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PREFACE

The regulations of the University of Western Australia provide the option for

candidates for the Degree of Masters of Medical Science to present their thesis as a

series of papers.

In addition to a general introduction, background and general discussion, this thesis

presents two chapters which have been formatted for future publication in peer

reviewed journals. The chapters will be further modified prior to publication. Each

manuscript is presented as a separate chapter and is presented with original

headings, text, figures and tables.
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ABSTRACT

Pneumococcal meningitis remains a major public health problem predominantly

affecting young children, Aboriginal children, those with predisposing medical

conditions and the elderly, and is associated with high rates of morbidity and

mortality.

The 7-valent pneumococcal conjugate vaccine (7vPCV) has been funded for

Aboriginal children <2 years of age and for children <5 years with predisposing

medical conditions since July 2001. This was expanded to all Australian children

from January 2005 and was replaced by a 13-valent pneumococcal conjugate

vaccine (13vPCV) in July 2011 following the emergence of non-vaccine serotypes.

A fourth dose of this vaccine was recommended for Aboriginal and Torres Strait

Islander children between 12-18 months.

This thesis explores cases of pneumococcal meningitis diagnosed in children <16

years of age in Western Australia between 1990 through 2013. The primary

objective being to compare the incidence and serotype distribution, clinical course

and outcome of pneumococcal meningitis in non-Aboriginal and Aboriginal children

in Western Australia in the pre and post pneumococcal conjugate vaccination

periods.

This is the first Australian population-based study of pneumococcal meningitis

exploring disease in the pre and post-vaccination era. This thesis presents results

from a 24-year retrospective cohort study extending previous work on

pneumococcal meningitis in Western Australian children between 1990 and 2000

(King et al., 2004a, King et al., 2004b). Retrospective medical chart review was

conducted to identify patient demographics, vaccination status, predisposing

comorbidities, clinical course, management, outcome and microbiological data.

One hundred and sixty-nine episodes of pneumococcal meningitis were identified

over the 24-year period. There has been a significant reduction in the annual

incidence of pneumococcal meningitis in children in Western Australia from 2.08 per

100,000 in the pre-vaccination era (1990-2000) to 0.93 per 100,000 (2005-2013) in

the post vaccination era. This is most pronounced in the under 2-year age group,

with a 67% reduction in incidence (IRR 0.33, 95%CI 0.19-0.53, p <0.0001) and in

Aboriginal children with a 79% reduction in incidence (IRR 0.21, 95% CI 0.07-0.51,

p=0.0005).
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Median age at diagnosis increased from 12.2 months prior to PCV vaccination

being introduced in Aboriginal and high risk children (1990-2000) to 19 months

(2005-2013). A greater proportion of children were less than 12 months at

diagnosis, 48% (1990-2000) compared with 31% (2001-2013) (p=0.023).

The incidence of 7vPCV isolates per 100,000 population decreased in the post

vaccination era from 1.05 (1990-2000) to 0.16 (mid 2011-2013). An initial increase

in 13vPCV isolates was seen following introduction of universal 7vPCV in 2005 (IRR

2.39, 95%CI 0.82-7.11, p=0.073), however returned to pre-vaccination era levels

following 13vPCV introduction in mid-2011 (IRR 1.28, 95%CI 0.13-6.39, p=0.758).

Non-vaccine serotype isolates have almost tripled since universal PCV introduction.

Despite a dramatic reduction in the incidence of disease, disease severity remains

unchanged in the pneumococcal conjugate vaccination era. Neurological sequelae

were present in almost one third, with just over half (17%) classified as severe.

Rates of sensorineural hearing loss are stable at 30% with Aboriginal children

having over 3 times the odds of hearing loss (OR 3.3 CI 1.3-8.4 p=0.010). Case

fatality rates are unchanged at 10%. Children who were younger at diagnosis (<12

months), presented with seizures, hypotonia or focal neurology, had a high CSF

protein level (>3), or required intensive care unit admission, artificial ventilation or

inotrope use, had a greater risk of poor outcome and mortality. Multivariate analysis

indicated that rural/remote location at diagnosis (OR 0.26, 95%CI 0.08-0.91,

p=0.035), focal neurology (OR 6.13, 95%CI 1.85-20.32, p=0.003) at presentation

and admission to ICU (OR 4.22, 95%CI 1.10-16.24, p=0.036) were independently

associated with mortality.

To date, the impact of pneumococcal vaccination in Western Australian children has

been a reduction in incidence of disease, with no effect on disease severity or

mortality. The increase in median age at diagnosis in the post vaccination era may

have relevance to the immunisation schedule and raises the question of whether a

booster dose should be provided at 12-15 months for all children and not only

Aboriginal and high risk children. Ongoing population-based epidemiological, clinical

and microbiological data are essential to monitor burden of disease, formulate

treatment strategies, identify serotype replacement and ensure ongoing effective

vaccination strategies are in place. Development, clinical trials and introduction of

pneumococcal vaccinations that go beyond simply increasing capsular serotypes

need to be prioritised.
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CHAPTER ONE: INTRODUCTION

Bacterial meningitis is one of the most serious infections occurring in infants and

older children, associated with high rates of acute complications and long term

morbidity, neurological sequelae and mortality.

Streptococcus pneumoniae (pneumococcus) is an important global pathogen

responsible for an estimated 1.6 million deaths each year worldwide (WHO, 2007).

Invasive pneumococcal disease is frequently severe and causes numerous clinical

syndromes including life-threatening pneumonia, bacteraemia and meningitis. The

incidence of invasive pneumococcal disease (IPD) is higher in Aboriginal

Australians than non-Aboriginal Australians. Between 1997–2007, the IPD

incidence rate in Western Australia was almost 7 times higher in the Aboriginal

population; 47 cases per 100,000 population per year among Aboriginal people

versus 7 cases per 100,000 population per year in non-Aboriginal people (Lehmann

et al., 2010).

Over the last 30 years there has been a significant change in the cause of bacterial

meningitis. Nationwide surveillance by the Centers for Disease Control and

Prevention (CDC) in 1977 and a subsequent US study in 1986 confirmed the three

most common pathogens were H. influenza (45%), N. meningitides (14%), and S.

pneumoniae (18%), accounting for approximately 80% of cases. These studies

confirmed the importance of identifying strategies for the development of effective

vaccines against these pathogens (Brouwer et al., 2010, Wenger et al., 1990).

Children <2 years of age are particularly susceptible to acute bacterial meningitis

caused by encapsulated bacteria due to their immature response to polysaccharide

antigens. Conjugate vaccines, which induce T cell memory, can provide

immunological protection for these children. The Haemophilus influenzae type b

(Hib) conjugate vaccine was the first such vaccine to become available and was

introduced in Australia in 1993 (ATAGI, 2008).

With the introduction of H. influenzae type b (Hib) conjugate vaccines, the

epidemiology of bacterial meningitis significantly changed in countries where the

vaccine was introduced, including Australia, with a dramatic drop in the incidence of

invasive Hib disease, including meningitis.

N. meningitidis, another common pathogen causing meningitis, has 13 known

serogroups with A, B, C, W135 and Y most commonly causing disease globally. A
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vaccine targeting serogroup C was introduced in Australia in 2003, resulting in a

reduction in meningococcal cases caused by this serogroup (ATAGI, 2008).

Recombinant multicomponent meningococcal B and quadrivalent conjugate

vaccines are now available on the private market in Australia. With the introduction

of the conjugated H. influenzae type B vaccination in 1993 and later, the

meningococcal vaccination, pneumococcus emerged as the most common

pathogen associated with bacterial meningitis (McIntyre et al., 2002).

A pneumococcal unconjugated polysaccharide vaccine (23vPPV, Pneumovax) has

been available in Australia since 1986 and in 1999 a funded immunisation program

commenced for Aboriginal Australians aged 50 years or over, or 15 to 49 years with

a high risk of invasive pneumococcal disease (Lehmann et al., 2010). This was

expanded in 2005 to include non-Indigenous adults aged 65 years and over and

persons aged <65 years with conditions associated with an increased risk of IPD

(ATAGI, 2008).July 2001 saw the introduction of a funded 7-valent pneumococcal

conjugate vaccine given at 2, 4 and 6 months for Aboriginal and Torres Strait

Islander children <2 years of age and for all children <5 years of age with medical

conditions that place them a high risk of invasive pneumococcal infection. The

7vPCV vaccine contains serotypes 4, 6B, 9V, 14, 18C, 19F and 23F. A 23vPPV

booster was also recommended for Aboriginal and Torres Strait Islanders (at 18

months of age) and for children with risk factors for IPD (at 4-5 years of age). The

funding for the 7-valent vaccine was expanded to include all Australian children

from January 2005 (ATAGI, 2008) using a 2-4-6 month infant schedule but with no

booster.

Pneumococcal polysaccharide-protein conjugate vaccines are safe and have been

successful in reducing the incidence of IPD including meningitis caused by vaccine-

specific serotypes. However, surveillance revealed emergence of non-7vPCV

serotypes, with serotypes 1 and 19A being of particular importance in Australia

(Lehmann et al., 2010). From the 1st of July 2011, a 13-valent conjugate vaccine

replaced the 7-valent conjugate vaccine thereby offering protection against an

additional 6 serotypes including 1, 3, 5, 6A, 7F and 19A. In addition, a catch up

program was offered for young children having already received 7vPCV and a

fourth dose of this vaccine recommended for medically at risk children and

Aboriginal and Torres Strait Islander children between 12-18 months (ATAGI,

2008). Quarterly invasive pneumococcal disease surveillance in Australia reveals a

reduction in cases of IPD caused by serotypes contained in the 7vPCV and 13vPCV

vaccines. Following the widespread introduction of 13vPCV in mid-2011, overall IPD
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caused by the 6 additional serotypes included in this vaccine decreased. This

decrease has been maintained through 2015. In 2015, the annual rate of notified

cases in children <5 years of age in Australia was the lowest on record at 13 per

100,000 population (de Kluyer et al., 2014, de Kluyer et al., 2016).

Pneumococcal meningitis causes high rates of acute morbidity and long-term

neurological sequelae. Diagnosis is often difficult and delayed and management

frequently complicated. As highlighted above, whilst pneumococcal meningitis is

potentially vaccine-preventable, an emergence of non-vaccine serotypes following

7vPCV introduction was seen. Ongoing surveillance is essential to identify serotype

replacement following 13vPCV introduction. Following the introduction of 7vPCV

and predominantly through the subsequent increase in serotype 19A, an increase in

penicillin and ceftriaxone non-susceptibility was noted ((Oftahdeh et al., 2013). In

addition to serotype replacement, monitoring for changes in antibiotic

susceptibilities of Streptococcus pneumoniae to commonly used antibiotics is

required (King et al., 2004).

This 24-year retrospective cohort study is the first Australian population-based study

exploring pneumococcal meningitis in children in Western Australia in the pre and

post-vaccination era. The aim being to identify changes in disease incidence,

serotype frequency, antibiotic resistance, clinical presentation, management and

outcome, in the post pneumococcal conjugate vaccination era. Population-based

epidemiology and microbiology data are essential to formulate and modify treatment

strategies and vaccination programs, to achieve optimal outcomes for children.



4



5

CHAPTER TWO: BACKGROUND

2.1. 7vPCV and the effect on invasive pneumococcal disease and
meningitis

Following introduction of the 7vPCV in the United States in 2000 using a 3 dose

infant schedule and PCV booster at 12 months (“3+1”), there was a dramatic

decline in IPD in vaccinated young children and non-vaccinated adults.

Pneumococcal infant vaccine was subsequently implemented in many other

developed countries with studies reporting similar reductions in IPD, particularly in

children <5 years (De Carvalho et al., 2009, Roche et al., 2008, Weinberger et al.,

2011). In Germany, there was a 35% decrease in incidence of pneumococcal

meningitis in children <16 years following widespread infant vaccination. Prior to the

introduction of vaccination, 7vPCV serotypes accounted for 66% of IPD in children <

2 years. Four years later, the proportion of IPD due to 7vPCV serotypes had

dropped to <10% of all IPD cases in all age groups. The incidence of non-7vPCV

serotypes increased (Van der Linden et al., 2012). (Table 1). This has been a

consistent finding across the globe including in Australia, the United States, Wales

and France with serotype 19A accounting for a significant proportion of replacement

disease (Bingen et al, 2008, Castelblanco et al., 2014, Hsu et al., 2009, Pichon et

al., 2013, Thigpen et al., 2011).

In Western Australia IPD rates decreased significantly in Aboriginal and non-

Aboriginal children between 1997 through 2007 following the 3 dose 7vPCV. Rates

among Aboriginal children decreased by 46% for those <2 years of age and by 64%

in the equivalent age group for non-Aboriginal children. An increase was identified

in IPD due to non-7vPCV serotypes. In children <5 years, the rate increased by

40% in aboriginal children, and by 74% in non-Aboriginal children of the same age.

Serotype 19A accounted for much of the increase in IPD (Lehmann 2010).

2.2. 13vPCV and the effect on invasive pneumococcal disease and
meningitis

Following the introduction of 13vPCV, a further reduction in IPD has occurred. In the

United States, a 42% reduction was noted in all children with a 53% reduction in

those <24 months (Kaplan et al., 2013). In Canada IPD declined by 22% in children

<5 years and in Denmark, a 71% reduction was noted in children <2 years

(Demczuk et al., 2013, Harboe et al., 2014).
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All of these studies also found a reduction in 13vPCV serotypes causing disease. A

57% reduction was noted in the United States and a 38% reduction occurred in

Canada.

The most notable reduction was in serotype 19A. In Denmark, serotype 19A

significantly increased following 7vPCV introduction, but declined toward baseline

following 13vPCV. Emergence of non-vaccine serotypes has been noted with 22F

being a common serotype noted to increase following 13vPCV in the United States,

Table 1: Summary of impact of PCV on incidence of IPD, pneumococcal
meningitis and serotype distribution

Study Country Vaccine
introduced

Impact on
incidence of
IPD

Impact on
incidence of
meningitis

Impact on
serotypesVan derLinden2012 Germany 7vPCV 35% reduction(< 16 years)46% reduction(< 2years)
88% reduction inIPD due to 7vPCVserotypes

Lehmann2010 WA 7vPCV 46% reduction inaboriginal children64% reduction innon-aboriginalchildren(<2 years)

40% increase in IPDdue to non-7vPCVserotypes(Aboriginalchildren)74% increase(non-Aboriginalchildren)Kaplan2013 US 13vPCV 42% reduction (<16 years)53% reduction (<2years)
57% reduction inIPD due to 13vPCVserotypes

Demczuk2013 Canada 13vPCV 22% reduction(<5 years) 38% reduction inIPD due to 13vPCVserotypesHarboe2014 Denmark 13vPCV 71% reduction(<2 years) 84% reduction inIPD due to 13vPCVserotypes(< 2 years)De Kluyver2016 Australia 13vPCV 33% reduction(<5 years)Grando2015 Brazil 10vPCV 50% reduction(<2 years)Hirose2015 Argentina 10vPCV 60% reduction(<2 years)Levy 2016 France 13vPCV 39% reduction(<2 years)Olarte2015 USA 13vPCV 50% reduction inpneumococcalmeningitis due to13vPCV serotypes
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Canada and Sweden (Demczuk et al., 2013, Galanis et al., 2016, Kaplan et al.,

2013).

Enhanced IPD surveillance in Australia reveals a reduction in IPD following 13vPCV

implementation in 2011 using the same 3+0 schedule. Rates of IPD in children <5

years decreased from 19.5 per 100,000 in 2011 to 13 per 100,000 in 2015. Between

2011 and 2012, the rate of IPD due to 13vPCV (non-7vPCV) serotypes halved in

children <5 years. The decline in disease due to serotypes targeted by vaccines has

been maintained across all age groups since 13vPCV replaced 7vPCV and IPD

associated with non-vaccine serotypes has remained stable (Figure 1). In 2015,

19A and 23B continued to be the main serotypes affecting young children. There

were 44 vaccine failures in children <5 years, with serotype 19A accounting for 57%

of cases (de Kluyver et al., 2016, Toms et al., 2016,).

