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Abstract
Background
Streptococcus pneumoniae is an important pathogen associated with bronchiectasis, a chronic
respiratory condition characterised by dysregulated airway inflammation and recurrent infection.
Indigenous Australian children in the Northern Territory experience disproportionally high burden of
bronchiectasis. Despite a comprehensive vaccination strategy against pneumococcal disease in the
Northern Territory, several vaccine types of S. pneumoniae associated with lower respiratory
infection have been identified. The cellular immune response plays a role during S. pneumoniae
infection; however no studies have investigated the cellular immune response towards S.
pneumoniae in children with bronchiectasis. Hence, this thesis aims to fill the gap in the literature
and characterise the S. pneumoniae-driven cellular immune response in children with bronchiectasis
and determine if there are differences between the response towards vaccine and non-vaccine
serotypes.
Methods
Peripheral blood mononuclear cells (PBMC) from 46 children (age 20-54 months) with recentlydiagnosed bronchiectasis, and 22 age-matched healthy control children were cultured with vaccine
(19F, 9V) and non-vaccine (15A, 7C) S. pneumoniae serotypes, clinically isolated from
nasopharyngeal samples (9V, 7C) or from lower airway infection (19F, 15A) in Northern Territory
children. Cytokines involved in early inflammation (IL-6 and TNFα), and adaptive Th1 (IFN-γ), Th2 (IL5 and IL-13) and Th17 (IL-17a) responses were quantified from culture supernatant using
dissociation-enhanced lanthanide fluorescence immunoassay (DELFIA®). Cytokine production
between groups was compared using non-parametric Mann-Whitney U test. PBMC cultured with
serotypes 19F and 9V were stained for NK and T cell markers and intracellular adaptive cytokines IL13, IL-17a and IFN-γ. Cytokine producing CD4+ T cells, CD8+T cells and CD56+ NK cells were assessed
by Flow Cytometry.
Results
Compared with healthy control children, PBMC from children with bronchiectasis produced
significantly more IL-13 to serotypes 19F (median 7.2pg/mL vs 60.9 pg/ml; p<0.001), 9V (median 6.0
pg/mL vs 40.3 pg/ml; p=0.001) and 15A (median 14.4 pg/ml, 49.4 pg/ml; p=0.002). Whilst IL-5 was
not detected in all cultures, there was a significantly higher proportion of responders in the
bronchiectasis group. Minimal differences were observed in IFN-γ, and no significant differences in
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innate IL-6 and TNF-α production between groups. Furthermore PBMC from children with
bronchiectasis produced significantly more IL-5 (p=<0.001), IL-13 (p<0.001) and IFN-γ (p=0.014) in
response to nasopharyngeal and non-vaccine type 7C compared to vaccine serotype 9V.
Conclusions
These findings indicate the S. pneumoniae-driven cell-mediated immune response in children with
bronchiectasis is likely skewed towards a Th2 phenotype. These data suggest that childhood
bronchiectasis in the Northern Territory is associated with a polarised S. pneumoniae-driven cellular
immune response. Consequently this thesis will enable further research to investigate the role of S.
pneumoniae and the cellular immune response in the pathogenesis of childhood bronchiectasis in
the Northern Territory.
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1. Chapter One - Introduction and review
1.1 Bronchiectasis
1.1.1 Bronchiectasis: a lifelong disease

Bronchiectasis (BE) describes permanent and irreversible dilation of airways in the lungs1.
BE is diagnosed by high resolution computerised tomography (HRCT) scan of the chest to
confirm the bronchoarterial ratio, the diameter of the bronchial lumen divided by the
diameter of an accompanying artery, has increased from a healthy ratio of 1:1 to >1.52.
Persistent clinical symptoms characteristic of BE, including wet productive cough that fails
to respond to four weeks of oral antibiotics and over three episodes of protracted bacterial
bronchitis (PBB) warrant a HRCT scan for diagnosis of BE in the clinical setting3. Recurrent
and persistent episodes of wet cough are a hallmark of BE4. Chronic suppurative lung
disease (CSLD) broadly describes a chronic suppurative response associated with
continuous, wet or suppurative cough for a period of longer than four weeks, with or
without other features that include recurrent chest infections, clubbing, hyperinflation or
chest wall deformity5. The symptoms of CSLD overlap with BE and both conditions share
identical initial clinical presentation symptoms6. People with BE, without confirmation of
diagnostic scans, will have CSLD. The symptoms describing CSLD are used when radiography
techniques to confirm BE are absent. Other structural abnormalities determined to be
caused by bronchiectasis include; bronchomalacia, bronchial lesions and mucosal
abnormalities7. Reversible airway injury as CSLD progresses becomes irreversible as CSLD
develops into BE, and the rate of airway destruction is age dependant8.
1.1.2 The pathophysiology of bronchiectasis: a vicious circle of inflammation and infection

The ‘vicious circle’ hypothesis, as proposed by Cole, is commonly used to explain
development of BE9. The pathophysiology describes the hallmarks of this circle, whereby a
host-mediated inflammatory response to lower respiratory infection damages the structure
and mucocillary function of the lung 10. As a result, pathogen clearance mechanisms are
impaired, enabling the infection to persist or reinfect and continue the circle until structural
damage is permanent9. Common features of BE and CSLD associated with the circle are
poor clearance of pathogen, recurrent infection and neutrophilic dominated inflammation1.
In children particularly, a chronic cough with sputum production describe the cardinal
symptom of BE and CSLD, and is given the term ‘wet cough’11. Children with wet cough
1

have higher rates of airway neutrophilia in addition to a lower airway infection with
bacteria and/or virus12.
1.1.3 The true burden of bronchiectasis is underestimated

Across the globe, lower respiratory infections are a leading cause of morbidity and
mortality13. The burden of the infection varies by age and demographics, where the young
and impoverished are at higher risk of contracting a lower respiratory infection and
developing BE14. The economic burden is also significant. BE patients spend longer in
hospital and have higher-annual medical costs compared to patients with other chronic
illnesses such as diabetes and cardiovascular conditions15. Co-morbidities are also
anticipated in BE patients, including COPD, asthma and chronic cough. Consequently, it is
likely people with chronic respiratory symptoms remain undiagnosed with BE, and the
burden is underestimated16. It is common for those with BE to experience anxiety and
depressions, as well as tiredness, dyspnoea and decreased exercise performance17.
1.1.4 Indigenous Australian children experience high burden of bronchiectasis

Indigenous Australian children are at higher risk of developing childhood BE compared to
their non-Indigenous counterparts. Indigenous Australian children have increased rates of
morbidity and mortality associated with the disease18. Rates of lower respiratory infection
(LRI) in Indigenous children of the Northern Territory (NT) are the highest in the world (147
per 10 000 Indigenous Australian children under 15 years)19. Acute lower respiratory
infection (ALRI) has been identified as a risk factor for developing BE in the first 12 months
of life in Indigenous Australian children20. Compared to Australia’s non-Indigenous
paediatric population, the prevalence of BE is comparatively high with 1-2% of all Australian
Indigenous children developing BE with symptoms relating back to infancy21.

1.2 Bronchiectasis and bacterial infections
1.2.1 Bacteria associated with the pathogenesis of bronchiectasis

Streptococcus pneumoniae, non-typable Haemophilus influenzae (NTHi), Pseudomonas
aeruginosa and Moraxella catarrhalis are common bacteria isolated from the lower airways
of patients with BE22. BE is a progressive disease. Recurrent and persistent infection of
these respiratory bacteria are hypothesised to be associated with the pathogenesis of
2

bronchiectasis23. Chronic bacterial infection of the lower airways impairs host defence and
damages lung tissue, describing the ‘vicious circle’ hypothesis that leads to permanent
damage of the lower airways 6. Wet cough is also a diagnostic label that associates the
colonisation or persistence of one or more of the main pathogenic respiratory bacteria in a
patient 6.
In children with BE, the most common bacteria isolated from bronchoalveolar lavage (BAL)
fluid are S. pneumoniae and NTHi.24. The bacteriological profile is not restricted to these
species and a sample of the lower airways can include other less common species that have
been recorded as Klebsiella pneumonia, Escherichia coli, Citrobacter spp, Acinetobacter
baumannii, Mycoplasma pneumoniae, Serratia marcescens and Mycobacterium
tuberculosis25.
1.2.2 S. pneumoniae and NTHi are associated with bronchiectasis in the Northern Territory

The diversity of bacteria associated with lower lung infections and bronchiectasis vary
between ethnic groups and geographical regions22. The bronchiectasis bacteriome in the
north of the Northern Territory is unique to the region. The diversity of bacteria is similar to
Indigenous New Zealand datasets; however NTHi and S. pneumoniae dominate BAL-derived
isolates, as opposed to P. aeruginosa observed in New Zealand26. In the Northern Territory,
NTHi, S. pneumoniae and M. catarrhalis are the three most common bacteria isolated from
the lower airways of children with chronic lower respiratory disease, including BE27.
1.2.3 Carriage of respiratory pathogens is a precursor for lower respiratory infection

S. pneumoniae, H. influenzae, M. catarrhalis and other haemolytic streptococci can be
carried transiently as a part of the micro bacterial flora of the nasopharynx and upper
respiratory tract. Carriage may be asymptomatic, but can progress to respiratory and/or
systemic infection if the bacteria reaches sterile sites28. S. pneumonaie, NTHi and M.
catarrhalis are a part of the normal nasopharyngeal flora, and carriage begins during
infancy. Upper airway sampling of the nasopharynx and oropharynx provide reliable
representation of the microbiota of a lower airway infection in CSLD and BE patients. Strain
concordance between isolates grown from nasopharyngeal (NP) and BAL samples from the
same patient has been observed in Indigenous Australian children cohorts29. Serotype
distribution of isolates varies by country, age and type of cohort28. Carriage rates are age
dependant, where the nasopharyngeal niche is colonised in the first year of life and carriage
rates peak in the first two years of life28. Environmental and socioeconomic factors alter the
3

rate of carriage. Family size, antibiotic use, house-hold income, smoking, and overcrowding,
such as day-care centres, can all alter the rate and diversity of carriage in different children
populations.30

1.3 Streptococcus pneumoniae
1.3.1 Bacteriology

S. pneumoniae is a gram-positive, lancet shaped cocci usually found as diplococci. They are
alpha-haemolytic, do not form spores and are non-motile. The polysaccharide capsule of
the bacteria is one of the most important structural virulence factors as it aids in evasion of
host phagocytosis. Isolated exopolysaccharides can be used effectively as vaccines in
humans. Over 100 different capsular serotypes have been described, and are highly
heterogeneous between serotypes31.
1.3.2 Pneumococcal disease

S. pneumoniae causes several major diseases. Non-invasive diseases include bronchial and
lobar pneumoniae and otitis media, and invasive pneumococcal diseases (IPD), including
septicaemia and meningitis. Other uncommon diseases caused by the bacteria include
conjunctivitis, acute tracheobronchitis, endometritis, peritonitis, endocarditis, arthritis, and
osteomyelitis32. As an extracellular pathogen, S. pneumoniae commonly travels to the lungs
and then must penetrate the mucosal barrier to enter the blood stream, or the blood-brain
barrier to cause invasive infections.33
1.3.3 The high burden of pneumococcal disease in the Northern Territory

There is high burden of pneumococcal infections in the Northern Territory. Since IPD
became a notifiable disease in 2001 rate of IPD have decreased nationally34. However IPD
rates remain disproportionally higher in Indigenous Australian populations35. Community
based surveillance has indicated the high prevalence of otitis media associated with
isolation of S. pneumoniae from the inner ears of Northern Territory Indigenous infants36.
Indigenous Northern Territory adults are at higher risk of developing S. pneumoniaeassociated community acquired pneumoniae compared to non-Indigenous Northern
Territory adults35.
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1.4 Streptococcus pneumoniae and bronchiectasis in children
1.4.1 Streptococcus pneumoniae is associated with lower respiratory infections in Northern
Territory children

S. pneumoniae is commonly isolated from the lower airways of children with lower
respiratory infection37. Serotype 19A is most frequently isolated from BAL samples from
children with CSLD and BE, followed by serotypes 15A, 15B, 16F, 23F.38
Serotype documentation mainly derives from surveillance of vaccine serotypes isolated
from IPD cases. Analysis of IPD cases show the vaccine serotype 19A is the most commonly
associated serotype in Indigenous childhood IPD hospitalisations39. Little data has been
published on the S. pneumoniae serotypes associated with lower respiratory infections in
Indigenous Australian children. However, our team has found that 19F, 23F, 19A, 15A and
15B are the five most common S. pneumoniae serotypes associated with lower airway
infection in Northern Territory Indigenous children with CSLD and BE27.
1.4.2 Carriage of Streptococcus pneumoniae in Indigenous Australian children

The serotypes and rates of pneumococcal carriage vary by country and age group, yet
across different cohorts it is accepted that carriage density of S. pneumoniae peaks at
approximately three years of age and slowly decreases thereafter 28, 40. In developing
countries and in Indigenous Australian populations, density of S. pneumoniae carriage is
higher and maintains a constant level for up to 10 years 40.
Serotypes 16F, 19A, 19F and 23F are the most common serotypes isolated from
nasopharyngeal swabs (NP) of Indigenous Northern Territory children. Paired analysis of NP
swabs and BAL samples collected from children with lower respiratory infection showed
propensity of NP isolated serotypes to infect the lower airways27.

