (both years of collection aggregated) 
carriage in adults were 23%, 17% and 26% of 
Hi, Mc and Spn respectively, and 57%, 73% 
and 67% in children. Carriage of 
otopathogens was highest in the youngest 
age group (2-4 years), at 69%, 89% and 82% 
respectively, and decreased with children’s 
ages. It was lowest overall in adults aged 16-
24 years at 20%, 11% and 17% respectively, 
and highest in adults aged >55 years, at 31%, 
24% and 26% respectively (Fig 2.5). 

Culture: Suitable 
Spn: Yes 
Spn typing: Quellung 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population: Suitable 
Total= 14/15 
RoMB: Low 
Sample collection and transport were suitable. 
Culture methods described. 

Morris, 
2010; 
Med J 
Aust 
(Morris 
2010) 

Aborigin
al 
children 

16 rural and 
remote 
communities
, NT; 
2003-2005  

RCT N: 320; 
Male: 53%; 
Age: 6 mo to 6 
years (mean 
age 18 
months) 

Double blind randomised controlled trial of 
single dose of azithromycin versus seven 
days of amoxycillin inn children with AOM 
(with or without perforation). WHO 
guidelines used. Baseline NP carriage Spn 
(84%), NTHi (85%) (Fig 2.3).  ED: Spn 27%, 
NTHi 39%. Significant reductions in NP and 
ED Spn and NTHi in the azithromycin arm.  
Similar rates of clinical failure (unresolved, 
pain, bulging or discharge).  

Sampling: NP 
Swab: Cotton 
Tr media: STGGB 
Tr cond: Frozen  
Culture: Suitable 
Spn: Yes 
Spn typing: NR 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population: AOM (wiP or woP) 
Total= 12/15 
RoMB: Medium 
 

Hare, 
2012; 
Int J 
Antimicro
b Agents 
(Hare 
2012a) 

Aborigin
al 
children 

Urban and 
remote 
living, NT; 
2007-2011 

Observat
ional 

N: 104; 
Male: 62%; 
Age: 5 months 
to 13 years 
(mean age 29 
months) 

Observational study of non-cystic fibrosis 
bronchiectasis, and the impact of recent 
antibiotic use on carriage, lower airway 
infection and resistance.  
WHO guidelines used.  
Carriage of Spn, NTHi, and Mc were 37%, 
50% and 33% respectively (Fig 2.3). Lower 
carriage of Spn and Mc than other studies, 

Sampling: NP and bronchial lavage 
Swab: Rayon 
Tr media: STGGB 
Tr cond: NR  
Culture: Suitable 
Spn: Yes 
Spn typing: Quellung 
Hi: Yes 
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on 
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design 

N;  
% male;  
age 

Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

recent antibiotic use increases likelihood of 
carrying resistant otopathogens. 

Other: Reported 
Basic reporting: 5/5 
Population: Children with non-cystic fibrosis 
bronchiectasis only.  
Total= 13/15 
RoMB: Low 

Stephen, 
2013; Med 
J Aust 
(Stephen 
2013) 

Aborigin
al 
children 

2 remote 
communities
, NT; 
2009 

RCT N: 89; 
Male: 66%; 
Age: 5-12 
years (mean 9 
years) 

RCT of impact of swimming on TMP and ear 
discharge. 
At baseline NP carriage of Spn, NTHi, Mc and 
Sa were 69%, 51%, 38%, and 15% 
respectively, and ED swabs 9%, 41%, 0% and 
24% respectively. The swimming 
intervention did not impact NP or ED 
microbiology, or the primary outcome of ear 
discharge. 

Sampling: NP / ED 
Swab: NR 
Tr media: STGGB 
Tr cond: NR  
Culture: Suitable 
Spn: Yes 
Spn typing: NR 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population: All children history chronic OM 
Total= 11/15 
RoMB: Medium 

Collins, 
2013; 
PLOS ONE 
(Collins 
2013) 

Aborigin
al 
children 
and 
adults 

40 urban, 
rural and 
remote 
communities
, WA; 
2008-2011 

Cross 
sectional 

N: 1500; 
Male: 45%; 
Age: 0-101 
years  

Carriage epidemiology post-PCV7 
introduction. WHO guidelines used.  
95% of children had at least 2 doses of PCV7. 
Overall carriage in children <5 years were 
72%, 63% and 63% positive for Spn, Hi and 
Mc respectively. Carriage >5 years were 35%, 
22% and 27% respectively. Overall, 15% of 
isolates were PCV7 types, carried in all age 
groups. Diverse array of serotypes,  43 
identified. Predominant serotypes overall 
(all ages) were 6C, 16F, 19A, 23F and 19F. 
Dominant serotypes differed in adults and 
children.  

Sampling: NP 
Swab: Nylon flocked 
Tr media: STGGB 
Tr cond: Suitable  
Culture: Suitable (selective media for 
respiratory bacteria) 
Spn: Yes 
Spn typing: Quellung 
Hi: Yes 
Other: Reported 
Population: Suitable 
Basic reporting:  5/5 
Total= 15/15 
RoMB: Low 
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Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

Binks, 
2015; 
Vaccine 
(Binks 
2015) 

Aborigin
al 
mothers 
and 
infants 

Urban and 
remote 
living, NT; 
2006-2011 

RCT N: 199; 
Male: 53% in 
total cohort; 
Age: Birth 
cohort 
 

Impact of maternal PPV23 on OM and 
vaccine type pneumococcal carriage.  
Collection, transport methods not described. 
Suitable culture methods. NP carriage of Spn 
was 15%, 31% and 56% respectively at 1, 2 
and 7 mo (Figure 2.3).  PPV did not impact 
infant carriage outcomes of PPV-type 
pneumococci or OM at 7 months.  

Sampling: NP 
Swab: NR 
Tr media: NR 
Tr cond: NR  
Culture: Suitable 
Spn: Yes 
Spn typing: Quellung 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population: Suitable 
Total= 12/15 
RoMB: Medium 

Leach, 
2015; 
BMC 
Pediatrics 
(Leach, AJ 
2015b) 

Aborigin
al 
children 

25 remote 
communities
; NT and 
WA; 
2008-2012  

Cross 
sectional 

N: 864; 
Male: 51%; 
Age: 0-6 
years, (mean 
age 20mo in 
PCV7 group 
and 18 mo for 
PHiD-CV10 
group), 53% 
and 49% 
respectively 

Otopathogen carriage epidemiology of 
children before and after transition to PHiD-
CV10. WHO guidelines used.  
Carriage PHiD-CV10 / PCV13: 76% / 82% Spn, 
68% / 73% NTHi, 48 / 43% for Mc, and 32% / 
21% for Sa (significant reduction). PCV7 
types non-significantly lower for PHiD-CV10 
group, PCV13 types was significantly lower.  
Serotypes 16F, 19A dominant in both groups. 
ED positive more often in PCV7 group than 
the PHiD-CV10 group for NTHi (53%, 35%), 
Spn (24%, 14%) and Sa (54%, 43%), but not 
Mc (2%, 7%), only the NTHi reduction was 
statistically significant  

Sampling: NP 
Swab: NR 
Tr media: STGGB 
Tr cond: Frozen 
Culture: Suitable 
Spn: Yes 
Spn typing: Quellung 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population:  
Total= 13/15 
RoMB: Low 

Leach, 
2016; Int J 
Pediatr 
Otorhinola
ryngol 

Aborigin
al 
children 

26 remote 
communities
, NT; 
2010-2013 

Cross 
sectional 

N: 764; 
Male: 51%; 
Age: 0-6 years 
(511, mean 
age 19 
months PHiD-

Otopathogen carriage as part of OM 
monitoring of children before and after 
transition from PHiD-CV10 to PCV13. WHO 
guidelines used.  NP swabs: 499 / 140 PHiD-
CV10 / PCV13. PHiD-CV10: NTHi, Spn, Mc and 
Sa 71%, 81% 44% and 20%.  PCV13: 63%, 

Sampling: NP 
Swab: NR 
Tr media: STGGB 
Tr cond: Frozen  
Culture: Suitable 
Spn: Yes 
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design 

N;  
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Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

(Leach, AJ 
2016) 

CV10 group, 
140, 13.3 
months PCV13 
group)  

77%, 45% and 16% (all non-significant). PCV7 
types - PHiD-CV10: 9%, PCV13: 12%. PCV13 
serotypes - PHiD-CV10: 21%, PCV13: 15% 
(non-significant). 16F dominant in both 
groups (14% and 23%), 19A (8%) and 11A 
(7%) also dominant for PHiD-CV10, 15A 
(10%), 23F (6%) for PCV13 group. 

Spn typing: Quellung 
Hi: Yes 
Other: Reported 
Basic reporting: 5/5 
Population: Sub-cohort 
Total= 13/15 
RoMB: Low 

Collins, 
2017; 
Pneumoni
a (Nathan) 
(Collins 
2017) 

Aborigin
al 
children 
and 
adults 

40 remote, 
rural and 
urban 
communities
, WA; 
2008-2014 

Cross 
sectional 

N: 1385; 
Male: 40%; 
Age: 0 to adult 
(not specified) 
Mean age NR 

Otopathogen carriage measuring effect of 
PCV13 in WA Aboriginal people. 
47% Spn positive, all age groups combined, 
and 35%, 41% and 10% for Hi, Mc and Sa. 
Carriage of Spn, Hi, Mc and Sa was 67%, 55%, 
71% and 6% for children ages less than 5 
years, 53%, 39%, 37% and 16% in children 
aged 5-14 years, and 10%, 6%, 7% and 9% in 
persons aged greater than 15 years (Figure 
2.7). 

Sampling: NP 
Swab: Nylon flocked 
Tr media: STGGB 
Tr cond: Frozen  
Culture: Suitable 
Spn: Yes 
Spn typing: Quellung 
Hi: No 
Other: NR 
Basic reporting:  4/5 
Population: Suitable 
Total= 12/15 
RoMB: Medium 

Dawson, 
1985; 
Aust J Exp 
Biol Med 
Sci 
(Dawson 
1985) 

Aborigin
al 
children 

Remote 
community, 
WA; 
1982 

Surveilla
nce  

N: 119; 
Male: 50%; 
Age: 2-15 
years (mean 
7.5) 

Study of children with COME to determine 
the role of C.trachomatis. MEE collected at 
myringotomy.  1% positive for Spn, Hi, and 
S.pyogenes, 2% Sa, 5% Pa and Proteus spp, 
53% culture negative.  
Culture methods were appropriate, storage 
and transport medium and conditions were 
not described for MEE. 

Sampling: ED 
Swab: NR 
Tr media: NR 
Tr cond: NR  
Culture: Suitable 
Spn: Yes 
Spn typing: NR 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population:  COME 
Total= 9/15 
RoMB: Medium 
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Study processes, results and conclusions Risk of bias – comparisons with WHO 
standardised methods (O’Brien 2003, Satzke 
2013) 

Stuart, 
2003; 
J Paediatr 
Child 
Health 
(Stuart, J 
2003) 

Aborigin
al 
children 

Outreach 
clinics, NSW; 
1995-2000 

Observat
ional 

N: 27; 
Male: 52%; 
Age: 11 mo to 
10 years 
(mean NR) 

Observational study of MEE aetiology 
collected at grommet surgery.  
MEE 58% culture negative, Hi (2%), Mc (4%) 
and Sa (2%), Corynebacterium spp and 
coagulase negative staphylococci (both 9%).  

Sampling: MEE 
Swab: NR 
Tr media: Stuart’s for swabs, sterile saline for 
MEE 
Tr cond: Suitable  
Culture: Suitable 
Spn: None 
Spn typing: NA 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population: OME 
Total= 12/15 
RoMB: Medium 

Ashhurst-
Smith, 
2007; 
FEMS 
Immunol 
Med 
Microbiol 
(Ashhurst-
Smith 
2007) 

Aborigin
al and 
non-
Aborigin
al 
children 

NSW; 
NR 

Observat
ional 

N: 50; 
Male: NR; 
Age: 1-10 
years (mean 
NR) 

Observational study of MEE culture for Ao, 
and comparison of Ao isolation from 
Aboriginal and non-Aboriginal children 
undergoing myringotomy.  
40% Ao, 30% Corynebacterium spp, 5% Sa 
and Hi, 2.4% for Spn and Pa. . 

Sampling: MEE 
Swab: Dacron 
Tr media: NA 
Tr cond: Suitable  
Culture: Suitable 
Spn: Yes 
Spn typing: NR 
Hi: Yes 
Other: Reported 
Basic reporting:  3/5 
Population: Chronic OME 
Total= 11/15 
RoMB: Medium 

Leach, 
2008; 
Pediatr 
Infect Dis J 
(Leach, A 
2008a) 

Aborigin
al 
children 

3 remote 
communities
, NT; 
2001 

RCT N: 97; 
Male: 38%; 
Age: 1-15 
(mean 7.37, 
36% <6 years 
old) 

RCT ciprofloxacin vs framycetin-gramicidin-
dexamethasone in children with persistent 
CSOM. 
ED baseline culture 60% Pa, 22% Hi, 3% Spn. 
There was no difference by treatment group 
for primary outcome of discharge cessation. 

Sampling: ED 
Swab: Cotton 
Tr media: STGGB 
Tr cond: Suitable  
Culture: Suitable 
Spn: Yes 
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Spn typing: NR 
Hi: Yes 
Other: Reported 
Basic reporting:  5/5 
Population: CSOM 
Total= 12/15 
RoMB: Med 
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3 Chapter 3: A protocol for priority analyses of an otitis 

media and respiratory carriage data asset 

 
 

3.1  Chapter overview 

This chapter describes the process used in creating a combined dataset, called BIGDATA, from all 

available Ear Health Research Program studies collected within a program of numerous RCTs, cohort 

studies and cross-sectional surveillance of otitis media (OM) and / or pneumococcal serotypes and 

antimicrobial resistance from 1996 to 2018 and the primary planned analyses in a protocol format.  

 

This project created an expandable data asset from 21 available studies, including as many commonly 

collected datapoints from clinical ear exams, risk factor surveys, reviews of antibiotic use, 

pneumococcal immunisation status and microbiological culture data as possible. The combined 

dataset would then have potential to increase statistical power for previously underpowered analyses 

and facilitate subgroup analyses of specific disease states and treatments. The population of 

Aboriginal children aged less than 5 years in the NT is small, with only 5000-6000 children spread 

across a large geographic area. Individual studies with large numbers of children are not possible. This 

dataset is a unique resource to examine trends in ear health and pneumococcal serotypes over the 

last 25-30 years. A comprehensive analysis of ear diagnosis rates and pneumococcal serotype 

dynamics in changing PCV eras is now possible. 

 

Section 3.2 consists of the submitted publication, describing the process undertaken to create the 

combined dataset, the studies included at the time of publication, and the priority analyses making 

use of the BIGDATA data asset. The supplement from the publication is included in Appendix B, which 

describes the microbiological and ear diagnosis methods, and summarises the studies included in the 

publication.  
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Microbiological culture methods for NP and ED swabs in all Ear Health Research Program studies are 

detailed in Appendix A, in addition to other laboratory methods referred to in publications within this 

thesis. Microbiological culture methods used in Ear Health Research Program studies are consistent 

with recommendations for pneumococcal studies from the WHO (O'Brien 2003; Satzke 2013).  

 

Section 3.3 summarises the key messages from the publication. 

 

3.2  Submitted article:  “BIGDATA: a protocol to create and extend a 25-

year clinical trial and observational data asset addressing key 

knowledge gaps in otitis media and hearing loss in Australian 

Aboriginal and non-Aboriginal children.” 

(over page) 
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Abstract  
Introduction 

Otitis media (OM) is a common childhood illness, often resolving without intervention and 

acute and long-term complications are rare. However, Australian Aboriginal and Torres Strait 

Islander infants and children experience a high burden of OM and are at high risk of 

complications (tympanic membrane perforation and chronic infections). Bacterial OM is 

commonly associated with Streptococcus pneumoniae, non-typeable Haemophilus 

influenzae, and Moraxella catarrhalis.  

 

BIGDATA is a data asset combining over 25 years of microbiology and OM surveillance 

research from the Ear Health Research Program at Menzies School of Health Research 

(Northern Territory, Australia), including 11 randomised controlled trials, four cohort studies, 

eight surveys in over 30 remote communities (including data from Western Australia), and 

five surveys of urban childcare centers including Aboriginal and Torres Strait Islander and non-

Indigenous children. Outcome measures include clinical examinations (focusing on OM), 

antibiotic prescriptions, pneumococcal vaccination, modifiable risk factors such as smoking 

and household crowding, and nasopharyngeal and ear discharge microbiology including 

antimicrobial resistance testing.  

mailto:Peter.morris@menzies.edu.au
mailto:amanda.leach@menzies.edu.au


99 
 

Methods and Analysis 
A series of projects are planned to address the following key knowledge gaps: i) otitis media 

prevalence and severity over pre pneumococcal conjugate vaccines (PCVs) and three 

increasing valency PCV eras; ii) impact of increasing valency PCVs on nasopharyngeal carriage 

dynamics of pneumococcal serotypes, and antimicrobial resistance; iii) impact of increasing 

valency PCVs on nasopharyngeal carriage dynamics and antimicrobial resistance of other 

otopathogens; and iv) serotype specific differences between children with acute OM and OM 

with effusion or healthy ears. These data will be utilized to identify research gaps, providing 

evidence-based prioritization for ongoing intervention research. 

 

Ethics and dissemination 
Data asset creation and priority analyses were approved by the Human Research Ethics 

Committee of Northern Territory Department of Health and Menzies School of Health 

Research (EC00153, 18-3281). Dissemination will be through peer review publication and 

conference presentations.  

 

Keywords 
Otitis media, pneumococcal conjugate vaccines, Streptococcus pneumoniae, non-typeable 

Haemophilus influenzae, nasopharyngeal carriage, middle ear microbiology, antimicrobial 

resistance, surveillance, Indigenous, Australian Aboriginal and Torres Strait Islander 

 

Article summary - Strengths and Limitations of this study 

• This expandable data asset created from 25 years of ear health data including ear 

diagnoses (by otoscopy and tympanometry), risk factors (household crowding, 

smoking, breastfeeding, living with young children), microbiological data from 
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nasopharyngeal swabs and ear discharge (pneumococcal serotyping, antimicrobial 

sensitivity), and clinical presentations review, and antibiotic use is an invaluable 

analysis resource. 

• The planned analyses will comprehensively describe the OM trends and otopathogen 

carriage prevalence over the period 1995 to 2018, and describe factors increasing or 

decreasing OM and carriage risk, including the impact of three sequential 

pneumococcal conjugate vaccines.  

• This dataset includes research and health service data only where individual consent 

was provided, and does not describe other broader trends that may impact OM and 

carriage such as health policy change (medical management guidelines, workforce 

engagement, and community wide interventions like mass drug administrations).  

• Original eligibility criteria for participants varied across the studies according to the 

condition and outcomes of interest, therefore in some circumstances data may not 

represent community prevalence of OM. 

• Beyond the described priority analyses this resource will be used to improve our 

understanding of ear disease pathology and best practice treatment to reduce otitis 

media prevalence and severity in high-risk populations. 

Introduction 
Otitis media (OM) is a common childhood illness globally, with an estimated burden of more 

than 360 million episodes each year(Monasta 2012). OM is one of the primary reasons for 

presentations at healthcare facilities and for antibiotic prescriptions in children(Klein, JO 

2000). There are varying disease pathologies, from episodic middle ear effusions to chronic 

drainage of purulent discharge through a perforation of the tympanic membrane. For most 

infants and children OM will resolve without treatment or intervention. However, some 
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children are at high risk of more severe OM and long-term negative outcomes. Groups at 

higher risk for OM include children attending out of home childcare and Indigenous 

populations worldwide. Recognised risk factors for OM include age (with highest incidence 

between six and eleven months), exposure to tobacco and environmental smoke, reduced 

breast-feeding, and crowded living conditions(Klein, JO 2000). 

 

Australia’s Northern Territory (NT) faces some unique challenges. There is a vast geography 

with many widely dispersed small populations, with some residents living in very isolated 

areas. Multiple languages exist, and there is extensive population mobility linked to cultural 

and social traditions. The prevalence and severity of otitis media in these remote communities 

in northern and central Australia is extraordinarily high. Around 90% of children have some 

form of OM throughout their early years (including 15% with perforated tympanic 

membrane)(Morris 2005; Leach, AJ 2015b; Leach, AJ 2016).  

 

All forms of OM are associated with hearing loss(Williams 2009). The extreme prevalence of 

OM among Aboriginal children the Northern Territory makes this a significant public health 

problem. OM associated conductive hearing loss can impact the development of language 

skills and school preparedness when it occurs in children less than 4 years of age. However, 

there are limited audiology data for Aboriginal children in this age group (Lehmann 2008; 

Aithal 2012). The relationship between OM disease status, hearing loss, and language 

development in this age group are still being established. 

 

The burden of ear disease in NT Aboriginal children starts in the first weeks of life, driven by 

early, dense colonisation of the nasopharynx with common bacterial respiratory pathogens 
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including Streptococcus pneumoniae, non-typeable Haemophilus influenzae and Moraxella 

catarrhalis (Leach, AJ 1994). S. pneumoniae causes considerable morbidity and mortality 

worldwide due to its ability to cause a range of mucosal and invasive diseases (including otitis 

media, sinusitis, conjunctivitis, pneumonia, meningitis and bacteremia) ('Estimates of the 

global, regional, and national morbidity, mortality, and aetiologies of lower respiratory 

infections in 195 countries, 1990-2016: a systematic analysis for the Global Burden of Disease 

Study 2016'  2018). The current pneumococcal conjugate vaccines (PCV) confer protection 

against up to 13 common serotypes (of the 100 known serotypes) causing invasive 

pneumococcal disease (IPD). The decrease in nasopharyngeal (NP) carriage of vaccine types 

(VT) among vaccinees has reduced pneumococcal transmission and rates of IPD in non-

vaccinated groups as a result of herd effects (Izurieta 2018). Near elimination of NP carriage 

by vaccine serotypes has also left a niche for non-vaccine types (non-VTs). Most populations 

have reported NP carriage replacement with non-VTs, as was observed in remote dwelling 

Australian Aboriginal children (Leach, AJ 2009). Whilst non-VT serotypes are less likely to 

cause IPD than VTs, they continue to cause mucosal pneumococcal infections (including OM 

and bronchitis). Higher valency PCV trials are currently in progress (including15PCV, PCV20, 

PHiD-CV11, PHiD-CV12) (Greenberg 2018; Carmona Martinez 2019; Thompson 2019). 

Serotype epidemiology will continue to be used for selection of vaccines as benefits will be 

population specific and driven by local serotype distribution and dynamics.  

 

Objectives 
The objective of the BIGDATA project is to use an expandable dataset created from otitis 

media and pneumococcal surveillance studies spanning decades of research to examine 

questions that could not previously be addressed using single studies. A series of planned 
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analyses will be used to describe OM and NP carriage and identify research gaps to provide 

evidence-based prioritization for ongoing research. Looking forward, BIGDATA will be linked 

with government health and education administrative data to understand impacts of health 

initiatives and programs on OM care, management and long-term outcomes.  

Methods and analyses 
The combined dataset 
The Ear Health Research Program (EHRP) at Menzies School of Health Research has been 

conducting research relating to OM and respiratory pathogen surveillance in children at high 

risk of ear disease, specifically Australian Aboriginal and/or Torres Strait Islander children 

living in remote settings, and children attending childcare in urban settings (both at-risk 

populations) for almost 30 years. A series of cross-sectional studies, longitudinal studies, and 

randomised controlled trials (RCTs) have been conducted since the early 1990s. This program 

of research represents a significant data asset relating to ear health states, risk factors, and 

bacterial pathogen carriage in the nasopharynx (and middle ears of children with tympanic 

membrane perforation). Currently, BIGDATA includes 3 birth cohort studies, 11 RCTs, 3 cohort 

studies, 8 surveillance surveys of remote community children (including children in Western 

Australia) and 5 surveillance surveys of urban children attending care centre (CCC), spanning 

1995 to 2018. 

 

Data sources, management, and amalgamation  
A core group of investigators has maintained the EHRP research, ensuring funding, 

standardised methods for ear assessments and microbiology, long-term consistency of data 

collection, including cleaning and storage.  
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Ears were assessed using (video) pneumatic otoscopy or (video) otoscopy and tympanometry.  

Minimal change to diagnostic categories were made over the life of the program. 

Management of diagnostic categories of OM were made according to relevant guidelines at 

the time of each the study. Specialist referrals (audiology and ENT) were also made according 

to appropriate guidelines. In addition to otitis media diagnoses, detailed ear observations 

were recorded including tympanic membrane colour, translucency, mobility, position 

(retraction, neutral or degree of bulging), perforation size and position.   

 

Medical records of consented participants were also reviewed to collect additional data. This 

included non-study related clinician-diagnosed otitis media, all antibiotic prescriptions likely 

to influence otitis media and pneumococcal immunisation data. Health data not related to 

OM or antibiotic use were not extracted.  

 

Research nurses conducted standardised interview questionnaires with parents or caregivers 

regarding recognised risk factors. These included breastfeeding, smoking, family history of 

otitis media, and household occupancy. Observable general health indicators (runny nose, 

cough, visible skin problems) and weight and height were also collected as part of some 

studies. Original study data were collected on hard copy standardised forms for entry into 

secure electronic data storage systems. 

 

Microbiological analysis of NP and ear discharge (ED) swabs for respiratory pathogens of 

interest used WHO-recommended standardised specimen collection, transport, storage, 

culture, identification and serotyping methods (Quellung)(O'Brien 2003; Satzke 2013) and are 

described in detail in supplementary documents. Antibiotic sensitivity of bacterial isolates 
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included disc diffusion predominantly by Calibrated Dichotomous Susceptibility (CDS) (Bell 

2019) and some E-test MIC determination.  

 

Almost all studies collected a core set of clinical assessments and microbiological specimens 

and used the same standardised collection and data storage systems.  

 

Not all data were collected in every study, and not all outcomes were always measured. Some 

studies included adults, some audiology testing, some virology. All available clinical, 

microbiological, and risk factor data for children has been included in the combined dataset. 

Analyses of combined data for uncommon subgroups and outcomes will be undertaken 

where feasible to do so. Appropriate inclusion and exclusion criteria will be applied in each 

analysis. 

 

All original data were subject to quality assurance by a process of searching for missing data, 

logic checks, and audits against primary data sources. Data from the original studies were 

assessed for variables common in definition. If a comparable variable existed in multiple 

studies it was included in the combined dataset. Coded data were checked using the original 

study data dictionary to ensure coding was consistent and standardised as necessary. 

Variables that were not collected in multiple studies or had inconsistent definitions were not 

included. We aim to continue building the data asset by adding data from pre-1995 studies, 

and current studies after completion (bolstering data from 2015 onwards).  

 

Over time, some children represented in this dataset have participated in more than one trial 

or survey (multiple enrolments). Special attention was given to the demographic data, 
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particularly HRN (hospital registration number) to identify any child enrolled in multiple 

studies and across regions in the NT. This process involved looking for exact matches, (given 

and family name, date of birth), and highly probable matches (allowing for minor errors in 

spelling and dates). The HRN is a unique identifier used across the NT and is assigned to a 

child at birth. This was done computationally initially and finalised by manual review. A 

generated unique identifier enables the HRN and other identifying fields to be removed to 

prevent reidentification. 

 

The data from these studies were combined to create a dataset of all study visit dates for each 

individual child and associated data for that visit date. Summary data of the number of 

individual children, enrolments, ear examinations, nasopharyngeal swabs and ear discharge 

swabs are presented in Table 1. The age distribution is predominantly younger children, with 

a median age of 2.5 years at enrolment (range 0-17.9) 

Table 1: Summary of BIGDATA participants, enrolments, ear examinations and 

nasopharyngeal swab data  

 Remote Aboriginal 
Communities (N, %) 

Urban Childcare 
Centres (N, %) 

Individual children 4692 (66.6) 2358 (33.4) 

Enrolments 8323 (75.2) 2751 (24.8) 

Ear examinations 10989 (65.8) 5720 (34.2) 

Nasopharyngeal swabs 11992 (63.8) 6814 (36.2) 

 

Original study designs, study enrolments, age profiles and NP microbiology and ear 

examination data inclusion are summarised in Table 2, additional information is included in  

supplement 1. Where data are published, publications are referenced in Table 2.  

 

Data limitations 
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Whilst this resource represents a comprehensive collection, data for all described fields were 

not included in every study due to the variation in study designs. Original eligibility criteria for 

participants varied across the RCTs according to the condition (specific OM diagnosis) and 

outcomes of interest, such as intervention trials for treatment of acute OM or chronic 

suppurative OM. Data from these studies will be used when they meet inclusion criteria for 

each research question. Inclusion and exclusion criteria for unpublished data studies can be 

accessed upon reasonable request. This dataset only includes research and health service 

data where individual consent was provided. Currently community-level data relating to other 

factors that may impact OM and NP carriage, including government initiatives such as 

swimming pools, housing, trends in primary healthcare services and policy, or widespread 

antibiotic use or mass drug administration for trachoma are not included in BIGDATA. These 

data could potentially be linked in the future.  

 

Research questions and hypotheses 
This expandable dataset was constructed with the goal of describing long term population 

trends in prevalence of otitis media and nasopharyngeal carriage, to increase statistical power 

in analyses, and to compare clinical pathways (specialist services) and quality of life outcomes 

(vulnerability, school attendance and performance) for children with or without early chronic 

otitis media. We aim to identify research gaps and inform and guide new research in ear and 

hearing health preventative and treatment options to improve outcomes for high risk 

populations. Priority analyses, which have appropriate Ethical approvals, are described below. 

 

i) Otitis media prevalence and severity (by diagnosis) including unilateral and 

bilateral disease trends, over time, during pre- pneumococcal conjugate vaccines 
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(PCVs) and three increasing valency PCV eras (PCV7, PCV10 and PCV13), by region 

and other known predictors (risk factors)  

Published surveillance to 2013 indicates a reduction in the prevalence of severe OM 

(CSOM or any TMP), however, prevalence of other forms of OM has increased such 

that overall OM prevalence remains unchanged and unacceptably high(Morris 2005; 

Leach, AJ 2014).   

 

Aims: To describe prevalence of OM and severe OM over time and explore factors 

associated with these outcomes  

 

Outcomes: Presence of OM and different OM diagnoses (proportions with 95% CIs) 

will be reported, per time period and region.  Markers of severity (size of perforation, 

volume of discharge, bilateral disease) will be compared over time and vaccine eras. 

Regression analyses, corrected for repeated measures in the same participants where 

relevant, will be used to describe OM associations with modifiable risk factors, age, 

time, prior antibiotic use, gender and geographic region. 

Multilevel mixed effects models will be used, utilising fixed effects for antibiotics, 

vaccination, age, gender and year; and random effects for region. 

 

 

ii) Impact of increasing valency PCVs (PCV7, PCV10 and PCV13) on nasopharyngeal 

carriage dynamics of pneumococcal serotypes, and associated antibiotic resistance, 

and by region and other known predictors (risk factors) 
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PCV impact on nasopharyngeal carriage has been addressed in specific EHRP study 

publications, as the vaccines have been introduced (Table 1). However, a 

comprehensive descriptive analysis including all study data from the non-vaccine 

studies and pre-vaccine era has not been undertaken.   

 

Aims: to describe prevalence of nasopharyngeal pneumococcal carriage, serotype-

specific carriage, and resistance over time and explore associated risk predictors.  

 

Outcomes: Using all available non-interventional data, we will describe  pneumococcal 

carriage, including serotypes and antibiotic resistance over vaccine eras (pre-PCV, 

PCV7, PCV10 and PCV13), reporting children positive for pneumococcus, vaccine and 

non-vaccine serotypes (proportions with 95% CIs) by age, region and vaccine era for 

comparison (chi-squared test). Regression analyses for risk predictors will use the 

same approach as above.  

 

iii) Impact of increasing valency PCVs on nasopharyngeal carriage dynamics of non-

pneumococcal respiratory pathogens and antibiotic resistance over time, by 

region, and other known predictors (risk factors)  

 

Aims: To determine carriage prevalence, density and resistance of non-typeable 

H. influenzae, M. catarrhalis, and S. aureus, over the vaccine eras. 

 

Outcomes: Proportions positive for carriage, proportions resistant to common 

antimicrobials (particularly β-lactams and macrolides), categorical carriage density 
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and co-colonisation will be reported and analysed as per the pneumococcal / OM 

analyses. 

 

iv) Serotype specific differences in nasopharyngeal carriage between children with 

acute OM and diagnoses of OM with effusion or healthy ears and the impact of 

increasing valency PCVs on serotype dynamics and other known predictors (risk 

factors) 

 

Aims: In a subset of children  (completed primary immunisation series, aged 6 month 

to 5 years) from BIGDATA, with both a nasopharyngeal swab and an ear examination 

of the same day, describe the vaccine and non-vaccine serotype carriage, and impact 

of increasing valency PCVs on the serotypes associated with a diagnosis of AOM or no 

AOM.  

 

Outcomes: Proportions of children (with 95%CIs) positive for pneumococci, serotype 

specific carriage, and vaccine and non-vaccine type carriage will be compared (chi-

square) in children with and without AOM. Regression analyses will describe 

associations with modifiable risk factors, age and time as described above.    

 

Future directions 
Beyond these initial analyses, other projects are being proposed for these data. Building on 

the pneumococcal carriage analyses, we aim to develop an efficient remote community and 

childcare centre sentinel surveillance model for pneumococcal serotypes to determine 

efficient surveillance methods to detect emerging pneumococcal serotypes and resistance, 

and to improve the efficiency of sampling (by age range, geographic region, and sampling 
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frequency).  Modelling methodology is yet to be finalised. Accuracy of surveillance models 

will be tested in cross-sectional prospective studies across the Northern Territory. 

 

Where we have comprehensive monitoring of individual children, we intend to examine the 

relationship between persistent ear disease and hearing loss in infancy and early childhood 

with subsequent outcomes such as hearing aid use and ENT surgical procedures. We will also 

describe ongoing indicators of life trajectory by combining our data with government held 

administrative data through the SA-NT Government data-linkage program. Data will be 

analysed using multivariate regression approach with appropriate link function. Multivariate 

regression will be fitted between ear diagnoses and education and health outcomes, using 

children with healthy ears as the reference. Linking Health and Education administrative 

datasets to BIGDATA will facilitate the long term follow up of children with persistent OM 

diagnoses. This would enable an assessment of the impact of current treatments on 

perforations, and whether specialist services including hospitalisation, ear surgery for 

grommets and tympanoplasties, and availability of hearing augmentation impact AEDC and 

NAPLAN results, school attendance, maltreatment and later engagement with the justice 

system.  

 

A cascade analysis approach will be used to identify which forms of OM receive more 

appropriate management (e.g. antibiotic prescribing guidelines, follow-up schedule, correct 

prescribing, audiology and specialist referrals met) and any management trends over time. 

We will also describe the region and age that contribute to better outcomes, and the potential 

impacts of vaccine and antibiotic prescribing guidelines. These detailed data will be used to 

identify critical timepoints where disease progression might be halted or reversed, and critical 
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age groups for maximising the benefits of hearing aids or surgery on language development, 

social development, and education outcomes. 

 

We anticipate that these analyses will further support policies and programs aimed at 

reducing disadvantage attributed to early childhood ear and hearing problems. The analyses 

will also identify priority gaps in knowledge and lead to improved design of future studies 

aimed at eliminating the contribution that ear and hearing problems make to poor quality of 

life.  

 

Discussion 
There are currently no ongoing NT or Australian surveillance studies of OM and NP carriage. 

Creating this combined data asset and extending content with new studies and linkage of 

administrative data increases its value for all Australians. While new research is vital, it is 

important that the data we already have is used effectively and thoroughly.  We now have 

data spanning the early life of four cohorts of infants which will be re-analysed to gain a 

clearer picture of OM in the first months of life. We would like to look at the relationship 

between NP carriage serotypes and those causing paediatric invasive pneumococcal disease 

as the conjugate vaccines are introduced. We intend to combine similar treatment arms 

across RCTs to determine the impact of different classes of antibiotics on resistance and take 

advantage of the increased statistical power compared to original studies. These data and 

analyses will also identify the research gaps are that can be the focus of prospective research 

studies.  
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As mentioned, we plan for the BIGDATA data asset to be expanded, both with additional EHRP 

study data, and through data linkage. Government initiatives in the region which impact 

health service delivery especially as relates to hearing services and ear surgery are of 

particular interest. Similarly, the changes in the primary healthcare workforce and service 

delivery (including outreach and tele-otology programs) are likely to be important. Programs 

such as the mass drug administrations of azithromycin for trachoma eradication, (which have 

the potential to impact otopathogen carriage and antimicrobial resistance) can also be linked 

to BIGDATA in the future.   

 

Conclusions 
This combined dataset is a valuable research tool for understanding otitis media and 

nasopharyngeal pathogen carriage in at risk populations in the Northern Territory.  This data 

asset and the described planned analyses will improve our understanding of ear disease 

pathology and best practice treatment to reduce otitis media prevalence and severity in high-

risk populations. Our overall goal for the BIGDATA analyses is to improve hearing and long-

term outcomes (such as education and employment) and to address the challenge of 

increasing antimicrobial resistance in the region.  

List of abbreviations 
EHRP   Ear Health Research Program  
OM   otitis media  
RCT   randomised controlled trial 
CCC  childcare centre 
NP  nasopharyngeal / nasopharynx 
NVT  non-vaccine type 
ED  ear discharge 
 

Ethics and dissemination 
Each original study has its own ethical approvals, as appropriate for the population included 

in the study. The amalgamation, protocol publication and outlined primary planned analyses 
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were approved by the Human Research Ethics Committee of Northern Territory Department 

of Health and Menzies School of Health Research (EC 00153), reference 18-3281. Consent for 

publication is not applicable.  

The dataset generated are not publicly available. Access to data are available via application 

process, with appropriate ethical approvals. 