Fewer studies have specifically investigated the impact of higher valency

vaccinations on pneumococcal meningitis. In Brazil and Argentina, a 10-valent PCV

(10vPCV) was the first pneumococcal conjugate vaccine to be introduced. Following

this, the incidence of pneumococcal meningitis fell by 50% in children <2 years and

mortality by 69% (Grando et al., 2015). In Argentina, in the same age group, a 60%

reduction in incidence was noted and a 75% reduction in mortality (Hirose et al.,

2015). Three years after 13vPCV introduction in France, a 39% reduction in the

Figure 1: Notification and annual rates* (2004 to 2015) of invasive
pneumococcal disease in children aged less than 5 years, Australia, by
vaccine serotype group

(Source: de Kluyver et al., 2016)
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incidence of pneumococcal meningitis occurred in children <2 years (Levy et al.,

2016). A reduction in pneumococcal meningitis cases following 13vPCV was also

noted in the United States. 13vPCV serotypes causing meningitis decreased from

54% to 27%. Whilst serotype 19A decreased from 27% to 15% of isolates, it

remained the most common serotype in 2011-2013 and was associated with

vaccine failure in 3 out of the 10 cases. Non-vaccine serotypes accounted for 73%

of isolates with 22F, 33F and 35B being the most common (Olarte et al., 2015). In

Germany, the most common serotypes post 13vPCV included 7F, 10A, 12F, 19A

and 23B. An increase in non-vaccine serotypes 12F, 15C, 22F 23B and 35B were

noted (Imohl et al., 2015). Similar serotype trends were noted in children with

pneumococcal meningitis in France two years after 13vPCV introduction with the

predominant disease causing serotypes being 7F, 12F, 15B/C, 19A, 19F, 22F and

24F (Levy et al., 2014 July). Serotype 19F was the most common cause of vaccine

failure after 13vPCV was implemented in France. Vaccine failures only accounted

for 0.6% of cases (Godot et al., 2015).

2.3. Antibiotic susceptibility

There have been varied reports on changes in antibiotic susceptibility of

Streptococcal pneumoniae. Oftadeh et al looked at antibiotic susceptibilities of IPD

isolates referred to a pneumococcal reference laboratory in New South Wales,

Australia from patients <5 years of age before (2002-2004) and after (2005-2009)

introduction of 7vPCV.  Susceptibility testing showed overall increases in penicillin

non-susceptibility (23% vs. 31%) (most notably serotype 14), ceftriaxone resistance

(2% vs. 12%) and multidrug resistance (4% vs. 7%) (most notably serotype 19A).

Other MDR serotypes included 14, 6A, 6B, 9V and 23F (Oftahdeh et al., 2013).

Changes in penicillin MIC breakpoints for Streptococcus pneumoniae made by the

Clinical and Laboratory Standards Institute (CLSI) in 2008, as described in detail

below, must be taken into consideration when interpreting changes in penicillin

resistance (CLSI, 2008). Ceftriaxone MIC breakpoints have not changed.

The Enhanced IPD Surveillance Working Group found that the number of IPD

isolates in 2011 and 2012 with reduced penicillin susceptibility, returned to levels

seen prior to the slight increase reported in 2010. This was likely due to a reduction

in serotype 19A following 13vPCV. In 2011 and 2012, reduced susceptibility to

ceftriaxone/cefotaxime remained uncommon with the proportion of isolates similar

to proportions reported in both the United States and Asia (Toms et al., 2016).

Recent studies from France and Germany also report relatively low rates of
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antibiotic-resistant pneumococcal isolates. The French study found the prevalence

of strains with decreased susceptibility to third generation cephalosporins (MIC>0.5

μg/mL) decreased from 31% in 2007 to 7% in 2012, with no resistant strain since

2010 (MIC>2 μg/mL) (Levy et al., 2014, July). In Germany, the antibiotic sensitivity

of S. pneumoniae isolates detected is still relatively low. This study highlights the

change in susceptibility breakpoints for penicillin as per the current Clinical and

Laboratory Standards Institute (CLSI) guidelines. Different susceptibility breakpoints

are now applied for penicillin G for meningitis and non-meningitis cases. All isolates

associated with meningitis that were formerly categorized as intermediate are now

regarded as resistant. This results in higher resistance rates and needs to be

considered when interpreting surveillance studies on pneumococcal penicillin

resistance (Imohl et al., 2015).

Olarte et al, through their multicentre study in the US, found 75% of the

pneumococcal meningitis isolates had a penicillin MIC ≤0.06 μg/mL and 25% a

penicillin MIC ≥0.12 μg/mL and that these rates remained stable after the

introduction of 13vPCV. They also found that 13vPCV serotypes were more

commonly associated with a penicillin MIC ≥0.12 μg/mL than non-13vPCV

serotypes (39% vs 16%; P = .001) and that the most common serotypes were 19A

and 35B. With regard to third generation cephalosporin resistance, they found a

reduction after the introduction of 13vPCV with the percentage of isolates with a

ceftriaxone MIC ≥1 μg/mL decreasing from 13% to 3% (−77%; P = .03) and no

isolate having a ceftriaxone MIC ≥2 μg/mL from 2011–2013 (Olarte et al., 2015).

2.4. Clinical features and complications of pneumococcal meningitis

Children with pneumococcal meningitis frequently present with non-specific

symptoms, resulting in difficult and delayed diagnosis. Previous research has

revealed less than a quarter (22.3%) present with a suspicious prodrome and

almost two thirds (65%) require more than 1 medical review prior to diagnosis (King

et al, 2004a). Management is frequently complicated and resource intensive (Arditi

et al., 1998, King et al., 2004a, Kornelisse et al., 1995). Most children require

multiple interventions. King et al found almost half (42.6%) were admitted to the

intensive care unit, a quarter (23.4%) required artificial ventilation and 12.7%

inotropic support. More recent international studies have found no significant

changes in the duration of hospital stay, intensive care unit admission, artificial

ventilation or inotrope use in the post pneumococcal conjugate vaccine era (Olarte

et al., 2015). Almost half (47.9%) had a least one seizure (King et al., 2004a).
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Outcomes are severe with mortality rates reported around 10% (8.5-13.6%) (King et

al., 2004a, Ladhani et al., 2013, Levy et al., 2014a, Stockmann et al., 2013), and

neurological sequelae reported in a third (28-49%) (Bedford et al., 2001, King et al.,

2004a, Pikis et al., 1996). Sensorineural hearing loss is common occurring in up to

a third of cases (Peltola et al., 2010). Two thirds (64.9%) had no recorded

neurological deficit (King et al., 2004a).

This research extends previous work on pneumococcal meningitis in Western

Australian children between 1990 and 2000 (King et al., 2004a, King et al., 2004b).

This body of work by King et al, conducted in the pre pneumococcal conjugate

vaccination era, found that pneumococcal meningitis was often difficult to diagnose,

necessitated long and frequently complicated in-patient stays and was associated

with high rates of morbidity and mortality. The primary aim of this research is to

compare the incidence and serotype distribution of pneumococcal meningitis in

Aboriginal and non-Aboriginal Western Australian children between 1990 through

2013 and how this has changed since the widespread introduction of pneumococcal

conjugate vaccines. Secondary aims include outlining the diagnosis, clinical course,

outcome and changes in antibiotic resistance in this 24-year cohort and the impact

of pneumococcal vaccination on these endpoints.
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CHAPTER THREE: EPIDEMIOLOGY

3.1. Background

Bacterial meningitis is a serious illness predominantly affecting infants and the

elderly. Despite modern day advancements and availability of effective antibiotics, it

is still associated with significant acute morbidity, long-term neurological sequelae

(seizures, cognitive deficits, hearing loss) and mortality. In Australia, Aboriginal

populations are particularly affected (Lehmann et al., 2010).

In an attempt to combat increasing pneumococcal disease, pneumococcal

polysaccharide vaccination became available in the late 20th century. In 2001, 7-

valent pneumococcal conjugate vaccination (7vPCV; Prevenar 7; Pfizer) was first

introduced and expanded to include all Australian children from January 2005

(ATAGI, 2008). With the emergence of serotype replacement, particularly serotype

19A, higher valency vaccinations were developed and the 13vPCV (Prevenar 13;

Pfizer) replaced the 7vPCV on the Australian immunization schedule in July 2011

(ATAGI, 2008).

Given the severity and poor outcomes associated with pneumococcal meningitis,

and the emergence of non-vaccine serotypes following the introduction of universal

pneumococcal conjugate vaccines, rigorous surveillance of disease incidence and

microbiological factors (serotypes and antibiotic resistance) is essential to develop

and modify effective treatment strategies and vaccination programs.

We compared the incidence and serotype distribution of pneumococcal meningitis

in children diagnosed in Western Australia between 1990 through 2013 and

explored how this has changed since the widespread introduction of the

pneumococcal conjugate vaccines. In addition, we assessed the impact of

vaccination on clinical outcome and mortality as well as changes in antibiotic

susceptibility of Streptococcus pneumoniae over this time period.

3.2. Methods

This is a 24-year retrospective cohort study extending previous work on

pneumococcal meningitis in Western Australian children between 1990 and 2000

completed by Dr Barbara King et al (King et al., 2004a, King et al., 2004b). All

children aged ≤16 years diagnosed with microbiologically confirmed pneumococcal

meningitis in Western Australia (WA) from 1990 through 2013 were included.

Children were identified through a search of the International Classification of
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Disease (ICD) 9 and 10 discharge codes from both the WA Health Department’s

Hospital Morbidity Data System (HMDS) and Princess Margaret Hospital Patient

Information Management Systems Department. Princess Margaret Hospital is the

only tertiary paediatric centre in WA. All hospital charts with diagnostic codes of

pneumococcal meningitis (320.1 and G00.1) and streptococcal meningitis (320.2

and G00.2) were reviewed to confirm diagnosis. To ensure complete case

ascertainment and determine outcomes, the Vaccine Impact Surveillance Network

(VISN), Western Australian Notifiable Infectious Diseases Database (WANIDD) and

WA Health Department’s Mortality Database were also reviewed. A retrospective

hospital chart review of all identified cases was undertaken to confirm diagnosis.

Where children were solely seen at, or transferred from or to a peripheral hospital,

medical records at these centers were also reviewed. One author (ECM) reviewed

all case notes, thereby ensuring consistency of data collection.

Confirmed pneumococcal meningitis was defined as detection of Streptococcal

pneumoniae in cerebrospinal fluid (CSF) by culture, polymerase chain reaction

(PCR) or antigen detection using latex particle agglutination (LPA). Probable

pneumococcal meningitis cases included children with gram positive cocci (GPC)

on CSF gram stain or children with meningeal inflammation and one of the

following:, positive blood cultures, whole blood PCR or serum LPA for S.

pneumoniae. Meningeal inflammation was defined as a raised CSF white cell count

>20 × 106/L or clinical signs of meningism: neck stiffness, bulging fontanelle or

positive Kernig’s sign.

Data including patient demographics (age, sex, indigenous status, postcode), risk

factors and comorbidities, vaccination status, microbiological data (serotype and

antibiotic resistance) and outcome (neurological sequelae and mortality) were

collected from the medical record and analysed. Episodes that occurred prior to the

introduction of pneumococcal vaccination were compared with episodes following

introduction.

Cases were identified as metropolitan or rural/remote based on the Statistical Local

Areas from the 2006 Australian Census. Relapses were defined as an episode of

pneumococcal meningitis (caused by the same serotype) occurring within 3 months

of the original episode.

Antibiotic resistance was identified from laboratory records based on Clinical and

Laboratory Standards Institute (CLSI) breakpoints (CLSI, 2008). It should be noted

that penicillin MIC breakpoints changed for meningeal and non-meningeal isolates



13

of Streptococcus pneumoniae in 2008. Prior to 2008, an MIC ≤ 0.06 μg/mL was

classified as sensitive, 0.12-1 μg/mL as intermediate, and ≥ 2 μg/mL resistant. From

2008 onwards, the MIC for sensitive isolates remained at ≤ 0.06, whilst any isolate

with an MIC ≥ 0.12 μg/mL was classified as resistant. Ceftriaxone MIC breakpoints

did not change with an MIC ≤ 0.5 μg/mL classified as sensitive, 0.5-1 μg/mL as

intermediate and ≥ 2 μg/mL resistant. Where MIC was known, the value has been

included, however, MIC was not available for all isolates. Isolates identified from

laboratory records as resistant but without an MIC have been included and

documented as such.

Serotype data was obtained from laboratory records, Vaccine Impact Surveillance

Network and Western Australian Notifiable Infectious Diseases database. Serotypes

were classified as 7vPCV (serotypes 4, 6B, 9V, 14, 18C, 19F & 23F in 7vPCV),

13vPCV-non7v (13vPCV serotypes not in 7vPCV: 1, 3, 5, 6A, 7F & 19A) 23vPPV-

non13v (serotypes 2, 8, 9N, 10A, 11A, 12F, 15B, 17F, 20, 22F, 33F), non-PCV (not

included in 7vPCV or 13vPCV), non-vaccine (not included in 7vPCV, 13vPCV or

23vPPV) or unknown.

Vaccination status was identified from the medical record and confirmed using the

Australian Childhood Immunisation Register (ACIR). Episodes were classified

according to the number of pneumococcal conjugate vaccine doses received: fully

vaccinated (3 or more infant doses); partially vaccinated (one or two infant doses);

or unvaccinated. Vaccine failure was defined as an episode of pneumococcal

meningitis occurring in a child who had received 3 or more doses of PCV and

whose infection was caused by a serotype contained in the vaccine they had

received. Documentation in the medical record and ACIR of 23vPPV vaccine was

poor and only recorded in 1 child. 23vPPV vaccine was therefore not considered in

identifying vaccine failures.

Severe neurological deficit included cerebral palsy of any degree, severe or

profound bilateral hearing loss, global developmental delay or intellectual deficit

(based on formal assessment), or blindness. Less severe deficits included learning

difficulties, unilateral or mild to moderate bilateral hearing loss, isolated cranial

nerve palsy or isolated seizure disorder. Hearing loss was defined as profound

(>85dB loss), severe (65-80dB loss), moderate (45-60dB loss) and mild (25-40dB

loss). Seizure disorder was defined as at least one seizure post discharge. Event

free survival was defined as no neurological or other deficit following the episode of
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pneumococcal meningitis. In mortality analysis, only cases of mortality due to

pneumococcal meningitis were included.

Approval for this research was obtained from the Human Research Ethics

Committee of the Department of Health of Western Australia (Project 2013/63),

Princess Margaret Hospital Ethics Committee (GEKO 3899) and the Western

Australian Aboriginal Health Ethics Committee (HREC Reference Number 537).

Approval from the Chief Executive Officers of the Area Health Services and Chief

Executive Officers of private hospitals was also obtained prior to data collection.

3.2.1. Statistics

Incidence rates and incidence rate ratios were derived using EpiBasic v1.0.

Population denominators used in this study were derived from the Australian

Bureau of Statistics (ABS, 2014). p values and 95% confidence intervals for

incidence rate ratios and odds ratios were calculated.

Continuous data were reported as medians and interquartile ranges as these were

skewed in distribution, and categorical data reported as frequencies and

proportions. Comparisons between categorical variables were made using Chi

square or Fishers exact test (when cell counts <5). Comparisons of continuous

variables between time periods or groups (such as the presence or absence of

comorbidity) were determined using the Mann Whitney U test.

The statistical significance level was set at P < .05. All analysis was performed

using SPSS 23.0 (IBM Corp, New York, NY) and Stata v 14.1 (StataCorp, College

Station, Texas).

3.3. Results

3.3.1. Epidemiology

There were 169 episodes of pneumococcal meningitis diagnosed in children in

Western Australia between 1990 through 2013. This included five children who

experienced two separate episodes of pneumococcal meningitis. During the study

period, there was a mean of 7 cases per year. Prior to the introduction of

pneumococcal vaccination in Aboriginal and high risk children in 2001 there were

8.6 cases per year. This decreased to 3.8 cases per year following universal 7vPCV

vaccination (2005-mid 2011) and 5.6 during the 13vPCV era (mid 2011-2013)

(Table 1).