1.5 Pneumococcal vaccination
1.5.1 Pneumococcal vaccines in Australia

The World Health Organisation (WHO) recognises S. pneumoniae associated disease as a
major public health problem worldwide and recommends the widespread use of
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pneumococcal vaccines. A pneumococcal polysaccharide vaccine (PPV) and a pneumococcal
conjugate vaccine (PCV) are available in Australia41. The first PCV covered seven serotypes
of S. pneumoniae and was introduced in Australia in 200142. Currently an updated PCV
including 13 serotypes (PCV-13) and a PPV covering 23 serotypes (PPV-23) is licenced in
Australia. Serotypes included in the vaccines are associated with IPD. The Australian
National Immunisation Program (NIP) requires all children to receive three doses of the
current PCV-13 at the ages of two months, four months and twelve months. The PPV-23 is
available to medically at-risk children and Aboriginal and Torres Strait Islander children at
four years of age, Aboriginal and Torres Strait Islander adults with medical risk factors and
all adults over 65 years 43-45. In the Northern Territory, the PCV-10 was used instead of the
7-PCV until 2011 in a four dose schedule at 2, 4, 6, and 18 months and was replaced by the
13-PCV with all other Australian jurisdictions in October 2011. Between October 2009 until
September 2011 children received a fourth dose of PCV-10 at 18 months and was replaced
by the 23-PPV at the end of this period 46. The three eras of PCV in the Northern Territory
are included in Table 1.1. Epidemiological surveillance have shown IPD cases have
decreased nationally following the introduction of the vaccine 47.
Table 1.1 Eras of the pneumococcal conjugate vaccines in the Northern Territory, Australia.

Multivalent pneumococcal
conjugate vaccine (PCV)
PCV-7
PCV-10
PCV-13

Period active in the
Northern Territory
January 2006- September
2009
October 2009 – September
2011
October 2011 - current

Serotypes included in
vaccine
4, 6B, 9V, 14, 18C, 19F, 23F
PCV-7 serotypes + 1, 5, 7F
PCV-10 serotypes + 3, 6A,
19A

1.5.2 Pneumococcal vaccine composition and immunological mechanisms

The mechanism of antigen presentation following PPV and PCV use differ by virtue of the
structure of the pneumococcal antigen in the two vaccine types. As a result, the ability to
induce an immunising memory effect differs, especially in young children. The immune
response to a polysaccharide vaccine is T cell independent, producing mainly IgM and little
memory B cells. The coupling of S. pneumoniae serotype specific capsular antigen to a
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protein carrier in the PCV allows T-cell uptake and processing, and inducing immune
memory and enhancing antibody response. Stable anamnestic IgG antibody is formed
following vaccination with the PCV suggesting the vaccine induces a predominant T-Cell
dependant immune response48. In children, the PCV is well tolerated and immunogenic in
neonates and young infants where immunologic memory is maintained49.
The PPV-23 is composed of purified polysaccharide that cover 23 serotypes of S.
pneumoniae. The memory response is T cell independent, producing mainly IgM and little
memory B cells and not considered immunogenic for children less than two years of age
due to the immaturity of an infant’s developing immune system50.
1.5.3 The pneumococcal vaccine has had little impact on lower respiratory infection in
Indigenous Australian children

High infant vaccination uptake rates of approximately 90% across Australia have been
maintained since the implementation of the PCV vaccination program via the NIP. Since the
introduction of the program, IPD hospitalisation rates in Australia have decreased 47, 51.
Serotype distribution differs between non-Indigenous and Indigenous children with IPD. IPD
caused by serotypes covered by the PCV-13 was 38% in Indigenous children prior to 2010,
compared to 64% in non-Indigenous children52. Vaccination coverage in Northern Territory
Indigenous children matches national rates and IPD notifications have since decreased by
87% 52. However despite a sufficient vaccination coverage in the Indigenous childhood
population and a decrease in IPD cases, rates of chronic lower respiratory disease
associated with S. pneumoniae are some of the highest recorded in the world53. Of the five
most commonly isolated serotypes from the lower airways of Northern Territory children
with bronchiectasis, serotypes 19F, 23F and 19A are included the PCV. This is a significant
finding and shows that despite high coverage of the vaccine in Northern Territory children,
we still see lower respiratory infections associated with vaccine serotypes of S.
pneumoniae.

1.6 The cellular immune response
1.6.1 The cellular immune response plays a role in bronchiectasis

The permanent bronchi dilation and structural airway damage that defines bronchiectasis is
caused by a host mediated chronic inflammatory state that includes impaired mucocilary
clearance and the decreased ability to clear respiratory pathogens. The self-perpetuating
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cycle of inflammation and infection is depicted in Figure 1.1, adapted from Cole’s initial
proposed model9. The starting point of the cycle can be a pathogen causing infection or a
form or airway trauma, however it is obscure in many cases54. Increasing evidence supports
the hypothesis a poorly regulated innate and adaptive cellular immune responses increases
susceptibility to infection, leading to progressive lung damage and maintenance of the cycle
54

.

Figure 1.1 Cole’s adapted ‘vicious circle’ of persistent infection and chronic inflammation
hypothesised to be associated with the pathogenesis of bronchiectasis
At the first instance of bacterial infiltration of the airways, the innate response orchestrates
the initial release of chemokines and cytokines into the submucosa, recruiting monocytes,
macrophages and dendritic cells, and granulocytes that later coordinate the adaptive
immune response55,56. Natural killer (NK) cells are potent and rapid-fire cells of the innate
immune response. There is evidence that there may be a link between NK cell activation
and increased susceptibility to bronchiectasis. Neutrophilia, an increase in circulating
neutrophils, is observed in patients with bronchiectasis. Neutrophils are a driver of the
innate cellular immune system57.The involvement of these innate cells supports the
hypothesis that the innate cellular response may be involved during bronchiectasis.
Literature has also provided evidence of the involvement of innate cytokine. There is
evidence of increased production of innate inflammatory cytokines tumor necrosis factor
alpha (TNF-α), interleukin six (IL-6) and interleukin one beta, (IL-1β) in cellular inflammatory
infiltrate in the airways of patients with bronchiectasis58.
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Bronchiectasis is associated with structural airway damage and varying amounts of dilation
and inflammation of the bronchial wall and peripheral airways. Mucosal biopsies from BE
patient lungs show neutrophilia, upregulated IL-8 expression, mucous gland hypertrophy
and mononuclear cell infiltrate, consisting mainly of CD4+ T-cells and CD68+
macrophages59. Mononuclear cells consist of lymphocytes and monocytes, and form
majority of the cell-mediated adaptive response. B-lymphocytes are also mononuclear
immune cells but are the basis of the adaptive humoral response.
Cell-mediated immunity is comprised of CD4+ T helper (Th) cells and CD8+ cytotoxic T cells.
Airway T cell infiltrate is observed in broncheictasis60. CD4+ T cells release T cell cytokines
and generate different effector Th cell responses. A Th17 response is associated with
activating neutrophils and mediating host defence towards bacteria. Th17 cells contribute
to driving inflammation associated with bronchiectasis61 . A Th1 cell response is associated
with the clearance of intracellular infection and a Th2 response is associated with
extracellular pathogens and allergy airway disease. Adults with bronchiectasis have a
predominant Th2 response to NTHi airway infection compared to healthy adults that have a
predominant Th1 response to the bacteria. Similar findings have been observed in
reference to Th1 associated cytokine production in a paediatric population62
1.6.2 Characterising the S. pneumoniae-driven cellular immune response

The traditional dogma initially described anti-capsular polysaccharide antibodies of the
humoral response as the major defence mechanism during S. pneumoniae infection, and as
a result, has been the basis behind PCV development. More recently, evidence suggests
that an antibody-independent cell mediated response including Th17 cells reduce the
duration of carriage of S. pneumoniae, and play a role in the development of mucosal based
and respiratory pneumococcal disease63. In children with CSLD, higher IL-17a levels have
been associated with lower carriage density, where Th17 response has been hypothesised
to play protective role towards pneumococcal carriage64.
Mononuclear cell influx, consisting of CD4+ T helper cells and macrophages, has been
observed in mouse lung tissue post S. pneumoniae infection 65. Of the T helper cell
responses, the Th17/Th1 response is most commonly documented in literature. IL-17 and
IFN-γ are cytokines released by Th17 and Th1 CD4+ T-lymphocytes respectively.
Investigation of adaptive cytokine production during S. pneumoniae infection found that
CD4+ T-lymphocytes produce IFN-γ and IL-17 via interactions with monocytes66. PBMC from
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adults with BE and CSLD respond to S. pneumoniae with decreased IFN-γ Th1 responses
compared to healthy controls67. Additionally, Th17 IL-17a- secreting cells are required to
clear S. pneumoniae from colonised niches in the nasopharynx68. Nasopharyngeal carriage
of S. pneumoniae has been linked to impaired Th1 development, and high density of
carriage in the nasopharyngeal niche is associated with Th17 dysfunction during S.
pneumoniae infection 69. The Th2 response is not as extensively investigated in literature
compared to the Th17/Th1 response. A small number of publications investigate the
interaction of Th2 lymphocytes during S. pneumoniae infection. One study indicated the
ability of T-regulatory lymphocytes to suppress Th2 associated cytokines IL-4 and IL-13
production towards S. pneumoniae during allergic airway disease70.
Innate cytokines TNFα, IL-1β and IL-6 are critical in intensifying cytokine expression,
neutrophil recruitment and bacterial killing during the early stages of S. pneumoniae
infections71. TNFα production and monocyte dysfunction is associated with antipneumococcal immunity in mice72. It is unknown whether these mechanisms are
protective.
Overall the literature indicates the innate and adaptive cellular immune response play a
role during S. pneumoniae infection. However, majority of the evidence is concluded from
mice models and adult studies. Furthermore, while there is particular focus on the
inflammatory Th responses (Th1 and Th17) there is minimal investigation of the Th2
response and its role during S. pneumoniae infection.
1.6.3 Pneumococcal vaccines and the cellular immune response

The PCV generates an antibody memory response activating antigen-specific B cells and
increasing circulating IgG titres. However, T cells can also recognise antigen if it is in the
form of protein fragments, and consequently will recognise protein conjugate fragments if
presented on antigen presenting cells (APC). A child who has received three doses of the
PCV will have primed effector T cells circulating in the blood. Effector T cells act at short
range within a secondary lymph organ or once migrated to the site of infection. Th cells
specific to vaccine serotypes of S. pneumoniae will be circulating the blood and will
stimulate responses of other cells; macrophages, B cells and other T cells during S.
pnuemoniae infection.
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1.6.4 The cellular immune response towards respiratory pathogens in children

Fewer data describe the cellular immune response towards respiratory pathogens,
especially S. pnuemoniae in children. Children with BE are associated with a neutrophilic
dominated airway inflammatory response 29.
In children, an exaggerated initial inflammatory response towards S. pneumoniae
dominated by pro-inflammatory cytokines, IL-1β, IL-6 and TNFα, similar to that in adults has
been documented73. Additionally, a decreased ability to synthesis systemic IFN-γ is
associated with the increase in IL-6 and IL-1β production in lower respiratory infections
with NTHi in children74.
Childhood pneumoniae is associated with IL-17 secretion and a S. pneumoniae-driven Th17
response 75. In addition, a small child study (n=3) showed this response may become
dysregulated if the child has early contact via carriage of S. pneumonaie75.
There have been no studies that investigate the S. pneumonaie-driven cellular immune
response in Indigenous Australian children. However work by our team have shown that
children from the NT with CSLD, a large proportion of which were Indigenous Australian
children, have high innate cytokine expression and reduced capacity to synthesis IFN-γ in
response to NTHi62.