These data analyses will be published in peer-reviewed, open access journals, and presented 

nationally and internationally at appropriate conferences.  
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Table 2: Summary of original studies 

Years  

data 

coll 

Description   

Study 

design (no. 

visits) 

(No. RAC/ 

CCC)  

No. children  

(% Indigenous) 

Age – mean / 

median [range] 

Procedures 

and micro 

1996-

2001 

Double-blinded randomized controlled trial of long-

term amoxicillin versus placebo for otitis media with 

effusion(Smith-Vaughan, H. C. 2006; Marsh 2007; 

Leach, AJ 2008b; Leach, AJ 2008c; Binks 2011b; 

Jacups 2011; Smith-Vaughan, H. C. 2013; Smith-

Vaughan, H. C. 2018) 

L (1-18) 

RCT 

(3) 

125 (100%) 

4.1/2.8 

[0.2-19] 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 

2000 

The clinical course of acute otitis media in high-risk 

Australian Aboriginal children: a longitudinal 

study(Gibney 2005) 

L (1-16) 

Cohort 

(1) 

31 (100%) 

1.6 /1.1 [0.2-5.8] 

Ears 

NP 

ED 

Spn Hi 

Mc  

2000- 

2001 

Randomised Controlled Trial of Amoxycillin for 

Persistent Nasal Discharge in Rural and Remote 

Aboriginal children(Stubbs 2005; Leach, AJ 2008d)  

L (1-7) 

RCT 

(1) 

34 (100%) 

59.6/61.4  

[26.2-109] 

Ears 

NP 

ED 

Spn Hi  

2001 

Topical ciprofloxacin versus topical framycetin-

gramicidin-dexamethasone in Australian aboriginal 

children with recently treated chronic suppurative 

otitis media: a randomized controlled trial(Leach, AJ 

2008e) 

L (1-10) 

RCT 

(3) 

97 (100%) 

7.8/7.4  

[1.1-15.2]  

years 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 

Ps 

2001 

Otitis media in young Aboriginal children from remote 

communities in Northern and Central Australia: a 

cross-sectional survey(Morris 2005) 

X 

Surv 

(29) 

709 (100%) 

1.5/1.5  

[0.05-3.4] 

Ears - 

2001-

2004 

Longitudinal nasopharyngeal carriage study of 

Indigenous children receiving 7-valent pneumococcal 

conjugate vaccine(Marsh 2007; Leach, AJ 2008b; 

Mackenzie 2009; Marsh 2010; Binks 2011b; Jacups 

2011; Smith-Vaughan, H. C. 2013; Balloch 2014; 

Smith-Vaughan, H. C. 2018) 

L (1-22) 

Cohort 

(3) 

97 (100%) 

1.6/1.1  

[0.2-8] 

Ears 

NP 

ED 

Spn Hi  

2001 

Childcare hygiene intervention study in 20 Darwin 

childcare centres(Stubbs 2005; Smith-Vaughan, H. C. 

2006; Leach, AJ 2008d; Jacups 2011; Smith-Vaughan, 

H. C. 2014; Smith-Vaughan, H. C. 2016) 

L (1-15) 

RCT 

(20) 

456 (11%) 

29/29  

[7-54] 

Ears 

NP 

ED 

Spn Hi  

2002-

2004 

Cross sectional surveillance of bacterial nasal carriage 

and antibiotic resistance in Indigenous children & 

adults from Tiwi communities(Mackenzie 2010; 

Marsh 2010)  

X  

Cohort 

(4) 

545 (100%) 

25 [0.8-80] years 
NP Spn 

2003 

Randomized controlled trial of surfactant vs 

ciprofloxacin or sofradex for resolving discharge in 

Indigenous children in a Tiwi community 

L (1-4) 

RCT 

(1) 

32 (100%) 

8.3/7.9  

[4.4-13.2] years 

Ears 

NP 

ED 

Spn Hi  

Pa  

2003 

PCV7 

Cross sectional surveillance of OM and bacterial nasal 

carriage and antibiotic resistance in Indigenous 

children from 27 remote communities(Leach, AJ 

2009; Marsh 2010; Jacups 2011) 

X 

Surv 

(27) 

644 (100%) 

18/18  

[6-30] 

NP 

ED 

Spn Hi 

Mc 

2003- 

2005 

Double-blinded randomized controlled trial of 

azithromycin versus amoxicillin for treatment of acute 

otitis media in 16 communities(Hare 2008; Hare 2010; 

Morris 2010; Jacups 2011; Marsh 2012; Smith-

Vaughan, H. C. 2013; Smith-Vaughan, H. C. 2014; 

Smith-Vaughan, H. C. 2016) 

L (1-3) 

RCT 

(16) 

320 (100%) 

17.5/13 

 [6-72] 

Ears 

NP 

ED 

Spn Hi 

Mc 

2003 

Cross-sectional surveillance of bacterial nasal carriage 

and antibiotic resistance in children attending 18 urban 

childcare centres in Darwin and Alice Springs 

X 

Surv 

(18) 

303  

(unknown%) 

33.6/34 

 [2.6-66]  

NP Spn 
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Years  

data 

coll 

Description   

Study 

design (no. 

visits) 

(No. RAC/ 

CCC)  

No. children  

(% Indigenous) 

Age – mean / 

median [range] 

Procedures 

and micro 

2004 

Cross-sectional surveillance of bacterial nasal carriage 

and antibiotic resistance in children attending 23 urban 

childcare centres in Darwin and Alice Springs(Jacups 

2011) 

X 

Surv 

(26) 

473 

(unknown%) 

33.7/33.4  

[3.7-83.8]  

NP 
Spn Hi 

Mc 

2005 

Cross sectional surveillance of OM and bacterial nasal 

carriage and antibiotic resistance in Indigenous 

children from 18 remote communities(Leach, AJ 

2009; Marsh 2010) 

X 

Surv 

(18) 

819 (100%) 

34/34 

 [0-72] 

NP Spn 

2005 

Cross-sectional surveillance of bacterial nasal carriage 

and antibiotic resistance in children attending 26 urban 

childcare centres in Darwin and Alice Springs 

X 

Surv 

(23) 

394 (11%) 

35.5/36.4  

[3.2-65.1]  

NP Spn 

2006- 

2011 

PneuMum:  A randomised controlled trial of 

pneumococcal polysaccharide vaccination for 

Aboriginal and Torres Strait Islander mothers to 

protect their babies from ear disease(Andrews 2010; 

Johnston 2011; Binks 2015; Binks 2016; Binks 2018; 

McHugh 2020) 

L (1-4) 

RCT 

(4) 

225 (100%) 

birth 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 

2008-

2013 

A double blind placebo-controlled randomized clinical 

trial of the use of oral azithromycin in Aboriginal 

children between 6 months and 30 months of age 

presenting with asymptomatic acute otitis media 

without perforation 

L (1-3) 

RCT 

(14) 

149 (100%) 

16.2/16.1 

 [5-30.7] 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 

2008- 

2011 

High Nasopharyngeal Carriage of Non-Vaccine 

Serotypes in Western Australian Aboriginal People 

Following 10 Years of Pneumococcal  

Conjugate Vaccination(Collins 2013) 

X 

Surv 

(40) 

1500 (100%) 

0-101 

years 

NP 

ED 

Spn Hi 

Mc Sa 

2008 

Cross sectional surveillance of OM and bacterial nasal 

carriage and antibiotic resistance in Indigenous 

children from 2 remote communities(Leach, AJ 2014; 

Leach, AJ 2015b; Beissbarth 2019)  

X 

Surv 

(2) 

54 (100%) 

19.6/20.8  

[4.3-32.2] 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 

2009- 

2010 

A randomized control trial of the effect of swimming 

in pools in Aboriginal children between 5-12 years of 

age presenting with tympanic membrane 

perforation(Stephen 2013) 

L (1-2) 

RCT 

(2) 

92 (100%) 

8.8/8.7  

[4.9-13.6] years 

Ears 

NP 

ED 

Spn Hi 

Sa  

Pa 

2009 

Cross sectional surveillance of OM and bacterial nasal 

carriage and antibiotic resistance in Indigenous 

children from 10 remote communities(Leach, AJ 

2014; Leach, AJ 2015b; Beissbarth 2019) 

X 

Surv 

(10) 

174 (100%) 

17.1/17.3  

[0.9-40.5] 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 

2010 

Cross sectional surveillance of OM and bacterial nasal 

carriage and antibiotic resistance in Indigenous 

children from 21 remote communities(Leach, AJ 

2014; Leach, AJ 2015b; Leach, AJ 2016; Beissbarth 

2018; Beissbarth 2019) 

X 

Surv 

(21) 

253 (100%) 

24.5/21.1  

[2.7-70.2] 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 

2010 

Cross-sectional surveillance of OM, bacterial nasal 

carriage and antibiotic resistance in children attending 

24 urban childcare centres in Darwin & Alice Springs; 

X 

Surv 

(24) 

462 (100%) 

33.9/35  

[0.3-73.1] 

Ears 

NP 

ED 

Spn Hi  

Sa 

2011 

Mobile phones for advanced case management of 

chronic suppurative otitis media (CSOM) in remote 

Indigenous communities: a pilot randomized 

controlled trial(Phillips 2014) 

L (1-2) 

RCT 

(1) 

53 (100%) 

7.5/7.9  

[0.9-15.1]  

years 

Ears  

ED 

Spn Hi  

Sa  Pa 

2011 

Cross sectional surveillance of OM and bacterial nasal 

carriage and antibiotic resistance in Indigenous 

children from 19 remote communities(Leach, AJ 

X 

Surv 

(19) 

568 (100%) 

37.6/33.9  

[0.4-96.3] 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 
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Years  

data 

coll 

Description   

Study 

design (no. 

visits) 

(No. RAC/ 

CCC)  

No. children  

(% Indigenous) 

Age – mean / 

median [range] 

Procedures 

and micro 

2014; Leach, AJ 2015b; Leach, AJ 2016; Harris 2017; 

Beissbarth 2018; Beissbarth 2019) 

2012 

Cross sectional surveillance of OM and bacterial nasal 

carriage and antibiotic resistance in Indigenous 

children from 12 remote communities(Leach, AJ 

2014; Leach, AJ 2015b; Leach, AJ 2016; Harris 2017; 

Beissbarth 2018; Beissbarth 2019; Wigger 2019) 

X 

Surv 

(12) 

276 (100%) 

25.6/23.4  

[0.7-76.2] 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 

2012 

Cross-sectional surveillance of OM, bacterial nasal 

carriage and antibiotic resistance in children attending 

33 urban childcare centres in Darwin & Alice 

Springs(Beissbarth 2018) 

X 

Surv 

(33) 

607 (100%) 

34.1/34.8  

[3.4-60.8] 

Ears 

ED 

Spn Hi 

Sa  

Ps 

2013 

Cross sectional surveillance of OM and bacterial nasal 

carriage and antibiotic resistance in Indigenous 

children from 14 remote communities(Leach, AJ 

2016; Harris 2017; Beissbarth 2019) 

X 

Surv 

(14) 

371 (100%) 

35.9/36.3  

[0.16-82.9] 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 

2011 -

2018 

A randomised controlled trial of pneumococcal 

conjugate vaccines Synflorix and Prevenar13 in 

sequence or alone in high-risk Indigenous infants 

(PREV-IX_COMBO): immunogenicity, carriage and 

otitis media outcomes(Leach, AJ 2015a; Nicholls 

2016; Beissbarth 2018; Wigger 2019)  

L (1-5) 

RCT 

(5) 

172 (100%) 

31.7/32  

[25-40] days 

Ears 

NP 

ED 

Spn Hi 

Mc Sa 

L = longitudinal (number visits); RCT = randomized controlled trial; X = cross-sectional; Surv = surveillance. 

RAC = Remote Aboriginal Community; CCC = Childcare Centre; NP = nasopharyngeal; ED = ear discharge; Spn 

= S.pneumoniae; Hi = H.influenzae; Mc = M.catarrhalis; Sa = S.aureus; Pa = P.aeruginosa  
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3.3  Summary  

At the time of publication, the BIGDATA dataset consisted of 7050 individual children, some 

enrolled in multiple studies (11074 enrolments) over the course of the research program. 

From 1996 to 2018 research staff examined 16709 ears and collected 18806 nasopharyngeal 

or deep nasal swabs. The data set includes data relating to these ear exams and swabs, and 

includes when available, data on modifiable risk factors, such as breastfeeding and smoke 

exposure, recent antibiotic use, and pneumococcal immunisations. BIGDATA represents a 

substantial body of work and will be an invaluable resource for ear health and bacteriological 

analyses. The primary planned analyses of pneumococcal serotype trends over four PCV eras 

in a subset of children are part of this thesis and are included in the following chapter (4). 

The additional described priority analyses will be undertaken as time allows.  

 

Two additional recently completed studies will be added to the BIGDATA dataset when the 

primary outcomes are published. Also, further data from West Australian collaborators will 

be sought to expand specific subgroups (birth cohorts). While there are currently no Ear 

Health Research Program ear health studies underway, data from other studies of related 

conditions may be included, especially where nasopharyngeal samples are collected from 

young Aboriginal children (with appropriate approvals). 

 

3.4  Chapter references 

O'Brien, KL & Nohynek, H, (2003) 'Report from a WHO Working Group: standard method for 
detecting upper respiratory carriage of Streptococcus pneumoniae', Pediatr Infect Dis J, vol. 
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KL & Group, WHOPCW, (2013) 'Standard method for detecting upper respiratory carriage of 
Streptococcus pneumoniae: updated recommendations from the World Health Organization 
Pneumococcal Carriage Working Group', Vaccine, vol. 32, no. 1, pp. 165-179. 
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4 Chapter 4: Pneumococcal carriage serotype 

dynamics and antimicrobial susceptibility pre-PCV 

and over three PCV eras in Aboriginal and non-

Aboriginal children and serotype carriage in 

Aboriginal children with and without acute otitis 

media 

 
4  

4.1  Overview 

Following on from the creation of the combined dataset from the Ear Health Research 

Program studies, this chapter is a descriptive analysis of pneumococcal serotypes, over the 

period prior to and whilst three licenced PCVs (PCV7 (Prevenar, Pfizer), PCV10 (PHiD-CV10, 

Synflorix, GSK) and PCV13 (Prevenar 13, Pfizer) were sequentially introduced in the NT, and 

PCV7 was replaced by PCV13 Australia wide.  

 
Methods and results are described in sections 4.2 to 4.5. Section 4.3 defines the cohort and 

describes the methods, section 4.4 describes serotype trends and differences over the 

period, section 4.5 the vaccine-type and serotype specific antibiotic resistance to β-lactams 

and macrolides, by vaccine era, and section 4.6 the vaccine type and serotype specific 

carriage of Aboriginal children with and without acute otitis media (AOM) by vaccine era. 

Sections 4.7 and 4.8 discuss the BIGDATA outcomes and section 4.9 the key findings and 

conclusions.  

 

4.1.1  Chapter aims and hypotheses  

These data include serotypes from 1996 to 2018. This period is inclusive of the 

implementation of a PCV schedule for ‘high-risk’ children (including all Aboriginal and Torres 

Strait Islander children) beginning in 2001, and a universal (national) PCV program (using 
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PCV7 initially), beginning in 2005, with replacement by higher valency vaccines as they 

became available (Tables 4.1 and 4.2).  

 

The hypotheses tested were: 

a) PCV type pneumococci will decrease and non-PCV types will increase over the 

eras; 

b) Replacement serotypes will be the dominant non-vaccine serotypes of the 

period; 

c) Antimicrobial resistance is associated with vaccine-type pneumococci, and 

both will decrease over the eras; 

d) Serotypes isolated from the nasopharynx in children with a diagnosis of AOM 

will be different from those in children with no AOM. 

 

4.2  Methods 

4.2.1  Pneumococcal conjugate vaccines and PCV eras 

Table 4.1 describes the serotypes in each licensed pneumococcal vaccine used in Australia. 

The terms PCV7, PCV10 and PCV13 are used in this chapter to describe the serotypes listed. 

 

Table 4-1: Serotypes in licenced pneumococcal vaccines used in 
Australia 

Vaccine  Serotypes 

PPV23 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 
19F, 20, 22F, 23F, 33F 

PCV7 4, 6B, 9V, 14, 18C, 19F, 23F 
PCV10  1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F 
PCV13 1, 3, 4, 5, 6A, 7F, 9V, 14, 18C, 19A, 19F, 23F 

Bolded serotypes are additional to previous PCV serotypes and PCV13 types in 
PPV23 

 
 



128 
 

 

Table 4-2: PCV era definitions 
PCV era Years covered Justification 

Pre-PCV7 <2001 No PCV use 

Early PCV7 2001-2004 PCV7 use in Indigenous and high risk 
children only 

Late PCV7 2005-2009 Universal PCV7 

PCV10 2010-2011 PCV10 used from Oct 2009 to Oct 
2011 in the NT only 

Early PCV13 2012-2015 Universal PCV replacement with 
PCV13 in Oct 2011 

Late PCV13 2016-2018 >3 years of universal PCV13 

  
 

4.2.2  Microbiological methods 

Microbiological culture methods for NP swabs are detailed in Appendix A. As stated 

previously, microbiological culture methods used in Ear Health Research Program (Menzies) 

studies are consistent with recommendations for pneumococcal studies from the WHO 

(Satzke 2013). Briefly, bacteria are grown on selective and non-selective media and colony 

numbers are recorded semi-quantitatively. Presumptive pneumococci are selected by 

morphology (green, alpha-haemolytic, dimpled) and optochin sensitivity (Oxoid, Australia). 

Serotype allocation is by Quellung (Statens Serum Institute of Copenhagen, Denmark). 

Antimicrobial sensitivity was predominantly determined by Calibrated Dichotomous 

Susceptibility (Bell 2019), in combination with MIC determination by E-test (Biomeurix, 

Australia) for some studies. Variation in methods was used in the WA study (CLSI for disc 

diffusion).  Isolates non-susceptible by CDS or CLSI disc diffusion were further analysed using 

Etests to identify resistance to penicillin and azithromycin. Breakpoints used for penicillin 

and azithromycin were according to EUCAST (ECOFF) guidelines (penicillin sensitive 

≤0.06mg/l, intermediate >0.06 and ≤2mg/l, resistant >2mg/l; azithromycin sensitive 

≤0.25mg/l, intermediate >0.25 and ≤ 0.5mg/l, resistant >0.5mg/l). 
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4.2.3  Inclusion criteria 

The cohort of children for this descriptive analysis are a subset of the overall BIGDATA 

participants. The following inclusion criteria were applied: 

i) NP swab collected and both pneumococcal serotype and antimicrobial 

resistance data complete 

ii) Children 6 months to 5 years of age, as close as possible to 12 months 

iii) Not within the treatment phase in the active arm of an antibiotic trial 

iv) Had received at least 3 doses of PCV (except pre-PCV era) 

v) Only one NP swab included per child 

vi) One pneumococcal serotype per swab 

vii) For children included in the AOM analysis, both an ear diagnosis and NP swab on 

the same day 

4.2.4  Statistical methods 

Analyses are descriptive, describing the proportion of children positive for capsular 

pneumococci, and the proportion of these pneumococcal carriers with vaccine-type 

pneumococci. Chi square test was used for comparisons of carriage proportions between 

vaccine eras. For children with and without AOM proportions were reported in the same 

way. Antibiotic resistance is reported as the proportion of pneumococcal PCV or serotype 

specific carriers who have an isolate resistant to β-lactams or macrolides.  

 

4.3  Results: Analysis cohort 

After application of the inclusion criteria, 5428 swabs were eligible for analysis. Overall the 

cohort consisted of 48% female children, mean age of 26 months, living predominantly in 

remote areas (61%), and of Aboriginal descent (67%). PCV eras (defined in Table 4.1) refer to 

the period when the sample was collected. Individual vaccine history of children was not 

reviewed beyond the identification of children with three primary doses. 
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Other participant characteristics are reported overall and by vaccine era in Table 4.3 (Part A 

- location and ethnicity; Part B - age and gender; Part C - risk factors). Notably, studies 

conducted in the pre-PCV era (<2001) and the late PCV13 era were small and only included 

Aboriginal children. Studies in WA children were only included post 2005. Risk factors, 

presented by era in Table 4.3, are described in section 4.5.  

 

The overall cohort was predominantly 2 to 5 years of age. The children were mainly from the 

Top End of the NT (82%), the remainder from the Central Australian region (8%), and WA 

(10%) (Table 4.5 A).  

 

Overall pneumococcal NP carriage was highest in remote locations (75%) and in WA (70%), 

compared to urban areas (45%) (Table 4.5 A). This difference in urban and remote 

pneumococcal carriage persisted throughout PCV eras. 

 

67% children were Aboriginal, 33% non-Aboriginal (including unknown, assumed non-

Aboriginal as mainly children in urban childcare) (Table 4.5 A). 

 

The mean age of all children was 26 months.  Overall, 20% of children were between 6 and 

12 months of age, 30% were 1 to < 2 years of age, and 50% were 2 to < 5 years of age (Table 

4.5 B). 

 

The mean age of pneumococcal NP carriers in each era was not significantly different to 

overall age. Highest NP carriage was in the pre-PCV 2 to < 5 year old group (78%).  Across the 

PCV eras, older children (2 to < 5 years) tended to have lower NP carriage than younger age 

groups, and was lowest in the early-PCV13 era (50%) (Table 4.5 B). 
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52% of all children were male. Pneumococcal NP carriage was the same among boys as girls 

(63% overall) and was highest in the pre-PCV era (70% and 76%), and was lowest in the early-

PCV13 era (57% and 59%, respectively) (Table 4.5 B). 

 

Data on household crowding (mean total persons and mean number < 5 years of age) was 

available for 2591 and 2495 children, respectively. Pre-PCV and during each PCV era the 

number of people per household was 8.0, 4.3, 8.1, 6.4, and 5.8, respectively (no data for late-

PCV13 era). Pneumococcal NP carriers lived in more crowded households (8.4, 4.5, 8.5, 7.1, 

6.5 persons) (Table 4.5 C).  

 

For each era, the mean number children < 5 years of age per household was 1.5, 2.2, 2.9, 1.9. 

1.8 and 1.8. The mean number of children < 5 years of age per household for pneumococcal 

NP carriers in pre-PCV and early-PCV7 eras was 1.4, 2.0, 3.0, 2.0, 1.9, and 1.9 (Table 4.5 C).  

 

Data on smoke exposure was available for 2952 children. Overall, 48% children were exposed 

to smoke and pneumococcal NP carriage was higher in those exposed to smoke (67%) 

compared to non-exposed (51%) although this was not the case in all eras; 88% and 64% in 

the pre-PCV7 era, then 46% and 53%, 66% and 71%, 54% and 72%, 45% and 64%, and 63% 

and 66%, respectively (Table 4.5 C). 

 

Data for (any) breast feeding, breast feeding for at least 6 months, or less than 6 months or 

not breasted was available for 2532, 2037, and 498 children, respectively; 97% children were 

breast fed, 80% for at least 6 months, 20% less than 6 months or not at all. Pneumococcal 

NP carriage was 59%, 61%, and 44% overall for any, 6 months and < 6 months breastfeeding, 

respectively. Pre-PCV and for each subsequent PCV era (early-PCV7, late-PCV7, PCV10, early-

PCV13, late PCV13), pneumococcal NP carriage among children breast fed (any) was 80%, 
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45%, 70%, 62%, 56%, and 66%; 79%, 43%, 73%, 65%, 59%, and 65% among children breast 

fed for at least 6 months, and 75%, 43%, 29%, 49%, 40%, and 58% among children breast fed 

< 6 months including not breast fed (Table 4.5 C). 
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Table 4-3: Participant characteristics and risk factors,  
Part A – Location and ethnicity by vaccine era 

  

Overall 
Pre-PCV7 era 

<2001 
PCV7 early era  
2001 to 2004 

PCV7 late era 
 2005 to 2009 

PCV10 era  
2010 to 2011 

PCV13 early era  
2012 to 2015 

PCV13 late era  
2016 to 2019 

(n/N %) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture- 
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

Number of children 
5428/5428 

(100) 
3441/5428 

(63.4) 
115/5428 

(2.1) 
84/115 

(73) 
1898/5428 

(35) 
1200/1898  

(63.2) 
939/5428 

(17.3) 
656/939 

(69.9) 
1124/542
8 (20.7) 

707/1124 
(62.9) 

1175/542
8 (21.6) 

678/1175 
(57.7) 

177/5428 
(3.3) 

116/177 
(65.5) 

Location: Remote 
3335/5428 

(61.4) 
2501/3335 

(75) 
115/3335 

(3.4) 
84/115 

(73) 
901/3335 

(27) 
731/901 

(81.1) 
727/3335 

(21.8) 
539/727 

(74.1) 
709/3335 

(21.3) 
538/709 

(75.9) 
706/3335 

(21.2) 
493/706 

(69.8) 
177/3335 

(5.3) 
116/177 

(65.5) 

Location: urban 
2093/5428 

(38.6) 
940/2093 

(44.9) 
- - 

997/2093 
(47.6) 

469/997  
(47) 

212/2093 
(10.1) 

117/212 
(55.2) 

415/2093 
(19.8) 

169/415 
(40.7) 

469/2093 
(22.4) 

185/469 
(39.4) 

- - 

Location: Top End 
4428/5428 

(81.6) 
2774/4428 

(62.6) 
115/4428 

(2.6) 
84/115 

(73) 
1678/4428 

(37.9) 
1046/1678 

(62.3) 
772/4428 

(17.4) 
544/772 

(70.5) 
869/4428 

(19.6) 
520/869 

(59.8) 
852/4428 

(19.2) 
487/852 

(57.2) 
142/4428 

(3.2) 
93/142 
(65.5) 

Location: Central 
448/5428 

(8.3) 
280/448 

(62.5) 
- - 

220/448 
(49.1) 

154/220 
(70) 

71/448 
(15.8) 

44/71 
(62) 

154/448 
(34.4) 

81/154 
(52.6) 

3/448 
(0.7) 

1/3  
(33.3) 

- - 

Location: WA 
552/5428 

(10.2) 
387/552 

(70.1) 
- - -   - 

96/552 
(17.4) 

68/96 
(70.8) 

255/552 
(46.2) 

187/255 
(73.3) 

169/552 
(30.6) 

110/169 
(65.1) 

32/552 
(5.8) 

22/32 
(68.8) 

Aboriginal 
3614/5428 

(66.6) 
2647/3614 

(73.2) 
115/3614 

(3.2) 
84/115 

(73) 
949/3614 

(26.3) 
751/949 

(79.1) 
767/3614 

(21.2) 
565/767 

(73.7) 
788/3614 

(21.8) 
579/788 

(73.5) 
818/3614 

(22.6) 
552/818 

(67.5) 
177/3614 

(4.9) 
116/177 

(65.5) 

Non-Aboriginal 
1814/5428 

(33.4) 
794/1814 

(43.8) 
- - 

949/1814 
(52.3) 

449/949 
(47.3) 

172/1814  
(9.5) 

91/172 
(52.9) 

336/1814 
(18.5) 

128/336 
(38.1) 

357/1814 
(19.7) 

126/357 
(35.3) 

- - 
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Table 4.3 Participant characteristics and risk factors, 
 Part B – Age and gender by vaccine era 

  

Overall 
Pre-PCV7 era 

<2001 
PCV7 early era  
2001 to 2004 

PCV7 late era 
 2005 to 2009 

PCV10 era  
2010 to 2011 

PCV13 early era  
2012 to 2015 

PCV13 late era  
2016 to 2019 

(n/N %) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture- 
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

Number of children 
5428/5428 

(100) 
3441/5428 

(63.4) 
115/5428 

(2.1) 
84/115 

(73) 
1898/5428 

(35) 
1200/1898  

(63.2) 
939/5428 

(17.3) 
656/939 

(69.9) 
1124/542
8 (20.7) 

707/1124 
(62.9) 

1175/542
8 (21.6) 

678/1175 
(57.7) 

177/5428 
(3.3) 

116/177 
(65.5) 

Age: (months) 
mean age (SD 

26 25 21 22 27 26 26 26 29 28 26 24 7 7 

15 14 17 17 13 13 14 14 15 15 15 15 1 1 

Age group: 6mo to 
<12 mo 

1103/5428 
(20.3) 

755/1103 
(68.4) 

56/1103 
(5.1) 

39/56 
(69.6) 

242/1103 
(21.9) 

177/242 
(73.1) 

171/1103 
(15.5) 

115/171 
(67.3) 

165/1103 
(15) 

119/165 
(72.1) 

292/1103 
(26.5 

189/292 
(64.7) 

177/1103 
(16) 

116/177 
(65.5) 

Age group: 1yr to < 
2yr 

1593/5428 
(29.3) 

1113/1593 
(69.9) 

23/1593 
(1.4) 

17/23 
(73.9) 

653/1593 
(41) 

464/653 
(71.1) 

317/1593 
(19.9) 

233/317 
(73.5) 

314/1593 
(19.7) 

211/314 
(67.2) 

286/1593 
(18 

188/286 
(65.7) 

 - - 

Age group: 2yr to 
<5yr 

2732/5428 
(50.3) 

1573/2732 
(57.6) 

36/2732 
(1.3) 

28/36 
(77.8) 

1003/2732 
(36.7) 

559/1003 
(55.7) 

451/2732 
(16.5) 

308/451 
(68.3) 

645/2732 
(23.6) 

377/645 
(58.4) 

597/2732 
(21.9 

301/597 
(50.4) 

 - - 

Sex: male 
2840/5428 

(52.3) 
1800/2840 

(63.4) 
60/2840 

(2.1) 
42/60 
(70) 

974/2840 
(34.3) 

617/974 
(63.3) 

486/2840 
(17.1) 

350/486 
(72) 

614/2840 
(21.6) 

383/614 
(62.4) 

624/2840 
(22 

353/624 
(56.6) 

82/2840 
(2.9) 

55/82 
(67.1) 

Sex: female 
2580/5428 

(47.5) 
1635/2580 

(63.4) 
55/2580 

(2.1) 
42/55 
(76.4) 

916/2580 
(35.5) 

577/916 
(63) 

453/2580 
(17.6) 

306/453 
(67.5) 

510/2580 
(9.8) 

324/510 
(63.5) 

551/2580 
(21.4 

325/551 
(59) 

95/2580 
(3.7) 

61/95 
(64.2) 
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Table 4.3 Participant characteristics and risk factors,  
Part C – Risk factors by vaccine era  

 

Overall 
Pre-PCV7 era 

<2001 
PCV7 early era  
2001 to 2004 

PCV7 late era 
 2005 to 2009 

PCV10 era  
2010 to 2011 

PCV13 early era  
2012 to 2015 

PCV13 late era  
2016 to 2019 

(n/N %) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture- 
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

 (n/N (%) 
Spn +ve 
culture-
(n/N (%) 

Number of children 
5428/5428 

(100) 
3441/5428 

(63.4) 
115/5428 

(2.1) 
84/115 

(73) 
1898/5428 

(35) 
1200/1898  

(63.2) 
939/5428 

(17.3) 
656/939 

(69.9) 
1124/542
8 (20.7) 

707/1124 
(62.9) 

1175/542
8 (21.6) 

678/1175 
(57.7) 

177/5428 
(3.3) 

116/177 
(65.5) 

CC attendance: no / 
number asked 

1064/3396 
(31.3) 

762/1064 
(71.6) 

- - 
276/1064 

(25.9) 
193/276 

(69.9) 
490/1064 

(46.1) 
365/490 

(74.5) 
298/1064 

(28) 
204/298 

(68.5) 
- - - - 

CC attendance: yes/ 
number asked 

2332/3396 
(68.7) 

1120/2332 
(48) 

- - 
996/2332 

(42.7) 
469/996 

(47.1) 
253/2332 

(10.8) 
143/253 

(56.5) 
513/2332 

(22) 
251/513 

(48.9) 
570/2332 

(24.4) 
257/570 

(45.1) 
- - 

CC attendance: 
mean days / week 

2.8 2.4 - - 4.7 4.7 0.5 0.4 2.3 1.9 2.9 2.5 - - 

CC attendance: % ≤ 
2 days 

856/2063 
(41.5) 

580/856 
(67.8) 

- - - - 
184/856 

(21.5) 
136/184 

(73.9) 
400/856 

(46.7) 
279/400 

(69.8) 
272/856 

(31.8) 
165/272 

(60.7) 
- - 

CC attendance: % > 
2 days 

1207/2063 
(58.5) 

552/1207 
(45.7) 

- - 
446/1207 

(37) 
192/446 

(43) 
20/1207 

(1.7) 
12/20 
(60) 

356/1207 
(29.5) 

179/356 
(50.3) 

385/1207 
(31.9) 

169/385 
(43.9) 

- - 

household 
crowding: mean 
persons (n=2591) 

6 6.8 8 8.4 4.3 4.5 8.1 8.5 6.4 7.1 5.8 6.5 - - 

household 
crowding: mean no 
< 5yo (n=2495) 

2 2.1 1.5 1.4 2.2 2 2.9 3.0 1.9 2.0 1.8 1.9 1.8 1.9 

smoke exposure:  
no 

1532/2952 
(51.9) 

778/1532 
(50.8) 

17/1532 
(1.1) 

15/17 
(88.2) 

417/1532 
(27.2) 

191/417 
(45.8) 

112/1532 
(7.3) 

74/112 
(66.1) 

510/1532 
(33.3) 

277/510 
(54.3) 

427/1532 
(27.9) 

190/427 
(44.5) 

49/1532 
(3.2) 

31/49 
(63.3) 

smoke exposure: 
yes 

1420/2952 
(48.1) 

954/1420 
(67.2) 

11/1420 
(0.8) 

7/11 
(63.6) 

85/1420 
(6) 

45/85 
(52.9) 

222/1420 
(15.6) 

157/222 
(70.7) 

444/1420 
(31.3) 

319/444 
(71.8) 

534/1420 
(37.6) 

344/534 
(64.4) 

124/1420 
(8.7) 

82/124 
(66.1) 

breast fed: yes/no 
2532/2610 

(97) 
1480/2532 

(58.5) 
51/2532 

(2) 
41/51 
(80.4) 

416/2532 
(16.4) 

187/416 
(45) 

243/2532 
(9.6) 

171/243 
(70.4) 

799/2532 
(31.6) 

493/799 
(61.7) 

852/2532 
(33.6) 

476/852 
(55.9) 

171/2532 
(6.8) 

112/171 
(65.5) 

breast feeding: at 
least 6 months 

2037/2535 
(80.4) 

1247/2037 
(61.2) 

48/2037 
(2.4) 

38/48 
(79.2) 

265/2037 
(13) 

113/265 
(42.6) 

230/2037 
(11.3) 

167/230 
(72.6) 

647/2037 
(31.8) 

417/647 
(64.5) 

685/2037 
(33.6) 

406/685 
(59.3) 

162/2037 
(8) 

106/162 
(65.4) 

breast feeding: <6 
months or none 

498/2535 
(19.6) 

219/498 
(44) 

4/498 
(0.8) 

3/4 (75) 
177/498 

(35.5) 
76/177 
(42.9) 

14/498 
(2.8) 

4/14 
(28.6) 

134/498 
(26.9) 

66/134 
(49.3) 

157/498 
(31.5) 

63/157 
(40.1) 

12/498 
(2.4) 

7/12 
(58.3) 

CC=child care, Spn= S. pneumoniae; +ve=positive  
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4.3.1  Cohort of Aboriginal children with AOM / no AOM  

Of 5428 children, 2381 had both an ear diagnosis and NP swab on the same day.  This includes 

526 children with AOM (with or without perforation) and 1855 children with normal ears or 

OME as a worst diagnosis. Children who had dry perforation or CSOM (uni- or bilaterally) 

were excluded from this analysis. Non-Aboriginal children had only a small number of AOM 

events (n=16) and were excluded.  

 

4.4  Results: Nasopharyngeal serotype trends over pneumococcal 

vaccine eras 

Of the total cohort of 5428 children, 3441 (63%) were positive for capsular pneumococci, of 

51 different serotypes. By era, this fluctuated, from 73% in the pre-PCV and 63%, 70%, 63%, 

58%, and 66% in each subsequent PCV era (Table 4.4, Figure 4.1). Overall PCV7 types were 

isolated from 20% of pneumococcal carriers, decreasing from 57% of carriers in the pre-PCV7 

era, to 34%, 16%, 12%, 8%, and 7% in each subsequent PCV era. The predominant PCV7 

serotypes were 19F and 6B, serotype 4 was very rarely isolated (0.1% overall), 18C and 14 

both declined to near elimination by the PCV10 era. Serotypes 19F and 23F persisted at low 

levels into the late-PCV13 era. Overall, the proportion of pneumococcal carriers with PCV10 

serotypes was almost identical to PCV7 type (57%, 35%, 18%, 13%, 8%, and 7%, respectively).  