15

Pneumococcal meningitis occurred in children aged from 1 day to 16.5 years.

Median age at diagnosis was 15.2 months (IQR 7.4-39.0 months). Five episodes

occurred in infants under 2 months of age, and of these, 4 occurred in neonates. All

neonatal episodes occurred in non-Aboriginal children and prior to the introduction

of 7vPCV vaccination. The median age ranged from 12.2 months (IQR 6.8-28.2

months) prior to PCV vaccination being introduced in Aboriginal and high risk

children (1990-2000), to 19 months (IQR 6.3-65.7 months) in the post vaccination

era (2005-2013), however this difference was not statistically significant (p=0.164,

Mann Whitney U). However, a significantly greater proportion of children were less

than 12 months at diagnosis prior to PCV (48%) (1990-2000) compared with 31%

following universal PCV (2005-2013) (p=0.023).

Table 1: Cases of pneumococcal meningitis per year and distribution by
demographics and risk factors

Year of Diagnosis

1990 - 2000 2001 - 2004 2005 – June
2011

July 2011 -
2013

Total cases 95 35 25 14

Cases/year 8.6 8.7 3.8 5.6

Demographics

Age <2 years

Median age (mths)

Males

Rural/remote

68 (71.6%)

12.2

55 (57.9%)

39 (41.1%)

19 (54.3%)

21.8

21 (60.0%)

10 (28.6%)

17.0 (68%)

13.5

15.0 (60%)

7.0 (28%)

5 (35.7%)

38.8

10 (71.4%)

3 (21.4%)

Risk factors

Aboriginal

Immunocompromised*

Prematurity

CSF breach

Recurrent OM

31 (33.0%)

4 (4.7%)

5 (5.8%)

9 (10.4%)

9 (10.5%)

5 (14.0%)

1 (2.9%)

2 (5.8%)

3 (8.8%)

3 (8.8%)

3 (12.0%)

1 (4.0%)

2 (8.0%)

1 (4.0%)

4 (16.0%)

3 (21.0%)

7 (4.4%)

2 (14.0%)

2 (14.3%)

0

*Includes IgA deficiency, hypogammaglobulinaemia, neutrophil chemotactic disorder
and steroid resistant nephrotic syndrome with profound humoral immune deficiency.
Does not include children with MBL deficiency.
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Sixty percent of episodes occurred in male children and this predominance

remained consistent over time. Aboriginal children accounted for 25% of episodes.

A decline in the proportion of episodes occurring in Aboriginal children was noted

following immunization; 33% in the pre vaccination era (1990-2000) compared with

15% post 2001 (p = 0.008). Approximately a third of children were diagnosed in

rural and remote locations. This decreased from 38.5% (1990-2004) to 25.6%

(2005-2013) (p=0.142). From 2001 through 2013, half of the children were initially

seen in a peripheral metropolitan or rural hospital and transferred to Princess

Margaret Hospital. Data on hospital transfers were not available for cases prior to

2001.

The annual incidence of pneumococcal meningitis in children in Western Australia

has fallen from 2.08 per 100,000 in the pre-vaccination era (1990-2000) to 0.93 per

100,000 (2005-2013) in the post vaccination era. This has been most pronounced in

the less than 2-year age group, with a reduction in incidence from 12.45 per

100,000 (1990-2000) to 4.05 per 100,000 (2005-2013) (Table 2).
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Comparing 1990-2000 with 2005-2013, pneumococcal meningitis incidence in

children in Western Australia has reduced by 55% (IRR 0.45, 95%CI 0.30-0.66,

p=0.0001). This is most pronounced in the under 2-year age group, with a 67%

reduction in incidence (IRR 0.33, 95%CI 0.19-0.53, p <0.0001) and in Aboriginal

children a 79% reduction in incidence (IRR 0.21, 95% CI 0.07-0.51, p=0.0005). In

the pre-vaccination era, Aboriginal children were almost 8 times more likely to be

diagnosed with pneumococcal meningitis than non-Aboriginal children (IRR 7.84,

95% CI 4.93-12.21 p=<0.0001). This has decreased to 3 times more likely in the

post-vaccination era (IRR 2.92, 95% CI 1.00-7.07, p=0.016).

3.3.2. Comorbidities

Forty-four episodes occurred in children with known comorbidities (44/159; 28%)

including five children with multiple comorbidities (Table 1). Comorbidities were

unknown for 10 episodes. Fifteen episodes (9.4%) were associated with a central

Table 2: Average annual incidence by age and Aboriginal status in pre and post
vaccination time periods

Year of Diagnosis

1990-2000 (pre) 2001-2004 2005-2013 (post)

Number
of cases

Average annual
incidence per

100,000
(95%CI)

Number of
cases

Average
annual

incidence per
100,000
(95%CI)

Number of
cases

Average
annual

incidence per
100,000
(95%CI)

Total 95 2.08
(1.68-2.54) 35 2.03

(1.42-2.83) 39 0.93
(0.66-1.27)

<2 years 68 12.45
(9.67-15.78) 19 9.61

(5.79-15.01) 22
4.05

(2.54-6.13)

2-5 years 14 1.65
(0.90-2.76) 9 2.93

(1.34-5.57) 7 0.89
(0.36-1.84)

>5 years 13 0.41
(0.22-0.70) 7 0.58

(0.23-1.19) 10 0.35
(0.17-0.64)

Aboriginal 31 11.66
(7.92-16.54) 5 4.60

(1.49-10.73) 6 2.44
(0.90-5.32)

Non-Aboriginal 64 1.49
(1.15-1.90) 30 1.86

(1.26-2.66) 33 0.84
(0.58-1.17)
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nervous system defect in the form of a cerebrospinal fluid (CSF) breach including 3

recurrent episodes that occurred in children with CSF breaches and a history of

pneumococcal meningitis. In all 3 children, the CSF leak was diagnosed after the

second episode of pneumococcal meningitis. CSF leaks were due to a

meningoencephalocoele, a defect in the petrous temporal bone from a congenital

cholesteatoma and a defect of the cribiform plate. The latter two children each had

2 further episodes of meningitis (culture negative and enterovirus in one child and

culture negative and Streptococcus mitis in the other). A further child was

diagnosed with a CSF leak following their episode of pneumococcal meningitis and

one case occurred in a child with a ventriculoperitoneal shunt for hydrocephalus

sustained following a culture negative meningitis at five weeks of age. Seven

episodes occurred in children with skull fractures. Fractures were sustained by a fall

(1 episode), motor vehicle accident (3), horse kick to the head (2), and gas heater

explosion (1).

Ten percent of episodes occurred in children with a recorded history of recurrent

otitis media or chronic suppurative otitis media. Seven percent of episodes occurred

in premature infants (weeks gestation: 26 (1), 30 (1), 32 (2), 34 (2), 35 (4), unknown

(1)). One infant born at 35 weeks had 2 episodes of pneumococcal meningitis, the

first occurring at 9 months of age. Immunodeficiency (not including abnormalities of

mannose binding lectin) was reported in 4.4% and included IgA deficiency (3),

hypogammaglobulinaemia (2, one associated with sickle cell disease, splenic

infarcts and subsequently diagnosed X linked lymphoproliferative disease),

neutrophil chemotactic disorder (1), and immunosuppressed steroid resistant

nephrotic syndrome with profound humoral immune deficiency (1).

Children with CSF leaks and immunodeficiency were older at diagnosis. Median

age at diagnosis for children with CSF leak was 67.1 months (IQR 37.7-144.4)

compared with 13.6 months (IQR 7.0-28.8, p<0.001) in children without CSF leaks.

Median age at diagnosis in children with immunodeficiency was 51.9 (IQR19.7-

139.6) compared with 14.8 months in those without (IQR 7.2-38.3, p=0.011 Mann

Whitney U).

Of the 5 children who had 2 episodes, none were a result of relapse of the original

episode, with subsequent episodes occurring between 5 months and 10 years

(median 22 months) after the initial diagnosis. All children had significant

comorbidities. Three children were subsequently diagnosed with CSF leaks, one

was born prematurely and the final case had recurrent otitis media and succumbed
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to the second episode. Of these 10 episodes, serotype was known in 6 and

included 19F (7vPCV), 14 (7vPCV) and 6B (7vPCV) (CSF leak), 23B (non-vaccine

serotype) (prematurity) and 23B (non-vaccine serotype) and 9N (23vPPV) (otitis

media). Previous history of respiratory disease (such as pneumonia and chronic

respiratory disease), was poorly documented in the medical record and not included

in statistical analysis despite being a known risk factor for pneumococcal disease.

3.3.3. Microbiology

Antibiotic sensitivities

Prior to 2005, antibiotics sensitivities were available for 112 (86%) isolates. Six

isolates (5%) were reported to be resistant to penicillin. Resistance was first seen in

1993 in which there were two cases, both serotype 6B. Two isolates, serotype 6B

(1999) and 19F (2002) were resistant to penicillin and intermediately resistant to

ceftriaxone. One case in 2004, serotype 9V, was resistant to both penicillin and a

third generation cephalosporin.

From 2005 onwards, sensitivities were available for 33 (85%) isolates. Six isolates

(18%) were reported to be penicillin resistant including 19A (3) and one each of 6B,

19F and 35B. The 19F isolate (2013) was also resistant to third generation

cephalosporins and occurred in a child who had received 3 doses of 7vPCV (Table

3).

This data represents a significant increase in penicillin resistance in the post

vaccination era (1990-2004 vs. 2005-2013 p=0.014). However in 2008, the Clinical

and Laboratory Standards Institute (CLSI) published revised guidelines for penicillin

MIC breakpoints for isolates of Streptococcal pneumoniae (CLSI, 2008). In this

study, 6/122 (5%) isolates were classified as resistant prior to 2008 compared with

6/23 (26%) from 2008 onwards. This apparent increase can be attributed to the

change in MIC breakpoints as only 1 of the 6 resistant isolates from 2008 onwards

had an MIC high enough to be classified as resistant according to the old CLSI

breakpoints (Table 3). If the old MIC breakpoints for penicillin resistance were used,

there was no significant difference in penicillin resistance pre and post 2005 (6/110,

5.4% vs. 1/31 3.2% p=0.999). There was no significant difference for ceftriaxone

resistance over the study period. Only 2 of the isolates classified as either resistant

or intermediately resistant were due to non-vaccine serotypes, serotype 23B (1997)

and 35B (2013). The remainder were due to vaccine serotypes.
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Table 3: Serotypes and antibiotic resistance patterns of isolates from cases of
pneumococcal meningitis

Year
Total

episodes
per year

Sensitivity
testing

available (%)

Serotype
(PCV

vaccine)

Penicillin
sensitivity

(MIC)

Ceftriaxone
sensitivity

(MIC)

1990 7 7 (100)

1991 4 3 (75)

1992 5 5 (100)

1993 18 15 (83) 6B (7)
6B (7)

R*
R*

1994 8 6 (75)

1995 6 4 (67)

1996 11 11 (100)

1997 11 10 (91) 19F (7)
23B (n)

R*
I*

1998 7 6 (86)

1999 10 9 (90) 9V (7)
6B (7)

I*
R (1.5) I (0.75)

2000 7 7 (100)

2001 8 2 (75)

2002 10 8 (80) 19F (7) R (2.0) I (0.75)

2003 10 7 (70)

2004 7 7 (100) 9V (7) R* R*

2005 5 5 (100) 19A (13) I (0.064)

2006 2 1 (50)

2007 4 4 (100) 19A (13) I (0.1)

2008 2 2 (100) 19A (13) R (0.125)

2009 3 3 (100)

2010 6 5 (83) 6B (7)
19A (13)

R (0.125)
R (0.125)

2011 5 4 (80) 19A (13) R (0.125)

2012 5 2 (40)

2013 7 7 (100) 19F (7)
35B (n)

R (4)
R (0.5)

R (2)

* Reported by laboratory as resistant (R) or of intermediate (I) resistance, MIC unknown.
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Serotypes

Serotype data was available for 113 episodes (67%) (Table 4 and Figure 1a, 1b).

Data from the early 1990s is lacking as enhanced pneumococcal surveillance in WA

commenced in 1996. Isolates were known in sixty two percent (80/130) of episodes

for the period 1990-2004, with 85% (33/39) available for the period 2005-2013.

Between 1990 through 2000, of the isolates with known serotypes, 7vPCV

serotypes accounted for 48/57 (84%), 13vPCV (minus 7vPCV) serotypes accounted

for 5/57 (9%) and non-PCV serotypes 4/57 (7%). The most common isolates were

14, 19F, 6B and 4 accounting for 68% of isolates.

In contrast, between 2005 through 2013, 7vPCV serotypes accounted for a much

lower proportion, 5/33 (15%), 13vPCV (minus 7vPCV) serotypes for 11/33 (33%)

and non-PCV serotypes 17/33 (52%). Since the universal introduction of

pneumococcal conjugate vaccination in 2005, there has been a significant shift in

serotypes with a reduction in 7vPCV serotypes and an increase in 13vPCV and

non- PCV serotypes (p < 0.001). 13vPCV (minus 7) serotypes accounted for only

18% of isolates following July 2011 (Table 4).



22

Table 4: Serotype frequency of pneumococcal meningitis episodes by
vaccination type and year

Serotype Year of Diagnosis Total

Vaccine serotype 1990-2000 2001-2004 2005-
mid 2011

mid 2011
-2013

7vPCV types 4 7 0 0 0 7

6B 8 5 2 1 16

9V 4 1 0 0 5

14 14 6 0 0 20

18C 5 1 0 0 6

19F 10 1 1 1 13

23F 0 1 0 0 1

Total 48 15 3 2 68

13vPCV (minus 7v)
types 1 1 0 1 0 2

3 0 1 0 1 2

5 2 0 0 0 2

6A 0 2 0 0 2

7F 1 0 0 0 1

19A 1 0 8 1 10

Total 5 3 9 2 19

Non PCV vaccine
serotypes 6C 0 0 1 0 1

8* 0 0 1 0 1

9N* 0 1 1 0 2

10A* 0 0 2 0 2

12F* 1 0 0 0 1

15B* 0 1 0 1 2

15C 0 2 2 2 6

17F* 1 0 0 0 1

22F* 0 0 1 1 2

23B 1 0 1 2 4

24F 0 0 1 0 1

35B 0 0 0 1 1

38 1 1 0 0 2

Total 4 5 10 7 26
Unknown or not
typeable 38 12 3 3 56

Total 95 35 25 14 169

* 23vPPV unique serotypes
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Figure 1a: Episodes of pneumococcal meningitis in Western Australian children
by vaccine serotype group and year of diagnosis
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Figure 1b: Proportion of pneumococcal isolates from episodes of pneumococcal
meningitis by vaccine serotype group (isolates of unknown serotype excluded)
and year group
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The incidence of 7vPCV isolates per 100,000 population has decreased from 1.05

(1990-2000) to 0.16 (mid 2011-2013) (Table 5).

The incidence rate ratio comparing 1990-2004 with 2005-2013 was 0.12 (95%CI

0.04-0.28, p<0.005), representing an 88% decrease in 7vPCV serotypes in the post

vaccination era. An initial increase in 13vPCV isolates was noted following universal

7vPCV introduction in 2005 (IRR 2.39, 95%CI 0.82-7.11, p=0.073, comparing 1990-

2004, 2005-mid 2011), however these rates returned to pre-vaccination era levels

following 13vPCV introduction in mid-2011 (IRR 1.28, 95%CI 0.13-6.39, p=0.758,

1990-2004 vs mid 2011-2013). Non-PCV serotype isolates have almost tripled since

universal PCV introduction (IRR 2.83, 95%CI 1.19-7.21, p=0.017). Increased

laboratory serotyping has resulted in a reduction in unknown serotypes (IRR 0.18,

95% CI 0.06-0.42, p<0.005).

