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PREFACE 

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

for the Degree of Doctor of Philosophy to present their thesis as a series of papers, which 

have been published in peer-reviewed journals or manuscripts that have been 

submitted for publication but not yet accepted. 

 

Following a review of current knowledge, this thesis presents a series of published 

papers and accepted manuscripts focusing on the prevention of childhood influenza-

associated morbidity through vaccination. Each manuscript is presented as a separate 

chapter and is presented with original headings, text, figures and tables. Each chapter 

answers critical knowledge gaps that are immediately relevant for state, national and 

international immunisation policy and practice. Following these papers, a general 

discussion is presented highlighting ongoing research priorities.  Copies of the published 

and accepted manuscripts are included as appendices. 
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SUMMARY 

Influenza virus infections remain a major contributor to the global burden of acute 

respiratory disease. Young children, the elderly and others with underlying medical 

conditions are at greatest risk of hospitalisation, morbidity and death. The direct and 

indirect costs associated with influenza are substantial. 

 

Influenza vaccination has been recommended since 2008 for all children aged six to 59 

months in Western Australia (WA). In addition, influenza vaccination is recommended 

in older children with risk factors for severe disease. The primary aim of this PhD thesis 

was to determine the effectiveness of inactivated trivalent influenza vaccine in West 

Australian children. This thesis presents results from three observational studies: the 

first enrolled children prospectively with influenza-like illness presenting to the sole 

tertiary paediatric hospital in Western Australia. The second retrospectively examined 

children admitted to the same hospital with laboratory-proven influenza and compared 

these children to matched influenza-test negative controls. The third was a multi-

centred national prospective study enrolling children admitted to paediatric and general 

hospitals with laboratory-proven influenza and contemporaneous test-negative 

controls. In addition, research is undertaken to:  a) investigate the effectiveness of TIV 

in children with predisposing conditions placing them at increased risk of severe 

influenza infection,  b) investigate vaccine uptake in children with and without risk 

factors for severe influenza infection and c) identify patient and parental factors which 

influence uptake and acceptance of influenza vaccination.  
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The adjusted vaccine effectiveness (VE) of TIV against medically-attended, laboratory-

confirmed influenza in children aged six to 59 months presenting to a single tertiary 

paediatric hospital emergency department (2008-2014) was 70.0% (95%CI: 47.7, 82.9). 

VE estimates for children with medical comorbidities, children born preterm, and 

children <2 years of age were 82.5% (95%CI: 14.6, 96.4), 79.2% (95%CI: 10.9, 95.1) and 

84.7% (95%CI: 49.6, 95.3) respectively.  The adjusted VE of one or more doses of TIV 

against influenza-associated hospitalisation in children <16 years admitted to seven 

specialist paediatric or general hospitals in 2014 was 55.5% (95%CI: 11.6%, 77.6%). A 

similar adjusted VE of TIV against influenza-associated hospitalisation in children < 18 

years admitted to a single tertiary paediatric hospital in 2008, 2010-2013 was 62.3% 

(95% CI: -6.6%, 86.7%). 

 

Uptake of TIV has varied significantly since introduction: it is estimated that 41.7% of 

children were fully vaccinated in 2008-2009. This is compared with 7.1% in 2010-2014. 

Following the adverse events observed in 2010 with bioCSL’s FluVax®, vaccine uptake 

fell significantly in those with and without risk factors for severe disease. From 2010 

onwards, parents were less concerned about severe influenza, but more concerned 

about vaccine efficacy and safety. Parental attitudes towards vaccine safety and efficacy 

were the most important factor impacting on vaccine uptake. Parents less frequently 

sought the opinion of vaccine providers; those parents who did seek an opinion, 

reported general practitioners less frequently recommended influenza vaccine after 

2010. 
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Research presented in this thesis demonstrates the effectiveness of TIV in young 

children with and without risk factors is similar to that observed in older children and 

adults. TIV uptake remains poor in children in Western Australia following adverse 

events in 2010. As a result, the full benefits of influenza vaccination are not being 

achieved. Parental attitudes towards vaccine safety and efficacy appear to be the most 

important factor influencing uptake.  

 

Ongoing research priorities include an evaluation of the cost-effectiveness of a 

paediatric or universal influenza vaccine program in the Australian context. With the 

introduction of quadrivalent influenza vaccines in Australia in 2015 and proposed 

introduction of live-attenuated vaccines, ongoing evaluation of effectiveness and safety 

is required. Provider attitudes must be surveyed to better understand the barriers 

limiting vaccine uptake and additional programs to improve uptake in Western Australia 

must be developed so that the full benefit of influenza vaccination can be reached. Data 

presented in this thesis and by others demonstrate that the effectiveness of current 

influenza vaccines is moderate and highly variable. We must prioritise the development 

of the next generation of influenza vaccines that provide increased breadth and duration 

of protection if we are to have a significant impact on influenza-associated morbidity 

and mortality in all populations. 
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CHAPTER ONE: INTRODUCTION 

“Each year enormous effort goes into producing influenza vaccines for that 

specific year and delivering them to appropriate sections of the population. 

Is this effort justified?” 

       Influenza vaccination: policy versus evidence  

Tom Jefferson (Jefferson, 2006) 

 

It is nearly a century since the 1918-1919 influenza pandemic devastated a global 

population recovering from the Great War of 1914-1918. Estimates of the total number 

of deaths vary significantly but more than 50 million people are thought to have 

succumbed to influenza or its secondary complications (Johnson and Mueller, 2002). 

Since that time, health professionals and policy makers have been acutely aware of the 

potential for influenza to cause significant morbidity and mortality. One hundred years 

later, influenza still remains the most frequently diagnosed vaccine preventable disease 

in Australia  (NNSSD 2015, Osterholm et al., 2012a). 

 

Since the first population-scale use of an influenza vaccine, administered to military 

personnel in 1945, vaccination has become the most effective  strategy for preventing 

influenza virus infection (Meiklejon, 1994, Osterholm et al., 2012a).  In response to the 

substantial morbidity and mortality observed during the 1957-1958 pandemic, annual 

influenza vaccination for those at greatest risk of severe diseases was recommended in 

1960 by the US Surgeon General (Burney, 1960). Those deemed to be at greatest risk at 

that time included patients with chronic debilitating disease, people aged 65 years or 

older and pregnant women. Other countries, including Australia, have subsequently 

recommended influenza vaccine for adults and children deemed to be at greatest risk of 

complications following influenza infection. 
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The burden and severity of influenza and other respiratory viral infections in young 

children has been frequently underestimated (Poehling et al., 2006). Recent evidence 

has demonstrated that young children have the highest rate of laboratory-proven 

influenza and influenza-associated hospitalisation with the risk increasing with 

decreasing age (Chiu et al., 2010). As a result, a number of countries including the United 

States of America, Canada and more recently the United Kingdom have recommended 

and funded influenza immunisation programs for healthy young children.   

 

Following the deaths in 2007 of three children in Western Australia (WA) from influenza, 

the WA Department of Health commenced a state-funded preschool influenza 

vaccination program recommending trivalent influenza vaccine (TIV) for all children 

aged six to 59 months (WA-DOH, 2007). To evaluate the program, the West Australian 

Influenza Vaccine Effectiveness (WAIVE) study was established in 2008. The WA state 

program was in addition to a national program recommending influenza immunisation 

for children from 6 months with medical conditions predisposing to severe influenza 

(ATAGI, 2008, ATAGI, 2013). 

 

The influenza vaccination program has faced a number of challenges since 2008. 

Following the detection and rapid spread of pandemic A(H1N1)pdm09 influenza from 

North America to Australia in May 2009 (Blyth et al., 2010, Dawood et al., 2009), the 

effectiveness of the mismatched seasonal TIV was compromised. The monovalent 

pandemic influenza vaccine was not available until after the 2009 winter influenza 

season, significantly reducing the impact of the vaccine. 
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In April 2010, seven weeks after the release of the seasonal influenza vaccine, the 

program was suspended for young children in Western Australia and subsequently 

Australia wide. An increased rate of severe febrile reactions including febrile convulsions 

were identified in children receiving one brand of TIV: bioCSL’s Fluvax® or Fluvax® Junior 

(Armstrong et al., 2011, Blyth et al., 2011a, Horvath, 2011). Of hundreds of children 

presenting to medical attention with vaccine-associated febrile adverse events in 

Western Australia, one child sustained a severe neurological injury and has been left 

permanently disabled. Following a national investigation, bioCSL’s Fluvax® or Fluvax® 

Junior has not been recommended for use in children < 5 years and only recommended 

for children aged five to nine years if an alternate product is unavailable (ATAGI, 2013). 

TIV produced by other vaccine companies in 2010 were proven to be safe and these 

alternative brands have been recommended for use in young children since 2011 

(ATAGI, 2013, Horvath, 2011). 

 

The primary aim of this PhD thesis was to determine the effectiveness of inactivated 

trivalent influenza vaccine in West Australian children. The secondary aims were to: a) 

investigate the effectiveness of TIV in children with predisposing conditions placing 

them at increased risk of severe influenza infection, b) investigate vaccine uptake in 

children with and without risk factors for severe influenza infection and c) identify 

patient and parental factors which influencing vaccine uptake and acceptance.  

 

Research included in this PhD thesis forms part of a broader public health research 

program developed at the commencement of the WA preschool influenza vaccination 

program and extended following the adverse events of 2010. Key themes of the broader 

research program have included: 
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1) Evaluation of the effectiveness of trivalent influenza vaccine (TIV) in young 

children (this PhD thesis). 

2) An investigation into the clinical features and mechanisms of the adverse events 

observed following administration of bioCSL’s Fluvax® or Fluvax® Junior in 2010 

(see Appendix 2-3: Armstrong et al., 2011, Blyth et al., 2011a). 

3) Ongoing surveillance for adverse events in young children following receipt of 

non bio-CSL influenza vaccines (see Appendix 4-6: Blyth et al., 2011b, Wood et 

al., 2014, Pillsbury et al., 2015).  

 

This thesis is structured into nine separate chapters. Chapter one provides the 

background to the West Australian preschool influenza vaccination program and the 

rationale for undertaking the research. Chapter two provides background to influenza 

epidemiology and vaccination in children. Chapter three describes methods used in the 

three studies included in this thesis. Chapter four determines the effectiveness of 

influenza vaccine in children aged six to 59 months presenting for emergency care 

between 2008 and 2012. Chapter five describes the impact of pandemic A(H1N1)pdm09 

influenza and adverse events with Fluvax® or Fluvax® Junior in 2010 on parental 

attitudes and vaccine uptake between 2008 and 2012. Chapter six determines the 

effectiveness of influenza vaccine in preventing hospitalisation in all children admitted 

to Princess Margaret Hospital between 2008 and 2013. Chapter seven describes the 

epidemiology and effectiveness of vaccine in all children admitted to hospitals 

contributing data to the InFluenza Complications Alert Network (FluCAN) in 2014. 

Chapter eight describes the effectiveness of influenza vaccine in children aged six to 59 

months at increased risk of severe disease and explores parental and provider attitudes 
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towards vaccination of children with risk factors for severe disease. Chapter nine 

concludes the thesis by highlighting ongoing research priorities.
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CHAPTER TWO: INFLUENZA EPIDEMIOLOGY AND VACCINATION 

2.1 Chapter outline 

To understand the rationale for recommending influenza vaccination to children, this 

chapter reviews the epidemiology of influenza in young children, outlines the challenges 

faced in providing influenza protection through vaccination and describes the influenza 

vaccines available both in Australia and internationally. Published efficacy and 

effectiveness data are reviewed and summarised. Given the variation in influenza 

vaccine policy, international and Australian recommendations for influenza vaccination 

are described. Finally, current knowledge gaps are highlighted. 

 

2.2 Search Strategy 

Relevant articles published from 1980 in the electronic databases MEDLINE, Pubmed, 

EMBASE, Web of Science, Scopus and Cochrane library were identified using a 

combination of words and MESH terms related to the subject of interest: influenza, 

influenza virus, influenza vaccines, immunization, vaccine, children, vaccine 

effectiveness, test-negative design. The search was restricted to studies published in 

English. Additional references were identified by hand searching reference lists from 

extracted articles and reviews.  

 

2.3 Influenza Epidemiology in Young Children 

2.3.1 Influenza virology 

Three seasonal influenza types/subtypes have been circulating since the reintroduction 

of influenza A(H1N1) in the 1970s: Influenza A(H1N1), influenza A(H3N2) and influenza 

B (WHO, 2014). Two antigenically distinct lineages of influenza B viruses have circulated 
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globally since 1985 with the predominant lineage varying between seasons (Ambrose 

and Levin, 2012). The existing seasonal influenza A(H1N1) was replaced in 2009 by a new 

re-assortment pandemic influenza A virus, pandemic A(H1N1)pdm09, which has 

subsequently circulated as a seasonal A(H1N1) strain (Webster and Govorkova, 2014). 

 

Influenza activity tends to occur in annual epidemics and sporadic, unpredictable 

pandemics. In areas with temperate climatic conditions, influenza epidemics most often 

occur in the winter months. In tropical climatic conditions, the seasonal pattern is more 

variable (WHO, 2014, Chiu et al., 2010).  Clinical trial data suggests that 1-10% of adults 

from 18 to 64 years of age and 6-18% of children younger than seven years will 

experience illness caused by seasonal influenza in a given year (Belshe et al., 1998, Beran 

et al., 2009, Lum et al., 2010, Monto et al., 2009, Osterholm et al., 2012a). A number of 

additional infections will be asymptomatic or unrecognised. Typical symptomatic cases 

have abrupt onset of fever and cough, but malaise, myalgia, sore throat and headache 

may also be prominent. Children may present with symptoms similar to those of adults 

and adolescents, but can also present in other ways: non-specific febrile illnesses, 

respiratory illnesses such as croup, bronchiolitis, bronchitis or pneumonia, neurological 

presentations such as febrile convulsion or encephalitis/encephalopathy and 

gastrointestinal presentations including abdominal pain, nausea, vomiting and 

diarrhoea are all reported (Conway et al., 2013, Khandaker et al., 2012). 

 

2.3.2 Influenza morbidity and mortality in young children 

Influenza is responsible for significant paediatric morbidity and mortality. Young 

children are at most risk for severe influenza illness with high rates of hospitalisation, 

emergency department and outpatient presentation. Published rates are likely an 
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underestimation of the true frequency of influenza-associated complications. Data on 

the global, international, national and local burden of influenza disease are summarised 

below. 

 

On a global scale, it is estimated that influenza is responsible in a single year for 

approximately 90 million influenza cases (95%CI: 49, 162 million) and 20 million episodes 

(95%CI: 13, 32 million) of influenza-associated acute lower respiratory infections (ALRI) 

in children aged < 5 years of age (Nair et al., 2011). This equates to approximately 1 

million cases of influenza-associated severe ALRI and between 28,000 and 111,500 

influenza-associated deaths (Nair et al., 2011).  

 

Numerous international estimates of influenza morbidity and mortality have been 

published. Active, prospective surveillance of children <5 years presenting to health-care 

providers with acute respiratory symptoms or fever during the influenza season was 

conducted in three US counties in 2000-2004. The average annual rate of influenza-

associated hospitalisation was calculated to be 90 per 100,000 children (Poehling et al., 

2006). The very young were at greatest risk of hospitalisation; <6 months: 450/100,000 

(95%CI: 340, 550), 6-23 months: 90/100,000 (95%CI: 70, 120), 24-59 months: 

30/100,000 (95%CI: 20, 50) (Poehling et al., 2006). Three to nine percent of children 

hospitalised with influenza were admitted to the intensive care unit. A number of others 

studies examining influenza-associated hospitalisation have been published using 

different populations and methods. Similar published hospitalisation rates are reported: 

60 to 270 per 100,000 children younger than five years of age (Izurieta et al., 2000, 

Mullooly and Barker, 1982, Neuzil et al., 2000, O'Brien et al., 2004, Thompson et al., 

2004).  
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The burden of influenza-associated outpatient and emergency presentation is also high 

in young children, significantly greater than the rate of hospitalisation. Using 

surveillance data and national presentation rates, Poehling et al estimate that between 

5000 and 9000 outpatient visits and 600 and 2700 emergency visits per 100,000 children 

younger than 5 years can be attributed to influenza each year (Poehling et al., 2006). 

 

Laboratory-confirmed influenza-related death in children has been a nationally 

notifiable condition in the US since October 2004 (Wong et al., 2013). From 2004 to 

2012, 830 paediatric influenza-associated deaths have been reported. Mortality rates 

ranged from 0.5 deaths per million children (2011-2012) to 3.8 deaths per million 

children (2009-2010). In non-pandemic years, influenza A was responsible for 60 to 77% 

of paediatric deaths (Wong et al., 2013). In this case series, more than one-third of 

children died before hospital admission. 

 

Australian data using notifications of laboratory-confirmed influenza, ICD-10 coded 

influenza hospitalisation and ICD-10 coded influenza deaths (2005-2007; table 1) 

confirms that children < 5 years of age have the highest rate of influenza-associated 

hospitalisation, three times higher than elderly Australians (table 1) (Chiu et al., 2010). 

The overall rate of hospitalisation for children < 5 years ranged from 47.8 per 100,000 

to 82.1 per 100,000 over the seven years studied (2001-2007) (Brotherton et al., 2004, 

Brotherton et al., 2007, Chiu et al., 2010). Influenza hospitalisation rates calculated from 

diagnostic codes underestimate the true burden on influenza-associated hospitalisation: 

one retrospective study from Sydney estimated that true influenza-associated 

hospitalisation rate may be between two and eleven times higher than rates calculated 

from diagnostic codes (Beard et al., 2006). Using diagnostic codes, the rate of influenza-
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related paediatric deaths (2001-2007) was estimated to be 1–2 deaths per million 

children < 5 years and from 0 – 0.9 deaths per million children aged 5-14 years 

(Brotherton et al., 2004, Brotherton et al., 2007, Chiu et al., 2010).   

 

Data on the burden of influenza infection in West Australian children has been 

determined using data-linkage of birth records with hospitalisation data (1990-2000) 

(Moore et al., 2007). The rate of ICD-9 coded influenza-associated hospitalisations in 

West Australian children <2 years was 160/100,000 for non-Aboriginal children and 

640/100,000 for Aboriginal children. These data highlight not only high rates of 

influenza-hospitalisation in young children, but the significant difference observed in 

Aboriginal children.  

 

Following the three influenza-associated sudden paediatric deaths in 2007, enhanced 

microbiological surveillance of autopsy cases was commenced in Western Australia 

(Speers et al., 2013). Respiratory tract samples were collected at autopsy from deaths 

Table 1: Influenza notifications, hospitalisations and deaths, Australia 2005 to 2007 by age 
group (modified from Chiu et al, Commun Dis Intel Q Rep, 2010) 

Age group 
(years) 

Notifications  Hospitalisations 
Median length 

of stay per 
admission 

(days) 

Death 

Number Rate* Number Rate* Number Rate† 

0 to 4  2904 110.0 1241 47.8 2.0 5 1.9 

5- 14  1971 35.9 383 7.0 2.0 2 0.4 

15-24  1751 30.1 494 8.7 1.0 1 0.2 

25-59  4869 24.0 1354 6.7 2.0 7 0.3 

≥60 2159 28.8 972 13.4 6.0 40 5.5 

All ages 13655 32.7 4444 10.8 2.0 55 1.3 

*Rate: average annual age specific rate per 100,000 population 

†Rate: mortality rate expressed as deaths per one million children 
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where an infectious aetiology was suspected or the cause of death was unknown. Viral 

polymerase chain reaction (PCR) and culture was performed to detect common 

respiratory viruses including influenza. Over a four year period, a total of 134 cases (8.3% 

of all coronial autopsies undergoing microbiological sampling) had a respiratory virus 

detected. This included 42 children <10 years of age (28% of all coronial autopsies in this 

age group undergoing sampling). Influenza was detected in 50 autopsies overall. Of 

those with influenza, bacterial pneumonia, diffuse alveolar damage and 

bronchitis/bronchiolitis were identified in 52%, 18% and 10% respectively. Only six had 

undergone influenza testing prior to death. Over the four years, influenza was detected 

in six paediatric autopsies (0-9 years of age). These data from Western Australia 

(comprising 11% of the total Australian population(ABS, 2014)), when compared with 

national data presented in table 1, highlight that influenza-associated mortality is under 

recognised in both children and adults. 

 

2.3.3 Societal and economic impacts of influenza infection in young children  

In addition to causing significant childhood morbidity and mortality, childhood influenza 

is associated with significant societal and economic impacts. High attack rates, 

prolonged viral shedding and poor cough etiquette are all factors contributing to the 

important role children have in spreading influenza in the community (Carr, 2012, 

Marchisio et al., 2012). Significant health-care costs for children, adults and the elderly 

secondarily infected are observed. In addition, with associated parental absenteeism to 

care for an unwell child and following secondary infection, childhood influenza infection 

has significant indirect costs (Iskander et al., 2009, Lambert et al., 2008, Carr, 2012, 

Marchisio et al., 2012). A more in-depth review of the economic and societal costs is 

beyond the scope of this literature review. 
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2.3.4 Risk factors for severe influenza infection  

The clinical manifestations of influenza infection range from asymptomatic infection to 

severe infection and death. The risk of complications varies with age, race and the 

presence or absence of comorbidities. Young children are at high risk of severe influenza 

infection, as evidence by their higher rate of hospitalisation compared with older 

children and adults. Indigenous Australians of all ages have a significantly higher rate of 

influenza-associated hospitalisation compared with non-Indigenous Australians; rate 

ratio (RR): 0-4 years of age: 2.9; 5-14 years of age: 2.6; 15 years and above: 3.4 to 6.3 

(Naidu et al., 2013).  

