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ABSTRACT
Indigenous children in the Northern Territory (NT) of Australia and children in Papua New
Guinea (PNG) share an extraordinarily high burden of ear and respiratory disease. In the NT,
90% have otitis media (OM), with 15% of young children experiencing chronic suppurative
otitis media (CSOM). In PNG, high colonisation rates with OM pathogens, such as
pneumococcus, predispose children to respiratory infections, yet there are few studies on OM
burden and aetiology. With introduction of infant pneumococcal conjugate vaccine (PCV)
programs in PNG in 2014, it will be important to monitor the change in the incidence and
antibiotic susceptibility patterns of pneumococcus in OM and respiratory disease.

For this thesis, secondary analysis was carried out on two randomised controlled trials: (i)
Analysis of nasopharyngeal bacterial carriage and antimicrobial susceptibility patterns from a
7-valent pneumococcal conjugate vaccine (PCV7) trial comparing early PCV schedules in
PNG infants; (ii) Microbial outcomes from a trial comparing topical Ciprofloxacin to
Sofradex® for the treatment of CSOM in Indigenous children. The aim of this thesis is to
advance our understanding of the OM pathogens of significance in these high-risk
populations to inform future OM studies in PNG. The principle findings are as follows;

1. There was a limited impact of neonatal or accelerated infant PCV7 schedules on
vaccine serotypes in carriage and OM in PNG infants. This is likely due to the early
onset of dense carriage of a broad range of pneumococcal serotypes, primarily nonPCV7 serotypes.
2. PCV7 had no impact on carriage of non-susceptible pneumococcus in PNG children.
45% of pneumococcus-positive swabs exhibited non-susceptibility to one or more
antibiotics.
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3. Haemophilus influenzae in ear discharge is associated with worse treatment outcome
for CSOM when using topical Sofradex or ciprofloxacin. Interventions targeting H.
influenzae should be trialled to combat CSOM in high-risk populations.
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CHAPTER 1

Literature Review

1

1 CHAPTER 1: LITERATURE REVIEW
1.1

Introduction

This thesis focuses on the pathogens associated with middle ear infections, or otitis media
(OM), in two populations of children who share an extraordinarily high burden of respiratory
disease; Australian Indigenous children and children in Papua New Guinea (PNG). One in
five Indigenous children in the Northern Territory (NT) are hospitalised with an acute lower
respiratory infection in their first year of life (O'Grady, KA, Torzillo & Chang 2010).
Furthermore, 90% have OM, with 15% of children (aged 6-30 months) experiencing chronic
suppurative otitis media (CSOM) (Morris, PS et al. 2005). Ear and respiratory disease
represent major public health problems in this population, and the high burden persists
despite significant advances in vaccine and antibiotic interventions. In PNG, pneumonia is
the most common cause of death and reason for hospitalisation in childhood (Duke et al.
2002; National Department of Health 2009) and although suppurating ears are frequently
observed among PNG children (Aithal, Aithal & Pulotu 1995) there are no data on the
microbial burden or aetiology of OM in this region. This is a major knowledge gap as these
data are essential to inform future intervention strategies.

In the Eastern Highlands of PNG a Randomised Controlled Trial (RCT) comparing an early
neonatal schedule to an infant schedule of 3 doses of 7-valent pneumococcal conjugate
vaccine (PCV7) commenced in 2005. I was involved in developing the microbiology study
specific protocols for the trial, specimen management, processing of all the swabs, and data
management. My early involvement in this trial was recognised through the publications in
Appendix 1 and 2. In my thesis, chapters 2 and 3 describe microbiological outcomes from
this PCV7 RCT which enrolled infants at birth and collected nasopharyngeal swabs to 24
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months of age. In Chapter 2, the impact of PCV7 on longitudinal nasopharyngeal carriage of
Streptococcus pneumoniae, a major OM pathogen is reported, while Chapter 3 outlines the
antibiotic susceptibility patterns of S. pneumoniae. Chapter 4 describes the microbiology of
CSOM in a randomised controlled trial of the topical antibiotics Ciprofloxacin and
Framycetin Gramicidin Dexamethasone (FGD) as treatment for CSOM in Australian
Indigenous children.

The following literature review describes the epidemiology, risk factors, and treatment of
otitis media (OM) and interventions against OM. Emphasis is given to the microbiology of
OM to detail the pathogens of importance. The review concludes with a summary of the
research questions and hypotheses addressed by this thesis.

1.2

Otitis media: What is it and why is it important?

Otitis media (OM) refers to any inflammation of the middle ear without specific reference to
the aetiology or pathogenesis (Bluestone, C.D. & Klein 2007). OM can persist through
recurrent infections or chronic infections and is an important cause of hearing loss in children
(Acuin, Jose. 2004). Severe suppurative forms of OM (e.g. CSOM) are observed frequently
in developing countries and contribute greatly to the public health burden in these regions
(Monasta et al. 2012). Hearing loss is an important consequence of OM and impacts upon
language development, comprehension, communication, and behaviour early in life, and can
lead to educational and social disadvantage in later years (Aarhus et al. 2015). OM affects a
child’s quality of life and impacts on caregivers and health services (Grindler et al. 2014). A
better understanding of the pathogenesis and pathophysiology of OM and the role of
microbial pathogens is necessary, and strategies aimed at early detection, prevention and
treatment for OM are necessary.
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1.3

Otitis media definitions for Aboriginal and Torres Strait Islander children

Otitis media can be challenging to recognise and treat appropriately as it presents as a
spectrum of disease. Additionally, among Indigenous children in the Northern Territory,
asymptomatic acute infection is not unusual and can easily go unnoticed and fester in young
children (Gibney et al. 2005; Wiertsema & Leach 2009). Hearing loss in adults is often a
result of CSOM or recurrent acute otitis media infections from childhood (Aarhus et al.
2015). Early detection, diagnosis and proper treatment of OM can prevent the condition of
the ear to worsen and may aid in preventing sequelae associated with the disease including
hearing loss.
There is no general consensus on the duration of symptoms that define ear state, especially
for chronic suppurative otitis media (CSOM). For example, the Recommended Treatment
guidelines on the management of Otitis Media in Aboriginal and Torres Strait Islander
peoples (Table 1) define CSOM as persistent ear discharge for more than 2 to 6 weeks
whereas a WHO report uses a liberal definition of 6 weeks to 3 months (Acuin, Jose. 2004;
Morris, Peter et al. 2011). The OM definitions used in this thesis are adopted from the clinical
care guidelines for Aboriginal and Torres Strait Islander people (Table 1). A normal eardrum
appears greyish-pink in colour and is clear. Otitis media with effusion (OME) is when there is
a presence of fluid behind the eardrum without any acute symptoms. Acute otitis media
(AOM) is the presence of fluid behind the eardrum with bulging ear drum, red ear drum, pus,
fever, or irritability present.
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Table 1. OM definitions according to Clinical Care guidelines for Torres Strait and
Aboriginal population (Morris, Peter et al. 2011)

Term

Definition
Otitis media; Refers to all forms of inflammation and infection
of the middle ear. Active inflammation or infection is nearly
always associated with a middle ear effusion (fluid in the
middle ear space).

Normal eardrum
Otitis Media with Presence of fluid behind the eardrum without any acute
Effusion (OME)

symptoms. Other terms have also been used to describe OME
(including ‘glue ear’, ‘serous otitis media’ and ‘secretory otitis
media’). OME may be episodic or persistent. A type B
tympanogram or reduced mobility of the eardrum on pneumatic
otoscopy are the most reliable indicators of OME.

Acute Otitis Media General term for both acute otitis media without perforation
(AOM)

and acute otitis media with perforation. It is defined as the
presence of fluid behind the eardrum plus at least one of the
following: bulging eardrum, red eardrum, recent discharge of
pus, fever, ear pain or irritability. A bulging eardrum, recent
discharge of pus, and ear pain are the most reliable
indicators of AOM.

Acute Otitis Media The presence of fluid behind the eardrum plus at least one of
without perforation the following: bulging eardrum, red eardrum, fever, ear pain or
(AOMwoP)

irritability. A bulging eardrum and/or ear pain are the most
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reliable indicators of AOMwoP.
Acute Otitis Media Discharge of pus through a perforation (hole) in the eardrum
with

perforation within the last 6 weeks. The perforation is usually very small (a

(AOMwiP)

pinhole) when the eardrum first ruptures. The perforation can
heal and re-perforate after the initial onset of AOMwiP.

Chronic
Suppurative

Persistent ear discharge through a persistent perforation (hole)
Otitis in the eardrum. Definition of CSOM varies in the duration of

Media (CSOM)

persistent ear discharge and is defined as at least 2 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.

1.4

OM diagnosis

Otitis media diagnosis requires a visual assessment of the condition of the tympanic
membrane, and this is usually done by the use of otoscopy, and is best if accompanied by
tympanometry. Pneumatic otoscopy uses a stream of air aimed at the tympanic membrane to
assess its mobility with live video image (video otoscopy). Movement of the tympanic
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membrane indicates normal function whereas restricted movement generally represents fluid
behind the tympanic membrane indicating OME. Tympanometry assesses middle ear
function and measures tympanic membrane mobility in response to variations of air pressure
created in the ear canal. The output is exhibited as graphs to indicate function of the middle
ear. Figure 1 shows three broad types of trace that can be used for diagnostic purposes. In
order to correctly diagnose OME and AOM from a normal ear with redness, otoscopy or
tympanometry need to be performed to confirm the presence of middle ear effusion. These
diagnostic techniques are recommended for use but are not frequently used by General
Practitioners (Buchanan & Pothier 2008; Gunasekera et al. 2009). This could potentially
result in an incorrect diagnosis of OM pathology or unnecessary prescription of antibiotics.
CSOM diagnosis in children is done when there is persistent ear discharge for more than 2-6
weeks and a visible perforated ear drum that allows discharge to pass through easily (Morris,
Peter et al. 2011).
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Figure 1. Type "A" "B" and "C" tympanograms (Onusko 2004)

Type “A” trace indicates a normal ear
mechanism.

Type “B” trace lacks a sharp peak which
indicates decreased mobility of the tympanic
membrane due to presence of fluid within
middle ear. (OME)

Type C trace indicates negative pressure within
the middle ear space which is consistent with
retracted tympanic membrane and suggests
eustachian tube dysfunction or aspiration of
fluid from the nasopharynx into the middle ear.
(AOM)

1.5

Hearing loss

Hearing loss is one of the most significant impacts of OM. CSOM can cause conductive
hearing loss (CHL) along with sensorineural hearing loss (SNHL). CHL is the loss of hearing
as decreased conductivity of sound through the middle ear. In chronic inflammatory
infections, an eroding of the ear drum and the auditory ossicles made up of the malleus, incus
and stapes, prevent transmission of sound waves onto the cochlea in the inner ear. Conductive
hearing loss is directly proportional to severity of OM, with hearing loss greatest in the worse
cases of OM. SNHL occurs as a result inner ear damage (cochlea) or injury to the nerve
8

pathways that transmit signals from the ear to the brain. Hearing loss in crucial years (1-3
years) of language acquisition may affect a child’s cognitive recognition of sound, thus
impacting on speech development and subsequent education (Paradise et al. 2000; Williams
& Jacobs 2009)

1.6

Epidemiology of Otitis Media with a focus on CSOM

OM is one of the common childhood infections responsible for most doctors’ visits (Klein
2000). Eighty percent of children in developed countries are estimated to have at least one
episode of OM by their third birthday (Teele et al. 1989). Severe forms of OM are associated
with poor socioeconomic circumstances with the distribution occurring mostly in the
developing countries (Monasta et al. 2012).

Chronic suppurative otitis media is defined in this study as persistent ear discharge for 2
weeks or more (Morris, Peter et al. 2011). The worldwide prevalence of CSOM is believed to
be between 65 and 330 million people, with 39-200 million (60 %) having clinically
significant hearing impairment (Acuin, Jose. 2004). It is estimated that there are 31 million
new cases of CSOM each year and 22.6% of these are children under the age of 5 years
(Monasta et al. 2012). There are several global regions that lack OM data but anecdotally
known to have high rates of OM (Monasta et al. 2012). Some populations like the Inuit’s of
Alaska, Canada and Greenland, the Indigenous Australian, and Native Americans have the
highest reported prevalence of CSOM (7-46%) which exceedsWHO’s rate (>4%) to
constitute a major public health problem needing immediate attention (Bluestone, C. D. 1998;
Coates 2002; Couzos et al. 2003).
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CSOM in most developed nations is rare but in developing nations where resources are
limited, and among some Indigenous populations in developed nations, the advanced stage of
the disease can present as a challenge to manage and result in higher morbidity and mortality
(Akinpelu et al. 2008; Dubey & Larawin 2007; Sharma et al. 2015). There is an increased
tendency of AOM becoming chronic with complications in these populations and for there to
be contributing factors like late presentation and inadequate treatment. As CSOM is typically
refractory to treatment, stopping the progression from AOM to CSOM is crucial.

1.7

Burden of OM in Western Pacific region

The burden of OM in the Western Pacific region is not well described and this may be largely
due to a lack of awareness of the importance of OM among physicians, and a low priority
consideration especially since rates of mortality from other infectious diseases like malaria
and pneumonia are very high. Most of the countries in the region fall under the World Bank
classification of low to middle income countries. According to a WHO report, CSOM
prevalence in school age children in Malaysia, Philippines and Vietnam was 2.5-4.2 % while
the Solomon Island and Guam exhibited prevalence of 6-8% in community surveys (Acuin,
Jose. 2004).

1.8

Burden of OM in PNG

There is a lack of national prevalence data on OM in PNG suggesting that OM is an underrecognised disease in the country. In addition, there are no described support services for
hearing impairment or deafness and a dearth of evidence-based guidelines on OM treatment
which are vital for managing OM disease sequelae. A paucity of published data on the
prevalence and antimicrobial susceptibility patterns of OM pathogens exists and the lack of
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functional microbiology laboratories in the major hospitals with culture capabilities may be
both a contributing and limiting factor.

Reports from more than 30 years ago indicate a high prevalence of middle ear disease and
hearing loss in the Eastern Highlands of PNG (Smith 1981). A school survey of 430 children
from 4 schools in the Eastern Highlands region revealed 6% of the students had significant
hearing loss (≥50 decibel) in the better ear (Bunker 1983) with higher prevalence in students
from schools outside the Goroka township. Ear discharge was observed to be normalised in
the community and health attention was sought only when the child complained of ear pain or
when there was another predominant health issue (Smith 1981). Nasopharyngeal colonisation
rates are high with children being colonised shortly after birth and sustaining a high burden of
respiratory pathogens in their noses which predispose them to acute respiratory infections
(Aho et al. 2016; Montgomery, JM et al. 1990). Recently, we reported tympanic perforations
with middle ear discharge from 11% of infants enrolled in a vaccine trial from the same
demographic highland area (Aho et al. 2016).

Sixty-five percent of ENT patients (1150 cases) with clinical history of hearing loss at the
Port Moresby General hospital presented with OM at the time of examination. Nearly half of
the cases were children (459/1150) and 42 % of the children with hearing loss were under the
age of 5 years (Aithal, Gupta & Vele 1995).

A recent survey of 5 urban clinics in Port Moresby revealed 7.1% (28/395) of children aged 6
months to 12 years (mean age 3 years) had CSOM (Solomon, Vince & Tefuarani 2016).
Three of the children had complications of CSOM with 1 cholesteatoma and 2 with
mastoiditis. Complications of CSOM are difficult to manage in developing countries and
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consequently can result in significant morbidity and in some extreme cases, mortality.
Prognosis of CSOM complications worsened with late presentation at the hospital (Dubey &
Larawin 2007) signifying a lack of knowledge of the importance of OM and serious
complications associated with it. This poor health seeking behaviour highlights the
importance of early recognition, detection and prevention of OM.

1.9

Burden of OM in Australia

OM continues to be a prominent and challenging health problem in Australia. Seventy-three
percent of Australian children are estimated to be affected by AOM by the age of 12 months
(Access Economics 2009). The pattern of ear disease observed in Australian Indigenous
children is similar to developing countries but in contrast rarely contributes to mortality.
Australian Aboriginal children are more likely to develop ear disease and hearing loss with
rates up to ten times higher than non-Aboriginal children (Senate Community Affairs
References Committee 2010). The projected number of OM cases in 2008 in Australia was
650, 000 (Access Economics 2009) and the treatment costs for visits to the general
practitioner and medical prescriptions were estimated to be between A$100 to A$400 million
(Taylor, PS et al. 2009). This estimate excludes lost productivity of parents and carers.

Australian Indigenous children living in remote communities in the NT represent a group of
children in the developed world setting who experience alarmingly high rates of OM; far
exceeding WHO’s threshold of ≥ 4% to signify a major public health concern (World Health
Organization 1998). In a community-based survey involving 709 eligible children aged 6 to
30 months living in remote NT communities, 90% had OM and more than 20% had tympanic
membrane perforation (TMP;

15% CSOM, 2% dry perforation, and 7% AOM with

perforation) (Morris, PS et al. 2005). Forty percent of children under 18 months of age had
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TMP. Early studies demonstrated that these infants have early onset of ear disease weeks
after birth and this progresses to OME or AOM in the first year of life with little chance of
resolving back to normal during childhood (Boswell, J.B. & Nienhuys 1996; Leach, A et al.
1994). In a small study, 95% of 22 Aboriginal infants with ages from 6-8 weeks were found
to have fluid in their ears (OME) compared to 30% of 10 non-Aboriginal infants at the same
age (Boswell, J. B. & Nienhuys 1995). A study of Indigenous school children found the
hearing of children with perforated ear drums was worse than children with OME (Nienhuys,
Boswell & McConnel 1994). Although tympanic perforations have declined from 24% to
14% since 2001, there is not much change in the prevalence of OM with bilaterally normal
ears detected in less than 10% of the children (Leach, AJ et al. 2014; Leach, AJ et al. 2016;
Morris, PS et al. 2005).
The factors that contribute to OM disease and hearing problems are complex and comprise of
historical, social, cultural, economic, behavioural and biomedical risk factors (MacRae A et
al. 2013). Wiertsema and Leach proposed a model (Figure 2) that highlights the factors that
perpetuate the cycle of transmission and infection and sustain the high rates of OM and
respiratory disease among Indigenous children (Wiertsema & Leach 2009). Early and dense
colonisation, along with carriage of multiple strains of respiratory pathogenic bacteria may
account for the persistence of carriage and recurrence of OM and respiratory disease in these
populations. Poor hygiene, overcrowding and hand contamination enable and increases the
frequency of transmission episodes for respiratory bacteria and in turn contribute to the high
rates of infection. OM continues to be a significant health and social issue for many high-risk
populations such as Australian Indigenous children (Leach, AJ et al. 2014), where a multifaceted and coordinated approach is needed to tackle this issue.
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Figure 2. The extended vicious circle of inflammation hypothesis explaining high
rates of otitis media and other respiratory infections among Papua New Guinean
and Australian Indigenous children.

(Hare, Smith-Vaughan & Leach 2010) Adapted from Wiertsema and Leach
(Wiertsema & Leach 2009)

1.10 Risk factors for OM
Factors that predispose young children to OM are mostly host-related or environmental in
origin. Host-related risk factors include, but are not restricted to, premature birth, allergies,
immunological deficiency, genetic predisposition, and craniofacial abnormalities. Childcare
attendance, seasonality, socioeconomic status and pacifier use are examples of environmental
factors. Among Indigenous children age, early and dense bacterial colonisation, upper
respiratory tract infection (URTI) , poor hygiene, over-crowding, limited access to clean
water, smoking, passive smoking are some of the risk factors that were associated with OM
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(Kong & Coates 2009). The risk factors that are considered most important in high risk
populations such as the Aboriginal and Papua New Guinean population are discussed below.

1.10.1 Age and OM
OM is common in the first 12 months of life and occurs early both in developed and less
developed countries. Younger children tend to get upper respiratory infections frequently
compared to older children and may be a result of lack of protective immunity and due to
having a shorter Eustachian tube. OM incidence is seen to peak at two age groups: between 6
and 24 months of age after infants are weaned and exposed to the environmental conditions
and at 4-5 years of age when they are attending day care centres (Kong & Coates 2009). For
Indigenous Australian children, OM occurs as early as 2 months of age (Watson et al. 2006)
and early age of first OM episode was associated with more chronic and severe middle ear
disease states (Boswell, J.B. & Nienhuys 1996).

1.10.2 Bacterial colonisation and OM
Nasopharyngeal colonisation with otopathogens (See 1.11) is a prerequisite for OM. A
number of studies have established the link between nasopharyngeal pneumococcal
colonisation and subsequent OM disease caused by the same serotype (Gray, Converse &
Dillon 1980; Syrjanen et al. 2006).
Among Indigenous infants, a number of studies have investigated the relationship of
nasopharyngeal colonisation with bacteria and the onset of OM. Early onset of OM was
associated with a significant increase in major bacterial OM pathogens (Smith-Vaughan, H et
al. 2008) and total bacterial load in the nasopharynx. In a longitudinal study where infants
were followed from birth to see if OM predicted early onset of OM in Aboriginal and nonAboriginal children, it was demonstrated clearly that early colonisation of the nasopharynx
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increased the risk of OM disease in Australian Indigenous infants (Leach, A et al. 1994).
Indigenous infants commonly experience dense nasopharyngeal colonisation which is
associated with presence and severity of OM (Smith-Vaughan, HC et al. 2006).
Nasopharyngeal swabs may be used to investigate OM where middle ear samples are not
available.