Serotype 19A alone accounted for over a third (8/22) of known serotypes causing

pneumococcal meningitis between 2005 and June 2011. Since July 2011 and the

introduction of 13vPCV, the following vaccine serotypes have been responsible for

disease; one each of 19F (7vPCV), 6B (7vPCV), 3 (13vPCV), 19A (13vPCV) and

Table 5: Incidence rates of pneumococcal meningitis by vaccine serotype and
year group

Serotypes 1990-2000 2001-2004 2005-mid 2011 mid 2011-2013

No. of
cases

Average
annual

incidence
per

100,000
(95%CI)

No. of
cases

Average
annual

incidence
per

100,000
(95%CI)

No. of
cases

Average
annual

incidence
per

100,000
(95%CI)

No. of
cases

Average
annual

incidence
per

100,000
(95%CI)

7vPCV 48 1.05
(0.77-1.39) 15 0.87

(0.49-1.44) 3 0.10
(0.02-0.30) 2 0.16

(0.02-0.59)

13vPCV
(minus

7v)
5 0.11

(0.04-0.26) 3 0.17
(0.04-0.51) 9 0.30

(0.14-0.58) 2 0.16
(0.02-0.59)

Non-
vaccine

serotypes
4 0.09

(0.02-0.22) 5 0.29
(0.12-0.70) 10 0.34

(0.16-0.62) 7 0.57
(0.23-1.17)

Unknown
serotypes 38 0.83

(0.59-1.14) 12 0.70
(0.36-1.22) 3 0.10

(0.02-0.30) 3 0.08
(0.05-0.71)
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Figure 2: Episodes of pneumococcal meningitis by vaccine serotype (unknown
serotypes excluded), year group and race
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non-PCV serotypes; 15B (1), 15C (2), 22F (1), 23B (2) and 35B (1). Serotype was

unknown in 3 isolates (Table 4).

Distribution of serotypes differs between aboriginal and non-aboriginal children

(Figure 2.).

Prior to 2001, in non-Aboriginal children, 61% of cases were caused by 7vPCV

serotypes, 3% by 13vPCV-7vPCV serotypes and 3% by non-PCV serotypes. Thirty

three percent were unknown. In Aboriginal children, pneumococcal meningitis was

caused by 7vPCV serotypes in 29%, 13vPCV serotypes in 10%, non-PCV

serotypes in 6.5% and 55% of cases were unknown. Excluding unknown serotypes,

prior to 2001 there was a significant difference in the distribution of serotypes

between non-Aboriginal and Aboriginal children (p= 0.049 Fishers exact test), with

7vPCV serotypes accounting for a greater proportion of episodes in non-Aboriginal

children.

Note: Prior to 2001 there was a significant difference in the distribution of serotypes between non-Aboriginal
and Aboriginal children (p= 0.049) with 7vPCV serotypes accounting for a greater proportion of episodes in
non-Aboriginal children. No significant difference in serotype distribution was found post 2001.



26

From 2001 to 2013, 7vPCV serotypes accounted for 30% and 9%, 13vPCV

serotypes 19% and 18% and non-PCV serotypes 29% and 36% in non-Aboriginal

and Aboriginal children respectively. Unknown serotypes accounted for 22% and

36% respectively. There was no significant difference in serotype distribution

between non-Aboriginal and Aboriginal children post-2001 (p=0.456 Fishers exact).

3.3.4. Vaccination

Vaccination records were identified through the medical record and confirmed using

the Australian Childhood Immunisation Register (ACIR). 7vPCV vaccine was

introduced in July 2001 for Aboriginal children and those medically at risk of

invasive pneumococcal disease. The PCV program expanded to include all

Australian children in January 2005. Vaccination status was unknown in six

children. The first child in this study to develop pneumococcal meningitis, who had

received a pneumococcal conjugate vaccination, was in September 2005. This child

had received 3 doses of 7vPCV. The serotype was 19A, not included in 7vPCV. Of

those with known vaccination status, no case prior to this had received conjugate

vaccination to Streptococcus pneumoniae.

Of the 5 episodes in Aboriginal children between 2001 and 2005, none of the

children had received a pneumococcal vaccination. Three children were overdue

(eligible through catch up program) and 2 were too old (vaccine not available as

infants).

Of the 39 episodes between 2005 through 2013, vaccination status was known in

33. Sixteen (48%) cases had received three infant doses of pneumococcal

conjugate vaccine. Twelve (36%) were incompletely vaccinated; 5 were overdue for

vaccination (including a 12yo who had received 23vPPV only), 6 were too young (<

6 months of age) and 1 was too old (vaccine not available as infant). Five cases

were unvaccinated; one was too young at 1 month of age and 4 were too old

(vaccine not available as infants, 2 of these cases would have been eligible for the

first dose of 7vPCV as part of the catch up schedule). Of note, despite being

recommended for Indigenous children and those with risk factors, no child had

received a fourth dose of (either conjugate or polysaccharide) pneumococcal

vaccine.

Only two cases in the study represented PCV vaccine failures, both in non-

Aboriginal children. The first case, in 2012, was due to serotype 6B and occurred in

a 25-month-old who had received 3 doses of 7vPCV. The second case was due to
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serotype 19F and occurred in a 4 year old who had received 3 doses of 7vPCV at

the correct age. The latter isolate was also particularly resistant, with high MIC to

both penicillin and ceftriaxone.

3.3.5. Outcome

Of the total cohort, there were 19 deaths, sixteen (9.6%) were related to

pneumococcal meningitis. The remaining deaths included two due to motor vehicle

accidents and one post cardiac surgery for a pre-existing cardiac condition. Details

of exact cause of death were unavailable in one case, however this case was

included in mortality data given the close temporal relationship to the diagnosis of

pneumococcal meningitis (12 weeks following diagnosis in an 8 month-old child).

Between 1990-2000, there were 0.91 deaths per year, compared with 0.50 and 0.44

deaths per year in 2001-2004 and 2005-2013 respectively. Since the introduction of

pneumococcal vaccination deaths per year have halved. Case fatality rates

however have not changed. The case fatality rate for the 24 years was 9.6%; 10.9%

(1990-2000), 5.7% (2001-2004) and 10.3% (2005-2013).

Median age at diagnosis of those that died was 9.1 months (range 8 days to 6

years, IQR 6.4-12.2). Children who were younger at diagnosis, had an increased

risk of dying. Sixteen percent of children diagnosed with pneumococcal meningitis

under the age of 12 months died, compared with 5% of children diagnosed over 12

months of age. Children less than 12 months at diagnosis had almost 4 times the

odds of dying compared with those over 12 months (OR 3.6, CI 1.2-10.9 p=0.023).

Median time to death was 6.2 days (IQR 2.1-110.1 days) with approximately two

thirds of deaths (10/16, 62%) occurring within 2 weeks of diagnosis. These children

died secondary to brain ischaemia and oedema. The 6 remaining deaths occurred

at 6 weeks, 3 months, 5 months, 12 months, 26 months and 14 years post

diagnosis. One child had post-pneumococcal haemolytic uraemic syndrome and

died of an intracranial haemorrhage and multiorgan failure. Four children died post

discharge; three children had severe neurological deficit (two died of aspiration

pneumonia, one unknown cause) and one had cardiac complications in the context

of pneumococcal endocarditis.

There was no significant difference in risk of death between sex, racial group or

year of diagnosis (pre and post 2005) (p=0.439, p=0.238, p=0.881).
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Sixty percent (101/169) of total cases and 68% of survivors had no reported deficit.

This remained static across the 24-year study period. There was no significant

difference in event free survival between age at diagnosis, sex, racial group,

metropolitan versus rural diagnosis, or pre versus post 2005 (p=0.602, p=0.091,

p=0.767, p=0.453, p=0.460 respectively).

Almost a third of survivors had some form of neurological sequelae (15% less

severe and 17% severe) (Table 6).

The rates of both mild and severe neurological sequelae have not significantly

changed between 1990-2004 and 2005-2013 (less severe, p=0.999, severe,

p=0.324).  The median age of diagnosis of those with no or mild sequelae was 17.1

months (IQR 8.7-48.1) versus 10.6 months (IQR 6.3-24.4) for those with severe

sequelae or death (p=0.044). A child diagnosed with pneumococcal meningitis

under the age of 12 months had twice the odds of severe neurological sequelae or

Table 6: Neurological sequelae in survivors of pneumococcal meningitis

Type of sequelae
Number of cases (%)

1990-2004
(n=114)

2005-2013
(n=35)

Motor

Hemiparesis/diplegia 5 (4.3%) 3 (8.6%)

Quadriparesis 5 (4.3%) 2 (5.7%)

Cranial nerve palsy
permanent 6 (5.3%) 3 (8.6%)

Sensorineural
hearing loss

Severe to profound
bilateral 15 (13.0%) 5 (14.3%)

Unilateral or mild to
moderate bilateral 11 (9.6%) 4 (11.4%)

Seizure disorder 12 (10.5%) 5 (14.3%)

Visual deficit Cortical impairment 4 (3.5%) 1 (2.9%)

Developmental
Global developmental
delay or intellectual
disability

7 (6.1%) 3 (8.6%)

*no significant difference detected in rates of neurological events when comparing 1990-2004 and 2005-20013

(all p=<0.05)
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death (OR 2.00; 95%CI 1.01-4.00 p=0.048) compared with a child over 1 year of

age. There was no significant relationship between sex, race or location of

diagnosis (metro vs rural) and risk of severe sequelae (all p > 0.005). Sensorineural

hearing loss (SNHL) was present in 30% (35/115), with severe to profound bilateral

SNHL affecting 17% (20/115). Rates of hearing loss have not significantly changed

over the 24-year period (1990-2004 compared with 2005-2013 p=0.935). There is a

significant difference in sensorineural hearing loss between racial groups with

Aboriginal children more likely to have SNHL 13/25, compared with non-Aboriginal

children 22/90 (p=0.008). There was no significant relationship between age of

diagnosis and the risk of sensorineural hearing loss (p=0.39).

3.4. Discussion

Pneumococcal meningitis is a severe disease that continues to be a major public

health problem globally, causing significant morbidity and mortality in those

affected. It continues to predominantly affect young children under 2 years of age

and indigenous populations. In 2005, the WHO estimated IPD contributed to around

800,000 deaths per year globally in children less than 5 years of age (WHO, 2007).

This research, investigating all cases of pneumococcal meningitis diagnosed in

Western Australian children over a 24 year period, is the first Australian population-

based study of pneumococcal meningitis exploring disease in the pre and post-

vaccination era. It demonstrates a dramatic decrease in the incidence of

pneumococcal meningitis and changes in serotypes causing pneumococcal

disease. It also demonstrates significant and ongoing morbidity and mortality in

those who develop meningitis in the PCV era, most frequently secondary to non-

PCV serotypes. Since introduction of universal PCV vaccination, the annual

incidence of pneumococcal meningitis fell from 2.08 per 100,000 in the pre-

vaccination era to 0.93 per 100,000 in the post vaccination era. This is most

significant in children less than 2-year age with a 67% reduction in incidence.

Similar reductions have been observed in multiple other countries (Chapoutot et al.,

2016, Grando et al., 2015, Hsu et al., 2009). In the post-vaccine era, there has also

been a substantial reduction in the incidence of pneumococcal meningitis occurring

in Aboriginal children and narrowing in the disparity between Aboriginal and non-

Aboriginal children. These findings are consistent with those conducted in the

United States which have found higher rates of IPD in black children compared with

white children, but a reduction in racial disparities following universal pneumococcal

conjugate vaccination with 7vPCV (Flannery et al., 2004, Talbot et al., 2004). Sixty

percent of episodes occurred in male children and this remained steady across the
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24 year period. Whilst the male predominance of bacterial meningitis in infants is

well documented, the cause is less clear. Physiological differences involving the

interplay between immune and endocrine (sex hormones) systems may result in the

variation of infectious disease susceptibility in males and females. Differences in the

immune systems of males and females have been observed as early as in the first

few years of life. Male and female children have similarly low levels of sex

hormones, however in infancy there is a transient rise in sex steroid levels, known

as “minipuberty.” This may pattern immune cells differently in males and females. In

mammals, higher infection rates in males have been linked with sex steroid

immunomodulation, with testosterone down-regulating and oestrogen promoting T-

helper 1 and antibody-dominated responses. Differences in genetic architecture

may also play a role in the differences between male and females (Guerra-Silveira

et al., 2013, Ober et al., 2008). Significant changes in serotype distribution have

been noted since 7vPCV introduction in Western Australia. Following 7vPCV use,

there has been an 88% reduction in 7vPCV serotypes causing pneumococcal

meningitis in Western Australian children. An initial increase was seen in 13vPCV

serotypes following 7vPCV introduction, predominantly due to serotype 19A. This

has returned to pre-vaccination levels following introduction of 13vPCV vaccination.

This is consistent with findings from other developed countries (Imohl et al., 2015).

The incidence of disease caused by non-PCV serotypes has increased almost 3

fold since the introduction of universal PCV vaccination. Nasopharyngeal carriage

studies 5 years post PCV introduction in Iceland revealed total carriage rates in

daycare children remain unchanged despite a reduction in vaccine serotypes,

confirming serotype replacement of colonizing pneumococci is occurring. However

there continues to be a reduction in IPD, suggesting the replacement serotypes

have less invasive potential (Sigurdsson et al., 2016). In England and Wales,

certain non-PCV serotypes with invasive potential including 12F, 15A, 22F and 8

are increasing in prevalence in children with IPD (Waight et al., 2015). Following

13vPCV vaccination, serotypes 12F, 24F, 22F, 15B/C, 23B and 35B are the

predominant non-PCV serotypes causing meningitis in Europe (Imohl et al., 2015,

Levy et al., 2014b). Non-PCV serotypes 22F, 33F and 35B have been noted in the

US (Olarte et al., 2015). These findings are consistent with ours, with non-PCV

serotypes 15B/C, 22F, 23B and 35B accounting for almost two thirds (7/11, 64%) of

episodes of pneumococcal meningitis with known serotype, post the introduction of

13vPCV. These results highlight the importance of rigorous serotype monitoring

both through nasopharyngeal carriage studies and clinical disease serotyping to
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identify vaccine replacement, particularly given the invasive potential of some of

these serotypes.

There were 2 PCV vaccine failures in our study. These were due to serotypes 6B

and 19F. These serotypes are documented through the literature as causing IPD in

immunized individuals. A study of IPD in children in England and Wales who use a

2+1 PCV schedule at 2-4-12 months of age, found serotype 6B (34%) and 19F

(30%) were responsible for almost two thirds of 7vPCV vaccine failures

predominantly before 12 months of age (Ladhani et al., 2013). Serotype 6B is

associated with lower antibody responses following primary vaccination compared

with other vaccine serotypes, placing vaccinated infants at higher risk of developing

IPD from this serotype compared with other vaccine serotypes (Godot et al., 2015).

Following a booster dose around 12 months, the antibody levels to serotype 6B rise

to acceptable levels, however a booster dose is only available in Australia to

Aboriginal children and children at high risk of IPD. Our case was a 2 year old who

had received 3 primary doses of 7vPCV only. A French group led by Godot

conducted the largest study to date focusing on vaccine failure in pneumococcal

meningitis following 7vPCV and 13vPCV implementation and found serotype 19F to

be the most frequent cause of 7vPCV vaccine failure (Godot et al., 2015). A

previous study on French children revealed that serotype 19F was the only 7vPCV

serotype not completely eradicated from the nasopharyngeal microbiome several

years after the introduction of 7vPCV vaccination (Cohen et al., 2010). Ongoing

monitoring for vaccine failures is crucial, particularly given Australia’s unique 3+0

schedule without a booster dose in the 2nd year of life.

This study found that comorbidities were present in 28% of cases. Consistent with

other studies, children with congenital or acquired immunodeficiency and

cerebrospinal fluid breach are at particularly high risk (CDC, 2000, Reefhuis et al.,

2003). A history of recurrent or chronic otitis media was documented in 10% of

cases however this was likely underreported in the medical record. Other studies

have found rates of 30% (Levy et al., 2014a). Children with comorbidities were

significantly older at diagnosis. This is in keeping with a French study where an

underlying predisposing condition was present in 7.7% of children younger than 2,

and 26.9% of older children (p<0.001) (Levy, et al., 2014a). In children presenting

with recurrent episodes of pneumococcal meningitis or those diagnosed at an older

age (>2 years), comorbidities, particularly CSF leak and immunodeficiency, should

be considered and appropriately investigated.