 

Gill et al, pooling data from 27 studies (14,086 children), attempted to better define 

children at greatest risk of influenza-related complications (Gill et al., 2015). This is 

particularly important because little paediatric data has been used when defining “at 

risk” populations in national and international influenza vaccination recommendations 

(PHE, 2013, Fiore et al., 2010, Gill et al., 2015, ATAGI, 2013). In this meta-analysis, 

children with underlying neurological disease, prematurity, sickle cell disease, 

immunosuppression and diabetes were at greatest risk of influenza-related 

hospitalisation (figure 1). In addition, children < 2 years of age were at greater risk of 

hospital admission compared with older children. Of note, children with reactive airways 

disease (including asthma), obesity, cancer or cardiac conditions were not associated 

with an increased risk of hospitalisation in this analysis. The number of comorbidities 

were linked to the admission rate: 48% of children with one comorbidity were 

hospitalised compared with 74% with more than one comorbidity: difference 27%, 

(95%CI: 12, 41, p = 0.001). Nine of 27 studies included published data for deaths 
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and thirteen studies published data for intensive care unit (ICU) admission. Fifteen of 26 

deaths (57.7%) and 31 of 51 ICU admissions (60.8%) occurred in children with 

comorbidities.   

 

Similar data on the proportion of paediatric deaths with underlying comorbid conditions 

are presented in the larger case series published (Wong et al., 2013). Of 794 deaths, 453 

(57%) had one or more high-risk medical conditions including chronic 

neurodevelopmental disorders (27%), pulmonary disease (26%), seizure disorders 

Figure 1: Meta-analysis of univariable results for children admitted to hospital with 
influenza (modified from Gill et al, Lancet Infectious Diseases 2015) 

 

Group 1: disorders or risk factors for which data were sufficient to assess the associated risk of hospital admission. 
Group 2: disorders or risk factors for which there was a high degree of heterogeneity between different studies 
(haematological disorders, respiratory disorders excluding reactive airways disease, or congenital or structural 
disorders) or a low number of occurrences of hospital admission among children with the following conditions: 
bronchopulmonary dysplasia, metabolic conditions including diabetes, metabolic conditions excluding diabetes, cystic 
fibrosis, epilepsy, and renal conditions.  
Disorder or risk factor present = number of children with the disorder or risk factor admitted to hospital / total 
number of children with disorder or risk factor.  
Disorder or risk factor absent = number of children without a disorder or risk factor admitted to hospital / number of 
children without disorder or risk factor.  
RAD = reactive airways disease. BPD = bronchopulmonary dysplasia.  
*One study in this age category included children aged 2 years.  
†In this age category, one study did not include children aged 2 yrs and four studies did not include children aged 5 yrs 
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(16%), heart disease (11%) or immunosuppressive conditions. These data demonstrate 

an important observation: although underlying comorbidities are a risk for both 

hospitalisation and death, more than 40% of paediatric influenza deaths occurred in 

children without any high-risk medical conditions.  

 

2.4 Challenges in preventing influenza through vaccination 

The gradual intra- and inter-seasonal change in haemagglutinin, the major surface 

antigen, poses a major challenge to influenza vaccine development. This “antigenic 

drift” occurs as a result of the progressive accumulation of point mutations in the RNA 

coding both antigens. With the development of immunity, the spread of older strains of 

influenza is reduced allowing new antigen variants to become the dominant circulating 

strain. This cycle is repeated with progressive antigenic change.  

 

It is the spread of these emerging strains that requires influenza vaccines targeting 

haemagglutinin to be frequently modified. As a result of this and the requirement to 

produce large volumes for vaccines for both the southern and northern hemisphere 

influenza seasons, data from the five World Health Organisation (WHO) Collaborating 

Centres for Reference and Research on Influenza are reviewed twice yearly to determine 

which influenza strains are predominant in the community and which strains are 

appropriate for inclusion in the seasonal influenza vaccine(WHO, 2015). 

 

The intermittent emergence of reassortant influenza A viruses further complicates 

influenza vaccination. This “antigenic” shift is observed when a new virus with novel 

haemagglutinin or varying combinations of haemagglutinin and neuraminidase is 
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created in a human or animal host. If such a virus is sufficiently transmissible, a rapid 

global spread of a new pandemic influenza virus is observed. Four such pandemics have 

been observed in the past century: 1918 (the Spanish ‘flu), 1957 (the Asian ‘flu), 1968 

(the Hong Kong ‘flu) and 2009 (the Swine ‘flu). 

 

2.5 Influenza Vaccines 

Influenza vaccines have been available for use for more than 70 years. They were 

developed followed the isolation of the influenza virus in 1933 by Smith, Andrewes and 

Laidlaw (Smith et al., 1933). Production of vaccine was made possible by development 

of methods to grow large quantities of virus in eggs and inactivate the virus with 

formalin. Trialled on military recruits and college students, the first whole-virus 

inactivated influenza vaccines were effective but reactogenic with a high incidence of 

local and systemic reactions, particularly in the young (Francis et al., 1946, Salk, 1948, 

Salk et al., 1945). Despite the development of improved purification techniques, high 

rates of systemic reactions to these early vaccines remained (Hampson, 2008). Improved 

tolerance to vaccines prepared by disruption of or “splitting” the influenza viral lipid 

envelope was demonstrated in the 1960s. Split virion or subunit vaccines have been 

produced and distributed since they were licensed in 1968 and form the bulk of 

influenza vaccines distributed today (Osterholm et al., 2012a). 

 

2.5.1 Inactivated influenza vaccines 

All seasonal influenza vaccines currently used in Australia are split virion or subunit 

vaccines prepared from purified inactivated influenza virus cultivated in embryonated 

hens eggs. Since the reintroduction of Influenza A(H1N1) in 1977, trivalent inactivated 
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influenza vaccines (TIV) have been distributed providing protection against influenza 

A(H1N1), influenza A(H3N2) and one influenza B lineage. For the first time in 2015, 

quadrivalent inactivated influenza vaccines (QIV) have been distributed in Australia 

(table 2), providing additional coverage against both influenza B lineages; B/Victoria and 

B/Yamagata (ATAGI, 2015).  

 

Vaccines used in the WA preschool vaccination program have included Vaxigrip® and   

Vaxigrip® Junior (Sanofi-Pasteur, 2008-2015), FluVax® and FluVax® Junior (bioCSL, 2008-

2010) and a small number of vaccines manufactured by alternate vaccine suppliers.  

 

 

Table 2: Summary of seasonal influenza vaccines available for use in Australia in 2015 
(modified from the ATAGI Influenza Statement, 2015) 

Vaccine 
brand name 

Company 

Recommended for 

Formulation Route 6 months to 
< 5 years 

5 to 9 years 
9 years 

and older 

Trivalent inactivated influenza vaccine 

Agrippal®  Novartis  
   

*0.5 mL pre-
filled syringe  

IM 

Fluarix®  GSK 
   

*0.5 mL pre-
filled syringe  

IM 

Fluvax®  bioCSL  Not recommended 
 

0.5 mL pre-
filled syringe 

IM 

Influvac®  
BGP 

products     

*0.5 mL pre-
filled syringe  

IM 

Vaxigrip®  
Sanofi 

Pasteur  

   

*0.5 mL pre-
filled syringe  

IM 

Vaxigrip® 
Junior  

 
6-35 mo 

Not recommended 
0.25 mL pre-
filled syringe  

IM 

Quadrivalent inactivated influenza vaccine 

Fluarix® 
Tetra 

GSK   
≥ 3 years   

0.5 mL pre-
filled syringe  

IM 

FluQuadri®  
Sanofi 

Pasteur  

   

*0.5 mL pre-
filled syringe  

IM 

FluQuadri® 
Junior  

 
6-35 mo 

Not recommended 
0.25 mL pre-
filled syringe 

IM 

GSK: GlaxoSmithKlein; IM: intramuscular; mo: months 
*Children aged 6 to 35 months require a 0.25ml dose of whichever vaccine is used 
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2.5.2 Live attenuated vaccines 

Live-attenuated, cold-adapted, intra-nasal influenza vaccines (LAIV) have been licenced 

for use in the US since 2003 (Osterholm et al., 2012a). Developed through serial in-vitro 

passage of the virus at gradually reduced temperatures in primary chicken kidney cells, 

the resulting reassortant vaccine strains replicate in cooler nasal tissues but not at the 

higher core body temperature of the lungs. LAIV has been compared to TIV in a number 

of clinical trials including a large multi-centred double blinded randomised control trial 

enrolling 8352 children (Belshe et al., 2007). There were 54.9% fewer cases of cultured-

confirmed influenza in the group that received live attenuated vaccine than in the group 

that received inactivated vaccine (153 vs. 338 cases, p < 0.001). It should be noted that, 

in adults, most comparative studies have demonstrated that LAIV and inactivated 

vaccines were of similar efficacy or that inactivated vaccines were more efficacious 

(Grohskopf et al., 2014). LAIV has been used extensively in the northern hemisphere. 

Given a lack of safety data in children less than two years of age, LAIV is not approved 

for children younger than 24 months of age. Despite the weight of evidence supporting 

the efficacy and safety of this preparation, no southern hemisphere LAIV has been 

produced for logistic reasons. As such, the focus on this PhD thesis will be on inactivated 

influenza viruses which are available in Australia.  

 

2.5.3 Other influenza vaccines 

There is global interest in alternative strategies to improve the effectiveness of influenza 

vaccines. Much of this work is directed towards the development of  “universal” 

influenza vaccine (Lambert and Fauci, 2010).  In addition, there is also significant interest 

in ways to improve the efficiency of vaccine production, particularly given the increasing 
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global population and potential for future pandemics. An in depth summary of these 

influenza vaccine strategies is beyond the scope of this literature review. 

 

2.6 Efficacy and Effectiveness of Influenza Vaccines in Children 

When developing this PhD program in 2012-2013, data on the efficacy and effectiveness 

of influenza vaccines in children was limited, particularly data in the very young. In 

addition, there was growing realisation that the frequently cited influenza vaccine 

effectiveness estimates of 70% to 90% in healthy adults were inaccurate: these 

estimates were documented in studies conducted mostly in healthy male military 

personal between 1943 and 1969 using different vaccines, largely with serological 

endpoints (Osterholm et al., 2012a). Views of the medical and scientific community 

varied greatly and were heavily influenced by debate about the quality of the scientific 

evidence and the validity of observational methods including the test-negative design. 

Some authors went as far as concluding, based on the available evidence, that for young 

children “efficacy of inactivated vaccine was similar to placebo” (Jefferson et al., 2012). 

These conclusions were in stark contrast to recommendations from National 

Immunisation Technical Advisory Groups such as the US Advisory Committee on 

Immunization Practices (ACIP) stating that “routine influenza vaccination is 

recommended for all persons aged ≥6 months ….. and is supported by evidence that 

annual influenza vaccination is a safe and effective preventive health action with 

potential benefit in all age groups” (Fiore et al., 2010).  

 

Given a rapid expansion of knowledge and published studies assessing influenza vaccine 

efficacy and effectiveness following introduction of influenza vaccine programs, this 

review will focus on methods to assess efficacy and effectiveness, particularly the test-



20 
 

negative design. Data on inactivated influenza vaccine efficacy and effectiveness in 

children will be reviewed followed by data on the indirect effects of influenza vaccine. 

 

2.7 Methods to assess vaccine efficacy and effectiveness 

Vaccine efficacy is defined as the percentage reduction of disease incidence in a 

vaccinated group when compared with an unvaccinated group (Torvaldsen and 

McIntyre, 2002). Vaccine efficacy studies are typically undertaken prior to licensure 

using double-blind randomised control trials, with all participants assumed susceptible 

to disease. Bias is minimised due to randomisation. Vaccine efficacy can be calculated 

from one minus the relative risk of disease in the vaccinated versus the unvaccinated 

population without the need to adjust for potential confounding variables. 

 

Vaccine efficacy studies poses a number of difficulties. Randomised controlled trials 

(RCT) are expensive, time-consuming and not feasible in some populations (Sullivan et 

al., 2014b). RCTs are not possible after a vaccine has been licensed and recommended 

because, when the vaccine is of proven benefit, use of the placebo is unethical. In 

addition, there are significant limitations to this method in assessing influenza 

vaccination related to the seasonal nature of the infection, duration of protection 

afforded by current influenza vaccines and need to assess the impact of these 

vaccinations on an annual basis.  

 

Measured by observational methodologies, vaccine effectiveness (VE) studies are an 

alternative to efficacy trials and are normally conducted post-licensure (Torvaldsen and 

McIntyre, 2002). Given the inability to conduct RCTs to assess influenza vaccine efficacy 
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on an annual basis, effectiveness studies are the only option to assess the impact of 

influenza vaccines.  

 

2.7.1 The Test-negative design 

The test-negative design (TND) is a variant of the case-control study increasingly used to 

study influenza vaccine effectiveness. In case-control studies, cases are selected on the 

basis of having the disease of interest and controls on the basis of being comparable to 

cases but without having the disease (Orenstein et al., 1985, Torvaldsen and McIntyre, 

2002).  Traditional case-control studies require recruitment of non-diseased controls. 

Controls are usually recruited among patients consulting or admitted to the same facility 

as a case but the disease or syndrome for which they present is distinct from that which 

the targeted aetiology typically manifests (De Serres et al., 2013). As cases and controls 

represent different sampling fractions of unique populations, traditional VE equations 

cannot be used (Torvaldsen and McIntyre, 2002). Vaccine effectiveness is one minus the 

ratio of the odds of vaccination in cases to the odds of vaccination in controls. 

 

The task of recruiting such controls frequently requires significant effort and expense. 

Studies using TND draw controls from the same population as the cases, namely ill 

patients tested to identify a specific aetiology of interest for their illness or disease 

(figure 2). The method was first used to assess VE estimates for pneumococcal vaccine 

comparing vaccine serotypes with non-serotypes (Broome et al., 1980). This efficient 

form of study attempts to control for differences in health care-seeking behaviour 

between vaccinated and unvaccinated person in the study design phase, mitigating the 

need to measure and adjust for care-seeking behaviour (Jackson and Nelson, 2013). The 

TND validity is predicated on the core assumption that the intervention (vaccine) has no 
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effect on other non-targeted aetiologies producing similar illness (De Serres et al., 2013); 

e.g. in the setting of influenza vaccine effectiveness studies, it is assumed that influenza 

vaccine has no effect on non-influenza causes of influenza-like illness. Consequently, the 

rate of vaccine coverage in the individuals affected by these non-influenza aetiologies 

should be similar to vaccine coverage in the population (De Serres et al., 2013). The first 

published estimate of influenza VE using TND was from Canada in 2005 (Skowronski et 

al., 2005). Southern hemisphere VE estimates were first published from Victoria, 

Australia in 2008 (Kelly et al., 2009). Given the simplicity of the method, TND has become 

the favoured method to estimate influenza vaccine effectiveness. 

 

Figure 2: Estimating influenza vaccine effectiveness from the test-negative design  

(modified from Sullivan et al, Expert Reviews Vaccines 2014) 
 

A selection of patients seeking care with influenza-like illness are swabbed and tested for 

influenza. Vaccination status is recorded, as well as additional patient data. The odds of 

vaccination among the test-positives is compared with the negatives by adjusted logistic 

regression, from which a vaccine effectiveness estimate can be calculated.  
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The TND in its traditional form is applied prospectively (Jackson and Nelson, 2013). 

Sampling of subjects in a TND study occurs before their case status is known. This is 

distinct to a case-control study where the probability that an individual is sampled into 

the study population depends on whether they have experienced the outcome of 

interest (i.e. influenza infection) (Jackson and Nelson, 2013). Studies included in this 

thesis use both the TND and case-control method with test-negative controls.  

 

To validate the TND method, De Serres et al (De Serres et al., 2013) compared vaccine 

effectiveness estimates using TND with data obtained from randomised placebo-control 

trials of live attenuated influenza vaccine (LAIV)(Belshe et al., 1998, Belshe et al., 2000, 

De Villiers et al., 2009, Lum et al., 2010) and monoclonal antibody directed against 

respiratory syncytial virus (RSV; palivizumab) (IMpactRSV, 1998, Feltes et al., 2003). For 

LAIV and palivizumab trials, classical randomised control trial (RCT) analysis was 

compared with three TND approaches: participant-based analysis without censoring 

Figure 3: Efficacy (% of diseases prevented) of live attenuated influenza vaccine (LAIV) against 

medically-attended influenza estimated by per-protocol and various test-negative design 

(TND) approaches in four randomised placebo-controlled clinical trials (RCT) and efficacy (%) 

of palivizumab (RSV Ig) in two RCTs (modified from De Serres et al, Eurosurveillance 2013). 
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where controls included participants with any negative swabs without excluding those 

who may have tested positive at another time within the study period; participant-based 

analysis with censoring where controls included only participants with negative swabs 

who never had a positive test at any other time during the study period and specimen-

based analysis where cases were pathogen-positive specimens and controls were 

pathogen-negative specimens rather than individuals.  Analysis of existing datasets 

demonstrated high concordance between RCT and TND analyses (figure 3; only data on 

TND with censoring is included in De Serres et al). De Serres et al concluded that the 

TND was a valid observational method for testing vaccine effectiveness for influenza and 

other pathogens but cautioned that it could not compensate for other methodological 

flaws such as differential application of testing or variation in the likelihood of 

immunisation, exposure and/or test-positivity (De Serres et al., 2013). 

 

When studies utilising TND for influenza VE estimates were reviewed by Sullivan et al, 

considerable variation in setting, study period, source population, case definition, 

exposure and outcome ascertainment and statistical model were identified (Sullivan et 

al., 2014b). In assessing 85 TND studies, the majority of studies were conducted to 

estimate VE of TIV, limited their analyses to influenza ‘seasons’ and utilised polymerase 

chain reaction (PCR)  to diagnose influenza on respiratory specimens. Vaccination status 

was by self- or general practice report for the majority of studies with vaccine registries 

available for only 13 studies. A number of studies estimated VE against all influenza only, 

whilst a similar number reported no overall estimate and instead reported VE by type 

and subtype only. Marked variation in the covariates included in logistic regression 

models were observed with age (80 studies; 94.1%), sex (40 studies; 47.1%), calendar 

time (64 studies; 75.3%), comorbidities (62 studies; 72.9% of all studies) and recruitment 
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location (28 studies; 32.9%) most frequently included in adjusted estimates. 

Considerable heterogeneity in overall estimates were observed (Cochran’s Q test: p = 

0.001; I2 = 39%).  

 

The authors concluded that VE estimates should be adjusted for age and high-risk status 

or eligibility for free vaccinations. Most studies adjust for calendar time however the 

optimal method to do this remains uncertain. Ongoing efforts to harmonise study design 

are essential given as it has become the preferred method to assess influenza vaccine 

effectiveness (Sullivan et al., 2014b). 

 

2.8 Efficacy of Influenza Vaccines in Children 

Given the poor sensitivity and specificity of the diagnosis of influenza-like illness in 

young children (Conway et al., 2013), this review will focus on studies assessing the 

efficacy against laboratory-confirmed influenza. Only studies assessing the efficacy of 

seasonal inactivated influenza vaccines have been included.  

 

A paucity of data from randomised controlled trials are available to examine the efficacy 

of inactivated influenza vaccines in children. A randomised double-blind, placebo- 

controlled trial of 786 children aged 6 to 24 months was performed by Hoberman et al 

over two influenza seasons (Hoberman et al., 2003). The primary endpoint was 

influenza-culture proven acute otitis media. VE of TIV ranged from -7% (95%CI: -247, 67) 

to 66% (95%CI: 34, 84) over subsequent seasons (Hoberman et al., 2003). Data from this 

and three other randomised control trials are pooled by Jefferson et al with VE 

estimated to be 59% (95%CI: 41, 71) (Jefferson et al., 2012, Gruber et al., 1990, Clover 

et al., 1991, Beutner et al., 1979). The validity of pooling these trials is questionable as 
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two were performed with unlicensed vaccines (Gruber et al., 1990, Clover et al., 1991) 

and the third used a neuraminidase only vaccine (Beutner et al., 1979). 

 

Cowling et al performed a pilot randomised control trial in 2008 in which one child aged 

6 to 15 years from 119 Hong Kong households received either seasonal TIV or placebo 

(Cowling et al., 2010). The primary outcome was influenza virus infection in study 

subjects or household contacts (determined by influenza seroconversion using standard 

methods). Secondary outcomes measures included PCR-confirmed influenza, acute 

respiratory illness or influenza-like illness. A trend towards lower rates of serologically-

confirmed seasonal A/H1N1, A/H3N2 and season B infection was noted in those 

receiving TIV. A trend towards higher rates of serologically-confirmed A(H1N1)pdm09 

was also observed. No difference in PCR-confirmed influenza, influenza-like illness and 

acute respiratory infection were observed in TIV and placebo recipients.  