No serotype 5 was isolated in any era, and both serotype 1 and 7F were isolated in only 0.4% 

of pneumococcal carriers. Serotype 7F persisted into the PCV10 era, and serotype 1 into the 

early-PCV13 era. 
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Table 4-4: Overall and serotype-specific pneumococcal nasopharyngeal 
carriage, and proportion of carriers with vaccine group carriage, by 
vaccine era 
 
  Total (all 

eras 
combined) 

pre-PCV early 
PCV7 

late PCV7 PCV10 early 
PCV13 

late 
PCV13 

 N=5,428 N=115 N=1,898 N=939 N=1,124 N=1,175 N=177 

Capsular 
Spn 

3,441 
(63.4%) 

84  
(73.0%) 

1,200 
(63.2%) 

656 
(69.9%) 

707 
(62.9%) 

678 
(57.7%) 

116 
(65.5%) 

PCV7 VT 703 
(20.4%) 

48  
(57.1%) 

405 
(33.8%) 

107 
(16.3%) 

83  
(11.7%) 

52  
(7.7%) 

8  
(6.9%) 

4 6 (0.1%) 0 (0.0%) 4 (0.2%) 1 (0.1%) 0 (0.0%) 1 (0.1%) 0 (0.0%) 

6B 178 (3.3%) 15 (13%) 134 (7.1%) 24 (2.6%) 3 (0.3%) 1 (0.1%) 1 (0.6%) 

9V 32 (0.6%) 7 (6.1%) 14 (0.7%) 4 (0.4%) 2 (0.2%) 5 (0.4%) 0 (0.0%) 

14 53 (1.0%) 3 (2.6%) 42 (2.2%) 7 (0.7%) 0 (0.0%) 1 (0.1%) 0 (0.0%) 

18C 22 (0.4%) 2 (1.7%) 17 (0.9%) 3 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

19F 264 (4.9%) 7 (6.1%) 136 (7.2%) 49 (5.2%) 38 (3.4%) 31 (2.6%) 3 (1.7%) 

23F 148 (2.7%) 14 (12.2%) 58 (3.1%) 19 (2.0%) 40 (3.6%) 13 (1.1%) 4 (2.3%) 

PCV10 
VT 

743 
(21.6%) 

48  
(57.1%) 

422 
(35.2%) 

116 
(17.7%) 

94  
(13.3%) 

55  
(8.1%) 

8  
(6.9%) 

1 19 (0.4%) 0 (0.0%) 9 (0.5%) 2 (0.2%) 5 (0.4%) 3 (0.3%) 0 (0.0%) 

5 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

7F 21 (0.4%) 0 (0.0%) 8 (0.4%) 7 (0.7%) 6 (0.5%) 0 (0.0%) 0 (0.0%) 

PCV13 
VT 

1,354 
(39.3%) 

58  
(69.0%) 

725 
(60.4%) 

253 
(38.6%) 

207 
(29.3%) 

102 
(15.0%) 

9  
(7.8%) 

3 30 (0.6%) 2 (1.7%) 11 (0.6%) 4 (0.4%) 8 (0.7%) 5 (0.4%) 0 (0.0%) 

6A 241 (4.4%) 1 (0.9%) 154 (8.1%) 57 (6.1%) 18 (1.6%) 11 (0.9%) 0 (0.0%) 

19A 340 (6.3%) 7 (6.1%) 138 (7.3%) 76 (8.1%) 87 (7.7%) 31 (2.6%) 1 (0.6%) 

Non-
PCV VT* 

2,087 
(60.7%) 

26  
(31.0%) 

475 
(39.6%) 

403 
(61.4%) 

500 
(70.7%) 

576 
(85.0%) 

107 
(92.2%) 

16F 423 (7.8%) 7 (6.1%) 122 (6.4%) 78 (8.3%) 89 (7.9%) 109 (9.3%) 18 (10.2%) 

11A £ 259 (4.8%) 3 (2.6%) 75 (4.0%) 52 (5.5%) 53 (4.7%) 57 (4.9%) 19 (10.7%) 

23B 150 (2.8%) 2 (1.7%) 25 (1.3%) 40 (4.3%) 43 (3.8%) 37 (3.1%) 3 (1.7%) 

6C 127 (2.3%) 0 (0.0%) 0 (0.0%) 11 (1.2%) 68 (6.0%) 44 (3.7%) 4 (2.3%) 

10A £ 113 (2.1%) 2 (1.7%) 25 (1.3%) 18 (1.9%) 35 (3.1%) 23 (2.0%) 10 (5.6%) 

*Top 5 most prevalent serotypes, in order of prevalence among all carriers 
£ Non-PCV includes PPV23 types 11A and 10A; Spn= S. pneumoniae  
 

PCV13 types account for 39% of carried pneumococci (Table 4.4). This declined from 69% 

pre-PCV, to 60%, 39%, 29%, 15%, and 8%, respectively, higher than both PCV7 and PCV10 

serotype carriage. Near-elimination of the additional three PCV13 serotypes (3, 6A and 19A) 

was not achieved until the late-PCV13 era. However, 6A appears to have a greater decline in 

the transition to the PCV10 era, and 19A in the transition to the early-PCV13 era. This is 

consistent with potential for serotype 6B in PCV10 to provide cross-protection  against 6A  
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(Prymula, Roman 2009b), but serotype 19F not providing good cross-protection for 19A, 

despite its more suitable conjugation method (Poolman 2011). 

 

Figure 4-1: PCV type carriage over the vaccine eras 
 

 
 
 As the PCV-types decline, increases are observed in the non-PCV serotypes, from 31% pre-

PCV to 40%, 61%, 71%, 85%, and 92% respectively. Predominant non-PCV serotypes (all eras 

combined) were 16F (8%), 11A (4.8%), 23B (2.8%), 6C (2.3%), and 10A (2.1%). There was no 

clear trend in serotype 16F prevalence across eras.  

 

Serotype 11A prevalence peaked at 11% in late-PCV13 era. Serotype 6C was not detected 

pre-PCV7 nor early-PCV7, peaking in the PCV10 era (6%), and declining to 3.7% and 2.3% in 

the early- and late-PCV13 eras. This is consistent with published data indicting lack of 6C 

cross-protection in PCVs containing serotype 6B-only, compared to 6C protection in PCV13 

which contains serotype 6A (Cooper 2011). 
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Table 4.5 compares pneumococcal carriage between the eras. Data from the early and late 

PCV13 eras have been combined due to the low numbers of children with NP swabs in the 

late-PCV13 era.   NP carriage in the pre-PCV era is significantly higher (73%) compared to 

early-PCV7 (63%), PCV10 (63%), and PCV13 (59%) eras, but not compared to late-PCV7 era 

(70%).    

 

Vaccine serotype carriage declined within the 10-year PCV7 era. Differences were therefore 

larger between the early-PCV7 era and PCV10 or PCV13 eras than the late-PCV7 era. For 

example, compared to the late-PCV7 era, carriage of PCV13 serotypes was 9% lower in the 

PCV10 era whereas compared to early-PCV7 this difference was 31% lower. These 

differences for comparisons with the PCV13 eras were 25% and 46% (Table 4.5). 

 

Non-VTs (not in PCVs or PPV23) carriage increased from 19% in the pre-PCV era to 23%, 38%, 

47%, 62%. Differences were significant other than between pre-PCV and early-PCV7 eras 

(4%) (Chi-squared test, p values not shown) (Table 4.5). 
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Table 4-5: Overall pneumococcal nasopharyngeal carriage and proportion of carriers with vaccine group, by 
vaccine era, and difference in proportions of vaccine serotypes carriers over the pre-PCV, PCV7, PCV10 and PCV13 
eras [% (95% CI)] 
 

 
Pre-PCV 
N=115 

Early PCV7 
N=1898 

Late 
PCV7 

N=939 

PCV10 
N=1124 

PCV13 
N=1352 

Pre-PCV – 
Early 
PCV7 

Pre-PCV – 
Late PCV7 

Pre-PCV 
- PCV10 

Pre-PCV - 
PCV13 

Early PCV7 
- Late 
PCV7 

Early 
PCV7 - 
PCV10 

Early 
PCV7 -
PCV13 

Late 
PCV7 

- PCV10 

Late 
PCV7 - 
PCV13 

PCV10 – 
PCV13 

 
%  

(CI) 
%  

(CI) 
% 

(CI) 
%  

(CI) 
% 

(CI) 
%  

(CI) 
%  

(CI) 
%  

(CI) 
% 

(CI) 
% 

(CI) 
% 

(CI) 
% 

(CI) 
% 

(CI) 
% 

(CI) 
% 

(CI) 

Overall 
Spn 

73  
(64, 81) 

63 
(61, 65) 

70  
(67, 73) 

63  
(60, 66) 

59  
(56, 61) 

-10 * 
(-18, -1) 

-3  
(-12, 5) 

-10 * 
(-19, -2) 

14 * 
(6, 23) 

7 * 
(3, 10) 

0  
(-4, 3) 

-4 * 
(-8, -1) 

-7 * 
(-11, -3) 

-11 * 
(-15, -7) 

-4 * 
(-8, 0) 

PCV7  
VT 

57  
(46, 68) 

34  
(31, 37) 

16  
(14, 19) 

12  
(9, 14) 

8  
(6, 10) 

-23 * 
(-34, -12) 

-41 * 
(-52, -30) 

-45 * 
(-56, -35) 

-50 * 
(-60, -39) 

-17 * 
(-21, -14) 

-22 * 
(-26, -18) 

-26 * 
(-29, -23) 

-5 * 
(-8, -1) 

-9 * 
(-12, -5) 

-4 * 
(-7, -1) 

PCV10  
VT 

57 
(46, 68) 

35 
(32, 38) 

18  
(15, 21) 

13  
(11, 16) 

8  
(6, 10) 

-22 * 
(-33, -11) 

-39 * 
(-50, -28) 

-44 * 
(-55, -33) 

-49 * 
(-60, -38) 

-17 * 
(-21, -14) 

-22 * 
(-26, -18) 

-27 * 
(-31, -24) 

-4 * 
(-8, -1) 

-10 * 
(-13, -6) 

-5 * 
(-8, -2) 

PCV13  
VT 

69  
(58, 79) 

60  
(58, 63) 

39  
(35, 42) 

29  
(26, 33) 

14  
(12, 17) 

-9  
(-19, 2) 

-30 * 
(-41, -20) 

-40 * 
(-50, -29) 

-55 * 
(-65, -45) 

-22 * 
(-26, -17) 

-31 * 
(-35, -27) 

-46 * 
(-50, -43) 

-9 * 
(-14, -4) 

-25 * 
(-29, -20) 

-15 * 
(-19, -11) 

Non PCV 
VT 

31  
(21, 42) 

40  
(37, 42) 

61  
(58, 65) 

71  
(67, 74) 

86  
(83, 88) 

9  
(-2, 19) 

30 * 
(20, 41) 

40 * 
(29, 50) 

55 * 
(45, 65) 

22 * 
(17, 26) 

31 * 
(27, 35) 

46 * 
(43, 50) 

9 * 
(4, 14) 

25 * 
(20, 29) 

15 * 
(11, 19) 

* Significant chi2 p-value (p<0.05); Spn= S. pneumoniae  
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4.5  Results: Pneumococcal nasopharyngeal carriage by 

antimicrobial susceptibility, and proportion of vaccine group 

and serotype-specific carriers with antimicrobial susceptibility   

Of the 3441 pneumococcal carriers, 703 (20%) carried PCV7 serotypes, an additional 40 

(1.2%) carried PCV10-only serotypes 1 and 7F, and 611 (7.7%) carried PCV13-only serotypes 

3, 6A, and 19A.  2087 (61%) carried non-PCV serotypes (Table 4.6). The hierarchy of the most 

common serotypes was 16F (12% carriers), 19A, 19F, 11A, 6A, 6B, 23B, 23F, and 6C (3.7% 

carriers). 

 
 
Of the 3441 pneumococcal carriers, 55% carried a serotype sensitive to both β-lactams and 

macrolides, 34% carried strains non-susceptible to β-lactams, 2.2% β-lactam resistant strains, 

and 17% macrolide resistant strains, and 1.7% carried strains resistant to both.  β-lactam 

non-susceptible refers to intermediate resistance (MIC >0.06 and ≤2mg/l) (Table 4.6). 

 

20% (n=703) carriers had a PCV7 serotype. Of these 29% were sensitive to both β-lactams 

and macrolides, 51% were non-susceptible and 8% were resistant to β-lactams, 31% were 

macrolide resistant, and 8% were resistant to both. The serotypes most commonly resistant 

to both β-lactams and macrolides were 19F (16% isolates) and 6B (6% isolates). The 

proportion of 19F, 23F, and 6B isolates sensitive to both was 14%, 28% and 35% respectively. 

Serotype 9V was rarely carried, but all but two isolates were non-susceptible or resistant to 

β-lactams (Table 4.6). 
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Table 4-6: Pneumococcal nasopharyngeal carriage by antimicrobial 
susceptibility, and proportion of vaccine group and serotype-specific 
carriers with antimicrobial susceptibility  

Total Sens to both B-lact non-sus B-lact res^ Macrolide res # Res to both 

Serotype N=3441 1907/3441 (55.4) 1181/3441 (34.3) 77/3441 (2.2) 569/3441 (16.5) 60/3441 (1.7) 

PCV7 VT 703/3441 (20.4) 206/703 (29.3) 361/703 (51.4) 61/703 (8.7) 217/703 (30.9) 54/703 (7.7) 

4 6/3441 (0.2) 5/6 (83.3) 0/6 (0) 0/6 (0) 1/6 (16.7) 0/6 (0) 

6B 178/3441 (5.2) 62/178 (34.8) 83/178 (46.6) 13/178 (7.3) 64/178 (36) 11/178 (6.2) 

9V 32/3441 (0.9) 1/32 (3.1) 25/32 (78.1) 5/32 (15.6) 2/32 (6.3) 0/32 (0) 

14 53/3441 (1.5) 38/53 (71.7) 4/53 (7.5) 0/53 (0) 12/53 (22.6) 0/53 (0) 

18C 22/3441 (0.6) 21/22 (95.5) 0/22 (0) 0/22 (0) 1/22 (4.5) 0/22 (0) 

19F 264/3441 (7.7) 37/264 (14) 183/264 (69.3) 41/264 (15.5) 84/264 (31.8) 41/264 (15.5) 

23F 148/3441 (4.3) 42/148 (28.4) 66/148 (44.6) 2/148 (1.4) 53/148 (35.8) 2/148 (1.4) 

PCV10 VT 743/3441 (21.6) 240/743 (32.3) 361/743 (48.6) 61/743 (8.2) 223/743 (30) 54/743 (7.3) 

1 19/3441 (0.6) 19/19 (100) 0/19 (0) 0/19 (0) 0/19 (0) 0/19 (0) 

5 0/3441 (0) 0/0 (0) 0/0 (0) 0/0 (0) 0/0 (0) 0/0 (0) 

7F 21/3441 (0.6) 15/21 (71.4) 0/21 (0) 0/21 (0) 6/21 (28.6) 0/21 (0) 

PCV13 VT 1354/3441 (39.3) 545/1354 (40.3) 619/1354 (45.7) 68/1354 (5) 287/1354 (21.2) 60/1354 (4.4) 

3 30/3441 (0.9) 29/30 (96.7) 0/30 (0) 0/30 (0) 1/30 (3.3) 0/30 (0) 

6A 241/3441 (7) 204/241 (84.6) 3/241 (1.2) 1/241 (0.4) 34/241 (14.1) 1/241 (0.4) 

19A 340/3441 (9.9) 72/340 (21.2) 255/340 (75) 6/340 (1.8) 29/340 (8.5) 5/340 (1.5) 

Non-PCV* 2087/3441 (60.7) 1362/2087 (65.3) 562/2087 (26.9) 9/2087 (0.4) 282/2087 (13.5) 0/2087 (0) 

16F 423/3441 (12.3) 180/423 (42.6) 227/423 (53.7) 3/423 (0.7) 19/423 (4.5) 0/423 (0) 

11A £ 259/3441 (7.5) 159/259 (61.4) 86/259 (33.2) 1/259 (0.4) 23/259 (8.9) 0/259 (0) 

23B 150/3441 (4.4) 71/150 (47.3) 71/150 (47.3) 0/150 (0) 24/150 (16) 0/150 (0) 

6C 127/3441 (3.7) 116/127 (91.3) 4/127 (3.1) 0/127 (0) 7/127 (5.5) 0/127 (0) 

10A £ 113/3441 (3.3) 87/113 (77) 20/113 (17.7) 1/113 (0.9) 6/113 (5.3) 0/113 (0) 

35B‡ 97/3441 (2.8) 81/97 (83.5) 5/97 (5.2) 1/97 (1) 10/97 (10.3) 0/97 (0) 

15C‡ 70/3441 (2) 53/70 (75.7) 11/70 (15.7) 0/70 (0) 11/70 (15.7) 0/70 (0) 

15A‡ 64/3441 (1.9) 7/64 (10.9) 55/64 (85.9) 0/64 (0) 55/64 (85.9) 0/64 (0) 

7B‡ 29/3441 (0.8) 1/29 (3.4) 28/29 (96.6) 0/29 (0) 27/29 (93.1) 0/29 (0) 

7C‡ 22/3441 (0.6) 18/22 (81.8) 1/22 (4.5) 0/22 (0) 4/22 (18.2) 0/22 (0) 

33B‡ 16/3441 (0.5) 3/16 (18.8) 12/16 (75) 1/16 (6.3) 2/16 (12.5) 0/16 (0) 

^β-lactamase resistant (including resistant to both) 
# Macrolide resistant (including resistant to both) 
*Top 5 most prevalent serotypes, in order of prevalence among all carriers 
£ Non-PCV includes PPV23 types 11A and 10A  
‡ Included due to unusual resistance profiles in overall cohort 

 
 
There was a low proportion of carriers of the PCV10-only serotypes 1, 5, and 7F; no serotype 

5 isolate was detected. All 19 serotype 1 isolates were sensitive to both, and 71% of 21 

isolates of 7F were sensitive to both, the remainder were macrolide resistant.  
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Of the carriers of the PCV13-only serotypes 3, 6A, and 19A, 97% of 30 serotype 3 isolates 

were sensitive to both, and one isolate was macrolide resistant; 85% of 241 6A isolates were  

sensitive to both, 3 isolates were β-lactam non-susceptible, one was β-lactam resistant, 34 

(14%) were macrolide resistant and one isolate was resistant to both. Of 340 19A isolates, 

21% were sensitive to both, 75% were β-lactam non-susceptible, 1.8% were β-lactam 

resistant, 7% were macrolide resistant, and 1.5% were resistant to both.  

 

Non-PCV types were isolated in 61% of carriers. 65% of 2087 non-PCV isolates were sensitive 

to both, 27% were β-lactam non-susceptible, 0.4% β-lactam resistant, and 14% macrolide 

resistant. None were resistant to both. Of the top 5 prevalent non-PCV serotypes, 6C (n=127) 

had the highest proportion of isolates sensitive to both (91%), followed by 10A (77%) and 

11A (61%). Both 16F and 23B had less than 50% of isolates sensitive to both. Of 423 16F 

isolates, 54% were β-lactam non-susceptible, 0.7% were β-lactam resistant, and 5% were 

macrolide resistant. Of the 150 23B isolates 37% were β-lactam non-susceptible and 16% 

were macrolide resistant.  

 

PPV23-non-PCV serotypes were isolated from 718 (21%) of pneumococcal carriers. Overall, 

68% isolates were sensitive to both, 18% β-lactam non-susceptible, 0.6% β-lactam resistant, 

and 16% macrolide resistant. None were resistant to both. All 69 33F isolates were sensitive 

to both. Of 110 15B isolates, 70% were sensitive to both, 15% β-lactam non-susceptible, 1.8% 

β-lactam resistant, and 15% macrolide resistant. Serotype 22F (n=72) also had a high 

proportion sensitive to both (77%), 1.4% β-lactam non-susceptible, and 22% macrolide 

resistant. Serotypes 17F (n=47) and 9N (n=26) both had lower proportions sensitive to both, 

26% and 39% respectively, and high proportions of macrolide resistant, 75% and 62% 

respectively.  



144 
 

 

 

The non-VT serotypes 15A and 7B were selected as having unusually high proportion 

macrolide resistant, 86% and 93% respectively, and both similar rates of β-lactam non-

susceptible, 86% and 97% respectively. Serotype 33B (n=16) also had high β-lactam non-

susceptibility, 75%, 6% β-lactam resistant and 13% macrolide resistant. 

 

4.5.1  Pneumococcal resistance to β-lactams and macrolides   

Of 3441 pneumococci, 77 (2.2%) were β-lactam resistant, 569 (17%) were macrolide 

resistant, and 60 (1.7%) were resistant to both (Table 4.7).    

 

The serotype hierarchy (all eras combined) was 16F (12% carriers), 19A, 19F, 11A, 6A, 6B, 

23B, 23F, and 6C (3.7% carriers). The proportion of each of these serotypes with β-lactam 

resistance was 0.7%, 1.8%, 16%, 0.4%, 0.4%, 7.3%, 0%, 1.4%, and 0%, respectively. PCV7-

types 19F, 6B and 23F dominate β-lactam resistance. The proportion of each of these 

serotypes with macrolide resistance was 4.5%, 8.5%, 32%, 8.9%, 14%, 36%, 16%, 36%, and 

5.5%, respectively.  

 

Serotypes 19F, 6B and 23F are also the dominant macrolide resistant serotypes. 

Other less commonly carried serotypes with a high proportion of macrolide resistant isolates 

were 14 (23%),7F (29%), 22F (22%), and 15C (16%).  

 

Serotype 9V, a less commonly carried PCV7 serotype had a relatively high proportion of 

isolates with β-lactam resistance (16%) which peaked at 29% in the early-PCV7 era (Table 

4.8). 
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Across the PCV eras (all serotypes combined) macrolide resistance was 18% in the pre-PCV 

era, then 16%, 14%, 13%, 23%, and 22%. β-lactam resistance was 1.2%, 4.6%, 0.2%, 1.1%, 

1.8%, and 0%, respectively. 

 

Table 4-7: Proportion of pneumococcal carriers with β lactam and 
macrolide resistant serotypes, overall  

Over the eras, there was a decline in carriage of 

PCV types, yet the proportion of resistant clones 

was sustained until the early-PCV13 era, 

particularly for macrolide resistance (Table 4.7). 

Over the vaccine eras there was increasing 

carriage of ‘replacement’ serotypes and 

fluctuating prevalence of macrolide resistance. 

For example, macrolide-resistant isolates of 

serotype 23B peaked in the late-PCV7 era (48%), 

serotypes 11A, 15B, and 15C fluctuated, and 

isolates of macrolide resistant serotype 22F first 

appeared in the late-PCV7 era (26%), and 6C first 

appeared in the early PCV13 era (9%). 

 

Table  4.7 is the overall proportions of resistance, by serotype and PCV. Resistance by era for 

serotype and PCVs is below (Table 4.8).

 

Overall  
n/N (%) 

Total 
βlact  

R 
Mac  

R 
Both 

Spn pos 3441 77 (2.2) 569 (16.5) 60 (1.7) 

PCV7 703 61 (8.7) 217 (30.9) 54 (7.7) 

19F 264 41 (15.5) 84 (31.8) 41 (15.5) 

6B 178 13 (7.3) 64 (36) 11 (6.2) 

23F 148 2 (1.4) 53 (35.8) 2 (1.4) 

14 53 0 (0) 12 (22.6) 0 (0) 

9V 32 5 (15.6) 2 (6.3) 0 (0) 

PCV10 743 61 (8.2) 223 (30) 54 (7.3) 

1 19 0 (0) 0 (0) 0 (0) 

5 0 0 (0) 0 (0) 0 (0) 

7F 21 0 (0) 6 (28.6) 0 (0) 

PCV13 1354 68 (5) 287 (21.2) 60 (4.4) 

3 30 0 (0) 1 (3.3) 0 (0) 

6A 241 1 (0.4) 34 (14.1) 1 (0.4) 

19A 340 6 (1.8) 29 (8.5) 5 (1.5) 

Non-PCV 1369 5 (0.4) 169 (12.3) 0 (0) 

16F* 423 3 (0.7) 19 (4.5) 0 (0) 

11A* 259 1 (0.4) 23 (8.9) 0 (0) 

23B* 150 0 (0) 24 (16) 0 (0) 

6C* 127 0 (0) 7 (5.5) 0 (0) 

10A* 113 1 (0.9) 6 (5.3) 0 (0) 



146 
 

Table 4-8:. Proportion of pneumococcal carriers with βlactam and macrolide resistant serotypes, by vaccine era  

 

Pre-PCV7 era <2001  
n/N (%) 

PCV7 early era 2001 to 
 <2005 n/N (%) 

PCV7 late era 2005 to  
<2009 n/N (%) 

PCV10 era 2009 to  
<2011 n/N (%) 

PCV13 early era 2011 to  
<2015 n/N (%) 

PCV13 late era 2015 to 
<2019 n/N (%) 

Total 
βlact  

R 
Mac  

R 
Both 

Tota
l 

βlact  
R 

Mac 
 R 

Both Total 
βlact  

R 
Mac  

R 
Bot
h 

Total 
βlact 

R 
Mac  

R 
Both Total 

βlact  
R 

Mac  
R 

Both Total 
βlact  

R 
Mac  

R 
Both 

Spn pos 84 1 (1.2) 15 (17.9) 0 (0) 
120

0 
55(4.6) 194 (16.2) 50 (4.2) 656 1 (0.2) 

89 
(13.6) 

0 (0) 707 8 (1.1) 89 (12.6) 7 (1) 678 
12 

(1.8) 
156 (23) 3 (0.4) 116 0 (0) 26 (22.4) 0 (0) 

PCV7 48 1 (2.1) 12 (25) 0 (0) 405 
53 

(13.1) 
132 (32.6) 48 (11.9) 107 1 (0.9) 

22 
(20.6) 

0 (0) 83 
3 

(3.6) 
30 (36.1) 3 (3.6) 52 3 (5.8) 18 (34.6) 3 (5.8) 8 0 (0) 3 (37.5) 0 (0) 

19F 7 0 (0) 0 (0) 0 (0) 136 
37 

(27.2) 
65 (47.8) 37 (27.2) 49 0 (0) 8 (16.3) 0 (0) 38 3 (7.9) 5 (13.2) 3 (7.9) 31 1 (3.2) 6 (19.4) 1 (3.2) 3 0 (0) 0 (0) 0 (0) 

6B 15 0 (0) 11 (73.3) 0 (0) 134 12 (9) 47 (35.1) 11 (8.2) 24 1 (4.2) 5 (20.8) 0 (0) 3 0 (0) 1 (33.3) 0 (0) 1 0 (0) 0 (0) 0 (0) 1 0 (0) 0 (0) 0 (0) 

23F 14 0 (0) 1 (7.1) 0 (0) 58 0 (0) 8 (13.8) 0 (0) 19 0 (0) 6 (31.6) 0 (0) 40 0 (0) 24 (60) 0 (0) 13 
2 

(15.4) 
11 (84.6) 2 (15.4) 4 0 (0) 3 (75) 0 (0) 

14 3 0 (0) 0 (0) 0 (0) 42 0 (0) 9 (21.4) 0 (0) 7 0 (0) 3 (42.9) 0 (0) 0 0 (0) 0 (0) 0 (0) 1 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 

9V 7 
1(14.3

) 
0 (0) 0 (0) 14 4 (28.6) 1 (7.1) 0 (0) 4 0 (0) 0 (0) 0 (0) 2 0 (0) 0 (0) 0 (0) 5 0 (0) 1 (20) 0 (0) 0 0 (0) 0 (0) 0 (0) 

PCV10 48 1 (2.1) 12 (25) 0 (0) 422 
53 

(12.6) 
133 (31.5) 48 (11.4) 116 1 (0.9) 

27 
(23.3) 

0 (0) 94 
3 

(3.2) 
30 (31.9) 3 (3.2) 55 3 (5.5) 18 (32.7) 3 (5.5) 8 0 (0) 3 (37.5) 0 (0) 

1 0 0 (0) 0 (0) 0 (0) 9 0 (0) 0 (0) 0 (0) 2 0 (0) 0 (0) 0 (0) 5 0 (0) 0 (0) 0 (0) 3 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 

5 0 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 

7F 0 0 (0) 0 (0) 0 (0) 8 0 (0) 1 (12.5) 0 (0) 7 0 (0) 5 (71.4) 0 (0) 6 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 

PCV13 58 1 (1.7) 13 (22.4) 0 (0) 725 55 (7.6) 151 (20.8) 50 (6.9) 253 1 (0.4) 
44 

(17.4) 
0 (0) 207 

7 
(3.4) 

45 (21.7) 7 (3.4) 102 4 (3.9) 30 (29.4) 3 (2.9) 9 0 (0) 4 (44.4) 0 (0) 

3 2 0 (0) 1 (50) 0 (0) 11 0 (0) 0 (0) 0 (0) 4 0 (0) 0 (0) 0 (0) 8 0 (0) 0 (0) 0 (0) 5 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 

6A 1 0 (0) 0 (0) 0 (0) 154 1 (0.6) 8 (5.2) 1 (0.6) 57 0 (0) 
15 

(26.3) 
0 (0) 18 0 (0) 7 (38.9) 0 (0) 11 0 (0) 4 (36.4) 0 (0) 0 0 (0) 0 (0) 0 (0) 

19A 7 0 (0) 0 (0) 0 (0) 138 1 (0.7) 10 (7.2) 1 (0.7) 76 0 (0) 2 (2.6) 0 (0) 87 4 (4.6) 8 (9.2) 4 (4.6) 31 1 (3.2) 8 (25.8) 0 (0) 1 0 (0) 1 (100) 0 (0) 

Non-PCV 16 0 (0) 0 (0) 0 (0) 279 0 (0) 15 (5.4) 0 (0) 252 0 (0) 21 (8.3) 0 (0) 333 0 (0) 20 (6) 0 (0) 424 5 (1.2) 95 (22.4) 0 (0) 65 0 (0) 18 (27.7) 0 (0) 

16F* 7 0 (0) 0 (0) 0 (0) 122 0 (0) 4 (3.3) 0 (0) 78 0 (0) 2 (2.6) 0 (0) 89 0 (0) 3 (3.4) 0 (0) 109 3 (2.8) 6 (5.5) 0 (0) 18 0 (0) 4 (22.2) 0 (0) 

11A* 3 0 (0) 0 (0) 0 (0) 75 0 (0) 6 (8) 0 (0) 52 0 (0) 5 (9.6) 0 (0) 53 1 (1.9) 6 (11.3) 0 (0) 57 0 (0) 5 (8.8) 0 (0) 19 0 (0) 1 (5.3) 0 (0) 

23B* 2 0 (0) 0 (0) 0 (0) 25 0 (0) 5 (20) 0 (0) 40 0 (0) 
19 

(47.5) 
0 (0) 43 0 (0) 0 (0) 0 (0) 37 0 (0) 0 (0) 0 (0) 3 0 (0) 0 (0) 0 (0) 

6C* 0 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 11 0 (0) 0 (0) 0 (0) 68 0 (0) 1 (1.5) 0 (0) 44 0 (0) 4 (9.1) 0 (0) 4 0 (0) 2 (50) 0 (0) 

10A* 2 0 (0) 0 (0) 0 (0) 25 0 (0) 4 (16) 0 (0) 18 0 (0) 1 (5.6) 0 (0) 35 0 (0) 0 (0) 0 (0) 23 1 (4.3) 0 (0) 0 (0) 10 0 (0) 1 (10) 0 (0) 

* Top 5 most prevalent serotypes, in order of prevalence among all carriers; Spn= S. pneumoniae
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4.6  Description of carriage serotypes in Aboriginal children with 

and without AOM.    

Overall 82% of all 526 Aboriginal children with a worst diagnosis of AOM were pneumococcal 

carriers. The number of eligible children with AOM in each era was 16 pre-PCV, 143, 99, 195, 

106, and 67 in each subsequent era (Table 4.9).  Carriage in children with AOM was between 

69% and 90% across the eras (Figure 4.12). Carriage of PCV7 serotypes in children with AOM 

was 64% in the pre-PCV era, then 14%, 7.4%, 14%, 9.4%, and 4.2%, respectively in the 

following eras. 

 

Figure 4-2: NP carriage of pneumococci in children with and without 
AOM across the vaccine eras 

 

* comparisons have chi
2
 p-value <0.05 

 

The hierarchy of serotypes in children with AOM (all eras combined) was 16F (11%), 19A, 

11A, 19F, 6A, 10A, 35B, and 23B (2.9%). Few children with AOM were seen in the pre-PCV 

era: 11 of 16 children were carriers, dominant serotypes were 23F (19%), 6B, and 19F=9V 

(6.3%).  The hierarchy in the early-PCV7 era was led by serotype 19A (17%), then 16F, 6A, 

19F, and 11A. Carriage in children with AOM was 85% in the PCV10 era, with a similar 

hierarchy of 19A (16%), 16F=19F, 10A, 11A, 23B=6A (3.8%).  
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Table 4-9: Overall pneumococcal nasopharyngeal carriage of 
Aboriginal children with AOM (with or without perforation) and 
proportion of carriers with vaccine group and serotype-specific 
pneumococci, by vaccine era 

  Total pre-PCV early 
PCV7 

late 
PCV7 

PCV10 early 
PCV13 

late 
PCV13 

AOM N=526 N=16 N=143 N=99 N=95 N=106 N=67 

Capsular Spn 429 (81.6%) 11  
(68.8%) 

119  
(83.2%) 

81  
(81.8%) 

85  
(89.5%) 

85  
(80.2%) 

48  
(71.6%) 

PCV7 VT 52 (12.1%) 7 (63.6%) 17 (14.3%) 6 (7.4%) 12 (14.1%) 8 (9.4%) 2 (4.2%) 

4 1 (0.2%) 0 (0.0%) 1 (0.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

6B 8 (1.5%) 2 (12.5%) 5 (3.5%) 0 (0.0%) 0 (0.0%) 1 (0.9%) 0 (0.0%) 

9V 3 (0.6%) 1 (6.3%) 0 (0.0%) 1 (1.0%) 0 (0.0%) 1 (0.9%) 0 (0.0%) 

14 2 (0.4%) 0 (0.0%) 1 (0.7%) 0 (0.0%) 0 (0.0%) 1 (0.9%) 0 (0.0%) 

18C 1 (0.2%) 0 (0.0%) 1 (0.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

19F 28 (5.3%) 1 (6.3%) 8 (5.6%) 4 (4.0%) 10 (10.5%) 4 (3.8%) 1 (1.5%) 

23F 9 (1.7%) 3 (18.8%) 1 (0.7%) 1 (1.0%) 2 (2.1%) 1 (0.9%) 1 (1.5%) 

PCV10 VT 56 (13.1%) 7 (63.6%) 18 (15.1%) 7 (8.6%) 14 (16.5%) 8 (9.4%) 2 (4.2%) 

1 2 (0.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (2.1%) 0 (0.0%) 0 (0.0%) 

5 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

7F 2 (0.4%) 0 (0.0%) 1 (0.7%) 1 (1.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

PCV13 VT 135 31.5%) 9 (81.8%) 58 (48.7%) 21 (25.9%) 34 (40.0%) 10 (11.8%) 3 (6.3%) 

3 1 (0.2%) 0 (0.0%) 1 (0.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

6A 26 (4.9%) 0 (0.0%) 14 (9.8%) 8 (8.1%) 4 (4.2%) 0 (0.0%) 0 (0.0%) 

19A 52 (9.9%) 2 (12.5%) 25 (17.5%) 6 (6.1%) 16 (16.8%) 2 (1.9%) 1 (1.5%) 

Non-PCV VT 294 68.5%) 2 (18.2%) 61 (51.3%) 60 (74.1%) 51 (60.0%) 75 (88.2%) 45 (93.8%) 

16F 59 (11.2%) 0 (0.0%) 16 (11.2%) 11 (11.1%) 9 (9.5%) 15 (14.2%) 8 (11.9%) 

11A £ 30 (5.7%) 0 (0.0%) 7 (4.9%) 2 (2.0%) 5 (5.3%) 7 (6.6%) 9 (13.4%) 

10A £ 23 (4.4%) 0 (0.0%) 4 (2.8%) 5 (5.1%) 7 (7.4%) 4 (3.8%) 3 (4.5%) 

23B 15 (2.9%) 0 (0.0%) 3 (2.1%) 7 (7.1%) 3 (3.2%) 1 (0.9%) 1 (1.5%) 

35B 16 (3.0%) 0 (0.0%) 4 (2.8%) 2 (2.0%) 2 (2.1%) 5 (4.7%) 3 (4.5%) 
* Top 5 most prevalent serotypes, in order of prevalence among all carriers 
£ Non-PCV includes PPV23 types 11A and 10A; Spn= S. pneumoniae  

 

Carriage in children with AOM was 80% and 72% in the early- and late-PCV13 eras when 

~12% carriers had PCV13 serotypes (mainly 19F and 19A). Over 90% carriers with AOM had 

non-PCV serotypes, dominated by serotypes 16F (~13%), 11A, 35B, 15B, and 10A.  
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Table 4-10: Overall pneumococcal nasopharyngeal carriage of 
Aboriginal children with no AOM (OME or normal) and proportion of 
carriers with vaccine group and serotype-specific pneumococci, by 
vaccine era 
  Total pre-PCV early PCV7 late  

PCV7 
PCV10 early 

PCV13 
late 

PCV13 

 N=1,855 N=74 N=494 N=163 N=472 N=544 N=108 
Capsular Spn 1,307 

(70.5%) 
54  

(73.0%) 
393  

(79.6%) 
107  

(65.6%) 
335  

(71.0%) 
350  

(64.3%) 
68  

(63.0%) 
PCV7 VT 183 (14.0%) 33 (61.1%) 61 (15.5%) 15 (14.0%) 43 (12.8%) 25 (7.1%) 6 (8.8%) 
4 1 (0.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.2%) 0 (0.0%) 
6B 28 (1.5%) 13 (17.6%) 11 (2.2%) 0 (0.0%) 3 (0.6%) 0 (0.0%) 1 (0.9%) 
9V 13 (0.7%) 4 (5.4%) 3 (0.6%) 0 (0.0%) 2 (0.4%) 4 (0.7%) 0 (0.0%) 
14 5 (0.3%) 2 (2.7%) 3 (0.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 
18C 2 (0.1%) 1 (1.4%) 1 (0.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 
19F 71 (3.8%) 5 (6.8%) 29 (5.9%) 12 (7.4%) 13 (2.8%) 10 (1.8%) 2 (1.9%) 
23F 63 (3.4%) 8 (10.8%) 14 (2.8%) 3 (1.8%) 25 (5.3%) 10 (1.8%) 3 (2.8%) 
PCV10 VT 204 (15.6%) 33 (61.1%) 70 (17.8%) 21 (19.6%) 48 (14.3%) 26 (7.4%) 6 (8.8%) 
1 6 (0.3%) 0 (0.0%) 3 (0.6%) 0 (0.0%) 2 (0.4%) 1 (0.2%) 0 (0.0%) 
5 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 
7F 15 (0.8%) 0 (0.0%) 6 (1.2%) 6 (3.7%) 3 (0.6%) 0 (0.0%) 0 (0.0%) 
PCV13 VT 400 (30.6%) 37 (68.5%) 182 (46.3%) 38 (35.5%) 89 (26.6%) 48 (13.7%) 6 (8.8%) 
3 8 (0.4%) 0 (0.0%) 3 (0.6%) 1 (0.6%) 3 (0.6%) 1 (0.2%) 0 (0.0%) 
6A 75 (4.0%) 1 (1.4%) 53 (10.7%) 9 (5.5%) 5 (1.1%) 7 (1.3%) 0 (0.0%) 
19A 113 (6.1%) 3 (4.1%) 56 (11.3%) 7 (4.3%) 33 (7.0%) 14 (2.6%) 0 (0.0%) 
Non-PCV 
VT* 

907  
(69.4%) 

17  
(31.5%) 

211  
(53.7%) 

69  
(64.5%) 

246 
(73.4%) 

302 
(86.3%) 

62  
(91.2%) 

16F 221 (11.9%) 4 (5.4%) 68 (13.8%) 17 (10.4%) 51 (10.8%) 71 (13.1%) 10 (9.3%) 
11A £ 117 (6.3%) 1 (1.4%) 41 (8.3%) 11 (6.7%) 26 (5.5%) 28 (5.1%) 10 (9.3%) 
6C 56 (3.0%) 0 (0.0%) 0 (0.0%) 3 (1.8%) 26 (5.5%) 24 (4.4%) 3 (2.8%) 
23B 50 (2.7%) 2 (2.7%) 7 (1.4%) 6 (3.7%) 16 (3.4%) 17 (3.1%) 2 (1.9%) 
10A £ 57 (3.1%) 2 (2.7%) 9 (1.8%) 2 (1.2%) 21 (4.4%) 16 (2.9%) 7 (6.5%) 
* Top 5 most prevalent serotypes, in order of prevalence among all carriers 
£ Non-PCV includes PPV23 types 11A and 10A; Spn= S. pneumoniae  
 

Of the Aboriginal children with no AOM, 71% were pneumococcal carriers. The number of 

children with no AOM in each era was 74, 494, 163, 472, 544, and 108 (Table 4.10). The 

proportion of Aboriginal children with no AOM who were pneumococcal carriers was 73% in 

the pre-PCV era, then 80%, 66%, 71%, 64%, and 63% in each subsequent era (Figure 4.12). 