32

Whilst the absolute number of deaths has decreased with the reduction in disease

incidence, case fatality rates remain unchanged over the past 24 years. The case

fatality rate in our study was 9.6%. This is consistent with international data which

documents rates around 10% (7.7-13.6%) (Arditi et al., 1998, Gil Prieto et al., 2009,

Ladhani et al., 2013, Levy et al., 2014a, Stockmann et al., 2013). The majority of

deaths occur during the acute phase of the illness. Children who are younger at

diagnosis, particularly those less than 12 months have an increased risk of dying or

developing severe neurological sequelae. The rates and severity of neurological

sequelae including sensorineural hearing loss (SNHL) have not changed over the

24-year study. These findings around neurological sequelae are again consistent

with data from overseas (Arditi et al., 1998, Berezin et al., 2002). Sensorineural

hearing loss continues to be a common sequelae of pneumococcal meningitis

occurring in almost a third of children overall and significantly more in Aboriginal

children, where it was present in over 50%. Deficits around language and cognition

are significant and will often only be identified following the acute phase,

emphasizing the importance of long term follow up to identify complications and

assess neurological development.

This research has a number of important limitations. Retrospective collection of data

may result in underreporting of comorbidities such as otitis media accounting for the

lower rates we found compared to other studies. Vaccination status is often poorly

recorded in the medical record. As a result we relied on reporting through the

Australian Childhood Immunisation Register (ACIR). Vaccination status may not

have been completely recorded in ACIR for every child in the study and therefore

vaccination rates may be higher than reported. Finally, it is known that neurological

sequelae may resolve or evolve over time. Data on neurological sequelae and

follow up of children from rural and remote areas, particularly Aboriginal children,

may be underreported given the retrospective collection of data and transient nature

of these populations.

3.5. Conclusion

Despite dramatic changes in the incidence of disease, pneumococcal meningitis

continues to cause significant morbidity and mortality in Western Australian

children.  Implementation of pneumococcal conjugate vaccines 7vPCV and 13vPCV

have resulted in a significant reduction in the incidence of pneumococcal meningitis.

An ongoing reduction in vaccine-type serotypes is occurring following PCV

vaccination, however non-PCV serotypes are emerging and contributing to a
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greater proportion of disease. Whilst this has not become a major issue to date,

some of these serotypes demonstrate similar invasive potential (15B/C, 22F) to

vaccine serotypes (Imohl et al., 2015, Levy et al., 2014b, Olarte et al., 2015) whilst

others have shown increased antibiotic resistance (15A/B, 35B) (Hampton et al.,

2012, Tomczyk et al., 2016, Varon et al., 2015).

This highlights the need for ongoing rigorous surveillance for serotype replacement,

monitoring for antibiotic resistance and the need for alternative pneumococcal

vaccination strategies.

Despite reductions in the incidence of pneumococcal meningitis, currently universal

childhood vaccination with pneumococcal conjugate vaccines has not had an effect

on severe outcomes or mortality. With high rates of morbidity and mortality still

occurring, the need for long term follow up for identification and management of

neurological sequelae is essential.
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CHAPTER FOUR: CLINICAL FEATURES

4.1. Background

Pneumococcal meningitis is a serious infection predominantly affecting infants and

the elderly and associated with high rates of morbidity and mortality. As

demonstrated in the previous chapter, pneumococcal conjugate vaccination has

resulted in a significant reduction in the incidence of pneumococcal meningitis in

both the non-Aboriginal and Aboriginal populations however disease severity and

mortality remain high.

Children with pneumococcal meningitis often present with non-specific symptoms,

making diagnosis difficult and frequently delayed. Management is frequently

complicated and resource intensive (Arditi et al., 1998, King et al., 2004a,

Kornelisse et al., 1995,). There is little Australian data investigating the

presentation, clinical course and outcome of pneumococcal meningitis in Australian

children in the pre and post vaccination eras. This information is important to

identify current risk factors, prognostic indicators, and changes in clinical course

and outcome that may have occurred over this extended period.

This paper builds on the epidemiology chapter (Chapter 3) which describes the

incidence, serotype distribution and outcome of Western Australian children

diagnosed with pneumococcal meningitis between 1990 through 2013. The primary

objective of this chapter is to, 1) describe the presentation, clinical course,

investigation and management of pneumococcal meningitis over a 24 year period,

2) compare these variables in the pre and post-universal vaccine period (1990-

2004, 2005-2013) and 3) identify predictors for mortality and poor outcomes. For the

second aim, the 2005-2013 period was chosen as few differences were observed in

the incidence and epidemiology of pneumococcal meningitis in the 2001-2004

period when compared with 1990-2000.

4.2. Methods

This is a 24-year retrospective cohort study extending previous work describing

pneumococcal meningitis in Western Australian children between 1990 and 2000

(King et al., 2014a, King et al., 2014b). All children aged ≤16 years with

microbiologically confirmed pneumococcal meningitis in Western Australia (WA)

from 1990 through 2013 were included. Children were identified through searches

of International Classification of Disease (ICD) 9 and 10 discharge codes from the

WA Health Department’s Hospital Morbidity Data System (HMDS), covering all
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Western Australian hospitals, and Princess Margaret Hospital (PMH) Patient

Information Management Systems (PIMS) Department. Princess Margaret Hospital

is the only tertiary paediatric centre in WA. All hospital charts with diagnostic codes

of pneumococcal meningitis (320.1/G00.1) and streptococcal meningitis

(320.2/G00.2) were reviewed for confirmation of diagnosis. Additional databases

including the WA Health Department’s Mortality Database, Vaccine Impact

Surveillance Network (VISN) and Western Australian Notifiable Infectious Diseases

Database (WANIDD) were also reviewed to maximise case ascertainment. A

retrospective hospital chart review of all identified cases was undertaken to confirm

diagnosis. Where children were solely managed outside of PMH, or transferred from

or to a peripheral hospital, medical records at these centers were reviewed.

Confirmed pneumococcal meningitis was defined as positive cerebrospinal fluid

(CSF) culture for Streptococcal pneumoniae, positive CSF for S.pneumoniae

polymerase chain reaction (PCR) or positive CSF latex particle agglutination (LPA).

Probable cases were defined as gram positive cocci (GPC) on CSF gram stain or

positive blood culture, blood PCR or serum LPA for S. pneumoniae with evidence of

meningeal involvement. Meningeal involvement was defined as a raised CSF white

cell count >20×106/L or clinical signs of meningism including neck stiffness, bulging

fontanelle or positive Kernig’s sign.

Information including patient demographics (age, sex, indigenous status, postcode),

vaccination status, risk factors and comorbidities, diagnosis, clinical course,

treatment, outcome (neurological sequelae and mortality) and microbiological data

(serotype and antibiotic resistance) were collected and analysed to explore changes

that have occurred since the introduction of pneumococcal vaccination.

Cases were identified as metropolitan or rural/remote based on the Statistical Local

Areas from the 2006 Australian Census. Relapses were defined as an episode of

pneumococcal meningitis occurring within 3 months of the original episode with an

organism of the same serotype.

Fever at diagnosis was classified according to the highest documented temperature

at diagnosis or in the previous 24 hours. Fever was defined as a measured

temperature greater or equal to thirty-eight degrees Celsius. Seizures were

classified as early (within 72 hours of diagnosis), late (after 72 hours of diagnosis)

or both early and late. Timely steroids were defined as steroids given 15 minutes

before to 1 hour after antibiotic administration (NICE, 2010, RCH, 2012).
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Hospital records were reviewed to determine outcome. In patients transferred, both

presenting and referral hospital records were reviewed to ascertain outcomes and

follow up (medical and allied health). Given PMH is the only tertiary paediatric

centre with rehabilitation and neurology services, most children with neurological

sequelae would be expected to be followed, at least initially, at PMH. If the child had

no documented follow up at PMH or their local hospital and were well at discharge,

they were assumed to have no sequelae as a result of their meningitis. The Child

Development Service database (CDIS), a statewide database of children referred

for developmental assessments, was also reviewed, however this has only been

operating as an electronic database since 2009. Severe neurological deficit

included cerebral palsy of any degree, severe or profound bilateral hearing loss,

intellectual deficit or global developmental delay (based on formal developmental

assessment), blindness or hydrocephalus. Less severe deficits included learning

difficulties, unilateral or mild to moderate bilateral hearing loss, isolated cranial

nerve palsy or isolated seizure disorder. Hearing loss was defined as profound

(>85dB loss), severe (65-80dB loss), moderate (45-60dB loss) and mild (25-40dB

loss). Seizure disorder was defined as at least one seizure post discharge. Event

free survival was defined as no neurological or other deficit following the episode of

pneumococcal meningitis. In mortality analysis, only cases of mortality due to

pneumococcal meningitis were included.

Approval for this research was obtained through the Human Research Ethics

Committee of the Department of Health of Western Australia (Project 2013/63), the

Princess Margaret Hospital ethics committee (GEKO 3899), and the WA Aboriginal

Health Information and Ethics Committee (HREC Reference Number 537). Approval

from the Chief Executives of the Area Health Services and Chief Executives of

private hospitals was also sort.

4.2.1. Statistics

Given the significant changes observed between different vaccination periods

previously described, we explored the impact on clinical factors (presentation,

diagnosis, clinical course, treatment, outcome) and microbiological data by the

same time periods. Continuous data were reported as medians and interquartile

ranges and categorical data were reported as frequencies and proportion.

Comparisons between categorical variables were made using Chi square or Fishers

exact test (when cell counts <5). Comparisons of continuous variables between
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times periods or groups (such as the presence or absence of comorbidity) was

determined using the Mann Whitney U test.

Mortality and Event Free Survival and their relationship with various risk factors

were further examined using logistics regression. Following univariate analysis, a

multivariate model was then created through purposeful selection of covariates

using the technique of backwards elimination described by Hosmer and Lemeshow

(Hosmer, Lemeshow, Sturdivant, 2013). Based on the Wald statistic, any variable

with a p value less than 0.25 was included in the initial multivariate model. Variables

that did not contribute to the model were eliminated one at a time. Contribution to

the model was assessed through examination of the Wald statistic for each variable

and reviewing the impact of the removal of the variable on the other estimated

coefficients. A change in any remaining coefficient of more than 25% was

considered as a confounding change and this coefficient would then be retained in

the model. Once a preliminary main effects model had been identified, any variable

that had not been selected was added back into the model. This step assisted in

identifying variables that were not significantly related to the outcome in isolation but

did make an important contribution in the presence of other variables. Collinearity

was present with ICU admission, ventilation and use of inotropic support. Through

examination of the Akaike’s Information Criteria (AIC), precision and clinical

importance, it was determined that ICU admission be retained in the final

multivariate model.

Statistical significance level was set at P < .05. All statistical analysis was performed

using SPSS 23.0 (IBM Corp, New York, NY) and Stata v 14.1 (StataCorp, College

Station, Texas).
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Table 1: Episodes of pneumococcal meningitis by year of diagnosis and
demographic factors

Year of Diagnosis

1990-2004 2005-2013

Total episodes 130 39

Episodes/year 8.7 4.3

Demographics

Age <2 years (%) 87 (66.9%) 22 (56.4%)

Median age months (IQR) 13.5 (7.5-32.2) 19.0 (6.3-65.7)

Males (%) 76 (58.5%) 25 (64.1%)

Aboriginal (%) 36 (27.7%) 6 (15.4%)

Rural/remote (%) 50 (38.5%) 10 (25.6%)

4.3. Results

There were 169 episodes of confirmed pneumococcal meningitis (Table 1). Five

children survived two episodes; each was counted separately. Pneumococcal

meningitis occurred in children aged from 1 day to 16.5 years. The median age at

diagnosis was 15.2 months (IQR 7.4-39.0). Males accounted for 101 episodes

(60%) and Aboriginal children accounted for 25% (42/169). Approximately a third of

episodes (35%) were diagnosed in rural or remote locations. Almost 20% of children

were managed entirely outside the State’s tertiary paediatric centre. A more in

depth description of demographics and risk factors of the population has been

previously described (see Epidemiology Chapter 3).

4.3.1. Presentation of children with pneumococcal meningitis: 1990-2013

The prodromal illness lasted 0 to 21 days (median of 2.5 days). Prodromal

symptoms were often non-specific and included, fever, malaise, lethargy, vomiting

and anorexia. Only 25% of children presented with a suspicious prodrome (defined

by the combinations of: fever, lethargy and vomiting (in the absence of diarrhea) OR

headache, fever and pallor OR weak cry and irritability, photophobia or bulging

fontanelle.  Eighty two percent (132 cases) of those with a recorded temperature
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had a fever 38 degrees Celsius or greater. Seventy two percent (122) presented

with vomiting. Almost one third (54) had experienced a seizure by diagnosis and

20% were having seizures at diagnosis. In approximately two thirds of episodes, the

children presented lethargic or irritable, 5% presented obtunded and only 4% were

alert (Table 2).

Oral antibiotics had been prescribed prior to the diagnosis of pneumococcal

meningitis in 37 episodes (22%). This did not change significantly over the 24 years

(p=0.109). Of the total cohort, two thirds (68%) had been medically reviewed prior to

diagnosis and about a third (28%) required more than two reviews. There was no

significant difference in number of reviews pre and post 2005 (p=0.760), with a

median of 2 reviews.

Table 2. Signs, symptoms and conscious state at diagnosis of pneumococcal
meningitis

1990-2004
(n=130)

(%)

2005-2013
(n=39)

(%)

Total
(n=169)

(%)
p value

Signs and symptoms

Meningism 97 (74.6) 20 (51.3) 117 (69.2) 0.006

Vomiting 89 (68.5) 33 (84.6) 122 (72.2) 0.048

Pallor 79 (60.8) 29 (74.4) 108 (63.9) 0.121

Irritability 70 (53.8) 20 (51.3) 90 (53.3) 0.778

Seizure 40 (30.8) 14 (35.9) 54 (32.0) 0.547

Focal neurology 11 (8.5) 8 (20.5) 19 (11.2) 0.037

Rash 11 (8.5) 4 (10.3) 15 (8.9) 0.751

Fever > 38
(Unknown in 8) 97 (79.5) 35 (89.7) 132 (81.9) p=0.230

Conscious state

Unconscious/
obtunded 4 (3.1) 4 (10.3) 8 (4.7)

p=0.112
(p=0.081 if

exclude
unknown)

Seizures/
apnoea 23 (17.7) 12 (30.8) 35 (20.7)

Disorientated 10 (7.7) 1 (2.6) 11 (6.5)

Drowsy/
lethargic/
irritable

85 (65.4) 20 (51.3) 105 (62.1)

Alert 5 (3.8) 2 (5.1) 7 (4.1)

Unknown 3 (2.3) 0 (0) 3 (1.8)
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In episodes where antibiotics were not administered prior to diagnosis, 16%

required more than two reviews. In episodes where oral antibiotics were given prior

to diagnosis, 67% required more than 2 reviews. Cases given oral antibiotics

required a greater number of medical reviews prior to diagnosis (p<0.001 Mann

Whitney U). A median of 2 reviews was required in episodes where antibiotics were

not received, compared with a medium of 3 reviews in episodes that received

antibiotics. Those who received prior antibiotics also had a longer time between

symptom onset and diagnosis, with a median prodrome of 3 days (IQR 2-5)

compared with a median of 2 days (IQR 1-4) in those who had not received prior

antibiotics (p=0.011 Mann Whitney U).

4.3.2. Management

One hundred and thirty seven episodes (81%) were managed at the State’s only

tertiary paediatric centre, PMH. Between 1990-2004, 103 (79.2%) children were

managed at PMH, 7 at other metropolitan centres, one from the central WA desert

was transferred to Darwin and the remainder (19) were managed in rural centres.

Of the 103 managed at PMH, 49 (47.6%) were seen initially at other hospitals and

transferred.  From 2005-2013, 34 (87.2%) children were managed at PMH, one at

another metropolitan centre, two from the Kimberley (Broome and Derby) were

transferred to Darwin and the remainder (2) were managed entirely in rural centres.