1.10.3 Overcrowding
Overcrowding is a significant factor for transmission of epidemic diseases like acute
respiratory diseases, cholera, scabies and typhus. The number of household members, the
number of people per room and number of children per household increases the risk of
transmission and disease. A Kalgoorlie (Western Australia) study that investigated predictors
of nasopharyngeal carriage in Australian Aboriginal and non-Aboriginal children, found that
the number of children in a non-Aboriginal household and the number of adults and children
in an Aboriginal household increased the risk of S. pneumoniae, Haemophilus influenzae and
Moraxella catarrhalis carriage (Jacoby, P et al. 2011). Household crowding was associated
with childhood hospital admissions for otitis media in a New Zealand study and this was
more pronounced in Maori cases of otitis media (Bowie et al. 2014). Day-care attendance of
children is a significant factor for incidence of OM and OME and is directly related to the
number of children in each day-care centre (Kong & Coates 2009; Rovers et al. 1999). A
three-fold risk of upper respiratory tract infection was observed with day-care attendance
(Wald, Guerra & Byers 1991).

1.10.4 Smoking and environmental smoke
Exposure to environmental smoke from either cooking fire or from a parent who smokes
increases the risk of nasopharyngeal acquisition of S. pneumoniae and onset of OM in less
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than a month (Gray, Converse & Dillon 1980; Greenberg et al. 2006). Indigenous children
who were exposed to environmental tobacco smoke had increased risk of OM compared to
non-Indigenous Australian children (OR, 3.54; 95% CI, 1.68–7.47 vs. OR, 1.91; 95% CI,
1.07-3.42) (Gray, Converse & Dillon 1980; Greenberg et al. 2006; Jacoby, PA et al. 2008).

1.11

Microbial pathogenesis and aetiology of OM

Infection of the middle ear occurs through the Eustachian tube which connects the middle
ear to the nasopharynx or via the ear canal through a perforated ear drum. Nasopharynx
microflora closely resembles MEF microflora at the onset of AOM supporting the Eustachian
tube involvement, whereas in chronic otitis media, a discordant microbiology indicates the
MEF microbiology is influenced by the exposure of the middle ear to the ear canal via a
perforated tympanic membrane.

The aetiology of OM is multifactorial and involves interaction between microbial agents, the
host immune response, the differences in anatomical structure of the ear, and the cell biology
of the middle ear cleft and nasopharynx. Acute otitis media occurs usually after an upper
respiratory infection which leads to mucosal congestion in the eustachian tube and
nasopharynx and results in eustachian tube dysfunction and altered pressure in the middle ear.
This allows pathogens from the nasopharynx to enter the middle ear via aspiration,
stimulating inflammation and pus collection resulting in clinical symptoms of AOM. Otitis
media with effusion is a chronic inflammatory condition that is characterised by a nonpurulent fluid behind an intact tympanic membrane in the absence of symptoms typical of
AOM like pain and fever. Excess production of mucin and more viscous mucin types (Kubba,
Pearson & Birchall 2000) overwhelms the normal mucociliary clearance of the middle ear
and results in a thick mucin-rich middle ear effusion (Rovers et al. 2004) which blocks the
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eustachian tube and impairs its function. In addition, bacterial biofilm formation and
neutrophil extracellular traps in the middle ear mucosa may explain the recrudescence of
otorrhoea (Post 2015; Thornton et al. 2011; Thornton et al. 2013). The causative organism or
organisms responsible for OM disease in a polymicrobial infection is difficult to establish but
bacterial load assays are sensitive compared to culture (Smith-Vaughan, HC et al. 2013) and
can distinguish suppurative OM with positive correlation with ear state (Smith-Vaughan, HC
et al. 2006).

Otitis media is generally but not always preceded by an URT viral infection followed by
bacterial superinfection. A number of animal models, epidemiological studies and clinical
trials (Smith-Vaughan, HC et al. 2006) support the complex interaction between respiratory
viruses and bacteria in OM pathogenesis. Acute viral infections of the nasopharynx enhances
the environment for pathogenic growth and adhesion to the epithelial cells and invasion into
the middle ear (Heikkinen & Chonmaitree 2003). Binks et al found that M. catarrhalis, H.
influenzae and S. pneumoniae loads increased in the presence of viruses in Australian
Indigenous children. The study identified an association between human adenovirus’ and in
AOM pathogenesis and showed that children infected with adenovirus were 3 times more
likely to have AOM with or without perforation (p<0.001) and the virus was found to be
significantly associated with these clinical ear states (Binks et al. 2011).

OM is considered to be a polymicrobial disease. H. influenzae, S. pneumoniae and M.
catarrhalis are three main isolated pathogens in AOM and OME with H. influenzae and S.
pneumoniae being more prevalent. In a systematic review of microbiological studies, Ngo et
al found that S. pneumoniae had a higher frequency than H. influenzae in AOM infections
whilst H. influenzae was more prominent in recurrent AOM and chronic OME (Ngo et al.

18

2016). Some hypothesise that the initial OM bacterial infection is most likely caused by S.
pneumoniae (Dagan et al. 2016) followed by an interplay of different pathogenic species in
the persistent stage of the disease especially after treatment failure.

In addition to the major 3 otopathogens, Alloiococcus otitidis, Staphylococcus aureus,
Streptococcus pyogenes, Pseudomonas aeruginosa are isolated less frequently from the
middle ear, although A. otitidis is considered a secondary otopathogen introduced via the ear
canal in AOM with perforation (De Baere et al. 2010; Frank et al. 2003). The role of A.
otitidis as an otopathogen is still being assessed. Studies have shown that A. otitidis may have
pathogenic roles in AOMwiP (Ashhurst-Smith et al. 2007; Marsh et al. 2012).

1.11.1 Diagnostic techniques
Non-culture methods like PCR and Microbiome studies provide more sensitivity over culture
as some organisms may be under represented or go undetected. Indeed, PCR detection of H.
influenzae in ear swabs is more sensitive than culture (Smith-Vaughan, HC et al. 2013).
Furthermore microbiomic studies which sample the entire community in nasopharyngeal
swabs and middle ear specimens are improving our understanding of the complex
pathogenesis of OM (Jervis-Bardy et al. 2015; Smith-Vaughan, HC et al. 2013; SmithVaughan, HC et al. 2006)

1.11.2 Chronic Suppurative Otitis Media Microbiology
P. aeruginosa and S. aureus are commonly reported from patients with CSOM 2-57% of
chronically discharging ears. Other aerobic organisms like Klebsiella spp, Proteus spp, and
Escherichia coli have been reported in 1-37% of cases. H. influenzae is reported in 1-11% of
cases as stated in a review (Verhoeff et al. 2006) however the authors did not take into
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account CSOM studies in Indigenous Australian children which reported non-typeable H.
influenzae 21-70% of cases (Leach, A et al. 2008; Stephen, Leach & Morris 2013). Anaerobic
bacteria Bacteriodes spp, Clostridium spp, Peptococcus spp, Prevotella spp are isolated in
less than 10% of CSOM cases. Fungi represent 10-20% of microorganisms isolated from
active CSOM with Aspergillus niger, Candida albicans and A. fumigatus being the top 3
reported fungi. Age and duration of chronic runny ears are likely to influence the
microbiology of CSOM as most adult CSOM patients would have had persistent or recurrent
infection stemming from childhood.

I performed a search of papers on the microbiology of CSOM (see Appendix C for criteria).
The microbes reported in all papers are listed. Most studies included patients with a broad
range of ages and did not use the same duration of ear discharge, limiting comparisons
between studies. These articles further supported the poly-microbial nature of CSOM. Some
studies showed P. aeruginosa to be the dominant pathogen whilst S. aureus dominated in
other studies.(Chirwa et al. 2015; Kaur et al. 2016; Loy, Tan & Lu 2002). Also evident from
these studies was the significant contribution of fungi to the isolation rates (Biradar & Roopa
2015; Mushi et al. 2016). Fungi are thought to be secondary pathogens and their role in the
pathogenesis of CSOM is yet to be explored. There was considerable variability between
studies in the laboratory methods employed, study design, inclusion/exclusion criteria,
inconsistency in reporting and the duration of persistent otorrhoea (from more than 2 weeks
to more than 3 months). The duration of CSOM and age of study participants can possibly
influence the microbiology and thus a guideline on reporting of microbiology outcomes of
CSOM studies is necessary to ensure good quality data to draw comparisons from.
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The role of atypical microorganisms like fungi in CSOM is not clear and is an area of
investigation that is lacking. Fungi are considered as secondary pathogens from
contamination from the outer ear and hence may become prominent otopathogen especially in
unresolved CSOM following antibiotic treatment. There is contention as to which organisms
could be the causative organisms for CSOM as the normal microbial flora of the middle ear is
not known. Representative samples from the outer ear, or the adenoids for microbiota studies
could distinguish resident microorganisms common to both sites from potential contaminants.
We still do not know what the role of atypical microorganisms like fungi are in the aetiology
of CSOM.

1.12

Otitis media management in Australian Indigenous children

There is an obvious contrast in the disease burden and severity of OM between Australian
Indigenous and Non-Indigenous children with unacceptably high rates of OM in the
Indigenous Australian population (Gunasekera et al. 2007). Studies show that Indigenous
Australian children especially those in remote areas have reportedly earlier (Leach, A et al.
1994), recurrent and more severe cases of OM than any other high risk groups of children in
first world nations with disease rates resembling third world settings (Acuin, Jose. 2004;
Bluestone, C. D. 1998; Moran et al. 1979).

The Australian Therapeutic guidelines advocate for the judicious use of antibiotics in AOM
treatment and recommends symptomatic treatment of AOM and watchful waiting for children
with non-suppurative AOM older than 6 months of age (Therapeutic Guidelines Limited
revised November 2014). Watchful waiting insists on delaying antibiotic treatment to allow
spontaneous resolution while preventing unnecessary antibiotic use and the associated
disadvantages including adverse effects and antibiotic resistance.

21

A meta-analysis on 1643 children ages 6 months to 12 years from 6 randomised controlled
trials on effectiveness of antibiotics on the treatment of AOM found antibiotics were
beneficial to children younger than 2 years with bilateral disease but had no difference in
children with mild disease (Rovers et al. 2006). The analysis involved low-risk groups of
children and therefore is not applicable to populations where there is a high risk of AOM
progressing to perforation of the tympanic membrane. An ongoing multi-centre RCT (Abbott
et al. 2016) will say whether watchful waiting is non-inferior to antibiotics in Aboriginal and
Torres strait islander children living in urban settings with AOM without perforation. In
children with AOM who have a high risk of developing perforation, clinical care guidelines
are provided in the management of AOM in Aboriginal and Torres Strait Islander populations
(Morris, PS et al. 2005).

1.12.1 Chronic suppurative otitis media treatment
An effective treatment for CSOM should stop the discharge, heal the tympanic membrane
perforation (for adults this may not happen), improve hearing and prevent re-current or new
infections (Macfadyen, CA, Acuin & Gamble 2005). Treatment options for uncomplicated
CSOM include (a) cleaning the ear by aural toilet; dry mopping, ear wicking, tissue spears,
gentle syringing the ear with a disinfectant and saline or suctioning (b) systemic antibiotics
and (c) topical antibiotics with antiseptics, antibiotics and antibiotics with steroids (e.g.
Framycetin-Gramicidin-Dexamethasone).

Aural toilet alone may keep the ear drum dry but does not resolve the otorrhoea (Acuin, J.,
Smith & Mackenzie 2000). A Cochrane review of 17 studies on long term antibiotic
treatment of 6 weeks or more in high risk populations to prevent recurrent infections showed
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that long term treatment with antibiotics reduced further infections by half (Leach, AJ &
Morris 2006). There was however little evidence to suggest that long term antibiotic
treatment reduced AOM with perforation or chronic suppurative otitis media (chronic
perforation). Another systematic review of 9 trials that looked at topical antibiotic versus
systemic antibiotic in the treatment of chronically discharging ears, found topical antibiotics
to be more effective at clearing discharging ears at 1-2 weeks (Macfadyen, CA, Acuin &
Gamble 2006). With topical antibiotic treatment, quinolones were found to be more effective
than aminoglycosides. In addition, aminoglycosides used as systemic drugs are found to
cause ototoxicity (Rybak & Ramkumar 2007) but little evidence against ototopical treatment
with aminoglycosides. Studies that look at long term effects of topical antibiotics with and
without steroids are needed with concerns for ototoxicity.

1.12.2 Challenges of CSOM treatment
The major challenge of antibiotic treatment of OM is bacterial resistance. The persistence of
disease despite antibiotic therapy can also be a result of the presence of bacterial biofilm and
intracellular infection (Coates et al. 2008; Thornton et al. 2011). Biofilms are clusters of
bacteria embedded in a polymeric matrix with increased resistance to antibiotics and host
defence mechanisms.

In resource poor settings, the cost of effective antibiotics, late presentation to the hospital,
poverty, lack of ENT specialists and services, inability to afford medical tests are
impediments to accessing much needed health attention thereby increasing the risk of CSOM.
In addition, the high cost of effective treatment prevents their use in low income countries
where much of the burden of CSOM exists. Therefore, a priority challenge to overcome in
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CSOM treatment is the development and testing of alternative effective safer options that are
cheaper and are not ototoxic.

1.13

Pneumococcal vaccination in preventing colonisation and disease

Vaccination has proven effective in reducing morbidity and mortality due to infection by a
number of significant pathogens and the circulation of drug resistant strains (Black et al.
2000; Kyaw et al. 2006). S. pneumoniae is a significant OM pathogen and is to a degree
vaccine preventable. There are currently 98 different pneumococcal serotypes that have been
identified and each of these has a different propensity to cause disease and may affect
different sites. The pneumococcal polysaccharide vaccine, introduced as a 14-valent vaccine
covering 14 common disease-causing serotypes of S. pneumoniae, was licenced for use in the
United States in 1977 and later expanded in 1983 to a 23-valent vaccine. The polysaccharide
vaccine although effective in adults, did not elicit immune responses in children less than 2
years old with immature immune systems due to the polysaccharide antigen, a T-cell
independent antigen. The issue was resolved by converting the polysaccharide antigen into a
T-cell dependent antigen via conjugation to a protein carrier. Significant reductions in
vaccine type pneumococcal morbidity and mortality were achieved by the 7-valent PCV
(Kyaw et al. 2006) which was then succeeded by the 10 and the current 13-valent PCV
(Figure 3). Concurrent increase of non-vaccine types serotypes following PCV is a concern
(Porat et al. 2004) prompting the search for a universal pneumococcal antigen that is nonserotype dependent.
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Table 2 Serotypes in the most widely used pneumococcal vaccines
23-valent pneumococcal polysaccharide vaccine (PPV23); serotypes
1, 2, 3, 4, 5, 6B, 7F, 8,9N, 9V, 10A, 11A, 12F, 14, 15F, 17F, 18C, 19A, 19F, 20,
22F, 23F, and 33F
7-valent pneumococcal conjugate vaccine (PCV7): serotypes
4, 6B, 9V, 14, 18C, 19F and 23F
10-valent pneumococcal conjugate vaccine (PCV10): serotypes
1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F
13-valent pneumococcal conjugate vaccine (PCV13): serotypes
1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F.

A comprehensive review on the impact of PCVs on pneumococcal carriage is not provided
in my literature review as systematic reviews of PCV7 impact (with multiple schedules) have
been

published (for example, (Fleming-Dutra et al. 2014). These described an overall

reduction in vaccine type carriage but no change in overall pneumococcal carriage rates due
to replacement with non-vaccine serotypes.

Similarly, systematic reviews of the impact of PCVs on OM have been published. Reports
suggest PCV effects are variable, and are likely affected by factors such as the local
variability of viral and bacterial etiology, differences in case ascertainment, and diagnosis of
OM (Taylor, S et al. 2012; Vojtek, Nordgren & Hoet 2017). The greatest impact was
demonstrated with a prototype 11-valent PCV (precursor to the currently licensed 10vPCV,
both containing H. influenzae Protein D) given during infancy which reduced AOM episodes
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by 34% with an efficacy against any AOM caused by vaccine type pneumococci to be 57.6%
and by non-typeable H. influenzae to be 35.3% (Prymula 2006).
PCVs may also have an impact on carriage of antibiotic non-susceptible pneumococci. This
can occur in two ways: i) through a direct reduction in the serotypes carrying resistance genes
and ii) through a reduction in febrile illnesses that often lead to the use of
antibiotics(Klugman & Black 2018). A review of the impact of PCVs on antibiotic resistance
reported large reductions in non-susceptible pneumococci following introduction of PCV7 in
the US, Japan, Korea and South Africa (Klugman & Black 2018). An excerpt of findings is
shown in Table 3.

Table 3. Impact of PCV on antibacterial resistance (excerpt taken from (Klugman
& Black 2018)).

Country

Vaccine

Observed impact
5.4% (95% CI 4.0–6.7%) fewer antibiotic prescriptions
written compared with controls.

United

The use of second-line antibiotics was reduced by 12.6%
PCV7

States

(95% CI 9.6–15.6%).
PCV7 prevented 35 antibiotic prescriptions per 100 children
vaccinated in 3.5 y of follow-up .
Proportion of penicillin-resistant isolates declined from

Japan

PCV7
54.7% before widespread PCV use to 5.1% in 2012.

South Africa PCV7 followed Rates of IPD due to penicillin-nonsusceptible strains declined
by PCV13

82% (95% CI = −85, −78)Ceftriaxone-nonsusceptible IPD
strains declined 85% (95% CI = −91, −77)
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Country

Vaccine

Observed impact
Of multiply-resistant strains, the proportion due to PCV7

Korea

PCV7

serotypes decreased from 65.2% to 21.7% following
availability of PCV7 as an optional vaccine.

Furthermore, PCV programs result in nearly the same proportional reduction in total
antibiotic exposures of S. pneumoniae, Staphylococcus aureus and Escherichia coli,
demonstrating that the positive impacts of PCVs on ‘bystander organisms’ should also be
considered (Tedijanto & Olesen 2018). Further discussion of the effect of PCVs on carriage
and resistance is provided in Chapters 2 and 3.
In high risk populations where early carriage predisposes to disease early on in life, neonatal
or maternal immunisation may reduce risk by preventing or delaying early colonisation in
neonates. In Chapter 2, I report carriage findings from our neonatal PCV study in PNG.

1.14

Understanding pathogens with relevance to OM management in
Papua New Guinea –Summary and Aims of the study

The overarching aim of this thesis is to provide data to advance our understanding of the OM
pathogens of significance in these high-risk populations so as to inform future OM studies in
PNG. Specifically, I will investigate the impact of PCV7 in prevention of nasopharyngeal
carriage with one of the major pathogens in OM, S. pneumoniae , and the impact of topical
antibiotic treatment in altering the microbial profile in ear discharge (ED) from children with
the most severe form of OM, CSOM. To achieve this I will investigate the microbial
outcomes of two separate RCT: (i) Impact of neonatal PCV7 on S. pneumoniae carriage and
OM infection in PNG children (Aho et al. 2016) and (ii) Topical ciprofloxacin versus topical
FGD treatment in Australian aboriginal children with CSOM (Leach, A et al. 2008).
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Major objectives of my PhD relating to microbial investigations in the PCV7
trial among infants in PNG:
1. Determine the impact of neonatal (0-1-2 months) and infant (1-2-3 months) PCV7
vaccination schedules on vaccine type (VT) pneumococci in: (i) the nasopharynx
(NP); and (ii) ED of infants, compared to unvaccinated controls
2. Determine the impact of neonatal (0-1-2 months) and infant (1-2-3 months) PCV7
vaccination schedules on antimicrobial susceptibility patterns of S. pneumoniae.
Major objectives of my PhD relating to the topical antibiotic trial among
Indigenous children with CSOM:
3. Describe the changes in ED bacteriology among children with persistent CSOM
despite 6-8 weeks of either topical CIP or FGD using quantitative PCR to estimate
density of all bacteria (targeting 16S rDNA), and specific pathogens (S. pneumoniae,
H influenzae, P. aeruginosa, S. aureus and A .otitidis) and their proportional loads at
baseline and follow-up.
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CHAPTER 2

Limited impact of neonatal or early infant schedules of 7valent pneumococcal conjugate vaccination on
nasopharyngeal carriage of Streptococcus pneumoniae
in Papua New Guinean children: A randomised
controlled trial
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2 CHAPTER 2: LIMITED IMPACT OF NEONATAL OR EARLY
INFANT SCHEDULES OF
CONJUGATE
CARRIAGE

7-VALENT PNEUMOCOCCAL

VACCINATION
OF

ON

NASOPHARYNGEAL

STREPTOCOCCUS PNEUMONIAE IN

PAPUA NEW GUINEAN CHILDREN: A RANDOMISED
CONTROLLED TRIAL

2.1

Preamble

Chapters 2 and 3 discuss secondary carriage outcomes of a pneumococcal conjugate
vaccine trial in Goroka, PNG, between 2005 and 2009. The study was an open-label
randomised controlled trial of PCV7 in a 0, 1, and 2 month schedule (neonatal group),
or a 1, 2, and 3 month schedule (infant group) or no PCV7 (control group). All the
children received routine childhood vaccinations according to the Expanded Programme
on Immunisation (EPI) schedule (Papua New Guinea Department of Health 2011) as
shown in Table 4. PCV7 and the 23-valent pneumococcal polysaccharide vaccine
(Pneumovax 23; PPV23) were not part of the routine vaccine schedule. At 9 months, all
children in the study received the PPV23. Of the 312 children enrolled into the study,
the correct immunisation schedule was successfully completed by 86% (ie without loss
from the study or protocol violation) at age 4 months and 83% at 9 months, and 77%
completed 18 months of follow-up (Phuanukoonnon et al. 2010).

Chapter 2 analyses the impact of PCV7 on vaccine serotype carriage whilst Chapter 3
concentrates on antibiotic resistance outcomes. In this study I was involved in study
setup, I performed microbiological analyses on the swabs, and I performed the statistical
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analyses of the data. Findings from Chapter 2 were published: Aho C, Michael A,
Yoannes M, Greenhill A, Jacoby P, Reeder J, Pomat W, Saleu G, Namuigi P,
Phuanukoonnon S, Smith-Vaughan H, Leach AJ, Richmond P, Lehmann D; Neonatal
Pneumococcal Conjugate Vaccine Trial Study Team. Limited impact of neonatal or
early infant schedules of 7-valent pneumococcal conjugate vaccination on
nasopharyngeal carriage of Streptococcus pneumoniae in Papua New Guinean children:
A

randomized

controlled

trial.