1.7 Chapter summary and aims of this thesis
1.7.1 Summary and significance of this thesis

Bronchiectasis is a chronic and irreversible respiratory disease associated with morbidity
and mortality. The prevalence of bronchiectasis in the Northern Territory paediatric
population is unacceptably high, and Indigenous Australian children are over represented in
BE diagnosis rates. S. pneumoniae is the second most common respiratory pathogen
isolated from the lower airways of children with bronchiectasis in the Northern territory.
Adherence to the PCV vaccination schedule is exceptional given the Northern Territory’s
high degree of remoteness and childhood vaccination coverage is on par with Australian
urban centres. Despite this, S. pnuemoniae serotypes associated with lower respiratory
infection have been identified in the Northern Territory. Of these, serotypes 19F, 23F and
23A are included in the PCV.
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The mechanisms of the cellular immune system during S. pneumoniae infection are largely
unknown. Published data are limited to adult populations and mouse models. Data
regarding the cellular immune response in children is primarily restricted to the work by our
team regarding upper respiratory tract infections and NTHi-driven responses.
There is no published data investigating the cellular immune response towards S.
pneumoniae in children with bronchiectasis. The findings of this thesis are therefore novel,
and will characterise the response in children from a largely pneumococcal vaccinated
population. This thesis is a small step towards understanding the pathogenesis of a highly
debilitating but preventable disease in our region.
1.7.2 Gaps in methodology

There are no published methods investigating the cellular immune response towards S.
pneumoniae in children with chronic respiratory infection. This thesis uses child peripheral
blood mononuclear cells (PBMC) to investigate the in vitro cellular immune response to
four clinically relevant serotypes of S. pneumoniae. PBMC are the most reliable and
ethically available source of immune cells to reflect the in vivo response. This thesis derives
from methodologies developed our team investigating the cellular immune response in
children with CSLD towards NTHi, another common respiratory pathogen in the Northern
Territory62, 76.
Publications investigating bacteria- driven immune response with PBMC commonly use
purified antigen or a reference strain77. This thesis investigated the response towards live
whole S. pneumoniae bacterial cells. Additionally, the serotypes investigated were originally
isolated from clinical samples collected from children at Royal Darwin Hospital (RDH).
Consequently, this thesis presents findings that describe a serotype-specific response to live
and clinically relevant S. pneumoniae serotypes prevalent in our region.
1.7.3 Aims and objectives

The overall aim of this thesis is to begin to fill the gap in literature and characterise the
cellular immune response towards S. pneumoniae in Northern Territory children with
bronchiectasis. Given the high rates of PCV vaccinations, the aim extends to further
investigate the differences in the response towards vaccine (19F and 9V) and non-vaccine
serotypes (15A and 7C) prevalent in the Northern Territory.
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I hypothesised that Northern Territory children with bronchiectasis will have lower adaptive
and innate cytokine responses towards S. pneumoniae serotypes tested compared to agematched healthy control children.
To address the aim of the thesis the primary objective is to:
Quantify innate and adaptive cytokine production in response to S. pneumoniae
vaccine serotypes 19F, 9V and non-vaccine types 15A and 7C.
Secondary objectives of this thesis are as follows:
1. Determine the cell types producing cytokine in response to S. pneumoniae
serotypes 19F, 9V, 15A and 7C.
2. Compare cytokine production towards S. pneumoniae between vaccine
serotypes 19F, 9V and non-vaccine serotypes 15A and 7C.
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2. Chapter Two – Materials and Methods
2.1 Ethics
2.1.1 Ethics approval

This thesis was conducted within a current, larger study to investigate the
immunopathology and microbiology associated with bronchiectasis in Northern Territory
Indigenous children. It has been approved by the Human Research Ethics Committee
(HREC) of the Northern Territory Department of Health and Menzies School of Health
Research (project number 07/63) with approval from the Aboriginal subcommittee. All
children were enrolled following written, informed consent from the parent or carer. Under
the ethics of the larger study, children up to ten years of age with chronic lower respiratory
infections are being recruited prospectively at Royal Darwin Hospital or Menzies School of
Research Darwin, Northern Territory, Australia from 2008.
3.1.2 Study participants

My thesis used peripheral blood mononuclear cell (PBMC) samples from 72 children. The
children were between the ages of 20-58 months and samples were collected between the
years 2008 and 2015. They had been collected and stored in the cryopreserved collection at
the Menzies School of Health Laboratories prior the commencement of this thesis.
Children in the bronchiectasis group had their diagnosis of bronchiectasis confirmed by
cHRCT during which venous blood was collected by a paediatrician. Additionally, children
underwent flexible bronchoscopy with bronchoalveolar lavage fluid (BAL) collection for
microbiological studies, blood analysis for immunoglobulin subclass analysis and sweat test
to exclude cystic fibrosis.
Healthy control participants were enrolled via the elective surgery list of Royal Darwin
Hospital. Inclusion criteria for healthy control children were no clinical history of chronic
respiratory illness or any acute infection two weeks prior to sample collection. BAL was not
collected for healthy controls.
Inclusion criteria for children in both groups required all children to be clinically stable at
the time of sample collection; without recent respiratory exacerbation, or acute infection at
least two weeks prior sample collection.
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Adult peripheral blood was obtained from laboratory and clinical staff volunteers at
Menzies School of Health, Darwin, Northern Territory, Australia. These samples were only
utilised in assay optimisation and data was not included in the data analysis.

2.2 Samples
Clinical, vaccination data and demographic data were collected using standardised data
collection forms at time of sample collection. Blood and BAL specimens were collected
simultaneously at the time of intravenous access at the beginning of general anaesthesia.
BAL was not indicated for procedure during elective surgery, and as a result BAL was not
collected from healthy control children.
2.2.1 Blood processing

Up to 3ml of heparinised venous blood was collected in preservative-free heparin and
separated into PBMC within two hours of sample collection. PBMC was cryopreserved in
liquid nitrogen in 10%DMSO/heat-inactivated fetal calf serum (FCS; Gibco Life technologies,
Australia), following centrifugation over Ficoll-Paque™ Plus (GE Healthcare Bio-Sciences AB,
Sweden). PBMC were collected and cryopreserved prior the commencement of this thesis.

2.2.2 BAL for microbiology

Two aliquots of sterile saline (1ml/kg, max 10ml for first aliquot, and 2kg/ml maximum
20mL for the second aliquot) were instilled and suctioned into separate mucous traps.
Excess BAL from pot one was used for microbiology. S. pneumoniae culture was confirmed
by culture on half horse blood agar (HBA) with colisten and nalidixic acid plates following
18-24 hour incubation at 37°C with 5% CO2. A density plate count corresponding to a
threshold greater than 104 cfu/ml was considered clinically important, as previously
described 78. A colony count above the threshold indicated a current S. pneumoniae
infection of the airways at time of sample collection. Culture and identification was
performed before the commencement of this thesis by our research laboratory.
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2.3 Preparation of S. pneumoniae
2.3.1 Purification of S. pneumoniae from BAL and NP samples

The cellular immune response in PBMC towards S. pneumoniae was investigated with four
serotypes of live S. pneumoniae. Two vaccine serotypes (19F and 9V) and two non-vaccine
serotypes (15A and 7C) of S. pneumoniae antigen isolates were clinical isolates as vaccine or
non-vaccine strains associated with either lower lung infection or carriage as shown in
Table 2.1
Table 2.1 Serotypes of S. pneumoniae and original clinical isolate site of collection
Vaccine or non-vaccine

Serotype

Clinical source

Vaccine serotype

19F

Broncho alveolar lavage

9V

Nasopharyngeal swab

15A

Broncho alveolar lavage

7C

Nasopharyngeal swab

Non-Vaccine serotype

Serotypes 19F and 15A were originally isolated from paediatric BAL specimens collected
during a cHRCT scan or flexible bronchoscopy at RDH, Northern Territory. S. pneumoniae
was isolated and processed as described in section 2.2.2. Serotypes 9V and 7C were
originally isolated from NP swabs collected during a cHRCT scan or flexible bronchoscopy.
Following specimen collection, batches were stored at -80°C in medium of skim milk,
tryptone, glucose and glycerin and plated on 5% HBA and colistin-nalidixic acid as per WHO
protocol to isolate streptococci species. Quellung reaction was performed by a
microbiologist to serotype S. pneumoniae isolates. Isolates were stored in the Menzies
School of Health Laboratory collection of S. pneumoniae clinical isolates.
2.3.2 S. pneumoniae preparation and storage for assays

Each clinical S. pneumoniae isolate was taken from storage and grown on HBA plates
overnight at 37°C with 5% CO2. The starter culture required seeding Todd Hewitt Broth
media, 2% yeast extract and 20mM Tris (pH 7.8), with individual colonies incubating
overnight at 37°C with 5% CO2. The starter culture was used to inoculate Todd Hewitt Broth
media 2% yeast extract and 20mM Tris (pH 7.8) left to incubate at 37°C for five hours.
Isolates were quantified by plate count method and serotype confirmed. Pellets were
combined and washed in RPMI1640 growth medium and resuspended in freezing media of
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RPMI30%hi-FCS (FCS; Gibco Life technologies, Australia) at a concentration of 1x108 cfu per
ml. Method adapted from Kirkham et al. 201379.
3.2.3 Preparation of inoculum for culture assay

Duplicate viable cell counts were performed by plate count method prior to cell challenge
assays to confirm storage concentrations. Aliquots of each serotype were thawed and
washed in PBS, and prepared into a serial dilution. Dilutions were plated on (HBA) plates
and incubated overnight at 37°C. Aliquots of S. pneumoniae and (NTHi) were thawed on ice
and washed in RPMI1640 medium on the day required for the culture assay.

2.4 Peripheral blood mononuclear cell culture assays
Cryopreserved samples were taken from storage at the Menzies School of Health
Laboratories. Aliquots were thawed and washed in wash media 2%RPMI to remove storage
medium and prepare cells for culture. Trypan blue stain was used to perform viable cell
counts. Four samples were excluded due to <80% PBMC viability. 22 Healthy control
samples and 46 bronchiectasis samples were prepared for culture. One healthy control and
one bronchiectasis sample were lost during culture. Additionally, the number of available
cryopreserved child PBMC and batches of S. pneumoniae by serotype in storage were
limited to complete the assays required. As a result, the assay types were prioritised to
address the primary and secondary objectives of this thesis, as per Table 2.2.
Table 2.2 Priority of PBMC culture assays
Priority

Assay type

Number of PBMC required

Primary

1st

Adaptive (72 hour) culture

<3 x 106

objective

2nd

Innate (24 hour) culture

3 x 106 – 6 x 106

Secondary

3rd

48 hour culture for Flow

> 6 x 106

objective

cytometry

PBMC were cultured in AIM-V serum free culture media (Gibco Life technologies, Australia)
for adaptive 72-hour cultures and 48-hour cultures for flow cytometry analysis. PBMC were
cultured in 10%, RPMI media, with 10% FCS for innate 24-hour cultures. PBMC were plated
at 2.5 x105 per well in 96 well cell-culture plates. Each sample was plated in duplicate where
possible. Each seeded well of PBMCs received 10ul of antigen working solutions, at a
concentration of 2x108 cfu/ml per well or received medium alone. Cultures were incubated
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at 37°C with 5% CO2. Following incubation, cells were pelleted and supernatant harvested
with pooling of duplicates and stored at -20°C. Supernatants were pooled to enable
maximum availability of cells for flow cytometric analysis. Supernatant was discarded
following pelleting of the 48-hour culture, and cells were harvested in preparation for Flow
Cytometry staining. Working solutions and cell numbers represented in Table 2.2 were
optimised from previous work assessing immune response to NTHi at the Menzies School of
Health Laboratories74.
Before child PBMC were taken from the finite cryopreserved PBMC sample collection,
preliminary challenge assays were performed with adult PBMC to determine if cytokine
could be detected. Adult PBMC were challenged in quadruplicate (2.5 x 105 PBMC per well)
with 10µl S. pneumoniae serotype 15A inoculum (1 x 106 cfu per well), in RPMI1640 growth
medium. In addition, to provide as a positive control, wells were coated overnight with
anti-CD3 and 10µl of anti-CD28 added at the time of challenge. A Nil well was also included
with only RPMI1640 growth medium, all product information as per Appendix A.

2.5 Primary objective: quantification of adaptive and innate cytokine in
response to S. pneumoniae serotypes 19F, 9V, 15A, and 7C
Dissociation-Enhanced Lanthanide Fluorescent Immunoassay (DELFIA®, Perkin Elmer, USA)
was used to address the primary objective of this thesis and quantify secreted cytokine
protein from the PBMC culture supernatant following culture with S. pneumoniae serotypes
19F, 9V, 15A and 7C. DELFIA was the chosen detection assay due to its large dynamic range
(10-30000pg/ml) with low background.
Nunc™ Maxisorp 96-well plates were coated overnight at 4°C with coating capture antibody
alkaline carbonate coating buffer (pH9.6). Plates were blocked with blocking buffer (pH 7.4)
50mM Tris 0.9% NaCl 0.5% BSA. Supernatant was diluted at a 1:1 dilution factor with assay
buffer for the IFN-γ quantification, and supernatant was added neat to assays for all
remaining cytokines. Detection biotinylated capture antibody, information as per Appendix
B, was diluted in assay buffer and added to each well. Europium labelled streptavidin was
added at 0.01%, followed by an enhancement solution (Perkin Elmer, USA) as per Appendix
B. Output was read on Wallac Victor 3. Between all steps, plates were washed with wash
buffer of 0.05M Tris, 0.9% NaCl and 0.01% Tween-20.The relative concentration of specific
cytokine in each well was calculated by direct reference to each duplicate plate specific
standard curves. Serial dilutions of human recombinant cytokine were used to make the
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standard curves. Coating and detection antibodies were first titrated to determine the
optimal standard curves for each cytokine. Representative standard curves are shown in
Figure 3.1.
2.5.1 Cytokine data analysis

Raw data from Wallac readings are blank corrected (minus Nil condition to account for
background cytokine production) with limit of detection applied for appropriate sample
readings using Microsoft Excel 2010 (Microsoft Cooperation, Redmond, WA) and Graphpad
Prism 7 (Graphpad Software Inc., USA). Limit of detection (LOD) for cytokine readings was
10 pg/ml, and result values <LOD were allocated 0.1 pg/ml. Cytokine concentration <LOD
was considered a non-responder for data analysis.
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Figure 2.1 Representative standard curves used to determine cytokine concentration by
DELFIA® assays. Each data point represents mean europium fluorescence unit from
duplicate wells.