 

A subsequent study enrolling children from 796 Hong Kong households randomised to 

receive the 2009-2010 seasonal TIV (A/Brisbane/59/2007(H1N1)-like, A/Brisbane/10/ 

2007(H3N2)-like, and B/Brisbane/60/2008-like) or placebo was performed (Cowling et 

al., 2012b). The primary outcome was influenza virus infection confirmed by either PCR 

or seroconversion. Vaccination was administered towards the end of the first wave of 

the 2009 influenza A(H1N1)pdm09 pandemic. Significant vaccine efficacy for influenza 

B was observed by RT-PCR and serology: 66% (95%CI: 31, 83) and 83% (95% CI: 46, 95) 

respectively. Vaccine effectiveness was also demonstrated serologically against 

pandemic influenza A(H1N1)pdm09 (47%; 95%CI: 15, 67)  but not by RT-PCR (-32%; 

95%CI: -286, 55). No impact on seasonal A/H3N2 was observed.  
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2.9 Effectiveness of Influenza Vaccines in Children  

With greater acceptance of the TND for estimating influenza vaccine effectiveness 

(Sullivan et al., 2014b), a number of ongoing influenza vaccine effectiveness networks 

or programs have been established providing annual VE estimates. The majority of these 

have been established after 2008, the year the WA preschool vaccination program 

commenced. Moreover, the majority of the published paediatric VE estimates have 

been reported after commencement of this PhD program.  

 

Rather than reporting all individual studies, summarised published paediatric VE 

estimates for seasonal northern and southern hemisphere inactivated influenza 

vaccines against laboratory-proven influenza infection are presented in tabular form 

(table 3 and 4: white – outpatient or predominantly outpatient based programs; grey – 

programs enrolling hospitalised children). Each program is briefly described and key 

papers highlighted.  

 

2.9.1 Northern hemisphere influenza vaccine effectiveness studies (table 3) 

The Centre for Disease Control and Prevention (CDC)-funded, US Influenza Vaccine 

Effectiveness (US Flu VE) Network has grown from a single site in 2004 to include five 

study sites in 2015 (Treanor et al., 2012, Ohmit et al., 2014, McLean et al., 2015, Flannery 

et al., 2014, Flannery et al., 2015). Children and adults presenting for outpatient and 

emergency care or requiring hospital admission during the influenza season are eligible 

for enrolment. VE estimates for children < 9 years have been published for three 

influenza seasons: 2010-2011 (Treanor et al., 2012), 2011-2012 (Ohmit et al., 2014) and 

2012-2013 (McLean et al., 2015). For the 2010-2011 season, Treanor et al report on VE 

estimates for different influenza types/subtypes ranging from 60% (95%CI: 33, 77) to 
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Table 3: Northern hemisphere inactivated influenza vaccine effectiveness estimates in children by season, age group and influenza type: VE stated in bold; 
95% CI included in rounded brackets (lower limit, upper limit); numbers of cases and controls included in square brackets [cases / controls]  

Country or 
Region 

Age group 
Influenza 

type 
Influenza season: Adjusted VE (95% Confidence interval) 

Notes 
2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 

United States                    
(US Flu VE 
Network) 

6 – 35 mo All 
58%a (31, 74%)1 

[93/675] 
- - - - 

Vaccinated status inclusive of full and 
partial vaccination 
Enrolling children requiring outpatient, 
emergency or inpatient care 
 
References: 
1 (Treanor et al., 2012) 
2 (Ohmit et al., 2014) 
3 (McLean et al., 2015) 
4 (Flannery et al., 2014) 
5 (Flannery et al., 2015) 
 
a inclusive of children receiving live 
attenuated influenza vaccine;  
b midseason estimate 

 

6 mo – 8y 

All 
71% (58, 78%)1 

[283/833] 
45%a (20, 62%)2 

[190/1300] 
57%a (45, 67%)3 

[555/1509] 
- - 

A(H1N1) 
60%a (33, 77%)1 

[73/1431] 
- - - - 

A(H3N2) 
66%a (48, 78%)1 

[120/1431] 
45%a (16, 64%)2 

[140/1300] 
51%a (32, 64%)3 

[242/1196] 
- - 

B 
62%a (45, 74%)1 

[167/1431] 
- - - - 

6 mo - 17y 

All - - - 
67%b (51, 78%)4 

[172/528] 
24%b (0, 43%)5 

[410/585] 

A(H1N1) - - - 
67%b (51, 78%)4 

[168/528] 
- 

A(H3N2) - - - - 
26% b (2, 45%)5 

[375/583] 

B - - 
68%a (57, 76%)3 

[323/1838] 
- - 

United States 
(PALISI) 

6 mo - 17y All 

74% (19, 91%)6  
 [44 cases / 172 PICU controls] 

82% (23, 96%)6 
 [44 cases / 93 community controls] 

   

Partial vaccination excluded from VE 
estimation 
 
References: 
6 (Ferdinands et al., 2014) 

Canada 
(Sentinel 
Physician 

Surveillance 
Network; 

SPSN) 

1 – 19 y 

All 
27% (-23, 57%)7 

[238/304] 
64% (23, 84%)8 

[134/264] 
87% (65, 95%)9 

[202/182] 
- - Vaccinated status inclusive of full and 

partial vaccination 
Enrolling children presenting to 
community-based sentinel physicians 
 
References: 
7 (Skowronski et al., 2012) 
8 (Skowronski et al., 2014b) 
9 (Skowronski et al., 2014a) 

A(H1N1) 
59% (-238, 95%)7 

[13/304] 
- - - - 

A(H3N2) 
52% (-7, 78%)7 

[111/304] 
77% (-7, 95%)8 

[39/264] 
87% (55, 96%)9 

[119/182] 
- - 

B 
-7%  (-103, 44%)7 

[111/304] 
44% (-32, 76%)8 

[80/264] 
91% (35, 99%)9 

[69/182] 
- - 
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Table 3: Northern hemisphere inactivated influenza vaccine effectiveness estimates in children by season, age group and influenza type (continued):         
VE stated in bold; 95% CI included in rounded brackets (LL, UL); numbers of cases and controls included in square brackets [cases / controls] 

Country or 
Region 

Age group 
Influenza 

type 
Influenza season: Adjusted VE (95% Confidence interval) 

Notes 
2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 

European 
multi-

centred case 
control 
study 

(I-MOVE) 

0 – 14 y 

All 
66% (15, 86%)10 

[772/658] 
- - - - 

Vaccinated status inclusive of full and 
partial vaccination 
Enrolling children presenting to 
community-based sentinel physicians 
N/A = not available 
 

References: 
10 (Kissling et al., 2011) 
11 (Kissling et al., 2013) 
12 (Kissling et al., 2014) 
13 (Valenciano et al., 2015) 

A(H1N1) 
77% (16, 94%)10 

[N/A] 
- 

36% (-44, 72%)12 

[292/918] 
64% (-86, 93%)13 

[110/588] 
- 

A(H3N2) - 
78% (-170, 76%)11 

[38/43] 
36% (-41, 71%)12 

[296/956] 
- - 

B 
63% (-6, 87%)10 

[N/A] 
- 

22% (-37, 56%)12 

[905/1065] 
- - 

United 
Kingdom  

0 – 4 y 
A(H1N1) 

87% (45, 97%)14 

[146/502] 
52% (-446, 96%)15 

[57/257] 
- - - 

Vaccinated status inclusive of full and 
partial vaccination 
Enrolling children presenting to 
community-based sentinel physicians 
 

References: 
14 (Pebody et al., 2013b) 
15 (Pebody et al., 2013a) 
16 (Andrews et al., 2014) 

B 
47% (-337, 93%)14 

[93/502] 
- - - - 

5-14 y 
A(H1N1) 

84% (27, 97%)14 

[198/459] 
69% (-172, 97%)15 

[65/292] 
- - - 

B 
75% (32, 91%)14 

[352/459] 
- 

74% (1, 93%)16 

[172/185] 
- - 

China 

6 – 35 mo 
All 

72% (48, 85%)17 

[133/265] 
50% (35, 61%)17 

[586/1172] 
- - - Vaccinated status inclusive of full and 

partial vaccination except in 2012-13 
where inclusive of only fully vaccinated 
children 
Enrolling children presenting for hospital 
based outpatient care 
N/A = not available 
 

References: 
17 (Fu et al., 2013) 
18 (Fu et al., 2015) 

A(H1N1) - - 
67% (58, 74%)18 

[794/794] 
- - 

3-5 y 
All 

83% (-6, 97%)17 

[76/153] 
58% (39, 71%)17 

[460/920] 
- - - 

A(H1N1) - - 
73% (60, 81%)18 

[1920/1920] 
- - 

6mo – 5 y 
A 

73% (45, 87%)17 

[N/A] 
46% (22, 62%)17 

[N/A] 
- - - 

B 
99% (-2724, 100%)17 

[N/A] 
67% (46, 80%)17 

[N/A] 
- - - 



30 
 

 

 
 
Table 3: Northern hemisphere inactivated influenza vaccine effectiveness estimates in children by season, age group and influenza type (continued): 
VE stated in bold; 95% CI included in rounded brackets (LL, UL); numbers of cases and controls included in square brackets [cases / controls] 

Country or 
Region 

Age group 
Influenza 

type 

Influenza season: Adjusted VE (95% Confidence interval) 
Notes 

2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 

Hong Kong 6mo - 17y 

All 
84% (44, 96%)19 

[116/850] 
51% (10, 74%)19 

[250/873] 
80% (37, 94%)19 

[163/1329] 
- - 

Partially vaccinated children 
considered unvaccinated 

 
Enrolling children admitted to hospital 

for acute respiratory tract infection 
 

Pooled VE including 2009-2010 season:  
62%  (43, 74%)19  

 
N/A = not available 

 
References: 

19 (Cowling et al., 2014) 

A(H1N1) 
72% (39, 87%; inclusive of 2009-2010) 19 

[N/A]   

A(H3N2) 
37% (-25, 68%; inclusive of 2009-2010) 19 

[N/A] 
  

mo: months y: years 
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66% (95%: 48, 78) (Treanor et al., 2012). VE estimates for children 6 to 35 months are 

58% (95%: 31, 74).  

 

Using an established paediatric critical care research network (Pediatric Acute Lung 

Injury and Sepsis Investigators Network), VE estimates have been published for  

children admitted to 21 US paediatric intensive care units (PICU) (Ferdinands et al., 

2014). Influenza test-positive children with acute severe respiratory illness admitted 

to PICU were compared with test-negative PICU controls and community controls 

matched by age, comorbidities, geographic region and month of illness (2010-2012). 

VE estimates, using the two controls groups were 74% (95%CI: 19, 91) and 82% 

(95%CI: 23, 96) respectively providing the best evidence of vaccine effectiveness in 

children against severe influenza diseases (Ferdinands et al., 2014). 

 

Canada’s Sentinel Physician Surveillance Network (SPSN) perform community-based 

sentinel surveillance performing diagnostic tests on children and adults presenting 

with influenza-like illness (Skowronski et al., 2014a, Skowronski et al., 2012, 

Skowronski et al., 2014b). Influenza vaccine effectiveness estimates have been 

published since 2005. In Europe, I-MOVE (influenza monitoring vaccine effectiveness) 

was established by the European Centre for Disease Prevention and Control (ECDC) 

in 2007 and has collated data from nine countries conducting multi-centre case-

control studies using TND: Denmark, Spain, France, Hungary, Ireland, Italy, Poland, 

Portugal and Romania (Kissling et al., 2014, Kissling et al., 2011, Kissling et al., 2013, 

Valenciano et al., 2012, Valenciano et al., 2015). The population in each case-control 

study consists of non-institutionalised children and adults presenting to participating 

practitioners with influenza-like illness or acute respiratory infection.  VE estimates 
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from I-MOVE cohort studies in the UK have also generated paediatric data: five 

primary-care influenza sentinel surveillance schemes in England, Scotland, Wales and 

Northern Ireland taking diagnostic samples from children and adults presenting with 

influenza-like illness are collated to provide VE estimates (Andrews et al., 2014, 

Pebody et al., 2013a, Pebody et al., 2013b). VE estimates provided by the Canadian, 

European and British programs lack precision due to low numbers of children 

recruited and low vaccine uptake. Moreover, it is not possible to separate young 

children from older children and teenagers. 

Laboratory-confirmed paediatric cases from nineteen Chinese sentinel surveillance 

hospitals are reported by the Guangzhou Center for Disease Control and Prevention. 

As opposed to other studies which utilised TND, VE estimates are calculated by 

comparing cases with asymptomatic controls randomly selected from a vaccination 

registry and matched to each case by birth date, gender, and residence (community 

or village) (Fu et al., 2013, Fu et al., 2015). Robust VE estimate are provided for young 

children administered a locally manufactured TIV. 

 

In addition to conducting randomised controlled trials, Cowling et al and 

collaborators at the University of Hong Kong also have estimated VE in children using 

TND. Enrolling children with febrile acute respiratory infection requiring admission to 

two Hong Kong Hospitals (2009-2013), VE estimates have been calculated using TND. 

Using influenza direct immunofluorescence and culture for seasonal influenza viruses 

and PCR for influenza A(H1N1)pdm09 viruses, the authors estimate VE to be 61.7% 

(95%: 43.0%, 74.2%). This is one of the few studies providing robust VE against 

hospitalised influenza in children.  
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2.9.2 Southern hemisphere influenza vaccine effectiveness studies (table 4) 

The US CDC funded, SHIVERS study (Southern Hemisphere Influenza Vaccine 

Effectiveness, Research and Surveillance) was established in 2011 to determining VE 

estimates for the prevention of hospitalisation and general practice visits from 

laboratory-confirmed influenza in Auckland, New Zealand (Huang et al., 2015, Turner 

et al., 2014a, Turner et al., 2014b). VE estimates for the 2012 and 2013 season have 

been  reported.  VE  for  the  2013  season  for  children  6  months  to  17 years against   

influenza-associated hospitalisation and general practice visits are estimated to be 

78% (95%CI: 2, 95) and 56% (95%: 6, 79) respectively. 

 

South Africa’s Viral Watch Programme conducts outpatient surveillance through 

general practice and community clinics as well as outpatient departments at public 

hospitals, calculating VE estimates by TND (McAnerney et al., 2015a, McAnerney et 

al., 2015b). In Australia, in addition to the studies included in this thesis, sentinel 

general practice influenza surveillance is conducted in a number of states with 

paediatric VE estimates reported by the Victorian Sentinel Practice Influenza Network 

(VicSPIN) and Sentinel Practitioner’s Network of Western Australia (SPNWA) (Levy et 

al., 2014, Fielding et al., 2012). Paediatric VE estimates from both the South African 

and Australian sentinel practice programs have only recently been reported: the 

number of children enrolled in both programs are small with the subsequent VE 

estimates imprecise. 
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Table 4: Southern hemisphere inactivated influenza vaccine effectiveness estimates in children by season, age group and influenza type: VE stated in bold; 
95% CI included in rounded brackets (lower limit, upper limit); numbers of cases and controls included in square brackets [cases / controls]. 

Country Age group 
Influenza 

type 

Influenza season: Adjusted VE (95% Confidence interval) 
Notes 

2010 2011 2012 2013 2014 

New Zealand 
(SHIVERS) 

6 mo – 5 y All - - 
75% (-100, 97%)1 

[65/271] 
- - 

Enrolling children requiring admission for 
acute respiratory infection 
 

References: 
1 (Turner et al., 2014b) 
2 (Turner et al., 2014a) 

6 mo - 17y 

All - - 
48% (-205, 91%)1 

[22/41] 
78% (2, 95%)2 

[51/306] 
- 

All - - - 
56% (6, 79%)2 

[215/476] 
- 

Enrolling children presenting to community-
based sentinel physicians 

South Africa 
(Viral Watch 
Programme 

< 20 y All 
20% (-79, 64%)3 

[248/150] 
-23% (-112, 29%)3 

[213/206] 
-13% (-152, 49%)3 

[195/135] 
77% (-46, 96%)3 

[235/255] 
60% (-351, 96%)4 

[131/107] 

Enrolling children presenting to community-
based sentinel physicians 
 
References: 
3 (McAnerney et al., 2015a) 
4 (McAnerney et al., 2015a) 

Australia 
(VicSPIN) 

< 18 y All  
33% (-676, 94%)5 

[67/108] 
   Enrolling children presenting to community-

based sentinel physicians 
 
References: 
5 (Fielding et al., 2012) 
6 (Levy et al., 2014) 

Australia 
(SPNWA) 

< 5 y All 
-39% (-947, 82%)6 

[10/38] 
- 

24% (-216, 82%)6 

[42/152] 
- - 

<18 y All 
84% (33, 97%)6 

[53/50] 
- 

62% (0, 85%)6 

[199/127] 
- - 

mo: months y: years 
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When comparing annual VE estimates from the Northern Hemisphere (table 3) and 

Southern Hemisphere numbers (table 4), expected variation is noted between season 

and between regions. Given low paediatric recruitment into a number of programs, 

confidence intervals are frequently wide, often crossing zero.  A number of key 

differences between studies need to be highlighted. Recruitment in most studies is from 

community clinics or sentinel general practitioners: hospitalised children are recruited 

into programs in the US, Hong Kong and New Zealand but VE estimates for hospitalised 

influenza have only been reported from Hong Kong and New Zealand to date. The 

inactivated influenza vaccines used in each study are different. VE estimates from the 

US Flu VE Network includes children receiving both inactivated and live-attenuated 

influenza vaccines. The determination of vaccination status varies with parental report, 

medical and general practice records and immunisation registries variably used in 

different studies. Many studies classify young children receiving one dose of influenza 

vaccination at least 14 days prior to enrolment as vaccinated regardless of their previous 

vaccination history. Covariates included in logistic regression models vary between 

different studies. 

 

The establishment of VE networks and programs have greatly assisted in our 

understanding of the effectiveness of inactivated influenza vaccine in children. It is 

expected, given the number of programs now conducting influenza VE studies using 

TND, that additional unreported paediatric data are available. Apart from the SHIVERS 

project, there are limited data about the effectiveness of southern hemisphere vaccines 

in children.  There remains a paucity of data of the effectiveness of influenza vaccine in 

the very young with few study reporting VE in children younger than 3 years (Fu et al., 

2013, Fu et al., 2015, Treanor et al., 2012). There are limited data published on the 
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effectiveness of vaccination in the prevention of severe disease: influenza-related 

hospitalisation are reported from studies in Hong Kong and New Zealand(Cowling et al., 

2014, Turner et al., 2014a, Turner et al., 2014b) and influenza-related intensive care 

admission are reported from a single US study (Ferdinands et al., 2014). No programs 

report on vaccine effectiveness in children with specific risk factors for severe influenza 

infection. 

 

2.10  Indirect effects of influenza vaccination in children 

Given the role children have in community influenza transmission, there is presumed to 

be indirect effects on overall community influenza activity through vaccinating children. 

From 1962, Japan established programs to vaccinate school children and in 1977, 

legislation made such vaccination obligatory. Vaccination rates between 50-85% were 

achieved in children 3 to 15 years. In 1987, legislation allowing parents to refuse 

vaccination were passed and in 1994, the program was discontinued (Reichert et al., 

2001, Charu et al., 2011). During the period of vaccination, a population-wide decrease 

in all-cause mortality and death attributable to pneumonia and influenza was observed 

with a subsequently increase identified following discontinuation of the program 

(Reichert et al., 2001, Charu et al., 2011). Similar findings have been observed in other 

ecological studies performed in the US and Russia (Ghendon et al., 2006, Glezen et al., 

2010, Jordan et al., 2006, Monto et al., 1969, Monto et al., 1970, Piedra et al., 2005, 

Rudenko et al., 1993). The observational nature and lack of laboratory confirmation of 

influenza limit the ability to draw firm conclusions and quantify potential benefits from 

these studies. 
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Evidence of the indirect effects of influenza vaccination have also been demonstrated in 

isolated Canadian communities using a cluster-randomised control trial of community 

influenza vaccination (Loeb et al., 2010). The children aged three to 15 years were 

vaccinated with communities randomised to receive either TIV or hepatitis A vaccine. 

Vaccine uptake of 83% (53-100%) and 79% (50-100%) was achieved in TIV and control 

communities respectively. The primary outcome was laboratory-confirmed influenza in 

non-recipients of the study vaccine. The number of episodes of PCR-proven influenza 

were 39/1271 (3.1%) in TIV immunised communities compared with 80/1055 (7.6%) in 

placebo communities: indirect VE = 61% (95%CI: 8, 83), comparable to the VE in TIV 

recipients (VE: 55%; 95%CI: -21, 84) (Loeb et al., 2010). 

 

2.11 International paediatric influenza vaccine recommendations 

Paediatric influenza vaccination recommendations vary significant between different 

countries. Recommendations have evolved rapidly over the past decade with increasing 

consideration given to the indirect effects of vaccination children as a broader public 

health intervention. Countries recommending vaccination for all children include United 

States, Canada, United Kingdom, Austria, Estonia, Finland, Latvia, Slovakia and Slovenia. 

Recommendations for Australia from 2008-2015 and current recommendations for the 

United States, Canada, United Kingdom and New Zealand are reviewed. 