Vaccine

Rep.

2016

Dec;6:36-43.

doi:10.1016/j.vacrep.2016.08.002. The published paper is included as Chapter 2;
numbers of swabs with basic microbiological analysis are shown in Table 5 (denoted
Supplementary Table 1 in the Chapter 2 paper). Note that these numbers match the data
included in the original papers, whilst Chapter 3 includes swabs collected during
additional sick visits. Not all isolates could be serotyped, and these denominators appear
in Table 3.

All methods used in these chapters are outlined in the Chapter 2 and Chapter 3 methods
sections. Where a manufacturer’s name is not included in the published paper, it is
mentioned in Chapter 3. Magnified copies of each table and figure, including
Supplementary Tables are inserted after the paper.
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2.2

Limited impact of neonatal or early infant schedules of 7-valent
pneumococcal conjugate vaccination on nasopharyngeal carriage of
Streptococcus pneumoniae in Papua New Guinean children: A randomised
controlled trial

32

33

34

35

36

37

38

39

Table 4. (Magnified Table 1 from paper), Prevalence of carriage of Streptococcus pneumoniae (Any Spn), high density S.
pneumoniae (HD Spn), PCV7 serotypes (VT Spn) and non-PCV7 serotypes (NVT Spn) in neonatal, infant and control groups by
age.
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Table 5. National routine immunisation schedule in Papua New Guinea

Immunisation to be given at :
7

13

Vaccine
Birth 1 mo 2 mo 3 mo 6 mo 9 mo 12 mo year
s
BCG
Hepatitis B
Oral Polio
(Sabin)
DTPHepB-Hib
Measles
Tetanus
Toxoid
Vitamin A
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yea
rs

Figure 3. (Magnified from Figure 1 in paper), a) Prevalence of Spn carriage, b) VT
(PCV7) carriage and c) NVT (non-PCV7) carriage by age to vaccine cohort. Dark
bars in a) indicate prevalence of high-density carriage
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Figure 4. (magnified from Figure 2 from paper). Proportion of pneumococcal
serotypes in nasopharyngeal swabs covered by PCV7, PCV10 and PPV23 and those
not present in any licensed vaccine (‘Other’), according to vaccine cohort at 9
months of age
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Table 6. (Supplementary Table 1 in Chapter 2 paper). Nasopharyngeal swabs (NPS) cultured (which had not thawed) of the number
of NPS collected (cultured/collected percent) at different ages in neonatal, infant and control groups

Age

Vaccine groups
Neonatal
cultured/ collected
1 wk
85/100
2 wks
83/96
3 wks
85/96
4 wks
80/94
3 mths 74/89
9 mths 75/81
18 mths 70/78
Total
552/634

Infant
percent cultured/ collected
(85%)
93/105
(86%)
95/104
(89%)
92/103
(85%)
84/103
(83%)
84/97
(93%)
83/92
(90%)
78/87
(87%)
609/691

percent
(89%)
(91%)
(89%)
(82%)
(87%)
(90%)
(90%)
(88%)

45

Control
cultured/collected
91/106
91/106
92/104
95/103
82/91
79/86
70/75
600/671

Total
percent cultured/collected
(86%)
269/311
(86%)
269/306
(88%)
269/303
(92%)
259/300
(90%)
240/277
(92%)
237/259
(93%)
218/240
(89%)
1761/1996

percent
(86%)
(88%)
(89%)
(86%)
(87%)
(92%)
(91%)
(88%)

Table 7. (Supplementary Table 2 in Chapter 2 paper). Pneumococcal
serotypes/serogroups and proportion of serotypeable pneumococci isolated from the
nasopharynx in neonatal, infant and control cohorts.

Serotype Neonatal
1
2
3
4
5
6A
6A/C
6B
6C
6NF
7B
7C
7F
7NF
8
9L
9N
9V
10
10A
10B
10F
11
11A
11C
12
13
14
15
16
17
17F
18A
18B

N
0
3
6
5
5
6
12
11
7
2
0
3
1
0
2
3
2
0
9
0
1
0
6
3
1
4
1
15
33
10
3
0
3
0

Infant
%
0
0.9
1.9
1.6
1.6
1.9
3.8
3.4
2.2
0.6
0
0.9
0.3
0
0.6
0.9
0.6
0
2.8
0
0.3
0
1.9
0.9
0.3
1.3
0.3
4.7
10.3
3.1
0.9
0
0.9
0

N
3
1
4
4
3
11
14
15
5
4
1
11
1
0
5
3
0
6
14
0
0
2
10
0
1
4
2
13
23
15
8
1
1
0

Control
%
0.8
0.3
1.1
1.1
0.8
3.1
3.9
4.2
1.4
1.1
0.3
3.1
0.3
0
1.4
0.8
0
1.7
3.9
0
0
0.6
2.8
0
0.3
1.1
0.6
3.6
6.4
4.2
2.2
0.3
0.3
0

N
0
0
9
7
1
8
22
9
4
1
2
0
4
2
2
3
1
5
6
3
0
0
4
0
0
3
8
16
22
9
5
0
2
1
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Total
%
0
0
2.8
2.2
0.3
2.5
6.8
2.8
1.2
0.3
0.6
0
1.2
0.6
0.6
0.9
0.3
1.5
1.9
0.9
0
0
1.2
0
0
0.9
2.5
5
6.8
2.8
1.5
0
0.6
0.3

N
3
4
19
16
9
25
48
35
16
7
3
14
6
2
9
9
3
11
29
3
1
2
20
3
2
11
11
44
78
34
16
1
6
1

%
0.3
0.4
1.9
1.6
0.9
2.5
4.8
3.5
1.6
0.7
0.3
1.4
0.6
0.2
0.9
0.9
0.3
1.1
2.9
0.3
0.1
0.2
2
0.3
0.2
1.1
1.1
4.4
7.8
3.4
1.6
0.1
0.6
0.1

18C
18F
18NF
19A
19C
19F
19NF
20
21
22
22A
22F
23A
23B
23F
23NF
24
25
27
28
29
31
32
33
33B
33F
34
35
35B
35F
36
37
38
39
40
42
44
45
46
47
48
TOTAL

2
0
0
24
4
36
2
5
10
0
1
5
4
2
15
1
3
1
2
5
0
8
0
2
2
1
7
9
1
0
2
0
1
0
1
2
0
1
0
0
3
319

0.6
0
0
7.5
1.3
11.3
0.6
1.6
3.1
0
0.3
1.6
1.3
0.6
4.7
0.3
0.9
0.3
0.6
1.6
0
2.5
0
0.6
0.6
0.3
2.2
2.8
0.3
0
0.6
0
0.3
0
0.3
0.6
0
0.3
0
0
0.9
100

0
0
1
13
1
40
7
2
8
3
2
0
6
3
15
3
6
1
3
3
2
5
1
2
5
1
12
13
1
1
2
1
1
2
1
1
2
1
1
1
0
358

0
0
0.3
3.6
0.3
11.2
2
0.6
2.2
0.8
0.6
0
1.7
0.8
4.2
0.8
1.7
0.3
0.8
0.8
0.6
1.4
0.3
0.6
1.4
0.3
3.4
3.6
0.3
0.3
0.6
0.3
0.3
0.6
0.3
0.3
0.6
0.3
0.3
0.3
0
100

5
4
0
21
7
26
3
2
3
2
1
1
4
6
27
2
0
1
2
2
2
4
0
5
2
1
5
10
2
0
1
2
2
4
1
2
1
0
0
0
1
323

See Table footnotes on following page
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1.5
1.2
0
6.5
2.2
8
0.9
0.6
0.9
0.6
0.3
0.3
1.2
1.9
8.4
0.6
0
0.3
0.6
0.6
0.6
1.2
0
1.5
0.6
0.3
1.5
3.1
0.6
0
0.3
0.6
0.6
1.2
0.3
0.6
0.3
0
0
0
0.3
100

7
4
1
58
12
102
12
9
21
5
4
6
14
11
57
6
9
3
7
10
4
17
1
9
9
3
24
32
4
1
5
3
4
6
3
5
3
2
1
1
4
1000

0.7
0.4
0.1
5.8
1.2
10.2
1.2
0.9
2.1
0.5
0.4
0.6
1.4
1.1
5.7
0.6
0.9
0.3
0.7
1
0.4
1.7
0.1
0.9
0.9
0.3
2.4
3.2
0.4
0.1
0.5
0.3
0.4
0.6
0.3
0.5
0.3
0.2
0.1
0.1
0.4
100

6A/C refers to serotype 6A isolates that were not further discriminated for serotype 6C
NF Not Factor typed
Characterization of pneumococci was limited to serogroup where factor typing antisera were
not available.
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Table 8. (Supplementary Table 3 in Chapter 2 paper). Pneumococcal
serotypes/serogroups and proportion of serotypeable pneumococci isolated from the
nasopharynx in neonatal, infant and control cohorts at age 9 months.

Serotype
2
3
4
6A
6A/C
6B
6C
6NF
7F
8
9L
10
10A
10F
11
11A
11C
12
13
14
15
16
17
18A
18C
18F
19A
19C
19F
19NF
21
22
22A
23A
23B

Neonatal
N
1
1
0
3
7
2
1
2
0
0
2
2
0
0
2
1
1
2
0
3
8
3
1
1
1
0
3
1
7
2
3
0
0
1
1

%
1.4
1.4
0
4.3
10
2.9
1.4
2.9
0
0
2.9
2.9
0
0
2.9
1.4
1.4
2.9
0
4.3
11.4
4.3
1.4
1.4
1.4
0
4.3
1.4
10
2.9
4.3
0
0
1.4
1.4

Infant
N
0
1
0
3
2
4
0
0
0
2
1
3
0
2
2
0
0
0
0
4
5
6
0
1
0
0
5
0
7
0
0
1
1
0
0

Control
N
0
2
1
4
3
3
1
0
2
0
0
0
1
0
0
0
0
0
2
3
5
0
0
1
0
1
6
1
12
0
0
0
1
1
1

%
0
1.4
0
4.2
2.8
5.6
0
0
0
2.8
1.4
4.2
0
2.8
2.8
0
0
0
0
5.6
6.9
8.3
0
1.4
0
0
6.9
0
9.7
0
0
1.4
1.4
0
0
49

%
0
3
1.5
6.1
4.5
4.5
1.5
0
3
0
0
0
1.5
0
0
0
0
0
3
4.5
7.6
0
0
1.5
0
1.5
9.1
1.5
18.2
0
0
0
1.5
1.5
1.5

Total
N
1
4
1
10
12
9
2
2
2
2
3
5
1
2
4
1
1
2
2
10
18
9
1
3
1
1
14
2
26
2
3
1
2
2
2

%
0.5
1.9
0.5
4.8
5.8
4.3
1
1
1
1
1.4
2.4
0.5
1
1.9
0.5
0.5
1
1
4.8
8.7
4.3
0.5
1.4
0.5
0.5
6.7
1
12.5
1
1.4
0.5
1
1
1

23F
2
2.9
5
6.9
5
7.6
12
5.8
23NF
1
1.4
0
0
1
1.5
2
1
24
0
0
1
1.4
0
0
1
0.5
25
0
0
1
1.4
0
0
1
0.5
28
1
1.4
0
0
0
0
1
0.5
29
0
0
2
2.8
1
1.5
3
1.4
31
1
1.4
1
1.4
0
0
2
1
32
0
0
1
1.4
0
0
1
0.5
33
0
0
1
1.4
0
0
1
0.5
33B
0
0
3
4.2
1
1.5
4
1.9
33F
0
0
0
0
1
1.5
1
0.5
34
0
0
2
2.8
2
3
4
1.9
35
0
0
4
5.6
3
4.5
7
3.4
35B
1
1.4
0
0
0
0
1
0.5
36
0
0
0
0
1
1.5
1
0.5
37
0
0
1
1.4
0
0
1
0.5
40
1
1.4
0
0
0
0
1
0.5
48
1
1.4
0
0
0
0
1
0.5
Total
10
100
72
100
66
100
208
100
6A/C refers to serotype 6A isolates that were not further discriminated for serotype 6C
NF Not Factor typed
Characterization of pneumococci was limited to serogroup where factor typing antisera were
not available.
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CHAPTER 3

Pneumococcal antimicrobial susceptibility patterns in
nasopharyngeal swabs from PNG infants enrolled in a
7-valent pneumococcal conjugate vaccination trial
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Chapter 3: Pneumococcal antimicrobial susceptibility
patterns in nasopharyngeal swabs from PNG infants
enrolled

in

a

7-valent

pneumococcal

conjugate

vaccination trial
3.1

Summary

Background and rationale:
In PNG, children are colonised with a diverse range of S. pneumoniae serotypes soon after
birth antecedent to a high burden of respiratory disease (Francis et al. 2009; Montgomery, JM
et al. 1990). To combat these infections, antibiotic use (predominantly penicillin and
cotrimoxazole) is widespread but poorly monitored (Duke 2000) and antimicrobial resistance
is a concern though data are sparse (Duke 2000; Gratten, Naraqi & Hansman 1980; Laman &
Manning 2011; Manning et al. 2011). For children in PNG, strategies to prevent the onset of
respiratory infections are essential.
The 7-valent pneumococcal conjugate vaccine (PCV7) and higher valency PCV’s reduce
nasopharyngeal carriage and transmission of common disease causing pneumococcal
serotypes (Fleming-Dutra et al. 2014). Several of the common vaccine serotypes (example:
6B) have a propensity to develop antimicrobial resistance and PCV impact has included a
reduction in the prevalence of antibiotic resistant pneumococci in Europe (van der Linden et
al. 2013). Unfortunately, disease due to antibiotic resistant non-vaccine serotypes have
emerged (example: 19A) (Pelton et al. 2007) and thus the longer-term utility of PCVs against
pneumococcal antibiotic resistance is unclear.
To determine whether an early schedule of PCV7 protection was a feasible option, between
2005-2009, we conducted a pilot RCT of neonatal (0, 1, 2mo) and infant (1, 2, 3mo) PCV7
schedules compared to unvaccinated controls (Phuanukoonnon et al. 2010) as described in
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Chapters 1 and 2. In this previously PCV naïve population, early dose PCV7 was shown to be
safe and immunogenic (Pomat et al. 2013) and to cause a shift in S. pneumoniae serotype
hierarchy (toward non-vaccine types) in children at 9 months of age despite a limited impact
on overall carriage ((Aho et al. 2016), Chapter1). In this chapter, we perform a secondary
analysis of the PNG PCV7 vaccine trial. The aims were to characterise the carriage
prevalence of antimicrobial resistant S. pneumoniae among PNG children in the first 18
months of life and determine whether the neonatal or infant PCV7 schedules impacted this
prevalence, compared to controls. This study provides antimicrobial data prior to PCV
introduction in PNG.

Methods
Papua New Guinean infants were randomised into three groups: neonatal (PCV7 at 0, 1 and 2
months; n=103), infant (PCV7 at 1, 2 and 3 months; n=104), controls (unvaccinated; n=109).
Nasopharyngeal swabs were collected at 1, 2 and 3 weeks of age then 1, 3, 9 and 18 months
of age. Pneumococci were identified and isolated using standard microbiological techniques.
Serotyping was performed by Quellung reaction. Pneumococcal susceptibility to penicillin,
cotrimoxazole, chloramphenicol was determined using disk-diffusion with confirmatory Etests. We present the longitudinal carriage prevalence of antimicrobial resistant pneumococci
and by vaccine group at age 9 months.

Results
The prevalence of antimicrobial non-susceptible NVT pneumococci increased steadily from
birth (16% at 1 month, 24% at 3 months, 26% at 9 months to 28% at 18 months of age). From
the combined 1071 S. pneumoniae isolates tested, 45% were penicillin non-susceptible, 27%
were cotrimoxazole non-susceptible and 5% were non-susceptible to tetracycline while 1%
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were non-susceptible to erythromycin and chloramphenicol. The neonatal cohort had a 30 %
lower risk of carrying non-susceptible VT S. pneumoniae while the infant cohort were 25%
less likely to carry a non-susceptible vaccine type S. pneumoniae when compared to the
control cohort but this was not statistically significant.

When assessed by vaccine group at nine months of age, the proportion of infants with overall
non-susceptible S. pneumoniae was 45% in the control group compared to 46% in the
neonatal group (RR 1.01, 95%CI 0.73, 1.4, p=0.9) and 48% in the infant group (RR 1.1,
95%CI 0.77, 1.45, p=0.7).When these data were further assessed based on VT at 9 months,
20% of VT S. pneumoniae were seen to be non-susceptible in the control group, compared to
14% in the neonatal group (RR 0.7, 95% CI 0.36, 1.4, p=0.3) and 15% in the infant group
(RR 0.75, 95% CI 0.4, 1.43, p=0.4). For non-vaccine serotypes 21% of S. pneumoniae were
non-susceptible to the control group compared to 30% in the neonatal group (RR 1.4, 95%CI
0.83, 2.37, p=0.2) and 28% in the infant group (RR 1.3, 95%CI 0.78, 2.22, p=0.3).

Conclusion
These data suggest limited protection is offered by PCV7 by any vaccine schedule compared
to receiving no vaccine against colonisation with non-susceptible S. pneumoniae at 9 months.
These findings also provide a more recent antimicrobial susceptibility data pre PCV
introduction in PNG. Continual monitoring of circulating serotypes and antibiotic resistant
serotypes post PCV introduction is important to inform treatment strategies and future
interventions.
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3.2

Background

3.2.1 Effect of pneumococcal conjugate vaccine on carriage and disease
PCVs elicit protective T-cell dependent responses in children under 2 years of age who have
immature immune systems and cannot respond to polysaccharide vaccines alone. PCVs
reduce nasopharyngeal carriage of vaccine serotypes, a precursor for disease, in vaccinated
children and household members of a household to whom the vaccinated child belonged
(Haber et al. 2007; Nicholls, Leach & Morris 2016). In addition, the addition of
pneumococcal conjugate vaccines (PCV) into countries childhood vaccination programmes
have resulted in marked reductions of the rate of infections in children under the age of 2
years (Whitney et al. 2003) and in unimmunized individuals in the same community through
the indirect effect of herd protection (Cohen et al. 2017; Tsaban & Ben-Shimol 2017). In
some settings, the impact of PCVs on carriage and disease has however been eroded by a
concomitant rise in non-PCV serotypes colonising and causing disease (Hausdorff & Hanage
2016).

3.2.2 The impact of PCVs on antibiotic resistant S. pneumoniae
Globally, there has been an increase in the prevalence of antibiotic resistant bacteria
including S. pneumoniae (Roca et al. 2015; Song et al. 2012). Factors that influence the
prevalence of antibiotic resistant serotypes are antibiotic selection pressure, the spread of
antibiotic resistant clones and PCV use (Song et al. 2012). Following PCV7 introduction, a
decline in the carriage of antibiotic resistant vaccine type (VT) pneumococcal disease was
evident from laboratory data from the United States (Kyaw et al. 2006). However, other
studies have shown the emergence of antibiotic resistant non-vaccine serotypes (NVT),
notably serotype 19A post PCV7 (Hicks et al. 2007). A number of studies have shown levels
of antibiotic resistance to be directly proportional to antibiotic consumption in the community
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(Dias & Canica 2004; Goossens et al. 2005; Hicks et al. 2011). Antibiotic use and PCVs can
select for serotypes associated with resistance. This effect can be mediated through two
factors: the existence of resistant NVT in the population which expand clonally following
PCV introduction and direct selection through antibiotic pressure. For example, two studies
highlighted the underlying importance of antibiotic use: In a Swedish study (Lindstrand et al.
2016) where antibiotic consumption was low, following implementation of PCV13 in 2011
the replacement serotypes (mainly 11, 15BC, 23AB, 35BF) remained susceptible to Blactams. Contrasting with this, in Korea (Choe et al. 2016), where PCV13 was introduced
during the same period, the same replacement serotypes are now mainly resistant to
antibiotics due to high antibiotic consumption. Monitoring and surveillance of antibiotic
resistant serotypes is important to guide the development of new vaccines. Designated
endpoints of pre- and post-licensure vaccine trials should incorporate antibiotic resistance as
a pre-specified outcome.

3.2.3 Antimicrobial susceptibility patterns of nasopharyngeal pneumococci isolated in
children in a PCV trial in PNG
PCV was introduced to the national childhood immunisation schedule in PNG in 2014 after a
RCT of a PCV7 in PNG found the vaccine to be safe and immunogenic in PNG children
(Pomat et al. 2013). The RCT assessed the safety and immunogenicity of an accelerated
neonatal schedule versus an infant PCV schedule based on the premise that PCV may offer
crucial protection earlier in the first month of life in this high risk population where early
pneumococcal colonisation and disease are common (Montgomery, JM et al. 1990). The
effect of PCV7 on nasopharyngeal carriage (assessed in Chapter 2) was one of the secondary
outcomes of the trial. The study found that PCV7 had no impact on overall S. pneumoniae
carriage and a limited impact on VT carriage at 9 months of age where VT carriage was
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lower in the vaccinated cohorts than the control cohort (Aho et al. 2016). As the effect of
PCV on antimicrobial resistance in this population is not known, we sought to determine if
carriage of non-susceptible pneumococci was affected by exposure to PCV. In addition, these
represent important baseline antimicrobial resistance data prior to introduction of universal
infant vaccination programs in PNG.

3.2.4 Aims of the study
1) To report the antimicrobial susceptibility patterns of pneumococcal serotypes
colonising PNG infants up to 18 months of age prior to introduction of PCV13 into
the National Immunisation Schedule
2) To determine the impact of PCV7 vaccination on pneumococcal antimicrobial
susceptibility patterns at 9 months of age when the two vaccine cohorts (neonatal and
infant) had completed the primary PCV course.
We hypothesise that children vaccinated with PCV7 will have a lower carriage prevalence
of antibiotic non-susceptible pneumococci at 9 months of age than the control cohort.