2.6 Secondary objective: analysis of cytokine producing cells in response
to S. pneumonaie serotypes 19F and 9V by Flow Cytometry
To address the secondary objective of this thesis, PBMCs were challenged for 48 hours with
S. pneumoniae serotypes 19F and 9V NTHi including a negative control well with no culture
and NTHi for a positive control. To address the aims, vaccine serotypes 19F and 9V were
prioritised to be included in the culture as PBMC availability was limited and pooling was
required. In the final 20 hours of incubation Brefeldin A was added at a concentration of
5ug/mL per well. Cells were pooled per condition when possible before staining to increase
cell recovery. Cells were washed in 1% PBS and pelleted and stained with Zombie aqua and
a surface stain master mix (CD3, CD4, CD8, CD56), as per Appendix C. Cells were washed in
a 1% PBS/FCS solution, and resuspended in Cyto-fast Fix/Perm buffer and washed in CytoFast wash Perm solution, product information as per Appendix D. Each sample was
allocated an isotype control and stained with an isotype control antibody as per Appendix
E. Cells challenged with NTHi were prioritised to receive the isotype stain, if not possible
due to low cell numbers the Nil well was used as the isotype control. All remaining stain
samples for each condition received the intracellular cytokine stain (IL-13, IFN- γ, IL-17a), as
per Appendix F.
2.7.2 Analysis of cytokine producing cell types following S. pneumoniae culture

Flow cytometric data acquisition was performed on a Galios 10 Colour, 3 Laser Flow
Cytometer (Beckham and Coulter). Data analysis was performed using Kaluza Analysis 2.1
(Beckham and Coulter).

2.8 Statistical analysis
2.8.1 Statistical analysis to address primary objectives

All statistical analysis was performed on Graphpad Prism 7 (Graphpad Software Inc., USA).
Mann-Whitney U test was used to compared cytokine production between BE and HC
control groups. Mediam values, 95% confidence intervals and the interquartile range for
the BE group and HC group in each condition was determined by column statistics in
Graphpad prism 7. Fisher’s exact test was used to compared the proportion of responders
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(cytokine concentration >0.01 following nil subtraction from all well concentration values)
between the BE and HC groups. P-value< 0.05 was considered significant for both tests.
2.8.2 Statistical analysis to address secondary objectives

Due to lower than expected cell recovery, statistical power was not sufficient to perform
statistical tests to compare cell types determined by flow cytometry. Mann-Whitney U test
was used to compare cytokine production between vaccine and non-vaccine serotypes.
Mann Whitney U test was used to compare cytokine production between clinical and
demographic variables of the BE group. For all Mann Whitney tests, a p-value <0.05 was
considered significant. Univariate regression analysis was performed to investigate the
effects of age and sex as possible confounding variables on the results.

2.9 Significance of methods
There are few published data investigating the cellular immune response to S. pneumoniae
in vitro with human children PBMC. This thesis is a continuation of the work investigating
the immune responses towards common bacteria associated with bronchiectasis in
children. Studies investigating the cellular immune response towards NTHi at the Menzies
School of Health Research Darwin, Australia involved challenging children PBMC with NTHi
antigen, whereby the methods for this project were optimised. Previous studies
commonly utilise purified antigen, whereas this thesis analysed cytokine in response to live
bacterial cells. Furthermore, the results apply clinically relevant serotypes of S. pneumoniae
originally isolated from children at RDH that represent serotypes associated with upper
respiratory carriage and lower respiratory infection. Consequently, the methods outline a
novel and successful assay for detecting serotype-specific cytokine response towards S.
pneumoniae serotypes relevant in the Northern Territory.
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3. Chapter Three - Results
3.1 Study population
Samples with cell viability >80% were included in culture. Of the viable samples available
for culture, 46 children with recently diagnosed bronchiectasis (between 21- 50 months,
49% male) and 22 healthy control children (aged- matched, 81% male) were included in this
thesis (Table 3.1). One sample from each group was lost during the priority one adaptive
72-hour culture, but was available for the priority two innate 24-hour cultures. As a result,
the maximum numbers of available samples tested for the first priority adaptive culture
was 45 BE and 21 HC. High ethnic diversity is characteristic of the population, and the high
proportion of Indigenous Australian child PBMCs included in this thesis correspond to the
over-representation of Indigenous Australians with chronic lower respiratory infection in
the region. Overall, 71% of the study population were of Indigenous descent, 85% in the BE
group and 41% in the HC group (Table 3.1). Vaccination data was available for 42 children in
the BE group, and 90% had received the minimum three doses of pneumococcal conjugate
vaccine (PCV-7 or later) required by the NIP schedule (Table 1). Of the 44 known culture
data from BAL samples, eight (16%) had clinically significant growth of S. pneumoniae (>
104cfu/ml) 83, indicating a current S. pneumoniae infection of the lower airway (Table 3.1).
Vaccination status and microbiology data was not available for the HC group.
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Table 3.1: Clinical and demographic characteristics of study population
Bronchiectasis Healthy control

p-value1

n (%)

n (%)

n

46

22

Age in months

21 - 50

22 - 58

0.040*

Male

20 (44)

18 (82)

0.004**

Indigenous descent

39 (85)

9 (41)

0.001***

Completed vaccination schedule2 42# (95)
S. pneumoniae infection of lower
airways3

Data unavailable
8## (17)

1

p<0.05 considered significant by Mann Whitney U Test
Received three doses of PCV7, PCV10 and/or PCV13
3
Growth from culture above 104 cfu/mL
#
of 44 available vaccination data
##
of 35 available culture data
2

3.2 Adaptive in vitro cytokine responses to S. pneumoniae
Cytokines associated with Th1 (IFN-γ), Th2 ( IL-5 and IL-13) and Th17 (IL-17a) responses
were quantified from supernatant following 72-hour culture with S. pneumoniae serotypes
19F, 9V, 15A and 7C or without stimulus as negative control. NTHi was used as a positive
control condition to assess if PBMC could produce cytokine. NTHi was selected to function
as the positive control culture as cytokine has been quantified from PBMC NTHi shown
previously by our team 62. Baseline cytokine production was determined from the Nil well,
and delta cytokine concentration following culture was determined by subtracting the Nil
concentration values from raw cytokine data. Median cytokine concentration was
compared by a Mann-Whitney U test for each cytokine and condition between the HC and
BE groups. A p-value below 0.05 was considered statistically significant. The Nil median
baseline concentration was below limit of detection (10pg/mL) for all adaptive cytokines.
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3.2.1 Children with bronchiectasis produce more IL-5 in response to S.
pneumoniae compared to healthy children
IL-5 was detected in response to all of the S. pneumonaie serotypes tested, and in response
the NTHi positive control condition. Compared to HC, median concentrations of IL-5 were
significantly higher in the BE group in response to S. pneumoniae serotypes 19F, 9V, 15A
and 7C (p=0.001; p=0.007, p=002; p=0.015, respectively; Table 3.2, Figure 3.1). The BE
group had a significantly higher proportion of IL-5 responders towards serotypes 19F, 9V
and 15A compared to HC (p<0.001, p=0.006, p=0.002, respectively; Table 3.3).

3.2.2 Children with bronchiectasis produce more IL-13 in response to S.
pneumoniae compared to healthy children
Greater than 84.4% of PBMC from children with bronchiectasis responded with IL-13
secretion towards all serotypes of S. pneumoniae tested (Table 3.3). Compared to HC, the
BE group had significantly greater median concentration of IL-13 in response to all
serotypes tested (Table 3.2 and Figure 3.1). Towards serotypes 19F, 9V and 15A, the BE
group had a significantly higher number of responders compared to the HC group (p=
0.029, p<0.001, p=0.013, respectively; Table 3.3). Comparable amounts of IL-13 were
detected in both groups in response to NTHi (Table 3.2). There was a greater number of IL13 responders compared to IL-5 responders in both groups towards all serotypes tested
(Table 3.3), however not all IL-13 responders were also IL-5 responders.

3.2.3 Low levels of IL-17a were detected following S. pneumoniae culture
No more than 26.6% of PBMC produced detectable levels of IL-17a (Table 3.3). There was
no significant difference between the small proportions of IL-17a producing responders and
non-responders in the BE and HC groups, (Table 3.3). The highest proportions of IL-17
producing responders was towards S. pneumoniae serotype 7C (HC: 24.4% and BE: 26.6%;
Table 3.3). Median IL-17a concentrations were below the limit of detection for both groups
in the NTHi condition (Table 3.2).

3.2.7 Children with bronchiectasis produce more IFN-γ in response to S.
pneumoniae serotype 9V compared to healthy children
Compared to HC, the BE group had a significantly higher median concentration (p=0.005)
and proportion of IFN-γ responders to serotype 9V (HC: 19.0% and BE: 55.6%, p=0.008;
Table 3.2 and 3.3). There was no significant difference in the median concentration and
proportion of responders between HC and BE for serotypes 19F, 15A and 7C (Figure 3.1).
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Table 3.2: In vitro delta1 median adaptive cytokine concentrations with interquartile range
and 95% confidence intervals from supernatant following 72-hour PBMC stimulation with S.
pneumoniae serotypes 19F, 9V, 15A and 7C and NTHi. BE (n=45) and HC (n=21).

Healthy Control
Cytokine
Condition

Median (pg/ml)
(IQR)

95% CI

Bronchiectasis
Median (pg/ml)
(IQR)

95% CI

0.1
0.1
0.1 -0.1
0.1 - 11.8
(0.1 - 0.1)
(0.1 - 19.1)
0.1
0.1
9V
0.1 – 0.1
0.1 - 0.1
(0.1 - 0.1)
(0.1 - 6.9)
IL-5
0.1
0.1
15A
0.1 – 0.1
0.1 - 10.3
(0.1 - 0.1)
(0.1 – 26.4)
0.1
16.1
7C
0.1 – 6.6
4.0 - 27.7
(0.1 - 8.2)
(0.1 – 46.2)
9.0
32.1#
NTHi
0.1 – 66.2
11.0 - 57.9
(0.1 - 71.7)
(6.6 – 74.6)
7.2
60.9
19F
0.1 - 25.7
28.8 – 86.6
(0.1 - 26.9)
(16.9 - 128.4)
6.0
40.3
9V
0.1 - 22.5
16.2 - 80.7
(0.1 - 22.8)
(9.3 - 116.3)
14.4
49.4
IL-13
15A
0.1 - 26.2
24.0 - 88.4
(0.1 – 29.6)
(12.0 - 121.6)
41.7
136.8
7C
19.8 - 56.4
87.8 - 193.5
(19.5 - 84.4)
(42.0 - 274.8)
131.2
72.4 60.9#
NTHi
28.8 – 86.6
(55.4 - 202.7)
183.5
(16.9 - 128.4)
0.1
0.1
19F
0.1 - 0.1
0.1 - 0.1
(0.1 - 0.1)
(0.1 - 0.1)
0.1
0.1
9V
0.1 - 0.1
0.1 - 0.1
(0.1 - 0.1)
(0.1 - 0.1)
0.1
0.1
IL-17a
15A
0.1 - 0.1
0.1 - 0.1
(0.1 - 0.1)
(0.1 - 0.1)
0.1
0.1
7C
0.1 - 10.6
0.1 - 0.1
(0.1 - 11.2)
(0.1 - 2.2)
#
0.1
0.1
NTHi
0.1 - 16.1
0.1 - 4.8
(0.1 - 17.1)
(0.1 - 7.0)
0.1
0.1#
19F
0.1 - 23.7
0.1 – 52.7
(0.1 - 33.3)
(0.1 - 129.9)
0.1
39.6
9V
0.1 - 0.1
0.1 - 85.5
(0.1 - 0.1)
(0.1 - 138.3)
19.3
48.7
IFN-ɣ
15A
0.1 - 47.6
0.1 - 236.4
(0.1 - 49.9)
(0.1 - 344.3)
80.0
182.3
7C
0.1 - 193.8
70.8 - 402.6
(0.1 - 204.3)
(0.1 - 650.8)
###
##
1883.0
525.4 735.3
483.4 NTHi
(490.5 – 4790.0)
4583.0
(360.7 - 2263.0)
1635.0
p-value <0.05 considered significant (non-parametric Mann Whitney U Test)
19F

#n

= 43
42
###n= 20
##n=
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p-value
0.001***
0.007**
0.002**
0.015*
0.138
<0.001***

0.001***
0.002**
0.008**
0.146
0.867
0.788
0.923
0.594
0.273
0.199
0.005**
0.174
0.129
0.174

Table 3.3: In vitro adaptive cytokine producing responders of BE and HC PBMC following 72
hour challenge with S. pneumoniae serotypes 19F, 9V, 15A and 7C
Cytokine

Condition
19F
9V

IL-5
15A
7C
19F
9V
IL-13
15A
7C
19F
9V
IL-17a
15A
7C
19F
9V
IFN-γ
15A
7C

Group

n

BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC
BE
HC

45
21
45
21
45
21
45
21
45
21
45
21
45
21
45
21
45
21
45
21
45
21
45
21
43
21
45
21
45
21
45
21