 

2.11.1 Australia 

At the time when the West Australian preschool influenza immunisation program was 

commenced (2008), TIV was recommended and funded under the national 

immunisation program for adults ≥ 65, Aboriginal and Torres Strait Island people aged ≥ 

50 and Aboriginal and Torres Strait Island people aged 15 to 49 years with additional risk 
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factors for complications from influenza infection (NCIRS, 2015). The vaccine was 

recommended and subsidised under the Pharmaceutical Benefits Scheme (PBS) for 

other populations at increased risk of complications from influenza infection including 

pregnant women and children ≥ 6 months with specific medical conditions predisposing 

to severe influenza. 

 

From 2010, TIV was recommended and funded under the national immunisation 

program for adults ≥ 65, Aboriginal and Torres Strait Island people aged ≥ 15, pregnant 

women and all persons ≥ 6 months at increased risk of complications from influenza 

infection  (NCIRS,  2015,  ATAGI,  2013).  Those  deemed  to  be  at  increased  risk  of  

complications were those with underlying cardiac disease, chronic respiratory 

conditions including suppurative lung disease, chronic obstructive pulmonary disease 

and severe asthma, chronic neurological condition, other chronic illnesses including 

diabetes and chronic renal failure and immunocompromising conditions including HIV 

infection, malignancy or chronic steroid use.  

 

In 2015, Aboriginal and Torres Strait Island children aged 6 months to <5 years have 

been added to the funded program (ATAGI, 2015). Although recommended by the 

Australian Technical Advisory Group on Immunisation (ATAGI), influenza vaccine is not 

funded for persons with significant obesity, chronic liver disease, persons with Trisomy 

21 or healthy non-Indigenous children < 5 years of age. In 2015, children less than 9 

years of age are recommended to receive two doses of influenza vaccination in their 

first year they receive influenza vaccine: prior to this, two doses were recommended for 

those <10 years. Both trivalent and quadrivalent inactivated influenza vaccines are 
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available in Australia yet only TIV was provided under the national immunisation 

program in 2015 (Table 2).  

 

In addition to the national immunisation program, Western Australia has recommended 

and provided free inactivated influenza vaccine to all healthy children aged 6 months to 

<5 years from 2008. It has remained the only Australian state with a preschool influenza 

vaccination program. 

 

2.11.2 United States 

In the US, ACIP recommends all children and adults from 6 months of age receive annual 

influenza vaccination (Grohskopf et al., 2014). Inactivated influenza vaccination is 

recommended from 6 months with two doses recommended in children 6 months to 8 

years during their first season of vaccination. Live-attenuated influenza vaccination is 

recommended in those aged two to 49 years. In the setting of vaccine shortages, 

children 6 to  59 months, adults ≥ 50 years, Indigenous populations, pregnant women 

and those with underlying conditions including chronic cardiovascular, pulmonary, 

renal, hepatic, neurologic, hematologic, metabolic or immunocompromising conditions, 

are prioritised. Although LAIV was previously preferred, this has been recently been 

amended such that no preference is given for either LAIV or inactivated influenza 

vaccines (Grohskopf et al., 2014). 

 

2.11.3 Canada 

Canada has been an international leader in paediatric influenza vaccination with the  

first universal influenza immunisation program established in Ontario, Canada. In 

Canada, National Advisory Committee on Immunization (NACI) recommends influenza 
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vaccination for all individuals aged 6 months and older with a particularly focus on 

people at high risk of influenza-related complications or hospitalization and people 

capable of transmitting influenza to those at high risk (NACI, 2014). As of March 2015, 

the majority of Canadian provinces and territories offer free universal influenza 

vaccination for children and adults (PHAC, 2015). The exceptions are British Columbia 

and New Brunswick (offering free vaccine to all children aged 6 to 59 months) and 

Quebec (offering free vaccine to children 6 to 23 months). Older children at high risk of 

influenza-related complications in these provinces and territories are offered free 

vaccination. Two doses are recommended in children < 9 years during their first season 

of vaccination 

 

2.11.4 United Kingdom 

The United Kingdom extended it’s national influenza vaccination program in 2013 to 

include all children aged two to seventeen years (PHE, 2015). Preference was given to 

live-attenuated influenza vaccine for children with inactivated influenza vaccines 

recommended for adults. In 2015-16, influenza vaccination will be provided to all 

children aged between two and four years, all children in school years 1 and 2 and older 

children participating in previous primary school pilots. In addition, those aged 65 years 

and over, pregnant women, those living in long-stay residential care homes and all 

persons with a serious medical condition will be offered influenza vaccine. Serious 

medical conditions included in the UK program include chronic respiratory, heart, 

kidney, liver, neurological disease, diabetes, asplenia and other immunosuppressive 

conditions (PHE, 2015). 
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2.11.5 New Zealand 

Vaccination using an inactivated influenza vaccine is recommended and funded for 

adults ≥ 65, pregnant and breastfeeding women, children and adults with underlying 

medical conditions including cardiovascular disease, chronic respiratory disease, 

diabetes, chronic renal disease, cancer, neuromuscular and central nervous system 

diseases, immunosuppression, haemoglobulinopathies or autoimmune diseases (MOH-

NZ, 2014).  Children 6 to 59 months previously hospitalised for respiratory illness or with 

a history of significant respiratory illness have recently become eligible for funded 

influenza vaccination. Healthy children 6 to 59 months are recommended to receive 

influenza vaccine however this is currently unfunded. Two doses are recommended for 

children aged 6 months to 9 years who are receiving influenza vaccine for the first time.  

 

2.12 Current Knowledge Gaps 

Influenza immunisation is recommended and funded in many countries for young 

children. Despite increasing evidence generated through influenza vaccine effectiveness 

networks or programs, there are numerous current knowledge gaps. There remains a 

paucity of data in the very young. In addition, there are limited data demonstrating 

effectiveness against hospitalisation or other severe outcomes. Little data exists 

demonstrating the effectiveness of vaccine in those with risk factors for severe disease 

and much is still to learn about the indirect effects of influenza vaccination on 

unvaccinated individuals 

 

 The effectiveness of an immunisation program is determined by both the effectiveness 

of the vaccine and community uptake.  Patient and parental factors are expected to 

influence influenza vaccine uptake. An understanding of these factors is required to 
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ensure parental acceptance and uptake of vaccines provided, particularly when a state-

based program is instituted, separate from the national immunisation program.  
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CHAPTER THREE: GENERAL METHODS 

3.1 Chapter outline 

Three observational studies form the body of this PhD thesis. All three studies use either 

test-negative design (TND) or case-control methods with test-negative controls. The 

methods of each of the three studies including subject recruitment, data collection, 

laboratory and analytical methods are described in detail. Two studies are ongoing. All 

three studies have been funded by state and commonwealth Departments of Health. 

Further support has been provided by the Telethon Perth Children’s Hospital Research 

Fund and Raine Medical Research Foundation. 

 

3.2  West Australian Influenza Vaccine Effectiveness Study 

The West Australian Influenza Vaccine Effectiveness (WAIVE) study commenced in 2008 

to monitor the effectiveness of the state-based paediatric influenza vaccination 

program. Vaccines were initially donated by the vaccine manufacturers Sanofi-Pasteur 

and CSL Biotherapies (now bioCSL). The primary objective of this study was to evaluate 

the effectiveness of trivalent inactivated influenza vaccines (TIV) in children 6 months to 

< 5 years of age in the prevention of medically-attended laboratory-confirmed influenza. 

Medical attendance included emergency department visits (emergency arm), hospital 

admissions (hospital arm) and in 2008-2009, outpatient medical attendance (general 

practice arm). The secondary objectives included: i) to evaluate the effectiveness of 

partial vaccination with trivalent inactivated influenza vaccines in children 6 months to 

< 5 years of age in the prevention of laboratory-confirmed influenza, ii) to document the 

burden on families and the health system of laboratory-proven influenza illness in 

children and their families presenting to hospital emergency department, or being 
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admitted to hospital and iii) to assess the rate of influenza co-infection with other 

respiratory viruses and bacteria and the relationship to clinical outcome. Of the 

objectives, only the primary objective and first part of the secondary objectives are 

included in this thesis. The second and third parts of the secondary objectives are 

beyond the scope of this thesis and are being undertaken by students under my 

supervision (Dr Gabi Dixon; Masters of Public Health [2014-2015], Ms Janice Lim; Doctor 

of Philosophy [2013-2016]). 

 

3.2.1 Study population 

Children aged six to fifty-nine months with an influenza-like illness presenting to the 

emergency department or requiring admission to Princess Margaret Hospital during the 

influenza season were eligible for recruitment (2008-2014). Children with an influenza-

like illness testing positive for influenza were compared with children with an influenza-

like illness testing negative for influenza (emergency cohort, 2008-2014; hospital cohort, 

2010-2014; general practice cohort, 2008-2009). In 2008-2009, hospitalised children 

with an influenza-like illness testing positive for influenza were compared with 

hospitalised children without acute respiratory symptoms. This previously reported 

approach to hospitalised children (Dixon et al., 2010) was discontinued due to difficulty 

with control recruitment. As data from the general practice cohort and hospital case-

control study has been included in previous publications (Kelly et al., 2011a, Dixon et al., 

2010), and both aspects of the study were discontinued due to recruitment difficulties, 

data from these aspects of the study have not been included in subsequent publications 

and chapters in this thesis.  

 



45 
 

Influenza-like illness was defined by at least one acute respiratory symptom or sign 

(including but not limited to cough, nasal discharge, respiratory distress, wheezing, 

stridor, grunting respiration, otitis media or earache, pharyngitis or sore throat, sinusitis) 

and fever (either a documented fever > 37.5°C or a parental history of fever in the past 

96 hours).  Exclusion criteria included known contraindications to influenza vaccine, 

immunodeficiency disorders, current or recent immunosuppressive treatment including 

chronic oral steroids use (≥ 1mg/kg for  4 weeks), cytotoxic chemotherapy, radiation 

therapy, other immunosuppressive drug and biologic agents, administration of 

immunoglobulins in the last 3 months and/or receipt of an inappropriate dose of 

influenza vaccine for age of child.  

 

Following written consent from parents or guardians, relevant data and nasopharyngeal 

samples were collected. Two standardized questionnaires were administered.  The first 

questionnaire was completed at time of recruitment or as close to the acute influenza-

like illness as possible. A second questionnaire was provided to the parents and 

completed 7-10 days after recruitment.   

 

Data collected on the first questionnaire included demographic details, nature of the 

influenza-like illness and relevant clinical features. Medical comorbidities were defined, 

as per the Australian Immunisation Handbook (9th and 10th editions) as the presence of 

an underlying condition increasing the risks of complications from influenza infection 

(ATAGI, 2013, ATAGI, 2008). These included cardiac disease, chronic respiratory 

conditions, chronic neurological condition, diabetes, chronic renal failure, inherited 

metabolic diseases and obesity. Preterm birth was defined as birth <37 weeks gestation. 

Attendance at kindergarten, pre-school, daycare, or playgroup, number of people in the 
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same household and smoking history of household members were collected. Influenza 

vaccination status including date and place of recent vaccination as well as history of 

influenza vaccination in prior years were collected.  

 

In addition, factors which influenced a parents' decision to have their child vaccinated 

or not vaccinated against influenza and awareness of the current recommendation for 

influenza vaccine was collected from parents. The questionnaire was administered to 

the parent or guardian when the child was recruited into the study. All questions could 

be answered as yes, no or unsure.  Modifications were made to the original 

questionnaire following the Influenza A(H1N1)pdm09 pandemic and adverse events 

observed in 2010 to ensure appropriate vaccination information was collected and to 

monitor changes in parental attitudes following both events. 

 

Data on the second questionnaire included medical attendance for care during the 

illness (general practice, emergency department or hospital admission), any tests or 

procedures during the illness, any medications administered during the illness (including 

antivirals), complication or infections during the illness, recovery date of the illness, any 

time missed by the child from preschool, daycare kindergarten or by the parent/carer 

from work due to the illness was collected.  Seasonal influenza vaccination status of 

household members and any influenza-illness in household members was collected at 

the same time. 

 

3.2.2 Laboratory methods 

Bilateral mid turbinate nasal swabs (Copan Diagnostics Inc, Murrieta, CA) placed into 

viral transport medium or nasopharyngeal aspirates were collected on all enrolled 
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children. For children not requiring admission (emergency department cohort), 

nasopharyngeal samples were tested by polymerase chain reaction (PCR) assay and viral 

culture only. For children requiring admission (inpatient cohort), nasopharyngeal 

samples were tested by PCR, viral culture and direct immunofluorescent antigen 

detection (Chemicon SimulFluor Respiratory Screen, Millipore, Temecula, CA). 

 

Nucleic acid was extracted from a 200uL volume of clinical sample and tested for human 

adenovirus species B-E; human bocavirus; human coronaviruses OC43, 229E, HKU1 and 

NL63; influenza viruses A, B and C; parainfluenzaviruses 1–4; human metapneumovirus 

and RSV types A and B using published primers (table 1) (Chidlow et al., 2009, Chidlow 

et al., 2010b, Chidlow et al., 2010a). Additional PCR assays were directed at the 5’UTR 

of picornaviruses. Viral culture was performed using centrifuge-enhanced inoculation 

onto Madin-Darby canine kidney (MDCK) cells and diploid human lung fibroblasts and 

confirmed using immunofluorescent antibody detection with monoclonal antibodies 

directed at influenza A or B (Oxoid Microbiology, ThermoFisher, Waltham, MA).  

 

Table 1: Gene targets included in PCR assay used for WAIVE 

Target Gene Target 

Adenovirus (AdV) Hexon 

Human Bocavirus (HBoV) VP1 

Human Coronavirus (HCoV): Nucleocapsid and ORF 1a/c (HKU1) 

Human Metapneumovirus (HMPV) Matrix 

Influenza A/H1 or A/H3 virus Matrix and Haemagglutinin 

Influenza B virus Matrix 

Parainfluenza virus 1-4 (PIV) Nucleoprotein 

Rhinovirus (RV) and Enterovirus (EV) 5’NCR region with gene sequencing 

Respiratory Syncytial Virus A or B (RSV) Nucleoprotein 
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3.2.3 Immunisation status 

Vaccination status was assessed during the parental interview and then confirmed by 

the Australian Childhood Immunisation Register (ACIR). Established in 1996, vaccination 

records of all children <7 years in Australia are collected in ACIR and available to guide 

assessment of vaccine uptake and effectiveness. If vaccination status could not be 

determined or discrepancies were noted, immunisation providers were contacted.   

“Fully vaccinated” was defined as: i) two doses of TIV at least 21 days apart and at least 

14 days prior to presentation or ii) one dose of TIV at least 14 days prior to presentation 

and two or more doses in a previous year (ATAGI, 2013). “Partially vaccinated” was 

defined as receipt of one dose of TIV at least 14 days prior to presentation without at 

least two doses in previous years. Children that had not received any vaccination in the 

year of presentation or were vaccinated less than 14 days prior to presentation were 

deemed unvaccinated. It must be acknowledged that classifying children vaccinated <14 

days prior to presentation as unvaccinated may lead to an underestimation of vaccine 

effectiveness. 

 

3.2.4 Analysis 

Statistical analysis was performed using SPSS 20.0.0 (IBM Corp. New York, NY). 

Differences in categorical variables were tested by two-sided t-test or Fisher exact test. 

A p value of 0.05 was considered significant. With laboratory-confirmed influenza as the 

primary outcome and vaccine status as the primary exposure, unadjusted odds ratios 

(OR) and 95% asymptotic confidence intervals were calculated for each arm and year of 

the study. VE was then estimated as 1-OR.  Adjusted odds ratios (aOR) were then 

determined using logistic regression, with influenza positive/negative as the dependent 

variable and vaccination status as the primary independent variable. Variables included 
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in the logistic regression model included season, month of disease onset, age group, sex, 

Aboriginal/Torres Strait Islander status, presence or absence of co-morbidities and 

preterm birth. Estimates of VE were measured in each year of the study and a combined 

adjusted estimate calculated. In addition, VE estimates for influenza subtypes, age 

groups and risk groups were calculated using the same method. 

 

Attitudes of parents whose children were vaccinated were compared with those whose 

children were not vaccinated. Parental attitudes prior to and following the adverse 

events of 2010 were also compared. Principal Components Analysis (PCA) was 

performed to reduce the set of interrelated questionnaire items into a smaller number 

of independent factors representing different core attitudes to the disease and the 

vaccine. Factors with eigenvalues >1 were extracted and, after varimax rotation, Z-

scores for the extracted factors were calculated for each respondent. These factor 

scores were then used as independent variables and included in a binary logistic 

regression model with vaccine uptake (fully vaccinated) as the outcome and age, sex, 

indigenous status, preterm birth, presence of co-morbidities and out-of-home care 

attendance as potential confounders. Adjusted odds ratios and 95% confidence intervals 

were calculated.  

 

To determine whether parental attitudes and prescriber recommendations varied 

according to the risk of complications following influenza infection, further analysis was 

undertaken: the attitudes of parents and recommendations of prescribers for children 

with and without medical comorbidities were compared, as were the attitudes and 

recommendations for children born preterm and term, Indigenous and non-Indigenous 

children and children < 2 years and ≥ 2 years.  
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3.2.5 Ethical considerations 

Ethical approval for the study was obtained from the ethics committees of Princess 

Margaret Hospital for Children (1673/EP), the South Metropolitan Area Health Service, 

and the Western Australian Aboriginal Health Information and Ethics Committee. 

 

3.3  2nd WAIVE: A retrospective case-control study assessing vaccine  
       effectiveness against severe influenza 

 

Interim analysis of the WAIVE study data following the 2013 season revealed insufficient 

power to examine the effectiveness of vaccination against severe influenza, specifically 

influenza requiring hospitalisation (vaccine effectiveness: 27.2% [95% confidence 

interval: -165.8%, 80.1%], Blyth unpublished data). The 2nd WAIVE retrospective case-

control study was established to improve recruitment of influenza-associated 

hospitalisation over the period of the WA preschool influenza vaccination program. The 

primary objectives of this study were to: i) document the burden of season influenza-

associated hospitalisation at a single tertiary paediatric hospital and to ii) estimate the 

effectiveness of TIV in preventing influenza-associated hospital admission.   

 

3.3.1 Study population 

This study was undertaken at Princess Margaret Hospital (PMH), the sole tertiary 

children’s hospital in Western Australia following introduction of the state-funded 

preschool influenza vaccination program. Any child admitted to hospital with 

laboratory-confirmed influenza was retrospectively identified from laboratory and 

hospital records (2008-2013). As the objective of this study was to describe the burden 

of seasonal influenza and estimate the effectiveness of seasonal TIV against influenza-
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associated hospitalisation, children hospitalised with influenza in 2009 were excluded. 

Children admitted to PMH in 2009 with influenza have been described in a previous 

multi-centred pandemic influenza epidemiological study (Khandaker et al., 2014).  

 

3.3.2 Laboratory methods 

During this period of time, children with acute respiratory symptoms admitted to 

Princess Margaret Hospital for whom viral or influenza studies were requested 

underwent direct immunofluorescent antigen detection (Chemicon SimulFluor 

Respiratory Screen, Millipore, Temecula, CA), influenza PCR using an in-house influenza 

PCR targeting the matrix gene(Ward et al., 2004) and viral culture. Nasopharyngeal 

aspirates were the preferred respiratory sample for inpatients at Princess Margaret 

Hospital, however other samples such as nasal, nasopharyngeal and throat swabs, 

sputum samples and endotracheal aspirates were accepted and underwent the same 

testing algorithm. 

 

3.3.3 Identification of cases and controls 

A complete list of influenza polymerase chain reaction (PCR) tests results performed at 

Princess Margaret Hospital from 2008 to 2013 was obtained through PathWest 

Laboratory WA (courtesy of Charmaine Sutton, PathWest WA). Following identification 

of influenza test-positive samples (2008, 2010-2013), hospital databases were 

interrogated to identify admission and discharge dates of influenza PCR-positive 

patients. A hospital admission was defined as requiring inpatient care greater than four 

hours duration as per hospital policy. The clinical notes were reviewed on all children 

who returned a positive influenza PCR test either during their hospital admission or up 

to 48 hours prior to admission.  
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An influenza-associated hospitalisation was defined as: 

1) A child admitted to hospital with an influenza PCR-positive sample taken during 

the first 48 hours of hospital admission. 

2) A child admitted to hospital with an influenza PCR-positive sample taken >48 

hours after admission, if the child presented with clinical features consistent with 

influenza. 

3) A child admitted to hospital with an influenza PCR-positive sample taken >48 

hours after their admission, only if the child’s symptoms commenced <48 hours 

after admission (i.e. excluding hospital-acquired or nosocomial influenza). 

 

Influenza PCR-positive cases were excluded if their sample was taken for screening (e.g. 

pre-cardiac surgery respiratory virus screening, broncheo-alveolar lavage samples on 

children undergoing annual cystic fibrosis assessments). 