The proportion of carriers with any PCV7 serotypes decreased from 61% in the pre-PCV era 

to 16%, 14%, 13%, 7%, and 9% in each subsequent era (Figure 4.3). The proportion of carriers 

with any PCV13 serotypes decreased from 69% in the pre-PCV era to 46%, 36%, 27%, 14%, 

and 9% in each subsequent era (Figure 4.4).  
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Figure 4-3: NP carriage of PCV7 types, and serotype 19F pneumococci in 
children with and without AOM across the vaccine eras 

* comparisons have chi
2

 p-value <0.05 

 
 

Figure 4-4: NP carriage of PCV13 type, 19A and non-PCV types 
pneumococci in children with and without AOM across the vaccine eras 
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* comparisons have chi
2

 p-value <0.05 

 
There were very low proportions of the PCV10 only serotypes overall in the no AOM children 

(0.3% serotype 1 and 0.8% serotype 7F).  The serotype hierarchy among Aboriginal children 

with no AOM (all eras combined) was 16F (11.9%), 11A, 19A, 6A, 19F, 23F, 10A, 6C, and 23B 

(2.7%).  

 

Carriage in Aboriginal children without AOM in the early-PCV7 era was 80%; 46% carriers had 

PCV13 serotypes and 54% non-PCV serotypes. Among Aboriginal children without AOM, the 

serotype hierarchy in the early-PCV7 era was 16F (14%), 19A, 6A, 11A, 19F, 6B, 23F, 15B, 6B, 

and 10A (1.8%). 

 

Carriage in Aboriginal children without AOM in the early-PCV13 era was 64%; 86% of carriers 

had non-PCV serotypes.  In the early-PCV13 era, the serotype hierarchy among Aboriginal 

children without AOM was 16F (13%), 11A=15A, 6C, 35B, 23B, 10A, 15B, 19F=23F (1.8%).  

 

Within the vaccine eras, the proportion of children with and without AOM who are 

pneumococcal carriers is statistically significantly lower for children with no AOM compared 

to those with AOM in the late PCV7, PCV10 and early PCV13 eras for overall pneumococcal 

carriage (Table 4.11). Carriage of serotype 19F is significantly higher in children with AOM in 

the PCV10 era only. PCV10 serotypes are at higher carriage proportions in children with no 

AOM in the late PCV7 era, potentially serotypes 1 and 7F may be less likely to cause AOM. 

Carriage of PCV13 types is higher in the PCV10 era in children with AOM compared to no 

AOM. This appears to be driven by a significantly higher proportion of carriers of 19A and 

slightly higher non-significant carriage of 6A, in children with AOM. Non-PCV type 

proportions are higher in children with no AOM (73% vs 60%) in this era, with no significant 

differences in other eras. Serotype 13 carriage is higher in children with AOM in the pre-PCV 
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(with very low numbers) and late PCV7 eras, and 6C higher in children with no AOM in the 

early PCV13 era, despite overall carriage decline. 

 

Age at swab and ear examination (within the inclusion criteria of 6 months to 5 years) varies 

across the eras (Table 4.12), with the lowest median age (7 months) in the late PCV13 era, a 

younger group than the earlier eras due to the specific collection of infant swabs only in this 

era. The PCV10 era children are the oldest median age (22 months). In all eras the median 

age of children with AOM is younger than those without, apart from the pre-PCV and late 

PCV13 eras, when they are approximately equal. 
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Table 4-11: Comparison of carriage proportions within eras of Aboriginal children with no AOM or AOM and 
proportion of carriers with vaccine group and serotype-specific pneumococci, by vaccine era  
Era pre PCV early PCV7 late PCV7 PCV10 early PCV13 late PCV13 

Diagnosis, 
N 

No AOM AOM No AOM AOM No AOM AOM No AOM AOM No AOM AOM No AOM AOM 

N=74 N=16 N=494 N=143 N=163 N=99 N=472 N=95 N=544 N=106 N=108 N=67 
Capsular 
Spn 

54 
(73%) 

11 
(69%) 

393 
(79.6%) 

119 
(83.2%) 

107 
(65.6%) 

81 
(81.8%) 

335 
(71.0%) 

85 
(89.5%) 

350 
(64.3%) 

85 
(80.2%) 

68 
(63.0%) 

48 
(71.6%) 

PCV7 VT 33 (61%) 7 (64%) 61 (15.5%) 17 (14.3%) 15 (14.0%) 6 (7.4%) 43 (12.8%) 12 (14.1%) 25 (7.1%) 8 (9.4%) 6 (8.8%) 2 (4.2%) 

19F 5 (7%) 1 (6%) 29 (5.9%) 8 (5.6%) 12 (7.4%) 4 (4.0%) 13 (2.8%) 10 (10.5%) 10 (1.8%) 4 (3.8%) 2 (1.9%) 1 (1.5%) 

PCV10 VT 33 (61%) 7 (64%) 70 (17.8%) 18 (15.1%) 21 (19.6%) 7 (8.6%) 48 (14.3%) 14 (16.5%) 26 (7.4%) 8 (9.4%) 6 (8.8%) 2 (4.2%) 

PCV13 VT 37 (69%) 9 (82%) 182 (46.3%) 58 (48.7%) 38 (35.5%) 21 (25.9%) 89 (26.6%) 34 (40.0%) 48 (13.7%) 10 (11.8%) 6 (8.8%) 3 (6.3%) 

6A 1 (1%) 0 (0%) 53 (10.7%) 14 (9.8%) 9 (5.5%) 8 (8.1%) 5 (1.1%) 4 (4.2%) 7 (1.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

19A 3 (4%) 2 (13%) 56 (11.3%) 25 (17.5%) 7 (4.3%) 6 (6.1%) 33 (7.0%) 16 (16.8%) 14 (2.6%) 2 (1.9%) 0 (0.0%) 1 (1.5%) 
Non PCV 
VT 

17 
(31%) 

2 
(18%) 

211 
(53.7%) 

61 
(51.3%) 

69 
(64.5%) 

60 
(74.1%) 

246 
(73.4%) 

51 
(60.0%) 

302 
(86.3%) 

75 
(88.2%) 

62 
(91.2%) 

45 
(93.8%) 

13 0 (0%) 1 (6%) 7 (1.4%) 5 (3.5%) 0 (0.0%) 6 (6.1%) 5 (1.1%) 0 (0.0%) 8 (1.5%) 0 (0.0%) 1 (0.9%) 2 (3.0%) 

6C 0 (0%) 0 (0%) 0 (0.0%) 0 (0.0%) 3 (1.8%) 2 (2.0%) 26 (5.5%) 5 (5.3%) 24 (4.4%) 0 (0.0%) 3 (2.8%) 1 (1.5%) 
Bolded comparisons have chi2 p-value <0.05, Spn= S. pneumoniae 

Table 4-12: Median (range) in months of Aboriginal children, overall, and with and without AOM, by vaccine era 
Era pre PCV early PCV7 late PCV7 PCV10 early PCV13 late PCV13 
Median 
age (range) 

11 (6-58) 18 (6-56) 14 (6-32) 22 (6-60) 17 (6-59) 7 (6-11) 

Age by dx No AOM AOM No AOM AOM No AOM AOM No AOM AOM No AOM AOM No AOM AOM 

12 (6-58) 11(7-46) 20 (6-58) 12 (6-48) 16 (6-32) 13 (6-30) 24 (6-60) 16 (7-59) 19 (6-59) 8 (6-43) 7 (6-11) 7 (6-9) 
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4.7  Discussion - BIGDATA analyses 

The Northern Territory (NT) of Australia implemented a unique roll-out and schedules of 

pneumococcal polysaccharide and conjugate vaccines, tailored to the high proportion of the 

population at high-risk of pneumococcal diseases across all ages.  

 

There was a statistically significant decrease of S. pneumoniae (Table 4.5). The most 

significant decrease was in PCV types (statistically significant decreases in all era 

comparisons), but with a concurrent increase in NVTs (statistically significant increase in all 

era comparisons except pre-PCV to PCV7). Predominant replacement serotypes were 16F, 

11A, 10A and 15B. Serotype 16F has been commonly reported in NP carriage since the pre-

PCV era in Aboriginal children and is now common in non-Aboriginal children also.  Complete 

eradication of PCV13 or PCV7 types was not achieved, perhaps indicating a reservoir where 

indirect effects are lacking, or direct vaccine immunity has not yet developed (young infants) 

or has waned (school aged children) or the unvaccinated (adults). This also could be related 

to delayed impact, and prospective surveillance could show eradication of PCV serotypes. 

 

4.7.1  Pneumococcal conjugate vaccine impact on pneumococcal 

antibiotic resistance 

Monitoring macrolide susceptibility is important in the NT due to the expanding range of 

conditions treated with azithromycin, which includes AOM, bronchiectasis, chronic lung 

diseases, some sexually transmitted infections, and mass drug administrations for Trachoma 

eradication.  β-lactam antibiotics are also commonly prescribed in the paediatric population, 

for respiratory, skin sores and acute Rheumatic Fever / Rheumatic Heart disease, among 

other illnesses.  
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Over the PCV eras we report an overall reduction in β-lactam resistance from the peak in the 

late-PCV7 era (4.6% of carried pneumococci), and a decrease in macrolide resistance in the 

early-PCV7 to PCV10 eras, both β-lactam non-susceptibility and macrolide resistance were 

associated predominantly with PCV7 types, and increase in the PCV13 eras, driven by an 

increase in macrolide resistance of non-VT serotypes, which were also increasing in 

prevalence.  

 

4.7.2  Pneumococcal conjugate vaccine impact on nasopharyngeal 

carriage in children with and without AOM 

AOM diagnosis was almost only seen in Aboriginal children. The pneumococcal carriage 

proportion overall of Aboriginal children with no AOM was 59% (Table 4.9) compared to 81% 

in Aboriginal children with AOM (Table 4.10). This difference was consistent in all PCV eras 

except for the pre-PCV era, when carriage was slightly higher in the no AOM group (73% vs 

69%). In the early- and late-PCV13 eras combined, the serotype hierarchy among children 

with AOM was 16F (13%), 11A, 35B, 15B=10A, 19F, 19A (1.7%). The serotype hierarchy 

among children without AOM was 16F (9.5%), 11A, 6C, 15A, 23B, 35B, 10A=19A, 15B, and 

19F (1.6%).  

 

In children with and without AOM the higher proportions of vaccine types in the PCV10 era 

children could be linked to their older mean age, with waning immune protection in the 

second year of life, prior to the booster dose at 18 months. Younger age is a known risk factor 

for OM, peak incidence occurring between 6 and 18 months (Klein, JO 2000). Age follows this 

trend in our data, children with AOM were younger than those with no AOM. 
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4.7.3  Pneumococcal conjugate vaccine impact hypotheses  

As hypothesised, PCV type pneumococci decreased and non-PCV types have increased over 

the vaccine eras, consistent with international data (Myint 2013; Løchen 2020). Serotype 

replacement has mainly seen an increase in more commonly carried non-vaccine serotypes 

(predominantly 16F, 11A and 10A), and also an expansion of serotypes 6C, 35B and 15B in 

this cohort. This expansion of common types is potentially due to the pressure of high 

colonisation of these types. As there are also increases in previously less common serotypes 

other factors such as bacterial fitness and suitability for the vaccine-created niche driving 

these unexpected outcomes. Serotype 19A carriage and disease prevalence increased in 

many populations post PCV7 introduction (Isturiz 2017). No significant increases in carriage 

are reported in BIGDATA. Potentially the implementation of PCV10 / PHiD-CV10 may have 

somewhat impacted 19A carriage. Cross-reactive opsonophagocytic antibodies for 19A were 

higher for vaccinees receiving PHiD-CV10 compared to PCV7 and other formulations using 

different conjugation techniques (Poolman 2011). In this population, with high carriage of a 

diverse range of pneumococcal serotypes (Beissbarth 2021) and dense co-colonisation with 

other otopathogens other factors may have prevented 19A from becoming a dominant 

carriage serotype.  

 

Pneumococcal resistance was initially reduced by the reduction of the highly resistant 

vaccine type pneumococci, however there has been an increase in resistance, particularly to 

macrolides, in non-vaccine type pneumococci. There was no difference in carriage serotypes 

between children with and without AOM, except for serotype 6C in the early PCV13 era, 

which was not associated with AOM.  
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4.7.4  Comparison of BIGDATA PCV impact on vaccine-type carriage 

with published data on PCV-type carriage in Aboriginal children 

BIGDATA includes published and unpublished data from the Ear Health Research Program 

(Menzies, NT) and published WA data. The unpublished NT data is predominantly the studies 

in childcare, and NP data where it was collected as a secondary outcome in studies of ear 

discharge outcomes (Chapter 3, Appendix B). Serotype data from the pre-PCV era was not 

published, as it was a not a primary outcome, and is included in BIGDATA only.  

 

The published NT and WA data are included in this BIGDATA pneumococcal analysis, where 

the swabs meet the inclusion criteria, in addition to children attending childcare.  The 

BIGDATA inclusion criteria of completed primary vaccine series means some children were 

excluded whose data were part of the published studies. 

 

Figure 4-5: Summary of PCV7 and PCV13 type carriage in BIGDATA, NT 
and WA published data from children aged <5 years 

 
BD=BIGDATA, NT=Northern Territory, WA=Western Australia 

 

Only the NT has data from the period 2001 to 2005, when PCV immunisation was funded for 

high-risk infants only (including all Aboriginal infants). During this period PCV7 type carriage 

reported in Leach et al (2009) declined from 11% in 2003 to 8% in 2005 (Figure 4.5). BIGDATA 

reports a carriage decline from 33% to 16% of PCV7 types in the early (2001-2005) to late 
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PCV7 (2005-2010) eras. BIGDATA is a combination of Aboriginal and non-Aboriginal children 

(unvaccinated at this time) in the early PCV7 era, and predominantly Aboriginal children in 

the late PCV7 era. This may indicate that the primary decline in vaccine-type carriage in 

Aboriginal children may have occurred prior to 2003, and the ongoing carriage in 

unvaccinated non-Aboriginal children was largely PCV7-type.  

 

In the NT there was no decline in PCV7 types between the final survey of PCV7 vaccinated 

children (2010) and the previous survey, at the start of the late PCV7 era (8% to 12%), but 

these data are similar to the overall BIGDATA proportions of 16% carriers with PCV7 

serotypes. The PCV10 era published data (NT Aboriginal children only) of a 12% to 9% decline 

in PCV7-types, is slightly lower than the 16% to 12% decline reported in BIGDATA (67% 

Aboriginal children).  

 

The 11% PCV7-type carriage from 2011 (when the WA vaccine changed from PCV7 to PCV13) 

in WA reported in Collins et al (2017) is similar to the 12% carriage proportion reported in 

the NT data (Leach, AJ 2015b) at the end of the PCV7 vaccination era (2010), while lower 

than reported for all children in BIGDATA (16%). For PCV7-type carriage the change to PCV13 

was of minimal impact in the NT (9% to 12%) and but a greater decline in WA (in children 

aged <5 years) of 11% to 6%, which was similar to the PCV10 to PCV13 switch in BIGDATA of 

12% to 8% (Figure 4.5).  

 

PCV13 type carriage is reported higher in BIGDATA in the early PCV7 (60%) and late PCV7 

(39%) eras compared to the NT data (approximately 27% in 2003, approximately 19% in 2005 

and 29% in 2010), and WA (24% in 2011). Declines are reported in all three data sources into 

the early PCV13 era, 15%, 12% and 15% in the NT, WA and BIGDATA respectively (Figure 4.5). 

Non-PCV type carriage is not consistently reported in the published data, other than the 
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increase in 16F in the NT data, particularly in the PCV13 era (10-14% in PCV7 and PCV10 era 

to 23% in the PCV13 era). This is higher than reported overall in BIGDATA, with a steady 

increase over the vaccine eras from 6% in the pre-PCV era to 10% in the late PCV13 era. This 

is likely due to the diversity of serotypes in WA, and the lower carriage rates of serotype 16F 

in non-Aboriginal children in the early vaccine eras. 

 

4.8  Discussion - Comparisons with the international context 

Pneumococcal carriage dynamics globally varies by geographic region and within specific 

populations, by PCV implementation programs. The overall decline in VT pneumococcal 

carriage has been offset in many populations by increases in non-VT carriage and mucosal 

disease. There has been a net benefit of increasing valency PCVs in reduction of invasive 

illness, both in vaccine-naïve populations, and incrementally those with sequential vaccine 

implementation (PCV7 to PCV10 / PHiD-CV10, PCV7 to PCV13, and PCV10/ PHiD-CV10 to 

PCV13) (Hausdorff 2016), but with region specific differences in replacement serotypes in 

carriage and invasive and mucosal disease (Hausdorff 2016; Løchen 2020). At a population 

level, varying immunisation schedules, population coverage, antibiotic use and the 

population burden of pneumococcal carriage (high carriage rates in older children and 

adults) which alter the transmission dynamics, are considerations in varying vaccine impacts 

(Hausdorff 2016).   

 

Indigenous populations, and other high-risk groups are more likely to benefit from tailored 

vaccine schedules (Kwambana-Adams 2020), and potentially the development of targeted 

valency vaccines. The NT population, for example would benefit from a vaccine targeting 

serotypes like 16F and 23B, which are increasing in prevalence, and also present in IPD. This 

happens somewhat in vaccine design, PCV13 includes serotypes 1 and 5, which were chosen 

to address IPD in Africa (Dinleyici 2009). Vaccines in preparation such as PCV15 (PCV13 plus 
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22F and 33F) (Greenberg 2018) and PCV20 (PCV13 plus 8, 10A, 11A, 12F, 15B, 22F, and 33F) 

(Klein, NP 2021) do not include the dominant NT serotypes (16F, 23B). Additionally, current 

vaccine types such as 19A and 3, (which in current formulations elicit limited immune 

response and are not protective) and are causing IPD in vaccinated children might benefit 

from target low-valency vaccines to improve serotype specific immune response. Serotype 3 

was in the PHiD-CV10 precursor vaccine, but was removed due to its negative efficacy 

(Prymula, R. 2006), and a low valency vaccine may prove to be more efficacious.  . Low 

valency vaccines for poor immune response serotypes are not currently being pursued by 

pharmaceutical companies, but should be considered if new extended valency vaccines fail 

to protect against IPD for specific serotypes.   

 

Our RCT of mixed primary schedules of PHiD-CV10 and PCV13 reports no detriment 

associated with a combination primary schedule (Leach, AJ 2021b). A target valency vaccine 

could be utilised in such a manner, used as part of a mixed schedule, or as a booster dose 

post primary series of a common-use product such as PCV13. The PCV20 serotypes would 

impact carriage in the NT (if immune response was comparable to current vaccines), with the 

inclusion of 10A, 11A and 15B. 

 

4.8.1  Carriage impacts in other Indigenous populations 

Other Indigenous populations have had similar experiences with carriage post-vaccination, 

with declining PCV types. A long term study of groups of American Indians [Nomenclature 

requested by relevant population Senior representative, Andrews. D, conference 

communication] of the PCV7 implementation (Scott 2012) saw a reduction in overall carriage 

(63% to 55% pre- to post-PCV7) in children aged less than 5 years. Compared to the pre-PCV 

period, non-VT carriage increased in children aged less than 5 years old, particularly from 

increased carriage of serotypes 6C, 19A, 15A, 23B and 22F.  Two years after the introduction 
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of PCV13, a study (Grant 2016) in the same population demonstrated significant reductions 

in overall PCV13-non-PCV7 carriage, VT serotypes 3, 19A and non-VT 6C. The common 

serotypes in this era were 35B (5%), 23B, 22F and 15B (3%). These serotypes overlap 

somewhat with the NT data (35B, 15B), however 6C is increasing in the NT, while declining 

in this American Indian population.  These data were collected two years post PCV 

implementation, which may not be long enough for the population dynamic to stabilise, or 

the genetic diversity of 6C might be such that vaccine cross-reactivity may not be effective 

for all populations. Other factors, such as antibiotic use, could explain the difference 

between the groups. 

 

Alaska Native children aged less than 5 years had a similar experience, whilst overall carriage 

was stable (49% to 50%), PCV7 types were declining post-introduction in carriage and 

invasive disease, and replacement in both with 19A and 7F (Keck 2014). Common post-PCV7 

carriage serotypes were 19A, 6C, 23B, 22F, and 15A. Post PCV13, with overall carriage in rural 

children of 66%, the six non-PCV7 serotypes unique to PCV13 decreased (25% to 9%) 

(Gounder 2014). Significant increases in non-VTs 11A, 35B, and 21, and a significant decrease 

in 22F, from 1-2 to 3-4 years post introduction. At 3-4 years post PCV13, the overall common 

types were 16F (8%), 11A=35B, 6C, and 23B (7%), with commonalities to the NT serotype 

hierarchy (16F, 11A, 6C). 19A carriage declined to 2%. 

 

4.8.2  Global invasive disease serotypes and NP carriage 

Post PCV13 vaccination implementation there is less consistency in the hierarchy of invasive 

serotypes globally, as compared to the pre-PCV era. Hausdorff’s (2016) review includes 

paediatric IPD and specific meningitis and AOM serotype prevalence post PCV13 and PHiD-

CV10, in which 5-6 serogroups are responsible for 50% of non-VT disease, compared to 2-3 

for pre-PCV. Emerging IPD serotypes differ geographically, but 22F, 24F, and 15B/C were the 
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global predominant paediatric types. While these types are present in the BIGDATA carriage 

dataset (data not shown), other serotypes are more common, but not necessarily common 

in IPD. From 2012 to 2019 in the NT the common IPD serotypes in children aged less than 5 

years were 33F=23B, 16F=19A, (Figures 2.1 and 2.2, (Australian Government Department of 

Health 2019)). Common carriage serotypes in the early- to late- PCV13 eras were 16F (9.3% 

to 10.2%), 11A (4.9% to 10.7%), 23B (3.1% to 1.7%) 6C (3.7% to 2.3%) and 10A (2% to 5.6%) 

(Table 4.4).  The proportion of children with 19A carriage was 2.6% and 0.6% in the early- 

and late-PCV13 eras respectively.     

 

In a review of African invasive disease studies in children aged less than 5 years (Ngocho 

2019) overall VT type IPD (PHiD-CV10 or PCV13) was reduced. Pre PHiD-CV10 or PCV13 

implementation serotypes 14 (6%), 19A (14%) and 6A (13%) were dominant in IPD, and 19A 

(24%), 6A (16%) and 1 (15%) were dominant post introduction. However, IPD caused by PCV7 

types (3% to 10% of isolates), particularly 19F and 23F, was ongoing and non-VT IPD was 

increasing. Immunisation coverage was from the review was estimated at 59%. The increase 

in IPD caused by serotypes 1, 5 and 19A is of concern, and conclusions were not able to be 

made attributing this increase vaccine break through disease or if partial vaccination was a 

cause.  

 

UK data (Ladhani 2018)  from 2016/17 suggests a shift in IPD compared to previous years, 

with the most common types in children ages less than 5 years 12F (14%), 8 (10%) and 10A 

(8.2%), dissimilar to the NT and the remainder of Australia (3, 19F and 19A). Four to seven 

years post PCV13 introduction in the US serotype 3 was the dominant IPD type, followed by 

35B and 23B. They also have high proportions of VTs 19A and 19F, both common in Australian 

IPD (Rockett 2018).  
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A recent review on global meningitis serotypes post PCV13 and PHiD-CV10 (Garcia Quesada 

2021) reports a difference in serotype-specific disease prevalence in children aged less than 

5, with 15B/C, 8 and 10A most common in populations using PCV13, and 19A, 6C and 3 in 

populations using PHiD-CV10.  

 

4.8.3  Serotypes and AOM 

The most recent Cochrane review on PCVs for preventing AOM in children (de Sévaux 2020) 

does not include any PCV13 trials, and only one PHiD-CV10 trial. The key results are a 6% risk 

decrease in low risk children for all-cause AOM and a 5% risk increase in high risk infants 

receiving a primary schedule of PCV7. PHiD-CV10 was associated with decreased risk in low 

risk children for all-cause AOM by 6% to 15% (although this difference was not significant). 

For pneumococcal AOM the risk reduction estimate was 20-34% in low-risk children receiving 

PCV7, and 53% in low-risk children receiving PHiD-CV10.  

 

From BIGDATA, overall PCV-type carriage with an AOM diagnosis declined over the PCV eras, 

and was replaced by non-VT carriage in children with and without AOM. Within the PCV10/ 

PHiD-CV10 era only, there were statistically significant differences in NP carriage children 

with and without AOM. Serotypes 19F, 19A, and PCV13 types were higher and non-PCV types 

were lower in children with AOM.  

 

Most studies have found that the carriage types at AOM diagnosis have changed from VT to 

non-VTs following introduction of PCVs. Similar to BIGDATA, a French study of 13 years of 

carriage (Cohen 2015), covering implementation of PCV7 and PCV13 in children with AOM 

from 2001 to 2014. PCV7 introduction, initially to ‘high risk’ and then all infants, produced a 

reduction in carriage overall, and PCV7 types in particular. This was offset by an increase in 

6C and 19A carriage, and other non-VTs, 15B/C, 11A, 15A and 35B.  There was also a decrease 
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in intermediate penicillin resistance over the period. However, emerging serotypes 35B and 

15A had high proportions of isolates with intermediate resistance. The carriage replacement 

is dissimilar to BIGDATA, and 16F carriage was very low. The French (Cohen 2015) serotype 

pattern is very similar to serotypes in Switzerland from children with AOM (Allemann 2017), 

and a German study (Imöhl 2021), of ED and NP swabs from children with AOM with 

perforation. They describe an overall reduction in AOM presentation over the vaccine eras 

(PCV7 to both PHiD-CV10 and PCV13). For NP serotypes, a similar trend of declining PCV7 

types with increasing 19A in carriage post PCV7, and declining post PCV13 was reported. 

Pneumococcal carriage overall was 51% (46% to 57% over the 7 years of study). Serotype 3 

was prevalent, both in ED (35% of isolates over study period) and NP samples (19%). Carriage 

in children without AOM was not reported. Overall the dominant carriage types were 19A 

(9%), 11A (9%), 19F (5.1%), 23A (5.0%), and 23B (4.9%). Carriage of 16F was low (1.3%). 

Serotype 3 was the dominant ED type (34%), 19A (17%) was also prevalent, but was absent 

in the last 2 years of collection. Other prevalent ED serotypes were 11A (6.5%), 15C (3.5%) 

and 23B (3.5%). Other than 11A, these prevalent serotypes differ to BIGDATA, and serotype 

3 fortunately is not often isolated in the NT.  

 

An Ethiopian study also reported an increase in 19A, though post-PHiD-CV10 rather than 

PCV7. Five years post-introduction 19A (73%) became the commonly isolated serotype from 

AOM with perforation discharge samples. They also report high rates of non-susceptibility to 

β-lactams (Negash 2019). This was also the case in a Taiwanese study (Chen 2020) comparing 

carriage and serotypes in PCV13 immunised children aged less than 5 years with and without 

OM, pneumococcal carriage rates were similar (OM 20%, no OM 18%). Carriage of non-VTs 

was lower in the OM group (71% vs 91%). Identified VTs were 19A, 23F and 19F. Both groups 

most commonly carried 23A, 19A and 15B/C, though at differing order of prevalence.   
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4.8.4  Pneumococcal antimicrobial sensitivity 

PCV7 introduction internationally had an impact on pneumococcal antimicrobial resistance 

as many of the PCV7 types were non-susceptible to β-lactams, and some were multi-drug 

resistant (Dagan 2009). Post PCV7, serotype 19A was associated with increasing resistance, 

however, with the implementation of PCV13, the prevalence of 19A has declined, and thus 

its resistance become less problematic. However, antimicrobial resistance in increasing in 

non-VTs, as they also increase in prevalence (Ben-Shimol 2021).  

 

In the US, in a study of carriage and AOM-associated NP and ED isolates, antibiotic non-

susceptibility is increasing in non-VTs (Kaur 2020), specifically 11A, 35B and 35F in the late 

PCV13 era.  While similar to the BIGDATA experience, non-susceptibility in increasing in 

different specific serotypes, and only 16F of the prevalent types. This is also similar to non-

susceptibility in Alaskan pneumococcal isolates, where resistance is increasing in non-VTs, 

10% overall between pre- and post- PCV13 eras in several serotypes (15A, 23A, 10A, 15B/C), 

but not only in the serotypes increasing in prevalence (15B/C) (Plumb 2020).  

 

In the previously mentioned Icelandic study (Quirk 2018) the introduction of PHiD-CV10 was 

associated with a significant reduction in NP carriage of macrolide resistant and multidrug 

resistant pneumococci, but not β-lactam non-susceptible, driven by reductions in 19F, 6B 

and 14, with increases in non-susceptible 15A, 23B and 35B, similar to BIGDATA.  

 

4.8.5  Summary 

The international variation in serotypes associated with invasive and mucosal disease (OM), 

and carriage is evident across continents and populations. These variations highlight the 

requirement for ongoing monitoring of serotype diversity, infectiveness and antimicrobial 

sensitivities to make population-based vaccine selections, and to inform vaccine 
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manufacturers of serotypes with negative impact for vaccine inclusion, as valencies extend. 

Whilst there are differences in serotype prevalence in carriage and disease, some similarities 

have been observed also. 

 

4.9  Key findings and conclusions 

This dataset spanning more than two decades of pneumococcal carriage in the NT is a 

comprehensive analysis resource. This chapter describes the impact of the introduction of 

sequential increasing valency on pneumococcal carriage. The key findings are: 

• a significant decline in VT carriage, the almost universal replacement by non-PCV 

serotypes a minimal impact on overall carriage 

• Aboriginal children with AOM have higher carriage pneumococci than those without, 

and non-vaccine type carriage is associated with AOM in the late PCV13 era 

• a reduction in β-lactam non-susceptibility, and in increase in macrolide resistance  

 

In this chapter serotype specific and vaccine-type carriage has been compared to published 

Australian data, which is partially included in BIGDATA.  No other pneumococcal carriage 

data is available for Australians, regardless of age or ethnicity. The BIGDATA impact has also 

been compared to some international settings, finding commonalities and difference in VT 

reduction and replacement serotypes in carriage, OM and IPD. 

 

From the BIGDATA analysis, the overall reduction of β-lactam resistance in pneumococci is a 

positive impact, however, the increase in non-VT macrolide resistance warrants ongoing 

monitoring in this population, and increased stewardship around macrolide use.  
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5 Chapter 5: NTHi and the protein D gene 

 
5  

5.1  Overview 

This chapter describes a retrospective analysis of stored specimens which tested the 

hypothesis that PHiD-CV10 (PCV10, Synflorix, GSK) vaccine selective pressure would increase 

the proportion of NTHi with no protein D genes when used in a government funded 

immunisation program (national), compared to PCV use with no HiD component.  

 

As established, NTHi is an important pathogen for remote living Australian Indigenous 

children in the NT. NTHi is the pathogen most commonly cultured from ear discharge of 

infants and children with AOM and CSOM in recent surveillance studies (Leach, AJ 2015b; 

Leach, AJ 2016).   

 

Genetic analysis of NTHi have revealed the presence of isolates lacking the gene encoding  

Protein D (hpd) (Smith-Vaughan, H. C. 2014). Thus PHiD-CV10 which includes a H. influenzae 

protein D component, could hypothetically impact the dynamic of the NTHi population. To 

test this hypothesis, a study was designed to determine the prevalence of NTHi without the 

hpd gene across three vaccine eras (PCV7, PHiD-CV10, PCV13). The rationale was to address 

the concern that the potential sub-population of NTHi not producing Protein D that would 

escape PHiD-CV10 vaccine elicited immune response, and could be selected for by the PHiD-

CV10 vaccine. There are three published PCRs for the hpd portion of the NTHi genome (Wang 

2011). The hpd#3 PCR, which amplifies a 151 bp region at the 3’ prime end of the hpd 1072 

bp gene was identified as the most accurate target to identify hpd-positive H. influenzae 

(Binks 2012), and was selected for use in this study. The availability of NTHi whole genome 

data meant that we could interrogate PCR and genome correlation and review the genetic 

variability of hpd#3-negative isolates.  
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The overleaf publication describes the conducted study, which I designed, successfully 

funded, implemented, analysed and published. The PCR work for this projected was 

completed by an Indigenous Trainee (as part of a year-long placement at Menzies 

undertaking a Certificate III in Laboratory Skills), and an Indigenous student from Charles 

Darwin University undertaking a placement at Menzies as part of his undergraduate degree. 

I trained both in PCR methodology, and they completed the hpd#3 PCR component of this 

project as a team, including management of PCR results and data entry.  

 

Molecular methods and original bacterial culture methods are described briefly in the 

publication, and in detail in Appendix A. Tables and figures from the publication are 

reproduced in Appendix B for ease of reading. 

 

5.2  Published article: “Use of the 10-valent pneumococcal 

Haemophilus influenzae protein D conjugate vaccine (PHiD-

CV10) in an Australian Indigenous paediatric population does 

not alter the prevalence of nontypeable Haemophilus 

influenzae without the protein D gene” 

(overleaf) 

  



Vaccine 37 (2019) 4089–4093
Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine
Use of the 10-valent pneumococcal Haemophilus influenzae protein D
conjugate vaccine (PHiD-CV10) in an Australian Indigenous paediatric
population does not alter the prevalence of nontypeable Haemophilus
influenzae without the protein D gene
https://doi.org/10.1016/j.vaccine.2019.05.079
0264-410X/� 2019 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Menzies School of Health Research, John Matthews
Building (58), Royal Darwin Hospital Campus, PO Box 41096, Casuarina NT 0810,
Northern Territory, Australia.

E-mail address: jemima.beissbarth@menzies.edu.au (J. Beissbarth).
Jemima Beissbarth ⇑, Heidi Carol Smith-Vaughan, Tegan Maree Harris, Michael John Binks,
Amanda Jane Leach
Menzies School of Health Research, Charles Darwin University, Darwin, Northern Territory, Australia
a r t i c l e i n f o

Article history:
Received 18 December 2018
Received in revised form 3 May 2019
Accepted 26 May 2019
Available online 1 June 2019

Keywords:
Haemophilus influenzae
NTHi
Hpd
Otitis media
a b s t r a c t

Background: Nontypeable Haemophilus influenzae (NTHi) is one of the main respiratory pathogens asso-
ciated with otitis media and lung infections in Australian Indigenous children. PHiD-CV10, the 10-valent
pneumococcal conjugate vaccine containing H. influenzae protein D was used in the Northern Territory
infant vaccination schedule for two years from October 2009.
Methods: NTHi isolates from nasopharyngeal and ear discharge samples collected before, during and after
the PHiD-CV10 era were screened for the hpd gene by PCR. Target amplicon sequence, extracted from
available genomic sequence data, was analysed to identify variability in this region.
Results: There was no statistically significant difference in the proportion of hpd#3-PCR negative isolates
from each era; overall 7% and 6% of nasopharyngeal and ear discharge isolates were negative, respec-
tively. The nucleotide sequence data supported the hpd-PCR findings; truncations of the hpd gene pre-
cluding amplification and presumably expression of protein D were observed in approximately 7% of
available genomes.
Conclusions: In the Northern Territory of Australia, a population at high risk of NTHi-associated infection,
PHiD-CV10 use did not select for hpd-PCR negative isolates.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Nontypeable Haemophilus influenzae (NTHi) is one of the main
respiratory pathogens associated with otitis media, bronchiectasis,
protracted bacterial bronchitis, and chronic suppurative lung dis-
ease among Australian Indigenous children [1].