3.3

Methods

3.3.1 Study design, setting and population
This is a secondary analysis of an open label RCT conducted in the Eastern Highlands of
PNG. Details of the study design have been described in the previous chapter. The primary
(immunogenicity and safety ) (Pomat et al. 2013)and secondary (carriage prevalence of VT
and NVT) (Aho et al. 2016)) apriori trial outcomes are reported elsewhere (Pomat et al
2013).
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Briefly, 316 healthy newborns were recruited and randomised into 3 vaccine study groups: a
neonatal group (to receive PCV7 at birth, 1 and 2 months, n=103); an infant group (to receive
PCV7 at 1, 2 and 3 months; n=104); and a control group (no PCV7 receipt, n=109). All the
children received routine childhood vaccinations according to the Expanded Programme on
Immunisation (EPI) schedule (Papua New Guinea Department of Health 2011) which include
7 visits to the health centre in the first year of life. See Table 4 for the national routine
immunisation schedule. PCV7 and the 23-valent pneumococcal polysaccharide vaccine (
PPV23) were not part of the routine vaccine schedule. At 9 months, all children in the study
received the PPV23.

3.3.2 Specimen collection
Infants were seen either at their home or at the PNG Institute of Medical Research
(PNGIMR) clinic in Goroka, Eastern Highlands Province at ages 1, 2, 3 and 4 weeks and at 3,
9 and 18 months. Infants were also seen during sick visits at any time during the duration of
the study. Nasopharyngeal (NP) swabs (rayon tipped swabs with metal shaft, Medical Wire
and Equipment, Wiltshire, England) were collected from routine (healthy) and sick visits and
processed according to WHO recommended procedures for pneumococcal carriage studies
(Satzke et al. 2013). The swab was inserted into the nasopharynx until resistance was met and
then rotated for 5 seconds. The swab was immediately placed in 1mL of skim milk tryptone
glucose glycerol broth (STGGB) (Satzke et al. 2013). The swabs were kept cool in an
insulated container with ice packs and taken to the PNG institute of Medical Research
bacteriology laboratory within 2 hours and stored at -80˚C until processed.

In this analysis, where a routine healthy swab was missing from a visit, a swab from the sick
visit closest to the appropriate age was used in order to ensure a full set of 7 swabs from the
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ages, 1, 2, 3 weeks and 1, 3, 9 and 18 months. A total of 1902 swabs were collected and were
processed from 316 randomised healthy newborns during the study (neonatal, n=609; infant,
n=643; control, n=650). Over half (56%, 1071/1902) of the swabs were positive for S.
pneumoniae growth (Table 9).

3.3.3

Laboratory processing of nasopharyngeal swabs

10uL of the STGGB containing the swabs were inoculated onto blood agar (with 5% horse
blood), chocolate agar, bacitracin chocolate agar (300ug/mL) and gentamicin blood agar
(5ug/mL) and were incubated overnight (18-24hr) at 37ºC in 5% CO2-enriched atmosphere.
Pneumococci were identified by morphology (α-haemolytic low convex, plateau or
draughtsman-shaped colonies) and 4 morphologically distinct colonies (maximum) per swab
were picked from the purity plate and tested for susceptibility to optochin (5ug
ethylhydrocupreine, Oxoid, Australia). A zone of inhibition around the optochin disc of ≥
14mm was considered positive for S. pneumoniae. The bile solubility test was done on
optochin-resistant colonies (<14mm) to confirm S. pneumoniae.

3.3.4 Pneumococcal serotyping
Pneumococcal serotyping was done on all morphologically unique pneumococcal isolates by
the Quellung reaction with antisera from Statens Serum Institut, Denmark. Serotypes were
reported only once per sample. Relevant serogroups in the PCV7, namely 6, 9, 18, 19 and 23
were factor-typed (to the serotype level) along with the non-PCV7 serogroup 7. Not all factor
sera were available at the time of the study. A representative sample (n = 134) of typed
isolates was sent to Queensland Public Health laboratory for factor typing and serotype
confirmation by the Quellung reaction: all serotyping results were concordant.

59

3.3.5 Pneumococcal antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed by the disk-diffusion method, according
to the Clinical and Laboratory Standards Institute (CLSI) recommendations, and by the E-test
(AB Biodisk; Solna, Sweden). Antimicrobial susceptibility testing was done on the first S.
pneumoniae confirmed isolate and any of the other 3 isolates if the serotype was different.
For disks tested the following zone diameters defined an isolate as non-susceptible; a zone
diameter for oxacillin ≤19mm, a zone diameter for cotrimoxazole of <15mm, a zone diameter
for chloramphenicol of <21mm, a zone diameter for erythromycin of <19mm, a zone
diameter for tetracycline of <22mm, a zone diameter for ceftriaxone of >20mm. Benzyl
penicillin, chloramphenicol and cotrimoxazole E-tests were performed on S. pneumoniae
isolates that exhibited resistance to the disks oxacillin, chloramphenicol and cotrimoxazole
respectively. The E-test results for these classes of antibiotic were taken as the final result,
and were defined as follows according to EUCAST breakpoints. (The European Committee
on Antimicrobial Susceptibility Testing. Breakpoint tables for interpretation of MICs and
zone diameters. Version 8.0 2018. http://www.eucast.org. ) for penicillin (for non-meningeal
pneumococcal disease), an MIC of >0.06 µg/mL; for cotrimoxazole, an MIC of >1 µg/mL,
for chloramphenicol an MIC of >8 µg/mL. At the time of data analysis for this chapter, the up
to date EUCAST breakpoints was freely accessible online unlike the CLSI, which prompted
us to use it in data analysis.

All 1071 S. pneumoniae isolates had some antimicrobial susceptibility data; 1007 had
susceptibility data for penicillin, 1017 for cotrimoxazole, 1016 for tetracycline, 1030 for
chloramphenicol, 1025 for erythromycin and 1023 S. pneumoniae isolates had susceptibility
data for ceftriaxone.
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3.3.6 Statistical analysis
Chi square analysis and relative risk calculations was performed between vaccine and
control groups to detect a difference in carriage of non-susceptible VT and non-susceptible
pneumococci when the children were 1, 3 and 9 months old.

3.4

Results

3.4.1 Participant characteristics
From the 316 study children seen over 7 visits, 1902 NP swabs (neonatal, n=609; infant,
n=643; control, n=650) were processed in the laboratory (from a potential of 2212; 85%
retention) for pneumococcal detection. Approximately half of the total swabs (56%,
1071/1902) collected were positive for S. pneumoniae growth (Table 9).

Table 9. Number of children swabbed and S. pneumoniae characteristics in
neonatal, infant and control groups by age.

1week
visit

2week
visit

allocation
Neonatal
n=103
92 (89)

group
Infant
n=104
94 (90)

Total
n=316
281 (89)

Spn positive, n (%)
18 (19)
Spn-Typeable, n (%)
15 (16)
Spn serotypes, n
15
>1 serotype/swab
0
Spn-Non Typeable, n 3 (3)
(%)
Spn-Not Typed, n (%)
0 (0)
Children swabbed, n (%)
97 (89)

22 (24)
21 (23)
24
3
1 (1)

20 (21)
18 (19)
20
2
3 (3)

60 (21)
54 (90)
59
5
7 (2)

0 (0)
89 (86)

2 (2)
95 (91)

2 (0.7)
281 (89)

Spn positive, n (%)

28 (31)

36 (38)

100 (36)

Children swabbed, n (%)

PCV7
Control
n=109#
95 (87)

36 (37)
61

3week
visit

Spn-Typeable, n (%)
30 (31)
Spn serotypes, n
39
>1 serotype/swab
7
Spn-Non Typeable, n 8 (8)
(%)
Spn-Not Typed, n (%)
3 (3)
Children swabbed, n (%)
99 (91)

26 (29)
27
1
5 (6)

30 (32)
30
0
6 (6)

86 (31)
96
8
19 (7)

0 (0)
89 (86)

3 (3)
94 (90)

6 (2)
282 (89)

Spn positive, n (%)
46 (46)
Spn-Typeable, n (%)
35 (35)
Spn serotypes, n
38
>1 serotype/swab
3
Spn-Non Typeable, n 9 (9)
(%)
Spn-Not Typed, n (%)
3 (3)
Children swabbed, n (%)
100 (92)

33 (37)
32 (36)
33
1
2 (2)

43 (46)
42 (45)
45
3
3 (3)

122 (43)
109 (39)
116
7
14 (5)

0 (0)
90 (87)

1 (1)
88 (85)

4 (1)
278 (88)

54 (60)
51 (57)
53
2
4 (4)

53 (60)
49 (56)
50
1
5 (6)

164 (59)
150 (54)
157
7
18 (6)

1 (1)
84 (82)

2 (2)
92 (88)

3 (1)
268 (85)

73 (87)
69 (82)
73
4
6 (7)

78 (85)
69 (75)
76
7
12 (13)

227 (85)
208 (78)
230
22
29 (11)

0 (0)
83 (81)

1 (1)
92 (88)

2 (0.8)
259 (82)

71 (86)
70 (84)
77
6
3 (4)

79 (86)
73 (79)
80
7
8 (9)

219 (85)
208 (80)
230
21
22 (14)

0 (0)
82 (80)

0 (0)
88 (85)

0 (0)
253 (80)

1month
visit
Spn positive, n (%)
57 (57)
Spn-Typeable, n (%)
50 (50)
Spn serotypes, n
54
>1 serotype/swab
4
Spn-Non Typeable, n 9 (9)
(%)
Spn-Not Typed, n (%)
0 (0)
3Children swabbed, n (%)
92 (84)
month
visit
Spn positive, n (%)
76 (83)
Spn-Typeable, n (%)
70 (76)
Spn serotypes, n
81
>1 serotype/swab
11
Spn-Non Typeable, n 11 (12)
(%)
Spn-Not Typed, n (%)
1 (1)
9Children swabbed, n (%)
84 (77)
month
visit
Spn positive, n (%)
69 (82)
Spn-Typeable, n (%)
65 (77)
Spn serotypes, n
73
>1 serotype/swab
8
Spn-Non Typeable, n 11 (13)
(%)
Spn-Not Typed, n (%)
0 (0)
18Children swabbed, n (%)
83 (76)
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month
visit
Spn positive, n (%)
Spn-Typeable, n (%)
Spn serotypes, n
>1 serotype/swab
Spn-Non Typeable, n
(%)
Spn-Not Typed, n (%)
Total* Swab collected, n (%)
Spn positive, n (%)
Spn-Typeable, n (%)
Spn serotypes, n
>1 serotype/swab
Spn-Non Typeable, n
(%)
Spn-Not Typed, n (%)
#
Number of children enrolled in each

56 (67)
52 (63)
58
6
4 (5)

56 (68)
53 (65)
56
3
8 (10)

67 (76)
65 (74)
77
12
7 (8)

179 (71)
170 (67)
191
21
19 (8)

0 (0)
650 (85)
358 (55)
317 (49)
358
39
55 (8)

0 (0)
609 (84)
337 (55)
322 (53)
343
20
29 (5)

0 (0)
643 (88)
376 (58)
346 (54)
378
32
44 (7)

0 (0)
1902 (86)
1071 (56)
985 (52)
1079
91
128 (7)

7
1
9
17
cohort. Only isolates of unique serotype underwent

antimicrobial testing. *Maximum children swabbed across all visits swabs 316x7=2212
(controls=763, neonatal=721, infant=728). Spn: S. pneumoniae

Antimicrobial susceptibility data were available for 1071 (87.5%) out of 1224 S. pneumoniae
distinct isolates isolated from the study: neonatal cohort, 340 isolates; infant cohort, 373
isolates; control cohort, 358 isolates. Sixty-five percent of the S. pneumoniae positive swabs
(701/1071) had non-PCV7 serotypes while 27% had PCV7 serotypes.

3.4.2 Antimicrobial susceptibility patterns of pneumococcal serotypes colonising PNG
infants up to 18 months of age

Overall, among the 1071 S. pneumoniae positive swabs (including presumptive non-typeable
S. pneumoniae) that had any antimicrobial susceptibility data; Forty-five percent (450/1007)
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of S. pneumoniae isolates tested exhibited non-susceptibility to penicillin in which 5 isolates
were fully resistant (Figure 5). All but 1 of 1023 tested isolates was susceptible to the thirdgeneration cephalosporin ceftriaxone. Twenty-seven percent (270/1017) of pneumococcal
isolates were non-susceptible to cotrimoxazole with 154 isolates being resistant. Five percent
(55/1016) of isolates were non-susceptible to tetracycline and less than 1% to
chloramphenicol (6/1030), and erythromycin (5/1025). Among 119 presumptive non-typeable
pneumococci tested, 64% (76/119) exhibited non-susceptibility to any one of the antibiotics
tested; 58% (69/119) to penicillin, 31% (36/117) to cotrimoxazole, 4% (5/117) to
tetracycline.

64

Figure 5. Combined antibiotic susceptibility patterns of NP S. pneumoniae isolates from the 3
cohorts of children up to 18 months of age. R, resistant; I, intermediate; S, sensitive

3.4.3 The serotypes contributing to resistance (Figure 6, 7, 8)
From the 1071 S. pneumoniae positive swabs, serotypeable (encapsulated) S. pneumoniae
were isolated from 985 swabs. Ninety percent (894/985) of the swabs had a single serotype,
8% (88/985) had two serotypes and 3 swabs had three serotypes each. The top 5 penicillin
non-susceptible serotypes were 19F, 15, 19A, 14 and 35 while the top cotrimoxazole nonsusceptible serotypes were 15, 19A, 14, 23F and 6AC. Overall, the most common nonsusceptible pneumococcal serotypes were 19F (84/107 isolates), 15 (54/83 isolates), 19A
(51/59 isolates), 23F (40/60), 14 (38/48 isolates) and 35 (28/44 isolates).
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Figure 6. Penicillin non-susceptible serotype/serogroup distribution. Other
serotypes= 2 or less than 2 isolates.
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Figure 7. Cotrimoxazole non-susceptible serotypes/serogroup distribution. Other =
2 or less isolates.
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Figure 8. Overall non-susceptibility to Any antibiotic of non-susceptible
pneumococcal serotypes

3.4.4 Non-susceptible VT and NVT carriage
At 1 month of age, 42% of infants carried penicillin susceptible NVT pneumococci and
carriage steadily declined to 28% at 18 months of age (Figure 9). Penicillin non-susceptible
NVT carriage rose slightly from 16% at 1 month to 28% at 18 months. Proportion of
cotrimoxazole susceptible NVT’s were highest at 1 month of age with 46% carriage
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prevalence and dropping to 28% by 18 months of age. The proportion of infants carrying
cotrimoxazole non-susceptible NVT gradually rose from 11% at 1 month to 20% at 18
months (Figure 10). The trend in increase in carriage of non-susceptible and susceptible
NVT pneumococci with age reflected increases in carriage prevalence of any NVT with age
(not shown).

Figure 9. Overall proportion of infants carrying penicillin non-susceptible and
susceptible pneumococci at the different ages.

SUS, susceptible; nonSUS, non-susceptible; VT, vaccine type; NVT, non-vaccine type.
NT S. pneumoniae and S. pneumoniae that were not typed are included in the overall S.
pneumoniae carriage but not the non-SUS NVT carriage.
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Figure 10. Overall proportion of infants carrying cotrimoxazole non-susceptible
and susceptible pneumococci at the different ages.

SUS, susceptible; nonSUS, non-susceptible; VT, vaccine type; NVT, non-vaccine type.
NT S. pneumoniae and S. pneumoniae that were not typed are included in the overall S.
pneumoniae carriage but not the non-SUS NVT carriage

3.4.5 Effect of PCV7 on non-susceptible Spn and non-susceptible VT carriage at 9 months
of age

Children could be colonised with multiple strains of S. pneumoniae at any one time. NPS
harboured up to 3 different serotypes and various combinations of phenotypic characteristics
relating to whether they were VT or non-VT, and antibiotic susceptible or non-susceptible
isolates. Table 10 provides a breakdown of the carriage combinations. The most common
phenotypes in all three cohorts were SUS non-VT, and nonSUS non-VT, which were isolated

70

in similar proportions. NonSUS VT were more commonly observed compared with
susceptible VT. In the control, neonatal, and infant cohorts, a total of 99, 92, and 101 isolates
were used in the analysis respectively. Nine children had multiple phenotypes at 9 months of
age. It was more common to isolate multiple phenotypes from a swab in the neonatal group.
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Table 10. Mixed carriage of antimicrobial susceptibility phenotypes carried at 9 months
of age in the 3 cohorts of children.

SUS-VT
NonSUS-VT
SUS-NVT
NonSUS-NVT
NonSUS-NT
SUS-NT
SUS-NotTyped
NonSUS-NotTyped
SUS-VT + SUS-NT
SUS-VT + SUS-NVT
NonSUS-VT + SUS-NVT
NonSUS-VT + NonSUS-NVT
NonSUS-VT + NonSUS-NT
SUS-NVT + NonSUS-NVT
SUS-NVT + SUS-NT
SUS-NVT + NonSUS-NT
SUS-VT + NonSUS-NVT
SUS-VT + NonSUS-NT
NonSUS-NotTyped + NonSUSNT
Overall NonSUS Spn carriage,
n (%)
Overall SUS Spn carriage, n (%)
Overall any Spn carriage, n
(%)
isolates, n (%)
total VT isolates
total NVT isolates
Overall any Spn isolates

9 months of age
Control n=84
0 PCV
7
14
20
18
3
2
0
0
0
0
0
1
2
0
0
0
0
0

Neonatal n=83
3 PCV doses
4
7
28
26
1
0
0
0
0
0
1
1
1
0
0
1
0
0

Infant n=92
3 PCV doses
3
14
27
26
4
2
0
0
0
2
0
0
0
0
0
0
0
0

0

0

0

38 (45)

38 (46)

44 (48)

32 (39)

34 (37)

69 (82)

71 (86)

79 (86)

25 (25)
40 (40)
99

16 (17)
54 (59)
92

20 (20)
53 (52)
101

29 (35)

SUS, susceptibility to any of the 6 antibiotics tested; nonSUS, non-susceptibility to any
of the 6 antibiotics tested; VT, vaccine type; NVT, non-vaccine type; NT, nontypeable
Spn; Not typed, Spn that has not being serotyped: Spn, capsular S. pneumoniae; any
Spn, any Spn tested including NT Spn and Not typed Spn
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As shown in Table 11, there was no difference in the relative risk of carriage for nonSUS S.
pneumoniae in the vaccinated cohorts versus the control cohort. The vaccinated cohorts had a
lower relative risk of carrying nonSUS VT S. pneumoniae compared to the control group at
the 9 month time point although this was not statistically significant (Neonatal vs Control,
RR 0.70, 95% CI 0.36-1.4; Infant vs. Control, RR 0.75, 95% CI 0.40-1.43). The relative risk
of carriage of nonSUS NVT S. pneumoniae was higher in the vaccinated cohorts compared to
the control cohort but this was not statistically significant (Neonatal vs Control, RR 1.4, 95%
CI 0.83-2.37; Infant vs. Control, RR 1.3, 95% CI 0.78-2.22).

Table 11. Risk ratio of carriage for non-susceptible S. pneumoniae in the vaccinated
cohorts versus the control cohort at the age of 9 months

nonSUS
Spn
nonSUS
VT
nonSUS
NVT

*

Neona
tal

Infant

Control

38/83

44/92

38/84

12/83

14/92

17/84

25/83

26/92

18/84

Risk ratio between neonatal vs control

#

Risk ratio*

Risk ratio#

1.01 (95% CI 0.73, 1.4)
p=0.9
0.7 (95% CI 0.36, 1.4)
p=0.3
1.4 (95% CI 0.83, 2.37)
p=0.2

1.1 (95% CI 0.77, 1.45)
p=0.7
0.75 (95% CI 0.40, 1.43)
p=0.4
1.3 (95% CI 0.78, 2.22)
p=0.3

risk ratio between infant vs control. p-value based on chi2 test.

Proportions of carriage are shown in Table 5. NS Spn positive swabs (isolates); Neonatal 33/70 swabs (38/77)*,
Infant 37/73 swabs (38/80)*, Control 30/65 swabs (33/73)* NS VT positive swabs (isolates); Neonatal 10/16
swabs (11/17)*, Infant 14/20 (14/20) Control 16/25 (16/25). *Multi-serotype carriage
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3.5

Discussion

PCVs reduce the burden of pneumococcal diseases in vaccinated children and indirectly in
non-vaccinated children through herd protection (Dagan & Klugman 2008). Significant
reduction of nasopharyngeal carriage of PCV vaccine serotypes have been reported in a
number of studies (Brandileone et al. 2016; Desai et al. 2015; Sigurdsson et al. 2017)
including an increase in non-PCV serotypes (serotype replacement) in vaccinated children.
This change in colonising serotypes brought on by the effect of the vaccine could potentially
change the prevalence of antibiotic resistant strains of vaccine serotypes and non-vaccine
serotypes (Dagan & Klugman 2008). Understanding the colonisation and antibiotic resistant
patterns of S. pneumoniae strains in PCV vaccinated populations is important to be able to
implement and sustain effective strategies for the treatment and prevention of pneumococcal
diseases.

This is the first report of the effect of PCV7 on NP carriage antibiotic susceptibility patterns
and antibiotic associated serotypes in a PCV-naïve PNG highlands population, where early
nasopharyngeal colonisation with diverse and multiple serotypes is common. PCV7 had no
effect on overall carriage and limited effect on VT carriage at 9 months where NVT carriage
was significantly higher in the vaccinated children than the control children (Aho et al. 2016)
suggesting that a PCV7 vaccine may not be sufficient in a population with such high rates of
S. pneumoniae carriage and with such a broad serotype presence.
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3.5.1 Pneumococcal antimicrobial susceptibility patterns and serotypes colonising infants
up to 18 months
The prevalence of penicillin nonSUS pneumococci in this population was high with nearly
half (45%) of the overall pneumococcal isolates tested found to be penicillin non-susceptible.
Notably only 1 isolate was non-susceptible to the 3rd generation cephalosporin ceftriaxone
which is a first-line treatment for acute bacterial meningitis in PNG (Duke et al. 2003; The
Paediatric Society of Papua New Guinea 2016). Twenty-seven percent of the tested isolates
were non-susceptible to cotrimoxazole. Less than 5% of isolates exhibited non-susceptibility
to tetracycline, erythromycin and chloramphenicol.