Responders
n (%)
21 (46.7)
1 (4.8)
13 (28.9)
0 (0.0)
22 (48.9)
2 (9.5)
30 (66.7)
12 (57.1)
38 (84.4)
12 (57.1)
41 (91.1)
6 (28.6)
41 (91.1)
13 (61.9)
43 (95.6)
19 (90.5)
8 (17.8)
3 (14.3)
7 (15.6)
3 (14.3)
7 (15.6)
4 (19.0)
11 (24.4)
6 (26.6)
19 (42.0)
7 (33.3)
24 (55.6)
4 (19.0)
25 (55.6)
12 (57.6)
33 (73.3)
15 (71.4)

p-value <0.05 considered significant (Exact Fishers Test)
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p-value
<0.001***
0.006**
0.002**
0.106
0.029*
<0.001***
0.013*
0.587
>0.999
>0.999
0.733
0.767
0.592
0.008**
>0.999
>0.999

Figure 3.1 Adaptive (72 hour) cytokine production to S. pneumoniae serotypes 19A, 9V,
15A and 7C. Each point represents delta cytokine concentration (nil subtracted) in response
to S. pneumoniae serotype culture. BE: closed circles (n=45) and HC: open circles (n=21).
Bars are centred on the median concentration and bounded by interquartile range. Mann
Whitney test compares significance of cytokine concentration between HC and BE for all
serotypes tested. *p<0.05, **p<0.01, ***p<0.001; statistical analysis by Mann Whitney U
test.
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3.3 Child PBMC responds to S. pneumoniae with innate cytokine
Cytokines associated with pro-inflammatory innate cellular response IL-6 and TNF-α were
quantified from supernatant following 24-hour culture with S. pneumoniae serotypes 19F,
9V, 15A and 7C and NTHi or without stimulus as negative control. Baseline cytokine
production was determined from the Nil well, and delta cytokine concentration following
culture was determined by subtracting the Nil concentration values from raw cytokine data.
Median cytokine concentration was compared by a Mann-Whitney U test for each cytokine
and condition between the HC and BE groups. A p-value below 0.05 was considered
statistically significant. The Nil median baseline concentration was below limit of detection
10pg/mL for all adaptive cytokines.

3.3.1 Pro-inflammatory cytokines IL-6 and TNF-α are detected in PBMC
culture supernatant following culture with S. pneumoniae serotypes 19F, 9V, 15A
and 7C
IL-6 was detected in at least 93.3% of PBMC samples towards all serotypes tested (Table
3.4, Figure 3.2). IL-6 was detected in both groups, and there was no significant difference in
the proportion of responder or median concentrations between BE and HC groups (Table
3.4 and 3.5). IL-6 was detected in both groups towards NTHi (Table 5)
The proportion of TNF-α producing responders in both groups were lower than that of IL-6
but was still detected in at least 70% of PBMC supernatants (Table 3.5). There were
comparable levels of responders and median concentrations of TNF- α in the BE and HC
group for all conditions (Table 3.4 and 3.5, Figure 3.2). TNF-α was also detected in both
groups towards NTHi (Table 3.5).
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Table 3.4: In vitro delta1 median innate cytokine concentrations with interquartile range
and 95% confidence interval from supernatant following 24-hour PBMC stimulation with S.
pneumoniae serotypes 19F, 9V, 15A and 7C and NTHi. BE (n=30) and HC (n=10) unless
otherwise stated.
Condition
Cytokine
IL-6

19F
9V
15A
7C
NTHi

TNF-α

19F
9V
15A
7C
NTHi

Healthy Control

Bronchiectasis

Median (pg/ml)
95% CI
( IQR )
217.8
65.3 - 406.9
(70.4 - 322.0)
280.6
35.4 - 497.0
(83.6 - 484.5)
186.7
67.8 - 406.9
(86.0 - 364.6)
1246.0#
252.0 – 4941.0
(322.4 – 2808.0)
3799.0#
2546.0 – 10010.0
(2979.0 – 6798.0)
12.7
0.1 - 46.5
(0.1 - 39.9)

Median (pg/ml)
95% CI
(IQR)
285.0
173.6 - 346.1
(114.7 - 445.6)
237.9
110.5 - 385.1
(65.2 - 648.5)
199.7##
103.4 - 353.5
(51.8 - 469.7)
995.4###
703.9 -1870.0
(338.7 – 2163.0)
5143.0####
3795.0 – 8762.0
(3442.0 – 8933.0)
21.7
7.5 - 33.1
(3.0 - 65.7)

7.8
(0.1 - 17.6)
12.6
(0.1 - 42.8)
231.4#
(135.0 - 293.6)
703.9#
(635.2 – 1196.0)

20.6
(0.1 - 81.7)
24.9##
(0.1 - 60.7)
187.6###
(78.5 - 629.1)
1287.0####
(570.0 – 2812.0)

0.1 - 18.3
0.1 - 43.5
104.9 - 778.6
548.0 – 2190.0

p-value <0.05 considered significant (non-parametric Mann Whitney U Test)
1S. pneumoniae and NTHi challenge minus nil challenge
# n=8
## n = 29
### n = 28
#### n = 26
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p-value

0.432
0.958
0.788
0.751
0.310
0.433

4.2 - 64.0

0.341

3.0 - 49.8

0.407

83.7 - 432.6

0.774

616.4 – 2453.0

0.390

Table 3.5 In vitro innate cytokine producing responders of BE and HC PBMC following 24
hour challenge with S. pneumoniae serotypes 19F, 9V, 15A and 7C

Cytokine

Condition
19F
9V

IL-6
15A
7C
19F
9V
TNF-α
15A
7C

Group

n=

BE

30

n = Responders
(%)
29 (96.7)

HC

10

10 (100.0)

BE

30

28 (93.3)

HC

10

10 (100.0)

BE

29

29 (100.0)

HC

10

10 (100.0)

BE

28

28 (100.0)

HC

8

8 (100.0)

BE

30

21 (70.0)

HC
BE
HC

10
30
10

7 (70.0)
22 (73.3)
7 (70.0)

BE

29

21 (72.4)

HC

10

8 (80.0)

BE
HC

28
8

26 (92.9)
8 (100.0)

p-value <0.05 considered significant (Exact Fishers Test)
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p-value
>0.999
>0.999
>0.999
>0.999
>0.999
>0.999
0.16
>0.999

Figure 3.2. Innate (24 hour) cytokine production to S. pneumoniae serotypes 19A, 9V,
15A and 7C Each point represents delta cytokine concentration (minus nil condition) in
response to serotype condition. BE: closed circles (n=30) and HC: open circles (n=10). Bars
show median concentration limited by lower quartile and upper quartile values. *p<0.05,
**p<0.01, ***p<0.001; statistical analysis of cytokine between BE and HC by Mann Whitney
U test

3.4 Univariate regression analysis
Of the PBMC samples included in this thesis, there was a significant difference in age,
proportion of males, and children of Indigenous descent between the BE and HC group
(Table 3.1). These were identified as potential factors that might confound analysis of the
immunologic data. Regression analysis was used to investigate their effects. Age and sex
were shown to not be predicting factors in IL-5 and IL-13 production (Table 3.6). Indigenous
descent is risk factor directly associated with BE diagnosis in our region. As a nonindependent variable, it was not included in the analysis to ensure the variance of
parameters were not inflated.
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Table 3.6 Linear regression model of IL-5 and IL-13 at 72 hours for age and sex
Cytokine

Condition
19F

9V
IL-5
15A

7C

19F

9V
IL-13
15A

7C

Univariate
analysis
Age
(months)
Male
Age
(months)
Male
Age
(months)
Male
Age
(months)
Male
Age
(months)
Male
Age
(months)
Male
Age
(months)
Male
Age
(months)
Male

Median
(pg/ml)
(IQR)

β

95% CI for β

p

0.1
(0.1 - 0.1)

-0.13

-1.14 – 0.87

0.794

12.77

-8.24 -33.78

0.229

0.1
(0.1 - 0.1)

-0.24

-0.68 – 0.20

0.278

1.09

-8.26 -10.44

0.817

0.1
(0.1 - 0.1)

-0.09

-0.69 – 0.51

0.776

1.32

-11.37 – 14.0

0.836

0.1
(0.1 – 8.2)

-0.63

-1.53 – 0.27

0.167

3.76

-15.59 – 23.11

0.699

7.2
(0.1 - 26.9)

-0.96

-3.99 – 2.08

0.532

41.85

-21.68 – 105.38

0.193

6.0
(0.1 - 22.8)

-0.75

-2.44 – 0.94

0.378

15.47

-20.30 – 51.24

0.391

14.4
(0.1 – 29.6)

-0.52

-3.52 – 2.44

0.717

4.72

-58.37 – 67.82

0.882

7.2
(0.1 - 26.9)

-1.56

-5.85 – 2.73

0.470

-6.06

-97.17 – 85.04

0.895
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3.5 Cytokine producing cells following 48 hour culture with S.
pneumoniae serotypes 19F and 9V
PBMC were fluorescently labelled for NK and T cell markers and intracellular cytokines to
analyse cytokine-producing response following 48-hour culture with S. pneumoniae
serotypes 19F and 9V.
The gating strategy presented in Figure 3.4 was followed for BE (9V: n=12; 19F: n=11), and
HC (n=3) samples following antibody-labelling of surface markers CD3, CD4, CD8 and CD56
and intracellular cytokine staining for IFN-γ, IL-13 and IL-17A. Cells of interest were
CD3+/CD4+ T cells, CD3+/CD8+ T cells and CD3-/CD56+ NK cells. Following acquisition of all
events, doublets were excluded and live cells gated. CD3- and CD3+ populations were
gated. Of the CD3- population, CD56+ cells were gated to obtain the CD56+/CD3- NK cell
population. Of the CD3+ gated cells, the CD4+/CD8- cells were gated to identify the
CD4+/CD3+ T helper cells, and the CD4-/CD3+ cells were gated to identify the CD3+/CD8+
cytotoxic T cells (Figure 3.3).
An unexpectedly low recover of cells was obtained (>30,000). There was a roughly ten-fold
decrease in cell recover of the initial 2.5 x105 PBMC used in culture. The highest percentage
of cytokine positive NK cells was IL-13 producing NK cells in response to 9V in the BE group
(0.4%), however the value was the same to the Nil and Isotype control condition (0.4% and
0.4%), and likely indicates positive results are due to non-specific binding (Table 3.7). Cell
recovery was similarly low for the amount of gated cytokine producing T cells and did not
permit confident gating of cytokine positive cells. At least 20 cytokine positive cells are
required to observe a response. A typical gating strategy to gate cytokine specific cells is
shown in Figure 3.4, and Figure 3.5 shows a previous more obvious IFN-γ response during
assay optimisation prior running the study samples of this thesis. Overall, cell recovery was
too low to determine cytokine-producing cells responses following the culture with S.
pneumoniae serotypes 19F and 9V. These data were not sufficient in addressing the
secondary objective of this thesis to investigate the cell types producing cytokine in a S.
pneumoniae-driven cell-mediated response.
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Figure 3.3 Representative gating strategies for isolation of CD56+ NK cells, CD4+ T cells
and CD8+ T cells following 48 hour PBMC culture with S. pneumoniae serotypes 19F and
9V. a. total ungated events, b. single cell determined from forwards scatter vs side scatter
plot, c. zombie aqua stain to gate live cells, d. lymphocyte gating, e. CD3- population and
CD3+ population gated, f. gating CD4-/CD8+ lymphocytes (CD8+ cytotoxic T cells) and
CD4+/CD8- lymphocytes (CD4+ T helper cells), g. gating of CD3-/CD56+ NK cells
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Figure 3.4 Representative gating strategy for analysis of NK cells following PBMC culture
with S. pneumonaie serotype 19F for 48 hours. Isotype stain (upper row), Nil control and
cytokine stain (middle row), and serotype 19F and cytokine stain (lower row). Columns are
divided into IL-13, IFN-γ and IL-17a expressing cells. Identical strategy was used to
determine cytokine expressing cells for CD4+/CD8- T cells and CD8+/CD4- T cells.
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Figure3.5 Representative gating strategy during optimisation of analysis of IFN-γ positive
CD3+ cells following PBMC culture with S. pneumonaie serotype 19F for 48 hours Live cells
(zombie aqua negative) are gated and CD3+ cells gated and plotted against CD4 and IFN-γ.
Bottom right quadrant of the third plot shows roughly 650 IFN-γ positive cells.
Table 3.7 Percentage of cytokine producing NK cells, CD8+ and CD4+ T cells following a 48
hour PBMC S. pneumoniae culture assay
Cell Type Group

NK Cell

BE

HC

CD4+
T cell

BE

HC

CD8+
T cell

BE

HC

Serotype
Condition
Isotype
No culture (Nil)
19F
9V
Isotype
No culture (Nil)
19F
9V
Isotype
No culture (Nil)
19F
9V
Isotype
No culture (Nil)
19F
9V
Isotype
No culture (Nil)
19F
9V
Isotype
No culture (Nil)
19F
9V