 

Following identification of children with influenza-associated hospitalisation (hereafter 

referred to as cases), influenza test-negative controls were identified from laboratory 

and hospital records to facilitate vaccine effectiveness estimates. This design assumes 

that vaccination has no impact on children with respiratory illness due to causes other 

than influenza, and they therefore form a convenience sample of the wider population 

at risk once stratified by covariates. Cases and controls were matched one to one using 

date of laboratory test, age and type of ward.  
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Controls were chosen if:  

1) They returned a negative laboratory test performed within 14 days of the case.  

2) Their age was within predefined boundaries when compared to the case:                              

6-11 months of age: < 3 months difference; 12-59 months of age: <1 year 

difference; 5 years and above: < 3 years difference. 

3) They were admitted to a similar ward to the case: medical, surgical and 

haematology/oncology. 

 

Following identification of influenza positive cases in the years 2008, 2010-2013, the 

medical record was reviewed. The presence of risk factors predisposing to severe 

outcomes following influenza infection including race (Indigenous or non-Indigenous) 

and the presence of underlying conditions increasing the risks of complications from 

(hereafter referred to as comorbidities) was ascertained (ATAGI, 2013). Comorbidities 

assessed included chronic respiratory, cardiac and neurological disorders, 

immunocompromising conditions or immunosuppression. Symptoms and signs, length 

of stay, complications including admission to the intensive care unit (ICU) and treatment 

were extracted from the medical record. 

 

3.3.4 Immunisation status 

Following review of the medical record, vaccination status of cases and controls were 

confirmed by the Australian Childhood Immunisation Register (ACIR) for children < 7 

years of age.   As per national guidelines at the time of hospitalisation, “fully vaccinated” 

was defined for children < 10 years as: i) two doses of TIV at least 21 days apart and at 

least 14 days prior to presentation or ii) one dose of TIV at least 14 days prior to 

presentation and two or more doses in a previous year (ATAGI, 2013). For children 10 
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years and above, “fully vaccinated” was defined as one dose of TIV at least 14 days prior 

to presentation. Children not receiving influenza vaccination in the year of presentation 

or receiving vaccination within 14 days of presentation were deemed unvaccinated. It 

must be acknowledged that classifying children vaccinated <14 days prior to 

presentation as unvaccinated may lead to an underestimation of vaccine effectiveness. 

 

3.3.5 Analysis 

Statistical analysis was performed using SPSS 20.0.0 (IBM Corp. New York, NY). 

Differences in categorical variables were tested by two-sided 2 test or Fisher exact test. 

A p value of 0.05 was considered significant.  

 

Children ineligible to be vaccinated (aged < 6 months at the time of presentation) were 

excluded from VE calculations. Conditional logistic regression models were developed 

and applied to matched case-control pairs adjusting for covariates (sex, indigenous 

status and presence/absence of comorbidities). Adjusted odds ratios (aORs) and 95% 

confidence intervals (CI) were estimated. Vaccine effectiveness was estimated as 1 

minus the odds ratio of vaccination in influenza positive cases compared to test negative 

control patients.  

 

Given the small number of vaccinated cases, sensitivity analyses were performed to 

investigate the impact of: i) influenza diagnosed outside the influenza season, ii) missing 

vaccination data in older children and iii) false negative influenza tests. This was 

undertaken by restricting the analysis to: i) children diagnosed with influenza from May 

to October, ii) children aged <7 years of age where vaccination status could be confirmed 

on ACIR and iii) children with a duration of symptoms < 7 days. 
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3.3.6 Ethical considerations 

Ethical approval for the study was obtained from the ethics committees of Princess 

Margaret Hospital for Children (QA6677). 

 

3.4  InFLUenza Complications Alert Network (FluCAN):                                       
 Influenza epidemiology and vaccine effectiveness in children 

 
Given the paucity of data on the effectiveness of influenza vaccine against severe 

influenza in children, pilot funding was sought from the Commonwealth Department of 

Health to include two tertiary paediatric hospitals in a national sentinel surveillance 

program for severe influenza. Established during the 2009 influenza A/H1N1pdm09 

pandemic to monitor hospitalisations in adults with confirmed influenza, the InFluenza 

Complications Alert Network (FluCAN), has subsequently recruited patients with 

laboratory-confirmed influenza from hospitals in all states. In addition to describing the 

epidemiology of severe influenza since 2009, the network has generated robust annual 

VE estimates (Cheng et al., 2013a, Cheng et al., 2014, Cheng et al., 2013b, Kelly et al., 

2011b).  

 

In 2014, surveillance was expanded to include two large specialty paediatric hospitals: 

Princess Margaret Hospital for Children (Western Australia) and Children’s Hospital at 

Westmead (New South Wales). In addition, any paediatric cases from the other 

participating sites were also included. These other sites included Canberra Hospital 

(ACT), Westmead Hospital (NSW), John Hunter Hospital (NSW), The Alfred Hospital (VIC), 

Royal Melbourne Hospital (VIC), Monash Medical Centre (VIC), Geelong Hospital (VIC), 

Princess Alexandra Hospital (QLD), Mater Hospital (QLD), Cairns Base Hospital (QLD) 
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Royal Perth Hospital (WA), Royal Adelaide Hospital (SA), Royal Hobart Hospital (TAS) and 

Alice Springs Hospital (NT). 

 

The primary objectives of the FluCAN network are to: i) collect real-time sentinel 

surveillance for influenza requiring hospitalisation, thereby providing a reliable and 

timely source of information to inform public health policy, ii) collect detailed clinical 

and laboratory information from all patients hospitalised within the network with a 

laboratory confirmed diagnosis of influenza to determine the burden of disease 

requiring hospitalisation associated with influenza and  iii) to estimate the effectiveness 

of influenza vaccine against hospitalisation with influenza by comparing influenza 

vaccine status in patients with influenza and test-negative controls. 

 

3.4.1 Study population 

Patients with laboratory-confirmed influenza were recruited at FluCAN sites within 48 

hours of diagnosis through active surveillance of medical admissions and laboratory 

records by data collection nurses (local coordinator). Surveillance for cases was 

undertaken from April to October each year. 

 

 

3.4.2 Laboratory methods 

Influenza testing was initiated at all sites by clinicians based on clinical indications and 

local guidelines. All influenza cases were confirmed using real-time reverse transcriptase 

polymerase chain reaction (PCR) assays using standard primers. All tests were 

performed in local or referral laboratories accredited by the National Association of 

Testing Authorities (NATA). At Princess Margaret Hospital, influenza PCR was 
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undertaken using an in-house influenza PCR targeting the matrix gene (Ward et al., 

2004). At Children’s Hospital Westmead, influenza PCR was undertaken using a 

commercial multiplex respiratory pathogen assay (Seeplex® RV15 ACE detection kit; 

Seeplex, Korea). 

 

3.4.3 Identification of cases and controls 

Cases and controls were identified from hospital and laboratory lists of patients 

undergoing influenza diagnostic tests. Inclusion criteria for cases required presentation 

with suspected influenza (defined by the presence of respiratory symptoms with or 

without fever) and a positive test for influenza by PCR. Cases were excluded in situations 

where influenza was not suspected clinically (e.g. routine influenza test done during 

bronchoscopy). 

 

Following identification of a case, the next patient tested for influenza and returning a 

negative test was eligible for recruitment as a control if the following criteria are met: 

1. They were admitted to hospital. 

2. They were tested for suspected influenza (defined by the presence of respiratory 

symptoms with or without fever).  

3. They presented within 14 days of a case. 

4. Their duration of symptoms was 7 days or less. 

 

Following identification, detailed clinical, radiological and laboratory data were 

collected on all hospitalised cases and controls, including demographic characteristics 

(age, sex, Indigenous status), primary diagnosis, co-morbidities, illness severity 

(including admission to an intensive care [ICU] or high dependency unit [HDU]), 



58 
 

complication profile, length of stay and outcome of treatment (including death). If 

sufficient detail was not recorded in the medical notes, further data was collected from 

the patient or parent. 

 

A subset of these data was made available via a simple on-line data collection tool to 

State Communicable Diseases Branches and the Office of Health Protection at the 

Commonwealth Department for Health and Ageing thereby enabling rapid public health 

responses if changes in severity of influenza complications were detected.  

 

3.4.4 Follow up and vaccination status 

After at least 30 days, follow up data on influenza cases and influenza-negative controls 

were collected including mortality, discharge date, re-admissions, final diagnosis and 

vaccination status for influenza, Streptococcus pneumoniae and Haemophilus influenzae 

type b.  

 

For children < 7 years of age, vaccination status of cases and controls was confirmed by 

the Australian Childhood Immunisation Register (ACIR).  As per national guidelines used 

in 2014, “fully vaccinated” was defined for children < 10 years as: i) two doses of TIV at 

least 21 days apart and at least 14 days prior to presentation or ii) one dose of TIV at 

least 14 days prior to presentation and two or more doses in a previous year (ATAGI, 

2013). For adults and children 10 years and above, “fully vaccinated” was defined as one 

dose of TIV at least 14 days prior to presentation. Subjects that had not received any 

vaccination in the year of presentation or had received vaccination within 14 days of 

presentation were deemed unvaccinated. It must be acknowledged that classifying 
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children vaccinated <14 days prior to presentation as unvaccinated may lead to an 

underestimation of vaccine effectiveness. 

 

3.4.5 Analysis 

Analyses were performed using Stata 13 for Windows (College Station, Texas, USA), 

Descriptive statistics were undertaken comparing influenza type by demographics, risk 

factors and site. Factors associated with ICU or HDU admission and the length of hospital 

stay (LOS) using multivariable regression were identified. Factors associated with 

ICU/HDU admission were determined using a logistic regression model, with factors 

retained in the multivariable model if p<0.20. Factors associated with LOS were 

modelled using a linear regression, as the mean duration of stay was the parameter of 

interest. Standard errors were estimated using bootstrapping (1000 replicates) to 

correct for heteroskedasticity.  

 

We used an incidence density test negative design to estimate vaccine effectiveness, 

where controls were selected from influenza-test negative subjects with acute 

respiratory infection tested contemporaneously with a case: controls could be test-

negative for all pathogens or have an alternative pathogen detected. Vaccine 

effectiveness was estimated as 1 minus the odds ratio of vaccination in influenza positive 

cases compared to test negative control patients using methods previously described 

(Cheng et al., 2013a, Cheng et al., 2014, Cheng et al., 2013b, Kelly et al., 2011b). Only 

children tested within seven days of admission were included in vaccine effectiveness 

estimates.  
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A conditional logistic regression model using influenza case status as the dependent 

outcome was constructed and adjusted for potential confounders (age group <2 years 

and comorbidities). Models that included more age groups and Indigenous status as 

adjusting variables were considered in sensitivity analyses.  

 

3.4.6 Ethical considerations 

Ethics approval was obtained at all participating sites (including Princess Margaret 

Hospital and Children’s Hospital Westmead), at Monash University and the Australian 

National University. 
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CHAPTER FOUR: VACCINE EFFECTIVENESS OF TRIVALENT INACTIVATED 
INFLUENZA VACCINE IN YOUNG CHILDREN 

 
4.1 Chapter outline 

Using data from children enrolled into the WAIVE study from the emergency 

department of Princess Margaret Hospital, this chapter builds on VE estimates published 

following the first year of the WAIVE study (Kelly et al., 2011a). Annual and pooled VE 

estimates are calculated (2008-2012). In addition to providing robust VE estimates for 

young children, the study enables further validation of TND by comparing VE estimates 

in test-negative controls and other-virus-detected controls.  

 

4.2 Published Manuscript 

Blyth CC, Jacoby P, Effler PV, Kelly H, Smith DW, Robins C, Willis GA, Levy A, Keil AD, 

Richmond PC on behalf of the WAIVE Study Team. Effectiveness of trivalent flu vaccine 

in healthy young children. Pediatrics. 2014 May; 133(5): e1218-25. doi: 

10.1542/peds.2013-3707 (Appendix 7) 

 

4.3 Statement of contribution 

Dr Blyth has led the WAIVE project since 2010. He has supervised recruitment by 

research assistants, collated, cleaned and analysed the data and wrote the first draft of 

the manuscript. Professors Effler, Kelly, Smith and Richmond devised and designed the 

study, supervised analysis and assisted in writing the manuscript. A/Prof Jacoby 

designed the study, assisted with analysing the data and writing the manuscript. Ms 

Robins enrolled patients, supervised research assistants, collated and cleaned the data. 

Dr Willis assisting designing the study, collated and cleaned the data and assisted with 
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writing the manuscript. Dr Levy performed virological studies, collated and cleaned the 

virology data and assisted with writing the manuscript. Dr Keil assisted designing the 

study, supervised laboratory processing and assisted with writing the manuscript. 

 

 

4.4 Funding 

This study was funded by the Western Australian Department of Health. 

 

4.5 Abstract 

4.5.1 Background 

There are few studies evaluating the effectiveness of trivalent influenza vaccination (TIV) 

in young children, particularly children <2 years. The Western Australian Influenza 

Vaccine Effectiveness study commenced in 2008 to evaluate a program providing TIV to 

children aged 6-59 months. 

 

4.5.2 Methods 

An observational study enrolling children with influenza-like-illness presenting to a 

tertiary paediatric hospital was conducted (2008-2012). Vaccination status was 

determined by parental questionnaire and confirmed via the national immunisation 

register and/or vaccine providers. Respiratory virus PCR and culture were performed on 

nasopharyngeal samples. The test-negative design was used to estimate vaccine 

effectiveness (VE) using two control groups: all influenza test-negative subjects and 

other-virus-detected (OVD) subjects. Adjusted odds ratios were estimated from models 

with season, month of disease onset, age, sex, Indigenous status, prematurity and 
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comorbidities as covariates. Subjects enrolled in 2009 were excluded from VE 

calculations.  

 

4.5.3 Results 

Of 2001 children enrolled, influenza was identified in 389 (20.4%) children. Another 

respiratory virus was identified in 1134 (59.6%). Overall, 295/1903 (15.5%) children 

were fully vaccinated and 161/1903 (8.4%) partially vaccinated. Vaccine uptake was 

significantly lower in 2010-2012 following increased febrile adverse-events observed in 

2010. Using test-negative controls, VE was 64.7% (95%CI: 33.7, 81.2). No difference in 

VE was observed with OVD controls: 65.8% (95%CI: 32.1, 82.8). The VE for children <2 

years was 85.8% (95%CI: 37.9, 96.7). 

 

4.5.4 Conclusions  

This study demonstrates the effectiveness of TIV in young children over four seasons 

using test-negative and other-virus-detected controls. TIV was effective in children aged 

<2 years. Despite demonstrated vaccine effectiveness, uptake of TIV remains 

suboptimal.  

 

4.6 Introduction 

Influenza viral infections remain a major contributor to the global burden of acute 

respiratory infection (Thompson et al., 2004). Young children, the elderly and others 

with underlying medical conditions are at greatest risk of hospitalisation, morbidity and 

death (Fiore et al., 2010, Izurieta et al., 2000, O'Brien et al., 2004). Annual influenza 

vaccination is the most effective method for preventing influenza virus infection and its 

complications (Fiore et al., 2010). 
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National recommendations for influenza vaccination vary significantly between 

countries, particularly for young children. Since 2003, the US ACIP has recommended 

influenza vaccination for all children from 6 to 23 months of age (Fiore et al., 2010). From 

2008, the ACIP extended its recommendation to include vaccination of all children with 

either trivalent influenza vaccine (TIV) from 6 months of age or live-attenuated influenza 

vaccine (LAIV) from 2 years (Fiore et al., 2010). Since 2007, Finland has recommended 

annual TIV in children aged 6 months to 3 years (Heinonen et al., 2011). Prior to 2013, 

the United Kingdom Joint Committee on Vaccination and Immunisation (JCVI) 

recommended influenza vaccination in children aged 6 months and older with 

underlying medical conditions associated with severe influenza (PHE, 2006). From 

September 2013, a program to offer influenza vaccination to all  children aged 2 to 17 

years in the United Kingdom commenced with 2-3 year olds offered the vaccine in the 

first year (PHE, 2015): LAIV has been preferred over TIV. Children aged 6 to 23 months 

with underlying medical conditions are recommended to receive TIV.  

 

 In Australia, TIV is licensed for all children aged >6 months. The Australian Technical 

Advisory Group on Immunisation (ATAGI) strongly recommends influenza vaccination 

for  children aged 6 months and older with underlying medical conditions associated 

with severe influenza (ATAGI, 2013).  From 2010, the vaccine has been funded under the 

national immunisation program for children with underlying comorbidities: prior to this, 

a subsidised influenza vaccine was made available to children with risk factors under the 

Australian Pharmaceutic Benefits Scheme. LAIV is unavailable in the Southern 

Hemisphere. 
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There remains ongoing controversy about the role of influenza vaccination in the very 

young, particularly children < 2 years. As LAIV is licenced from 2 years, TIV remains the 

only licenced option in this age group. There is a paucity of published data 

demonstrating effectiveness of TIV in children younger than 2 years leading some 

authors to argue against the recommendation for routine TIV in this age group (Esposito 

et al., 2012, Jefferson et al., 2012, Osterholm et al., 2012b). 

 

Following several influenza-related deaths in previously healthy preschool children in 

2007(WA-DOH, 2007), the state of Western Australia implemented its own paediatric 

influenza vaccination program. TIV was recommended and provided free for all children 

aged 6 months to <5 years. This was in addition to the national program which 

recommended vaccination in children 6 months and older with underlying medical 

conditions associated with severe influenza. The Western Australian Influenza Vaccine 

Effectiveness (WAIVE) study commenced in 2008 to assess influenza vaccine 

effectiveness (VE) using the test-negative design, with the outcome being medically-

attended laboratory-confirmed influenza. VE estimates from the year 2008 have been 

presented previously (Dixon et al., 2010, Kelly et al., 2011a). Influenza positive cases 

were compared against two different control groups: test-negative and other-virus-

detected controls. The second analysis was undertaken on the assumption that if any 

respiratory virus was detected, influenza virus would also have been identified if present 

(i.e. excluding false negative controls).  

 

We present the estimated VE of TIV in children 6 months to <5 years (2008-2012; 

excluding 2009) calculated from children presenting with an influenza-like-illness to the 

major paediatric teaching hospital emergency department in Perth, Western Australia. 
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4.7 Patients and methods  

From 2008 onwards, all children in Western Australia 6 months to 59 months of age 

were eligible for free TIV. Children receiving vaccine for the first time were 

recommended to receive two doses at least 1 month apart (ATAGI, 2013). Princess 

Margaret Hospital (PMH) is the sole tertiary paediatric hospital for the state of Western 

Australia (population 2.4 million people). The hospital manages more than 70,000 

emergency presentations per annum (≈25% of paediatric emergency presentations in 

the state), 15-20% of which require hospital admission (A/Prof Meredith Borland; Ms 

Lisa Brennan, personal communication). The commencement and cessation of the 

influenza season in Western Australia was determined using data on influenza virus 

detection from community influenza surveillance and routine diagnostic samples; these 

data were analysed weekly (WA-DOH, 2013). All children presenting to the PMH 

Emergency Department during the influenza season (2008-2012) were eligible for 

enrolment. 

 

All children with an influenza-like illness (ILI) were eligible for enrolment except those 

with a known immunodeficiency disorder, current or recent immunosuppressive 

treatment or receipt of immunoglobulin in the previous 3 months (ATAGI, 2013). ILI was 

defined by at least one acute respiratory symptom or sign plus either a documented 

fever ≥37.5°C or history of fever in the past 96 hours. Following written consent from 

parents or guardians, clinical data and nasopharyngeal samples were collected by nurses 

or medical students who had been instructed on correct sampling techniques. 

Vaccination status was assessed during the parental interview and then confirmed by 

either the Australian Childhood Immunisation Register (ACIR) or by contacting 

Immunisation providers.  “Fully vaccinated” was defined as i) two doses of TIV at least 
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21 days apart and at least 14 days prior to presentation or ii) one dose of TIV at least 14 

days prior to presentation and two or more doses in a previous year (ATAGI, 2013).  

 

Bilateral mid-turbinate nasal swabs (Copan Diagnostics Inc, Murrieta, CA) placed into 

viral transport medium or nasopharyngeal aspirates were collected on all enrolled 

children. Using previously published methods, nasopharyngeal samples were tested by 

polymerase chain reaction (PCR) assay for respiratory viruses including influenza A/B/C, 

respiratory syncytial virus A/B, human metapneumoviruses, human parainfluenza virus 

types 1-4, picornaviruses (including human rhinoviruses and enteroviruses), human 

adenoviruses B-D, human coronaviruses OC43/229E  and human bocaviruses (Chidlow 

et al., 2010a, Chidlow et al., 2009, Chidlow et al., 2010b). Viral culture was performed 

using centrifuge-enhanced inoculation onto Madin-Darby canine kidney (MDCK) cells 

and diploid human lung fibroblasts and confirmed using immunofluorescent antibody 

detection with monoclonal antibodies directed at influenza A or B (Oxoid Microbiology, 

ThermoFisher, Waltham, MA). In addition, hospital inpatients underwent antigen 

detection using standard direct immunofluorescence method (Chemicon, Millipore 

Corporation, Billerica, MA).  

 

Using the test-negative design (Foppa et al., 2013, Jackson and Nelson, 2013, Orenstein 

et al., 2007), children testing positive for influenza viruses (PCR and/or viral culture) 

were identified as cases. These were compared with two different control groups. The 

first control group were all enrolled children testing negative for influenza viruses: test-

negative controls. The second control group were enrolled children who tested positive 

for respiratory viruses other than influenza: other virus detected (OVD) controls.  
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Statistical analysis was performed using SPSS 20.0.0 (IBM Corp. New York, NY). 