In studies from the 1980s, high rates of penicillin resistance were reported among
pneumococcal carriage isolates (60%) in the PNG population (Montgomery, J et al. 1987).
However, more recently lower rates of penicillin resistance were reported among S.
pneumoniae isolates associated with invasive disease (21%) (Greenhill et al. 2015). The
levels of antibiotic use in this community are not well documented. However, amoxicillin and
cotrimoxazole are widely available in the community in PNG and common antibiotic choices
for treatment of childhood illnesses. For other antibiotics tested, low levels of circulating
resistance were observed. Similarly, an adult carriage study looking at azithromycincontaining regimens as part of malaria treatment in pregnant women showed that less than
10% of the women to carry macrolide non-susceptible pneumococci and even fewer (<1%)
carried pneumococci non-susceptible to chloramphenicol and tetracycline (Unger et al. 2015).
To preserve effectiveness of antibiotics, unnecessary use should be eliminated and through
careful monitoring and stewardship particularly for currently effective and important first-line
antibiotics for invasive pneumococcal disease like ceftriaxone (Duke et al. 2003; The
Paediatric Society of Papua New Guinea 2016).
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In this study, the prevalence of penicillin non-susceptible NVT pneumococci at each time
point from 1 month of age to 18 months of age exhibited a rising trend from 11% to 28% as
age increased. A similar upward trend with age was observed for cotrimoxazole and all tested
antibiotics combined. Indeed, as age increased there was an increasing tendency to carry nonsusceptible NVT. This upward trend mirrored an increase in overall NVT carriage, and likely
reflects that broad range of NVT serotypes harbouring resistance. Indeed, antibiotic
resistance was identified in a broad range of serotypes and serogroups. Overall, nonsusceptibility was identified primarily in the PCV7 serotypes 14, 19F and 23F and the nonPCV7 serotypes 15, 19A, and 35 were associated with non-susceptibility. Globally, these are
important disease-causing serotypes.

3.5.2 Lack of impact on antibiotic non-susceptibility at 9 months of age
PCV7 had no impact on nasopharyngeal carriage of VT S. pneumoniae following completion
of the primary course (9 months of age) in the vaccinated cohorts (Aho et al. 2016).
Nonetheless, I performed the a priori analysis of the impact of PCV7 on carriage of nonsusceptible pneumococci at 9 months of age despite the low likelihood of a difference being
found.

This study found a trend towards less nonSUS VT pneumococcal carriage in both vaccinated
cohorts but this was not statistically significant. The neonatal cohort had 30 % less risk of
nonSUS VT S. pneumoniae carriage while the infant cohort were 25% less likely to carry a
nonSUS VT when compared to the control cohort. (Neonatal vs Control, RR 0.70, 95% CI
0.36-1.4, p=0.3; Infant vs. Control, RR 0.75, 95% CI 0.40-1.43, p=0.4)
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On the other hand, a slight increased relative risk of nonSUS NVT pneumococcal carriage
was observed in the vaccinated cohorts compared to the control cohort at 9 months of age,
with the neonatal cohort having a 40% increased risk of carrying nonSUS NVT while the
infant, a 30% increase in risk of carriage (Neonatal vs Control, RR 1.4, 95% CI 0.83-2.37,
p=0.2; Infant vs. Control, RR 1.3, 95% CI 0.78-2.22, p=0.3).

3.5.2.1 Similarities with other studies
A number of studies showed that VT carriage and nonSUS pneumococcal carriage decreased
in vaccinated cohorts following PCV vaccination (Dagan et al. 2002; Mbelle et al. 1999;
Pelton, Loughlin & Marchant 2004). Some of this effect was due to reductions in carriage of
the multi-resistant serotype 6B which dominated serotype hierarchies in many parts of the
world. However studies also reported a coincident increase in the serotypes not included in
the vaccines, for example, carriage and emergence of drug resistant non-vaccine serotype
19A was observed (Hicks et al. 2007).
Post PCV introduction, a few studies have shown little change in the NP carriage prevalence
but an increase in density of NVT nasopharyngeal carriage along with a concurrent decrease
in VT carriage and density exhibiting serotype replacement (Hanke et al. 2016). In this study,
density was measured by semi quantitative plate counts and nearly half of the children in the
cohort across the different swabbing time points exhibited high density (Aho et al. 2016).
Total and species-specific loads would be more informative in showing the effect of PCV on
vaccine serotype loads, especially in settings where serotype diversity and density is high.
Currently, quantitative bacterial loads using real time PCR have been employed on NP swabs
from a subsequent vaccine trial in PNG comparing the 10v PCV to the 13vPCV to measure
density. The results from this study will be useful in showing whether the vaccine affects
bacterial loads and more importantly serotype-specific loads.
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3.5.3 Limitations of the study
The original RCT had immunological primary endpoints and was not powered to test
differences in S. pneumoniae carriage. However, these data are important to provide a sense
of the trend of antimicrobial resistance prior to the introduction of PCV in PNG. The trend in
carriage prevalence and antimicrobial resistance patterns in the vaccinated and unvaccinated
children can allow inference to be made and provide baseline data for future carriage studies
post PCV introduction.

In a population with early colonisation and high serotype diversity, timing of carriage swabs
points is crucial to detect a change in VT and NVT colonisation. Also, small reductions in VT
colonisation could easily be masked by NVT colonisation such that overall carriage rates do
not change.

As stated in the methods (Specimen collection), both healthy and swabs collected at sick
visits were used to ensure a full set of 7 of swabs per child, therefore inclusion of sick visit
swabs needs consideration when interpreting this data. Serotyping could not be done for all
serotypes due to limited factor sera. Not all isolates that needed antibiotic susceptibility
testing were tested due to non-viability of isolate or isolate lost in storage as a result of a
freezer failure. Presumptive nontypeable S. pneumoniae were not confirmed as S.
pneumoniae by PCR; however all the isolates were fully susceptible to optochin and I expect
a small proportion may have been misidentified. We did not have access to information on
antibiotic usage in study participants at the time of swab collection which is a limitation to
this study.
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3.5.4 Antimicrobial data important for future interventions
For high risk populations like PNG, where colonisation and transmission are high, early
vaccination with a limited valency vaccine may affect non-susceptible VT S. pneumoniae
carriage but may also facilitate the acquisition of non-susceptible pneumococci through
serotype replacement. Higher valency or serotype independent vaccines may be better suited
these populations. In addition, addressing other important risk factors which drive
transmission like housing, overcrowding, indoor air pollution, hand hygiene and access to
clean water is essential to reducing and delaying colonisation.

Efforts to reduce the unnecessary use of antibiotics, such as for viral illnesses should be
encouraged. Stricter regulations of commercial pharmacies, education of health workers on
avoiding the inappropriate prescribing of antibiotics, immunisation and utilising health
promotion activities as a public health measure in communities should all be implemented to
reduce transmission and emergence of antibiotic resistant bacteria. Surveillance and
monitoring of antibiotic resistance to inform treatment guidelines and inform future
interventions is important.
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Chapter 4: The microbiology of chronic suppurative otitis media in
children enrolled in a randomised control trial of topical ciprofloxacin
versus framycetin-gramicidin dexamethasone

4.1

Summary

CSOM prevalence and treatment failure are high in Australian Aboriginal children. Topical
ear drops “Sofradex”, containing the aminoglycoside antibiotics framycetin (0.5%),
gramicidin as well as the anti-inflammatory compound dexamethasone (FGD), was the main
treatment for CSOM in the NT in the early 2000s; however topical CIP (a fluoroquinolone
antibiotic) was reported in other populations to be more effective than topical
aminoglycosides (e.g. FGD) (Acuin, J., Smith & Mackenzie 2000) in the treatment of CSOM.
Unfortunately, high CSOM rates persist in these children today (14%, (Leach, AJ et al. 2016)
and unpublished data) and the microbial pathogenesis remains unclear. In this chapter I made
secondary use of specimens from a completed RCT to address further questions on microbial
pathogenesis.

In 2001, a RCT compared CIP versus FGD in the treatment of CSOM in Aboriginal children
who had failed standard treatment of FGD (Leach, A et al. 2008). In the study, both
treatments were equally ineffective (Leach, A et al. 2008). Ear discharge (ED) failed to
resolve in 70% (35/50) and 72% (34/47) (risk difference = -2%; (95% CI: -20 to 16)) and
failed to improve in 52% and 59% (risk difference = -7%; (95% CI: -27-12)) of children in
the CIP group and FGD groups respectively following 6-8 weeks of therapy. At the end of
treatment, P. aeruginosa (13% versus 41%), H. influenzae (16% versus 27%) and Proteus
species (0% versus 36%) were less commonly cultured in the ED specimens from children in
the CIP group compared to the FGD group. Conversely, fungi or yeasts were more commonly
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cultured in the CIP compared to the FGD group (69% versus 36%. The microbiology at
baseline was not evaluated.

Aims: The primary aim of the study was to evaluate further the specimens from this RCT to
determine whether total bacterial load, bacterial species presence/absence or bacterial
species-specific loads at baseline (qPCR and culture) were associated with failure to improve
otorrhoea at the end of treatment. The secondary aims were to: 1) determine whether the
treatments differentially impacted the total and species-specific bacterial loads at end of
treatment (EOT); 2) determine if total bacterial load at baseline is associated with discharge
score at EOT, and 3) compare culture and PCR data for the species where both types of data
were available.

Methods: Eighty-nine paired ear swabs taken at baseline and end of treatment (6-8 week)
from 73 children (16 children contributed both left and right paired swabs) enrolled in an
RCT comparing CIP versus FGD in the treatment of CSOM in Aboriginal children aged 1-16
years were analysed. Ear swab culture data including C. albicans and fungi were available
from the original study. qPCR was used for more sensitive and specific detection and to
produce quantification data for H. influenzae, S. pneumoniae, S. aureus, P. aeruginosa, A.
otitidis and the total bacterial load. Both culture and qPCR based-microbiological data were
used to address the study’s aims. The Chi-square test was used to compare microbe
proportions and the Wilcoxon rank sum test was used to compare bacterial load
measurements, between groups. Analysis was performed using Stata® 15.1.

Results: Among the bacterial species analysed, H. influenzae was the most common, found
in 51% of ear swabs at baseline. The next most common at baseline were A. otitidis (28%)
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and P. aeruginosa (24%). At end of treatment, the most commonly identified species were C.
albicans (26%), H. influenzae (25%), fungi (24%), P. aeruginosa (17%) and S. aureus (16%).
TBL and bacterial species-specific load were not associated with clinical improvement at end
of treatment. Baseline geometric mean TBL was 1.2 x 106 cells/ml among those that failed
either treatment compared to 5.7 x105 cells/ml among those that resolved (p=0.115).
However, a trend with having a higher total bacterial load before treatment and profuse ear
discharge (the worst outcome) at end of treatment was seen. H. influenzae prevalence at
baseline (culture, P<0.05; PCR, p=0.051) was associated with failure to improve in ear state.
At end of therapy, TBL was significantly reduced in the CIP group compared to the FGD
group. P. aeruginosa and A. otitidis were detected by PCR significantly less in the CIP group,
whilst S. aureus (detected by PCR), C. albicans and fungi (detected by culture) were
significantly higher in the CIP group.
Conclusion: There was no association between TBL at baseline and the treatment outcome.
However, H. influenzae in ear discharge at baseline was associated with worst ear outcome.
Interventions targeting H. influenzae to combat CSOM in Australian Indigenous children
should be trialled. The role of fungi in CSOM treatment failure needs further study.

4.2

Introduction

CSOM is an inflammation of the middle ear characterised by intermittent or persistent
purulent ear discharge from a perforated ear drum (Acuin, J. 2007). Duration of otorrhoea has
been defined as 2 weeks to more than 3 months depending on clinical definitions (Adoga et
al. 2010; Ilechukwu et al. 2017; Indudharan, Haq & Aiyar 1999; Stephen, Leach & Morris
2013). This condition will often begin as an acute infection, which in most cases resolves
spontaneously; however, a minority of patients’ progress to a chronic phase associated with
chronic purulent discharge through a perforated tympanic membrane with associated
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inflammation of the mastoid and middle ear mucosa. Although rare in developed settings,
CSOM can lead to significant morbidity and mortality in resource poor settings (Dubey &
Larawin 2007).
CSOM is an important cause of preventable hearing loss and affects 65-330 million people
worldwide (Acuin, Jose. 2004). Sixty percent of those individuals suffer from significant
hearing impairment (Acuin, Jose. 2004).The disease is quite common (>2%) in low to middle
income countries unlike high income countries (<1%) and highly prevalent (>4%) in some
indigenous groups, such as the Australian Aboriginal, Pacific Islander, Native American and
the Inuit populations (Bhutta 2015). Incidence of CSOM is highest in the first year of life
(Monasta et al. 2012) and an increased risk to CSOM is associated with having a history of
acute and recurrent OM, a parental history of chronic OM and crowded living conditions
(Fliss et al. 1991). A complex interaction between the environment, microbes and the host is
thought to lead to this multifactorial disease (Bhutta et al. 2017). The pathogenesis of CSOM
is still poorly understood. It is not known why some individuals resolve spontaneously while
others progress to severe disease. Antibiotic resistance and lack of consensus on choosing the
right treatment are some of the challenges with treating CSOM.

4.3

CSOM Microbiology

OM is largely a bacterial infection. In CSOM, bacteria infect the middle ear from the
nasopharynx through the Eustachian tube or from the outer ear canal through a perforated
(hole) tympanic membrane (Bluestone, C. D. 1998). P. aeruginosa and S. aureus are
common species found in the ear discharge of patients with CSOM with isolation rates from
18-67% of ears (Verhoeff et al. 2006). Proteus spp, Klebsiella spp and Escherichia spp are
found in 4-43% and H. influenzae is reported in 1-11% of ear discharge cultures. Bacteriodes
spp and Fusobacterium spp are the most frequently isolated anaerobic organisms with
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isolation rates from 1-91% and 4-15% respectively (Verhoeff et al. 2006). Alloiococcus
otitidis has been implicated in chronic OME in several studies with varying isolation rates
from the middle ear, with 60.5% isolation rate in Japanese children (Harimaya et al. 2006)
and 40-60% in Finnish children (Hendolin et al. 1999; Hendolin et al. 1997). An Australian
study reported that 45% of Indigenous children with chronic OME had A. otitidis positive
middle ear fluid (Ashhurst-Smith et al. 2007). S. pneumoniae is a major cause of acute OM
and is rarely seen in CSOM (1-3% patients) (Prakash et al. 2013; Vishwanath et al. 2012).
Fungi have been implicated as a cause of suppurative OM (Mushi et al. 2016; Tiwari, Singh
& Jain 1995) mostly in adults with chronic infection. Fungi has also been identified from
cultures from patients with CSOM with Aspergillus spp and Candida spp ( mostly C.
albicans) detected from 1-23% of CSOM cases (Juyal et al. 2014; Vishwanath et al. 2012).
The pathogenesis of this complex polymicrobial infection is not well understood. Appendix C
consists of a summary of CSOM microbiology from a review of 28 studies.

4.4

CSOM treatment

Treatment practices for CSOM vary widely across different countries, regions and
populations. The current non-surgical treatment for CSOM in developed countries is a
combination of topical antimicrobial drops and aural toilet. Ear drops with antimicrobial
activity, both with and without anti-inflammatory properties, have been used since the 1950s
for the treatment of CSOM (Hannley, Denneny & Holzer 2000; Myer 2001; Palomar Garcia
& Palomar Asenjo 2001). Fluoroquinolone drops came into use in the 1990s (Miro 2000;
Tong, Woo & van Hasselt 1996; van Hasselt & van Kregten 2002). A Cochrane review
revealed topical quinolone antibiotics without steroids to be more effective for the short term
resolution of otorrhea, than no drug treatment or topical antiseptics (Macfadyen, CA, Acuin
& Gamble 2005).
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Alternative topical solutions for treating CSOM are used in low and middle income countries
where antibiotic ear drops are not affordable. Examples of these include acetic acid,
aluminium acetate (Burrow’s solution), iodine-based antiseptic solutions, and boric acid with
alcohol (this is used in PNG). An RCT comparing ciprofloxacin to the cheaper alternative of
boric acid for treating chronically discharging ears in 427 Kenyan school children, found
resolution of ear discharge with ciprofloxacin topical drops was higher at 2 weeks (OR=3.13,
95% CI 2.09-4.69) and 4 weeks (OR=2.91, 1.88-4.5). Ciprofloxacin was also associated with
better hearing at both visits (Macfadyen, C et al. 2005b). Quinolones are the topical antibiotic
most used and found to be more effective compared to aminoglycosides (Couzos et al. 2003;
Nwabuisi & Ologe 2002). In addition, quinolones are effective against P. aeruginosa and
unlike aminoglycosides, are not associated with the potential side effect of cochleotoxicity
and vestibulotoxicity (Dohar, Kenna & Wadowsky 1996). To address the general lack of
clinical guidance for and differences in the clinical management of CSOM in Aboriginal
children and also globally, a suite of Cochrane reviews on interventions focussing on nonsurgical treatments for discharging ears are being undertaken. (Brennan‐Jones et al. 2018;
Head et al. 2018). These 7 Cochrane reviews will identify, collate and examine studies on the
effectiveness of non-surgical treatments being used around the world to help establish the
best treatment.

4.5

The CSOM trial used in my thesis

In a topical antibiotic trial (Leach, A et al. 2008) in Aboriginal children with CSOM,
ciprofloxacin (CIP) was found to be no more effective than framycetin-gramicidin
dexamethasone (FGD) in clearing otorrhoea. Ear discharge failed to resolve in 70% (35/50)
and 72% (34/47) (risk difference = -2%; (95% CI: -20 to 16)) and failed to improve in 52%
and 59% (risk difference = -7%; (95% CI: -27-12)) of children in the CIP group and FGD

86

groups respectively following 6-8 weeks of therapy. Further detail on this study is found in
4.9.2 and 4.9.3. Specimens from this study were used to address my PhD research questions.

4.6

Factors Promoting Persistent Ear Disease in Aboriginal Children in Remote
Communities

Aboriginal children in the Northern Territory experience recurrent OM from a very early age.
In rural communities virtually all have OM at 2–3 months, advancing to tympanic membrane
perforations (TMP) in 30% of infants by the age of 6 months, and 60% by 12 months of age
(Leach, A et al. 1994). Three principal bacterial respiratory pathogens, Streptococcus
pneumoniae, Haemophilus influenzae and Moraxella catarrhalis, including multiple types,
simultaneously colonize these infants and contribute to persistent and progressive disease
(Leach, A et al. 1994; Smith-Vaughan, HC, McBroom & Mathews 2001).Similar to PNG,
carriage rates among young Aboriginal children exceed 50% (Mackenzie et al. 2010). In a
2001 survey of 720 children aged 6 months to 2.5 years living in 29 remote Northern Territory
communities, the prevalence of TMP was on average 25% and as high as 60% in some
communities, demonstrating the enormity of this problem. Few children in remote Aboriginal
communities have normal middle ear status or normal hearing, and many have conductive
hearing loss affecting language development and educational outcomes (Collins 1999;
Williams & Jacobs 2009).

The endemicity of respiratory pathogens in rural Aboriginal communities can be understood in
terms of the model shown in Figure 11. It is proposed that high rates of carriage are driven by
multiple strains (Leach, A et al. 1994; Smith-Vaughan, HC, McBroom & Mathews 2001), high
bacterial load, high rates of cross-infection (driven by overcrowding and poor health
infrastructure), long carriage times, and immune suppression (resulting from inadequate
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nutrition and early age of first infection) (Smith-Vaughan, HC, McBroom & Mathews 2001).
These factors contribute to chronic ear and respiratory disease throughout childhood and often
into adult life. Treatment outcomes are poor, and this is due only in part to low compliance and
antibiotic resistance. Thus, there is a requirement for further examination of potentially
important factors that remain poorly understood, including the relationship of bacterial load to
clinical outcome. Should there exist a relationship between these factors, then a concerted
effort to reduce microbial load may have implications for prevention and effective treatment.

Figure 11. Factors influencing endemicity and disease associated with respiratory
bacteria (Wiertsema & Leach 2009)
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Bacterial Load and Antibiotic Efficacy

Bacterial load is likely to be an important determinant of intervention efficacy as inoculum size
is central to the killing of bacteria by antibiotics, and the immune response is quantitatively
related to burden of infection. Treatment failures with antimicrobials for bacterial OM are
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common in Aboriginal infants despite compliance, and children often progress to develop
CSOM.
Most OM microbiology studies are culture-based and inadequate to address the questions of
this thesis. Indeed, cultivated microorganisms are limited to the conditions of the in vitro
environment that supports the growth of these microbes, and accurate load data cannot be
produced. For example, it was shown previously in this population that culture
underestimates H. influenzae detection compared to PCR by 40% (Smith-Vaughan, HC et al.
2013) and S. pneumoniae and M. catarrhalis 8% and 14% respectively. Culture remains
important, particularly for generation of phenotypic antibiotic resistance data; however
complementary qPCR for detection of otopathogens and quantification of load is required to
aid understanding of the pathogenesis, progression, severity and treatment outcome of CSOM

4.8

Aims of the study

I hypothesised that higher TBLs in the ear discharge of children with CSOM are associated
with failure to improve or resolve ear discharge.