IL-17a

Median % cells
(IQR)
0.5 (0.3 – 0.6)

0.1 (0 – 0.3)
0.1 (0.1 – 0.1)
0.1 (0 – 0.1)
0.1 (0 - 0.3)
0.1 (0 – 0.3)
0 (0 – 0)
0 (0 - 0.2)
0 (0 – 0.2)
0.1 (0 – 0.2)
0 (0 – 0.1)
0 (0 – 0.1)
0 (0 – 0.1)
0 (0 – 0)
0 (0 – 0)
0.1 (0 – 0.3)
0 (0 – 0.1)
0 (0 – 0)
0 (0 – 0.1)
0 (0 – 0)
0 (0 – 0.5)
0 (0 – 0)
0 (0 – 0.1)
0 (0 – 0.1)
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IL-13

Median % cells
(IQR)
0 (0 – 0)

0.1 (0 – 0.2)
1.0 (0 – 1.0)
0.1 (0 – 0.2)
0 (0 – 0.1)
0 (0 – 0)
0 (0 – 1.0)
0 (0 – 0.1)
0.4 (0 – 0.6)
0.4 (0.2 – 0.5)
0.2 (0 – 0.3)
0.4 (0.1 – 0.6)
0.1 (0 – 0.4)
0.2 (0.2 – 1.2)
0.2 (0.1 – 0.5)
0.2 (0.1 – 0.3)
0 (0 – 0.1)
0 (0 – 0.1)
0 (0 – 0.1)
0 (0 – 0.1)
0 (0 – 0)
0 (0 – 0.1)
0 (0 – 0.1)
0 (0 – 0.1)

IFN-γ

Median % cells
(IQR)
0 (0 – 0.2)

0.1 (0 – 0.1)
0 (0 – 0.1)
0.1 (0.1 – 0.1)
0.2 (0.1 – 0.3)
0 (0 – 1.9)
0 (0 – 0.1)
0.1 (0 – 0.2)
0.1 (0 – 0.2)
0.1 (0 – 0.2)
0.1 (0 – 0.1)
0.1 (0 – 0.7)
0.1 (0 – 0.4)
0.1 (0 – 0.2)
0 (0 – 0)
0.2 (0 – 0.6)
0 (0 – 0)
0.1 (0 – 0.1)
0 (0 – 0.1)
0 (0 – 0.5)
0 (0 – 0)
0 (0 – 0)
0.1 (0 – 0.1)
0.1 (0 – 0.2)

3.5 Adaptive cytokine production towards vaccine and non-vaccine types of S.
pneumoniae in children with bronchiectasis
Nearly all of the BE group (95%) had completed the vaccination schedule and received all three
doses of the PCV vaccine (Table 3.1). Of the serotypes originally isolated from NP swabs (9V and 7C),
PBMC from children with BE produced significantly more IL-5, IL-13 and IFN-γ towards the nonvaccine serotype (7C) compared to the vaccine type (9V) (Figure 3.5). There was no significant
difference in median IL-5, IL-13 and IFN-γ concentration towards BAL isolates 19F (vaccine) and 15A
(non-vaccine) (Figure 3.6)

Figure 3.6 IL-5, IL-13 and IFN-γ production to NP swab S. pneumoniae serotypes 9V (vaccine) and
7C (non-vaccine). Each point represents delta cytokine concentration (minus nil condition) in
response to serotype condition. Bars show median concentration limited by lower quartile and
upper quartile values. P-values by non-parametric Mann Whitney U Test, p-value<0.05 considered
significant
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Figure 3.7 IL-5, IL-13 and IFN-γ production to BAL S. pneumoniae serotypes 19F (vaccine) and 15A
(non-vaccine). Each point represents delta cytokine concentration (minus nil condition) in response
to serotype condition. Bars show median concentration limited by lower quartile and upper quartile
values. P-values by non-parametric Mann Whitney U Test, p-value<0.05 considered significant

3.6 S. pneumoniae- driven cytokine production in Indigenous and nonIndigenous children with bronchiectasis
Seven children (15 %) in the BE group were of non-Indigenous descent. Mann Whitney U test was
used to determine if cytokine production was different between the Indigenous and non-Indigenous
children with BE. IL-13 concentration was produced in significantly greater amounts by PBMC from
Indigenous children with BE compared to non-Indigenous children with BE towards all four serotypes
of S. pneumoniae tested (Table 3.8, Figure 3.6). IL-5 median concentrations were significantly higher
in response to serotypes 19F and 7C in the Indigenous BE group compared to non-Indigenous BE
(Table 3.8, Figure 3.6). There were no significant differences in IFN-γ, IL-17a and innate cytokine
production between the Indigenous BE group and non-Indigenous BE group.
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Table 3.8: In vitro delta 1median adaptive cytokine concentrations with interquartile range and 95%
confidence interval from supernatant following 72-hour PBMC stimulation with S. pneumoniae
serotypes 19F, 9V, 15A and 7C between Indigenous BE group (n=39) and non-Indigenous BE group (n
= 6)

Cytokine
Condition
19F
IL-5

9V
15A
7C
19F
9V

IL-13
15A
7C
19F
9V
IL-17a
15A
7C
19F
9V
IFN-ɣ
15A
7C

Bronchiectasis Indigenous
Median (pg/ml)
(IQR)

5.1
(0.1 - 20)
0.1
(0.1 – 10.2)
3.5
(0.1 – 31.6)
19.5
(0.1 – 49.7)
75.5
(28.1 – 149.5)
53.9
(13.9 – 141.5)
67.1
(23.9 – 139.6)
141.5
(81.5 – 281.8)
0.1
(0.1 - 0.1)
0.1
(0.1 - 0.1)
0.1
(0.1 - 0.1)
0.1
(0.1 – 4.5)
0.1##
(0.1 – 156.6)
43.3
(0.1 – 244)
81.6
(0.1 – 365.6)
228.7
(54.3 – 814.6)

Bronchiectasis nonIndigenous
Median (pg/ml)
(IQR)

95% CI

0.1 -17.2
0.1 – 4.0
0.1 – 15.4
4.6 – 42.4
41.5 – 107.7
22.8 – 102.1
37.5 – 113.0
100.6 – 270.0
0.1 - 0.1
0.1 - 0.1
0.1 - 0.1
0.1 – 0.1
0.1 – 87.5
0.1 – 107.1
0.1 – 306.2
70.8 – 546.4

0.1
(0.1 – 2.0)
0.1
(0.1 – 0.1)
0.1
(0.1 – 12.5)
0.1
(0.1 – 6.3)
0.1
(0.1 – 13.6)
2.75
(0.1 – 13.0)
3.3
(0.1 – 21.8)
21.3
(4.1 – 49.3)
0.1
(0.1 - 0.1)
0.1
(0.1 - 0.1)
0.1
(0.1 – 1.5)
0.1
(0.1 – 0.1)
0.1
(0.1 – 3.3)
0.1
(0.1 – 15.7)
18.7
(0.1 – 63.8)
37.8#
(0.1 – 162.8)

p-value <0.05 considered significant (non-parametric Mann Whitney U Test)
1S. pneumoniae minus nil challenge
#n = 5
##n = 37
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p-value

95% CI

0.1 – 7.7

0.042*

0.1 - 0.1

0.166

0.1 – 17.4

0.367

0.1 – 6.6

0.018*

0.1 – 86.6

0.001**

0.1 – 20.6

0.002**

0.1 – 41.8

0.002**

0.1 – 107.6

0.001**

0.1 - 0.1

0.321

0.1 - 0.1

0.551

0.1 – 5.7

>0.999

0.1 - 0.1

0.264

0.1 – 12.8

0.077

0.1 – 43.7

0.088

0.1 – 109.3

0.249

0.1 – 410.9

0.078

Figure3.8 IL-13 production to S. pneumoniae between Indigenous and non-Indigenous BE
PBMC. Median concentration of IL-13 produced for each BE child PBMC with in response to S.
pneumoniae serotypes 19F, 9V, 15A and 7C (open triangles= Indigenous BE, closed triangles = nonIndigenous BE). Bars centred on median concentration limited by lower quartile and upper quartile
values. (n=39) and BE non-Indigenous (n=6) P-values by Mann Whitney U Test, p-value<0.05
considered significant
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Table 3.9: Innate cytokine concentration in supernatant following 24-hour in vitro PBMC culture with
S. pneumoniae serotypes 19F, 9V, 15A and 7C between Indigenous and non-Indigenous children with
bronchiectasis. Indigenous BE group (n=26) and non-Indigenous BE group (n = 5)

Cytokine
Condition

19F
IL-6

9V
15A
7C
19F

TNFα

9V
15A
7C

Bronchiectasis Non-indigenous

Bronchiectasis Indigenous
Median (pg/ml)
(IQR)
286.2
(121.8 – 494.1)
266.9
(90.1 – 710.9)
199.7
(80.7 – 584.4)
1051.0#
(574.5 – 2163.0)
21.7
(2.0 – 77.2)
15
(0.1 – 118.1)
14.1
(0.1 – 66.5)
163.7#
(68.7 – 565.2)

Median (pg/ml)
(IQR)

95% CI
173.6 – 443.4
156.4 – 525.6
103.7 – 442.1
703.9 – 1960.0
5.5 – 64.3
3.2 – 74.3
0.1 – 55.5
83.1 – 432.6

211.9
(20.5 – 324.5)
66.2
(13.3 – 543.0)
119.1##
(16.6 – 312.1)
516.8##
(157.3 – 2110.0)
21.7
(6.4 – 27.0)
28.1
(4.7 – 48.3)
31.3##
(11.3 – 38.1)
224.1##
(166.7 – 680.9)

p-value
95% CI
0.1 – 346.1

0.275

0.1 – 738.6

0.191

9.6 – 349.3

0.253

118.2 – 2560.0

0.322

0.1 – 31.9

0.670

0.1 – 56.7

0.840

6.3 – 38.7

0.766

151.3 – 829.4

0.489

P-value <0.05 considered significant (non-parametric Mann Whitney U test)
#

n = 25

##

n=4

3.7 S. pneumoniae-driven cytokine production in children with bronchiectasis
and current S. pneumoniae lower airway infection
During investigation for BE, a BAL sample was collected for microbiology examination and culture of
bacteria. BAL culture data was known for 44, with 8 of the children showing clinically significant
growth of S. pneumoniae from the BAL samples and therefore had a current S. pneumoniae infection
of the lower airways at time of sample collection.
Children with lower respiratory S. pneumoniae infection with BE produced significantly less adaptive
cytokines IL-5, Il-13 and IFN-γ in response to S. pneumoniae serotype 15A (Table 3.10). Additionally,
children with current S. pneumoniae respiratory infection produced significantly less IL-5 compared
to those without clinically significant growth of S. pneumoniae (Table 3.10). For all other serotypes
and detectable cytokine, there was no significant difference in the median concentration of cytokine
between groups (Table 3.10).
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Table 3.10: Adaptive median cytokine concentration from in vitro 72-hour PBMC culture with S.
pneumoniae serotypes 19F, 9V 15A and 7C between children with clinically significant growth from
BAL fluid compared to children with no clinically significant growth. 19F, 9V, 15A and 7C between
Indigenous. BE clinically significant growth (n=7) and BE no clinically significant growth (n = 37)

Cytokine
Condition

19F
IL-5

9V
15A
7C
19F

IL-13

9V
15A
7C
19F
9V

IFN-ɣ
15A
7C

Bronchiectasis: current lower
respiratory S. pneumoniae
infection
Median
(pg/ml)
(IQR)
0.1
(0.1 – 6.4)
0.1#
(0.1 – 0.1)
0.1#
(0.1 – 7.4)
0.1#
(0.1 – 22.4)
44.9#
(13.6 – 79.4)
23.8#
(5.4 – 43.8)
15.1#
(12.8 – 86.2)
41.4#
(29.8 – 138.0)
6.45
(0.1 – 112.0)
64.5
(10.9 – 132.0)
0.1
(0.1 – 36.6)
76.0
(55.9 – 175.0)

Bronchiectasis: no clinical
significant growth from BAL
sample
Median (pg/ml)
(IQR)

95% CI
0.1 – 27.1
0.1 – 5.2
0.1 – 7.6
0.1 – 26.7
13.0 – 95.0
3.7 – 79.4
0.1 – 114.0
17.6 – 329.0
0.1 – 262.0
0.1 – 244.0
0.1 – 332.0
0.1 – 411.0

9.9
(0.1 – 22.7)
0.1
(0.1 – 25.6)
10.2
(0.1 – 35.5)
19.5
(4.0 – 53.6)
73.7
(22.8 – 222.0)
53.9
(12.5 – 190.0)
67.3
(36.5 – 261.0)
185.0
(95.8 – 313.0)
0.1##
(0.1 – 161.0)
39.6##
(0.1 – 135.0)
102##
(0.1 – 490.0)
268.0##
(0.1 – 905.0)

p-value <0.05 considered significant (non-parametric Mann Whitney U Test)
#n=8
## n = 25
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p-value