Of the 34 children managed at PMH, 19 (55.9%) were transferred to PMH from a

peripheral metropolitan hospital or rural centre.

Forty-five percent (76/169) of episodes required ICU admission and a quarter

(40/169) required ventilatory support. Inotropic support was required in

approximately 10% of cases. Median duration of stay in ICU was 40.8 hours and

median duration of ventilation was 73.2hrs (Table 3.).

Most children required multiple interventions, the most common including cranial

computer assisted tomography (cCT), chest x-ray, electroencephalograms and

central venous catheters (Table 4). One child developed pneumococcal

endocarditis as a complication and was transferred interstate twice for three open-

heart procedures.

Seventy-seven children, just under half of all cases (46%), experienced at least one

seizure during admission.  The seizure rate remained stable over the 24 years. Of

those who experienced seizures, the seizure occurred early in 97% of cases. In only

2 cases did the first seizure occur 3 days after presentation. Almost a third of those
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with seizures (22/77) experienced both early and late seizures. Thirty episodes

(39%) in which seizures occurred involved resistant seizure activity requiring three

or more types of anticonvulsants.

Table 3: Seizures, ICU admission, ventilation, inotrope use and length of hospital
stay in episodes of pneumococcal meningitis

Measure 1990-2004
(n=130)

2005-2013
(n=39)

Total
(n=169) p value

Seizure
during

admission

n
(%)

60
(46.2)

17
(43.6)

77
(45.6) 0.778

Seizure
within first

72 hours (%
of all

seizures)

n
(%)

59
(98.3)

16
(94.1)

75
(97.4)

ICU
admission

n
(%)

55
(42.3)

21
(53.8)

76
(45.0) 0.204

ICU
duration

median
hours
(IQR)

42.2
(21.0-166.0)

24.5
(15.0-133.0)

40.8
(20.2-139.5) 0.316

Intubation
and

ventilation

n
(%)

30
(23.1)

10
(25.6)

40
(23.7) 0.741

Ventilation
duration

median
hours
(IQR)

65.6
(34.6-137.8)

105
(51.4-165.3)

73.1
(35.6-141.5) 0.518

Inotropes n
(%)

13
(10.0)

3
(7.7)

16
(9.5) 0.999

Inotrope
duration

median
hours
(IQR)

27
(10.2-49.2)

23.1
(12.0-34.2)

27
(10.2-49.2)

Length of
hospital

stay
(deaths

excluded)

median
days
(IQR)

11.7
(8.6-14.7)

13.7
(8.4-15.6)

11.8
(8.5-14.9) 0.303
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Table 4: Total number of in-hospital procedures for pneumococcal meningitis
cohort

Intervention / investigation type Intervention /
investigation

(n)

Intervention /
investigation

(%)
1990-2013

Neurological intervention /investigation
Cranial computer assisted tomography 127 75.1

Cranial magnetic resonance imaging 22 13.0

Cranial ultrasound 19 11.2

Electroencephalogram 47 27.8

Intracranial pressure
monitoring/ventricular drain

8 4.7

Burr holes/drainage subdural
collection

6 3.6

Investigations - other

Chest radiograph 105 62.1

Ultrasound other (chest/abdo/renal) 17 10.1

Nuclear scan (bone, gallium) 3 1.8

Echocardiogram 18 10.7

Electrocardiogram 7 4.1

Supportive therapy

Central venous line 53 31.4

Mannitol/hypertonic saline 17 10.1

Data for antibiotic therapy was not available for one case in 2004. Intravenous

antibiotics were given for a median of 11.6 days (IQR 8.0-14.2). Seventeen children

received 5 days or less of intravenous antibiotics. Six of these children died acutely

before day 5, 1 died at 5.5 days with antibiotics stopped prior due to brain death and

2 died from unrelated causes (Motor Vehicle Accident (MVA)). There were no other

deaths in this group. One child was managed solely with oral antibiotics. There was

no significant difference in mortality between those who received <5 days of IV

antibiotics versus those who received a longer course.

Antibiotic sensitivities were known in 87% (147/169). Almost all children received a

third generation cephalosporin (167/168). The use of vancomycin has significantly

increased over the 24-year period. Only 37 episodes (29%) prior to 2005 received

vancomycin as part of their IV antibiotic treatment, compared with 35 (92%) from

2005-2013 (p=<0.001). Vancomycin was first used against a penicillin resistant
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isolate in 1993 and was not used again until 1997. Two episodes had isolates

resistant to third generation cephalosporins (2004 serotype 9V and 2013 serotype

19F) and 2 episodes had intermediate third generation cephalosporin resistance

(1999 serotype 6B and 2002 serotype 19F). Data on antibiotics used in the 2004

case were not available. The 2013 case was treated with vancomycin, rifampicin

and moxifloxacin, the 1999 case vancomycin and meropenem followed by oral

rifampicin and ciprofloxacin, and the 2002 case with vancomycin and rifampicin.

Steroids were given in 122 episodes (72%). Data on timing of steroid administration

was collected for cases from 2001 onwards. Of the 53 episodes in which timing of

steroids was known, only 16 (30%) were given within the recommended timeframe

of 15 minutes prior to 1-hour post intravenous antibiotics.  In 115 episodes, data is

available for both steroid administration and sensorineural hearing loss. There was

no statistical significance between sensorineural hearing loss and steroid use

(p=0.485) or sensorineural hearing loss and timely steroid administration (p=0.610).

Of those who received steroids, hearing loss occurred in 28% (25/87) compared

with 36% (10/28) in those who did not receive steroids.

The median duration of initial hospital admission following diagnosis of

pneumococcal meningitis in survivors, ranged from 4.1 days to 68.7 days, with a

median of 7.8 days (IQR 8.5-14.9) (Table 3.).

4.3.3. Laboratory investigation

A blood culture (BC) was obtained in 91.1% (154/169), a CSF in 90.5% (153/169)

and both BC and CSF in 82.2% (139/169). Blood cultures were positive in 114

(114/154; 74.0%) and CSF positive in 108 (108/153; 70.6%). Isolates were available

in 148 cases (87.6%). From 2001 onwards, the time CSF was taken in relation to

administration of antibiotics was recorded. Forty-three children out of 62 (69%) had

their CSF collected following administration of antibiotics. Only 15 (35%) of these

cases had a positive CSF compared with 100% (19/19) of cases with positive CSF

when the specimen was taken prior to antibiotic administration.

Polymerase chain reaction (PCR) on EDTA blood was first performed in 2003. Only

12 patients had this test requested and it was positive in 6 cases. An additional 2

cases were identified by the use of EDTA blood PCR; one with a positive PCR and

negative BC, the other with a positive PCR and no BC.

Polymerase chain reaction (PCR) on CSF was first performed in 2003. In CSF

specimens collected following this date, 32 patients (68%, 32/47) had a PCR
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requested and 26 (81%) were positive. In 9 cases, PCR identified Streptococcus

pneumoniae despite CSF culture being negative. In all of these cases, antibiotics

had been administered prior to CSF collection, with median time of 11.5 hours

(range: 2 to 22 hours) between antibiotic administration and CSF collection.

Serotype data was available for 113 episodes (67%). Between 1990 through 2000,

7vPCV serotypes accounted for 48/57 (84%), 13vPCV (minus 7vPCV) serotypes

accounted for 5/57 (9%) and non-PCV serotypes 4/57 (7%). In contrast, between

2005 through mid-2013, 7vPCV serotypes accounted for only 15% (5/33), 13vPCV

(minus 7vPCV) serotypes for 33% (11/33) and non-PCV serotypes 52% (17/33).

Following the introduction of 13vPCV in July 2011, 13vPCV (minus 7vPCV)

serotypes accounted for 18% of isolates.

4.3.4. Outcome

As previously described, there were 19 deaths in the total cohort. Two were due to

motor vehicle accidents. One died post cardiac surgery for a pre-existing cardiac

condition. Sixteen deaths (9.6%) were related to pneumococcal meningitis. The

case fatality rate for the 24 year period remained steady at around 10% (9.6%).

Median age at diagnosis of those that died was 9.1 months and median time to

death was 6.2 days. Over two thirds of deaths (11/16) occurred in infants less than

12 months of age at diagnosis and most (62.5%) occurred acutely (within 2 weeks

of diagnosis) due to brain ischaemia and oedema.

Sixty percent (101/169) of total cases and 68% of survivors had no deficit identified.

This was consistent across the 24-year study period. Approximately 30% of

survivors had some form of neurological sequelae (15% less severe and 17%

severe) (Table 5). Sixteen percent had motor deficits including quadriparesis,

diplegia/hemiparesis or cranial nerve palsy, 11% developed a seizure disorder and

3% had cortical visual deficits. Seven percent of survivors (10/149) developed

global developmental delay or intellectual disability following the episode of

pneumococcal meningitis.
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Table 5: Neurological sequelae in survivors of pneumococcal meningitis

Type of sequelae

Number of cases (%)

1990-2004
(n=115)

2005-2013
(n=35)

Motor

Hemiparesis/diplegia 5 (4.3%) 3 (8.6%)

Quadriparesis 5 (4.3%) 2 (5.7%)

Cranial nerve palsy
permanent 6 (5.2%) 3 (8.6%)

Sensorineural
hearing loss

Severe to profound
bilateral 15 (13.0%) 5 (14.3%)

Unilateral or mild to
moderate bilateral 11 (9.6%) 4 (11.4%)

Seizure disorder 12 (10.4%) 5 (14.3%)

Visual deficit Cortical impairment 4 (3.5%) 1 (2.9%)

Developmental
Global developmental
delay or intellectual
disability

7 (6.1%) 3 (8.6%)

*no significant difference detected in rates of neurological events when comparing 1990-2004 and 2005-20013

(all p=<0.05)

A much larger number had more subtle developmental deficits including 34 children

(23%) with speech delay. Only half (17/34) of these children had a hearing deficit.

Children with hearing deficits had more severe speech delays. Of the children that

had their hearing tested, sensorineural hearing loss (SNHL) was present in 30%

(35/115), with severe to profound bilateral SNHL affecting 17% (20/115).

Multiple specialty teams were involved in the follow up of survivors of pneumococcal

meningitis, including (in order of frequency) General Paediatrics, ENT, Neurology,

Developmental Paediatrics, Ophthalmology, Rehabilitation medicine, Neurosurgery,

Immunology, Orthopaedics, Endocrinology, Plastic Surgery and Respiratory
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Medicine. Allied health follow up with speech therapy, physiotherapy, occupational

therapy, social work and clinical psychology was frequently accessed by survivors

with neurological sequelae. Documented audiological testing was available for 116

episodes (69%). Children with hearing deficits were often linked with community

services including Australian Hearing, Teachers of the Deaf and the West Australian

Institute of Deaf Education (WAIDE). Children with cortical vision impairment were

linked with the Association for the Blind of WA. Surgical procedures post discharge

included grommet insertion (26), cochlear implant (10), adenotonsillectomy (4) and

other (22 – including repair of CSF leaks, botox injections, tendon releases and a

lateral rectus repair).

4.4. What changes have occurred in the post vaccination era?

Since the universal introduction of pneumococcal conjugate vaccination in 2005,

there has been a significant reduction in incidence of pneumococcal meningitis and

a significant shift in serotypes with a reduction in 7vPCV serotypes and an increase

in 13vPCV and non-PCV serotypes (p < 0.001).

Despite this, the presenting prodrome, number of reviews prior to diagnosis and

seizure rate during admission remain unchanged in the post vaccination era. There

was no significant difference in the rates of admission to ICU, use of artificial

ventilation or inotropes pre and post 2005 (p=0.204, p=0.741 and p=0.999

respectively). Whilst median duration of ICU stay was less in the post vaccination

era (42.2hrs (IQR 21-166) vs. 24.5hrs (IQR 15-133)), this was not statistically

significant (p=0.316). Duration of ventilation has increased from 65.6 hours (IQR

34.6-137.8) to 105 hours (IQR 51.4-165.3) but was not significant (p= 0.518). The

median duration of hospital admission did not change significantly over the 24-year

period (pre 2005 11.7 days, post 2005 13.7 days (p=0.303)).

There has been a significant increase in the duration of intravenous antibiotic

administration from 10.2 days (1990-2004) to 13.8 days (2005-2013, p=<0.001) and

vancomycin use has increased by over 3 fold. Steroid use has remained stable,

71% versus 77% post 2005 (p=0.452).

Case fatality rates and rates of neurological sequelae have not changed. The case

fatality rate for the 24 years was 9.6%; 10.9% (1990-2000), 5.7% (2001-2004) and

10.3% (2005-2013).
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4.5. Risk factors for poor outcomes

4.5.1. Mortality

There was no significant difference in risk of death between sex, racial group or

year of diagnosis (pre and post 2005) (p values all > 0.05) (Table 6). Regarding risk

factors, prematurity, was not significantly associated with mortality (p=0.925). There

were no deaths in the episodes with CSF breach or immunodeficiency. Steroid

administration was not significantly associated with death (p=0.460). There was no

association between 7vPCV, 13vPCV (-7vPCV) and non-PCV serotypes and

mortality (p=0.230).

Children who were younger at diagnosis, had an increased risk of dying. Sixteen

percent of children diagnosed with pneumococcal meningitis under the age of 12

months died compared with 5% of children diagnosed over 12 months of age.

Children less than 12 months at diagnosis had 3.6 times the odds of dying

compared with those over 12 months (OR 3.6, CI 1.2-10.9 p=0.023).

Seizure, focal neurology or hypotonia at diagnosis were all significantly associated

with mortality. Seventeen percent of episodes with seizure at diagnosis died

compared with only 6% in those without seizure at diagnosis (OR 3.00, 95%CI 1.05-

8.55, p=0.040). Thirty seven percent of episodes with focal neurology at diagnosis

died compared with only 6% in those without (OR 8.95, 95% CI 2.83-28.26,

p=0.001). Episodes presenting with hypotonia were almost 4 times more likely to die

than those presenting without (OR 3.89, 95%CI 1.32-11.42, p=0.013). Twenty two

percent of those with hypotonia at diagnosis died compared with 7% of those

without.

CSF protein level was associated with outcome (p=0.003). CSF protein levels were

classified as <1, 1-3 and >3. Higher CSF protein levels were associated with a

greater risk of severe disease and death. Of those with a CSF protein level <1, 75%

had no sequelae compared with only 34.8% of those with a CSF protein count >3.

Severe neurological outcome and death occurred in 7.1% and 0% respectively of

those with CSF protein <1, versus 43.5% and 13% of those with a count >3.

Episodes admitted to ICU or requiring ventilation or inotropic support were at

greater risk of dying, with odds of 6 times (OR 5.98, 95%CI 1.64-21.88, p=0.007),

20 times (OR 19.74, 95%CI 5.26-74.10 p=<0.001) and 40 times (OR 40, 95%CI

10.90-146.85, p=<0.001) those not requiring these interventions.
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Table 6: Risk factors for mortality in episodes of pneumococcal meningitis

Univariate Multivariate
(adjusted analysis)^

OR (95% CI) P value OR (95% CI) P value

Age <2 years* 9.19 (1.18, 71.48) 0.034

Gender (Female) 1.5 (0.55, 4.21) 0.442

Ab / non-Ab* 1.90 (0.65, 5.59) 0.244

Metro vs Rural
(0=metro, 1=rural)

1.92 (0.69-5.56) 0.210 3.85 (1.10-12.50) 0.035

Prematurity 1.11 (0.13, 9.41) 0.925

CSF leak NA (no deaths) NA

Immunodeficiency NA (no deaths) NA

Not seen at PMH 1.00 (0.27, 3.77) 0.994

Seizure* 3.00 (1.05, 8.55) 0.040
Focal neurology* 8.94 (2.83, 28.26) <0.001 8.33 (2.25, 30.78) 0.001

Irritability* 2.03 (0.67, 6.13) 0.209

Vomiting 0.86 (0.28, 2.61) 0.784

Hypotonia* 3.89 (1.32, 11.42) 0.013

Meningism 1.37 (0.42, 4.47) 0.603

Suspicious prodrome 0.98 (0.29, 3.23) 0.977

Volume resus* 2.11 (0.70, 6.38) 0.186

ICU admission* 5.98 (1.64, 21.88) 0.007 5.10 (1.28, 20.38) 0.021

Ventilation* 19.74 (5.26,
74.10)

<0.001

Inotropes* 40.00 (10.90,
146.85)

<0.001
Therapy < 5 days 2.5 (0.27, 22.86) 0.417

Steroids 1.63 (0.44, 6.02) 0.463

Timely steroid 2.43 (0.44, 13.52) 0.311
*p < .25 – included in initial multivariate model.
^Adjusted for all other variables shown in multivariate model.