Cross-sectional surveillance studies in remote communities of
the Northern Territory (NT, Australia) during 2012–13 highlighted
that 93% of Indigenous children (mean age 13 months) continue to
experience some form of otitis media (OM), from OM with effusion
(OME) through to chronic suppurative otitis media (CSOM) [2]. Of
these children with OM, approximately 12% had a tympanic mem-
brane perforation (TMP) and 9% had active ear discharge (ED), from
which 63% cultured NTHi, 43% Streptococcus pneumoniae and 7%
Moraxella catarrhalis [2]. In October 2009 the 10-valent pneumo-
coccal H. influenzae protein D conjugate vaccine (Synflorix or
PHiD-CV10) replaced the 7-valent pneumococcal conjugate vac-
cine (Prevenar or PCV7) on the NT childhood vaccine schedule.
PHiD-CV10 utilises H. influenzae protein D (HiD) as a carrier for
eight of the ten pneumococcal serotypes. In October 2011 Preve-
nar13 (or PCV13), which covers 3 additional pneumococcal sero-
types but lacks HiD, replaced PHiD-CV10. The NT was the only
Australian jurisdiction to use PHiD-CV10, with the rest of Australia
moving directly from PCV7 to PCV13 in July 2011.

Early work showed HiD was antigenic [3,4] and constitutively
expressed among all NTHi strains tested [5]; however, recent stud-
ies have found NTHi isolates lacking the hpd gene, which encodes
HiD [6,7]. A randomised controlled trial of a pre-licensure HiD-
conjugated vaccine (11Pn-PD) conferred a 35% reduction in
NTHi-OM [8]. Since licensure of PHiD-CV10, most studies have
had insufficient power to adequately describe the efficacy against
NTHi carriage and middle ear infection [9]. In the NT, surveillance
studies showed that compared to PCV7, PHiD-CV10 did not reduce

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2019.05.079&domain=pdf
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NTHi carriage but did significantly reduce the prevalence of NTHi
cultured from middle ear discharge specimens [10]. This is sugges-
tive of a compartmental effect between middle ear and the
nasopharynx (Np), whereby NTHi middle ear infection is prevented
or NTHi is cleared from the middle ear during inflammation, yet
remains unimpeded in the Np.

Since 2001, six studies of nasopharyngeal carriage and OM have
been conducted in the NT during vaccine schedule transitions from
PCV7 [11–13] to PHiD-CV10 [14] to PCV13 [2,10]. In addition, two
RCTs are underway to compare PHiD-CV10, PCV13 and a combina-
tion schedule of both PCV vaccines [15]. These NT studies provide a
unique opportunity to investigate vaccine selective pressures on
the NTHi population. The aim of this study was to determine
whether population-wide use of a vaccine containing HiD (PHiD-
CV10; 2009–2011) positively selected for hpd negative NTHi in
Np and/or middle ear discharge specimens of children in the NT.
2. Methods

2.1. Selection of isolates

Isolates were selected from OM and Np carriage surveillance
studies conducted among children aged 0–6 years living in remote
Indigenous communities across the NT between 2008 and 2013
[2,10]. We selected all available presumptive NTHi isolates
(n = 509, 458 from Np and 51 from ED swabs) from 330 children
aged <3 years, where individual parental consent had been given
for future use of samples. ED samples were only collected when
discharge was present upon examination. Presumptive NTHi iso-
lates were identified by colony morphology (all morphotypes were
selected), haemin and NAD dependence (Oxoid), and capsule
absence using the Haemophilus Phadebact (Remel) test. Isolates
were screened using the hpd#3 real-time PCR assay [16]. Those
negative for hpd#3 were further scrutinised using a multiplex
PCR targeting siaT and hypD to confirm the isolate as H. influenzae
and not H. haemolyticus [17].

For this analysis children were allocated to one of three groups
based on their vaccine history prior to the Np and/or ED swab
collection.

PCV7 group: those vaccinated exclusively with PCV7 (primary
course at 2, 4 and 6 months) prior to November 2009. Older chil-
dren may have also received the scheduled 18 month pneumococ-
cal polysaccharide vaccine (PPV23) booster.

PHiD-CV10 group: those vaccinated exclusively with of PHiD-
CV10 (primary course 2, 4 and 6 months) between April 2010
and May 2012. Older children may have also received the sched-
uled 18 month PHiD-CV10 booster.

PCV13 group: those vaccinated exclusively with PCV13 (pri-
mary course 2, 4 and 6 months), who had swabs collected after
June 2012. Older children may have received the scheduled
12 month PCV13 booster.
2.2. Genomic analysis

The hpd#3 amplicon represents 150 bp of the 1092 bp NTHi hpd
gene [16]. To further clarify hpd#3 amplicon negative outcomes,
we reviewed the hpd loci of 602 available H. influenzae genomes
derived from isolates associated with lung, ear, invasive disease
and Np carriage from varying geographic locations, both local
and international. This included 41 isolates analysed with the
hpd#3 PCR in this study. The bioinformatic tool ARIBA [18] was
used to generate local assemblies of the hpd#3 sequence from
genomic short-read data to confirm the presence of an incomplete
hpd#3 sequence, with reference to the H. influenzae PittEE genome
(GenBank accession CP000671.1) [19] from which the hpd#3 assay
was derived.

2.3. Statistical analysis

We compared the proportion of hpd#3-PCR negative swabs,
hpd#3-PCR negative isolates and hpd#3-PCR negative children
between vaccine groups using the Chi-square test. Children were
considered hpd positive if any isolate from any swab (Np or ED)
collected from that child was hpd#3-PCR positive. Swabs were con-
sidered positive if any isolate from the swab was hpd#3-PCR pos-
itive. Ages were compared using the Wilcoxon rank-sum test and
logistic regression for association with hpd-negativity. Analysis
was performed with Stata 14.

2.4. Ethics

Source studies had full ethical approval from the Human
Research Ethics Committee of both Menzies School of Health and
NT Department of Health (HREC 00153) and Central Australia
(HREC 00155). All participants in this analysis had consented to
future use of samples for related research.
3. Results

3.1. Isolate results

Of the 330 study children who contributed NTHi positive sam-
ples: 134 children from the PCV7 group contributed 130 Np swabs
(219 isolates) and 18 ear discharge swabs (27 isolates); 132 chil-
dren from the PHiD-CV10 group contributed 129 Np swabs (162
isolates) and 8 ED swabs (15 isolates); and 64 children from the
PCV13 group contributed 64 Np swabs (77 isolates) and 8 ED
swabs (9 isolates) (Table 1). Some swabs contributed more than
one isolate. Of these children, 92% of the cohort had completed
their primary PCV schedule at sampling (91% of PCV7 group, 98%
of the PHiD-CV10 group and 83% of the PCV13 group). Most chil-
dren with incomplete schedules were age appropriately
immunised.

The median age was statistically lower in each consecutive
group (Table 1). Logistic regression showed no association between
hpd#3-negative children, age, and vaccination group (data not
shown). Gender was evenly balanced between groups. Each child
contributed a swab or swabs from a single time point. Most chil-
dren contributed a swab from only the Np, seven contributed only
ED swabs and twenty contributed swabs from both sites (Table 1).

The median number of isolates per child was 2 (range 1–9). The
median number of swabs per child was 1 (range 1–3). This gave a
total of 458 Np isolates and 51 ED isolates for PCR scrutiny.

Overall, 7% (31/458) of NTHi isolates from the Np and 6% (3/51)
of NTHi isolates from ED were hpd#3-PCR negative. By child, 6%
(18/330) were hpd#3-PCR negative (both Np and ED swabs). Con-
current carriage of both a hpd#3-PCR negative and hpd#3-PCR pos-
itive NTHi isolate was observed for six PCV7 NP swabs, and one Np
swab each in the PHiD-CV10 and PCV13 groups. Of the hpd#3-PCR
negative isolates (n = 34; 6%), multiplex real-time PCR revealed
that two Np isolates from children in the PCV7 group were H.
haemolyticus [17]. Removal of these isolates from the analysis did
not significantly affect p-values.

There were no statistically significant differences in the propor-
tion of children with hpd#3-PCR negative NP swabs between vac-
cine groups (5% PCV7 vs 6% PHiD-CV10, p = 0.778; 3% PCV13 vs 6%
PHiD-CV10, p = 0.364) (Table 2). Among the small number of ED
swabs, no vaccine-group difference was apparent (6% PCV7 vs 0%
PHiD-CV10, p = 0.497; 12% PCV13 vs 0% PHiD-CV10, p = 0.302).



Table 1
Demographics of children and swab sites, by group.

PCV era/years n = number of children PCV7 PHiD-CV10 PCV13 PCV7 vs PHiD-CV10
p-value

PHiD-CV10 vs PCV13
p-value<2009 2010–2012 >2012

n = 134 n = 132 n = 64

Age in years, median (range) 1.54 (0.43–2.58) 1.26 (0.5–2.76) 1.08 (0.42–2.42) <0.001 0.014
Sex male (%) 51 46 50 0.388 0.550

No. children who contributed which type of swab
Np only 118 126 59
Np + 1 ED 10 2 2
Np + 2 ED 2 1 3
No Np, 1 ED swab 4 2 0
No Np, 2 ED swabs 0 1 0 Totals
Total Np isolates 219 162 77 458
Total ED isolates 27 15 9 51

Np: Nasopharyngeal; ED: ear discharge.

Table 2
hpd#3-PCR results by vaccine group.

PCV7 PHiD-CV10 PCV13 PCV7 vs PHiD-CV10 p-value PHiD-CV10 vs PCV13 p-value
<2009 2010–12 >2012

Np swabs (n) 130 129 64
hpd#3 negative (%) 7 (5) 8 (6) 2 (3) 0.778 0.364
hpd#3 positive (%) 123 (95) 121 (94) 62 (97)
Np isolates (n) 219 162 77
hpd#3 negative (%) 16 (7) 11 (7) 4 (5) 0.846 0.635
hpd#3 positive (%) 203 (93) 151 (93) 73 (95)
ED swabs (n) 18 8 8
hpd#3 negative (%) 1 (6) 0 1 (12) 0.497 0.302
hpd#3 positive (%) 17 (94) 8 (100) 7 (88)
ED isolates (n) 27 15 9
hpd#3 negative (%) 1 (4) 0 2 (22) 0.451 0.057
hpd#3 positive (%) 26 (96) 15 (100) 7 (78)
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3.2. Genomic analysis of hpd#3 amplicon variation

For this analysis, 602 H. influenzae genome sequences were
investigated, of which 41 genomes corresponded to isolates
included in this study. The hpd gene sequence was assembled for
each genome, revealing twenty-four unique hpd#3 amplicon vari-
ants (AVs) (Fig. 1). Four of the AVs likely result in disrupted hpd#3
PCR amplification due to the absence of a primer binding site due
to 50 or 30 hpd gene truncations (AV 21–24). Multiple partial hpd
assemblies were observed for four genomes. A full hpd#3 amplicon
was observed in 3 of the 4 genomes (AVs 2, 9, 10), one of which
Fig. 1. Nucleotide sequences of the unique hpd#3 amplicon variants (AVs). The primer (h
sequences are presented relative to AV1, where letters denote observed variation at the r
denoted by a dash.
corresponded to a study isolate and amplified in the hpd#3-PCR
as expected (AV 10). The remaining genome had two partial hpd
assemblies, neither containing a full hpd#3 amplicon (AV 23, 24)
and this genome did not overlap with the study cohort.

Of the 602 genomes reviewed, 43 (7%) had the 50 truncation of
the hpd gene that included the hpd#3 forward primer binding site
(AV 21, 22) (Fig. 1). We expect that this truncation would abrogate
Protein D expression. As mentioned, four genomes (0.7%) had par-
tial hpd genome assemblies that would also likely preclude Protein
D expression. An additional four genomes (0.7%) had small 30 trun-
cations (86–118 bp) which did not affect the hpd#3 amplicon (data
pd#3_F822 and hpd#3_Pb896i) positions are indicated by grey boxes. AV nucleotide
elevant nucleotide position, and dots signify identical sequence. Missing sequence is
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not shown). The impact of this truncation on Protein D expression
is not yet known.

Among the 41 genomes corresponding to isolates used in this
study, 41 harboured full hpd#3 amplicons (AVs 2, 4, 7, 8, 10, 15,
and 18) and were hpd#3-PCR positive. The remaining isolate was
hpd#3-PCR negative, which correlated with the presence of a trun-
cated hpd#3 (AV 21) in its genome.
4. Discussion

We found no difference in proportions of children with hpd#3-
PCR negative NTHi Np carriage between the PCV7, PHiD-CV10 and
PCV13 groups investigated. This suggests that the use of PHiD-
CV10 did not select for NTHi Np carriage isolates with a truncated
or absent hpd gene. Additionally, among the small numbers of ED
swabs tested, we found no difference in the proportion of hpd#3-
PCR-negative isolates between vaccine groups. Due to the small
sample size we are not able to definitively conclude there is no dif-
ference in hpd#3-PCR-negative NTHi isolated from ear discharge. A
larger study of ear isolates may clarify the role of hpd in observed
compartmental effect [10]. There was a statistically significant dif-
ference in age between the vaccine groups and hence potential
group differences in vaccine-induced immunity at the time of Np
and ED sampling, however logistic regression showed no associa-
tion of age with the odds of a child having hpd#3-PCR negative
NTHi.

Overall, 92% of the analysed cohort had received their primary
schedule vaccines (2, 4, and 6 months of age) at sampling. The
majority of the incomplete schedules were age appropriate. The
overall NT paediatric population has high vaccination rates, with
PCV vaccination completed by age 12 months in approximately
90% of children from 2007 to 2012 [20–23]. While we did not
observe a NTHi hpd#3-PCR-negative population difference, nor a
change in overall NTHi Np carriage, PHiD-CV10 was only in use
in the NT for two years, and longer-term use could potentially
drive subtle bacterial population changes beyond those measured
here.

Antibiotic use by the child in the weeks prior to sampling was
not taken into consideration for this analysis. All available NTHi
were tested for hpd#3 without review of antibiotic susceptibility.
In the original collection studies there was a significant increase
in antibiotic prescriptions in the PHiD-CV10 era compared to
PCV7, (28% to 42%, p=<0.0001) [10], however this did not impact
on the NTHi carriage, which remained between 63% and 71% across
the three eras [2].

Our data suggest that the hpd#3-PCR negative NTHi isolates in
this study could have a truncated or absent hpd gene, resulting in
hpd#3-PCR non-amplification. The ramifications of the non-
amplification of hpd#3-PCR negative NTHi isolates where hpd-
based PCR methods are used in isolation to identify or quantify
H. influenzae, include species misidentification, and/or underesti-
mation of prevalence and density. More robust H. influenzae PCR
targets have since been published that complement (fucP
[24,25]), or replace entirely (siaT [17]) the hpd#3 PCR, providing
the opportunity to identify NTHi with and without the hpd gene.

The impact of observed hpd gene truncations on Protein D for-
mation and expression will be the focus of further investigation.
However, we speculate that a significant hpd truncation (AV 21–
24) or complete gene absence would directly negatively affect pro-
tein D expression. This may allow NTHi to evade PHiD-CV10
vaccine-mediated antibody response. However, the associated fit-
ness costs and impact to NTHi virulence is not currently known.
Stability at approximately 7% of the NTHi population suggests
hpd#3-PCR negative NTHi does not noticeably affect bacterial fit-
ness. Ahren et al reported that protein D promoted adherence
and internalisation on NTHi into human monocytic cells [26],
therefore from a clinical perspective these hpd#3-PCR negative iso-
lates may be less infective.

The genome collection used is not a true NTHi population rep-
resentation, as disease-related and non-standard NTHi were delib-
erately selected for whole genome sequencing as part of other
studies. However, the prevalence of truncated hpd conferring a
non-amplifying hpd#3 sequence (AV 21 – 24, Fig. 1) in the NTHi
genomes was similar to the prevalence of hpd#3-PCR negative
Np isolates from the study population, suggesting the NTHi gen-
ome dataset provided a reasonable approximation.

In conclusion, the use of PHiD-CV10 does not appear to select
for NTHi Np carriage isolates with a truncated or absent hpd gene.
However, our previous finding of a potential compartmental
impact of PHiD-CV10 on NTHi culture from the Np versus middle
ear suggests that further investigation of hpd gene variation in
NTHi isolates from ear discharge is warranted [9,10]. Further inves-
tigation of hpd truncations and their effect on Protein D formation
and expression is also warranted to help elucidate implications for
vaccine efficacy.
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5.3  Summary and discussion 

 
The proportion of hpd#3-negative isolates was consistent across three vaccine eras. 

Approximately 7% of NTHi from Northern Territory (NT) remote living Indigenous children 

across the three vaccine eras were hpd#3-negative, with no change in overall NP NTHi 

carriage across these eras (Leach, AJ 2015b; Leach, AJ 2016). There was no observable 

difference in proportions from ED isolates in this study either, however the low number of 

isolates available for PCR analysis precludes drawing strong conclusions.  

 

A similar study published in 2019 reports data from Icelandic children (Sveinsdottir 2019), 

aged 1-7 years attending day care centres between 2011 and 2017. They reported the 

proportions of NTHi from carriage and middle ear discharge and the proportions of 

H. influenzae which were capsular and negative for hpd genes (using hpd#1 and hpd#3 PCR 

targets) post introduction of PHiD-CV10 in a 2+1 schedule in the Icelandic National 

Immunisation program in 2011. Consistent with our results, the Icelandic study reported no 

difference in the proportions of carriage NTHi with hpd-negative isolates; however, they did 

find an increase in ED isolated hpd-negative NTHi over time, despite an overall decrease in 

the number of ED samples collected (with stable proportions of ED NTHi positivity over time).   

 

Understanding PD expression and its role in stimulating immune response to promote 

bacterial clearance is an interesting question. The role of expression and the individual 

isolate variation in the level of protein production is only important if the prevention of 

disease or carriage by PHiD-CV10 vaccination is evident.      

 

The implication of a protein D negative NTHi is evasion of vaccine elicited response. Protein 

D is implicated as a virulence factor (Ahren 2001), therefore protein D negative isolates may 
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be less likely to cause infection. In the literature there is little data describing protein D 

expression in isolates. One of the few studies measured protein expression by NTHi in 

unfavourable environmental conditions, like low oxygen and temperature (Alrousan 2015) 

and found increased protein expression compared to more favourable environments. Middle 

ear tissue has been shown to be hypoxic in mouse models when persistent effusion is 

present, which also may be the case in humans (Bhutta 2019). Hypoxic conditions may 

elevate the production of protein D. Increased protein in turn increases the potential for 

antibody response, and thus potentially a compartmental difference in clearance (due to 

increased antibody attachment) in unfavourable niche conditions.   

 

This study measured the vaccine effect on one gene target. However, larger genome wide 

studies may show differential selection based on other genes in NTHi. A change in NTHi 

population dynamics at a genomic level was reported in PCV13 compared to PCV7 vaccinated 

children, it accompanied an increase in NTHi NP carriage when switching from PCV7 to PCV13 

(Cleary 2018). A statistically significant association between S. pneumoniae co-carriage and 

a specific NTHi genomic lineage was observed in the PCV7 era, and a second lineage was 

associated with non-carriage of S. pneumoniae. These associations were non-significant in 

the PCV13 era, indicating that the assumed change in S. pneumoniae population (reduction 

in PCV13 non-PCV7 types) indirectly changed the NTHi-S. pneumoniae dynamic. They noted 

that during the PCV7 era NTHi carriage was more associated with serotype 19A and groups 

6 and 11, some relationships which would be impacted by PCV13 introduction. This supports 

the hypothesis that a broader genome study may still show impact from PHiD-CV10 on NTHi, 

direct or otherwise. 

 

Globally, there is little evidence of impact on NP NTHi carriage from PHiD-CV10, and 

statistically significant differences have only been observed in older children post-booster 
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dose, consistent with our observations for ED (Leach, AJ 2015b) (median age 18 months).  

Compartmental effect (impact on lung microbiology without change in NP carriage) was also 

reported in an observational study of chronic lung infection (reduction in lung wash samples 

positive for NTHi) (Hare 2018), in addition to the ED difference described, which was from a 

cross-sectional survey, with both studies conducted when PHiD-CV10 was in use in the NT.  

 

Vaccine selective pressure from PHiD-CV10 on NTHi NP carriage has not been observed in 

this retrospective study, reporting results from cross sectional surveillance. The reduction of 

NTHi in ED as reported in a cross-sectional study in PHiD-CV10 vaccinated children (Leach, AJ 

2015b) needs to be reproduced within the framework of a randomised controlled trial to 

support the hypothesis of a compartmental effect.  
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6 Chapter 6: PREVIX_COMBO: Microbiological 

outcomes of a PCV RCT 

 
6  

6.1  Overview 

This chapter is concerned with the nasopharyngeal and ear discharge microbiology of a 

vaccine randomised controlled trial, using both PHiD-CV10 and PCV13 in an early start mixed 

pneumococcal conjugate vaccine primary schedule compared to either alone.  

 

As described, PHiD-CV10 replaced PCV7 in 2009 in the NT government funded infant 

immunisation schedule. This was associated with reductions in NTHi cultured from ED (Leach, 

AJ 2015b) and in bronchiolar lavage samples(Hare 2018). PCV13 replaced PHiD-CV10 on the 

schedule with the rest of Australia in 2011. The additional serotypes, 3,6A and 19A, were of 

international interest due to increasing carriage and disease due to serotypes 3 and 19A in 

regions where PCV7 uptake was high. Increased 19A was observed in carriage in WA (Collins 

2013) , and overall in Australian IPD (Gidding 2018). 

 

Ideally both vaccines could be used to together to provide protection for both NTHi and the 

PCV13 exclusive serotypes, 3, 6A and 19A. This is not recommended by vaccine 

manufacturers; however, this is not based on evidence of immune detriment.  

 

Prior to this study, no data were published reporting mixed pneumococcal vaccine primary 

schedules. The PREVIX_COMBO study was powered primarily for immunologic outcomes, at 

7 months, one month post-primary schedule, to assess the non-inferiority of a mixed primary 

schedule compared to either alone, also allowing a head to head comparison of PHiD-CV10 

and PCV13. The study collected data for otitis media (OM) and microbiological secondary 
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outcomes. The microbiological analysis of NP and ED samples for children aged 1-7 months 

by vaccine group and overall are presented in the following publication.  

 

Microbiological and molecular methods, which are described in brief in the publication, are 

described in detail in Appendix B.   

 

6.2  Published article: “Nasopharyngeal carriage of otitis media 

pathogens in infants receiving 10-valent non-typeable 

Haemophilus influenzae protein D conjugate vaccine, 13-

valent pneumococcal conjugate vaccine or a mixed primary 

schedule of both vaccines: a randomised controlled trial” 

(overleaf) 
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Background: Aboriginal children in Northern Australia have a high burden of otitis media, driven by early
and persistent nasopharyngeal carriage of otopathogens, including non-typeable Haemophilus influenzae
(NTHi) and Streptococcus pneumoniae (Spn). In this context, does a combined mixed primary series of
Synflorix and Prevenar13 provide better protection against nasopharyngeal carriage of NTHi and Spn ser-
otypes 3, 6A and 19A than either vaccine alone?
Methods: Aboriginal infants (n = 425) were randomised to receive SynflorixTM (S, PHiD-CV10) or Prevenar13TM

(P, PCV13) at 2, 4 and 6 months (_SSS or _PPP, respectively), or a 4-dose early mixed primary series of PHiD-
CV10 at 1, 2 and 4months and PCV13 at 6months of age (SSSP). Nasopharyngeal swabs were collected at 1, 2,
4, 6 and 7 months of age. Swabs of ear discharge were collected from tympanic membrane perforations.
Findings: At the primary endpoint at 7 months of age, the proportion of nasopharyngeal (Np) swabs positive
for PCV13-only serotypes 3, 6A, or 19A was 0%, 0.8%, and 1.5% in the _PPP, _SSS, and SSSP groups respectively,
and NTHi 55%, 52%, and 52% respectively, and no statistically significant vaccine group differences in other
otopathogens at any age. The most common serotypes (in order) were 16F, 11A, 10A, 7B, 15A, 6C, 35B,
23B, 13, and 15B, accounting for 65% of carriage. Ear discharge swabs (n = 108) were culture positive for
NTHi (52%), S. aureus (32%), and pneumococcus (20%).
Conclusions: Aboriginal infants experience nasopharyngeal colonisation and tympanicmembrane perforations asso-
ciated with NTHi, non-PCV13 pneumococcal serotypes and S. aureus in the first months of life. Nasopharyngeal car-
riage of pneumococcus or NTHiwas not significantly reduced in the early 4-dose combined SSSP group compared to
standard _PPP or _SSS schedules at any time point. Current pneumococcal conjugate vaccine formulations do not
offer protection from early onset NTHi and pneumococcal colonisation in this high-risk population.
� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Remote-dwelling Aboriginal and Torres Strait Islander (here-
after respectfully termed Indigenous) children in Australia have a
high burden of infectious disease. Otitis media (OM), which com-
mences at a younger age, is more likely to progress to complica-
tions (perforations, chronicity and hearing loss) in this
population [1]. On average almost 20% children have chronic sup-
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purative otitis media (CSOM) or acute otitis media with perforation
(AOMwiP) at 18 months of age [2–4]. The predominant bacterial
pathogens associated with early onset of persistent OM in this pop-
ulation are non-typeable Haemophilus influenzae (NTHi) and Strep-
tococcus pneumoniae (Spn) [5]. Colonisation of the nasopharynx by
Spn, NTHi and other potentially pathogenic bacteria occurs within
the first weeks of life [5,6]. NTHi is the dominant bacterial patho-
gen cultured from discharging ears [7].

A pneumococcal conjugate vaccine (PCV) program commenced in
Australia in 2001 for Indigenous infants and in 2005 for non-
Indigenous infants with Prevenar7TM (PCV7). The Northern Territory
(NT) then moved to SynflorixTM (PHiD-CV10) in 2009 and Prevenar
13TM (PCV13) in 2011. In the NT [8–11], more than 90% of infants have
completed their 3 dose primary series by 12–15 months of age.

During the two year PHiD-CV10 era in the NT, there was a sig-
nificant reduction in NTHi cultured from ear discharge (compared
to PCV7 era), with no corresponding reduction in Np NTHi carriage
[12]. International trials had previously shown that vaccine effi-
cacy against tympanocentesis-confirmed NTHi-AOM in the 11PnPd
precursor vaccine trial (POET) in Czech and Slovakian infants was
35%. The effect on carriage was small and a non-significant trend
of reduced carriage compared to the control group carriage became
significant only post booster dose, for any H. influenzae (18/177,
10.2% vs 31/175, 17.7%, p = 0.046) [13,14]. In the more recent COM-
PAS trial, there was lower Np carriage than predicted (4–6% over all
age groups 12–27 months), and no reduction in carriage was
detected, including post-booster dose [15].

Post-PCV7 introduction in Australia, whilst there was no change
in overall carriage, there was a reduction in PCV7 serotype carriage
and disease. Due to serotype replacement, an increased prevalence
of pneumococcal serotype 19A was reported in carriage in Western
Australian Aboriginal children [16], and nationwide a four-fold
increase in 19A-invasive pneumococcal disease in children under
5 years old [17], likely preceded by carriage. As only PCV13
includes 19A, a study was designed that would use the two current
pneumococcal conjugate vaccines in combination, to derive benefit
from both formulations.

We undertook a 3-arm randomised controlled trial to compare
immunogenicity, safety, clinical and microbiological outcomes fol-
lowing standard 2-4-6 month schedules of PHiD-CV10, PCV13, or a
novel early start mixed primary schedule of PHiD-CV10 at 1, 2, and
4 months followed by PCV13 at 6 months [18]. In the primary out-
come paper we demonstrated that the combination schedule was
immunogenic against all vaccine serotypes including the PCV13-
only serotypes 3, 6A, and 19A and the PHiD-CV10-only non-
typeable Haemophilus influenzae protein D at 7 months of age.
These responses in the combination group were not significantly
lower than the responses to either vaccine alone [19].

In this publication we report the priority Np and ear discharge
microbiological outcomes by vaccine randomisation group. These pri-
marymicrobiological objectives were to determine whether the com-
bination schedule provides i) significant difference in Np carriage of
PCV13-vaccine-only serotypes 3, 6A, and 19A compared to PHiD-
CV10 alone, ii) significant difference in Np carriage of NTHi compared
to PCV13 alone, one month post primary schedule, at 7 months of
age, and iii) describe early life Np carriage and ear discharge respira-
tory pathogen bacteriology and antimicrobial resistance.
2. Methods

2.1. Study design and participants

This assessor blinded randomised controlled trial enrolled 425
Australian Indigenous (1:1:1) infants from 5 remote Aboriginal
communities in the Northern Territory and Western Australia to
2265
receive either PHiD-CV10 (S) or PCV13 (P) at 2, 4 and 6 months
(_SSS or _PPP), or an early start novel combination schedule of
PHiD-CV10 at 1, 2 and 4 months and PCV13 at 6 months (SSSP) [18].

This trial was registered with ANZCTR (ACTRN12610000544077)
and ClinicalTrials.gov (NCT01174849). Ethical approval for the trial
was provided by the Human Research Ethics Committee of the North-
ern Territory Department of Health & Families and the Menzies
School of Health Research (HREC - EC00153), ref: HREC-2010-1395,
Central Australian Human Research Ethics Committee (CAHREC -
EC00155), ref: 2010.06.02, West Australian Aboriginal Health Infor-
mation Ethics Committee (WAAHIEC) ref: 377-12/2011, and theWes-
tern Australia Country Health Service Ethics (WACHS), ref: 2012:17.

2.2. Procedures

Data collection began in September 2011 and was completed in
May 2018. The published study protocol [18] outlines all study
procedures. Briefly, Np swabs were collected at 1, 2, 4, 6 and
7 months (Fig. 1). Primary endpoint samples were collected at least
28 days post 6-month dose. Ear discharge swabs were collected
when discharge was observed during the otoscopic examination
or at tympanometry, from both AOMwiP (defined as discharge of
pus through a small perforation (hole) in the eardrum within the
last 6 weeks) and CSOM (persistent ear discharge for at least
6 weeks through a perforation of >2% of the pars tensa). All samples
were collected and stored as per WHO guidelines for pneumococ-
cal trials [20]. In brief, a 10 ml aliquot of the Np swab in STGGB was
plated using a semi-quantitative method onto selective and non-
selective media to isolate Spn, NTHi, Moraxella catarrhalis (Mc)
and Staphylococcus aureus (Sa). Swabs collected from infants at
ages 1, 2, and 4 months had two additional aliquots of 50 ml plated
on Spn and NTHi selective media for the retrieval of low density
carriage. Swabs were coded as positive if the bacteria of interest
were grown from either the 50 ml spread plates or the semi-
quantitative plates. Capsular Spn were identified by morphology,
optochin resistance and a positive Quellung reaction (Statens
Serum Institute of Copenhagen, Denmark). Throughout the manu-
script ‘Spn’ refers to capsular Spn only. Presumptive NTHi were
identified by morphology, X and V dependence (Oxoid) and coag-
glutination negative (Haemophilus Phadebact, Remel). NTHi iso-
lated from ear discharge samples were confirmed as H. influenzae
by PCR to differentiate them from non-haemolytic H. haemolyticus.
Np NTHi isolates were not speciated by molecular methods, as only
0.34% of Np NTHi isolates from this population are misidentified
Hh [21]. Mc were identified by morphology, oxidase production
and Gram stain. Sa were identified by colony morphology and
coagulation by latex agglutination (Staphaurex, Remel). beta-
lactamase production by NTHi and Mc was determined using nitro-
cephin (Oxoid, Australia). Spn (oxacillin, penicillin, tetracycline,
erythromycin, sulphamethoxazole trimethoprim, chlorampheni-
col) and Sa (oxacillin, penicillin, erythromycin, cefoxitin, gentam-
icin, ciprofloxacin) had antimicrobial susceptibility screening by
Calibrated Dichotomous Sensitivity (CDS) [22]. If Spn isolates were
non-susceptible to penicillin or erythromycin, the MIC was deter-
mined by Etest (bioMerieux, Australia). Resistance breakpoints
for penicillin and azithromycin are according to EUCAST guidelines
(penicillin sensitive � 0.06 mg/l, intermediate > 0.06 and � 2 mg/l,
resistant > 2 mg/l; azithromycin sensitive � 0.25 mg/l,
intermediate > 0.25 and � 0.5 mg/l, resistant > 0.5 mg/l).

For NTHi, Mc and Sa, one colony was arbitrarily selected from
the primary culture, plus any morphologically distinct colony
types. Two arbitrarily colonies of the dominant morphotype of
Spn were selected, plus any morphologically distinct colony types.

The guardian of the child, (usually the biological mother) was
interviewed using a standardised risk-factor questionnaire when
the child was 1 and 6 months of age.



425 Randomised at 1 month of age*

141 allocated to Synflorix 141 allocated to combination  143 allocated to Prevenar

Infants NOT seen = 7
4 not found
0 withdrawn 
3 LTFU

Infants seen (N) = 136 (ITT)
Data available (ITT)

136 Np swab collected
136 ear diagnosis
5 with wet perfora�on
5 ED collected

Infants NOT seen = 6
0 not found
4 withdrawn 
2 LTFU

Infants seen (N) = 135 (ITT)
Data available (ITT)

135 Np swab collected
132 ear diagnosis
1 with wet perfora�on
1 ED collected

Infants seen (N) = 143 (ITT)
0 withdrawn 
141 within window
0 viola�on

141 included in ATP analysis
Data available (ITT)

82 Np swab collected
140 ear diagnosis
0 with wet perfora�on
0 ED collected

Infants seen (N) = 141 (ITT)
0 withdrawn 
129 within window
0 viola�on

129 included in ATP analysis
Data available (ITT)

83 Np swab collected
139 ear diagnosis
0 with wet perfora�on
0 ED collected

Infants seen (N) = 140 (ITT)
1 withdrawn 
126 within window
0 viola�on

126 included in ATP analysis
Data available (ITT)

80 Np swab collected
136 ear diagnosis
0 with wet perfora�on
0 ED collected

Infants NOT seen = 6
2 not found
2 withdrawn 
2 LTFU

Infants seen (N) = 135 (ITT)
Data available (ITT)

135 Np swab collected
133 ear diagnosis
4 with wet perfora�on
4 ED collected
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Infants NOT seen = 2
2 not found
0 withdrawn 
0 LTFU

Infants seen (N) = 141 (ITT)
Data available (ITT)

140 Np swab collected
137 ear diagnosis
0 with wet perfora�on
0 ED collected

Infants NOT seen = 5
2 not found
2 withdrawn 
1 LTFU

Infants seen (N) = 136 (ITT)
Data available (ITT)

136 Np swab collected
133 ear diagnosis
0 with wet perfora�on
0 ED collected

Infants NOT seen = 2
1 not found
1 withdrawn 
0 LTFU

Infants seen (N) = 139 (ITT)
Data available (ITT)

139 Np swab collected
138 ear diagnosis
3 with wet perfora�on
3 ED collected

Infants NOT seen = 5
0 not found
0 withdrawn 
5 LTFU

Infants seen (N) = 138 (ITT)
Data available (ITT)

137 Np swab collected
138 ear diagnosis
17 with wet perfora�on
16 ED collected

Infants NOT seen = 4
0 not found
2 withdrawn 
2 LTFU

Infants seen (N) = 137 (ITT)
Data available (ITT)

137 Np swab collected
136 ear diagnosis
10 with wet perfora�on
10 ED collected

Infants NOT seen = 9
0 not found
5 withdrawn 
4 LTFU

Infants seen (N) = 132 (ITT)
Data available (ITT)

132 Np swab collected
132 ear diagnosis
12 with wet perfora�on
11 ED collected

7 
m
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s
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Infants NOT seen = 7
3 not found
0 withdrawn 
4 LTFU

Infants seen (N) = 136 (ITT)
Data available (ITT)

136 Np swabs collected
135 ear diagnosis
17 with wet perfora�on
17 ED collected

Infants NOT seen = 9
1 not found
5 withdrawn 
3 LTFU

Infants seen (N) = 132 (ITT)
Data available (ITT)

131 Np swab collected
130 ear diagnosis
11 with wet perfora�on
6 ED collected   

Infants NOT seen = 5
1 not found
2 withdrawn 
2 LTFU

Infants seen (N) = 136 (ITT)
Data available (ITT)

134 Np swab collected
135 ear diagnosis
10 with wet perfora�on
9 ED collected

*1018 mothers assessed for eligibility, 593 excluded [326 ineligible (gesta�on<32 weeks, baby >38 days, non-study 
residence, infant deceased, clinician advice, unable to locate / contact mother), 112 miscarriage / s�llborn / unknown 
pregnancy outcome, 8 pending birth, 145 refused / unable to contact within window, 2 withdrawn post consent prior to 
randomisa�on], 425 randomised 

Fig. 1. Number of infants seen and procedures completed by age and vaccine group.
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2.3. Statistical analysis

The enrolment target of 425 infants had over 90%power to detect
reductions in NTHi and 19A carriage at 7months of age, from 80% to
50% (for NTHi) and 20% to 5% (for 19A), respectively, between the
COMBO group and the PCV13 group (for NTHi), and the COMBO
group and PHiD-CV10 group (for 19A) [13,23,24]. Binomial exact
95% confidence interval was calculated for all carriage outcomes
and two-sidedFisher’s exact test used invaccinegroupcomparisons.
In secondary analyses, these comparisons were also applied to ear
discharge samples and all samples at other timepoints. Data for ser-
otypes 3, 6A, and 19A were aggregated for comparison due to the
small number isolated. Cumulative carriage was calculated using
all swabs, once an infant is observed to be carriage positive (by
organism, Spn, NTHi and Mc) they are counted as positive at their
age in days. New acquisition of a serotype is defined as a serotype
different to the carriage type first isolated in the infant and includes
multiple carriage serotypes counted individually. If multiple car-
riage was observed at the first colonisation the next serotype had
to be different to both isolated serotypes to be counted as a new
acquisition. If a specific serotype was observed in an infant at non-
consecutive visits this was not counted as a new acquisition.Where
there was no difference in serotype or antibiogram the data for the
first isolate only was included in the analyses. For multiple isolates
of the same serotype but different antibiograms, bothwere included
Table 1
Baseline and 7 month characteristics.