95% CI
0.1 – 19.5

0.189

0.1 – 10.2

0.193

0.1 – 31.6

0.043

6.6 – 49.7

0.040

28.8 – 170.0

0.235

13.1 – 161.0

0.188

37.5 – 192.0

0.048

101.0 – 282.0

0.139

0.1 – 52.7

0.9421

0.1 – 107.0

0.616

0.1 – 366

0.033

70.8 – 825.0

0.167

4. Chapter Four - Discussion
4.1 Section overview and significance
Rates of bronchiectasis are disproportionally high in the Northern Territory paediatric population,
and Indigenous children are over-represented in diagnoses of bronchiectasis. It is hypothesised that
bronchiectasis develops due to chronic inflammation and infection. In the Northern Territory, S.
pneumoniae is the second most common bacterial pathogen isolated from the lower airways of
children with bronchiectasis1,9. Despite high rates of infant PCV vaccination, vaccine serotypes are
being isolated from the lungs of children with bronchiectasis, and may suggest adherence to the PCV
vaccination schedule may not be effective in reducing S. pneumoniae associated childhood
bronchiectasis in the Northern Territory.
The cellular immune response towards lower respiratory pathogens in children and its role in the
pathogenesis of bronchiectasis is largely unknown. There are few studies that describe the features
of the cell-mediated response towards S. pneumoniae in children. Majority of studies investigate
mouse and adult models. The purpose of this thesis is to fill the knowledge gap, and be the first to
compare S. pneumoniae-driven cellular immune responses in children with bronchiectasis to their
healthy age-matched peers. Hence, the overall aim is to characterise the cellular immune response
towards S. pneumoniae in Northern Territory children with bronchiectasis. Furthermore, given some
vaccine serotypes are associated with lower airway infection and bronchiectasis, this thesis also aims
to compare the response between vaccine and non-vaccine S. pneumoniae serotypes in children
with bronchiectasis
In order to address the aims, the primary objective involved quantifying cytokines associated with
key T-helper responses, Th1 (IFN-g), Th2 (IL-5 and IL-13) and Th17 (IL-17a), and comparing the
response to healthy control children. The most notable finding of this thesis was that children with
bronchiectasis produced significantly more Th2 associated cytokine IL-13 and IL-5 compared to
healthy control children towards all serotypes of S. pneumoniae tested. Furthermore adaptive IL-13,
IL-5 and IFN-γ cytokine responses were greater towards NP-isolate and non-vaccine type 7C. These
findings ultimately reject my hypothesis that cytokine responses would be less in children with
bronchiectasis compared to healthy controls. However these data are the first that begin to fill the
gap in literature and describe the S. pneumoniae-driven cellular immune response in children with
bronchiectasis. Consequently this thesis suggests that the S. pneumonia-driven cellular immune
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response needs to be considered in further research to identify the role of cellular immunity in the
pathogenesis of bronchiectasis.

4.2 Children with bronchiectasis produce more Th2 cytokines IL-5 and IL-13
towards S. pneumoniae compared to healthy age-matched children
The primary aim of this thesis was to characterise the cellular immune response in children with
bronchiectasis towards S. pneumoniae. It was hypothesised that the cytokine, characteristic of
innate and adaptive response pathways, would be different or lower than healthy children.
Addressing the primary aim by quantifying cytokine following in vitro PBMC culture with live S.
pneumoniae, the results indicate Th2 associated cytokines IL-5 and IL-13 are produced in greater
amounts towards serotypes 19F, 9V, 15A and 7C in children with bronchiectasis compared to agematched healthy controls.
IL-13 and IL-5 represent the conventional Th2 cell-mediated response, commonly associated with an
asthmatic and allergy phenotype. During bacterial respiratory infections, IL-5 and IL-13 recruit
eosinophils and basophils, and encourage mast cell degranulation. A neutrophil dominated response
is the traditional dogma surrounding the chronic inflammatory state during bronchiectasis, while the
involvement of a eosinophilic response is more commonly associated with adults and more severe
disease in bronchiectasis80. However, recent research by our team has found that in addition to
neutrophilic inflammation of the airways, bronchiectasis in Northern Territory children is also
associated with eosinophilic inflammation of the airways. Furthermore, airway eosinophilia was
positively correlated with circulating eosinphilia76. However, the exact mechanisms of this response
in children with chronic S. pneumoniae infection of the lower respiratory tract are unknown. This
thesis presents the first data as evidence of a skewed Th2 response towards S. pneumoniae being
associated with childhood bronchiectasis.
There were less IL-5 responders compared to IL-13 responders across all conditions, and serotype 9V
was the only condition that showed all bronchiectasis IL-13 responders were also IL-5 responders. IL13 signalling pathways are associated with recruiting several inflammatory cell types that include
Th2 cells, eosinophils, basophils and mast cells. IL-13 influences bronchial hyperactivity, airway
remodelling, mucous production and respiratory inflammation. In comparison, IL-5 is specifically
associated eosinophil recruitment 81. Hence a lower number of IL-5 responders and median
concentrations across all groups and towards all four serotypes may be attributed to the preference
of a broad-range inflammatory IL-13 associated response 82.
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No more than two PBMC samples from children with bronchiectasis that produced detectable
amount of IL-13 did not produced IL-5. These numbers are too low to conduct any level of statistical
analysis, however does show that not all IL-13 responders are also IL-5 responders in our study
population. This thesis was not designed to explain the exact mechanisms of the Th cell driven
cytokine production profiles. Instead these data may suggest that the IL-5 and IL-13 do not have to
co-exist to skew towards the Th2 profile during bronchiectasis in response to S. pneumoniae.

4.3 Characterising Th17 and Th1 cytokine produced response towards S.
pneumoniae serotypes 19F, 9V, 15A and 7C in children with bronchiectasis
IFN-γ and IL-17a are cytokines associated with the Th1 and Th17 profiles respectively. Adult and
mice models have previously shown that an inflammatory mediated Th1/Th17 is observed in S.
pneumoniae infections and lower respiratory bacterial infections. Additionally, IL-17a is associated
with neutrophil recruitment. The dogma of excessive airway inflammation in bronchiectasis is that it
is associated with neutrophil recruitment to the airways and prolonged survival of blood neutrophils.
Recent studies into chronic lower respiratory disease have hypothesised that over time, neutrophils
have an impaired ability to phagocytose and kill bacteria, perpetuating the cycle of recurrent
infection during bronchiectasis83. As a result, in addition to the Th2 associated cytokines, it was
hypothesised there would be differences the amount of IL-17a and IFN-γ produced by PBMC from
children with bronchiectasis compared to healthy control children.
IFN-γ was detected in supernatant following PBMC culture with S. pneumoniae serotypes 19F, 9V,
15A and 7C. IFN-γ is a cytokine that drives lung inflammation during bacterial respiratory infections
84

. Investigation of the cellular profile in response to S. pneumoniae infection has shown that

monocytes promote the development of Th17/Th1 profile via IFN-γ secretion 66. Additionally, IFN-γ
is produced by neutrophils during acute S. pneumoniae associated pneumonia 85. T cell derived IFNγ is a key regulator in mucosal antibody production and protection to pneumococcal protein
antigens seen in the nasopharyngeal niches during colonisation. Additionally, there is evidence to
support the hypothesis that IFN-γ plays a protective role in local protection of S. pneumoniae
infection in children29. However IFN-γ is an innate cytokine produced by NK cells in the early stages
of infection, as well as by Th1 cells during the adaptive response 86. Therefore, the significant
increase in IFN-γ observed by the BE group in response towards S. pneumoniae serotype 9V cannot
be solely attributed to an adaptive Th1 skewed response. There is insufficient flow cytometry data to
indicate what cells are producing the cytokine, as it could be innate NK cell derived.
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Given neutrophil-directed inflammation is a characteristic of bronchiectasis and IL-17a is associated
with neutrophil recruitment, IL-17a would be anticipated to be detected in supernatant following S.
pneumoniae culture with PBMC. However, most samples in both groups had IL-17a concentrations
below the limit of detection and proportion of responders was low compared to quantification of
other adaptive cytokine. The NTHi condition showed similarly low concentrations of IL-17a close to
the limit of detection, indicating the low levels of cytokine are not likely due to the S. pneumoniae
culture. The assays were evidently not optimised to detect IL-17a following a 72 hour culture. IL-17a
is a late phase cytokine produced in relatively small amounts compared to other adaptive cytokine.
A similar study analysing CD4+ directed cellular responses towards S. pneumonaie detected
statistically significant concentrations of IL-17a following a five day culture 75. The 72-hour assay may
not have provided enough time for synthesis of detectable IL-17a, hence further testing and assay
optimisation is required to make any conclusion regarding IL-17a production in response to S.
pneumoniae in children with bronchiectasis.

4.4 Child PBMCs respond to S. pneumoniae with pro-inflammatory innate
cytokine
Pro-inflammatory cytokines IL-6 and TNF-α were quantified in PBMC supernatant following a 24
hour culture to address the primary aims and objectives of this thesis and characterise the S.
pneumoniae-driven innate cellular immune response in children with bronchiectasis. IL-6 and TNF-α
are secreted during the early stages of S. pneumoniae infection, but no studies have previously
described if this innate cytokine response differs in children with bronchiectasis compared to their
healthy peers. TNF-α was detected in majority of PBMC supernatants, and nearly all children were
IL-6 responders in both groups to all serotypes tested supporting evidence in the literature that IL-6
and TNF-α are cytokines deployed in the innate response during S. pneumoniae infection. A general
trend showed that IL- 6 concentrations were higher compared to TNF-α concentrations in both
groups and towards all serotypes tested, and these data align with studies showing whole S.
pneumoniae bacteria elicit larger quantities of IL-6 compared to TNF-α87. Overall, there were no
significant differences in IL-6 and TNF-α responders or concentrations between the HC and BE
groups. While these data align with the understanding that innate cytokine are likely important for
clearance S. pneumoniae during infection, there is no evidence of differences in this response in
children with bronchiectasis compared to healthy children. This suggests the characteristics of the
innate response during S. pneumoniae respiratory infection in a child with bronchiectasis do not
differ from a healthy child. However, the contribution of the innate S. pneumoniae- driven response
in the pathogenesis of bronchiectasis will require further longitudinal research.
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4.5 Children with bronchiectasis produce significantly more IL-13, IL-5 and IFN-γ
in response to non-vaccine S. pneumoniae serotype 7C
The secondary objective of this thesis was to investigate differences in cytokine production in
response to vaccine and non-vaccine serotypes of S. pneumoniae. Serotypes 9V and 7C had been
clinically isolated from NP swabs from children in the Northern Territory. Serotype 9V is a serotype
that has been included in all versions of the PCV. Of the study population, over 90% of the BE group
had completed the vaccine schedule. Comparing the cytokine production between the NP isolate
serotypes 9V and 7C, IL-5, IL-13 and IFN-γ concentration was significantly higher towards the nonvaccine serotype (7C) compared to the vaccine serotype (9V). The difference in cytokine
concentrations between the vaccine and non-vaccine type are likely to be complex as many
immunological mechanisms are involved in forming a memory response. One possible mechanism to
explain the difference between vaccine type 9V and the non-vaccine type 7C is how cell-mediated
immunity interacts with the humoral immune response to enhance a memory response if protein
antigen is presented by an APC. In the context of the PCV, the pneumococcal specific antigen is
protein conjugated; hence immunological memory will ultimately form a pool of effector memory T
cells if a child is vaccinated with the PCV, as T cells will be involved in cross presentation to B cells.
However the interaction of the cell-mediated response in forming immune memory to vaccineserotypes cannot explain an increase in IL-5 and IL-13 and IFN-γ observed compared to the nonvaccine type. Furthermore there was no significant difference seen for the same cytokines between
the BAL isolates, 19F (vaccine) and 15A (non-vaccine). This thesis was not designed to explain
mechanisms driving differences in the cell-mediated response in vaccinated children who have later
been diagnosed with bronchiectasis. This thesis presents data suggesting the cytokine response may
be greater towards NP –associated serotypes that are not included in the PCV compared to those
that are.

4.6 Differences in sex and age of the study population were not confounding
factors of IL-5 and IL-13 cytokine response
Age- matching of PBMC selected from cryopreservation for this thesis was primarily to account for
immunological differences of the child’s developing immune system. A child’s immune system begins
to develop in utero and cytokine monocyte interactions and the Th1 IFN-γ profile is not fully
developed until 18 months88. Children younger than 20 months at the time of sample collection
were not included. Due to availability of PBMC age-matching was therefore constricted to the age
group, and samples were not able to be individually matched. As a result, the median age of HC
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group was significantly higher, and had a greater proportion of males. Both variables were identified
to be possible sources of confounding variables. However, univariate regression analysis showed
these factors did not predict cytokine production between the groups.