My primary aim was to determine whether baseline TBL (and species-specific load) can
predict clinical outcome following treatment.
My secondary aims were to:
1) determine whether treatment group is associated with microbiology and bacterial load
at end of treatment (EOT).
2) determine if total bacterial load at baseline is associated with discharge score at EOT.
3) compare culture and PCR data for the species where both types of data were available
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4.9

Methods

4.9.1 Ethics
Ethics approval for the CSOM trial was granted by the Human Research Ethics Committee of
the Menzies School of Health Research and the NT Department of Health and Community
Services, TEHREC 2014-2170 and CAHREC 14-228, where families have agreed to the use
of swabs for further OM research.

4.9.2 Study population and clinical specimens
The specimens used in this study were taken from a randomised controlled trial (RCT) that
compared the impact of topical CIP (ciprofloxacin) versus topical or Sofradex® for the
treatment of CSOM in Australian Aboriginal children (Leach, A et al. 2008).
Children enrolled in the RCT were aged 1-16 years from 3 remote Aboriginal communities in
the Northern Territory with suppurating ears despite previous treatment with FGD. The
duration of prior clinic treatment with FGD was not disclosed in the Leach et al paper.
Informed consent was provided before children who had active CSOM were randomised to
either continuing topical FGD or receiving CIP. Treatment for both was ear toilet and 4 drops
into the affected ear(s) twice a day. Children were excluded from the randomisation if
allergic to CIP or FGD; pregnant or breast-feeding; diagnosed with cholesteatoma; previously
treated with tympanoplasty; or suffering from another medical condition that could interfere
with participation in the study.
Assessments for clinical and microbiological features were done on the day of randomisation,
at the completion of the intervention (6-8 weeks from randomisation) and at follow-up 4-12
weeks later. Ear swabs were collected from the same ear per child; one at baseline and the
other 6-8 weeks after treatment and these were paired for analysis. Otoscopy was conducted
on each child and tympanometry was performed if the tympanic membrane was intact or their
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middle ear was dry. Middle ear discharge was graded as: (1) profuse –discharge visible
without otoscope; (2) moderate –discharge visible with otoscope but present in ear canal; (3)
scant –discharge visible with otoscope but limited to middle ear space; and (4) dry-no
discharge visible. In cases where there was uncertainty about whether a middle ear was dry or
had scant discharge present, a second observer was used to determine whether pooling of the
discharge was documented on the video or whether there was sufficient fluid present to form
a droplet on a swab placed in the middle ear. Any differences in the clinical assessment were
resolved by a third assessor.
Improvement in ear discharge was defined as having less ear discharge at EOT compared to
Baseline. Resolution at EOT was achieved when an ear had no otoscopic signs of otorrhoea
(discharge) present in the ear canal and in the middle ear space.

4.9.3 Ear discharge swabs collection and storage
Ear swabs were collected by either inserting an aluminium shafted ENT swab (Disposable
products, Australia) into the middle ear space under direct vision or as close to the tympanic
membrane perforation as possible. Details of the clinical assessments are described in Leach
et al (Leach, A et al. 2008). Each of the ear swabs had been collected and placed into 1mL of
STGGB media, frozen at -20ºC in the community within 4 hours of collection, transferred to
the Menzies laboratory on dry ice and stored at -70ºC before being processed.

Of the 97 eligible children who consented and participated in the original RCT, 89 paired
baseline and follow-up ear swabs were selected from 73 (CIP: 39, FGD: 34) participants
(including bilateral pairs). Selection was based on consent for further study of swabs, and
where a child had a swab at baseline and at end of treatment (6-8 weeks follow up). I was
blinded to the swab selection process and during processing.
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All ear swabs collected from baseline were of ear discharge. Of the 89 ear swabs collected at
end of treatment, 50 were of ear discharge at the perforation, 39 had no ear discharge but a
swab was taken near the perforation.

Culture data were used from the original data study analysis (Leach, A et al. 2008). In brief,
10µL aliquots of STGGB containing ear swab that had been thawed and mixed were cultured
onto 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. Ear swabs were also plated onto Sabouraud agar,
Pseudomonas selective agar and MacConkey agar. Bacterial isolates were identified
according to standard laboratory procedures. The microbiological outcomes measures used in
the original study was proportion of children with any P. aeruginosa, any respiratory (otitis
media) bacterial pathogen (S. pneumoniae, H. influenzae, M. catarrhalis, Streptococcus
pyogenes, S. aureus, P. aeruginosa, Proteus spp, or any fungal or yeast growth. Differences
were noted for several of the microbiological outcomes; P. aeruginosa and swarming Proteus
spp. were cultured less often from children in the CIP group, and there was a trend towards
less H. inﬂuenzae in the CIP group; fungi or yeasts were more common in the CIP group.
Staphylococcal spp. and overall bacterial pathogen recovery were not different between the 2
treatment groups.

4.9.4 DNA extraction
DNA extraction was done using the QIAamp DNA extraction kits with an enzymatic pretreatment protocol (Binks et al. 2011). The original ear swabs were thawed on ice, vortexed
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and 100uL aliquoted into clean pre-labelled eppendorf tubes on an ice bath and then pelleted
at 10 000 rpm for 10 minutes.

Briefly, the supernatant was discarded and the pellets were re-suspended in 200uL of the
enzymatic lysis buffer (Appendix A) before incubation at 56 ̊C for 45 minutes on the heat
block. 10uL of 20% w/v sodium dodecyl sulphate (Amresco) was added followed by gentle
mixing at room temperature for 2 minutes. 4uL of 100ug/mL RNase (QIAGEN) was added
followed by incubation at room temperature for 2 minutes 20uL proteinase K was added and
further incubated at 56˚C for 10 minutes. The samples were spun briefly and incubated at
70 ̊C for 10 minutes on the heat block. The samples were spun briefly and 200uL of 100%
ethanol added to each tube. The sample was mixed thoroughly and vortexed for 15 seconds.
DNA was extracted by transferring onto QIAamp columns as per the manufacturer’s tissue
protocol. DNA was eluted with 200uL of Buffer AE (QIAGEN).

4.9.5 Total bacterial load qPCR
TBL was estimated by measuring the 16s rRNA as previously described (Binks et al. 2011;
Nadkarni et al. 2002; Smith-Vaughan, HC et al. 2006). The universal primers were used for
the PCR (Table 13) which amplify a 466 bp region between the positions 331-797 of the 16S
rRNA gene, based on E.coli numbering (Brosius et al. 1978; Nadkarni et al. 2002).

The volume for each reaction tube was 10µL and included 1X mastermix SensiMixTM
SYBR® reagent (Bioline), 300nM each of the primer with 1µL of the DNA template. The
PCR was carried out in a Corbett Research Rotor-Gene 6000 real-time thermocycler
(QIAGEN). The reaction conditions comprised of an initial hold at 50ºC for 2 min, then
incubation for 10 min. Following incubation, 35 cycles of 15s at 95ºC, 15s at 58ºC and 45s at
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72ºC with data being acquired at the end of each cycle. Melt-curve analysis between 80-90ºC
with 0.1ºC steps was performed after the cyclic step.

Genomic DNA harvested from S. pneumoniae, ATCC 49619 reference isolate was used as
the standard for the TBL assay. The assay estimated the TBL assuming four ribosomal
operons per cell (Binks et al. 2011; Nadkarni et al. 2002). The standard curve was prepared
by 1:10 serial dilution (2000ng-200fg) of the genomic DNA in TE. Based on an S.
pneumoniae genome size of ~2Mb (GenBank AE005672), the standard curve corresponds to
8.92x105-8.92x101 cells (Table 12). The assay was linear within this range. All standards,
controls and samples were tested in duplicate. The assay was done with SYBR® Green
instead of a probe (Nadkarni et al. 2002). Melt-curve analysis was used to differentiate
specific and non-specific amplicons.

4.9.6 General parameters for bacterial load qPCR assays
All qPCR assays were performed using the QuantStudio™ 6 Flex Real-time system.
Quantitative standards were prepared in 1:10 serial dilution of reference isolate genomic
DNA. qPCR raw data and standard curves were analysed using Quant Studio Real Time™
PCR software v1.2. All standard curves were linear within the ranges described below (Table
12). The qPCR efficiency and R2 values were calculated using the “Auto-find threshold”
function with the default settings. All standards and samples were tested in duplicate. Results
were only accepted where duplicates differed by ≤0.5 cycles. Each assay’s limit of detection
(LOD) was defined as the lowest standard concentration at which specific amplification was
detected in at least 95% of replicates (Bustin et al. 2009) . The limit of quantification (LOQ)
of the assay was the lowest standard concentration that can be quantitatively determined with
acceptable precision and stated acceptable accuracy, under the stated experimental conditions
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(Forootan et al. 2017). PosBLOQ (Positive below the limit of quantification) referred to
samples that amplified between the LOD and the LOQ. These could not be quantified
accurately therefore were given a value which is the average (copies/uL) of the LOD and
LOQ.
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Table 12. qPCR assay ranges
All assays were linear with these ranges. *Based on S. pneumoniae reference standard with
four ribosomal operons.
Bacterial load Dynamic
qPCR assay
range
(mass gDNA)

Dynamic
range LOD
(number of cells)
copies/ul

LOQ
copies/ul

PosBLOQ
copies/ul

TBL*
2000pg-200fg 8.92E+05 -8.92+01
8.92
89.2
49.06
H. influenzae
2000pg-200fg 9.92E+05-9.92+01
9.92
99.2
54.56
S. pneumoniae
2000pg-200fg 8.92E+05 -8.92+01
8.92
89.2
49.06
S. aureus
2000pg-200fg 6.96E+05-6.96+01
6.96
69.6
41.76
P. aeruginosa
2000pg-200fg 2.98E+05-2.98+01
2.98
29.8
16.39
A. otitidis
2000pg-200fg 9.45E+05-9.45+01
9.45
94.5
51.975
TBL, total bacterial load; LOD, limit of detection; LOQ, limit of quantification; PosBLOQ,
Positive below the limit of detection
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Table 13. Primer and probes used for the bacterial load assays
Assay

Gene

Primer/Probe oligonucleotide sequences (5’-3’)

Reference

TBL

16S rRNA

Forward primer TCCTACGGGAGGCAGCAGT

Nadkarni, 2002

Reverse primer 5'- GGACTACCAGGGTATCTAATCCTGTT-3'
Hi

siaT

Forward primer 5’-AATGCGTGATGCTGGTTATGAC-3’

Price, 2017

Reverse primer 5’-AAGAGTTTTGCGATAGATTCATTGG-3’
Probe 5’-TET-AGAAGCAGCAGTAATT-MGBNFQ-3’
Spn

lytA

Psa

Forward primer 5'-TCTTACGCAATCTAGCAGATGAAGC-3'

Smith-Vaughan,

Reverse primer 5'- GTTGTTTGGTTGGTTATTCGTGC-3'

2006

Probe 5'- [FAM]-TTTGCCGAAAACGCTTGATACAGGG-[TAMRA]-3'

McAvin, 2006

Forward primer 5’-CCTGACCATCCGTCGCCACAAC -3’

Anuj, 2009

Reverse primer 5’-CGCAGCAGGATGCCGACGCC-3’
Probe 5’- FAM-CCGTGGTGGTAGACCTGTTCCCAGACC-BHQ-3’
Sa

nuc2

Forward primer 5’-GTTGCTTAGTGTTAACTTTAGTTGTA-3’

Dunne, 2012

Reverse primer 5’-GCACTATATACTGTTGGATCTTCAGAA-3’
Probe TxR-TGCATCACAAACAGATAACGGCGTAAATAGAAG- BHQ2
Ao

16S rRNA

Forward primer 5'- TCCTACGGGAGGCAGCAGT-3'

Hendolin, 1997

Reverse primer 5'- GGACTACCAGGGTATCTAATCCTGTT-3'

TBL, total bacterial load; Hi, H. influenzae; Spn, S. pneumoniae: Psa, P. aeruginosa; Sa, S. aureus: Ao, A. otitidis

97

4.9.7 H. influenzae qPCR
H. influenzae bacterial loads were determined using the target C4-dicarboxylate ABC
transporter permease (sia T) (Table 12) which amplify a 138 bp amplicon (Price et al 2017).
The hydrolysis probe was located between positions 896-928. 10µl of reaction volume
consisted of 1X Platinum® PCR SuperMix (Invitrogen), 200nM each of the sia T primers
with 1µl of the DNA template.

Each 10uL PCR reaction mix included 1X Platinum PCR SuperMix (Life Technologies),
300nM of each primer and 200nM of probe, and 1uL of template DNA. The reaction
conditions were 50ºC for 2 minutes 95 ºC for 10 minutes, followed by 45 cycles of 95 ºC for
15 sec with data acquisition performed at the end of each cycle.

Genomic DNA was harvested from the reference isolate H. influenzae ATCC 49247. The
standard curve was prepared by 1:10 serial dilution from 2000ng-200fg of the genomic DNA
with TE. This corresponds to 9.92x105 – 9.9x101 H. influenzae cells based on the
approximate H. influenzae genome size of 1.8 Mb (GenBank CP000671). All standards,
controls and samples were tested in duplicate.

4.9.8 S. pneumoniae qPCR
S. pneumoniae loads were determined using the lytA gene as described previously (Binks et
al. 2011; Smith-Vaughan, HC et al. 2006). The PCR primers (Table 12) amplify a 101 bp
region between positions 306-406 of the lytA gene (McAvin et al. 2001; Smith-Vaughan, HC
et al. 2006). The hydrolysis probe was located between positions 330-354.
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Each 10uL PCR reaction mix included 1X Taqman® Universal Master Mix (Applied
Biosystems), 100nM of each primer, 200nM of probe, and 1uL of template DNA. The
reaction conditions were an initial hold at 50ºC for 2 minutes followed by incubation at 95 ºC
for 15 sec, 58 ºC for 25 sec and 72 ºC for 35 sec with data acquisition performed at the end of
each cycle.

Genomic DNA from S. pneumoniae ATCC 49619 reference isolate was used as the assay
standard. The standard curve was prepared by the 1:10 serial dilution (2000ng-200fg) of the
genomic DNA in TE. The standard curve corresponds to 8.9x105-8.9x101 S. pneumoniae cells
(Table 11). All the standards, controls and samples were tested in duplicate.

4.9.9 P. aeruginosa qPCR
P. aeruginosa loads were determined using the gyrB gene (Anuj et al 2009) which encodes
the DNA gyrase subunit B (Anuj et al. 2009). Each 10µl reaction mix included Platinum®
PCR SuperMix (Life Technologies), 400nM each of the primers and 160nM of probe and 1µl
of DNA template.

The reaction conditions were an initial hold at 50ºC for 2 minutes followed by incubation at
95 ºC for 15 sec, 58 ºC for 25 sec and 72 ºC for 35sec for 45 cycles with data acquisition
performed at the end of each cycle.

4.9.10 A. otitidis qPCR
The A. otitidis PCR used primers previously described by Hendolin et al (Hendolin et al.
1997) which amplify a 265- bp A. otitidis specific region of the 16S rRNA gene [GenBank:
NR_026088] between positions 437-702, based on E.coli numbering. The qPCR included 1X
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SensiMix™ , 1µM of each primer and 1µL of of DNA template. The reaction conditions
were 95ºC for 10 min followed by 40 cycles of 95ºC for 15sec, 58ºC for 30sec and 72ºC for
15sec, then a final extension at 72ºC for 1 minute. This was followed by 50ºC for 2 minutes
and then a melt-curve analysis from 80-90ºC in 0.1˚C steps.

4.9.11 qPCR raw data analysis
The raw data from the qPCR were analysed using the Quant Studio Real Time™ PCR
software v1.2 which generated the standard curve and calculated the PCR efficiency and R 2
values. The “Auto-find threshold” function was used with default settings to determine the
optimal threshold for measuring the cycle at which amplification was detected (Cq). Data
were then analysed.

4.9.12 Review of PCR negative controls
PCR negative controls were reviewed to ensure no amplification had occurred. As SYBR®
based assays can detect non-specific amplification, including primer-dimer formation. A melt
curve analysis was included in SYBR® -based assays to differentiate amplification of the
target gene from non-specific amplicons. Melt curve analysis was performed for the A.
otitidis qPCR.

4.9.13 Review of the standard curve
All standards were reviewed to ensure replicates did not vary more than 0.5 cycles from each
other. In the case where standard replicates did differ by >0.5 cycles, only the single replicate
producing the highest R2 value and assay efficiency was retained in the standard curve.
Standard curves were only accepted where the R2 was at least 0.99. For SYBR®-based
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assays, the melt-curves of each standard were also reviewed to ensure amplification of a
single amplicon.

4.9.14 Review of the samples
Replicates of each sample were accepted if Cq values differed no more than 0.5 cycles.
Samples with replicates differing by >0.5 cycles were repeated. For the hydrolysis probebased assays (H. influenzae and S. pneumoniae) samples were considered positive where
amplification was detected above the assay’s limit of detection (see 4.9.6). Samples with
amplification detected below the limit of detection were defined as “not detected” and given a
value of zero in subsequent quantitative data analyses. For SYBR®-based assays, the melt
curve analyses were reviewed. For quantification in all assays, there needed to be
amplification to occur within the linear range of the curve. Samples with Cq values below
that of the highest standard, were diluted 1:10 with TE and testing repeated.

4.9.15 Data analysis
Analysis was done using STATA® 15.1 software. Chi-square tests were used to assess
between group differences in microbe prevalence. Wilcoxon rank sum tests were used to
assess between group differences in bacterial loads.
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4.10 Results

4.10.1 Participant and swab characteristics
For this analysis, 89 pairs of baseline and follow-up ear swabs from 73 (CIP: 39, FGD: 34)
out of the 97 eligible children who consented and participated in the original RCT were
analysed. All ear swabs collected from baseline had ear discharge, whereas the 89 ear swabs
collected at end of treatment comprised 50 with ear discharge at the perforation and 39
without ear discharge but with a swab taken near the perforation. Baseline and follow-up ear
discharge pairs included 50 from the CIP group and 39 from the FGD group.
Characteristics of ears before and after treatment where swabs were available for qPCR
(n=89) are presented in Table 14. All baseline ears included in the analysis had CSOM
(noting data were analysed from both ears of 16 children). At the end of treatment, 39/89
(44%) ears had resolved discharge completely and 56/89 (63%) ears had improved (including
resolution; see 4.4.3 for clinical definitions).
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Table 14. Characteristics of participants providing ear discharge swabs used in this analysis

Number of children
Mean child age - years (min, max)
Baseline/Follow up ear swab pairs
Perforation size
Intact
<25%
25-49%
≥50%
Discharge score
None
Scant
Moderate
Profuse
Clinical resolution
Clinical improvement

Overall
73
7.8 (1.5, 15)
89

CIP
39
7.4 (1.5, 15)
50*

FGD
34
8.5 (2.4, 15.2)
39

Baseline
0 (0%)
31(35%)
31(36%)
25(28%)

EOT
2 (2%)
36(41%)
32(37%)
17(20%)

EOT
0 (0%)
17(35%)
20(41%)
12(24%)

Baseline
2 (4%)
23(46%)
17(34%)
8 (16%)

Baseline
0 (0%)
14(36%)
12(31%)
13(33%)

EOT
0 (0%)
13(35%)
15(41%)
9 (24%)

0 (0%)
29(33%)
43(48%)
17(19%)
na
na

39(44%)
20(22%)
23(26%)
7 (8%)
39 (44%)
56 (63%)

0 (0%)
15(30%)
23(46%)
12(24%)
na
na

24(48%)
11(22%)
13(26%)
2 (4%)
24 (61%)
32 (57%)

0 (0%)
14(36%)
20(51%)
5 (13%)
na
na

15(38%)
9 (23%)
10(26%)
5 (13%)
15 (38%)
24 (43%)

*16 children at baseline had bilateral ears with CSOM.
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4.10.2 Baseline microbiology

Total bacterial load at baseline was 3-fold higher in the CIP compared to the FGD group (7.7
x106 versus 2.2 x106; p=0.04). The most commonly identified bacterium by PCR was H.
influenzae (45/89, 51% of swabs), followed by A. otitidis (25/89, 28% of swabs) and P.
aeruginosa (21/89, 24% of swabs). S. aureus, S. pneumoniae, any fungi and C. albicans were
identified in less than 10% of the ear swabs (Table 15). No other presence or load measures
differed significantly between treatment groups at baseline.
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Table 15. Ear discharge microbiology at baseline in 89 ear swabs

Bacterial load and detection

Overall

CIP

FGD

N=89#

N=50#

N=39#

positive/total

positive/total
tested (%)

positive/total
tested (%)

tested (%)
Total bacteria PCR

86/86 (100%)*

47/47 (100%)

39 (100%)

Total bacterial load (GMC)

4.9x106

7.7 x106

2.2 x106

Hi culture

16/69 (23%)*

11/39 (28%)

5/30 (17%)

Hi PCR

45 (51%)

28 (56%)

17 (44%)

Hi load (GMC)

3.8 x105

3.7 x105

3.8 x105

Spn culture

1 (1%)

0 (0%)

1 (1%)

Spn PCR

2 (2%)

0 (0%)

2 (5%)

Spn load (GMC)

1.0 x105

0

1.0 x105

Sa PCR

7 (8%)

3 (3%)

4 (5%)

Sa load (GMC)

4.5 x106

8.3 x106

7.0 x105

Presumptive Psa culture

45/86 (52%)*

27/49 (55%)

18/37 (49%)

Psa PCR

21 (24%)

14 (29%)

7 (18%)

Psa load (GMC)

2.0 x106

2.3 x106

1.7 x106

Ao PCR

25 (28%)

12 (24%)

13 (33%)

Fungi culture

7/77 (9%)*

4/44 (9%)

3/33 (9%)

Ca culture

4/75 (5%)*

1/42 (2%)

3/33 (9%)

GMC - geometric mean concentration; Hi-H. influenzae; Sa-S. aureus; Spn-S. pneumoniae;
Psa-P. aeruginosa; Ao-A. otitidis ; Ca-C. albicans; * Some PCRs could not be resolved, and
some culture data were not available.