Differences in categorical variables were tested by the 2 test or Fisher exact test. With 

laboratory-confirmed influenza as the primary outcome and vaccine status as the 

primary exposure, odds ratios (OR) and 95% confidence intervals (CIs) were calculated 

using logistic regression models. Season, month of disease onset, age, sex, Indigenous 

status, prematurity and the presence of comorbidities (yes/no) were included as 

covariates, based on their theoretical potential as confounders and/or effect-modifiers. 

Vaccine effectiveness was calculated as 1-OR. In addition, vaccine effectiveness was 

assessed by year, in specific age-groups and for individual influenza types/subtypes. 

 

Ethics approval for the study was obtained from the ethics committees of Princess 

Margaret Hospital for Children (1673/EP), the South Metropolitan Area Heath Service 

and the Western Australian Aboriginal Health Information and Ethics Committee. 

 

4.8 Results  

A total of 2001 children were recruited for the study between 2008 and 2012, of whom 

98 (4.9%) were excluded from the analysis (consent was withdrawn in 38, 50 were older 

than 59 months; 4 had no respiratory sample obtained: 6 had unknown vaccination 

status). The numbers of children enrolled each year varied from 169 in 2010 to 643 in 

2012 (table 1; figure 1). The median age of children enrolled was 1.9 years. The majority 

of children had no pre-existing conditions associated with severe influenza: 

comorbidities were present in 219/1855 (11.8%) with chronic asthma (n=156), other 

chronic respiratory disease (n=22), chronic neurological disease (n=20) and heart 

disease (n=17) most common. 
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Table 1: Season on enrolment, virology and vaccination status 

 
2008 

(n=208) 

2009                

(n = 389) 

2010                  

(n = 169) 

2011               

(n = 494) 

2012                  

(n = 643) 

Total 

(n = 1903) 

Virology 

Influenza virus detected 33 75 29 59 193 389 (20.4%) 

A/H1N1 (non-pandemic) 6 0 0 0 0 6 (0.3%) 

A/H1N1 (pandemic) 0 *73 16 41 0 *130 (6.8%) 

A/H3N2 5 *3 2 13 111 *134 (7.0%) 

B 22 0 11 5 82 120 (6.3%) 

Other respiratory virus 

detected† 
124 226 109 325 236 1134 (59.6%) 

No respiratory virus 

detected 
51 88 31 110 214 493 (25.9%) 

Vaccination status 

Fully vaccinated 77 (37.0%) 153 (39.3%) 9 (5.3%) 23 (4.7%) 33 (5.1%) 295 (15.5%) 

Partially vaccinated 28 (13.5%) 71 (18.3%) 17 (10.0%) 13 (2.6%) 32 (5.0%) 161 (8.5%) 

Unvaccinated 103(49.5%) 165 (42.4%) 143 (84.6%) 458 (92.7%) 578 (89.9%) 1447 (76.0%) 

*one patient had mixed influenza A/H1N1 (pandemic) and A/H3N2 infection 

†115 children had influenza and another respiratory virus detected 

 

Figure 1: The number of positive specimens by month: 2008-2012 (n = 1903) 
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Influenza was identified in 389 children (20.4%; influenza A: 14.1%; influenza B: 6.3%; 

Table 1). Another respiratory virus was identified in 1134 children (59.6%; Figure 1). The 

most frequently detected non-influenza viruses were human picornaviruses (n = 673), 

respiratory syncytial virus A/B (n = 312), human parainfluenza virus types 1-4 (n = 193), 

adenoviruses B-D (n = 157), bocaviruses (n = 126) and coronaviruses OC43/229E (n = 61). 

Two or more respiratory viruses were detected in 467 children including 115 children 

with influenza and another respiratory virus detected in the same sample. 

 

Table 2: Demographics, risk factors and vaccination status in cases and controls (2008, 2010-
2012) 

 

Influenza 
positive 

cases                     
(n = 314) 

Test-
negative 
controls                   

(n = 1200) 

 OVD 
controls                
(n = 794) 

Total                           
(n = 1514) 

Significance:             
Cases vs. test 

negative controls; 
Cases vs. OVD 

controls 

Demographics and risk factors 

Age < 2 years (%) 
105/314 
(33.4%) 

701/1200 
(58.5%) 

481/794 
(60.7%) 

806/1514 
(53.3%) 

p < 0.001; 
p < 0.001 

Male Sex; n (%) 
156/311 
(50.2%) 

650/1187 
(54.8%) 

435/785 
(55.4%) 

806/1498 
(53.8%) 

NS; 
NS 

Indigenous; n (%) 
22/305 
(7.2%) 

51/1165 
(4.4%) 

38/773 
(4.9%) 

73/1470 
(5.0%) 

NS; 
NS 

Preterm birth; n (%) 
33/304 
(10.9%) 

154/1162 
(13.3%) 

103/766 
(13.4%) 

187/1466 
(12.8%) 

NS; 
NS 

Any Comorbidities; n (%) 
27/303 
(8.9%) 

137/1162 
(11.8%) 

85/769 
(11.1%) 

164/1465 
(11.2%) 

NS; 
NS 

    Asthma 
21/303 
(6.9%) 

102/1162 
(8.8%) 

61/769 
(7.9%) 

123/1514 
(8.1%) 

NS; 
NS 

    Other chronic  
    respiratory disease 

3/303 
(1.0%) 

15/1162 
(1.3%) 

11/769 
(1.4%) 

18/1514 
(1.2%) 

NS; 
NS 

    Chronic cardiac disease 
1/303 
(0.3%) 

12/1162 
(1.0%) 

9/769 
(1.1%) 

13/1514 
(0.9%) 

NS; 
NS 

    Chronic neurological 
    disease 

3/303 
(1.0%) 

11/1162 
(0.9%) 

7/769 
(0.9%) 

14/1514 
(0.9%) 

NS; 
NS 

Vaccination status 

Fully vaccinated 
14 

(4.5%) 
128 

(10.7%) 
85 

(10.7%) 
142 

(9.4%) 

p < 0.001; 
p < 0.001 

Partially vaccinated 
6 

(1.9%) 
84 

(7.0%) 
57 

(7.2%) 
90 

(5.9%) 

Unvaccinated 
294 

(93.6%) 
988 

(82.3%) 
652 

 (82.1%) 
1282 

(84.7%) 
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Vaccine uptake was 24.0% overall (fully vaccinated: 295/1903, 15.5%; partially 

vaccinated: 161/1903, 8.5%) and dropped significantly from 2008-2009 (329/597; 

55.1%) to 2010-2012 (127/1306; 9.7%, p < 0.001). Vaccine uptake in children with 

comorbidities was higher than in children without (66/219; 30.1% vs. 389/1635; 23.8%, 

p = 0.045) yet remained low.  

 

Seventy five children were identified as having influenza in 2009, of whom 72 were 

infected with the 2009 pandemic influenza A/H1N1 (2009), two with A/H3N2 and one 

with both A/H1N109 and A/H3N2 viruses. Given the significant mismatch between the 

seasonal influenza vaccine and the 2009 pandemic influenza A/H1N1 strain, all 2009 

cases and controls were excluded from VE calculations.   

 

4.8.1 Vaccine effectiveness 

Summary vaccine effectiveness was calculated from the remaining 1514 children (table 

2). Unadjusted VE was calculated by season using both test-negative and OVD controls 

(table 3). Following adjustment for season, month of disease onset, age, sex, Indigeneity, 

prematurity and comorbidities, fully vaccinated and unvaccinated children were 

compared (table 4).  

 

The overall adjusted VE using test-negative controls was 64.7% (95% confidence interval 

(CI): 33.7, 81.2%). No difference in VE was observed when OVD controls were used: VE 

= 65.8% (95%CI: 32.1, 82.8). In children < 2 years, VE was calculated to be 85.8%, (95%CI: 

37.9, 96.7 - test-negative controls) and 85.5% (95%CI: 34.7, 96.8 - OVD controls). 
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VE was calculated by influenza type/subtype. Using test-negative controls, a trend 

towards greater VE was observed for influenza A compared with influenza B (overall 

Influenza A: VE = 79.6%, [95%CI: 41.6, 92.9]; Influenza B: VE = 47.8% [95%CI: -12.4, 

75.8]). When influenza A/H1N1 and Influenza A/H3N2 were compared using test 

Table 4: Pooled vaccine effectiveness against laboratory-confirmed influenza using  
 

a) all influenza test-negative controls and b) Other virus detected controls 
 

 Vaccine Effectiveness (%; 95% confidence interval)* 

Population All influenza negative controls Other virus detected controls 

All children 64.7% (33.7, 81.2) 65.8% (32.1, 82.8) 

Children < 2 years 85.8% (37.9, 96.7) 85.5% (34.7, 96.8) 

Children ≥ 2 Years 52.1% (-0.1, 77.1) 55.0% (-3.6, 80.5) 

Influenza A 79.6% (41.6, 92.9) 78.3% (34.8, 92.8) 

Influenza B 47.8% (-12.4, 75.8) 53.2% (9.4, 79.6) 

* Vaccine effectiveness compares fully vaccinated with unvaccinated children

 

 

Table 3: Vaccine effectiveness by year against laboratory-confirmed influenza using a) test-
negative controls and b) Other virus detected controls 

a) Test negative controls 

Season 

Number of cases and controls Unadjusted Vaccine 
Effectiveness                                                           

(%; 95% confidence 
interval) 

Fully 
vaccinated 

cases 

Unvaccinated 
cases 

Fully 
vaccinated 

controls 

Unvaccinated 
controls 

2008 9 21 68 82 48.3% -20.2, 77.8 

2010 0 29 9 114 100.0% -64.5, 100.0 

2011 2 57 21 401 33.0% -194.4, 84.7 

2012 3 187 30 391 79.1% 30.6, 93.7 

Total 14 294 128 988 63.2% 35.2, 79.1 

 

b) Other virus detected controls 

Season 

Number of cases and controls Unadjusted Vaccine 
Effectiveness                                                           

(%; 95% confidence 
interval) 

Fully 
vaccinated 

cases 

Unvaccinated 
cases 

Fully 
vaccinated 

controls 

Unvaccinated 
controls 

2008 9 21 53 54 56.3% -4.0, 81.7 

2010 0 29 6 92 100.0% -117.1, 100.0 

2011 2 57 13 300 19.0% -268.5, 82.2 

2012 3 187 13 206 74.6% 9.4, 92.9 

Total 14 294 85 652 63.5% 34.6, 79.6 
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negative controls, VE was 86.5% (95%CI: -4.2, 98.2 - A/H1N1) and 74.8% (95%CI: 13.5, 

92.7 - A/H3N2) respectively.  Insufficient cases were available to calculate vaccine 

effectiveness against separate influenza B lineages.  

 

When partially vaccinated and unvaccinated children were compared (i.e., excluding 

fully vaccinated children), VE was 81.5% (95%CI: 54.7, 92.4 - test-negative controls) and 

83.8% (95%CI: 58.8, 93.2 - OVD controls). Receipt of one or more doses of seasonal 

influenza vaccine in the year of presentation (i.e. fully and partially vaccinated children) 

had an overall VE of 72.2% (95%CI: 52.7, 83.6 - test-negative controls) and 74.4% (95%CI: 

54.5, 85.5 - OVD controls). Significant VE of one or more doses of seasonal influenza 

vaccine was demonstrated in both the younger and older age group (age < 2 years: VE = 

78.4% [95%CI: 43.2, 94.8] and 78.4% [95%CI: 41.6, 92.0] and age ≥ 2 years: VE = 69.3%, 

[95%CI: 41.1, 84.0] and 73.3% [95%CI: 44.8, 87.1] respectively). 

 

VE against non-influenza virus infection was calculated by comparing other virus positive 

cases with all virus negative controls; VE was calculated to be -0.5% (95%CI: -56.1, 34.3). 

 

4.9 Discussion  

Studies assessing TIV VE against laboratory-confirmed influenza in older children and 

adults have frequently demonstrated a protective effect (Esposito et al., 2012, Jefferson 

et al., 2012, Osterholm et al., 2012b). In children less than 2 years of age, there are fewer 

studies to guide immunisation practice. Only one randomised controlled trial has been 

performed: Hoberman et al estimated TIV VE again laboratory-confirmed influenza in 

786 children aged 6-23 months during two consecutive North American influenza 
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seasons. Using acute otitis media as the primary endpoint, VE was estimated to be -7% 

(95%CI: -247, 67) and 66% (95%CI: 34, 84) (Hoberman et al., 2003). A number of 

prospective observational studies of TIV VE against laboratory-confirmed influenza have 

been performed: enrolling 631 Finnish children aged 9-23 months in a single influenza 

season, Heinonen et al estimated VE in fully vaccinated children to be 67% (95%CI: 0,89) 

(Heinonen et al., 2011). Of note, the dose of TIV administered in this study was double 

the dose recommended in other settings (Fiore et al., 2010, ATAGI, 2013). Eisenberg et 

al estimated VE in 2534 children aged 6-23 months presenting to three US centres in 

two influenza seasons to vary from 28% (95%CI: -130, 77) to 55% (95%CI: 13, 77) 

(Eisenberg et al., 2008). Shuler et al estimated VE in 290 children aged 6-23 months with 

influenza and 590 matched controls enrolled in a single influenza season to be 52% 

(95%CI: 20, 70) (Shuler et al., 2007). Maeda et al failed to demonstrate protection 

against laboratory-proven influenza in 314 children aged 6-24 months over three 

influenza seasons in Japan (Maeda et al., 2004). 

 

The paucity of published data in this age group have led to suggestions that there is 

insufficient data to support the routine use of TIV in children aged less than 2 years 

(Esposito et al., 2012, Jefferson et al., 2012). Despite this, given the high burden of 

influenza infection in this population, many international immunisation advisory bodies 

recommend influenza vaccine for young children.   In the absence of a randomised 

control trial (which may be considered unethical in populations for which vaccination is 

already recommended (Fiore et al., 2010)), we are reliant on observational studies that 

assess outcomes associated with laboratory-confirmed influenza infection. This study 

demonstrates the effectiveness of TIV against medically-attended, laboratory-proven 

influenza in Australian children aged 6 months to 5 years over four seasons. Of particular 
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importance, this study provides the strongest evidence to date supporting the 

effectiveness of TIV in children younger than 2 years of age.  

 

The Australian National Immunisation Program strongly recommends and has provided 

free influenza vaccine in all children and adults with risk factors for severe disease since 

2010 (ATAGI, 2013). In Australia, uptake of influenza vaccination in the elderly (≥65 

years) is approximately 75% (AIHW, 2001). Current uptake of TIV in Australian children 

with risk factors for severe disease is uncertain: in this cohort, only 30% of those with 

pre-existing risk factors for severe influenza infection had previously received TIV in the 

year of enrolment.  As Western Australia is the only Australian state with a publicly 

funded preschool influenza vaccination program, uptake in other states is expected to 

be even lower. The optimal methods to improve vaccine uptake in children have not 

been defined and are likely to vary in different jurisdictions. As has been observed in 

other countries, a recommendation for annual influenza vaccination is likely to improve 

coverage (Toback et al., 2011). Public and provider confidence in the safety of influenza 

vaccination is also paramount to the success of any vaccination program (Parrella et al., 

2012). 

 

Immunogenicity studies with both pandemic and seasonal vaccines demonstrate that 

young children frequently require a second dose of vaccine to achieve protective anti-

influenza antibody levels (Arguedas et al., 2010, Neuzil et al., 2006, Walter et al., 2006). 

It is therefore recommended that young children receive two dose of vaccine in the first 

year they are immunised.  In our setting, partial immunisation had demonstrable vaccine 

effectiveness (VE: 81.5-83.8%). This result needs to be interpreted with caution and 

requires confirmation in other populations and over multiple influenza seasons.  
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Our intent in including both the test-negative and other virus detected control groups 

was to reduce the number of control children who may have had false negative influenza 

results due to inadequate specimen collection, storage and/or transport; and to reduce 

the number whose symptoms were due to non-infectious causes.  Other viruses were 

detected using the most sensitive and specific tests available. As another respiratory 

virus was detected by PCR in OVD controls, we expect our methods were sufficiently 

sensitive to detect influenza should it have been present in the nasopharynx. (i.e. a low 

rate of false negative influenza tests). 

 

Similar to the findings of Sundaram et al, we found little difference in vaccine 

effectiveness when both test-negative and OVD controls were used (Sundaram et al., 

2013). These results are consistent with and confirm the assumption that influenza 

vaccination has little impact on infection with other respiratory viruses. This finding is 

contrary to the trend observed in our previous study (Kelly et al., 2011a), and results 

from a small trial published by Cowling et al (Cowling et al., 2012a, Cowling and Nishiura, 

2012). The similarity of the VE calculations for the two control groups may reflect the 

setting in which samples were collected, specifically experienced staff within a 

paediatric emergency department testing a carefully recruited patient population, so 

that deficiencies in sample collection were uncommon. Samples from young children 

are known to contain high levels of virus compared to older children and adults, and 

therefore sample collection methods may have been less critical. Further studies on 

samples collected in other clinical settings, and from older children and adults are 

needed to further compare the two control groups.    
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The strengths of this study include the number of children enrolled, particular children 

< 2 years of age, the evaluation of TIV over four influenza seasons and the use of multiple 

methods to confirm immunisation status, highly sensitive and specific laboratory 

diagnoses and inclusion of other laboratory-confirmed respiratory pathogens. The 

identification of another pathogen in 59.6% of children presenting with an influenza-

like-illness demonstrates the limitations of the clinical definition of influenza (Conway 

et al., 2013) and further highlights the difficulty in interpreting studies calculating VE 

against influenza-like illness. 

 

This study was limited by the significant decrease in vaccine uptake during and after 

2010. In 2010 the Western Australian preschool influenza vaccination program was 

temporarily suspended following a significant increase in the rate of febrile adverse 

events following immunisation (Armstrong et al., 2011, Blyth et al., 2011a). These 

adverse events were attributed to one manufacturer’s brands of influenza vaccine 

(Fluvax® and Fluvax Junior®; CSL Biotherapies Australia, now bioCSL). In 2010, 

administration of FluVax® and FluVax Junior® was associated with a 44 fold increase in 

febrile convulsion compared with previous seasons (Armstrong et al., 2011). Despite this 

dramatic fall in vaccination, we were able to demonstrate significant VE in preschool 

children by increased recruiting in the latter years of the study.  

 

4.10 Conclusions 

Influenza vaccination in children aged less than 2 years has been a contentious issue due 

to the paucity of data demonstrating vaccine effectiveness. Our findings demonstrate 

the effectiveness of trivalent influenza vaccination in healthy young children, including 

those younger than 2 years of age and support the current ACIP recommendations for 
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young children. Consistent results were demonstrated using two different control 

groups. Inclusion of influenza vaccine in routine childhood immunisation schedules will 

result in increased vaccine uptake. Ensuring access to a safe trivalent influenza vaccine 

is paramount to the successful implementation of a paediatric influenza vaccination 

program. 

  



79 
 

CHAPTER FIVE: THE IMPACT OF PANDEMIC A(H1N1)pdm09 INFLUENZA 

AND VACCINE-ASSOCIATED ADVERSE EVENTS ON PARENTAL ATTITUDES 

AND INFLUENZA VACCINE UPTAKE IN YOUNG CHILDREN. 

 
5.1 Chapter outline 

As described in the previous chapter, decreased uptake of influenza vaccine in children 

in Western Australia occurred from 2010 onwards. The significant events that predated 

this were the 2009 influenza A(H1N1)pdm09 pandemic and highly publicised febrile 

adverse events following administration of bioCSL’s FluVax and FluVax® Junior to young 

children in 2010. These adverse events resulted in temporary suspension of the 

preschool influenza program in Western Australia and influenza vaccine use for young 

children Australia-wide. Using the 2008-2012 WAIVE dataset, we are uniquely placed to 

explore vaccine uptake and parental attitudes towards influenza and influenza vaccine. 

This analysis was undertaken to better understand changes in parental attitudes, 

thereby enabling us to modify existing and future public health messages and campaigns 

to encourage vaccine uptake. 

 

5.2 Published Manuscript 

Blyth CC, Richmond PC, Jacoby P, Thornton P, Regan A, Robins C, Kelly H, Smith DW, 

Effler PV. The impact of pandemic A(H1N1)pdm09 influenza and vaccine-associated 

adverse events on parental attitudes and influenza vaccine uptake in young children. 

Vaccine. 2014 Jul 7; 32(32):4075-81. doi: 10.1016/j.vaccine.2014.05.055. (Appendix 8) 
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5.3 Statement of contribution 

Dr Blyth has led the WAIVE project since 2010. He supervised recruitment by research 

assistants, collated, cleaned, analysed the data and wrote the first draft of the 

manuscript. Professors Richmond, Kelly, Smith and Effler devised and designed the 

study, supervised analysis and assisted in writing the manuscript. A/Prof Jacoby 

designed the study, assisted with analysing the data and writing the manuscript. Mr 

Thornton and Ms Robins enrolled patients, collated and cleaned the data and assisting 

with writing the manuscript. Ms Regan assisted with estimation vaccine uptake from the 

national registry and writing the manuscript. 