Multivariate analysis was performed and indicated that location at diagnosis (OR

3.85, 95%CI 1.10-12.50, p=0.035), focal neurology at presentation (OR 6.13,

95%CI 1.85-20.32, p=0.003) and admission to ICU (OR 4.22, 95%CI 1.10-16.24,

p=0.036) were independently associated with mortality. Those diagnosed in a rural

or remote setting had an almost 4 times increased risk of dying compared with

those diagnosed in a metropolitan centre. Focal neurology at diagnosis was

associated with an 8 times risk of mortality and ICU admission a 5 fold increased

risk of dying. Due to issues with collinearity, ventilatory support and inotrope use

could not be included in the model.
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Table 7: Risk factors for event free survival in pneumococcal meningitis

Univariate Multivariate
(adjusted analysis)^

OR (95% CI) p value OR (95% CI) p value

Age <2 years 0.92 (0.48, 1.75) 0.796

Gender* (Female) 1.87 (0.98, 3.57) 0.057

Ab / non-Ab 0.95 (0.47, 1.95) 0.899
Rural vs Metro
(0=rural, 1=metro) 1.27 (0.67, 2.41) 0.467

Prematurity* 0.32 (0.09, 1.14) 0.079

CSF leak 0.67 (0.23, 1.94) 0.456

Immunodeficiency* 3.81 (0.45, 32.42) 0.221

Not seen at PMH* 1.88 (0.81, 4.35) 0.143

Seizure* 0.34 (0.17, 0.66) 0.001

Focal neurology* 0.34 (0.13, 0.91) 0.032

Irritability 0.72 (0.39, 1.34) 0.296

Vomiting* 1.17 (0.86, 3.36) 0.127

Hypotonia 0.74 (0.34, 1.60) 0.448

Meningism* 1.65 (0.85, 3.21) 0.137

Suspicious prodrome* 1.65 (0.79, 3.47) 0.186

Volume resus 0.96 (0.51, 1.80) 0.893

Icu admission* 0.30 (0.16, 0.57) <0.001 0.21 (0.06, 0.76) 0.017

Ventilation* 0.13 (0.06, 0.30) <0.001

Inotropes* 0.19 (0.06, 0.61) 0.005
Steroids 1.33 (0.67, 2.64) 0.407

Timely steroid* 2.27 (0.67, 7.75) 0.189 3.09 (0.82, 11.61) 0.094
*p < .25 – included in initial multivariate model.
^Adjusted for all other variables shown in multivariate model.

4.5.2. Event free survival

There was no significant difference in event free survival between age at diagnosis,

sex, racial group, metropolitan versus rural diagnosis, or pre versus post 2005 (p

values all >0.05). Univariate analysis revealed a significant association between

event free survival and the absence of focal neurology or seizure at diagnosis, and

not requiring ICU admission, ventilation or inotrope use (Table 7).

On multivariate analysis, ICU admission was inversely related to event free survival.

Those requiring admission to ICU were 5 times less likely to have an event free

survival (OR 0.21, 95%CI 0.06-0.76, p=0.017). The use of timely steroids was

retained in the model, even though it did not reach statistical significance, as its
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inclusion altered the odds ratio for ICU admission by 29% and can therefore be

considered a confounder. Episodes receiving timely steroid were 3 times more likely

to have an event free survival (OR 3.09, 95%CI 0.82-11.61, p=0.094).

4.5.3. Neurological sequelae

The rates of both mild and severe neurological sequelae have remained stable over

the 24 year period with those diagnosed under the age of 12 months having twice

the odds of severe neurological sequelae or death (OR 2.00; 95%CI 1.01-4.00

p=0.048) compared with a those over 12 months. Rates of hearing loss remain

unchanged at 30%, with aboriginal children have 3.3 times the odds of developing

hearing loss compared with non-Aboriginal children (OR 3.3 CI 1.3-8.4 p=0.010).

4.6. Discussion

Pneumococcal meningitis continues to be associated with high rates of morbidity

and mortality in the post vaccination era, however since the introduction of

pneumococcal conjugate vaccination, there has been a significant reduction in the

incidence of disease. The introduction of PCV to the immunization schedule for

Western Australian children, has resulted in a reduction in 7vPCV serotypes and an

increase in 13vPCV and non-PCV serotypes due to serotype replacement, a finding

consistent with studies across the globe. Further details on incidence and serotype

changes can be found in the epidemiology chapter (Chapter 3).

Pneumococcal meningitis is frequently difficult to diagnose owing to the non-specific

nature of prodromal symptoms. This often results in a delay in diagnosis and

contributes to the difficulty in establishing effective awareness campaigns. An Italian

study on bacterial meningitis in children found that patients with pneumococcal

meningitis had a significantly longer interval between onset of symptoms and

hospital admission compared with other forms of bacterial meningitis (Ciofi degli Atti

et al., 2014). Most children require multiple medical reviews prior to diagnosis, and

this is greater in those who have received prior oral antibiotics. The length of time

between symptom onset and diagnosis was also longer in those who had received

oral antibiotics by a median of 1 day.

In this study, blood cultures were negative in a quarter of cases highlighting the

importance of also collecting a CSF sample (preferably prior to antibiotic

administration when safe to do so), as CSF cultures are more likely to be positive

and provide antibiotic sensitivity data (Brouwer et al., 2010)PCR on CSF has greatly

increased the yield of positive CSF results and detection of S. pneumoniae,
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especially if antibiotics have been administered prior to collection. This is consistent

with studies on the use of multiplex real time PCR which conclude PCR provides

increased sensitivity and facilitates diagnosis particularly in cases where antibiotics

have been administered prior to CSF collection (Abdeldaim et al., 2010, Wu et al.,

2013).

Over the past 20 years, changing resistance patterns of S. pneumoniae have

resulted in changes to the empiric approach and treatment of pneumococcal

meningitis with the combination of a third generation cephalosporin and vancomycin

being recommended for children over 1 month of age (Kaplan, 2002). Vancomycin

use increased significantly over the 24-year period in line with current management

guidelines (Antibiotic Reference Group, 2014). Of those with known antibiotic

sensitivities (90%), 4 cases were either intermediately resistant or resistant to third

generation cephalosporins (4/147, 2.7%). Empirical vancomycin use is

recommended to provide cover for the almost 3% of episodes that would not be

adequately covered by a third generation cephalosporins. Levy found the rate of

strains with decreased susceptibility to third generation cephalosporins (MIC <0.5)

in the 13vPCV era decreased from 31% to 7%, with no resistant strains since 2010

(Levy et al., 2014a).  Whilst international studies have started noticing a reduction in

antibiotic resistance following use of higher valency pneumococcal conjugate

vaccines, the empiric approach to the immunized child with suspected bacterial

meningitis currently remains unchanged.

Approximately 75% of episodes received steroids, however only 30% were given

within the recommended time frame, rates that have remained unchanged over the

study period. Episodes receiving timely steroid were 3 times more likely to have an

event free survival (OR 3.09, 95%CI 0.82-11.61, p=0.094). Whilst this did not reach

statistical significance it is an interesting finding that warrants further review and has

the potential to influence recommendations for timely steroids in children with

suspected pneumococcal meningitis. We did not find a statistically significant

difference in hearing loss between the steroid and no steroid group. Poor

compliance with recommendation for steroid use in bacterial meningitis in children

has been noted in other studies, including a Italian study where only two thirds of

children received corticosteroids with around 40% receiving the dose within 1 hour

of antibiotic treatment (Ciofi degli Atti et al., 2014). A large French study found

corticosteroids were given in 54.4% of cases, with only 32% starting before

antibiotic treatment (Levy et al., 2014a). Conflicting evidence about the benefits of

corticosteroids in children with bacterial meningitis, particularly non-Haemophilus
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spp bacterial meningitis, has likely contributed to poor adherence to treatment

recommendations (Esposito et al., 2012).

Whilst the overall incidence of pneumococcal meningitis has significantly reduced,

the clinical presentation and severity has not changed since the introduction of

pneumococcal conjugate vaccines. As noted in other studies (Olarte et al., 2015)

there have been no significant changes in the duration of hospital stay, intensive

care unit admission, artificial ventilation or inotrope use over the 24-year period,

highlighting the lack of effect of the vaccination on the severity of disease. Seizure

rates have remained stable, occur in about half and almost always occur early

(within 72 hours of admission), highlighting the low likelihood of a child developing

seizures after 72 hours of admission.

Case fatality rates remain unchanged at around 10% (consistent with international

data 7.7-13.6%) (Arditi et al., 1998, Gil Prieto et al., 2009, Ladhani et al., 2013, Levy

et al., 2014a, Stockmann et al., 2013), with most deaths occurring in the acute

phase of illness. Children who were younger at diagnosis were more likely to

develop severe neurological sequelae or die. Those with seizures, focal neurology,

hypotonia and high CSF protein levels at diagnosis and episodes requiring ICU

admission, ventilation or inotrope use, had a greater risk of dying. Multivariate

analysis indicated those diagnosed in a rural or remote setting had an almost 4

times risk of dying and confirmed focal neurology at presentation and ICU

admission were independently associated with mortality. Bingen et al found similar

risk factors for mortality including cerebrospinal fluid protein level, artificial

ventilation and seizures, as well as cerebrospinal fluid white cell count, shock and

coma (Bingen et al., 2008). Knowledge of risk factors for more severe disease and

mortality is important for counselling parents and families.

4.7. Conclusion

There has been a significant reduction in the incidence of pneumococcal meningitis

in Western Australian children since the introduction of pneumococcal conjugate

vaccines, however severity and mortality remain unchanged in the era of PCV.

Children diagnosed in rural settings, those with seizures, focal neurology, hypotonia

or high CSF protein levels at diagnosis and those requiring ICU admission, artificial

ventilation or inotrope use had worse outcomes. Rates of hearing loss remain high

and are worse in Aboriginal children. Persisting high rates of neurological sequelae

highlight the importance of long-term neurodevelopmental and audiological follow

up of children with pneumococcal meningitis. Ongoing population-based
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epidemiology, clinical and outcome data are essential to guide appropriate and

effective treatment strategies and vaccination programs.
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CHAPTER FIVE: DISCUSSION

5.1. Introduction

Invasive pneumococcal disease and pneumococcal meningitis continue to cause

significant morbidity and mortality in the post conjugate vaccination era. In 2005, the

WHO estimated IPD contributed to around 800,000 deaths per year globally in

children less than 5 years of age (WHO, 2007). Pneumococcal meningitis

predominantly affects infants, the elderly and indigenous populations.

This research, investigating all cases of pneumococcal meningitis diagnosed in

Western Australian children between 1990 through 2013, is the first Australian

population-based study exploring epidemiological, microbiological and clinical

changes in pneumococcal meningitis in the pre and post-vaccination eras. Western

Australia is unique as the country’s largest state at 2.6million km squared, with only

one tertiary paediatric hospital, Princess Margaret Hospital, located in the far south

west of the state, thousands of kilometres from the many rural and remote

communities located inland and in the north of the state. These rural and remote

communities often have significant indigenous populations with higher rates of

invasive pneumococcal disease, posing unique challenges in prevention strategies

and management of pneumococcal meningitis.

The highest reported incidence rates of invasive pneumococcal disease in the pre

vaccination era was in central Australian Aboriginal populations with an incidence in

the 1980’s in the under 2 year age group of 2052.7 per 100,000, with pneumococcal

meningitis rates of 100.5 per 100, 000. Enhanced Australia wide surveillance of IPD

in 2005 revealed rates in Aboriginal children less than 2 years of 94 per 100,000

(Roche et al., 2008). This fell to 73 per 100,000 in 2006 following introduction of

widespread pneumococcal conjugate vaccination. In non-indigenous children in the

same age group, rates fell from 28.7 cases per 100,000 to 21 cases per 100,000

population. The overall rate of IPD in Aboriginal Australians was 4.3 times the rate

in non-Aboriginal Australians (Roche et al., 2008). In Western Australia, between

1997–2007, IPD was almost 7 times higher in the Aboriginal population (47 versus 7

cases per 100,000 population) (Lehmann et al., 2010). Australia wide surveillance

of IPD has revealed a decline in invasive pneumococcal disease and pneumococcal

meningitis since the introduction of widespread pneumococcal conjugate

vaccination to all Australian children in 2005 (de Kluyver et al., 2014).
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5.2. Epidemiology

This research, consistent with findings across the globe, demonstrated a significant

reduction in the incidence of pneumococcal meningitis in WA children, most

noticeably in the under 2-year age group and in Aboriginal children, with 67% and

79% reduction in incidence respectively. A significant reduction in racial disparities

was also noted following universal pneumococcal vaccination with Aboriginal

children having rates of pneumococcal meningitis 8 times those of non-Aboriginal

children in the pre vaccination, falling to only 3 times in the post-vaccination era.

These findings are consistent with studies from the USA in other high-risk minority

populations (Flannery et al., 2004, Nuorti et al., 2010, Talbot et al., 2004).

Pneumococcal meningitis predominantly affects infants however this study revealed

a trend towards children being diagnosed at an older age in the post-vaccination

era. The incidence rate ratio (IRR) in those less than 12 months comparing pre and

post 2001 was 0.36 (95%CI 0.21-0.61, p=0.0001) revealing a 64% reduction in

incidence. This is compared to an IRR in those older than 12 months (pre and post

2001) of 0.81 (95%CI 0.53-1.22, p=0.284) giving only a 19% reduction in incidence.

Similarly, the incidence rate ratio (IRR) in those less than 12 months comparing pre

and post 2005 was 0.31 (95%CI 0.16-0.58, p=0.0002) revealing a 69% reduction in

incidence. This is compared to an IRR in those older than 12 months (pre and post

2005) of 0.53 (95%CI 0.33-0.84, p=0.005) giving only a 47% reduction in incidence.

This observation may be related to a lag in vaccination programs for older children

who remain at risk for longer, disease due to non-vaccine serotypes that are less

commonly circulating in the community, children with comorbidities

(immunodeficiencies or cerebrospinal fluid breaches) being at ongoing risk with

pneumococcal meningitis into older childhood or persistent pneumococcal

colonization in older children due to potential differences in direct and indirect

protection observed within different age groups.

Unlike in the US, UK and most western European nations where a booster dose is

given around 12 months (Whitney et al., 2014), this is only available to Aboriginal or

high risk children in Australia. In Australia, a 3+0 (3 primary and 0 booster doses)

schedule (or 3+1 in Aboriginal children and children at high risk of IPD) is used

(ATAGI, 2008). Children receive the vaccination at 2, 4 and 6 months with an

additional booster dose provided only to those at high risk between 12 and 18

months of age. This differs to the schedules in other developing countries where

booster doses are given, such as the USA where a 3+1 (3 primary and 1 booster
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dose) schedule is used in all children and the UK and Europe (France, Germany,

Iceland) where 2+1 schedules are used with the doses given at 2 (or 3) months, 4

(or 5) months and a third dose between 11 – 14 months (Whitney et al., 2014). In

the developing world, 3+0 schedules are recommended, as the burden of disease

occurs at a very young age (< 6months) making early immunization critical, as well

as the additional challenges associated with children accessing vaccinations later in

infancy (WHO, 2012).