# except where otherwise shown.
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4.10.3 Does total bacterial load in ear discharge, or other microbiological features at baseline
predict treatment failure (to improve) at follow-up? (Primary aim)
At the end of treatment (both groups), 56/89 (63%) ears had improved (including resolution;
see 4.9.2 for clinical definitions). This included 39 (CIP, 24; FGD, 16) ears that resolved
completely and 17 (CIP, 8; FGD, 9) that had less ear discharge but had not resolved. The ears
that did not improve after treatment had a higher geometric mean TBL at baseline compared
to those that did not, although this was not significant (5.7 x105 cells/ml versus 1.2 x 106
cells/ml, p=0.115; Table 16). Importantly, we found that the prevalence of H. influenzae at
baseline was significantly higher in those children that failed to improve given either therapy;
by culture (13% versus 33%; p=0.029) and approaching significance by qPCR (18% versus
36%; p=0.051). Detection of other bacteria, C. albicans and fungi, and geometric mean
concentration (GMC) loads for specific bacteria were not associated with clinical outcome
(Table 16).
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Table 16. Association between baseline bacterial load and detection, and overall ear
discharge improvement at end of treatment.
Improvement in ear discharge at
follow-up
Baseline microbiology

Yes (n=56)

No (n=33)

p-value

Anybacteria PCR

49 (100%)*

33 (100%)

ns

5.7 x105

1.2 x 106

0.115

Hi culture

7 (13%)

10 (33%)

0.029

Hi PCR

10 (18%)

12 (36%)

0.051

Hi qPCR + load (GMC)

5.5 x 105

2.8 x 105

ns

Spn culture

1 (2%)

2 (7%)

ns

Spn PCR

1 (2%)

0 (0%)

ns

Spn qPCR + load (GMC)

4.9 x 104

-

-

Sa PCR

7 (13%)

7 (21%)

ns

Sa qPCR + load (GMC)

6 x 104

1.4 x 105

0.056

Presumptive Psa culture

10 (19%)

6 (19%)

ns

Psa PCR

9 (16%)

6 (18%)

ns

Psa qPCR + load (GMC)

1.2 x106

3.4 x106

ns

Ao PCR

7 (13%)

4 (12%)

ns

Ca culture

16 (29%)

7 (21%)

ns

Fungi culture

14 (39%)

7 (41%)

ns

Total bacterial qPCR + load
(GMC)

GMC: geometric mean concentration of the load. Hi-H. influenzae; Sa-S. aureus; Spn-S.
pneumoniae; Psa-P. aeruginosa; Ao-A. otitidis; Ca-C. albicans *7 swabs missing TBL and
other data.

Though we did not show a significant association between baseline bacterial load and
improvement in ear discharge (yes/no), there was a trend toward a higher geometric mean
TBL at baseline among those with a worse discharge score at follow-up (Figure 13). This was
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most evident where ears continued to have profuse discharge at end of treatment. See Table
13.

Figure 12. Baseline total bacterial load and ear discharge at end of therapy;
independent of treatment.

Dots on box plot are observations and box plot shows the distribution.
ln, natural log

4.10.3.1
Was treatment group associated with differences in microbiology
or bacterial load at the end-of-treatment? (Secondary aim 1)
At the end of treatment (Table 17), across both groups, the most commonly identified
microbes were C. albicans by culture (26%), H. influenzae by PCR (25%) and fungi by
culture (24%). These were followed closely by P. aeruginosa (17%) and S. aureus (16%)
detection by PCR. While P. aeruginosa (p<0. 001), and A. otitidis (p=0.039) by PCR were
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significantly lower in the CIP group compared with the FGD group, S. aureus PCR detection
and C. albicans culture detection were significantly higher in the CIP group (p=0.022,
p=0.003).

Table 17.

Microbiology and bacterial load at end of treatment

Bacterial load & microbe

Overall

CIP

FGD

detection

(n=89)#

(n=50) #

(n=39) #

Total bacterial load (GMC)

7.7x105

4.3 x105

1.5 x106

0.042

Hi culture

17/80 (21%)*

8/46 (17%)

9/36 (25%)

Ns

Hi PCR

22 (25%)

11 (22%)

11 (28%)

Ns

Hi qPCR+ load (GMC)

3.8 x105

3.2 x105

4.6 x105

Ns

Spn culture

3/78 (4%)*

3/42 (7%)

0/36 (0%)

Ns

Spn PCR

1 (1%)

1 (2%)

0 (0%)

Ns

Spn load (GMC)

4.9 x104

4.9 x104

--

--

Sa PCR

14 (16%)

12 (24%)

2 (5%)

0.022

Sa qPCR+ load (GMC)

9.4 x104

7.9 x105

2.6 x105

Ns

Presumptive Psa culture

16/85 (19%)*

3/48 (6%)

13/37 (35%) 0.001

Psa PCR

15 (17%)

2 (4%)

13 (33%)

<0.001

Psa qPCR +load (GMC)

2.9 x106

2.6 x105

2.6 x106

Ns

Ao PCR

11 (12%)

3 (6%)

8 (21%)

0.039

Ca culture

23 (26%)

20 (40%)

3 (8%)

0.003

Fungal culture

21 (24%)

16 (32%)

5 (13%)

Ns
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P

Hi-H. influenzae; Sa-S. aureus; Spn-S. pneumoniae; Psa-P. aeruginosa; Ao-A. otitidis; Ca-C.
albicans; p value. p- value comparisons are between CIP and FGD treatment groups.

4.10.3.2
Microbe detection at baseline and at EOT
A comparison between microbe detection at baseline and end of treatment irrespective of
treatment group demonstrated a significant overall reduction in H. influenzae (p<0.001) and
A. otitidis (p=0.009) and significant increases in C. albicans (p<0.001) and fungi (p<0.001).

4.10.4 Microbe detection in clinically resolved ears

Thirty-five children experienced clinical resolution in one or both ears. Altogether, clinical
resolution (no ear discharge at the perforation)was observed in 39 ears (4 children had
bilateral ears) , 14 ears (36%) were positive for C. albicans, 10 (26%) were positive for
fungi, 7 (18%) were positive for H. influenzae by PCR, 6 (15%) positive for S. aureus, 4
(10%) were positive for P. aeruginosa and A. otitidis, none for S. pneumoniae. Multiple
microbes were detected in some swabs.

4.10.5 Comparison of culture and PCR data (Secondary aim 3)
It was noted previously (Smith-Vaughan, HC et al. 2013) that culture underestimates
identification of some species in ear discharge, and that PCR is recommended. The data
above include comparisons of original culture data (Leach, A et al. 2008) and new PCR data
for H. influenzae, S. pneumoniae and P. aeruginosa. Figure 13 compares combined baseline
and EOT data for culture versus PCR detection of these species.
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Figure 13. Culture versus PCR detection of H. influenzae, S. pneumoniae and P.
aeruginosa microbiology

Similar to as previously found, H. influenzae PCR has significantly higher detection (16%,
p=0.001) compared with culture. S. pneumoniae was not commonly detected. For the
presumptive P. aeruginosa culture data, the application of a reliable PCR method
demonstrates that P. aeruginosa was previously over-reported. At the time of the original
microbiology, standard microbial testing was performed (Leach, A et al. 2008) and the P.
aeruginosa target at the time was algD which has since been shown to have low specificity
(Manzo et al. 2011). The newer PCR target gyrB used in my analyses for estimation of load
has shown high sensitivity and specificity(Anuj et al. 2009).

4.11 Discussion
In this chapter I focused on accurate detection and enumeration of selected known
otopathogens to improve our understanding of CSOM pathogenesis in a population of
Australian Indigenous children (aged 1-16 years) receiving treatment with topical
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Ciprofloxacin versus FGD. Key bacterial otopathogens included in this analysis were P.
aeruginosa and S. aureus which are known to be important secondary pathogens in CSOM
likely derived from the auditory canal (Mittal et al. 2015). In contrast, H. influenzae and S.
pneumoniae are respiratory pathogens which colonise the nasopharynx and ascend the
Eustachian tube into the middle ear to cause infection; non-typeable H. influenzae (NTHi) is
commonly isolated from ear discharge during CSOM, whereas S. pneumoniae is generally a
pathogen associated with the initial acute stages of infection (Dagan et al. 2016). A. otitidis
remains a disputed otopathogen and likely comes from the canal (Marsh et al. 2012) but was
included as previous studies in this population found a high rate of positivity (37%; 10/27
children). My research showed qPCR analysis for detection and quantification of these
otopathogens supplemented by existing culture data for NTHi, S. pneumoniae, presumptive
P. aeruginosa, C. albicans and fungi. These findings are discussed in relation to the main
aims below.

4.11.1 Baseline microbiology predictions for treatment outcome
My primary aim was to determine whether total bacterial load or species-specific loads in ear
swabs were associated with clinical outcome. Importantly, H. influenzae presence identified
by culture at baseline was significantly associated with no improvement in ear state
(p=0.029) whilst H. influenzae identification by PCR approached significance (p=0.051). As
discussed in the previous section, whether a greater emphasis should be put on the culture or
the PCR results is still not clear. It could be speculated that culture data may provide a better
representation of bacteria that are metabolically active in the infection and for which an
active infection is present. PCR-positive/culture negative results may be more important
when thinking about the underlying infection reservoir, where H. influenzae are sequestered
intracellularly or in biofilm. These are the pathogens that may be more likely to reinitiate
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infection on stopping active treatment and it is likely PCR provides the more informative data
on this important condition.

If H. influenzae does contribute to CSOM treatment failure then interventions that clear H.
influenzae in the NP and middle ear may be important to improve treatment outcomes.
Preliminary findings from a current clinical trial in the NT showed that children on Bactrim
in addition to standard therapy of Ciprofloxacin ear drops and tissue spears, improved more
than those on Betadine ear wash and standard therapy (Wigger et al. 2018). The microbiology
of the study has not yet been completed to determine the effect of Bactrim on H. influenzae in
the NP and middle ear.

Detection of other bacteria, C. albicans and fungi, and GMC loads for specific bacteria were
not associated with clinical outcome. Interestingly TBL at baseline was not associated with
treatment outcome. However, there was a rising trend in total bacterial load with increasing
discharge score, with profusely discharging ears having the highest total bacterial loads. This
implies that a reduction in total load needs to be targeted for those with profuse ear discharge.
It may be argued that larger volumes of ear discharge were collected where ears were scored
as profuse discharge; were this the case, then the increase in load would be a small factor
higher, not logs higher as was seen. Furthermore, an unpublished study in the same
population weighed ears discharge swabs collected as part of a CSOM study and found no
significant difference in weight of pus collected between swabs.

4.11.2 Ear swab microbiology following treatment
At baseline, the most commonly identified microbes by PCR were H. influenzae (51%
swabs), A. otitidis (28% swabs) and P. aeruginosa (24% swabs). While the other species
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were identified in less than 10% of the ear swabs. In comparison, following any treatment the
most commonly identified microbes were C. albicans (26%), H. influenzae by PCR (25%)
fungi (24%), P. aeruginosa by PCR (17%) and S. aureus (16%). Irrespective of treatment
group, end of treatment analysis identified a significant reduction in H. influenzae (p<0.001)
and A. otitidis (p=0.009), and significant increases in C. albicans (p<0.001 and fungi
(p<0.001). Whilst these data do not specifically address the role of these pathogens in CSOM,
and treatment failure, they provide important information on the likely prevalence of
potential otopathogens in treated and non-treated children with CSOM that may help to
inform treatment.

A secondary aim was to determine whether treatment group was associated with end-oftreatment outcome. FGD is a combination of antibiotics (framycetin sulfate, gramicidin) from
the aminoglycoside group and a corticosteroid (sodium metasulfobenzoate). The antibiotics
are active against Gram-positive cocci and Gram-negative bacteria and the corticosteroid has
anti-inflammatory properties. Ciprofloxacin is an antibiotic in the fluoroquinolone class of
antibiotics and has modest activity against Gram-positive bacteria and is more potent against
Gram-negative bacteria. Ciprofloxacin has demonstrated to be effective against P. aeruginosa
(Chalkley & Koornhof 1985). In our study, TBL, P. aeruginosa, and A. otitidis were
significantly lower in the CIP group compared with the FGD group (p<0.001, p=0.039,
p=0.42). Whereas S. aureus PCR detection and C. albicans culture were significantly higher
in the CIP group (p=0.022, p=0.003). The increase in fungi and C. albicans in the CIP group
may be as a result of the niche created following the decrease in P. aeruginosa and /or other
species affected by CIP that we did not measure. We still do not know much about the role of
fungi in CSOM but studies in the African countries and India with similar climatic conditions
as the Northern Territory of Australia show fungi isolation rates to be high, especially in
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longer durations of CSOM in adults (Biradar & Roopa 2015; Mushi et al. 2016). Studies
looking into quantifying the fungi loads in addition to establishing the microbiome of the ears
in Australian Indigenous children can give an idea of the contribution of fungi to the
pathogenesis of CSOM. Fungal infection may be contributing to treatment failure in these
children where antibiotics focus more on eradicating bacteria. Although H. influenzae was
significantly reduced at end of treatment, its presence was significantly associated with worst
ear outcome, highlighting its likely significance in CSOM in this population.

4.11.3 Clinical relevance of non-cultivable bacteria
We had both culture and PCR data for H. influenzae, P. aeruginosa, and S. pneumoniae,
which showed considerable disparity for the former two species. For H. influenzae, it has
been previously demonstrated that culture and PCR detection are disparate (Smith-Vaughan,
HC et al. 2013); it has been suggested that this is due to biofilm and intracellular infection
which are proposed mechanisms by which NTHi survive and persist in the hostile mucosal
environment. Non-viable cells and an altered metabolic state of the bacteria in the middle ear
environment is another explanation for swabs positive for qPCR but culture negative
(Nystrom 2003; Smith-Vaughan, HC et al. 2006). However, for P. aeruginosa, I believe that
this highlights the specificity issues in identification of P. aeruginosa in recent times when
the original culture was performed. In short, presumptive colonies were confirmed by PCR
targeting algD GDP Mannose gene (da Silva Filho et al. 1999) which has since been shown
to be present in other genera and species (Manzo et al. 2011).

Non-cultivable forms of S. pneumoniae and H. influenzae in middle ear effusions elicit an
immune response and may have a crucial role in the pathogenesis of OME (Stenfors &
Raisanen 1992). Smith-Vaughan and colleagues found the presence of these bacteria was
associated with no OM or OME (18 culture negative, PCR positive out of 103 swabs;
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P=0.0001) (Smith-Vaughan, HC et al. 2006). Others have demonstrated that although culturenegative, PCR-positive pneumococcal AOM does occur, this is clinically less severe than
culture-positive pneumococcal acute OM (Palmu et al. 2004).Whether these non-cultivable
bacteria can recrudesce or have a direct pathogenic role in persistence of effusions or in
rAOM is of interest. With an increasing trend towards the use of PCR-based diagnostics, it is
important to clarify the role of non-cultivable organisms in disease.

4.11.4 Limitations
This study had several limitations. The first is that I made secondary use of specimens from a
study performed in April 2001 to September 2001. This was the most recent CSOM study for
which specimens were available to me. I chose to analyse these as they would allow me to
build my understanding of CSOM microbiology to support my future CSOM studies in PNG.
Other studies performed by my Australian lab colleagues demonstrated that bacteria of
interest remain viable for at least 15 years in storage at -80ºC. Nonetheless, as my PCR-based
analyses targeted DNA, any loss of viability of organisms during storage would not affect my
results. The culture data I used were those generated during the study when the specimens
were newly collected. Another limitation was that the complete set of specimens from this
study was not available to me, (due to lack of original consent for further study), therefore my
conclusions are based only on the analysed subset and caution needs to be taken in
extrapolating any findings to the original study.

The major limitation for all CSOM studies in their microbiological analysis, is that ear
discharge is not available at end of treatment where there was resolution. For my secondary
analysis that looked at EOT microbiology, I included canal swabs from resolved ears to begin
collecting data to handling this question from a biological perspective. I wish to do further
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analysis on such swabs to provide greater numbers to inform the most appropriate way to
perform such analyses. At baseline, there was a range of severity of CSOM which may
impact my results. There were too few numbers to perform analyses within groups of scant,
moderate and profuse ear discharge.

An important contributing factor to the microbiology would be adherence to therapy.
Introducing long term interventions for Australian Indigenous children living in remote
communities with chronic infections is challenging and treatment failure is common.
Reasons for not adhering to treatment are multi-factorial and one reason could be not seeing
an immediate response to therapy. There is a need to understand the multifactorial nature of
non-adherence to treatment regimens for chronic infections in Indigenous children living in
remote communities. In addition, interventions that promote better adherence to therapy and
health behaviour change would need to be identified and developed along with good
communication and supportive and responsive health service delivery system (Morris, P.,
Leach & Andrews 2013).

Finally, in summary, CSOM is a debilitating condition and can be difficult to treat in the
Australian Indigenous children population, where infection with multiple species of bacteria
and underlying social determinants predispose them to middle ear disease early in infancy.
This study did not find an association between total bacterial load at baseline and treatment
outcome. We however showed that H. influenzae in ear discharge at baseline was associated
with worst ear outcome. These data suggest that interventions targeting H. influenzae (oral
and topical) should be trialled to combat CSOM in Australian Indigenous children. Although
numbers are small, there was a trend with having a higher TBL before treatment and worse
outcome (profuse ear discharge) at end of therapy, and indicates that an overall reduction in
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bacterial load may provide benefit to children with profuse discharge. This study also
provides data on the microbiology of ear swabs before and after treatment that will guide
future studies of CSOM in this population. This includes a recommendation for studying the
role of fungi in CSOM treatment failure.The results generated in this research will provide a
better understanding of CSOM in PNG children and other high risk populations.
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5 CHAPTER 5: DISCUSSION
Indigenous children in Australia and PNG share a high burden of respiratory infections. In
both populations, early, dense nasopharyngeal colonisation with respiratory pathogens
predispose children to infection in the first vulnerable months of life. Rates of respiratory
infections in both populations are still unacceptably high and the need for effective
interventions is urgent. Social determinants (e.g. crowding, smoke exposure, poor hygiene)
represent some of the underlying factors that make improvements in OM slow in these
populations (Gracey & King 2009; Jacoby, P et al. 2011; Kong & Coates 2009). Therefore,
concurrent implementation of effective biological interventions to prevent and treat OM are
needed.

In order to effectively implement multimodal interventions, it is essential to understand the
underlying biology driving these infections. Housing and overcrowding are key areas which
need attention as houses in remote communities are overcrowded making families susceptible
to contracting infections through high levels of transmission (O'Grady, KF et al. 2018).
Factors (historical, social, cultural, economic, behavioural and biomedical risk factors)
associated with high disease rates in communities are complex and a multi-faceted and
coordinated approach is required to tackle this issue.

Respiratory disease burden among children in Papua New Guinea
In PNG, pneumonia and meningitis are common causes of severe childhood illness.
Pneumonia is the most common reason for childhood hospitalisation and mortality in PNG
(PNG Ministry of Health, 2001); 56% of all pneumonia deaths in children <5 years occur
under the age of 6 months (Kakazo et al, 1999). In the Eastern Highlands of PNG, several
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studies have demonstrated the importance of S. pneumoniae and H. influenzae in the
aetiology of pneumonia and meningitis (Greenhill et al. 2015; Kirkham, Smith-Vaughan &
Greenhill 2010; Lehmann 1992)}. The lack of routine culture and laboratory diagnostic
capabilities in the country’s major hospitals impede our understanding of the aetiological
causes of acute lower respiratory infections and meningitis and the trend in antimicrobial
susceptibility in PNG. Globally the rising rates of antibiotic resistance is a major concern and
a WHO priority. Surveillance systems for disease aetiology and antibiotic resistance do not
exist, which is an important barrier to effective treatment.

Few studies have addressed OM in PNG, as this is seen as a lower priority disease compared
to the burden of infections with higher morbidity and mortality. However, the debilitating
effects of hearing loss can affect all of life outcomes, particularly in the case of the most
severe form of OM, CSOM. CSOM affects 65-330 million people worldwide, with 60% of
individuals suffering from significant hearing impairment (Acuin, Jose. 2004). Indeed,
CSOM when left untreated is debilitating and results in morbidity, significant hearing loss
and in severe cases. The few available data suggest a very high burden of OM in PNG (Aho
et al. 2016; Aithal, Aithal & Pulotu 1995; Solomon V, Vince JD & N. 2015); an important
issue to be addressed in my country.

OM burden among Australian Indigenous children in the Northern Territory
For Australian Indigenous children in remote communities in the Northern Territory, 90%
have some form of OM (Morris, PS et al. 2005). A recent survey (Leach, AJ et al. 2016)
showed little change in overall rate of OM since a 2001 population survey (Morris, PS et al.
2005), with 50% of children having OME, 30%, bulging ear drums and around 15% with
CSOM. Though tympanic membrane perforations declined by 10% (24% to 14%) between
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2001 and 2013 it still exceeds the WHO criterion that states 4% prevalence for is a significant
public health problem needing urgent attention (Acuin, Jose. 2004). Persistent ear infection
poses a risk to hearing. During 2012-2013, 72% of 1,541 Indigenous children in the Northern
Territory receiving audiology services were diagnosed with at least one type of middle ear
condition. Fifty-one percent of the children who received audiology services had some form
of hearing loss; 30% had bilateral hearing loss and 15% had hearing loss in one ear. Nearly
10% had moderate, severe or profound hearing impairment (Australian Institute of Health
and Welfare 2014).

The high rates of respiratory infections in Indigenous Australians and Papua New Guineans
are a result of a number of risk factors. Efforts to address these risk factors are needed to
reduce transmission of infectious pathogens and thereby reduce respiratory infections and
OM.