Characteristics PCV13 PREVENAR13 (PPP)
N = 143

Characteristics at baseline (1 month of age)
Sex
Male 77 (53.8%)

Female 66 (46.2%)
Gestational age, weeks
Mean (SD) 38.4 (1.4)

Birthweight, kg
Mean (SD) 3.2 (0.5)

Weight at randomisation, kg
Mean (SD) 4.3 (0.5)

Age at randomisation, days
Mean (SD) 33.1 (3.3)

Community – total randomisation
Wurrumiyanga (Nguiu) 29 (20.3%)
Wadeye 53 (37.1%)
Kununurra 26 (18.2%)
Alice Springs (CAAC) 7 (4.9%)
Maningrida 28 (19.6%)

Risk factors for OM at visit 1
Family history of TMP (mother) 22 (19.3%)
Family history of TMP (siblings) 19 (19%)
Siblings under 5 years
Median (IQR) 2.0 (1.0–2.0)

Breast fed 120 (96.8%)
Breast fed only 98 (83.8%)
Bottle fed 24 (19.7%)
Bottle fed only 4 (3.3%)
Mother smoked during pregnancy 58 (48.7%)
Others smoked in household 27 (21.8%)
Use cooking fire 23 (18.7%)

Characteristics at 7 months of age
Age in months,
Mean (SD) 7.1 (0.72)
Risk factors for OM at visit 1
Sibling in the study
1 116 (84.7%)
2 21 (15.3%)
3 0 (0.0%)
Breast fed 110 (90.2%)
Mother smokes 72 (58.5%)
Others smoking at house 30 (24.6%)
Use cooking fire 33 (27.0%)

TMP, tympanic membrane perforation.
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in the analysis of the antimicrobial sensitivity data. Thus, per swab
data may add to more than 100%. Analyses of ear discharge are pre-
sented per child. Where infants have bilateral ear discharge data
were combined. Logistic regression was used to determine the
impact of time on carriage of PCV13 serotypes, adjusted for cluster-
ing by child with robust SE to understand the herd impact of chang-
ing the infant pneumococcal vaccine schedule to PCV13 in the first
year of the trial. Statistical significancewas set ata � 0:05. All statis-
tical analyses were performed using Stata 15 (StataCorp, USA).
Although we have multiple comparisons, no adjustments were
made to significance thresholds.

2.4. Role of the funding source

This study was funded by the National Health and Medical
Research Council (NHMRC) of Australia (GNT605810). The NHMRC
has no input into the study design, collection, analysis, interpreta-
tion of findings or decision to publish these findings.

3. Results

3.1. Demographics and risk factors

Baseline characteristics and prevalence of risk factors were sim-
ilar across the three groups (Table 1). Risk factors for OM remained
PHiD-CV10 SYNFLORIX (SSS) PCV13 and PHiD-CV10 (SSSP)
N = 141 N = 141

69 (48.9%) 70 (49.6%)
72 (51.1%) 71 (50.4%)

38.4 (1.4) 38.1 (1.6)

3.2 (0.5) 3.10(0.5)

4.2 (0.6) 4.0 (0.7)

32.5 (3.8) 32.5 (3.9)

33 (23.4%) 30 (21.3%)
50 (35.5%) 51 (36.2%)
25 (17.7%) 26 (18.4%)
6 (4.3%) 6 (4.3%)
27 (19.1%) 28 (19.9%)

19 (15.7%) 17 (14.4%)
22 (23%) 19 (20%)

2.0 (1.0–2.5) 2.0 (1.0–2.0)
117 (94.4%) 116 (95.9%)
98 (85.2%) 93 (81.6%)
26 (20.8%) 25 (21.0%)
6 (5.0%) 4 (3.4%)
60 (48.4%) 61 (50.8%)
31 (24.8%) 22 (18.2%)
22 (17.6%) 28 (23.1%)

7 (0.66) 7 (0.93)

109 (83.2%) 117 (85.4%)
20 (15.3%) 20 (14.6%)
2 (1.5%) 0 (0.0%)
108 (90.8%) 115 (91.3%)
70 (58.8%) 83 (65.9%)
26 (21.8%) 23 (18.3%)
33 (27.7%) 36 (28.6%)
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Fig. 2. Proportions of nasopharyngeal swabs positive for NTHi, combined serotypes 3, 6A and 19A, any PCV13-types, any capsular Spn, any Mc and Sa at ages 1-7mo by
vaccine group with 95% CI.
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similarly distributed between vaccine groups at 6 months of age.
Overall breast feeding at 6 months was 91%, maternal smoking
was 61%, smoke exposure in the home was 22%, and use of a fire
for cooking or social gatherings was 28%. The number of Np and
ear discharge swabs collected at each timepoint by vaccine group
are shown in Fig. 1.

3.2. Primary microbiology outcomes:

3.2.1. Np carriage of 3, 6A, and 19A and NTHi by vaccine group at
7 months of age

Of the PCV13 exclusive serotypes only two isolates of serotype
3, four isolates of 6A, and 31 isolates of 19A were cultured from Np
swabs over the life of the study. There were no statistically signif-
icant differences for the primary outcomes of combined Np car-
riage prevalence of serotypes 3, 6A, or 19A in the SSSP group
compared to the SSS group (0% vs 0.8%; p = 0.491), or NTHi carriage
in the SSSP group compared to the _PPP group (52% vs 52%, p = 1)
at 7 months of age (Fig. 2, Table 2).

The use of a 50 ml inoculum (compared to 10 ml) for infants aged
1, 2 or 4 months slightly improved the Np carriage detection, par-
ticularly for NTHi (up to 5%). These additional positives are
included in all reporting.

3.3. Secondary microbiology outcomes

3.3.1. Np carriage overall
A total of 1873 Np swabs were collected. Overall, 1159 Spn iso-

lates were serotyped. One Np swab was not able to be assessed for
NTHi and Mc due to swarming overgrowth.

Overall Np carriage of Mc was 70%, Spn 58%, NTHi 53%, and Sa
18%. Carriage of Hi type B was 1.3% and capsule types a, c-f 3.3%.
Proportions by age and overall are reported in Table 2, with all vac-
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cine group comparisons. The cumulative proportion of infants with
Np carriage of Spn, NTHi and Mc is presented in Fig. 3; Mc was
acquired first, followed by Spn and NTHi acquisition from a similar
age. Cumulatively 92%, 91% and 96% were positive for Spn, NTHi
and Mc respectively by age 7 months.

Of the ten serotypes common to both vaccines, no isolate of ser-
otypes 1, 5 or 7F was cultured. The most common vaccine types
were 19F (3%), 19A (3%), 23F (3%) and 9 V (1%). PCV13-VTs declined
during the study period, from 15% of isolates (9% of Np swabs) col-
lected in 2012 to 8% of isolates (4% of Np swabs collected) in 2017–
18. Serotype 19A was 3% of isolates (2% of Np swabs) in 2012 and
0.5% of isolates (0.3% of Np swabs) in 2017–18. For vaccine groups
combined, in a logistic regression, adjusted for clustering by child,
there was a statistically significant temporal trend of declining Np
carriage of PCV13-types from 9% to 4% between late 2011 to May
2018 (OR 0.840, 95%CI 0.617–0.900 p = 0.029). Carriage was dom-
inated by non PCV13 vaccine serotypes (1032/1159, 89%), the most
common types were 16F (15%), 11A (9%), 10A (6%), 7B (6%) and 6C
(5%) (Fig. 4, Table 2).

Concurrent carriage of Spn, NTHi and Mc was 7%, 22%, 33%, 33%
and 30% of swabs at 1, 2, 4, 6 and 7 months respectively. At one
month of age the most prevalent colonisation pattern was Sa alone
(23%), and co-colonisation with Spn, NTHi and Mc was the most
common pattern at all other ages. At each age, more than 40% of
infants had two or more co-colonising respiratory pathogens.

3.3.2. Np carriage of vaccine serotypes by age and vaccine group
At 1 month of age, pre-vaccination, combined Np carriage of

serotypes 3, 6A, or 19A in the PPP, _SSS, and SSSP groups respec-
tively was 1.2%, 2.4%, and 0%. At 2 months of age, carriage was
6%, 0.7%, and 2%, and the difference between the non-vaccinated
groups was significant (p = 0.036). There were no other significant
between group differences at any time point (Table 2).



Table 2
Number of nasopharyngeal swabs positive and percent (%) by vaccine group for NTHi positive swabs and swabs positive for serotypes, 3, 6A and 19A, any PHiD-CV10 types, any
PCV13 types, any capsular Spn and any non-VT Spn.

Category Age (mo) N, number positive, percent (%) per group

N _PPP % N _SSS % N SSSP % Total (%)

NTHi pos 1 82 25 (30.5) 83 25 (30.1) 80 25 (31.3) (30.7)
2 140 77 (55) 136 76 (55.9) 139 63 (45.3) (52.1)
4 136 86 (63.2) 135 81 (60) 135 82 (60.7) (61.3)
6 136 76 (55.9) 131 84 (64.1) 133 83 (62.4) (60.6)
7 137 71 (51.8) 132 73 (55.3) 136 71 (52.2) (53)

Any 3, 6A, 19A 1 82 1 (1.2) 83 2 (2.4) 80 0 (0) (1.2)
2 140 8 (5.7) 136 1 (0.7) 139 3 (2.2) (2.9)
4 136 5 (3.7) 135 4 (3) 135 3 (2.2) (2.7)
6 136 3 (2.2) 131 2 (1.5) 133 3 (2.3) (2.0)
7 137 2 (1.5) 132 1 (0.8) 136 0 (0) (0.7)

Any PHiD-CV10 VT Spn 1 82 4 (4.9) 83 2 (2.4) 80 1 (1.3) (2.9)
2 140 14 (10) 136 4 (2.9) 139 5 (3.6) (5.5)
4 136 13 (9.6) 135 8 (5.9) 135 5 (3.7) (6.4)
6 136 10 (7.4) 131 6 (4.6) 133 3 (2.3) (4.5)
7 137 8 (5.8) 132 5 (3.8) 136 5 (3.7) (3.9)

Any PCV13 VT Spn 1 82 5 (6.1) 83 4 (4.8) 80 1 (1.3) (4.1)
2 140 21 (15) 136 5 (3.7) 139 8 (5.8) (8.2)
4 136 18 (13.2) 135 12 (8.9) 135 8 (5.9) (9.1)
6 136 13 (9.6) 131 8 (6.1) 133 6 (4.5) (6.5)
7 137 10 (7.3) 132 6 (4.5) 136 5 (3.7) (4.7)

Capsular Spn 1 82 26 (31.7) 83 31 (37.3) 80 24 (30) (33.1)
2 140 80 (57.1) 136 66 (48.5) 139 76 (54.7) (53.5)
4 136 86 (63.2) 135 89 (65.9) 135 85 (63) (64)
6 136 86 (63.2) 131 88 (67.2) 133 85 (63.9) (64.8)
7 137 85 (62) 132 86 (65.2) 136 90 (66.2) (64.3)

Any non-VT Spn 1 82 22 (26.8) 83 27 (32.5) 80 23 (28.8) (30)
2 140 62 (44.3) 136 61 (44.9) 139 68 (48.9) (45.8)
4 136 69 (50.7) 135 78 (57.8) 135 78 (57.8) (55.7)
6 136 74 (54.4) 131 81 (61.8) 133 81 (60.9) (59.4)
7 137 77 (56.2) 132 80 (60.6) 136 85 (62.5) (60.1)

Bold type indicates p-value < 0.05 for group comparisons (Fisher’s exact test); Culture of 50 ml added 10 positives for Spn, 1(0.4%), 7 (2%) and 2(0.5%); 41 for NTHi, 6(2%), 13
(3%) and 22(5%); 22 for Sa, 6(2%), 11(3%), and 4(1%) at 1, 2 or 4 months respectively.
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Fig. 3. Cumulative proportion of children positive for the otopathogens Spn, NTHi
and Mc by age.

J. Beissbarth, N. Wilson, B. Arrowsmith et al. Vaccine 39 (2021) 2264–2273
At 2 months of age, one month after first dose of PHiD-CV10 in
the SSSP group, Np carriage of ten common serotypes was not sig-
nificantly lower in the SSSP group (3.6%) compared to either of the
non-vaccinated groups (10% and 2.9%). However, as with 3, 6A and
19A, the difference in Np carriage of ten common serotypes
between non-vaccinated groups was statistically significant (10%
vs 2.9%; p = 0.026). This difference was not sustained at subsequent
timepoints.

At 4 months, following two doses of PHiD-CV10 in the SSSP
group compared to single doses in the _PPP and _SSS groups, Np
2269
carriage of PCV13 serotypes remained highest in the _PPP group
at 13.2% compared to 8.1%, and 5.9% in _SSS and SSSP groups but
differences were non-significant (p = 0.062). Differences at other
timepoints were also non-significant.
3.3.3. Np carriage of non-PCV13 types
Over all ages, Np carriage of non-PVC13 types was 48%, 54% and

54% in the _PPP, _SSS and SSSP groups, respectively. There were no
statistically significant differences at any age (Fig. 2, Table 2). There
was a transient significant difference in proportion positive for ser-
otype 6C at 6 months of age, between the SSSP group (0.7%) and
the _SSS group (5.3%), p = 0.035.
3.4. Antimicrobial sensitivity for Spn and NTHi

Antimicrobial testing (Fig. 4) showed that overall 52% of the
capsular isolates were sensitive, 47% were non-susceptible and
1% were resistant to penicillin; while 71% were sensitive and 29%
were resistant to azithromycin. At age 7 months, the proportion
of infants with an azithromycin resistant isolate was lower in the
_PPP group compared to the SSSP group (15.3% vs 27.7%;
p = 0.018) but not the _SSS group (15.3% vs 24.2%; p = 0.091). There
were no other between group differences in antimicrobial sensitiv-
ity at any age (data not shown).

At a serotype level, over 90% of 7B and 15A isolates were macro-
lide resistant (Fig. 4). The resistance pattern was largely found
among infants living in two specific regions during 2012/13 for
15A and 2013/14 for 7B.

Approximately 9% of NTHi positive swabs had a b-lactamase
producing isolate.



Table 3
Serotype breakdown of consecutive visit carriage.

Same serotype
at consecutive
visits

5 visits (N = 2) 4 visits (N = 12) 3 visits (N = 43)
Serotypes

(n)
10A (1)
23B (1)

15A (3)
10F (2)
1 each of 10A,
11A, 16F, 19F,
33B, 35B, 35F

7B (9)
16F (8)
11A (4)
15B (3)
2 of each 15A, 31, 19F,
6C, 9 V
1 each of 13, 21, 10A,
10F, 22F, 23B, 33B, 33F,
35B, 6C, 9 N
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3.5. Serotype carriage patterns, new acquisitions, and multiple
carriage

Of the 425 infants randomised, at least one Np swab was col-
lected from 422 infants, 33 of whom were negative for capsular
Spn or did not contribute swabs at all timepoints. There were 60
(3%) swabs with two different serotypes isolated, one had three
serotypes. Of the 389 infants with serotype data, 20 infants had a
serotype at all five study visits. Consecutive carriage of the same
serotype at 2 or more visits was seen in 166 infants for 2 visits,
43 for 3 visits, 12 for 4 visits and 2 for 5 visits. Consecutive sero-
types at 3 or more visits are shown in Table 3. Serotype 19F was
the only vaccine serotype to be detected at 3 or more consecutive
visits. The remaining infants had different serotypes or were Spn-
negative visit to visit.
3.6. NP carriage and antimicrobial sensitivity of other otopathogens

Np carriage of NTHi by age and vaccine group (Fig. 2), as
reported in Table 2 shows no statistically significant
differences.

There were no statistically significant differences at any time
point between the vaccine groups for carriage of either Sa or Mc
(Fig. 2). Almost all (97%) of the Mc positive swabs (97% of infants)
had a b-lactamase producing Mc isolate. Overall, 22% of the Sa pos-
itive swabs (4% infants) had a cefoxitin resistant isolate.
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3.7. Ear discharge swabs

Overall, 108 swabs were collected from 124 discharging ears in
57 infants (13%) visited between 2 and 7 months of age; 74 swabs
were from AOMwiP and 34 were from CSOM. At least one pathogen
was isolated in 40 of the 57 infants. One ear discharge swab was
not able to be assessed for NTHi and Mc due to swarming
overgrowth.

3.7.1. Ear discharge culture at the primary 7 month endpoint, by
vaccine group

There were 17, 12 and 10 infants with ear discharge in the _PPP,
_SSS and SSSP groups 7 months of age (9%). None were culture pos-
itive for serotypes 3, 6A, or 19A at this age. There were no signifi-
cant vaccine group differences (Table 4), other than an unexpected
difference in NTHi-positive ear discharge at 7 months between the
_SSS and SSSP groups (3/11, 27.3% vs 8/10, 80%; p = 0.030) but the
low numbers limit robust interpretation.

3.7.2. Ear discharge culture-positive swabs by pathogen and age,
vaccine groups combined

By age, ear discharge swabs were positive for Spn in up to 23%
and NTHi in up to 61% of infants with perforated tympanic mem-
branes. Sa declined from 100% at 2 months of age to 26% at
7 months of age. NTHi was the most common ear discharge patho-
gen detected in either AOMwiP or CSOM (48% and 51%, respec-
tively) (Table 4, Fig. 5). Among 22 Spn isolates cultured from 19
ear discharge swabs taken from 15 infants the serotype hierarchy
was 16F(4) and 7B(4, all from one infant), 11A(2), 13(2), 15A(2),
19A(2), 19F(2), 33F(2), 10A(1) and 33B(1). Mixed serotype infec-
tions were detected on several occasions but are not described
here.
4. Discussion

4.1. Nasopharyngeal carriage

In this 3-arm trial of a head to head comparison of PCV13 and
PHiD-CV10 standard 3-dose schedules, and comparison with a
novel 4-dose early combination of PHiD-CV10 at 1, 2 and 4 months
plus PCV13 at 6 months we found no difference in primary micro-
biological outcomes between the SSSP and _PPP groups (for NTHi),



Table 4
Vaccine group comparisons of ED culture-positive for NTHi, serotypes 3, 6A, and 19A, any PCV13 types, any capsular Spn, any Sa, or Spn and NTHi co-colonisation.

Category Age (mo) N, number positive, percent (%) per group Total (%)

N _PPP % N _SSS % N SSSP %

NTHi 2 0 0 (0) 1 0 (0) 2 0 (0) (0)
4 5 3 (60) 1 1 (100) 4 2 (50) (60)
6 16 6 (37.5) 6 3 (50) 9 5 (55.6) (45.2)
7 17 12 (70.6) 11 3 (27.3) 10 8 (80) (60.5)

Any 3, 6A, 19A 2 0 0 (0) 1 0 (0) 2 0 (0) (0)
4 5 0 (0) 1 0 (0) 4 0 (0) (0)
6 16 0 (0) 6 1 (16.7) 9 0 (0) (3.2)
7 17 0 (0) 11 0 (0) 10 0 (0) (0)

Any PCV13 VT Spn 2 0 0 (0) 1 0 (0) 2 0 (0) (0)
4 5 1 (20) 1 0 (0) 4 0 (0) (10)
6 16 0 (0) 6 1 (16.7) 9 0 (0) (3.2)
7 17 1 (5.9) 11 0 (0) 10 0 (0) (2.6)

Capsular Spn 2 0 0 (0) 1 0 (0) 2 0 (0) (0)
4 5 1 (20) 1 0 (0) 4 0 (0) (10)
6 16 2 (12.5) 6 2 (33.3) 9 3 (33.3) (22.6)
7 17 3 (17.6) 11 1 (9.1) 10 4 (40) (21.1)

Sa 2 0 0 (0) 1 1 (100) 2 2 (100) (100)
4 5 2 (40) 1 0 (0) 4 2 (50) (40)
6 16 3 (18.8) 6 1 (16.7) 9 4 (44.4) (25.8)
7 17 6 (35.3) 11 0 (0) 10 5 (50) (29)

Capsular Spn & NTHi 2 0 0 (0) 1 0 (0) 2 0 (0) (0)
4 5 1 (20) 1 0 (0) 4 0 (0) (10)
6 16 1 (6.3) 6 2 (33.3) 9 2 (22.2) (16.1)
7 17 2 (11.8) 11 0 (0) 10 4 (40) (15.8)

Bold type indicates p-value < 0.05 for group comparisons (Fisher’s exact test); Culture of 50 ml added 1(10%) additional Sa positive. At 2, 4, 6 and 7 months respectively there
were 0, 3 (30%), 14(45%) and 14(37%) of ED with no otopathogen growth.
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Fig. 5. Proportion of ear discharge swabs positive for Spn, NTHi, Mc and Sa, by ear
diagnosis, vaccine groups combined.
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or SSSP and _SSS groups (for serotypes 3, 6A and 19A). There were
no significant vaccine group differences in Np carriage of other
pathogens investigated at the primary 7 month endpoint.

This study highlights the ongoing early life Np colonisation by
multiple otopathogens. Prevalence of Np carriage at 7 months of
age was 64% for Spn, 53% for NTHi, 73% for Mc and 5% for Sa. Inter-
estingly, Np carriage of Mc was higher than NTHi or Spn at 1 month
of age indicating earlier colonisation or detection; however, almost
no Mc was found in ear discharge. Although comparisons with his-
torical data are less reliable, current prevalence may be lower than
previously reported from this population. An RCT in 1994–2000
reported higher carriage prevalence for Spn (80%) and NTHi (77%)
[23], and 2012–13 cross-sectional data from Indigenous children
(mean age 16 months) detected 80%, 70% and 44% carriage of
Spn, NTHi and Mc respectively and 19% Sa [12]. While current data
indicate a decrease in Np carriage of Spn and NTHi, these rates are
still high confirming ongoing early exposure to multiple bacterial
2271
respiratory pathogens. A major driver is likely to be household
crowding, which continues to be a priority issue in remote
communities.

We report low Np carriage rates of serotypes 3 (0.2%) and 6A
(0.4%) and 19A (3%) overall. While this is consistent with our pre-
vious studies for serotype 3, [4,12] we expected higher carriage for
6A and 19A. Our power and sample size estimates predicted that
the study was powered to detect a 15% absolute difference in
19A carriage, from 20% to 5%. During the course of this RCT with
the introduction of PCV13 in the NT, surveillance indicated reduc-
tions in 19A carriage, limiting power to capture vaccine group
differences.

There was an overall low percentage of all PCV13 serotypes iso-
lated during this trial. PCV13-type carriage decreased slowly, but
significantly over the course of the study. There was unexpectedly
significantly higher PCV13-VTs in the _PPP group compared to both
the _SSS and SSSP groups at 2 months, and the _PPP group contin-
ued to have higher (non-significant) carriage of PCV13 vaccine ser-
otypes than _SSS and SSSP at 4, 6, and 7 months. This is an
interesting observation as immunogenicity data from this study
showed significantly lower IgG GMCs in the _PPP group to most
PCV serotypes at 4 months [19].

A diversity of non-vaccine serotypes play an important role in
otitis media in this population. Serotype 16F has been uniquely
dominant in the NT but has not been the target of any expanded
valency vaccine development.

We found reduced carriage and middle ear infection caused by
vaccine type pneumococci, as had been reported previously
[12,24], replaced in carriage and middle ear infection by numerous
non-PCV Spn serotypes.
4.2. Ear discharge microbiology

NTHi was the most commonly cultured otopathogen from the
ear discharge of infants with either AOMwiP or CSOM. No ear dis-
charge was positive for serotypes 3, 6A, or 19A. Unexpectedly, the
proportion of NTHi, Sa, and NTHi + Spn positive ear discharge sam-
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ples were all lower in the _SSS compared to the SSSP group at
7 months of age. As both groups had 3 doses of the PHiD-CV10 vac-
cine, differences in NTHi-related middle ear infection are difficult
to explain, also because there was no parallel difference in NTHi-
Np carriage. It is plausible that maternal antibody against NTHi
interfered with the infant responses to the earlier 1–2–4 month
schedule compared to the 2–4-6 month schedule. Whilst these
mothers were not vaccinated with a protein D vaccine, they may
have natural antibodies from prior exposure to NTHi, especially
those who live with other young children. We did not test maternal
antibodies in this trial, however, in unvaccinated infants at
2 months of age protein D antibody levels (trans-placental) were
very low [19].

We observed high density Sa infection in ear discharge of
infants at 2 months of age. Whilst ear canal contamination could
be the source of Sa in the ear discharge, our finding that peak Np
carriage of Sa (55%) is also at 2 months of age implies that the
Np may be a source at this early age.

For NTHi-OM, our study to 7 months of age was not able to con-
firm findings from observational studies in older post-booster dose
children in this population that reported a potential compartmen-
tal effect of PHiD-CV10 on reducing NTHi middle ear infection, in
the absence of an effect on Np carriage [12].

4.3. Mixed primary schedules

Prior to this study there were no trials describing mixed pri-
mary PCV schedules. Studies published during the time of this
RCT with mixed primary and booster series trials report immuno-
genicity outcomes (safety, reactogenicity, IgG, OPA and memory B
cells) [25,26], however, there are no other known published ran-
domised trials of mixed primary course PCV schedules.

4.4. Comparison with global experience, RCTs using PHiD-CV10 in a
primary series

Few PHiD-CV10 studies report nasopharyngeal carriage during
or at one month post primary infant series, and none are compar-
isons with PCV13. Infants in the Finnish RCT [27] received PHiD-
CV10 in a 3 dose primary series compared to a 2 dose series and
unvaccinated controls. They observed no significant difference in
Np carriage of any Spn, NTHi, Mc, or Sa. Post primary series, at
approximately 6 months of age, PHiD-CV10 serotype carriage
was 183/1803 (10.1%), 159/1289 (12.3%) and 237/1897 (12.5%)
and NTHi carriage was 51/1803 (2.8%), 33/1289 (2.6%) and
43/1897 (2.3%) in the 3-dose, 2-dose and control groups respec-
tively. An OM and carriage RCT in Panama [15] comparing a 3 dose
PHiD-CV10 primary series (2, 4, 6 months) with unvaccinated con-
trols also reported no difference in NTHi (5.7% (n = 788) vs 5.6%
(n = 784)), Sa, or Mc, with a significant difference in overall
PHiD-CV10 types, which was lower in the PHiD-CV10 group (12%
vs 16%) aged approximately 12 months. Both these studies report
much lower Np carriage rates than our cohort. Comparisons of
unvaccinated and a 2- or 3-dose primary series of PHiD-CV10 in
Nepal also showed no difference in pneumococcal Np carriage
(69/124, 55.6% vs 58/108, 53.7% vs 57/108. 25.8%) at 9 months of
age (post primary series) [28]. NTHi was not reported. A RCT in
the Netherlands [29] comparing PCV7 and PHiD-CV10 (both 2, 3,
4 month primary series) reported no significant difference at age
11–13 months in NTHi (138/255, 54% vs 296/512, 58%), overall
Spn (119/258, 46% vs 249/514, 48%), or serotype 19A (19/257, 7%
vs 33/514, 6%). The failure of primary series PHiD-CV10 to reduce
NTHi carriage seems to have been established in these trials, sup-
ported by cross-sectional data in diverse settings [4,30–32]. How-
ever, as none compare PHiD-CV10 with PCV13, impact on Np
carriage of serotypes 3, 6A, and 19A remain unclear. Our study
2272
had the potential to address this question, but concurrent intro-
duction of PCV13 to the national immunisation schedule at com-
mencement of our trial induced herd effects and thus diminished
carriage of these serotypes during the trial.

4.5. Neonatal vaccination

We report NP carriage rates of approximately 30% for NTHi and
Spn, and 47% for Mc at one month of age, indicating a possible role
for vaccination earlier than the 1 month of age first dose given in
this trial. There are two published trials of neonatal PCV7 vaccina-
tion, both in populations with high rates of Spn Np carriage and
IPD. Both studies showed that safety and reactogenicity outcomes
were not different between controls and vaccinees. The Kenyan
trial found no statistically significant difference in Np Spn carriage
at 18 or 36 weeks [33]. The Papua New Guinean study also found
no difference in overall Spn Np carriage or PCV7 VTs and non-
VTs at any age [34]. They report high rates of dense carriage, with
22% of infants positive for pneumococci at 1 week of age, and a
broad diversity of serotypes. There have been no neonatal trials
of PHiD-CV10 or PCV13. If the Australian Indigenous infant sched-
ule was to add a neonatal PCV, efficacy and safety studies would be
needed to confirm it could be co-administered with the neonatal
Hepatitis B vaccine.

4.6. Maternal vaccination

Maternal vaccination can provide antibodies to protect the
infant in the first weeks of life. A published study of maternal
pneumococcal polysaccharide vaccine in Indigenous mothers in
the NT, however the impact on infant Np Spn carriage was limited,
and there was evidence that maternal antibodies interfered with
infant response to PVC primary schedules [35]. A placebo con-
trolled maternal immunisation study of a 9 valent conjugate vac-
cine in the US also showed evidence of antibody interference,
with decreased responses to the infant primary series, which was
associated with increased rates of OM in the vaccinated group [36].

4.7. Limitations

Our few significant findings from exploratory analyses could be
significant due to chance alone, as we did not adjust for multiple
comparisons. However, the observations are of interest and con-
tribute to understanding early carriage.

The observed prevalence of serotype 19A carriage was lower
than predicted as a result of PCV13 introduction across Australia
in late 2011, this limited power to detect a significant difference.
The use of PCR and culture in combination may have increased
the detection sensitivity of ear discharge pathogens [7,37].

There were differences in the modifiable risk factors of smoking
and breastfeeding over time and between communities, however
the randomisation stratification at the community level was effec-
tive, and the factors were not dissimilar by vaccine group at both 1
and 6 months of age, and over time.
5. Conclusions

This RCT reports that PHiD-CV10 does not reduce early NTHi
carriage in a high risk population compared to non-protein D
PCV13. We found no differences in VT- or non-VT Spn carriage
between 3-dose PHiD-CV10 or PCV13 schedules nor any difference
between these and a mixed 4-dose primary schedule. NTHi and
non-PCV serotypes are still major concerns for ear disease in this
population. NTHi was the main pathogen cultured from ear dis-
charge. These data suggest that multiple pathogens are driving
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early OM episodes in this population. These infants continue to be
at high risk of early and persistent Np carriage and progression to
chronic OM with long term sequelae. Vaccines with efficacy and/or
herd effects against both NTHi and Spn nasopharyngeal carriage in
the first weeks of life will significantly improve the quality of life
for children who are currently at great disadvantage in terms of
language development, education, and later employment. In addi-
tion to, or in the absence of improved vaccines, other strategies to
prevent early exposure to infection will require cross-sector
investment to address vast gaps in social determinants of Aborigi-
nal and Torres Strait Islander health.
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6.3  Summary 

This study shows no lasting vaccine attributable differences between the groups receiving 

either PCV13 or PHiD-CV10 at 2, 4, and 6 months or the early start mixed primary schedule 

for either nasopharyngeal carriage or ED microbiology. There were some transient early 

differences favouring the PHiD-CV10 group, however these were not evident at the primary 

endpoint of 7 months. Our data are consistent with other studies; vaccine attributable 

differences are reported post booster dose for PHiD-CV10 vaccinated children.  

 

This study reports the unacceptably early onset of OM in Aboriginal infants in Northern 

Australia, driven by NP colonisation by otopathogens in the first weeks of life. 

Implementation of interventions that are designed to prevent or delay acquisition need to 

occur soon after birth. Despite PCVs reducing VT carriage and disease, extensive serotype 

replacement has occurred, and S. pneumoniae is not the only bacterial factor driving OM in 

this population. We report S. aureus cultured in ED from young infants, and NTHi remains 

the dominant organism overall cultured from ED from early life perforations.  

 

The infants in this RCT were eligible to be enrolled in a follow up trial, randomising 

participants at 12 months of age 1:1 to a booster dose of either PCV13 or PHiD-CV10. This 

follow-on trial collected data from 12- 36 months of age, to determine which booster dose 

is better for immunological, OM and carriage outcomes.  
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7 Chapter 7: Discussion and conclusions 

 
7  

7.1  Overview 

This thesis presents an innovative approach of using data and a specimen biobank from 

combined studies of otitis media (OM) and nasopharyngeal microbiology collected since 

1996. The unique attributes of standardised consistent methods in cross-sectional and 

clinical trials will enable analysis of long-term trends in associations between OM and the 

complex microbiology of the nasopharynx.   

 

The challenge of merging data from multidisciplinary studies and extracting data that meets 

eligibility for analyses presented in this thesis has been achieved. This thesis and publications 

demonstrate the value of this data asset in understanding the impacts of a series of vaccine 

selective pressures on underpinning biology of early onset, recurrent acute and persistent 

chronic disease in Aboriginal children living in remote areas of the NT and WA. Whilst beyond 

the scope of this thesis, further analyses of BIGDATA will be valuable in understanding the 

relative impacts of vaccines and antibiotic prescribing on infection and antibiotic resistance 

in a high-risk population. 

 

This chapter will summarise the presented outcomes in response to the original hypotheses, 

outline further planned research, and describe the conclusions drawn from this body of 

work. The hypotheses as per the introductory chapter are included in the relevant sections, 

7.2 – BIGDATA, 7.3 – hpd in NTHi, and 7.4 – COMBO RCT, as follows.  

 



200 
 

7.2   BIGDATA analyses of PCV impact on pneumococcal 

serotype hierarchy, antimicrobial resistance, and associations 

with AOM 

Hypotheses: 

1) Pneumococcal serotype replacement in the NP has occurred due to efficacy of PCVs 

against component serotypes, creating a selective advantage in the NP niche for 

expansion of non-vaccine serotypes (chapters 3 and 4); 

2) In each PCV era, serotypes isolated from the nasopharynx in children with a diagnosis 

of AOM will be different from those serotypes in the NP of children with no AOM 

(chapter 4);  

Analysis of BIGDATA confirmed that in populations at high-risk of early NP carriage and OM, 

the pneumococcal serotype dynamic changed significantly due to the direct and indirect 

(herd) impacts of government funded introduction of PCVs in the NT in 2001 and expansion 

to a universal program in 2005. As hypothesised, in the NT, VT S. pneumoniae were replaced 

predominantly by non-VTs, with minimal reported impact on other bacterial species. This is 

consistent with other populations around the world, when introducing government funded 

PCV programs (Balsells 2017). The BIGDATA analysis of children aged 6 months to 5 years, 

having received 3 doses of PCV, confirms the reduction in PCV-type carriage predicted from 

studies in low-risk settings. The common non-VT serotype pre-PCV introduction, 16F, has 

become the most commonly isolated type, with the proportion increasing over time 

particularly post-PCV7 and somewhat further post PCV13. In addition to the observed further 

increase in prevalence of previously dominant serotypes, a number of less common 

serotypes emerged, particularly in the early PCV7 era.  This knowledge is important for 

selection of new generation expanded valency vaccines appropriate to this population 

(Løchen 2020).  
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The PCV impact overall has changed the serotypes isolated from children with AOM, in line 

with changes to the overall serotype pattern; a reduction in VT serotypes, but ongoing 

pneumococcal carriage of non-VTs in children with AOM and without AOM. The differences 

in VT carriage between children without and without AOM were observed within vaccine 

eras, as described.  The serotypes carried in children with and without AOM in this analysis 

were only significantly different in the PHiD-CV10 / PCV10 era; increased 19A carriage was 

observed more often in children with AOM. In the late PCV13 era there were no difference 

in carriage types without and without AOM, and PCV13 implementation reduced carriage of 

19A, declining in the early and late PCV13 eras. This contrasts with the hypothesis, as carriage 

of specific serotypes was not associated with AOM for all eras bar the PHiD-CV10 / PCV10 

era. 

 

7.3  PCV carrier protein D impact on hpd gene in NTHi 

Hypothesis: 

3) Protein D-negative NTHi replacement in the NP has occurred due to PHiD-CV10 

efficacy against protein D-positive NTHi, creating a selective pressure for vaccine 

evasion by protein D-negative NTHi in the PHiD-CV10 era compared to the PCV7 and 

PCV13 eras (chapter 5); 

PHiD-CV10 did not select for NTHi isolates negative for the hpd gene in NP carriage, against 

the hypothesis. The proportion of hpd#3-negative isolates and swabs was stable across the 

PCV7, PHiD-CV10 and PCV13 eras. Impact on NTHi isolated from ear discharge was not able 

to be conclusively measured, and compartmental effect (differential impact in the middle 

ear niche without impacting carriage) remains a possible explanation of impact reported in 

observational studies (Leach, AJ 2015b; Hare 2018). As described, a difference was reported 

in an Icelandic study (Sveinsdottir 2019) in PHiD-CV10 vaccinated children. As PHiD-CV10 is 

no longer in use in Australia, there are limited opportunities to continue to study this 
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hypothesis for ear discharge isolates. Other research regarding the impact of PHiD-CV10 on 

NTHi will be discussed below. 

 

7.4  PCV impact in a PCV mixed primary schedule RCT 

Hypothesis: 

4) Mixed primary schedules of PHiD-CV10 and PCV13 provide more effective protection 

against NP carriage of NTHi whilst maintaining adequate protection against the 

additional serotypes 3, 6A and 19A, compared to standard single vaccine schedules 

(chapter 6).  