 

5.4 Funding 

This study was funded by the Western Australian Department of Health. 

 

5.5 Abstract 

5.5.1 Introduction 

Parental attitudes towards vaccination significantly influence vaccine uptake. The 

A(H1N1)pdm09 influenza pandemic was followed in 2010 by an unprecedented increase 

in febrile reactions in children receiving trivalent inactivated influenza vaccine (TIV) 

manufactured by bioCSL. Uptake of TIV in children <5 years in Western Australia (WA) 

decreased in 2010 and has remained low.  The impact of pandemic A(H1N1)pdm09 and 

adverse-events on parental attitudes towards vaccination is uncertain. 
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5.5.2 Materials and methods 

A parental attitudes survey towards influenza illness and vaccination was conducted as 

part of the West Australian Influenza Vaccine Effectiveness study. Vaccination status 

was assessed by parental interview and confirmed by the national register and/or 

vaccine providers. Parental attitudes from vaccinated and unvaccinated children and 

attitudes in 2008-2009 and 2010-12 were compared. Principal Component Analysis was 

conducted to determine core attitudes that influenced vaccine uptake. 

 

5.5.3 Results 

Vaccination history and parental attitude surveys were available from 2576 children. 

Parents of fully vaccinated children less frequently stated that influenza was a mild 

disease, more frequently stated that influenza vaccine was safe and were less frequently 

worried about vaccine side effects. 

 

Uptake of influenza vaccine decreased significantly from 2010 onwards. From 2010, 

parents were less concerned about severe influenza, but more concerned about vaccine 

side effects and safety. Despite this significant shift in attitudes towards influenza 

vaccine, parental acceptance of vaccines on the national immunisation program did not 

change. Principal Component Analysis revealed that attitudes around vaccine safety and 

effectiveness were the most important attitudes impacting on vaccine uptake. 

 

5.5.4 Conclusions 

Parental attitudes to influenza vaccine changed from 2010. Confidence in the WA 

preschool influenza vaccination program remains low yet appeared unchanged for other 
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vaccines. Restoring public confidence in childhood influenza vaccination is needed 

before uptake can be improved. 

 

5.6 Introduction 

Young children have the highest rates of influenza-associated hospitalisation (Fiore et 

al., 2010, Izurieta et al., 2000). Annual influenza vaccination is the most effective method 

for preventing influenza virus infection and its complications and is routinely 

recommended for young children in the United States, Canada, Finland and the United 

Kingdom (NACI, 2014, Fiore et al., 2010, PHE, 2015). In addition to preventing infection 

in the individual vaccine recipient, recent studies suggest that childhood influenza 

vaccination may reduce the impact of influenza in the community (Loeb et al., 2010).  

 

Despite a recommendation for routine influenza vaccination in many jurisdictions, 

uptake of vaccination varies significantly. Factors associated with improved uptake 

included a parental belief that influenza infection is severe in children and a 

recommendation for vaccination by their family physician or general practitioner 

(Cooper Robbins et al., 2011, Daley et al., 2007, Grant et al., 2003, Nowalk et al., 2007, 

Nowalk et al., 2005). Concern about vaccine safety and a belief that children are not at 

risk of severe influenza are associated with reduced vaccine uptake.  

 

Following several influenza-related deaths in previously healthy preschool children in 

2007(WA-DOH, 2007) the state of Western Australia (WA) implemented a paediatric 

influenza vaccination program. Trivalent inactivated vaccine (TIV) was recommended 

and provided free for all children aged 6 months to <5 years. This was in addition to the 
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national program which recommended vaccination in children 6 months and older with 

underlying medical conditions associated with severe influenza.  

 

As part of the WA preschool paediatric influenza vaccination program, the West 

Australian Influenza Vaccine Effectiveness (WAIVE) study was commenced in 2008. 

Children presenting to Princess Margaret Hospital, the only tertiary referral paediatric 

hospital in WA, with an influenza-like-illness were eligible for enrolment.  A parental 

survey on attitudes towards influenza vaccine was conducted on parents of enrolled 

children as part of the WAIVE study.  

 

In 2010, administration of influenza vaccine to Australian children <5 years was 

temporarily suspended following a significant increase in febrile adverse events 

following immunisation (Armstrong et al., 2011, Blyth et al., 2011a). These adverse 

events were attributed to one manufacturer’s brand of influenza vaccine (Fluvax® and 

Fluvax Junior®; bioCSL). Investigations demonstrated that administration of Fluvax® and 

Fluvax Junior® was associated with a 44 fold increase in febrile convulsion compared 

with previous seasons (Armstrong et al., 2011, Blyth et al., 2011a). The rate of febrile 

convulsions was calculated to be 4.4 per 1000 (95%CI: 3.4 to 5.6) doses of Fluvax® and 

Fluvax Junior®  administered (Armstrong et al., 2011). Once the safety of alternative 

products were demonstrated, the recommendation for TIV in young children (all 

children 6-59 months in WA; children with risk factors for severe disease in other states) 

was reinstated on the 30th July 2010 (ATAGI, 2010).  

 

According to data available from the Australia Childhood Immunisation Register, five 

brands of influenza vaccine were administered to children <5 years of age in WA during 
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the study period: Fluvax® and Fluvax Junior® (bioCSL); Fluarix® (GlaxoSmithKline); 

Fluvirin® (Novartis); Influvac® and Influvac Junior® (Abbott) and Vaxigrip® and Vaxigrip 

Junior® (Sanofi-Pasteur). bioCSL Fluvax accounted for 50%-85% of all doses administered 

between 2008 and 2010, with Vaxigrip® accounting for most of the remaining doses 

during those years.  When bioCSL Fluvax® became contraindicated for children <5 years 

of age, Vaxigrip® accounted for 86% and 75% of all doses administered in 2011 and 2012, 

respectively, with the remaining doses largely consisting of Influvac® and Fluarix® brands 

of TIV. 

 

The WAIVE study presented a unique opportunity to assess parental attitudes towards 

vaccination between 2008 and 2012, during a period which included the emergence of 

A(H1N1)pdm09 influenza pandemic and serious adverse events due to the bioCSL 

influenza vaccine.  At establishment, the WAIVE study was designed to explore the 

impact of parental attitudes on vaccine uptake.   

 

5.7 Material and methods 

All children presenting with an influenza-like illness (ILI) to the Emergency Department 

or admitted to Princess Margaret Hospital during the influenza seasons of 2008-2012 

inclusive were eligible for enrolment. ILI was defined by at least one acute respiratory 

symptom or sign plus either a documented fever ≥37.5°C or history of fever in the past 

96 hours. Following written consent from parents or guardians, clinical data, parental 

attitudes and nasopharyngeal samples were collected. Parental attitudes towards 

influenza illness, influenza vaccination and immunisation in general were assessed on all 

enrolled children. The questionnaire was administered to the parent or guardian when 
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the child was recruited into the study.  All questions could be answered as yes, no or 

unsure.  

 

Vaccination status was assessed during the parental interview and confirmed by the 

Australia Childhood Immunisation Register (ACIR). If vaccination status could not be 

determined or discrepancies were noted, immunisation providers were contacted.  

“Fully vaccinated” was defined as i) two doses of TIV at least 21 days apart and at least 

14 days prior to presentation or ii) one dose of TIV at least 14 days prior to presentation 

and two or more doses in a previous year (ATAGI, 2013). “Unvaccinated” children were 

those not receiving a dose of TIV in the year of enrolment. The remaining children were 

defined as “partially vaccinated”. Vaccine uptake estimates were calculated from 

influenza-test negative controls subjects enrolled in the WAIVE study. Fully vaccinated 

and partially vaccinated children were expressed as a proportion of the total influenza-

test negative controls and 95% confidence intervals calculated. 

 

Statistical analysis was performed using SPSS 20.0.0 (IBM Corp. New York, NY). 

Differences in categorical variables were tested by two-sided 2 test or Fisher exact test.  

A p value of 0.05 was considered significant. Attitudes of parents whose children were 

vaccinated were compared with those whose children were not vaccinated. Missing 

responses were excluded from the analysis. Parental attitudes in 2008-2009, prior to the 

adverse events of 2010, and in 2010-2012 were also compared. 

 

Principal Components Analysis (PCA) was performed to reduce the set of interrelated 

questionnaire items into a smaller number of independent factors representing 

different core attitudes to the disease and the vaccine. Factors with eigenvalues >1 were 
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extracted and, after varimax rotation, Z-scores for the extracted factors were calculated 

for each respondent. These factor scores were then used as independent variables and 

included in a binary logistic regression model with vaccine uptake (fully vaccinated) as 

the outcome and age, sex, indigenous status, preterm birth, presence of co-morbidities 

and out-of-home care attendance as potential confounders. Adjusted odds ratios and 

95% confidence intervals were calculated. 

 

Ethics approval for the study was obtained from the ethics committees of Princess 

Margaret Hospital for Children (1673/EP), the South Metropolitan Area Heath Service 

and the Western Australian Aboriginal Health Information and Ethics Committee. 

 

5.8 Results 

Vaccination history and parental attitude surveys were available from 2576 children 

enrolled in the WAIVE study including 483 fully vaccinated, 225 partially vaccinated and 

1868 unvaccinated children (2008: 326 children; 2009: 591 children ; 2010: 264 children; 

2011: 610 children; 2012: 785 children). The median age of children for whom data on 

parental attitudes was collected was 1.87 years (interquartile range: 1.19 to 3.04 years).  

There was no significant difference in age, sex, indigenous status, preterm birth and 

household size between vaccinated and unvaccinated children (Table 1). Fully 

vaccinated children more frequently had comorbidities and were less likely to be 

attending out-of-home care compared with unvaccinated children. 
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Parental attitudes towards influenza illness and vaccination were compared between 

fully vaccinated, partially vaccinated and unvaccinated children. A number of significant 

differences were identified (Table 2). Only 13.3% of parents of fully vaccinated children 

agreed that influenza was a mild disease compared with 20.2% and 24.5% of parents of 

partially or unvaccinated children (p < 0.001). Parents of fully vaccinated children more 

frequently agreed that influenza can kill young children compared with parents of 

partially or unvaccinated children (89.0% vs. 83.9% and 79.4% respectively; p = 0.001). 

Parents of fully vaccinated children more frequently agreed that the vaccine was safe 

compared with parents of partially or unvaccinated children (73.6% vs. 39.9% and 29.8% 

respectively; p < 0.001). Many parents of unvaccinated children were uncertain about 

vaccine safety. Parents of fully vaccinated children less frequently agreed with the 

statement “I am worried about side effects of the influenza vaccine” compared with 

parents of partially or unvaccinated children (30.7% vs. 34.9% and 67.0% respectively; p 

< 0.001). Only 20.7% of all parents agreed with the statement “It is inconvenient to get 

Table 1: Demographics: Unvaccinated vs. Partially Vaccinated vs. Vaccinated Children                  
(2008-2012) 

 
Unvaccinated 

(n = 1868) 

Partially 
Vaccinated           

(n = 225) 

Fully 
Vaccinated 

(n = 483) 

Total 
(n = 2576) 

Age < 2 years 
970/1840 
(52.7%) 

119/217 
(54.8%) 

269/477 
(56.4%) 

1358/2534 
(53.6%) 

Male sex 
1029/1847 

(55.7%) 
110/222 
(49.5%) 

272/482 
(56.4%) 

1411/2551 
(55.3%) 

Indigenous 
108/1815 

(6.0%) 
17/216 
(7.9%) 

19/479 
(4.0%) 

144/2510 
(5.7%) 

Any Comorbidity† 
245/1799 
(13.6%) 

32/218 
(14.7%) 

92/481 
(23.7%) 

369/2498 
(14.8%) 

Preterm birth 
275/1811 
(15.2%) 

36/219 
(16.4%) 

77/481 
(16.0%) 

388/2511 
(15.5%) 

Attending out of home care*                 
1258/1799 

(69.9%) 
141/218 
(64.7%) 

281/480 
(58.5%) 

1680/2497 
(67.3%) 

Household size >5 people 
106/1692 

(6.3%) 
9/208 
(4.3%) 

23/470 
(4.9%) 

138/2370 
(5.8%) 

† Unvaccinated vs. Fully vaccinated: p < 0.005        
*Out of home care attendance defined as ≥ 4 hours per week: Unvaccinated vs. Fully vaccinated:                             
p < 0.0001 

 



88 
 

 

Table 2: The impact of parental attitudes on vaccination uptake (2008-2012) 

Parental attitude Vaccination status 
Parental responses 

Significance 
Disagree Unsure Agree 

Influenza is a mild 
disease 

Unvaccinated 58.6% 16.9% 24.5% 

p < 0.001 Partially vaccinated 69.0% 10.8% 20.2% 

Fully vaccinated 76.2% 10.5% 13.3% 

Influenza can put young 
children in hospital 

Unvaccinated 1.0% 4.5% 94.5% 
Not 

significant 
Partially vaccinated 0.6% 4.0% 95.5% 

Fully vaccinated 0.6% 2.6% 96.8% 

Influenza can kill young 
children 

Unvaccinated 3.3% 17.4% 79.4% 

p = 0.001 Partially vaccinated 3.4% 12.6% 83.9% 

Fully vaccinated 2.0% 9.0% 89.0% 

Influenza vaccine is safe 

Unvaccinated 13.1% 57.2% 29.8% 

p < 0.001 Partially vaccinated 10.6% 49.6% 39.9% 

Fully vaccinated 2.3% 24.1% 73.6% 

Influenza vaccine 
protects children against 

the influenza 

Unvaccinated 14.0% 43.8% 42.2% 

p < 0.001 Partially vaccinated 11.9% 32.4% 55.7% 

Fully vaccinated 14.9% 29.8% 55.3% 

You can catch the 
influenza from the 

vaccine 

Unvaccinated 35.9% 40.5% 23.6% 

p < 0.001 Partially vaccinated 54.3% 33.1% 12.6% 

Fully vaccinated 56.9% 24.6% 18.5% 

I am worried about side 
effects of the influenza 

vaccine 

Unvaccinated 15.8% 17.1% 67.0% 

p < 0.001 Partially vaccinated 47.4% 17.7% 34.9% 

Fully vaccinated 49.7% 19.5% 30.7% 

It is better to have 
natural immunity against 

influenza 

Unvaccinated 18.5% 43.2% 38.3% 

p < 0.001 Partially vaccinated 42.5% 36.2% 21.3% 

Fully vaccinated 47.1% 32.7% 20.2% 

Influenza vaccine will 
overload my child’s 

immune system 

Unvaccinated 40.5% 51.8% 7.7% 

p < 0.001 Partially vaccinated 63.6% 34.1% 2.3% 

Fully vaccinated 74.2% 23.9% 2.0% 

Children who have 
asthma should get an 

influenza vaccine 

Unvaccinated 5.3% 64.4% 30.3% 

p < 0.001 Partially vaccinated 1.7% 44.6% 53.7% 

Fully vaccinated 2.6% 40.8% 56.6% 

Children who have a 
chronic disease should 

get an influenza vaccine 

Unvaccinated 3.5% 59.1% 37.4% 

p < 0.001 Partially vaccinated 2.8% 40.3% 56.8% 

Fully vaccinated 1.7% 37.4% 60.9% 

Healthy young children 
should get an influenza 

vaccine 

Unvaccinated 15.2% 53.3% 31.5% 

p < 0.001 Partially vaccinated 4.0% 20.7% 75.3% 

Fully vaccinated 3.2% 17.3% 79.5% 

It is inconvenient to get 
an influenza vaccine 

Unvaccinated 62.6% 17.7% 19.8% 

p < 0.001 Partially vaccinated 73.1% 5.7% 21.1% 

Fully vaccinated 73.0% 2.0% 24.9% 
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an influenza vaccine” and 73.0% agreed with the statement “Vaccine being free is 

important”. 

 

Parents used multiple sources of information to guide their choices about influenza 

vaccination. Of parents that were aware of the WA preschool influenza vaccine program 

(n = 1498/2275; 65.8%), 939 stated that the most frequent source of information about 

influenza vaccination was their general practitioner or health professional. This was 

followed in order by television (n = 513), friends and relatives (n = 332), newspaper (n = 

194), radio (n = 181), posters (n = 167), childcare provider (n = 126) and the internet (n 

= 94). Parents of 768 (38.8%) enrolled children recalled actively discussing the influenza 

vaccination with their general practitioner. The parents of vaccinated children were 

more likely to have discussed vaccination with their general practitioner: fully 

vaccinated (75.5%), partially vaccinated (75.1%) and unvaccinated (23.4%, p < 0.001). 

Table 2: The impact of parental attitudes on vaccination uptake (2008-2012; continued) 

Parental attitude Vaccination status 
Parental responses 

Significance 
Disagree Unsure Agree 

Getting two needles in 
the first year is difficult 

to organise 

Unvaccinated 67.6% 20.1% 12.3% 

p < 0.001 Partially vaccinated 77.8% 8.0% 14.2% 

Fully vaccinated 82.7% 3.7% 13.5% 

Vaccine being free is 
important 

Unvaccinated 19.5% 10.3% 70.2% 

p < 0.001 Partially vaccinated 25.7% 3.4% 70.9% 

Fully vaccinated 9.5% 3.2% 87.6% 

I am too busy to get my 
child vaccinated against 

influenza 

Unvaccinated 85.3% 7.8% 6.9% 

p < 0.001 Partially vaccinated 92.0% 3.4% 4.5% 

Fully vaccinated 96.5% 2.0% 1.4% 

My child has had all their 
routine vaccines 

Unvaccinated 6.8% 2.4% 90.9% 

p < 0.001 Partially vaccinated 2.3% 1.1% 96.6% 
.6 Fully vaccinated 1.4% 0.9% 97.7% 

I don’t believe that 
children should have any 

vaccinations 

Unvaccinated 90.1% 7.1% 2.7% 

p = 0.001 Partially vaccinated 96.6% 3.4% 0.0% 

Fully vaccinated 94.8% 2.3% 2.9% 
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Uptake of influenza vaccine decreased significantly over time:  45.2% of children without 

influenza in the WAIVE study were fully vaccinated in 2008-9 compared with 7.0% in 

2010-12 (p < 0.001; figure 1). This dramatic decrease was observed in those with and 

without risk factors for severe disease: 45.1% vs. 12.6% in those with risk factors for 

severe disease and 42.1% vs. 5.2% in those without risk factors (both p < 0.001). 

 

Parental attitudes were compared between years: no significant differences were 

observed when 2008 and 2009 were compared. Likewise, no significant changes in 

attitudes were observed across 2010, 2011 and 2012. However, when the two time 

periods (2008-09 versus 2010-2012) were compared, a number of significant changes in 

parental attitudes were observed (Table 3). Compared with 2008-9, attitudes in 2010-

12 suggested fewer parents were concerned about the severity of influenza infection in 

young children. More agreed with the statement that “influenza is a mild disease” (2010-

12: 24.5% vs. 2008-2009: 17.5%; p < 0.001) and fewer parents agreed with the statement 

 Figure 1: Vaccine uptake in influenza test negative children presenting with influenza-like-
illness
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that “Influenza can kill young children (2010-12: 78.4% vs. 2008-2009: 89.2%; p < 

0.001)). Parents were more concerned about vaccine safety. Fewer parents agreed with 

the statement “Influenza vaccine is safe” (2010-12: 30.2% vs. 2008-2009: 59.8%; p < 

0.001) with many unsure about vaccine safety (2010-12: 53.7% vs. 2008-2009; 36.9%). 

More parents agreed with the statement “I am worried about the side effects of flu 

vaccine” (2010-12: 67.7% vs. 2008-2009: 39.2%; p < 0.001). Fewer parents stated that 

Table 3: Changes in parent attitudes: 2010-2012 compared with 2008-2009  

Parental attitude Year 
Parental responses 

Significance 
Disagree Unsure Agree 

Influenza is a mild disease 
2008-2009 72.2% 10.3% 17.5% 

p < 0.001 
2010-2012 57.1% 18.4% 24.5% 

Influenza can put young 
children in hospital 

2008-2009 0.6% 1.4% 98.0% 
p < 0.001 

2010-2012 1.0% 5.1% 93.9% 

Influenza can kill young 
children 

2008-2009 1.8% 9.0% 89.2% 
p < 0.001 

2010-2012 3.4% 18.2% 78.4% 

Influenza vaccine is safe 
2008-2009 3.3% 36.9% 59.8% 

p < 0.001 
2010-2012 13.8% 53.7% 30.2% 

Influenza vaccine protects 
children against influenza 

2008-2009 15.5% 37.9% 46.6% Not 
significant 2010-2012 13.7% 42.5% 43.8% 

You can catch influenza from 
the vaccine 

2008-2009 44.6% 35.2% 20.2% 
p = 0.03 

2010-2012 37.9% 38.6% 23.5% 

I am worried about side 
effects of the influenza 

vaccine 

2008-2009 42.0% 18.8% 39.2% 
p < 0.001 

2010-2012 15.1% 17.1% 67.7% 

It is better to have natural 
immunity against influenza 

2008-2009 35.7% 36.5% 27.8% 
p < 0.001 

2010-2012 19.5% 42.9% 37.5% 

Influenza vaccine will 
overload my child’s immune 

system 

2008-2009 59.9% 35.2% 4.9% 
p < 0.001 

2010-2012 42.0% 50.7% 7.3% 

Children who have asthma 
should get an influenza 

vaccine 

2008-2009 4.3% 50.0% 45.7% 
p < 0.001 

2010-2012 5.0% 63.7% 31.4% 

Children who have a chronic 
disease should get an 

influenza vaccine 

2008-2009 3.7% 46.0% 50.3% 
p < 0.001 

2010-2012 3.1% 58.3% 38.6% 
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influenza vaccination should be recommended, independent of whether the child had 

risk factors increasing his or her likelihood of a more severe infection.  