In my thesis I studied the impact of a pneumococcal conjugate vaccine, PCV7, on carriage
and antibiotic resistance in PNG children of an important respiratory and OM pathogen, S.
pneumoniae. This included analysis of ear discharge from enrolled children with suppurative
OM. As I had no access to other specimens from PNG children with OM, I studied specimens
from a high-risk Indigenous population in the Northern Territory of Australia with CSOM.
Below I discuss the main finding from each of the three results chapters, and the implication
of each.

Finding 1: There was a limited impact of neonatal or accelerated infant PCV7 schedules on
vaccine serotype carriage in PNG infants. Pneumococcal carriage rose to about 80% by 3
months of age remaining at more than 70% thereafter. A total of 63 different serotypes were
identified. There were no significant differences in VT carriage between vaccine recipients
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and controls at any age. However, at the primary timepoint of 9 months, whilst VT carriage
was lower in vaccinees (though non-significant), NVT carriage was significantly higher
(p=0.02).

Sixty-three serotypes represent an extraordinarily broad range of antigenically distinct types
for a study of this size. The high rates of carriage of NVT with relatively low prevalence of
VT is a major contributor to the limited impact observed on VT carriage. Of note, we
previously demonstrated good antibody responses in children receiving PCV7 in this study.

Therefore, it is clear that in this highly colonised population, higher valency vaccines are
needed to impact on pneumococcal carriage. 13vPCV was introduced to the national
children’s immunisation schedule in 2014. It is now essential to continue surveillance of
colonising and disease pneumococcal serotypes to monitor the impact of this vaccine on
pneumococcal populations, and particularly on the impact of replacement serotypes.
•

Finding 2: PCV7 had no impact on carriage of non-susceptible pneumococcus in PNG
children enrolled in the randomised controlled trial above. Twenty-seven different
serotypes out of a total of 63 serotypes identified in the study exhibited nonsusceptibility to one or more antibiotics. 45% of pneumococcus-positive swabs
exhibited non-susceptibility to one or more antibiotics

Antibiotic resistance is a concern world-wide. In PNG, there is a need for more antimicrobial
susceptibility data to guide treatment. Pneumococci in this study were commonly resistant to
antibiotics like penicillin and cotrimoxazole which are used extensively for treatment of
pneumococcal infections. Antibiotic surveillance systems are needed to monitor changes in
antibiotic resistance and guide antibiotic prescription. Furthermore, studies are needed in
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PNG to understand the antibiotic usage factors contributing to antibiotic resistance in
pathogens.
•

Finding 3: H. influenzae in ear discharge is associated with worse treatment outcome
for CSOM when using topical Sofradex or ciprofloxacin. These data suggest that
interventions targeting H. influenzae should be trialled to combat CSOM in Australian
Indigenous children. Analysis of specimens from other high-risk populations is
needed to determine whether H. influenzae targeted therapies will impact on CSOM.
A more recent study in the Northern Territory used betadine washes and
cotrimoxazole in a randomised controlled trial. The specimens are still being
processed, but may provide important data on impact on H. influenzae and clinical
outcome.

With the widespread use of conjugated vaccines, we require a better understanding of the
changing disease aetiology and underlying risk factors associated with childhood infections
like pneumonia, meningitis and OM. This is especially important for countries like PNG
where standardized case management approaches may require revision, primary prevention
strategies should be enhanced and careful consideration should be given to the rise of drugresistant infections fuelled by inappropriate antimicrobial use.

Future research directions
During my PhD I honed my microbiology and qPCR skills, I gained further experience in
study design, and I learnt how to perform STATA analysis on my data. I am now
commencing OM diagnosing training to enable me to perform my post-PhD research back in
PNG. My first major project will be to determine the prevalence and aetiology of OM in
school age children attending 2 urban clinics in Goroka in the Eastern Highlands of PNG.
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This will be possible through a Deborah Lehmann Research Award commencing in 2019.
The laboratory procedures that were used for my PhD project in the Child Health Menzies
laboratory will be transferred to the bacteriology laboratory in Goroka. These laboratory
protocols will be adapted and used for routine laboratory diagnostics for respiratory
aetiological studies. These will represent the first comprehensive OM data in the region. The
next step will be to commence an intervention study. I have also highlighted the need for
effective surveillance systems and continued revision of treatment guidelines. This is also an
area that I intend to address in PNG.
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7 APPENDIX C: CSOM MICROBIOLOGY LITERATURE REVIEW

A PubMed search with the following key search terms “chronic suppurative otitis
media” OR “suppurative otitis media” OR “chronic otitis media” AND “bacteri*” OR
“fungi” OR “”microbio” AND “ear discharg*” was used. Studies needed to be peer
reviewed to be eligible for inclusion. Searches were restricted to studies published in
English and included children <19y of age. Non-PubMed indexed papers were found
through searching citations of other papers.
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Reference

Country

Mean Age

Year

(or age as
otherwise
reported

Defined
time
of
suppuration

Micro
Method

Study
design/
population

Treatment

No.
enrolled

Bacteria

Fungi/yeast

n/n (%)

(%)

S. aureus 93/204 (45.58)
Prakash et
al. 2013

India

25.6 years

2012

n/a

Culture
aerobic,
anaerobic,
fungal

-

Communitybased

No
antibiotic
therapy in
last 7 days

204

P. aeruginosa
(18.62)
Klebsiella
(8.82)

38

/204

Aspergillus niger
18/204 (8.82)

18

A.
fumigatus
16/204 (7.84)

14/204

Candida albicans
6/204 (2.94)

pneumoniae

Escherichia
(6.86)

coli

Diptheroids 10/204 (4.9)
Acinetobacter
6/204 (2.9)

Candida
8/204 (3.92)

baumanii

Staphylococcus spp 4/204
(1.96)
Proteus vulgaris 4/204 (1.96)
S. pneumoniae 2/204 (0.98)
Morganella morganii 2/204
(0.98)
Clostridium
(8.82)
Peptococcus
(7.84)

spp

18/204

spp

16/204

Peptostreptococcus
16/204 (7.84)

spp

Prevotella
melaninogenica
11/204 (5.39)
Bacteroides spp 8/204 (3.92)
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spp

Vaidya et
al. 2015

Nepal

n/a

2011 –
2012

More than 3
months

Aerobic
Fungal
culture

and

Crosssectional
descriptive
analytical
study

n/a

105

S. aureus 60/123 (48.8)

(123 ears)

Enterococcus
(0.81)

spp.

A.
fumigatus12/123 (9.76)
1/123
A. niger – 9/123
(7.32)

S. pneumoniae 2/123 (1.63)
A. flavus – 2/123
(1.63)

P. mirabilis 6/123 (4.9)

C. albicans -8/123
(6.5)

P. vulgaris 9/123 (7.34)
P. aeruginosa 14/123 (11.38)
K. oxytoca 4/123 (3.25)
K. pneumoniae 2/123 (1.63)
E. coli 5/123 (4.07)
Acinetobacter
(1.63)

spp.

2/123

Enterobacter
(2.44)

spp.

3/123

Citrobacter spp. 2/123 (1.63)

Kaur et al.
2016

India

n/a

n/a

2 weeks or
greater

Direct
microscopy
and culture

Hospitalbased
prospective
study

Patient on
more than
7 days of
antibiotics
excluded

180

P. aeruginosa 66/180 (36.67)
S. aureus 46/180 (25.56)
P. mirabilis 12/180 (6.67)

K. pneumoniae sub spp
S. pneumoniae 6/180 (3.33)
Providencia
(2.78)

stuartii

15/180
–Fungi
growth only
No species ID on
Fungi

E. coli 9/180 (5)
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28/180 (Fungi +
Bacteria growth)

5/180

Enterobacter
4/180 (2.22)

aerogenes

A. baumanii 3/180 (1.67)
Alcaligenes
(1.11)

faecalis

2/180

S. pyogenes 8/180 (4.44)
S. auricularis 4/180 (2.22)
S. epidermis 4/180 (2.22)
Enterococcal faecalis 2/180
(1.11)
Diptheroids 14/180 (7.78)

Kumar et al
2015

India

n/a

20072009

At least
months

3

Aerobic
culture,
Candida
culture

Hospital
based
prospective
study

No
antibiotics
in past 5
days

200

P. aeruginosa 82/212 (41)

Candida 6/212 (3)

S. aureus 53/212 (26.5)
S. pneumoniae 3/212 (1.5)

Kumar et
al., 2011

India

<1 yr to 80

n/a

n/a

n/a

n/a

No
antibiotic in
the past 7
days

100

P. aeruginosa 35/100 (45.5)
S. aureus 29/100 (37.7)
Klebsiella spp 7/100 (9.1)
Beta-haemolytic
2/100 (2%)

Birada
Roopa
2015

&

India

n/a

2013

> 3 months

Direct
microscopy
and aerobic

Hospital
based
prospective

No
prior
antibiotics

200

Streptocci

P. aeruginosa 96/198 (93.8)

A. niger
(46.1)

6/13

S. aureus 73/198 (36.8)
A. fumigatus 4/13
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culture

study

(40.7)
Candida spp 3/13
(23)

Dayasena
et al., 2011

Aslam et al.
2004

India

Pakistan

39.5

n/a

2009

20032004

> 6 weeks

n/a

Culture
&
microscopy

n/a

Consecutive
patients who
met inclusion
criteria
recruited for
retrospective
analysis
of
existing micro
data

n/a

n/a

n/a

234

Pseudomonas spp. 69/234
(29.5)

Coliforms 39/234 (16.7)

124
(142
ears)

P. aeruginosa 94/142 (66)
S. aureus 44/142 (31)

Nigeria

median
age 3years

2007

>6 weeks

Aerobic
culture
+
Gram stain

Convenience
sampling
technique

Antibiotics
taken
in
preceding
2 wks

100

*46 isolates

(49 CSOM

S. aureus 13/46 (28.3)

51 AOM)

Proteus spp 18/46 (39.1)
P. aeruginosa 6/46 (13)
S. pneumoniae 5/46 (10.9)
Klebsiella spp 3/46 (6.5)
S. pyogenes 1/46(1.6)
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spp

Staphylococcus spp. 48/234
(20.5)

J
Coll
Physicians
Surg Pak.
Abstract

Ilechukwu
et al,. 2017

Candida
18/234 (7.7)

Fungi 4/142 (2.8)

Mushi et al.
2016

Tanzania

Median
age 29.5
years

n/a

>3 months

Aerobic
cultures,
Microscopy.

Clinic
attendance

n/a

Candida albicans
13 (29.6)

410 SOM

C. tropicalis 6
ID
using
MALDI-TOF
MS

C. parapsilosis 3
A. versicolor
(18.2)

8

A. flavus 6
A. fumigatus
(11.4)
A. sydowii 2
Penicillium
chrysogenum 2
P. citrinum 4
P. lilacinus 1
P. sumatrense 2

Wasihun et
al.,
2015

Ethiopia

21.9 years
(3
mo69years)

20142015

n/a

Aerobic
culture

Crosssectional
hospitalbased study

n/a

162 (71%
with
CSOM)

Amongst CSOM patients
S. aureus -31/216 (14.4)
P. mirabilis 27/216 (12.5)
P. aeruginosa 17/216 (7.9)
Klebsiella spp 13/216 (6.0)
Staphylococcus spp 7/216
H. influenzae 9/216
S. pyogenes 9/216
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5

S. pneumoniae 9/216
Providencia spp 4/216
E. coli 6/216

Chirwa et
al. 2015

Malawi

17.8 years

JulSept
2013

> 2 weeks

Aerobic,
anaerobic,
fungal culture

Hospitalbased crosssectional
descriptive
study

No
antimicrobi
als within 2
weeks

104

P. aeruginosa 32/118

(118 ears)

(27.1)

Fungi-21/118
(17.8), Aspergillus
spp
12/118
(10.17), Candida
spp- 9/118 (7.63)

S. aureus 31/118
(26.3)
Staphylococcus spp 6/118
(5.08)
S. pyogenes 3/118 (2.54)
S. pneumoniae 2/118 (1.69)
P. mirabilis 44/118 (37.3)
E coli 13/118 (11.01)
K. pneumoniae 6/118 (5.08)
P. vulgaris 6/118 (5.08)
Diptheroid spp 4/118 (3.39)
Enterobacter cloacae 3/118
(2.54)
M. morganii 1/118 (0.85)
Raultella ornithinolytica 1/118
(0.85)
Coliforms 1/118 (0.85)
Bacteriodes
(15.25)
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spp

18/118

Peptostreptococcus
12/118 (10.17)

spp.

Clostridium spp. 7/118 (5.93)
P. melaninogenica
(1.69)

Orji et
2015

al

L AppiahKorang et
al., 2014

Nigeria

Ghana

21.3years

≤1 to ≥65
years

20092013

20112013

>3 months

n/a

Aerobic
culture

Aerobic
culture

Retrospective
analysis
of
consecutive
cases at ENT
clinic

n/a

Retrospective
review of lab
records
of
patients

n/a

2/118

206

P. aeruginosa 109/250 (44)

(250 ears)

S. aureus 42/250 (17)

351
ear
swabs

P. aeruginosa 63/322 (19.6 )

322
isolates

Pseudomonas
(18.0)

sp

S. epidermidis 50/322 (15.5)
S. aureus 33/322 (10.3)
24 SOM
Proteus spp 32/322 (9.9)
8 COM
Citrobacter spp 22/322 (6.8)
E. coli 13/322 (4.0)
Enterobacter spp 9/322 (2.8)
spp

9/322

Providencia spp 6/322 (1.9)
Klebsiella spp 5/322 (1.6)
S. pneumoniae 3/322 (0.9)
Streptococcus
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spp

Candida
9/322 (2.8)

spp

Aspergillus
4/322 (1.2)

spp

58/322

12 CSOM

Acinetobacter
(2.8)

-

2/322

(0.6)
Serratia spp 2/322 (0.6)
Morganella spp 1/322 (0.3)
Enterococcus spp 1/322 (0.3)

Aduda
et
al,. 2013

Kenya

5-18years

2010

>2 wks

Aerobic
&
Anaerobic
culture

Descriptive
prevalence
(cohort) study
of school age
children with
CSOM

No
antimicrobi
als prior to
study

261
swabs

ED

Proteus spp 110/336 (32.7)
Enterococcus
(28.6)

spp

96/336

S. aureus 43/336 (12.8)
Pseudomonas
(11.3)

spp

38/336

E.coli 35/336 (10.4)
Klebsiella spp 12/336 (3.8)
Anthracoides 10/336 (~3)
Diptheroides 2/336 (0.6)
Clostridium tetani 2/336 (0.6)
No growth in 12 cultures

Afolabi et
al., 2012

Nigeria

17.0 years

n/a

> 12 weeks

Aerobic
culture

Prospective
study
on
consecutive
consenting
CSOM
patients

Patient on
topical and
systemic
antibiotics
excluded

134

P. aeruginosa -42/134 (31.3)
Klebsiella spp. 32/134 (23.9)
Staphylococcus spp. 22/134
(16.4)
P. mirabilis 20/134 (14.9)
Strepococcus
(11.2)

159

spp.

15/134

E. coli 6/134 (4.5)
Fungal/Pseudomonas
1/134 (0.7)

Olajide
G et
2012

T.
al

Nigeria

3
mo-85
years

2005`2008

>8 weeks

Aerobic
culture, Gram
stain

Prospective
study.
Consecutive
patients with
ED for ≥2
months
recruited

No
antibiotics
in past 2
weeks

spp.

78

Pure growth (79 ED swabs)

(99 ears)

Coliforms – 33/95 (34.7)
S. aureus 25/95 (26.3)
Proteus spp 23/95 (24.2)
Pseudomonas
(9.5)

spp

9/95

Klebsiella spp 5/95 (5.3)
Mixed growth (8 ED swabs)
S. aureus + Coliforms 4/8
(50)
S. aureus + Proteus spp 3/8
(37.5)
Pseudomonas
spp
Klebsiella spp 1/8 (12.5)

Nigeria
Adoga
et
al. 2010

7 weeks to
65 years

2008

2 wks to >3
mo

Aerobic
culture and
Gram stain

Prospective
Clinical study
of newly dx
CSOM
patients
attending
inpatients/out
patients clinic

Patients
with ED 2
weeks

80

Pseudomonas
(34)

spp

30/88

Staphylococcus spp
(20.5)

18/88

(88 ears)

Proteus spp 12/88 (13.6)
Klebsiella spp 8/88 (9.1)

To test 2
swab
collection;
swab
vs

160

+

Candida spp 2/88 (2.3)

aspirate
U NnebeAgumadu
et al,. 2011

Nigeria

0-18 years

20062008

>8 wks

Aerobic
culture

Retrospective
analysis
of
ear
swabs
and case files

n/a

65
SOM

with

(61 ears)

Pseudomonas
(57.38)

spp

35/61

Klebsiella spp 10/61 (16.39)
Proteus spp 7/61 (11.48)
E. coli 2/61 (3.28)
S. aureus 3/61 (4.92)
S. pneumoniae 2/61 (3.28)
S. pyogenes 3/61 (4.92)

Vishwanath
et al 2012

India

1-78years

2009

> 3 months

Aerobic,
Anaerobic
and Fungal
culture

Prospective
hospital
based study.
Patients
randomly
selected

No
antibiotics
previous 5
days

94

P. aeruginosa 37/115 (32.2)

64
(tubo
tympanic
disease)

S. aureus 20/115 (17.4)
S. pneumoniae 2/115 (1.7)

30 (atticoantral
disease)

A. niger
(3.5)

4/115

A. flavus
(3.5)

4/115

C. glabrata 2/115
(1.7)
C. albicans 1/115
(0.9)

Couzos
al 2003

et

Australia

1-14 years

2001 2002

> 2 weeks

Aerobic
culture

RCT
of
ototopical
antibiotics

Antibiotic
use in past
2 weeks.

105
Australian
Indigenous
children

Baseline
P.
aeruginosa
(50/105)

47.6%

Respiratory pathogens
(6/105)

161

6%

Leach
et
al.,2008

Australia

1-16years

2001

>2 weeks

Aerobic
culture

RCT on the
impact
of
topical
Sofradex vs.
topical CIP

Included
children on
previous
treatment

97

P. aeruginosa 62.5% overall

Indigenous
children in
3
remote
communitie
s

CIP -31/50 (65)

CIP
-50
children

CIP- 2/50 (4)

CIP- 8/50 (17)
FGD -27/47 (60)
FGD -10/47 (22)
S. pneumoniae 3 % overall

FGD -1/47 (2)
FGD
-47
children

H. influenzae 22.5% overall
CIP – 12/50 (25)
FGD- 9/47 (20)

Swimmer
NTHi 16/23 (70)
Stephen et
al., 2013

Australia

5-12years

2009

> 2 weeks

Aerobic
culture

RCT
examining
Impact of 4
wks
daily
swimming in
chlorinated
pool
on
TMPs
in
Indigenous
Aboriginal
children

Children on
prescribed
antibiotics
were
analysed in
a subgroup

89
Indigenous
children

P. aeruginosa 10/23 (43)

Swimming
group -41

GAS 5/23 (22)

S. aureus 8/23 (35)

M. catarrhalis 1/21 (5)
Nonswimming
group - 48

Proteus spp 2/23 (9)
S. pneumoniae 0
Non swimmers
P. aeruginosa 10/32 (31)
NTHi 20/31 (65)
S. aureus 4/32 (13)

162

Any Fungus
19.5% overall

-

GAS 2/32 (6)
M. catarrhalis 0
Proteus spp 2/32 (6)
S. pneumoniae 2/32 (6)
Overall
P. aeruginosa (37)
NTHi (67.5)
S. aureus 24
GAS (14)
M. catarrhalis (5)
Proteus spp (7.5)
S. pneumoniae (6)
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SmithVaughan et
al 2013

Australia

3.5-45.6
months

< 6 weeks

Aerobic
culture and
PCR
targeting
3
bacteria

To determine
the
prevalence of
Hi, Spn and
Mc
to
determine if a
single
species
dominates
and compare
NP to ED
microbiology

Children
were
not
on prior 7
days
antibiotic
Dx

51
Indigenous
children

Culture

(55 ears)

S. pneumoniae- (33)

AOMwiP
and CSOM

M. catarrhalis - (3.6)

H. influenzae –(49)

PCR
H. influenzae – (89)
S. pneumoniae - (41)
M. catarrhalis - (18)

Marsh
et
al., 2012

Australia

6mo6years

n/a

< 6 weeks

qPCR for 1
bacterium

Retrospective
analysis
of
swabs

Children
not on prior
7
days
antibiotic
Dx

27
Indigenous
children

A. otitidis 10/27 (37)

(31 ears)
AOMwiP
and CSOM

Loy et al.,
2002

Singapor
e

<10-80
years

19961997

n/a

Aerobic and
anaerobic
culture

Prospective
hospitalbased study

Mean age
45years

No
antibiotics
at time

90

P. aeruginosa (33.3)
S. aureus (33.3)
Coagulase
Staphylococcus (21.1)
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Fungi (8.8)

Neg

Anaerobic bacteria (6.6)
Indudharan
et al 1999

Malaysia

6
mo78years

19941995

>3 months

Aerobic and
anaerobic
culture

Exclusion
criteria:
Patients
with
cholesteato
ma,
immunodef
eiency
disease
and
cleft
palate

381

P. aeruginosa (27.2)

(382 ears)

S. aureus (23.6)
S. epidermidis (8.8)
Proteus spp (7.4)
BHS (7)
H. influenzae (6.4)
Enterobacter spp (3.6)
Klebsiella spp (3.2)
Other (12.8)

Papastavro
s et al 1985

Greece

11-79years
(median
age, 4)

6 months
Or history of
recurrence at
least 3 times
in 12 months

Aerobic and
Anaerobic
culture

Hospital
prospective
study

91

P. aeruginosa (55.46)

(119 ears)

Enterobacteriaceae
(14.29)

spp

S. aureus (29.41)
S. epidermidis (5.88)
Anaerobes (15.97)

BHS, βeta Haemolytic Streptococcus; COM, chronic otitis media; GAS, Group A Streptococcus; SOM, suppurative otitis media
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