The RCT of a mixed primary schedule of PHiD-CV10 and PCV13 compared to either alone 

reported no lasting differences in nasopharyngeal carriage of otopathogens, nor specifically 

in NTHi and PCV13 only pneumococcal serotypes 3, 6A and 19A. At the primary timepoint of 

7 months of age (1 month post-primary), there was no vaccine group differences, which was 

not as hypothesised.   

 

7.5  Impact summary 

These data report some measured impacts of the introduction of PCVs in the NT and WA. 

Whilst there have been reductions in VT pneumococci (BIGDATA, Chapter 4), almost 

complete replacement by non-VT serotypes has occurred and carriage proportions of all 

otopathogens remain high from very early in life (Chapter 6, (Beissbarth 2021)). This early 

carriage burden continues to drive a high OM burden, also from an early age, in this 

population (Leach, AJ 2021c). No other monitoring of carriage has been recently published 

in Australia.  
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Internationally there is variation in serotype replacement in carriage, mucosal disease and 

invasive disease. These geographic differences mean that ongoing surveillance is required 

for high efficacy implementation of PCVs as valencies expand. 

 

7.6  Limitations 

There are some current limitations to the projects as they have been described, and some 

areas where additional data would facilitate greater understanding of the impacts of PCVs, 

both on the carriage of pneumococci, and on other relevant respiratory pathogens. 

Limitations for the PCV RCT and hpd analysis are discussed within the publications and will 

not be addressed separately.  

 

Extensive IPD and carriage serotype comparisons have not been included in this thesis. 

Whilst extremely important, the distribution over the pre-PCV to late PCV13 cannot be 

compared to carriage data without extended access to serotype data (pre-2009), which was 

outside the scope of these projects and will be sought through application to the NT 

Department of Health at a later time.  

 

7.6.1  BIGDATA limitations 

The pre-PCV and late-PCV13 eras both have much smaller number of children, and a limited 

age range (younger), compared to the other eras. More data in these eras would provide 

increased statistical power to detect smaller differences.  

 

The BIGDATA analysis to date only included one serotype from one swab per child of 

vaccinated children (completed primary 3 dose schedule), and a restricted age range (6 

months to 5 years). To address this, and to understand the broader impacts in a ‘real-world’ 

situation the serotypes dynamic will be assessed by age group. Inclusion criteria will be 
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revised to encompass children of all ages (0-18 years), regardless of vaccine status, including 

all longitudinal samples for those children who contributed multiple swabs (from non-

antibiotic interventions), and baseline swabs and placebo arms from antibiotic intervention 

trials. This analysis would include differences in serotype distributions by age, and the impact 

of risk factors in a robust mixed effects regression model. 

 

Low level circulation of PCV types is ongoing, with only a few vaccine serotypes no longer 

detected. The BIGDATA studies are predominantly child focussed, and is heavily centred in 

early childhood (less than 5, and less than 3 years old for several studies). Whether another 

age group, such as school aged children, adults, or incomplete or unvaccinated infants, is a 

reservoir for VTs is not included in these analyses. Older children and adults have been 

included in some studies included in BIGDATA (Leach, AJ 2008e; Mackenzie 2010).  A recently 

completed placebo controlled RCT (16 weeks of oral Bactrim for CSOM, unpublished) which 

will be included in BIGDATA in the coming year also included older children, and potentially 

serotype specific carriage in older children and adults can be addressed in ongoing analyses, 

and prospective data collections.  

 

The impact of PCVs on predominantly S. pneumoniae and NTHi has been explored in this 

thesis, however other otopathogens and interactions between otopathogens should be 

considered in this context of high concurrent carriage of multiple species (Leach, AJ 1994; 

Leach, AJ 2016; Beissbarth 2021).  

 

7.7  Future research – BIGDATA 

The BIGDATA asset established through the work of this thesis will be further analysed to 

describe long-term trends in parameters such as socio-economic status, regional and 

seasonal trends. Through data-linkage with government held databases the BIGDATA asset 



205 
 

will be used to better understand the long-terms impacts of early NP colonisation on 

prolonged OM on vulnerability on entering school, school attendance and performance, and 

child maltreatment. To date these links have only been made using single audiometry tests 

at mean age ~ 5 years. The priority tasks and analyses I will undertake are described below. 

 

 

7.7.1  Expanding the dataset – additional serotypes from the pre-PCV 

era and late PCV13 era 

There are several planned analyses from the BIGDATA dataset outlined in the submitted 

protocol publication (Chapter 3). Expansion of the dataset to include additional serotypes 

from the pre-PCV era was not included in the protocol but will be added to BIGDATA in the 

future. This includes i) data from a 1992 birth cohort measuring carriage and OM outcomes 

(Leach, AJ 1994); ii) a 1995 study of NP carriage in Aboriginal children (Shelby-James 2002) 

(Ethical approval recently granted) and iii) additional data on S. pneumoniae serotypes and 

resistance from a RCT of hygiene interventions in urban childcare in Darwin (predominantly 

non-Aboriginal children) in 1997 (Skull 1999) (Ethical approval pending). This will strengthen 

our understanding of the circulating serotypes in this era, and their associated antimicrobial 

resistance, in both Aboriginal and non-Aboriginal children.  

 

The addition of data from recently completed (unpublished) studies was highlighted in 

BIGDATA. This will include additional data from the late PCV13 era, a broader age range of 

children, and more data from ED specimens which will strengthen understanding of the 

longer term impacts of PCV13 on pneumococcal serotype distribution.  

 

Continuance of the program of otopathogen (particularly S. pneumoniae serotypes and 

NTHi) and OM surveillance is a primary focus for upcoming funding applications, especially 

as higher valency vaccines are being licenced internationally, and could be available on the 
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Australian market. Having an accurate understanding of the current serotype distribution 

and the longer term impact of PCV13 will be vital to assess potential vaccine impact. In 

addition, viral surveillance post-COVID19 would be of interest. These data will contribute to 

BIGDATA post primary publication.  

 

7.7.2  Birth cohort study – comparison of the microbiological carriage of 

birth cohorts in different PCV eras 

BIGDATA includes data from three birth cohort studies, and an antibiotic trial that enrolled 

children from 2 months, all collecting longitudinal data. Through existing collaboration with 

Telethon (Prof D.Lehmann / A.Prof L.Kirkham) and the addition of the 1992 (Leach, AJ 1994) 

infant cohort data, six cohorts will be available for analysis. These data include 

microbiological culture of NP and ED swabs, and detailed middle ear examination by 

otoscopy and tympanometry. Where culture has not included S. aureus from NP or ED, 

additional microbiological processing will be undertaken (with appropriate Ethical approval). 

These data will be analysed as a retrospective cohort, to describe differences in NP carriage 

of otopathogens or combinations of otopathogens over time and in differing vaccine eras.  

 

7.7.3  The role of S. aureus in early life TMP (prior to 6 months of age) 

In the PCV RCT (PREVIX_COMBO, Chapter 6), ear discharge swabs were collected from 2 

months of age (Beissbarth 2021). Most of these early perforations had S. aureus isolated 

from ED. Using the birth cohort data (BIGDATA) described above, microbiological data will 

be assessed to determine if early life perforation is more commonly associated with S. aureus 

than previously demonstrated, and if this association is age dependant, and relying on re-

seeding of the middle ear niche from the NP, where S. aureus carriage is higher in the first 

months of life, decreasing as heavy colonisation by S. pneumoniae, NTHi and M. catarrhalis 

is increasing. Where available ED and NP microbiology will be compared to investigate the 
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concurrence of organisms between sites, to determine the origin of infective S. aureus in the 

middle ear. Data will be analysed using logistic regression, reporting odds ratios for bacterial 

carriage and adjusting for known risk factors (smoke exposure, breastfeeding, household 

crowding, living with children <5yo) for children with perforation recorded prior to 6 months 

of age. 

 

7.8  Future research – Follow-up RCT of PCV booster dose 

(PREVIX-BOOST) 

7.8.1  Microbiological NP carriage outcomes at 12 months of age by 

COMBO vaccine group allocation 

A follow-on trial was conducted for the PCV RCT of mixed primary schedules 

(PREVIX_COMBO). This trial, PREVIX_BOOST (Oguoma 2020), randomised 261 infants from 

the PREVIX_COMBO trial (Leach, AJ 2015a; Beissbarth 2021), to either PHiD-CV10 or PCV13 

booster dose at 12 months of age. A NP swab was collected at time of booster dose (i.e. both 

follow-up post primary series and baseline pre-booster), and ear discharge if present. 

Otopathogen carriage proportions will be compared by COMBO vaccine group using Fishers 

exact test to determine longer-term NP carriage outcomes (NTHi, S. pneumoniae, serotype 

distribution and antimicrobial resistance, and resistance for NTHi, M. catarrhalis and 

S. aureus). ED microbiology will be similarly analysed, numbers permitting. 

 

7.8.2  Impact of a PHiD-CV10 or PCV13 booster dose on NP carriage of 

NTHi and other otopathogens at 18 months (BOOST)  

As previously mentioned, post booster dose is when significant impact of PHiD-CV10 on NTHi 

carriage has been reported in international PHiD-CV10 trials (Prymula, R. 2006; Saez-Llorens 

2017). Proportions of NTHi NP carriage prevalence at the primary outcome age of 18 months 

(Fisher’s exact test) will be determined. In secondary analyses, comparisons by vaccine group 
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will also be applied to all time points (12, 24, 30, 36 months) for NP otopathogens, 

S. pneumoniae, NTHi, M. catarrhalis and S. aureus, and report proportions of vaccine and 

non-vaccine type carriage.  Analyses according to the primary and booster dose allocations 

will also be undertaken. 

 

7.9  Contributions to other publications in progress arising from 

COMBO and BOOST 

PREVIX-COMBO 1 month NP swabs are the focus of a microbiomic analysis. This project, led 

by Dr Robyn Marsh will assess whether the microbiota in infants with OM is significantly 

different to children without OM.  The microbiota data will be compared to culture data from 

respiratory pathogens, to determine whether early otopathogen acquisition is associated 

with differences in the overall microbiota. I have supported this project through the provision 

of microbiological and antibiotic use data for analysis, and I will contribute to the publication 

as a middle author.  

 

Quantitative PCR of S. pneumoniae, NTHi and S. aureus from NP and ED swabs from the 7 

month and 18 month timepoints were presented in a poster at the Australian Society for 

Infectious Diseases (ASID) conference in 2019. These data will be prepared for a short 

publication (as primary author), now that the primary microbiological analysis is published.  

 

7.10  Additional analyses from COMBO and BOOST 

These trials have created a wealth of data and biobank of stored specimens (and bacterial 

isolates) through extensive processing of NP and ED swabs, including antimicrobial sensitivity 

testing. Many other analyses are possible, currently beyond the scope of this thesis. The 

impact of PCVs on the density of carriage has been highlighted as an unmeasured potential 

impact, and interactions among a diversity of bacterial species similarly have not been 
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explored in these data. Antimicrobial susceptibility data for multiple organisms also needs to 

be reported in depth.  In addition, I will be a contributing author on publications describing 

the immunological, OM and audiological outcomes of the BOOST RCT. 

 

7.11  The next steps for building a research career 

The choice to embark on a PhD was driven by the desire to pursue my research interest areas, 

and to eventually lead clinical trials to improve health outcomes for Aboriginal children 

through evidence-based interventions. OM is a very important research area, due to the 

associated impact on hearing and the possibility of negative impact on life trajectory. While 

the use of PCV vaccinations for prevention, and antibiotic treatments for resolution of OM 

are important research areas, decreasing the ongoing early burden of colonisation and high 

rates of carriage from the first weeks of life is where I believe the interventions are required 

for greatest impact. PCVs have effectively reduced VT carriage, but due to the diverse range 

of pneumococcal serotypes and other bacterial species associated with OM, this alone has 

not decreased the OM burden.  

 

Going forward, I would like to explore interventions to reduce bacterial transmission from 

parents and other children (siblings) to infants, and between young children to delay infant 

colonisation and establishment of carriage. Infants cannot be shielded indefinitely from 

otopathogen colonisation, however, preventing colonisation in the first weeks and therefore 

providing opportunity to develop immune defence prior to exposure will potentially aid in 

delaying the onset of OM. Important strategies for intervention studies include facilitated 

hygiene (enablers and barriers), reducing sibling NP carriage, maternal vaccination, 

antibiotics at birth, probiotics (infant), increased nutrition (mother and infant), and reduced 

smoke exposure (mother and infant). 
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I applied for two Fellowships in 2021 as I finalised my thesis. Both planned programs had a 

focus on decreasing transmission in children, with microbiological (culture) outcomes. In 

addition, over the course of my PhD program I have become more involved in research grants 

at a senior level. I am an Associate Investigator on an NHMRC funded OM extended 

management RCT (GNT1184032), where I will be supporting research staff with my extensive 

experience in data collection and management.  In a newly funded NHMRC RCT clinical trial 

of azithromycin during birth to reduce neonatal sepsis (GNT2001751) I will be the supervising 

microbiologist, overseeing laboratory culture and microbiomic sample preparation, and the 

data manager for the trial. I am building collaborations with Senior Research Fellows in the 

cross-over space of microbiological culture and microbiomics, and in interventions to 

improve immune function in early life to prevent respiratory infections. The ‘Azithromycin at 

Birth’ RCT will be a cultureomic pilot, bringing together extensive microbiological processing 

(aerobic and anaerobic) and microbiomic (16S) analyses. These processes will be facilitated 

by our new laboratory equipment, a chamber for anaerobic processing and a Bruker MALDI-

TOF.  I am also an Investigator on a RCT grant to be submitted this year to NHMRC, 

investigating the impact of oral probiotic on respiratory infections in the first year of life.  

 

I have extensive experience in laboratory aspects of trials collecting respiratory samples, in 

sample management, transport, storage and microbiological and molecular processing, and 

in data management from collection to data analysis. These are the skills I will bring to these 

grants, as I extend my experience and apply for clinical trial funding. 

 

I would also like to increase the research focus on H.influenzae in the region. As mentioned, 

H.influenzae is the otopathogen most commonly isolated from ED in children with acute and 

chronically discharging perforations. The increasing antibiotic resistance in clinical isolates 

globally merits ongoing monitoring here, where antibiotic resistance in many respiratory 
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organisms is high and both β-lactams and macrolides are frequently used across a wide range 

of illnesses. To this end I would like to establish a collection of clinically relevant H.influenzae 

isolates (serious and invasive infections, capsular and non) in the laboratory at Menzies, to 

build a comprehensive biobank for analyses of extended antimicrobial sensitivities, 

implement molecular screening for specific genetic components, and eventually whole 

genome sequence the isolates, for comparison with other clinically relevant H.influenzae 

worldwide. Paediatric Infectious Disease specialist, Dr J.Francis, interested in facilitating this 

at the Royal Darwin Hospital. 

 

7.12  Conclusions 

My thesis describes the impact of pneumococcal conjugate vaccines on the NP and ear 

discharge microbiology of Aboriginal children in Northern and Western Australia from RCTs 

and surveillance studies as three PCVs have been incorporated into the NIP schedule in the 

Northern Territory, and in the context of a PCV RCT, with specific focus on the impact on 

S. pneumoniae serotypes and NTHi. 

 

PCVs have reduced the burden of vaccine-type invasive pneumococcal disease, without 

parallel reductions in mucosal infection such as OM.  The serotype population replacement 

by non-VTs has occurred, such that the overall impact on carriage has been limited. No 

evidence of vaccine impact from PHiD-CV10 on NTHi NP carriage was observed in the most 

recent randomised trial post primary vaccine series (Beissbarth 2021). However, NTHi 

remains the major otopathogen in ear discharge for this population in this RCT. This organism 

also causes other types of respiratory infection, including invasive disease, and globally there 

is an increase in ampicillin resistance in clinical isolates. This ‘at risk’ population, experiencing 

high carriage of NTHi and with its high antibiotic exposure needs ongoing monitoring.  
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Sadly, remote living Aboriginal children still experience incredibly high rates of OM, with up 

to 90% of children with some form of OM in the most recent cross-sectional survey (Leach, 

AJ 2016) and the COMBO RCT (Beissbarth 2021; Leach, AJ 2021c). Colonisation of the NP by 

S. pneumoniae, NTHi and M. catarrhalis in the first weeks of life is still closely followed by 

the onset of OM (Leach, AJ 1994; Beissbarth 2021; Leach, AJ 2021c).  

 

Ongoing research from the BIGDATA resource and the PCV RCTs will facilitate understanding 

of the impact of PCVs going forward, and the potential impact of new increasing valency 

PCVs as they become available.  

 

Further interventions are required in this high burden population, and should be aimed at 

carriage prevention and delay for infants, to shift the burden from the first months of life. 

Reduction in early colonisation and subsequent infection will decrease the long-term 

likelihood of recurrent and chronic OM and their sequelae. 
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8 Appendix A: Microbiological and molecular 

methods 

 

8.1  Microbiological methods 

8.1.1  Swab collection, storage and transport 

NP swabs (cotton- or rayon-tipped, aluminium shafted) are collected by inserting the swab 

into nose at an angle parallel to the roof of the mouth, at a depth of half the distance from 

the earlobe to anterior nostril, holding in position for a count of five seconds with gentle 

rotation if possible. The quality of this collection is recorded; Good (swab inserted into NP 

for 5 seconds; Fair (swab inserted only partially and briefly into the nose); Poor (skin just 

below the nose external – discharge visible); Very poor (skin just below the nose external – 

no discharge visible). The swabs are placed inside a 1ml cryovial containing 1ml STGGB (skim 

milk, tryptone, glucose, glycerol broth)(Gibson, LF 1986; O'Brien 2001). Swabs are either 

placed upright directly into the dry LN2 shipper, or kept cold on wet ice for up to 4 hours 

before placing in the ultra-low temperature (ULT) freezer (-80oC) or dry LN2 shipper. Swabs 

frozen in dry LN2 shippers are transported to the laboratory in the shipper where they are 

moved directly to ULT storage, without any thawing. 

 

Ear swabs are collected if ear discharge (ED) was observed during ear examination or 

tympanometry.  ED is collected by inserting a swab (cotton- or rayon-tipped, aluminium 

shafted) into the canal and as close as possible to the site of the tympanic membrane 

perforation (and through the perforation if large enough and under direct vision), with this 

information recorded as a measure of swab quality; Good (swab collected through TM); Fair 

(swab collected from deep in canal); Poor (collected discharge visible at canal entrance); Very 

poor (only external discharge collected). Additional data regarding the quality are also 

recorded; ‘Did swab touch the canal or debris within the canal?’; ‘Did swab touch the canal 
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or debris within the canal?’; ‘Did the swab touch the tympanic membrane?’, as is the visibility 

‘Discharge visible on swab?’, colour (clear / serous; white; yellow / brown / green) and 

consistency (thin/runny; moderately thick; thick/viscous) of the discharge. Ear swabs are 

transported and stored in the same manner as NP swabs. 

 

8.1.2  Primary culture 

NP swabs in STGGB were thawed, mixed and 10µL aliquots cultured on the following 

plates (Oxoid, Australia): 5% horse blood agar, chocolate agar, 5% horse blood agar 

containing colistin and nalidixic acid, and chocolate agar plus bacitracin, vancomycin 

and clindamycin (BVCCA)(Chapin 1983). Early studies also included MacConkey agar 

for NP culture, but was discontinued.  

Swabs of ear discharge were cultured as per the protocol for NP swabs, and plated 

additionally onto Pseudomonas selective agar and MacConkey agar, and occasionally 

Sabourauds agar for CSOM studies (to identify yeasts and fungi).  Ear discharge swabs 

which initially cultured swarming Proteus spp. are filtered to enable detection of 

H.influenzae; a 50µL aliquot (previously 100µL) was pipetted onto a 65µm 

nitrocellulose filter,  placed directly onto the surface of BVCCA agar.  After 10 minutes 

the filter was removed using sterile forceps.   

 

Blood plates were incubated at 37oC in 5% CO2 and Pseudomonas plates and 

MacConkey plates at 37oC, in air for primary culture.  

 

All original swabs and bacterial isolates are stored in STGGB at -80oC (ULT) for further 

investigations if required. 
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8.1.2.1  Semi-quantitative plating method for primary culture 

All samples are plated using a semi-quantitative method. Using a sterile loop 10ul of thawed 

vortexed STGGB is spread over 1/3 of the plate surface (1/6 if using a half plate for culture). 

A second loop is used to streak from the primary inoculum to a second section of the plate. 

The loop is then rotated for a clean surface, and streak from the second to the third section 

of the plate, and third to fourth.  

Semi-quantitative scores as follows: 

1= < 20 colonies of the target presumptive species or genus as appropriate;  

2= 20 to 50 colonies;  

3= 50 to 100 colonies, 

4= >100 colonies or confluent in the primary inoculum;  

5= confluent in the primary inoculum but colonies also in second section of the plate;  

6= confluent in primary inoculum but colonies also in second and third section of the plate;  

7= confluent in primary inoculum but colonies also in second, third and fourth section of the 

plate.  

8= confluent growth on whole plate 

 

Identification of species or interest are recorded as per the semi-quantitative scores. Per the 

individual study protocol, bacteria of interest which are to proceed to species confirmation 

are selected from the plate, and isolated on blood, chocolate, or specialist media to be grown 

for confirmatory testing (as below), as per their growth requirements. 

 

In most studies the focus has been on the otopathogens, Streptococcus pneumoniae, 

Haemophilus influenzae, Moraxella catarrhalis, and the pathogen Staphylococcus aureus. 

Commonly found respiratory bacteria, such as other Streptococcal species, (particularly 

S.pyogenes /group A), are also noted, in addition to Pseudomonas species, Proteus species 
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and other Staphylococci. Pseudomonas aeruginosa is associated with chronic suppurative 

otitis media, and therefore is particularly relevant for ear discharge culture. Haemophilus 

parainfluenzae, and Haemophilus haemolyticus may also be identified, through H.influenzae 

identification procedure, and can be analytically identified by the collected H.influenzae 

identification data.  

 

8.1.3  S.pneumoniae identification and susceptibility testing 

Presumptive S. pneumoniae are identified by colony morphology, dimpled alpha-haemolytic 

colonies, and optochin sensitivity. S. pneumoniae are serotyped with immune sera from the 

Statens Serum Institute of Copenhagen (Denmark). Antimicrobial susceptibilities are 

determined by the Calibrated Dichotomous Susceptibility (CDS) disc diffusion method. 

Antibiotics predominantly tested for S.pneumoniae are oxacillin (1g), penicillin (0.5IU), 

tetracycline (30g), erythromycin (5g), sulphamethoxazole trimethoprim (25g), 

chloramphenicol (30g) and ciprofloxacin (0.5 g or 2.5 g). Non-susceptibility is defined by 

an annular radius of < 6mm.  Pneumococcal penicillin minimum inhibitory concentrations 

(MICs) are determined by E-test for all non-susceptible capsular S.pneumoniae isolates and 

azithromycin MICs are determined for all potentially non-susceptible isolates using the 

erythromycin annular radii.  

 

8.1.4  Non-typeable H.influenzae identification and susceptibility testing 

Presumptive non-typeable H.influenzae are identified on the basis of colony morphology 

(greyish, transparent, smooth colonies) on chocolate agar and bacitracin-vancomycin-

clindamycin-chocolate agar (BVCCA)(Chapin 1983). The isolates are confirmed as NTHi if 

hemin and nicotinamide adenine dinucleotide (NAD) (X and V factor) dependent (Oxoid) and 

coagglutination negative (Haemophilus Phadebact (10557512, Remel). Beta-lactamase 

production is determined using nitrocephin (Oxoid, Australia).  

https://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide
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PCR species confirmation to differentiate NTHi from Haemophilus haemolyticus (Hh) is 

described in section 1.2. Molecular differentiation was only used in specific studies. Recently 

we reported that only 0.34% of NP NTHi isolates from this population are misidentified Hh 

(Beissbarth 2018), and widespread testing of NP isolates has ceased. Isolates from ED and 

other respiratory sites still need to be tested.  

 

Antimicrobial testing for NTHi was only done for the PREVIX-COMBO study. The EUCAST disc 

diffusion method was used, as at the time they had a macrolide clinical resistance breakpoint 

defined. This breakpoint was later retracted and is now only classed as an epidemiological 

break point (ECOFF). Discs used were ampicillin (2g), augmentin (3g), ciprofloxacin (5g), 

ceftriaxone (30g), erythromycin (15g), tetracycline 30ug, sulphamethoxazole-

trimethoprim (25g), and chloramphenicol 30(g). 

 

8.1.5  M.catarrhalis identification and susceptibility testing 

Confirmation of M. catarrhalis is determined by production of oxidase and gram-negative 

diplococci by gram stain, and hockey puck sliding on plates. Beta-lactamase production by 

M. catarrhalis was determined using nitrocephin (Oxoid, Australia).   

 

8.1.6  S.aureus  identification and susceptibility testing 

S.aureus confirmation is by colony morphology and coagulation by latex agglutination 

(Staphaurex, Remel). Susceptibility is determined by the CDS disc diffusion method, 

antibiotics predominantly tested are oxacillin (1g), penicillin (0.5IU), erythromycin (5g), 

chloramphenicol (30g), gentamicin (10g),ciprofloxacin (2.5 g), and cefoxitin (10g) for 

MRSA identification  
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8.1.7  P.aeroginosa identification and susceptibility testing 

P.aeroginosa confirmation is by colony morphology, green growth on Pseudomonas selective 

agar, and growth at 42oC in air. Where antimicrobial testing was required the CDS disc 

diffusion method was used, disc commonly used were gentamycin (10g), polymyxin B 

(300IU) and ciprofloxacin (2.5g).  MIC determination by E-test was done for gentamycin 

(annular radius <4mm) and ciprofloxacin when required.  

 

8.2  Molecular methods 

8.2.1  hpd#3 PCR 

The original hpd#3 PCR method was designed for H. influenzae (Hi) identification (Wang 

2011), and was widely used as the most accurate PCR method (Binks 2012). When genomic 

investigations reported the absence of the hpd gene in some Hi isolates (Smith-Vaughan, H. 

C. 2014) this PCR was replaced by others for species identification (Price 2015; Price 2017), 

and several multiplex PCRs for Hi to identify varying genetic components are now 

published(de Gier 2016). The hpd#3 PCR can be utilised for identification of hpd-negative 

isolates.  

 

The primer and probe sequence used are as follows: 

Primers and probes 

hpd#3-F GGTTAAATATGCCGATGGTGTTG 

hpd#3-R TGCATCTTTACGCACGGTGTA 

hpd#3-Probe HEX-TTGTGTACACTCCGT[SPECIAL]GGTAAAAGAACTTGCAC-SpcC3 

 
In a 10µl total reaction volume with Platinum PCR Supermix (11730025, ThermoFisher), 

0.1µM hpd#3 probe, 0.1 µM hpd#3 forward primer, 0.3 µM reverse primer, and 1ul of 

template were used. Cycling conditions were a 120 second activation step at 50oC and a 10 

minute hot start at 95oC, followed by 40 cycles of denaturing for 15 seconds at 95oC, and 15 

second annealing at 60oC and 30 seconds extension at 72 oC. All samples were run in 
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duplicate. ATCC49274 was used as the positive control for Hi. Sterile water was used as the 

no-template control. A Rotorgene 6000 (Corbett Life Sciences) was utilised for all PCRs.  

 

8.2.2  Hi species confirmation multiplex PCR 

This multiplex PCR used three targets, two to differentiate between Hi (siaT) and Hh (hypD), 

and the third to identify Hi negative for the fucose operon (fucP) (Price 2017). 

Primer and probe sequences were as follows: 

Primers 

hypD-F GGCAATCAGATGGTTTACAACG 

hypD-R CAGCTTAAAGCAAGCAGTGAATG 

siaT-F AATGCGTGATGCTGGTTATGAC 

siaT-R AAGAGTTTTGCGATAGATTCATTGG 

fucP-F GCCGCTTCTGAGGCTGG 

fucP-R AACGACATTACCAATCCGATGG 

Probes 

hypD-Probe VIC-CCACAACGAGAATTAG-MGBNFQ 

siaT-Probe TET-AGAAGCAGCAGTAATT-MGBNFQ 

fucP-Probe 6FAM-TCCATTACTGTTTGAAATAC-MGBNFQ   

 

In a 5µl total reaction volume with Platinum PCR Supermix (11730025, ThermoFisher) 0.5µM 

ROX, 0.2µM hypD probe, 0.15µM hypD forward and reverse primers, 0.2µM siaT probe, and 

0.3µM siaT forward and reverse primers, and 0.1µM fucP probe and 0.25µM forward and 

reverse primers and 1ul of template. Cycling conditions were a 120 second activation step at 

50oC and a 10 minute hot start at 95oC, 45 cycles of denaturing for 15 seconds at 95oC, and 

60 second annealing at 60oC. All samples and standards were run in duplicate. ATCC49274 

was used as the positive control for Hi, ATCC33390 for Hh, and an internal positive control 

for the fucP-negative Hi, identified by whole genome sequencing. Sterile water was used as 

the no-template control. PCRs were performed on a Quantstudio 6 (Applied Biosystems, by 

Life Technologies). 
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9 Appendix B: Publication supplements and 

enhanced images 

Supplement from “BIGDATA: a protocol to create and extend a 25-year 
clinical trial and observational data asset addressing key knowledge 
gaps in otitis media and hearing loss in Australian Aboriginal and non-
Aboriginal children.” 

(overleaf) 



Microbiological methods 

Swab collection, storage and transport 

Np swabs (cotton- or rayon-tipped, aluminium shafted superseded cotton tipped wooden shaft swabs) 
are collected by inserting the swab into nose at an angle parallel to the roof of the mouth, at a depth 
of half the distance from the earlobe to anterior nostril, holding in position for a count of five seconds 
with gentle rotation if possible. The quality of this collection is recorded; Good (swab inserted into Np 
for 5 seconds; Fair (swab inserted only partially and briefly into the nose); Poor (skin just below the 
nose external – discharge visible); Very poor (skin just below the nose external – no discharge 
visible). If Np sampling was not possible deep nasal swabs were attempted, and as a last resort nasal 
secretion collected on a tissue via nose-blowing were swabbed. The swabs are placed inside a 1ml 
cryovial containing 1ml STGGB (skim milk, tryptone, glucose, glycerol broth)1,2 Swabs are either 
placed upright directly into the dry LN2 shipper, or kept cold on wet ice for up to 4 hours before 
placing in the ultra-low temperature (ULT) freezer (-80degC) or dry LN2 shipper. Swabs stored in dry 
LN2 shippers are transported to the laboratory in the shipper where they are moved directly to ULT 
storage. Prior to availability of dry shippers swabs may have been stored at -20oC prior to long term 
ULT storage. 

Ear swabs are collected if ear discharge was observed, by inserting a swab (cotton- or rayon-tipped, 
aluminium shafted) into the canal and as close as possible to the site of the tympanic membrane 
perforation (if perforation large enough and under direct vision), with this information recorded as a 
measure of swab quality; Good (swab collected through TM); Fair (swab collected from deep in 
canal); Poor (collected discharge visible at canal entrance); Very poor (only external discharge 
collected). Ear swabs are transported and stored in the same manner as Np swabs. 

Primary culture 

Np swabs in STGGB were thawed, mixed and 10µL aliquots cultured on the following plates (Oxoid, 
Australia): 5% horse blood agar, chocolate agar, 5% horse blood agar containing colistin and nalidixic 
acid, and chocolate agar plus bacitracin, vancomycin and clindamycin (BVCCA)3.  Swabs of ear 
discharge were plated additionally onto Pseudomonas selective agar and MacConkey agar.  Ear 
discharge swabs which initially cultured swarming Proteus spp. are filtered to enable detection of H. 
influenzae; a 100µL aliquot was placed on a 65µm nitrocellulose filter which had been placed directly 
onto BVCCA agar.  After 10 minutes the filter was removed.  Blood plates were incubated at 37oC in 
5% CO2.  Pseudomonas plates are incubated at 42oC, and MacConkey plates at 37oC, all in air.  

Spn 

Presumptive S. pneumoniae were identified by colony morphology, dimpled alpha-haemolytic 
colonies, and optochin sensitivity. The number of initial colonies selected varied by original study, with 
minimum one colony, plus any morphologically distinct, selected and plated. S. pneumoniae are 
serotyped with immune sera from the Statens Serum Institute of Copenhagen (Denmark). 
Antimicrobial susceptibilities are determined by the Calibrated Dichotomous Susceptibility (CDS) disc 

diffusion method. Antibiotics usually tested for S. pneumoniae are oxacillin (1g), penicillin (0.5IU), 

tetracycline (30g), erythromycin (5g), sulphamethoxazole trimethoprim (25g), chloramphenicol 

(30g). Non-susceptibility is defined by an annular radius of < 6mm.  Pneumococcal penicillin 
minimum inhibitory concentrations (MICs) may have been determined by E-test for non-susceptible 
capsular S. pneumoniae isolates according to individual protocols, and MICs for other antibiotics may 
have been determined.  

NTHi 

Presumptive NTHi were identified on the basis of colony morphology (greyish, transparent, smooth 
colonies) on chocolate agar and bacitracin-vancomycin-clindamycin-chocolate agar (BVCCA)3. 
Minimum one arbitrarily selected colony, plus any morphologically distinct were selected for 
subculture. The isolates are confirmed as NTHi if hemin and nicotinamide adenine dinucleotide (X 
and V factor) dependent (Oxoid) and coagglutination negative (Haemophilus Phadebact (10557512, 
Remel). Beta-lactamase production is determined using nitrocephin (Oxoid, Australia). PCR species 
confirmation to differentiate NTHi from Haemophilus haemolyticus (Hh) is not required, we have 
previously shown that only 0.34% of Np NTHi isolates from this population are misidentified Hh4. 

Mc 
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One presumptive colony, plus any morphologically distinct colonies are selected for subculture. 
Confirmation of M. catarrhalis is determined by production of oxidase and gram-negative diplococci by 
gram stain. Beta-lactamase production by M. catarrhalis will be determined using nitrocephin (Oxoid, 
Australia).   

Sa 

One presumptive colony, plus any morphologically distinct colonies are selected for subculture. S. 
aureus confirmation is by colony morphology and coagulation by latex agglutination (Staphaurex, 
Remel superseded Staphytect, Fisher Scientific).  

Ear examination 

Ear diagnoses were determined by paediatricians or trained research nurses. Diagnosis was 
determined using video otoscopy to view the tympanic membrane and data collected on standardised 
forms relating to the colour, translucency, and position and mobility of the drum, presence of 
perforation, and presence of discharge from perforation. Tympanometry was used to aid diagnosis. 
Diagnostic categories are as follows. 

Table 1 Otitis media diagnostic categories 

Acute Otitis Media without perforation (AOMwoP): The presence of fluid behind the eardrum 
plus at least one of the following: bulging eardrum, red eardrum, fever, ear pain or irritability. A 
bulging eardrum and/or ear pain are the most reliable indicators of AOMwoP. 

Acute Otitis Media with Perforation (AOMwiP): Discharge of pus through a perforation (hole) 
in the eardrum within the last 6 weeks. The perforation is usually very small (a pinhole) when the 
eardrum first ruptures. The perforation can heal and re-perforate after the initial onset of 
AOMwiP. 

Chronic Suppurative Otitis Media (CSOM): Persistent ear discharge through a persistent 
perforation (hole) in the eardrum for 6 weeks or more. Importantly, the diagnosis of CSOM  
is only appropriate if the tympanic membrane perforation is seen and if it is large enough to allow 
the discharge to flow out of the middle ear space. 

Dry Perforation: Presence of a perforation (hole) in the eardrum without any signs of discharge 
or fluid behind the eardrum. Some people also refer to this as inactive CSOM. 

Middle Ear Discharge: Fluid containing neutrophils (“pus”) originating from the middle ear 
cavity. Presence of discharge can often be confirmed by pneumatic otoscopy or swabbing. 

Otitis Media with Effusion (OME): Presence of fluid behind the ear drum without any acute 
symptoms. OME may be episodic or persistent.  A type B tympanogram or reduced 
mobility of the ear drum are the most reliable indicators of OME. 

Tympanic membrane perforation (TMP): Any perforation of the tympanic membrane, including 
AOMwiP, dry perforation and CSOM. 

Otoscopy: Looking in the ear with a bright light to identify features associated with outer or 
middle ear disease.  

Pneumatic Otoscopy: The combination of simple otoscopy with the observation of eardrum 
movement when air is blown into the ear canal. Pneumatic otoscopy is able to determine mobility 
of the eardrum. Reduced mobility of an intact eardrum is a good indication of the presence of 
middle ear fluid. 

Tympanometry: An electro-acoustic measurement of the stiffness, mass and resistance of the 
middle ear (more simply described as mobility of the eardrum). This test can be used to describe 
normal or abnormal middle ear function. 
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Original studies: methods and published results 
For each study, where published, the title and abstract from the primary publication has been 

included. If the study has not been published, the background and method are described. 

Most of the studies were funded by the National Health and Medical Research Council of 

Australia (NHMRC). Other funding is described by study. The HREC reference number is for 

the Human Research Ethics Committee of Northern Territory Department of Health and 

Menzies School of Health Research (EC 00153). Approvals from additional ethics 

committees are not described. Clinical trial registration is included where relevant.  

COMIT 1 (Chronic Otitis Media Intervention Trial 1) 

Compared to placebo, long-term antibiotics resolve otitis media with effusion (OME) and 

prevent acute otitis media with perforation (AOMwiP) in a high-risk population: a randomized 

controlled trial(Leach, Morris, Mathews, et al. 2008) 

Background: For children at high risk of chronic suppurative otitis media (CSOM), strategies to 

prevent acute otitis media with perforation (AOMwiP) may reduce progression to CSOM.  

Methods: In a double-blind study in northern Australia, 103 Aboriginal infants with first detection of 

OME were randomised to receive either amoxicillin (50 mg/kg/d BD) or placebo for 24 weeks, or until 

bilateral aerated middle ears were diagnosed at two successive monthly examinations (success). 

Standardised clinical assessments and international standards for microbiology were used. 