There are very few studies that compare vaccination schedules, and most focus on

immunogenicity rather than prevention of clinical disease. The studies that have

been conducted conclude that 3 primary doses lead to a better immune response

and reduced colonization compared with a 2 primary dose series, but that the

immunological benefits almost disappeared following a booster dose around 12

months of age (Whitney et al., 2014). An immunogenicity study in the USA

assessed immune responses after 3 primary doses and 3 primary plus a booster

dose at 12-15 months of 13vPCV. Responses to serotypes 6B, 9V and 3 did not

meet the pre-specified primary endpoint criterion (GMC >0.35mcg/ml) after 3

primary doses. This corrected for 6B and 9V after the booster dose (Pekka Nuorti et

al). Higher antibody levels have been found following a booster dose compared with

a primary series. Deloria et al found that following a third dose of pneumococcal

conjugate vaccine, a higher antibody response was obtained in those given a 2+1

compared with a 3+0 schedule (Deloria et al., 2014).

Few studies have compared vaccination schedules on prevention of clinical

disease, however, a case control study on IPD following 7vPCV vaccination in the

USA, found 3 infant doses with a booster was significantly more protective against

IPD than three primary doses alone (Whitney et al., 2006). Duration of protection

and concerns around a resurgence in disease in older children and adults (as

occurred following introduction of the 3+0 Hib vaccine schedule) following a 3

primary dose schedule has also been raised as a concern in the literature,

particularly for serotypes 1, 3 and 5 as these tend to cause disease in older

children. Studies have shown that all schedules, 3+0, 3+1 and 2+1 are protective

against carriage and clinical disease however further studies are required to

determine comparative efficacy of each schedule. Ongoing disease burden

(particularly in older children) and infrequent but ongoing episodes of vaccine

failures with the 3+0 schedule should prompt a review of the potential benefit of an

infant booster dose to all Australian children (de Kluyver et al., 2016, Toms et al.,

2016,).
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5.3. Microbiology

Following 7vPCV introduction, our study found a significant 88% reduction in 7vPCV

serotypes causing pneumococcal meningitis. However, replacement disease, as

has been noted globally, soon became evident with an increase in both 13vPCV

(predominantly 19A) and non-PCV serotypes (Imohl et al., 2015). With the

commencement of 13vPCV vaccination in 2011, the incidence of 13vPCV serotypes

returned to pre-7vPCV vaccination levels but non-PCV serotypes continue to be

prominent with an almost 3 fold increase in disease caused by these serotypes

compared with the pre-vaccination era. The racial discrepancies in serotypes, with

7vPCV serotypes occurring more frequently in the non-Aboriginal population, are no

longer significant in the post vaccination era. Serotype replacement is only an issue

if the replacement serotypes are capable of causing invasive disease.

Nasopharyngeal carriage studies in Iceland have revealed total carriage rates in

daycare children 5 years post PCV introduction have remained stable despite a

reduction in vaccine serotypes, suggesting the replacement serotypes may have

less invasive potential (Sigurdsson et al., 2016). However the invasive potential of

these serotypes may change with time, highlighting the importance of ongoing

serotype monitoring. Our study found the following non-PCV serotypes had invasive

potential resulting in two thirds of cases of pneumococcal meningitis post 13vPCV;

15B/C, 22F, 23B and 35B. These potentially invasive non-PCV serotypes, as well

as 12F, 24F and 33F have also been noted to be increasing in prevalence in

children in Europe and the USA (Imohl et al., 2015, Levy et al., 2014b, Olarte et al.,

2015). Ongoing Australia wide serotype surveillance through nasopharyngeal

carriage studies and monitoring of serotypes causing clinical disease, is essential

for the early identification of serotype replacement and in guiding development of

future vaccination strategies.

In assessing the impact of vaccination, it is crucial to identify vaccine failures. In our

study, there were only two episodes of pneumococcal meningitis due to vaccine

failures; serotype 6B and 19F. These serotypes have been identified in the UK and

Europe as being the predominant serotypes responsible for vaccine failure. This is

thought to be due to lower antibody responses to primary vaccination (serotype 6B)

and failure to eradicate from the nasopharyngeal microbiome (serotype 19F)

(Cohen et al., 2010, Godot et al., 2015). Adequate antibody levels for serotype 6B

are only achieved following a booster dose (Godot et al., 2015). Given Australia’s

unique 3+0 schedule without a booster dose in the 2nd year of life, ongoing

monitoring for vaccine failures is essential.



59

The apparent increase in penicillin resistance in our study can be attributed to the

change in MIC breakpoints that occurred in 2008. If the original MIC breakpoints are

applied across the study, there was no significant change in penicillin resistance

over the 24-year period. The relatively stable rates of penicillin resistance have

been noted globally. This is thought to be due to both a reduction in 7vPCV

serotypes that were responsible for the majority of penicillin resistance (6B, 9V, 14,

19F and 23F) and an increase in serotype 19A (as a result of serotype

replacement), now responsible for the majority of penicillin resistance (Nuorti et al.,

2010). In our study, serotype 19A accounted for over half of the resistant isolates

post 2005. Serotype 35B was the only non-vaccine serotype in the post 7vPCV

period with documented penicillin resistance in our study. However, Europe and the

UK have recently noted an increase in previously rare serotypes 15A/B, 23B and

35B which have been associated with penicillin non-susceptibility (Hampton et al.,

2012, Tomczyk et al., 2016, Varon et al., 2015). Given there is probably a 2-3 year

lag in serotype replacement, and that new predominant strains have the potential to

develop resistance, ongoing monitoring for changes in antibiotic resistance is

required and judicial antibiotic use essential.

5.4. Clinical Features and Management

Predisposing medical conditions were present in a third of patients in our study.

Cerebrospinal fluid breach and congenital or acquired immunodeficiency place

children at significantly higher risk of developing pneumococcal meningitis. These

children are significantly older at diagnosis and are more likely to have a recurrent

episode. These findings are consistent with those of other studies on pneumococcal

meningitis in children (CDC, 2000, Levy et al., 2014a, Reefhuis et al., 2003).

Children diagnosed with pneumococcal meningitis at an older age, particularly over

2 years, and those with recurrent episodes, should prompt thorough evaluation for

an underlying predisposing comorbidity.

Pneumococcal meningitis often presents with a non-specific prodrome, contributing

to difficulties and delays in diagnosis and management.  Multiple medical reviews

may be required before the correct diagnosis is made and this is further complicated

in children who have received prior oral antibiotic therapy. The presenting prodrome

has not changed in the post vaccination era. A study in the US found that children

with pneumococcal meningitis had a significantly longer interval between symptom

onset (fever) and hospital admission compared with meningitis caused by other

pathogens (Bonsu et al., 2001). The non-specific nature of the presenting illness
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also contributes to a difficulty in developing effective awareness and prevention

programs. Clinicians must be vigilant and have a low threshold for considering

pneumococcal meningitis in unwell, irritable or lethargic, febrile infants.

Despite universal infant vaccination, as noted in other studies (Olarte et al., 2015)

our study found no significant difference in total duration of hospital stay, ICU

admission rates or length of stay, artificial ventilation or inotrope use or duration.

Seizure rates have not decreased, occurring in half and almost always (97%) early,

within 3 days of admission. Severity of disease and the need for intensive

management and intervention has not changed in the post vaccination era.

Our study revealed a significant change in antibiotic management over the 24-year

period. A third generation cephalosporin was used in all but one episode, however

vancomycin use significantly increased in the last decade. This occurred in line with

changing pneumococcal resistance patterns globally toward the end of the 20th

century and the empiric recommendation to use a third generation cephalosporin

and vancomycin in children over 1 month of age (Kaplan, 2002). In this study, only

3% of episodes were caused by isolates classified as intermediately resistant or

resistant to cephalosporins and this has remained stable over the 24 years.

International studies have found a reduction in third generation cephalosporin

resistance since the introduction of PVC13 (Levy et al., 2014a). In Western

Australia the empiric approach to the immunized child with suspected bacterial

meningitis (Antibiotic Reference Group, 2014) currently remains unchanged but

monitoring of antibiotic resistance is crucial to ensure the most appropriate

antimicrobial therapy is instituted in the future.

Steroids were used in 75% of episodes in our study, however were only given in a

timely manner (15 minutes before to 1 hour after antibiotics) in a third of cases

(NICE, 2010, RCH, 2012). No change in steroid use was noted in the post

vaccination era. Rates of hearing loss also remained stable at 30% over the 24-year

period with no difference detected between those that received steroids and those

that did not. Poor adherence to treatment recommendations has been noted in

other international studies with rates of steroid use at 54-82% and timely steroids at

32-59% (Ciofi degli Atti et al., 2014, Levy et al., 2014a) and is likely due to the

conflicting evidence around the benefits of corticosteroids in children with non-

Haemophilus spp bacterial meningitis. A recent review by Esposito et al, examined

the use of dexamethasone in bacterial meningitis in developed countries and

concluded benefit in preventing hearing loss in Hib meningitis (if administered
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before or with the first does of antibiotics), but no effect in meningococcal meningitis

(Esposito et al., 2013). Its use in pneumococcal meningitis was less clear with

conflicting results on hearing loss (Kanra et al., 1995, McIntyre et al., 2005).

Hearing loss occurs in 30-50% of child survivors of pneumococcal meningitis, a

higher rate than in meningitis caused by other pathogens. Steroids may be less

beneficial secondary to children presenting with more advanced infection (resulting

in a greater delay between onset of infection and initiation of antibiotic and steroid

treatment), and in a poorer clinical condition with pneumococcal meningitis

(Esposito et al., 2013). Bonsu et al showed that young children with pneumococcal

meningitis have a longer duration of fever prior to presentation compared to children

with other bacterial causes of meningitis. This was statistically significant when

compared with H. influenzae type B (odds ratio: 2.9; P = .008) (Bonsu et al., 2001).

There is also a thought that the longer duration of illness before presentation

associated with pneumococcal meningitis allows the cascade of events triggered by

the pathogen to progress further which may diminish the effectiveness of

corticosteroids (Yogev et al., 2010). In addition, animal studies have shown

dexamethasone substantially reduced the penetration of vancomycin into the CSF

and therefore may be unfavourable in cephalosporin resistant pneumococcal

meningitis (Paris et al., 1994). Dexamethasone needs further evaluation in children

with pneumococcal meningitis.

Specimen collection is essential for identifying the pathogen and confirming

antimicrobial susceptibilities. Our study found blood cultures were negative in a

quarter of episodes, highlighting the importance of obtaining cerebrospinal fluid,

preferably prior to the commencement of antimicrobial therapy (when safe to do so).

The use of PCR on CSF specimens has increased over the last decade and has

improved the yield of positive CSF results and identification of Streptococcal

pneumoniae, particularly when antimicrobials have been administered prior to

obtaining the CSF specimen. PCR provides increased sensitivity facilitating

diagnosis, and should be requested on CSF specimens, especially when antibiotics

have been given prior (Abdeldaim et al., 2010, Wu et al., 2013).

5.5. Outcome and Predictors of Poor Prognosis

Rates of event free survival, neurological sequelae and mortality have not changed

in the post vaccination era. Two thirds of episodes had no deficit and this was more

likely in those with no focal neurology or seizures at diagnosis, and in those not

requiring admission to ICU, artificial ventilation or inotropes. Interestingly, there was
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a trend toward those receiving timely steroids having a greater chance of event free

survival however this was not significant and further studies are needed to

investigate the effect of timely steroids in children with pneumococcal meningitis. A

subgroup analysis of a Cochrane review on bacterial meningitis (25 studies

involving both adults and children) showed a small reduction in mortality in patients

with pneumococcal meningitis, however this benefit did not remain when a random-

effects model was used (Brouwer et al., 2015). A further large multicenter European

randomized control trial in adults showed a significant reduction in unfavourable

outcome (RR 0.59) and death (RR 0.48) in patients treated with dexamethasone,

most noticeable for patients with pneumococcal meningitis (de Gans et al., 2002).

Around one third of children developed neurological sequelae in this study, with half

of these being severe, and the latter being more common in children diagnosed

under the age of 12 months. This is consistent with the findings of other studies that

report rates of neurological deficits in survivors of 25-63% (Arditi et al., 1998,

Kornelisse et al., 1995, Stockmann et al., 2013). Sensorineural hearing loss was

present in a third of cases and over 3 times more common in Aboriginal children. A

quarter were identified as having speech difficulties. Neurological sequelae may be

underreported given the complexities around follow up of children from rural and

remote areas. Deficits in hearing, language and cognition may not be apparent in

the acute phase of the illness. Given neurological deficits including hearing loss

may evolve over time, long term audiological (for 2 years) (de Barros et al., 2014)

and developmental follow up of these children, with repeated assessments, is

necessary to identify any sequelae and provide appropriate care and support.

Mortality rates remain high in the post vaccination era with an unchanged case

fatality rate of around 10%, consistent with international data ranging from 7.7-

13.6% (Arditi et al, 1998, Gil Prieto et al., 2009, Ladhani et al., 2013, Levy et al.,

2014a, Stockmann et al., 2013). Absolute deaths have declined in line with reducing

disease incidence. Risk factors for poor outcome and mortality included being

younger at diagnosis (<2 years), having focal neurology, seizure activity, hypotonia

or a high CSF protein level at diagnosis or requiring ICU admission, artificial

ventilation or inotrope use. Multivariate analysis confirmed focal neurology at

presentation and ICU admission were independently associated with mortality.

Interestingly, multivariate analysis also revealed those diagnosed in a rural or

remote setting had an almost 4 times risk of dying, highlighting the difficulties in

managing children with pneumococcal meningitis in a state the size of Western

Australia, where the only tertiary paediatric hospital is located in the far south west
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of the state, thousands of kilometres from many of these rural and remote

communities. Knowledge of risk factors in our setting is important in providing

information and support to families as well as counselling around disease prognosis

and potential outcomes.

5.6. Conclusion

Pneumococcal meningitis remains a severe disease causing a significant amount of

morbidity and mortality globally. Pneumococcal conjugate vaccinations have

become available in the 21st century and have resulted in a significant reduction in

disease incidence and racial discrepancy, as noted in our study of Western

Australian children over the last 24 years. Unfortunately, the impact of vaccination

to date has not been on disease severity and mortality in those cases that still

occur, with neurological sequelae and case fatality rates remaining unchanged.

Diagnosis remains difficult with multiple medical presentations common before

diagnosis, highlighting the need for awareness of the early symptoms of this serious

but rare illness.

A significant reduction in vaccine serotypes has occurred, but in line with this, an

increase in non-PCV serotypes has been noted through a phenomenon known as

serotype replacement. Whilst many of these replacement serotypes appear more

benign, some are showing evidence of increased invasive potential and

antimicrobial resistance. Vigilant monitoring of serotypes through nasopharyngeal

carriage and clinical disease studies is essential to identify these changes early.

New vaccines and novel vaccination strategies need to be prioritised beyond simply

increasing capsular serotypes.

This study revealed a trend towards children being diagnosed at an older age in the

post-vaccination era and raises the question of whether a booster does of 13vPCV

between 15 and 18 months should be considered for all Australian children, not just

those at high risk.

Regarding management, PCR should be requested on CSF samples as this has

been shown to increase the yield of positive CSF results and increase sensitivity,

particularly in cases where prior antibiotics have been given. Given only 3% of

cases had isolates intermediately resistant or resistant to third generation

cephalosporins, judicious use of antimicrobials must occur through monitoring of

changes in antimicrobial resistance and adapting empiric antibiotic

recommendations accordingly. If antibiotic resistant rates fall with the ongoing use
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of higher valency pneumococcal conjugate vaccinations, the use of vancomycin as

per the empiric antibiotic recommendations needs to be questioned. The trend

toward those receiving timely steroids having a greater chance of event free

survival, whilst not significant was nevertheless interesting and warrants further

review. Research on the use of appropriately timed steroids (given before or with

the first does of antibiotic) in children with pneumococcal meningitis is required to

confirm any benefits on preventing sensorineural hearing loss and overall outcome.

Contradictory evidence is currently resulting in poor adherence to current

recommendations.  Despite the reduction in disease incidence, high rates of

morbidity, neurological sequelae and mortality still occur with pneumococcal

meningitis in the PCV era. Long-term neurodevelopmental and audiological follow

up is essential to identify and appropriately manage any deficits and to provide

these children with the intervention required to optimize their outcome.
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