4.7 Having Indigenous Australian ancestry is a primary risk factor for childhood
bronchiectasis in the Northern Territory
The study population of this thesis had a significant discrepancy in the ethnicity between the
bronchiectasis and healthy control groups. The difference between the groups is the major limitation
to this thesis. The healthy control group had significantly less children of Indigenous descent
compared to the bronchiectasis group. The main reason for the difference between the groups was
likely due to the nature of sample collection. Samples were collected at RDH. The bronchiectasis
group had a high proportion of samples from Indigenous children reflecting the over-representation
of Indigenous children who are investigated for bronchiectasis at RDH. However the healthy control
group had a much lower proportion, as samples were opportunistically recruited from elective
surgery, where the overall proportion of Indigenous Australian children undergoing elective surgery
was smaller than those being investigated for BE.
Being Indigenous is a primary risk factor for developing childhood bronchiectasis in the Northern
Territory. Hence univariate regression analysis was not able to investigate if bronchiectasis was a
confounding factor and could predict differences in cytokine production. Cytokine production was
compared between Indigenous and non-Indigenous children in the BE group and showed differences
in IL-13 and IL-5 production. However the analysis cannot be extrapolated to compare these
responses between the BE and HC groups due to the discrepancy.
Work by our team has previously shown that NTHi-driven cytokine production in children with CSLD
cannot be predicted by socio-demographic factors such as Indigenous status in the Northern
Territory76. However this thesis investigates the response towards a different bacterium, and any
differences in the cellular response are more likely to be associated with socio-economic and
predisposing health factors associated with Indigenous Australian children rather than their ethnicity
alone. It was beyond the scope of the thesis to investigate the degree to which these biological and
social-determinants contribute to differences in S. pneumoniae-driven cellular immune response
during bronchiectasis. Therefore, to further investigate the effect of Indigenous Australian ancestry
on S. pneumoniae-driven cellular response, further studies would require expansion of the
recruitment beyond RDH into communities. This would allow recruitment of a higher proportion of
healthy Indigenous children to be included in the HC group.
48

4.8 Limitations
This thesis has novel findings that address the overall aims and characterise the S. pneumoniaedriven cellular immune response in Northern Territory children with bronchiectasis, however many
host and environmental factors may influence the immune response in children with bronchiectasis.
This thesis therefore holds several limitations. The significant lower proportion of Indigenous
children in the HC group compared to the BE group was the major limitation described in section 4.7,
limitation not yet addressed are outlined as follows.
4.8.1 Flow Cytometry analysis of cellular immune response cell types by intracellular cytokine staining

One major limitation to the findings of this thesis is the inability to address the secondary objective
and determine the cell types producing cytokine following PBMC culture with S. pneumoniae
serotypes 19F, 9V, 15A and 7C. Cell recovery following culture and staining was much lower than
expected, and decreased by roughly 10 fold of the initial 2.5 x 105 cells included in culture. As a
result, the final gated cell populations were too low to analyse differences between responses. The
lack of flow cytometry data is particularly limiting in identifying the origin of significant increase in
serotype 15A-driven IFN-γ observed in the bronchiectasis group. Due to available PBMC, the
serotype 15A was not used in the 48 hour culture. However innate derived IFN-γ (NK cell producing)
or adaptive IFN-γ (Th1) could have been determined by isolating IFN-γ expressing CD3-/CD56+ NK
cells and CD3+/CD4+ Th cells. Further research would involve optimising the culture and staining
protocol to ensure cell recovery is high enough to observe noticeable populations (>20 cells) of
cytokine producing cells following S. pneumoniae culture of PBMC.
4.8.2 Current lower airway infection with S. pneumoniae

The microbiological environment in the lower airways of a child with bronchiectasis may be a factor
that could affect the response towards S. pneumoniae in a child with bronchiectasis. The presence of
S. pneumoniae in the lower airways in some of the children included in this thesis and is therefore a
limitation to the findings.
Current infection with S. pneumoniae was defined as having culture growth above 104cfu/ml from
BAL samples. In children with current lower airway S. pneumoniae infection, there were significantly
lower median concentrations of IL-5, IL-13 and IFN-γ in response to serotype 15A, compared to the
children with BE without clinically significant growth of S. pneumoniae from BALs. It is assumed
children with a current S. pneumoniae infection of the lungs would be expected to have mounted an
immune response, and have T effector cells activated towards serotypes S. pneumoniae causing the
infection.
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Serotype 15A is a non-vaccine type that was originally isolated from a BAL sample. However, this
thesis was not designed to investigate serotype specific mechanisms behind the cellular immune
response of a child with current S. pneumoniae infection and chronic lower respiratory disease.
Additionally the difference was not observed in response to the other non-vaccine serotype, 7C.
Overall, there are many clinical factors neglected in this level of analysis. For example, the serotypes
causing lower respiratory infection are unknown, the density and diversity of carriage of S.
pneumoniae in the child is unknown, co infection with other bacteria such as NTHi was not
investigated, and not having significant growth of S. pneumoniae in the lab does not exclude lower
respiratory infection of S. pneumoniae. Inevitably, numerous clinical factors beyond the scope of this
thesis may interact with the S. pneumoniae-directed cellular immune response in children with
bronchiectasis. Differences observed at this level of statistical analysis cannot describe
immunological mechanisms, but highlights further study is warranted with respect to the
microbiological and clinical variables.
4.8.2 Limitations of a PBMC in vitro assays

The assay design was a major limitation to the findings of this thesis as the nature of the assay
neglects possible in vivo physiological conditions. Child PBMC was the most feasible sample that
could provide the most accurate depiction of the innate and adaptive S. pneumoniae-driven cellular
immune responses. However the assay could not account for differences between the initial site
specific mucosal response during the first instance of bacterial infiltration of the lungs in a child89 S.
pneumoniae specific effector T cells are able to circulate and reach the site of infection and would be
found circulating in the child’s PBMC population, but the association between systemic and local
airway response cannot be determined.
4.8.3 Cross-sectional study design cannot determine cause and effect relationships

This thesis utilised prospectively collected PBMC samples from an ongoing study into chronic
respiratory infections in children of the Northern Territory and as a result, presents cross-sectional
data. The findings of this thesis are not able to determine the cause and effect of a skewed Th2 cellmediated response towards the S. pneumoniae serotypes tested and bronchiectasis. To determine if
the Th2 skewed profile plays a part in the pathogenesis of bronchiectasis, longitudinal collection of
samples from children with pre-bronchiectasis stage disease (such as CSLD) and healthy control
children would be required. Currently this is not feasible or ethical in our clinical setting, particularly
terms of healthy control sample collection as it is performed opportunistically.

4.9 Further directions
50

This thesis has quantified cytokine associated with the S. pneumoniae-driven cellular immune
responses in children with bronchiectasis and has addressed the principal objective by filling a major
gap in the literature. This is the first study characterising the S. pneumoniae-driven cellular immune
response in children with bronchiectasis. In doing so, several major questions remain that highlight
direction for further research.
The phenotypes of the cells producing cytokine and driving the Th2 skewed response towards S.
pneumonaie serotypes 19F, 9V, 15A and 7C are still unknown due low cell numbers. Assay
optimisation and further investigation into the cell types driving the response is needed. Such
findings will begin to highlight the immunological mechanisms in response to S. pneumoniae in
children with lower respiratory infections.
Considering majority of the study population was vaccinated and the skew towards the Th2 profile
was observed towards vaccine types, further research regarding the efficacy of the PVC in our region
is warranted. PCV- specific antibody titre analysis of the study population would indicate whether
the children have developed sufficient antibody (IgG >0.2ug/mL) memory response following
vaccination90. The question as to whether the Th2 skewed cellular immune response is indicative of a
protective or non-protective response towards S. pneumoniae infection is grossly beyond the scope
of the thesis. However if the children do have high antibody titres further research can being to ask
what the mechanisms underlying the failure of the vaccine to protect a highly burdened population
from lower respiratory S. pneumoniae infection and bronchiectasis.
Clinical management of a patient with bronchiectasis is prescribed on an individual basis.
Management focuses on reducing and preventing exacerbations, while monitoring for comorbidities
and compilations. Antibiotics and inhaled corticosteroids are individualised and depend on lower
airway microbiology 8.Considering differences were observed in the response depending on current
lower airway infection with S. pneumoniae, understanding the interaction of the cellular immune
during lower S. pneumoniae airway infection may lead to research that investigates treatment and
therapy to manage bronchiectasis. One of the commonly prescribed antibiotic therapies is
azithromycin. Azithromycin is known to have anti-inflammatory effects91. Further research into the
interactions of corticosteroids and antibiotics with S. pneumoniae airway infection may contribute to
improving management recommendations.
Overall, directions of further research aim to investigate the pathogenesis of bronchiectasis and
understand how the S. pneumoniae- driven immune response is involved. A large longitudinal birth
cohort study is required to investigate the overall aim that questions how S. pneumoniae carriage,
infection and the interaction with immune mechanisms contribute to the endurance of the ‘pre51

bronchiectasis’ state and inevitably, the pathogenesis of bronchiectasis in Northern Territory
children.

4.10 Final conclusions
Bronchiectasis is a permanent and chronic lung disease prevalent in the Northern Territory
childhood population where Indigenous Australian children are over represented in rates of
diagnosis. Bronchiectasis is associated with persistent lower respiratory infection, and S.
pneumoniae is the second most common bacterial pathogen isolated from the airways of children
with bronchiectasis in the Northern Territory. Pneumococcal disease is preventable by vaccination,
and despite adherence to the infant PCV vaccination schedule, S. pneumoniae vaccine serotypes are
being isolated from the lungs of Northern Territory children with bronchiectasis.
The cellular immune response has recently been appreciated to be involved in S. pneumoniae
infection. However, no studies have investigated the S. pneumoniae-driven cellular immune
response in children with chronic lower respiratory infection. The overall aim of this thesis was to fill
the current gap in literature and characterise the cellular immune response towards S. pneumoniae
in children with bronchiectasis.
The major finding of this thesis is that children with bronchiectasis have a Th2 skewed response
towards S. pneumoniae serotypes 19F, 9V, 15A and 7C compared to healthy age-matched children.
The findings of this thesis are novel and describe serotype specific response towards serotypes
associated with carriage and lower airway infection in the NT. This response also applied to two
serotypes included in the current PCV.
Clinical and demographic features of the response in children with bronchiectasis was investigated,
and showed differences in cytokine responses in children of Indigenous descent and those with
lower respiratory infection of S. pneumoniae. However the biological and social health determinants
in our population are not limited to these variables, and these findings highlight the need for further
research into how these determinants may predict cellular immune responses in Northern Territory
children with bronchiectasis.
The findings of this thesis suggest childhood bronchiectasis is associated with polarised cellular
immune responses in our region. This thesis is a small step in beginning to describe the S.
pneumoniae-driven cellular immune response and how it may contribute to the pathogenesis of
childhood bronchiectasis in the Northern Territory.
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Appendices
Appendix A
Reagents used in Peripheral Blood mononuclear cell culture
Company

Reagent

Gibco™

RMPI 1640 Medium
AIM-V
Anti- CD3
Anti- CD28

ThermoFisher™

Clone

Product

OKT3
CD28.2

11875093
12055091
4335077
1952192

Working conc.
µl/ml

10
10

Appendix B
Reagents for Dissociation Enhanced Lanthanide Fluorescent Immunoassay by time resolved
fluorescence

Company

Coating
Antibody

Clone

Conc.
per well
(ug/ml)

Product

Biotinylated
Detection
Antibody

Clone

Conc.
per well
(ug/ml)

Product

TNFα

Mab1

3

04019

TNFα

MAb11

0.5

05235

3

13193

IL-6

MQ239C3

1

29611

1

14653

IL-13

B69-2

1

14653

IL-6
BD
Pharmingen
™

Biolegend ™

Company
PerkinElmer™

IL-13

MQ213A5
JES105A2

IFN-γ

NIB42

1

74705

IFN-γ

4S.B3

1

05736

IL-5

TRFK5

3

89376

IL-5

JES15A10

1

05230

IL-17a

BL127

1

B1220122

IL-17a

BL23

1

B130502

Reagent
Enhancement Solution
Europium-labeled streptavidin
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Product
627732
2361321

Appendix C
Reagents for flow cytometry: cell surface stain
Company

Antibody

Fluorochrome

Product

Biolegend™

CD3
CD4
CD56
CD8A

AF488
PerCP/Cy5.5
PE/Cy7
APC/Fire750

B258962
B241352
B259279
B246752

Concentration
per sample
µl/ml
5.0
1.7
1.7
0.7

Clone

HIT3a
RPA-T4
HCD56
RPA-T8

Appendix D
Reagents for flow cytometry
Company

Product

Product

Brefeldin A
Zombie Aqua
Cyto-Fast Fix/Perm buffer

B266166

Concentration per
sample µl/ml
0.25
1.0

B277053

Biolegend™
10 x Cyto-Fast Perm Wash
Solution

B27705A

Appendix E
Reagents for flow cytometry: intracellular stain

Company

Biolegend™

Antibody

Fluorochrome

Product

Concentration
per sample µl/ml

Clone

IL-17A

PE

B255234

4.2

BL168

IL-13

APC

B263220

2.1

JES10-5A2

IFN-ɣ

BV421

B266318

8.3

4S.B3

Appendix F
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Reagents for flow cytometry: isotype control stain
Company

Biolegend™

Antibody

Fluorochrome

Product

mouse IgG1
rat IgG1

PE
APC

B244869
B268025

Concentration
per sample
µl/ml
4.2
2.1

mouse IgG1

BV421

B262528

4.2
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Clone

MOPC-21
RTK207
MOPC
Ctrl
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