Results: Five of 52 infants in the amoxicillin group and none of 51 infants in the placebo group 

achieved success at the end of therapy (Risk Difference = 9.6% [95% confidence interval 1.6,17.6]). 

Amoxicillin significantly reduced the proportion of children with i) perforation at the end of therapy 

(27% to 12% RD = -16% [-31,-1]), ii) recurrent perforation during therapy (18% to 4% RD = -14% [-

25,-2]), and iii) reduced the proportion of examinations with a diagnosis of perforation during therapy 

(20% to 8% adjusted risk ratio 0.36 [0.15,0.83] p = 0.017). During therapy, the proportion of 

examinations with penicillin non-susceptible (MIC > 0.1 microg/ml) pneumococci was not significantly 

different between the amoxicillin group (34%) and the placebo group (40%). Beta-lactamase positive 

non-capsular H. influenzae (NCHi) were uncommon during therapy but more frequent in the 

amoxicillin group (10%) than placebo (5%). 

Conclusion: Aboriginal infants receiving continuous amoxicillin had more normal ears, fewer 

perforations, and less pneumococcal carriage. There was no statistically significant increase in 

resistant pneumococci or NCHi in amoxicillin children compared to placebo children who received 

regular paediatric care and antibiotic treatment for symptomatic illnesses. 

Funding: NHMRC 954608 & 980435; HREC: 94/25 

AOM video study 

The clinical course of acute otitis media in high-risk Australian Aboriginal children: a 

longitudinal study 
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Background: It is unclear why some children with acute otitis media (AOM) have poor outcomes. Our 

aim was to describe the clinical course of AOM and the associated bacterial nasopharyngeal 

colonisation in a high-risk population of Australian Aboriginal children. 

Methods: We examined Aboriginal children younger than eight years who had a clinical diagnosis of 

AOM. Pneumatic otoscopy and video-otoscopy of the tympanic membrane (TM) and tympanometry 

was done every weekday if possible. We followed children for either two weeks (AOM without 

perforation), or three weeks (AOM with perforation), or for longer periods if the infection persisted. 

Nasopharyngeal swabs were taken at study entry and then weekly.  

Results: We enrolled 31 children and conducted a total of 219 assessments. Most children had 

bulging of the TM or recent middle ear discharge at diagnosis. Persistent signs of suppurative OM 

(without ear pain) were present in most children 7 days (23/30, 77%), and 14 days (20/26, 77%) later. 

Episodes of AOM did not usually have a sudden onset or short duration. Six of the 14 children with 

fresh discharge in their ear canal had an intact or functionally intact TM. Perforation size generally 

remained very small (<2% of the TM). Healing followed by re-perforation was common. Ninety-three 

nasopharyngeal swabs were taken. Most swabs cultured Streptococcus pneumoniae (82%), 

Haemophilus influenzae (71%), and Moraxella catarrhalis (95%); 63% of swabs cultured all three 

pathogens.  

Conclusion: In this high-risk population, AOM was generally painless and persistent. These 

infections were associated with persistent bacterial colonisation of the nasopharynx and any benefits 

of antibiotics were modest at best. Systematic follow up with careful examination and review of 

treatment are required and clinical resolution cannot be assumed. 

Funding: NHMRC 980435; HREC: 00/03 

Runny Nose Study (unpublished) 

Background: Aboriginal children in the Northern Territory have the highest rates of acute and chronic 

bacterial respiratory disease ever documented. The incidence of invasive pneumococcal disease, 

chronic suppurative otitis media, chronic bacterial bronchitis and bronchiectasis is alarming, with little 

evidence of much improvement over the last 25 years. The association between these diseases and 

persistent nasal discharge has been noted for many years, but never systematically studied. 

Objectives: i) To determine if antibiotics provide any benefit to young Aboriginal children with 

persistent nasal discharge- an efficacy study. ii) To describe the impact of antibiotics on the rates of 

transmission of bacterial respiratory pathogens. 

Methods: Children with excessive nasal discharge, (defined as presence of discharge or 
excoriation below the nares, or pooling of discharge in the vestibule of the nose), were eligible to 
enter the run-in period where placebo is administered for 14 days. Children who reached 60% 
compliance and still had excessive discharge were eligible to be randomised to receive a) 
amoxycillin, 50mg/kg/day in 2 divided doses; b) Placebo equivalent to 50mg/kg/day in 2 divided 

doses.  Children were examined fortnightly, with video record of nasal discharge and ear state. 

Nasopharyngeal swabs for microbiological culture were collected at each examination.  

Results: unavailable 

Funding: NHMRC 100010; HREC: 98/61 

CSOM (Chronic Suppurative Otitis Media) 

Topical ciprofloxacin versus topical framycetin-gramicidin-dexamethasone in Australian 
aboriginal children with recently treated chronic suppurative otitis media: a randomized 
controlled trial(Leach, Wood, et al. 2008) 
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Background: Chronic suppurative otitis media (CSOM) affects many children in disadvantaged 
populations. The most appropriate topical antibiotic treatment in children with persistent disease is 
unclear.  

Methods: Children with CSOM despite standard topical treatment were randomized to 6–8 weeks of 
topical ciprofloxacin (CIP) versus topical framycetin-gramicidin-dexamethasone (FGD). Otoscopic, 
audiologic, and microbiologic outcomes were measured using standardized assessments and 
blinding.  

Results: Ninety-seven children were randomized. Ear discharge failed to resolve at the end of 
therapy in 70% children regardless of allocation [risk difference =-2%; (95% CI: -20 to 16)]. Healing of 
the tympanic membrane occurred in one of 50 children in the CIP group and none of 47 children in 
the FGD group. Severity of discharge failed to improve in more than 50% children in each group, and 
mean hearing threshold (38 dB and 35 dB) and proportion of children with greater than 25 dB hearing 
loss (98% and 88%) were not significantly different between the CIP and FGD groups. Side effects 
were rare.  

Conclusions: This study showed a similarly low rate of improvement or cure in children with 
persistent CSOM for both CIP and FGD topical therapies. Complications and side effects were 
insufficient to cease therapy or inform prescribing of either therapy. 

Funding: NHMRC 033924; HREC: 99/67 

PROMPT (Prevention of Otitis Media with Prevenar and Training) 

Otitis media in young Aboriginal children from remote communities in Northern and Central 

Australia: a cross-sectional survey(Morris et al. 2005) 

Background: Middle ear disease (otitis media) is common and frequently severe in Australian 

Aboriginal children. There have not been any recent large-scale surveys using clear definitions and a 

standardised middle ear assessment. The aim of the study was to determine the prevalence of middle 

ear disease (otitis media) in a high-risk population of young Aboriginal children from remote 

communities in Northern and Central Australia. 

Methods: 709 Aboriginal children aged 6–30 months living in 29 communities from 4 health regions 

participated in the study between May and November 2001. Otitis media (OM) and perforation of the 

tympanic membrane (TM) were diagnosed by tympanometry, pneumatic otoscopy, and video-

otoscopy. We used otoscopic criteria (bulging TM or recent perforation) to diagnose acute otitis 

media.  

Results: 914 children were eligible to participate in the study and 709 were assessed (78%). Otitis 

media affected nearly all children (91%, 95%CI 88, 94). Overall prevalence estimates adjusted for 

clustering by community were: 10% (95%CI 8, 12) for unilateral otitis media with effusion (OME); 31% 

(95%CI 27, 34) for bilateral OME; 26% (95%CI 23, 30) for acute otitis media without perforation 

(AOMwoP); 7% (95%CI 4, 9) for AOM with perforation (AOMwiP); 2% (95%CI 1, 3) for dry perforation; 

and 15% (95%CI 11, 19) for chronic suppurative otitis media (CSOM). The perforation prevalence 

ranged from 0–60% between communities and from 19–33% between regions. Perforations of the 

tympanic membrane affected 40% of children in their first 18 months of life. These were not always 

persistent.  

Conclusion: Overall, 1 in every 2 children examined had otoscopic signs consistent with suppurative 

ear disease and 1 in 4 children had a perforated tympanic membrane. Some of the children with intact 

tympanic membranes had experienced a perforation that healed before the survey. In this high-risk 

population, high rates of tympanic perforation were associated with high rates of bulging of the 

tympanic membrane. 

Funding: Wyeth; HREC: 01/06 

231 



PRIORiTI  (Prevenar Immunisation for Otitis media Reduction in the Tiwi Islands) 

Pneumococcal vaccination and otitis media in Australian Aboriginal infants: comparison of 

two birth cohorts before and after introduction of vaccination(Mackenzie et al. 2009) 

Background: Aboriginal children in remote Australia have high rates of complicated middle ear 

disease associated with Streptococcus pneumoniae and other pathogens. We assessed the 

effectiveness of pneumococcal vaccination for prevention of otitis media in this setting.  

Methods: We compared two birth cohorts, one enrolled before (1996–2001), and the second enrolled 

after introduction of 7-valent pneumococcal conjugate and booster 23-valent polysaccharide vaccine 

(2001–2004). Source populations were the same for both cohorts. Detailed examinations including 

tympanometry, video-recorded pneumatic otoscopy and collection of discharge from tympanic 

membrane perforations, were performed as soon as possible after birth and then at regular intervals 

until 24 months of life. Analyses (survival, point prevalence and incidence) were adjusted for 

confounding factors and repeated measures with sensitivity analyses of differential follow-up. 

Results: Ninety-seven vaccinees and 51 comparison participants were enrolled. By age 6 months, 

96% (81/84) of vaccinees and 100% (41/41) of comparison subjects experienced otitis media with 

effusion (OME), and by 12 months 89% and 88% experienced acute otitis media (AOM), 34% and 

35% experienced tympanic membrane perforation (TMP) and 14% and 23% experienced chronic 

suppurative otitis media (CSOM). Age at the first episode of OME, AOM, TMP and CSOM was not 

significantly different between the two groups. Adjusted incidence of AOM (incidence rate ratio: 0.88 

[95% confidence interval (CI): 0.69–1.13]) and TMP (incidence rate ratio: 0.63 [0.36–1.11]) was not 

significantly reduced in vaccinees. Vaccinees experienced less recurrent TMP, 9% (8/95) versus 22% 

(11/51), (odds ratio: 0.33 [0.11–1.00]).  

Conclusion: Results of this study should be interpreted with caution due to potential bias and 

confounding. It appears that introduction of pneumococcal vaccination among Aboriginal infants was 

not associated with significant changes in prevalence or age of onset of different OM outcomes or the 

incidence of AOM or TMP. Vaccinees appeared to experience reduced recurrence of TMP. Ongoing 

high rates of complicated OM necessitate additional strategies to prevent ear disease in this 

population.  

Funding: Wyeth; HREC: 01/10 

CHIPS (Childcare Hygiene Intervention ProjectS) 

Background: Many children receive out of home care prior to starting school. In developed countries 

childcare centre attendance has been shown to be the most important modifiable risk factor for 

respiratory tract infections and Otis media in young children. We aimed to test whether a hygiene 

training package would reduce transmission and lead to less infections in attendees. 

Methods: 20 childcare centers in Darwin and Palmerston were randomised to receive a training 

package around hygiene and hand washing at the beginning or end of the 6 month intervention 

package. 456 children aged 0-4 years at the participating centres were enrolled to have fortnightly ear 

examination, and nasal swabs and hand swabs at the start and end of the study period. A health diary 

was provided to the parents, and fortnightly phone surveys were conducted to record infections and 

antibiotic use. Swabs of toys and changing mats were also taken to assess transmission. Trained 

assessors monitored hygiene behaviors in centre staff using a standardized method after training.  

Results not available 

Funding: NHMRC 100009; HREC: 99/68 
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CPPP (Community Pneumococcal Protection Project) 

Epidemiology of nasopharyngeal carriage of respiratory bacterial pathogens in children and 

adults: cross-sectional surveys in a population with high rates of pneumococcal 

disease(Mackenzie et al. 2010) 

Background: To determine the prevalence of carriage of respiratory bacterial pathogens, and the risk 

factors for and serotype distribution of pneumococcal carriage in an Australian Aboriginal population.  

Methods: Surveys of nasopharyngeal carriage of Streptococcus pneumoniae, non-typeable 

Haemophilus influenzae, and Moraxella catarrhalis were conducted among adults (≥16 years) and 

children (2 to 15 years) in four rural communities in 2002 and 2004. Infant seven-valent 

pneumococcal conjugate vaccine (7PCV) with booster 23-valent pneumococcal polysaccharide 

vaccine was introduced in 2001. Standard microbiological methods were used.  

Results: At the time of the 2002 survey, 94% of eligible children had received catch-up 

pneumococcal vaccination. 324 adults (538 examinations) and 218 children (350 examinations) were 

enrolled. Pneumococcal carriage prevalence was 26% (95% CI, 22-30) among adults and 67% (95% 

CI, 62-72) among children. Carriage of nontypeable H. influenzae among adults and children was 

23% (95% CI, 19-27) and 57% (95% CI, 52-63) respectively and for M. catarrhalis, 17% (95% CI, 14-

21) and 74% (95% CI, 69-78) respectively. Adult pneumococcal carriage was associated with

increasing age (p = 0.0005 test of trend), concurrent carriage of non-typeable H. influenzae (Odds

ratio [OR] 6.74; 95% CI, 4.06-11.2) or M. catarrhalis (OR 3.27; 95% CI, 1.97-5.45), male sex (OR

2.21; 95% CI, 1.31-3.73), rhinorrhoea (OR 1.66; 95% CI, 1.05-2.64), and frequent exposure to outside

fires (OR 6.89; 95% CI, 1.87-25.4). Among children, pneumococcal carriage was associated with

decreasing age (p < 0.0001 test of trend), and carriage of non-typeable H. influenzae (OR 9.34; 95%

CI, 4.71-18.5) or M. catarrhalis (OR 2.67; 95% CI, 1.34-5.33). Excluding an outbreak of serotype 1 in

children, the percentages of serotypes included in 7, 10, and 13PCV were 23%, 23%, and 29%

(adults) and 22%, 24%, and 40% (2-15 years). Dominance of serotype 16F, and persistent 19F and

6B carriage three years after initiation of 7PCV is noteworthy.

Conclusions: Population-based carriage of S. pneumoniae, non-typeable H. influenzae, and M. 

catarrhalis was high in this Australian Aboriginal population. Reducing smoke exposure may reduce 

pneumococcal carriage. The indirect effects of 10 or 13PCV, above those of 7PCV, among adults in 

this population may be limited. 

Funding: Wyeth; HREC: 01/10 

CSURE (Ciprofloxacin vs Sofradex Use in Runny Ears) 

Background: Aboriginal children living in remote communities have an unacceptably high burden of 

chronic suppurative otitis media (CSOM). Hearing loss associated with CSOM is a significant 

contributing factor to poor education outcomes, language development and employment. Current 

standard treatment of up to 16 weeks of topical sofradex is arduous, and 70% of children experience 

treatment failure.   

Methods: A randomized assessor-blinded trial of no antibiotic treatment vs framycetin-gramicidin-

dexamethasone (Sofradex®) vs ciprofloxacin (Ciloxin®) enrolled 32 children 1:1:1, who had chronic 

suppurative otitis media, with a perforation size of at least 5% and moderate to profuse discharge. 

Video otoscopy of ear state, nasopharyngeal and ear swabs were collected at baseline, and days 5, 8 

and 15. Discharge from ears was collected to tests for immunologic and bacteriologic markers. 

Results unavailable 

Funding: Student funded; HREC: 03/72 

233 



MARSi (Monitoring Antibiotic Resistance and Serotypes) 

Emerging pneumococcal carriage serotypes in a high-risk population receiving universal 7-

valent pneumococcal conjugate vaccine and 23-valent polysaccharide vaccine since 

2001(Leach et al. 2009) 

Background: In Australia in June 2001, a unique pneumococcal vaccine schedule commenced for 

Indigenous infants; seven-valent pneumococcal conjugate vaccine (7PCV) given at 2, 4, and 6 

months of age and 23-valent pneumococcal polysaccharide vaccine (23PPV) at 18 months of age. 

This study presents carriage serotypes following this schedule.  

Methods: We conducted cross sectional surveys of pneumococcal carriage in Aboriginal children 0 to 

6 years of age living in remote Aboriginal communities (RACs) in 2003 and 2005. Nasal secretions 

were collected and processed according to published methods.  

Results: 902 children (mean age 25 months) living in 29 communities in 2003 and 818 children 

(mean age 35 months) in 17 communities in 2005 were enrolled. 87% children in 2003 and 96% in 

2005 had received two or more doses of 7PCV. From 2003 to 2005, pneumococcal carriage was 

reduced from 82% to 76% and reductions were apparent in all age groups; 7PCV-type carriage was 

reduced from 11% to 8%, and 23PPV-non-7PCV-type carriage from 31% to 25% respectively. Thus 

non-23PPV-type carriage increased from 57% to 67%. All these changes were statistically significant, 

as were changes for some specific serotypes. Shifts could not be attributed to vaccination alone. The 

top 10 of 40 serotypes identified were (in descending order) 16F, 19A, 11A, 6C, 23B, 19F, 6A, 35B, 

6B, 10A and 35B. Carriage of penicillin non-susceptible (MIC > = 0.12 μg/mL) strains (15% overall) 

was detected in serotypes (descending order) 19A, 19F, 6B, 16F, 11A, 9V, 23B, and in 4 additional 

serotypes. Carriage of azithromycin resistant (MIC > = 2 μg/mL) strains (5% overall), was detected in 

serotypes (descending order) 23B, 17F, 9N, 6B, 6A, 11A, 23F, and in 10 additional serotypes 

including 6C. 

Conclusion: Pneumococcal carriage remains high (~80%) in this vaccinated population. Uptake of 

both pneumococcal vaccines increased, and carriage was reduced between 2003 and 2005. 

Predominant serotypes in combined years were 16F, 19A, 11A, 6C and 23B. Antimicrobial 

nonsusceptibility was detected in these and 17 additional serotypes. Shifts in serotype-specific 

carriage suggest a need more research to clarify the association between pneumococcal vaccination 

and carriage at the serotype level. 

Funding: NHMRC 236218; HREC: 02/68 

AATAAC (Azithromycin vs Amoxycillin for Treatment of AOM in Aboriginal Children) 

Single-dose azithromycin versus seven days of amoxycillin in the treatment of acute otitis 
media in Aboriginal children (AATAAC): a double blind, randomised controlled trial(Morris, 
Gadil, et al. 2010) 

Objective: To compare the clinical effectiveness of single-dose azithromycin treatment with 7 days of 

amoxycillin treatment among Aboriginal children with acute otitis media (AOM) in rural and remote 

communities in the Northern Territory.  

Methods: Aboriginal children aged 6 months to 6 years living in 16 rural and remote communities 

were screened for AOM. Those diagnosed with AOM were randomly allocated to receive either 

azithromycin (30mg/kg as a single dose) or amoxycillin (50mg/kg/day in two divided doses for a 

minimum of 7 days). We used a double-dummy method to ensure blinding. Our study was conducted 

from 24 March 2003 to 20 July 2005. Primary outcome was failure to cure AOM by the end of therapy; 

nasal carriage of Streptococcus pneumoniae and non-capsular Haemophilus influenzae (NCHi) 

Results: We followed 306 of 320 children (96%) allocated to the treatment groups. Single-dose 

azithromycin did not reduce (or increase) the risk of clinical failure (50% failure rate [82/165]) 

compared with amoxycillin (54% failure rate [83/155]) (risk difference [RD], – 4% [95% CI, –15% to 
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7%]; P=0.504). Compared with amoxycillin, azithromycin significantly reduced the proportion of 

children with nasal carriage of S. pneumoniae (27% v 63%; RD, –36% [95% CI, –47% to – 26%]; P< 

0.001) and NCHi (55% v 85%; RD, – 30% [95% CI, –40% to –21%]; P<0.001). Nasal carriage of S. 

pneumoniae with intermediate or full resistance to penicillin was lower (but not significantly so) in the 

azithromycin group (10% v 16%), but this group had significantly increased carriage of azithromycin-

resistant S. pneumoniae (10% v 3%; RD, 7% [95% CI, 0.1% to 12%]; P=0.001). Carriage of β-

lactamase-producing NCHi was about 5% in both groups.  

Conclusion: Although azithromycin reduced nasal carriage of S. pneumoniae and NCHi, clinical 

failure was high in both treatment groups. The possibility of weekly azithromycin treatment in children 

with persistent AOM should be evaluated. 

Funding: NHMRC 193306; HREC: 02/44; Trial registry: ACTRN12609000691246 

PneuMum: a randomised controlled trial of maternal 23-valent pneumococcal polysaccharide 

vaccination on middle ear disease amongst Indigenous infants 

Impact of the 23-valent pneumococcal polysaccharide vaccination in pregnancy against infant 

acute lower respiratory infections in the Northern Territory of Australia(Binks et al. 2018) 

Background: We assessed maternal 23-valent pneumococcal polysaccharide (23vPPV) vaccine 

efficacy (VE) against middle ear disease and pneumococcal carriage amongst Australian Indigenous 

infants.  

Methods: In an open label, allocation concealed, outcome-assessor blinded, community stratified, 

randomised controlled trial, healthy pregnant Indigenous women aged 17–39 years in the Northern 

Territory of Australia received the 23vPPV (1:1:1) at: 30–36 weeks gestation, birth, or were 

unvaccinated (ClinicalTrials.gov NCT00714064). Co-primary outcomes were the point prevalences of 

infant middle ear disease and 23vPPV-type carriage at age 7 months.  

Results: The consent rate was 50% (313/632). Among 227 eligible participants randomised, retention 

rates were 86% (66/77) controls; 89% (67/75) pregnancy vaccinees; 88% (66/75) birth vaccinees. At 

infant age 7 months, ear disease prevalence was: 71% (47/66) controls, 63% (42/67) pregnancy 

vaccinees, 76% (50/66) birth vaccinees; and 23vPPV-type carriage was: 26% (17/66) controls, 18% 

(12/67) pregnancy vaccinees, 18% (12/66) birth vaccinees. For pregnancy vaccinees, VE was 12% 

(95% CI −12% to 31%) against infant ear disease and 30% (95% CI −34% to 64%) against 23vPPV-

type carriage. In a post-hoc analysis, VE against infant ear disease concurrent with carriage of 

23vPPV or related types was 51% (95% CI −2% to 76%). There were no serious adverse effects 

following receipt of the 23vPPV in pregnancy or at birth.  

Conclusions: In a high risk population, our study was unable to demonstrate efficacy of 23vPPV in 

pregnancy against the co-primary outcomes of either all-cause infant ear disease or 23vPPV-type 

nasopharyngeal carriage at age 7 months. Efficacy against ear disease concurrent with carriage of 

vaccine related serotypes (a more specific outcome) suggests 23vPPV in pregnancy may 

complement childhood pneumococcal vaccination programs. 

Funding: NHMRC 350499 & 490320; HREC: 04/54, 05/52; Trial registry: NCT00310349 

AAAOM (Antibiotics for Asymptomatic Acute Otitis Media) 

Background:  Around 20% of young Australian Aboriginal children living in remote regions have 

tympanic membrane perforations. This is the third trial of antibiotic treatment of acute otitis media 

(AOM) in this population. 

Methods:  149 Aboriginal children aged 6 months to 6 years living in 14 rural and remote 

communities were screened via video otoscopy and those with a diagnosis of asymptomatic AOM 

were randomised to either two single doses of azithromycin (30mg/kg) a week apart or placebo.  The 
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primary outcome was failure to cure AOM at end of therapy (day 14).  Nasal swabs were collected to 

describe carriage of OM pathogens.  

Results: unavailable 

Funding: NHMRC 436023; HREC: 07/19 08/56; Trial registry: ACTRN12608000424303 

Monitoring carriage of Streptococcus pneumoniae among Aboriginal children and adults in 

Western Australia(Collins et al. 2013) 

Background: Invasive pneumococcal disease (IPD) continues to occur at high rates among 

Australian Aboriginal people. The seven-valent pneumococcal conjugate vaccine (7vPCV) was given 

in a 2-4-6-month schedule from 2001, with a 23-valent pneumococcal polysaccharide vaccine 

(23vPPV) booster at 18 months, and replaced with 13vPCV in July 2011. Since carriage surveillance 

can supplement IPD surveillance, we have monitored pneumococcal carriage in western Australia 

(WA) since 2008 to assess the impact of the 10-year 7vPCV program.  

Methods: We collected 1,500 nasopharyngeal specimens from Aboriginal people living in varied 

regions of WA from August 2008 until June 2011. Specimens were cultured on selective media. 

Pneumococcal isolates were serotyped by the Quellung reaction.  

Results: Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis were carried 

by 71.9%, 63.2% and 63.3% respectively of children <5 years of age, and 34.6%, 22.4% and 27.2% 

of people ≥5 years. Of 43 pneumococcal serotypes identified, the most common were 19A, 16F and 

6C in children <5 years, and 15B, 34 and 22F in older people. 7vPCV serotypes accounted for 14.5% 

of all serotypeable isolates, 13vPCV for 32.4% and 23vPPV for 49.9%, with little variation across all 

age groups. Serotypes 1 and 12F were rarely identified, despite causing recent IPD outbreaks in WA. 

Complete penicillin resistance (MIC ≥2µg/ml) was found in 1.6% of serotype 19A (5.2%), 19F (4.9%) 

and 16F (3.2%) isolates and reduced penicillin susceptibility (MIC ≥0.125µg/ml) in 24.9% of isolates, 

particularly 19F (92.7%), 19A (41.3%), 16F (29.0%). Multi-resistance to cotrimoxazole, tetracycline 

and erythromycin was found in 83.0% of 23F isolates. Among non-serotypeable isolates 76.0% had 

reduced susceptibility and 4.0% showed complete resistance to penicillin.  

Conclusions: Ten years after introduction of 7vPCV for Aboriginal Australian children, 7vPCV 

serotypes account for a small proportion of carried pneumococci. A large proportion of circulating 

serotypes are not covered by any currently licensed vaccine. 

Funding: NHMRC 545232; HREC: 08/83 

SSSOM (Swimming Study for Chronic Suppurative Otitis Media) 

Impact of swimming on chronic suppurative otitis media in Aboriginal children: a randomised 

controlled trial(Stephen, Leach, and Morris 2013) 

Objectives: To measure the impact of 4 weeks of daily swimming on rates of ear discharge among 

Aboriginal children with a tympanic membrane perforation (TMP) and on the microbiology of the 

nasopharynx and middle ear.  

Methods: A randomised controlled trial involving 89 Aboriginal children (aged 5–12 years) with a 

TMP, conducted in two remote Northern Territory Aboriginal communities from August to December 

2009. Intervention: 4 school weeks of daily swimming lessons (45 minutes) in a chlorinated pool. Main 

outcome measures: Proportions of children with ear discharge and respiratory and opportunistic 

bacteria in the nasopharynx and middle ear. 

Results: Of 89 children randomly assigned to the swimming or non-swimming groups, 58 (26/41 

swimmers and 32/48 non-swimmers) had ear discharge at baseline. After 4 weeks, 24 of 41 

swimmers had ear discharge compared with 32 of 48 non-swimmers (risk difference, -8% (95% CI, 

-28% to 12%). There were no statistically significant changes in the microbiology of the nasopharynx
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or middle ear in swimmers or non-swimmers. Streptococcus pneumoniae and nontypeable 

Haemophilus influenzae were the dominant organisms cultured from the nasopharynx, and H. 

influenzae, Staphylococcus aureus and Pseudomonas aeruginosa were the dominant organisms in 

the middle ear. Conclusions: Swimming lessons for Aboriginal children in remote communities should 

be supported, but it is unlikely that they will substantially reduce rates of chronic suppurative otitis 

media and associated bacteria in the nasopharynx and middle ear. However, swimming was not 

associated with increased risk of ear discharge and we found no reason to discourage it. 

Funding: NHMRC Student funds; HREC: 09/53; Trial registry: ACTRN12613000634774 

MOPUP (MObile Phones to improve Untreated Perforations) 

Can mobile phone multimedia messages and text messages improve clinic attendance for 

Aboriginal children with chronic otitis media? A randomised controlled trial(Phillips et al. 

2014) 

Aim: Does phone multimedia messages (MMS) to families of Indigenous children with tympanic 

membrane perforation (TMP): (i) increase clinic attendance; (ii) improve ear health; and (iii) provide a 

culturally appropriate method of health promotion?  

Methods: Fifty-three Australian Aboriginal children with a TMP living in remote community 

households with a mobile phone were randomised into intervention (n = 30) and control (n = 23) 

groups. MMS health messages in local languages were sent to the intervention group over 6 weeks. 

Results: Primary outcome: there was no significant difference in clinic attendance, with 1.3 clinic 

visits per child in both groups (mean difference −0.1; 95% confidence interval (CI) −1.1, 0.9; P = 0.9). 

Secondary outcomes: (i) there was no significant change in healed perforation (risk difference 6%; 

95% CI −10, 20; P = 0.6), middle ear discharge (risk difference −1%; 95% CI −30, 30; P = 1.0) or 

perforation size (mean difference 3%; 95% CI −11, 17; P = 0.7) between the groups; (ii) 84% (95% CI 

60, 90) in the control and 70% (95% CI 50, 80) in the intervention group were happy to receive MMS 

health messages in the future. The difference was not significant (risk difference −14%; 95% CI −37, 

8; P = 0.3).  

Conclusions: Although there was no improvement in clinic attendance or ear health, this randomised 

controlled trial of MMS in Indigenous languages demonstrated that MMS is a culturally appropriate 

form of health promotion. Mobile phones may enhance management of chronic disease in remote and 

disadvantaged populations. 

Funding: Australian Government Department of Health and Ageing Hearing Loss Prevention 
Program; HREC: 08/82; Trial registry: ACTRN12610000972022 

MARSii & iii (Monitoring Antibiotic Resistance and Serotypes and Ears) 

Reduced middle ear infection with non-typeable Haemophilus influenzae, but not 

Streptococcus pneumoniae, after transition to 10-valent pneumococcal non-typeable H. 

influenzae protein D conjugate vaccine(Leach, Wigger, et al. 2015) 

Background: In October 2009, 7-valent pneumococcal conjugate vaccine (PCV7: PrevenarTM 

Pfizer) was replaced in the Northern Territory childhood vaccination schedule by 10-valent 

pneumococcal Haemophilus influenzae protein D conjugate vaccine (PHiD-CV10; Synflorix™ 

GlaxoSmithKline Vaccines). This analysis aims to determine whether the reduced prevalence of 

suppurative otitis media measured in the PHiD-CV10 era was associated with changes in 

nasopharyngeal (NP) carriage and middle ear discharge (ED) microbiology in vaccinated Indigenous 

children.  
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Methods: Swabs of the NP and ED were collected in remote Indigenous communities between 

September 2008 and December 2012. Swabs were cultured using standardised methods for otitis 

media pathogens. Children less than 3 years of age and having received a primary course of 2 or 

more doses of one PCV formulation and not more than one dose of another PCV formulation were 

included in the primary analysis; children with non-mixed single formulation PCV schedules were also 

compared.  

Results: NP swabs were obtained from 421 of 444 (95 %) children in the PCV7 group and 443 of 451 

(98 %) children in the PHiD-CV10 group. Non-mixed PCV schedules were received by 333 (79 %) 

and 315 (71 %) children, respectively. Pneumococcal (Spn) NP carriage was 76 % and 82 %, and 

non-typeable Haemophilus influenzae (NTHi) carriage was 68 % and 73 %, respectively. ED was 

obtained from 60 children (85 perforations) in the PCV7 group and from 47 children (59 perforations) 

in the PHiD-CV10 group. Data from bilateral perforations were combined. Spn was cultured from 25 

% and 18 %, respectively, and NTHi was cultured from 61 % and 34 % respectively (p = 0.008).  

Conclusions: The observed reduction in the prevalence of suppurative OM in this population was not 

associated with reduced NP carriage of OM pathogens. The prevalence of NTHi-infected ED was 

lower in PHiD-CV10 vaccinated children compared to PCV7 vaccinated children. Changes in clinical 

severity may be explained by the action of PHiD-CV10 on NTHi infection in the middle ear. 

Randomised controlled trials are needed to answer this question. 

MARSiv & v (Monitoring Antibiotic Resistance and Serotypes and Ears) 

General health, otitis media, nasopharyngeal carriage and middle ear microbiology in Northern 

Territory Aboriginal children vaccinated during consecutive periods of 10-valent or 13-valent 

pneumococcal conjugate vaccines(Leach et al. 2016) 

Objectives: This study aims to monitor the prevalence of suppurative otitis media in remote 

Indigenous communities after introduction of 13-valent pneumococcal conjugate vaccine (PCV13) in 

October 2011. We previously reported a decline in suppurative OM following replacement of PCV7 by 

10-valent pneumococcal Haemophilus influenzae protein D conjugate vaccine (PHiD-CV10) in

October 2009.

Methods: We continued regular surveillance in remote Indigenous communities between February 

2010 and August 2013. This analysis reports the general health, otitis media (OM), nasopharyngeal 

(NP) carriage and middle ear microbiology in children less than 36 months of age who received a 

primary course of at least two doses ofPHiD-CV10 or PCV13, and not more than one dose of another 

pneumococcal vaccine.  

Results: Mean ages of 511 PHiD-CV10- and 140 PCV13-vaccinated children were 19 and 13 

months, respectively. Most children received 3-dose non-mixed PCV schedules. At the time of 

assessment, general health was poor and prevalence of risk factors was high in both groups: overall, 

around 14% of children had scabies, 20% had impetigo, 59% had runny nose and 39% had cough. 

Average household size was 8 persons, and 60% of the mothers smoked. Bilaterally normal middle 

ears were detected in 10% and 7%, respectively. OM with effusion (OME), almost all bilateral, was 

diagnosed in 52% and 50%, any suppurative OM (acute OM or any tympanic membrane perforation 

[TMP]) in 37% and 41%, and TMP in 14% and 12%, respectively. Children in the PCV13 group had 

significantly less NP carriage of combined Streptococcus pneumoniae (Spn) and non-typeable 

Haemophilus influenzae (NTHi) (62% versus 51%) but significantly more polymicrobial (Spn and 

NTHi) middle ear cultures (12% versus 43%), and significantly less Staphylococcus aureus-positive 

middle ears (40% versus 7%). Although NP carriage of pneumococcal serotype 19A was low in the 

PCV13 group, serotypes 19F and 23F persist.  

Conclusions: The general health, particularly ear health, of little children in remote Australian 

Indigenous communities remains in crisis. In particular, transition to PCV13 did not show substantial 

further improvement in ear health. Possible vaccine-related differences in microbiology, including 

potential beneficial effects of PHiD-CV10 on NTHi infection, need to be further evaluated in 

randomised trials. 
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MARS CCC (Monitoring Antibiotic Resistance and Serotypes and Ears in Child Care Centres) 

Background: Children attending out of home care experience high rates of respiratory infections and 

otitis media. Streptococcus pneumoniae is one of the main pathogens associated with otitis media. In 

2000 a pneumococcal conjugate vaccine was licensed in Australia for infant use. In 2001 a program 

began for Aboriginal infants only to receive this vaccine at 2, 4 and 6 months of age. This was 

expanded to all Australian infants in 2005.  

Method: To monitor the impact of PCVs on the nasal carriage of S.pneumoniae and other respiratory 

pathogens in children attending urban child care centres in Darwin and Alice Spring (NT, Australia) 

children aged 0-6 were in enrolled in 2003-5, 2010 and 2012. Nasal swabs were collected and stored 

according to standard methods. Pneumococci identified by morphology and optochin sensitivity were 

serotyped using the Quellung method and antimicrobial resistance was determined by CDS. Ear 

examination by video otoscopy was conducted in the 2010/12 surveys only. 

Results not available 

All MARSii-v Funding: NHMRC 545232, GSK, Pfizer; HREC: 08/83 

Pneumococcal conjugate vaccines PREVenar13 and SynflorIX in sequence or alone in high-

risk Indigenous infants (PREV-IX_COMBO): protocol of a randomised controlled trial(Leach, 

Mulholland, et al. 2015) 

Background: Otitis media (OM) starts within weeks of birth in almost all Indigenous infants living in 

remote areas of the Northern Territory (NT). OM and associated hearing loss persist from infancy 

throughout childhood and often into adulthood. Educational and social opportunities are greatly 

compromised. Pneumococcus and non-typeable Haemophilus influenzae (NTHi) are major OM 

pathogens that densely colonise the nasopharynx and infect the middle ear from very early in life. Our 

hypothesis is that compared to current single vaccine schedules, a combination of vaccines starting at 

1 month of age, may provide earlier, broadened protection.  

Methods and analyses: This randomised outcome assessor, blinded controlled trial will recruit 425 

infants between 28 and 38 days of age and randomly allocate them (1:1:1) to one of three 

pneumococcal conjugate vaccine (PCV) schedules: Synflorix at 2, 4, 6 months of age, Prevenar13 at 

2, 4 and 6 months of age, or an investigational schedule of Synflorix at 1, 2 and 4 months plus 

Prevenar13 at 6 months of age. The blinded primary outcomes at 7 months of age are 

immunogenicity of specific vaccine antigens (geometric mean concentration (GMC) and proportion of 

participants with above threshold GMC of 0.35 µg/L). Secondary outcomes at all timepoints are 

additional immunogenicity measures and proportion of participants with nasopharyngeal carriage of 

vaccine-type pneumococci and NTHi, and any OM, including any tympanic membrane perforation. 

Parental interviews will provide data on common risk factors for OM. 

Funding: NHMRC; HREC: 1395 Trial registry: ACTRN12610000544077 and NCT01174849 
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hpd in NTHi - Fig. 1. Nucleotide sequences of the unique hpd#3 amplicon variants (AVs). 
The primer (hpd#3_F822 and hpd#3_Pb896i) positions are indicated by grey boxes. AV 
nucleotide sequences are presented relative to AV1, where letters denote observed 
variation at the relevant nucleotide position, and dots signify identical sequence. Missing 
sequence is denoted by a dash. 
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