 

Despite this significant shift in parental attitudes from 2010, parental acceptance of 

other (non-influenza) vaccines on the national immunisation program did not change: 

in 2010-2012, 92.2% of parents agreed with the statement “my child has had all their 

routine vaccinations” compared with 91.6% of parents in 2008-2009. Fewer parents 

discussed influenza vaccine with their general practitioner (33.5% in 2010-2012 

compared with 54.9% in 2008-2009, p < 0.001) and fewer parents recalled their general 

practitioner recommending vaccination for their child. In 2008-2009, 76.4% of parents 

recalled their general practitioner recommending influenza vaccine; only 5.3% of GPs 

recommended against vaccination and 18.3% offering offered no specific advice. In 

2010-2012, only 40.9% of parents recalled their general practitioners recommending 

influenza vaccination, with 13.4% not recommending vaccination and 45.7% not 

providing any specific advice (p < 0.001). 

 

Principal components analysis of the questionnaire items resulted in the extraction of 3 

factors accounting for 40% of the total data variance (table 4). These factors were 

termed safety and effectiveness, availability and access, and severity of the illness. Items 

associated with these factors (rotated factor loading >0.4) are shown in Table 4. Logistic 

regression modelling showed that positive attitudes towards safety and effectiveness 

were the strongest predictor of vaccine uptake (adjusted OR (aOR): 3.38, 95%CI: 2.87, 

3.98) with perceptions of difficult access having a significantly negative impact on 

vaccine uptake (aOR: 0.74, 95%CI: 0.63, 0.86). Attitudes towards the severity of 

influenza did not significantly predict vaccine uptake. 



93 
 

 

5.9 Discussion 

Following the introduction of routine influenza vaccination for children aged 6 months 

to 5 years in Western Australia in 2008, uptake of 47.3% was achieved in 2008 and 44.2% 

in 2009 (fully vaccinated), based on influenza test negative children in the WAIVE study. 

The vaccine uptake observed in the early part of the program exceeded that achieved 

following similar recommendations in other comparable countries (Blank et al., 2009, 

Moran et al., 2009). Between the 2009 seasonal influenza vaccination program and the 

Table 4: Principal Component Analysis identifying key factors influencing vaccine uptake 

Components 
Parental attitudes included in principle 
component analysis 

Adjusted 
Odds 

Ratio* 

95% 
confidence 

interval 

Factors 
associated with 
vaccine safety 

and effectiveness 

Influenza vaccine is safe 

3.38 2.87 to 3.98 

Influenza vaccine protects children against 
the influenza 

I am worried about side effects of the 
influenza vaccine 

It is better to have natural immunity 
against influenza 

Influenza vaccine will overload my child’s 
immune system 

Children who have asthma should get an 
influenza vaccine 

Children who have a chronic disease 
should get an influenza vaccine 

Health young children should get an 
influenza vaccine 

Factors 
associated with 
availability and 

access 

It is inconvenient to get an influenza 
vaccine 

0.74 0.63 to 0.86 
Getting two needles in the first year is 
difficult to organise 

I am too busy to get my child vaccinated 
against influenza 

Factors 
associated with 
the severity of 

influenza illness 

Influenza is a mild disease 

1.093 0.95 to 1.26 
Influenza can put young children in 
hospital 

Influenza can kill young children 

* Adjusted odds ratio for full vaccination per unit increase in the factor z-score 
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start of the 2010 influenza season, two significant events occurred which appear to have 

influenced parental perception of influenza and influenza vaccination.  

 

In May 2009, the A(H1N1)pdm09 influenza pandemic resulted in a significant increase 

in hospitalisations and deaths (DOHA, 2009). In Australia and globally, the total number 

of severe cases and deaths was not as great as initially feared (Bishop et al., 2009, 

Collignon, 2011). Lower uptake of season influenza vaccine following the 2009 influenza 

pandemic has been observed in other populations and has been attributed to the 

perceived mild impact of the influenza pandemic (Bohmer et al., 2012, Poland, 2010). 

We expect that the increased number of parents who perceived influenza to be a mild 

illness from 2010 onwards was influenced, in part, by the perceived lower than expected 

severity of the 2009 influenza pandemic.  It remains uncertain how much this perception 

affected the uptake of seasonal influenza vaccine in Western Australia in 2010.  

 

Seven weeks after the 2010 seasonal influenza vaccination was released in Australia, 

vaccination of children <5 years was suspended pending a national investigation. Public 

confidence in universal influenza vaccination for young children was damaged (Mak et 

al., 2012). Based on findings from this study, parental understanding of the relative risks 

and benefits of the vaccine was the most important factor influencing influenza vaccine 

uptake. Given the changing attitudes identified over the study period, we conclude that 

the attitudinal changes were likely to have contributed to the lower vaccine uptake after 

2010. These parental perceptions continue to be an issue despite published data 

demonstrating the safety of the seasonal influenza vaccine (Blyth et al., 2011b). Of 

particular concern is the ongoing poor uptake of influenza vaccine in those with 

significant medical comorbidities as these children are at greatest risk for influenza-
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related morbidity. As demonstrated in this parental survey and other vaccine uptake 

surveillance data (NHPA, 2013, Mak et al., 2012), the impact appears to be restricted to 

influenza vaccine with no significant change in the uptake of childhood vaccines on the 

National Immunisation Program.  

 

In addition to confirming the safety of influenza vaccine in children (Blyth et al., 2011b), 

demonstrating the significant benefits of childhood influenza vaccination to general 

practitioners, local physicians, paediatricians and the public is expected to further 

improve childhood influenza vaccine uptake. The WAIVE study has recently 

demonstrated vaccine effectiveness of TIV in children 6 to 59 months (2008, 2010-2012) 

of 64.7% (95%CI: 33.7, 81.2) (Blyth et al., 2014a). Previous research has demonstrated 

that discussion with a family doctor or general practitioner has a significant positive 

impact on vaccine uptake (Daley et al., 2007, Grant et al., 2003, Nowalk et al., 2007, 

Nowalk et al., 2005). Of concern, is that despite published safety data(Blyth et al., 2011b) 

and ongoing surveillance for adverse events following TIV in children, 13.4% of general 

practitioners in 2010-2012 recommended against influenza vaccine and 45.7% provided 

no specific advice. Further targeted education of health professionals is essential to 

ensure that families enquiring about influenza vaccine are provided with contemporary 

safety and effectiveness data of the currently recommended TIVs in young children. 

Safety surveillance systems providing real-time safety data for that season’s 

recommended influenza vaccines may help restore public and provider confidence in 

influenza vaccine safety and ultimately improve coverage (Leeb et al., 2014). 

  

This study has a number of strengths. The ability to track parental attitudes before and 

after the 2009 pandemic and after the adverse events in 2010 provided a unique 
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opportunity to explore the possible effects of these events on vaccine uptake.  

Limitations included that attitudes were only available from parents of children who 

presented to hospital with influenza-like illness: It is possible that this cohort may have 

provided biased responses compared with community attitudes.  

 

The pandemic may have decreased parents’ concerns that influenza was a serious illness 

and the adverse events of 2010 undoubtedly decreased parental confidence in all 

influenza vaccines, even though significant adverse event were reported only with 

bioCSL® vaccines. In order to increase the uptake of influenza vaccine in children it will 

be necessary to re-establish a contemporary understanding of the risks and benefits of 

influenza vaccination in childhood; this will be required for both parents and for health 

professionals.  

 

5.10 Conclusions  

Significant changes in parental attitudes and influenza vaccine uptake were observed 

following the 2009 A(H1N1)pdm09 influenza pandemic and adverse events observed in 

2010. Despite published safety of alternative vaccine products distributed in 2010-2012, 

participation and confidence in the West Australian preschool influenza vaccination 

program by both the public and immunisation providers remains low.  
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CHAPTER SIX: THE EFFECTIVENESS OF INFLUENZA VACCINATION IN 
PREVENTING HOSPITALISATION IN CHILDREN IN WESTERN AUSTRALIA 

 

6.1 Chapter outline 

One of the limitations of the WAIVE study has been insufficient power to demonstrate 

vaccine effectiveness against severe or hospitalised influenza. Using a nested matched 

case-control design (26 hospitalised patients with laboratory-confirmed influenza and 

50 matched controls recruited in 2008), Dixon et al reported an adjusted VE of 83% (95% 

CI: -54%, 98%) (Dixon et al., 2010). Interim analysis of the hospitalised WAIVE cohort 

using test-positive cases and test-negative controls (2010-2013) demonstrated 

insufficient power to examine the effectiveness of vaccination: 27.2% (95% CI: -165.8%, 

80.1%, Blyth unpublished data). The 2nd WAIVE retrospective case-control study was 

performed to maximise recruitment of influenza-associated hospitalisation over the 

period of the WA preschool influenza vaccination program in an attempt to generate 

more robust VE estimates. 

 

6.2 Published Manuscript 

Blyth CC, Cheng AC, Finucane C, Jacoby P, Effler PV, Smith DW, Kelly H, Macartney KK, 

Richmond PC. The effectiveness of influenza vaccination in preventing hospitalisation in 

children in Western Australia. Vaccine. 2015 Nov 6; pii: S0264-410X(15)01578-9. doi: 

10.1016/j.vaccine.2015.10.122 (Appendix 9) 

 

6.3 Statement of contribution 

Dr Blyth designed the study, identified cases and controls, supervised the data 

collection, analysed the data and wrote the initial draft of the manuscript. Professors 
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Cheng, Effler, Smith, Kelly, Macartney and Richmond helped design the study and 

assisted with writing the manuscript. Ms Finucane assisted in data collection, data entry 

and data cleaning. A/Prof Jacoby assisted designing the study, analysing the data and 

assisted with writing the manuscript.   

 

6.4 Funding 

This study was funded by the Commonwealth Department of Health and Telethon-Perth 

Children’s Hospital Research Fund. 

 

6.5 Abstract 

6.5.1 Background 

There is increasing evidence demonstrating influenza vaccine effectiveness (VE) in the 

prevention of influenza in children, including the very young. Data demonstrating the 

effectiveness against severe disease, including hospitalisation, are limited. We aimed to 

determine the VE of the southern hemisphere trivalent inactivated influenza vaccine 

(TIV) in preventing laboratory-confirmed influenza-associated hospitalisation in 

children. 

 

6.5.2 Patients and Methods 

Laboratory records were used to identify children with confirmed influenza hospitalised 

(i.e. cases) during a 5 year period (2008, 2010-2013) at the only tertiary paediatric facility 

in Western Australia. Cases and time, age and ward matched controls were 

retrospectively reviewed to determine risk factors, vaccination status and outcome. 
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Adjusted odds ratios and VE estimates were derived using conditional logistic regression 

models. 

 

6.5.3 Results 

Three hundred and eighty five cases were identified (influenza A; 64.9%; Influenza B: 

35.1%). Influenza-like illness and pneumonia were the most frequent presentation 

(74.5% and 23.9%, respectively). The median length of stay was 2 days (Interquartile 

range 1-4 days). Twenty children (5.2%) required admission to the intensive care unit. 

Vaccine uptake in cases and controls was low (4.9% and 8.5%, respectively). Three 

hundred and six case-control pairs were included in the VE analysis, of which 19 pairs 

were informative with discrepant vaccination status. VE (fully vaccinated vs. 

unvaccinated) was estimated to be 62.3% (95% CI: -6.6, 86.7). 

 

6.5.4 Conclusions 

In this study, the point estimate for the effectiveness of TIV in preventing influenza-

associated hospitalisation in children was similar to that reported for emergency or 

outpatient attended, laboratory-confirmed influenza, yet confidence intervals were 

wide. Vaccine uptake remains low. Studies, enrolling larger numbers of children, ideally 

with higher vaccine uptake, are needed to provide additional evidence on TIV protection 

against influenza hospitalisation in children.   

 

6.6 Introduction 

Influenza is the most prevalent vaccine preventable disease in Australia with nearly 

70,000 notifications of laboratory-confirmed influenza in 2014 (NNSSD, 2015).  Influenza 

is a major contributor to the global burden of acute respiratory infection: young 
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children, the elderly and others with underlying medical conditions are at greatest risk 

of hospitalisation, severe morbidity and death (Thompson et al., 2004, Fiore et al., 2010, 

Izurieta et al., 2000, O'Brien et al., 2004). Annual influenza vaccination is the most 

effective method for preventing influenza virus infection and its complications (Fiore et 

al., 2010). 

 

Evidence suggests that inactivated influenza vaccine is as effective in young children as 

older children and young adults (Blyth et al., 2014a, Flannery et al., 2014, Treanor et al., 

2012), but most published estimates are from studies enrolling children and adults from 

the outpatient or emergency department setting. Especially in children, there are 

limited data on the effectiveness of influenza vaccine against more severe illness 

outcomes such as hospitalisation or death (Cowling et al., 2014, Menniti-Ippolito et al., 

2014, Turner et al., 2014a, Dixon et al., 2010). 

 

In Australia, the Australian Technical Advisory Group on Immunisation (ATAGI) 

recommends influenza vaccination for all persons >6 months of age who wish to protect 

themselves against influenza. Prior to recent changes in 2014, children < 10 years were 

recommended to receive two doses of vaccine separated by at least four weeks in their 

first season. Children 6-35 months were recommended to receive 0.25ml of a 0.5ml 

vaccine containing 15ug of each antigen. Children 36 months and older were 

recommended to receive 0.5ml doses. Unlike a number of other developed countries, 

no universally funded influenza vaccination program for children exists (ATAGI, 2013, 

ATAGI, 2015). Only one state, has provided free trivalent inactivated influenza vaccine 

(TIV) to all children between 6 months and 5 years of age from 2008. The West Australian 

Influenza Vaccine Effectiveness (WAIVE) study has previously estimated vaccine 
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effectiveness in children six to 59 months against any laboratory-confirmed influenza at 

65% (95% confidence interval [CI]: 34%, 81%) over 4 seasons (Blyth et al., 2014a). 

 

To determine the effectiveness of TIV against influenza-associated hospitalisation, we 

reviewed all cases of laboratory-confirmed influenza and matched controls admitted to 

the only tertiary paediatric hospital in Western Australia from 2008 and 2013, inclusive. 

 

6.7 Materials and Methods 

This study was undertaken at Princess Margaret Hospital, the sole tertiary children’s 

hospital in Western Australia (population ≈ 2.6 million, annual birth cohort ≈ 33,000, 

Indigenous population ≈ 3.9%) (ABS, 2015) following introduction of the state-funded 

preschool influenza vaccination program in 2008. All children (<18 years of age) 

admitted to hospital with laboratory-confirmed influenza were retrospectively 

identified from laboratory and hospital records. Hospital admission was defined as 

requiring inpatient care for more than 4 hours duration in accordance with hospital 

policy. Influenza positive samples were restricted to those positive by polymerase chain 

reaction using an in-house influenza PCR targeting the matrix gene (Ward et al., 2004). 

Testing for influenza and other respiratory viruses was recommended for all patients 

with acute respiratory symptoms for case management and infection control purposes, 

however testing was undertaken at the discretion of the treating clinician. Influenza 

positive samples were limited to those taken for diagnostic purposes, excluding samples 

taken for screening (e.g. pre cardiac surgery screening, broncheo-alveolar lavage 

samples on children undergoing annual cystic fibrosis assessments). Given the 

A(H1N1)pdm09 influenza virus was not included in the 2009 seasonal influenza 

vaccination, all children hospitalised with influenza in this year were excluded from the 
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analysis: their clinical outcomes have been included in a previous multi-centred 

pandemic influenza study (Khandaker et al., 2014). 

 

Following identification of influenza positive cases in the years 2008 and 2010-2013, the 

medical record of each case was retrospectively reviewed. The presence of risk factors 

predisposing to severe outcomes following influenza infection including race 

(Indigenous or non-Indigenous Australian) and the presence of underlying conditions 

(hereafter referred to as comorbidities) were ascertained (ATAGI, 2008, ATAGI, 2013). 

Comorbidities assessed included chronic respiratory, cardiac and neurological disorders, 

immunocompromising conditions or immunosuppression (ATAGI, 2008, ATAGI, 2013). 

Symptoms and signs on presentation, intensive care unit (ICU) admission, complications, 

treatment and length of stay were documented. 

 

To estimate vaccine effectiveness, children with acute respiratory symptoms who tested 

negative for influenza, were identified from laboratory and hospital records. This group 

was defined as controls. As previously demonstrated (Blyth et al., 2014a), this design 

assumes that vaccination has no impact on respiratory illnesses due to causes other than 

influenza. Cases and controls were matched one to one using date of laboratory test, 

age and type of ward the child was admitted to. Controls were chosen if i) their negative 

laboratory test was performed within 14 days of the case and ii) their age was within 

predefined boundaries (6-11 months of age: < 3 months difference; 12-59 months of 

age: <12 months difference; 5 years and above: < 3 years difference) and iii) they were 

admitted to a similar ward to the case (medical, surgical, oncology). Where more than 

one control was identified, the control most closely matched to the date of laboratory 

test was chosen. 
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For both cases and controls, medical records were retrospectively reviewed to 

determine risk factors, vaccination status and outcome. Following review of the medical 

record, vaccination status of cases and controls was confirmed using the Australian 

Childhood Immunisation Register (ACIR) for children < 7 years of age. Children < 7 years 

of age with no ACIR record were excluded from the analysis. As per national guidelines 

used during the years of the study, “fully vaccinated” was defined for children < 10 years 

as: i) two doses of TIV at least 21 days apart and at least 14 days prior to presentation 

or ii) one dose of TIV at least 14 days prior to presentation and two or more doses in a 

previous year (ATAGI, 2013). For children 10 years and above, “fully vaccinated” was 

defined as one dose of TIV at least 14 days prior to presentation. For vaccine 

effectiveness estimates, cases of hospital acquired (nosocomial) influenza, defined as 

symptom onset greater than 48 hours after hospital admission, were excluded, as were 

cases too young to be vaccinated (aged < 6 months at the time of hospitalisation). 

 

Statistical analysis was performed using SPSS 20.0.0 (IBM Corp, New York, NY). 

Differences in categorical variables were tested by two-sided 2 test or Fisher exact test. 

A p value of 0.05 was considered significant. Conditional logistic regression models were 

developed and applied to matched case-control pairs adjusting for covariates (sex, 

indigenous status and presence/absence of comorbidities). Adjusted odds ratios (aORs) 

and 95% confidence intervals (CI) were estimated. Vaccine effectiveness was estimated 

as 1 minus the adjusted odds ratio of vaccination in influenza positive cases compared 

to test negative control patients. Sensitivity analyses were performed to investigate the 

impact of influenza diagnosed outside the influenza season, missing vaccination data 

and false negative influenza tests by restricting the analysis to: i) children admitted to 

hospital during influenza season (May to October), ii) children < 7 years whose 
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vaccination status could be confirmed on ACIR and iii) children who were tested for 

influenza <7 days after symptom onset.  

 

Ethical approval for the study was obtained from the ethics committees of Princess 

Margaret Hospital for Children (2015111QP). 

 

6.8 Results  

Three hundred and eighty five children were admitted to hospital with laboratory (PCR)-

confirmed influenza in 2008 and 2010-2013 inclusively. The number of hospitalised 

cases was greatest in 2012 and lowest in 2013 (2008: 51 cases; 2010: 66; 2011: 70; 2012: 

152 and 2013:46). Influenza B was most frequently detected (n = 135; 35.1%) followed 

by influenza A/H3N2 (n = 130; 33.8%) and influenza A/H1N1 (n = 92; 23.9%). Twenty 

eight cases with influenza A remained untyped (7.3%; figure 1). 

 

The median age was age 3.51 years (interquartile range: 1.08 to 7.55 years). A total of 

219 children admitted with influenza were male (56.9%) and 33 were Indigenous (8.6%). 

Figure 1: Influenza detections by month and influenza type (2008, 2010-2013) 
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The majority of children were admitted with an influenza-like illness with at least one 

acute respiratory symptom and fever (n = 287; 74.5%). Other presentations included 

pneumonia (n = 92; 23.9%), fever without a focus or febrile convulsions (n = 44; 11.4%) 

and acute gastrointestinal symptoms (n = 5; 1.3%). The median length of stay was 2 days 

(IQ range: 1 to 4 days; range < 1 day to 104 days). Twenty (5.2%) were admitted to the 

intensive care unit.  

 

Fifty influenza cases were excluded from vaccine effectiveness estimates (39 cases aged 

< 6 months; 11 nosocomial cases). A further 35 case-control pairs were excluded 

because vaccination status could not be verified (figure 2). For the remaining 306 pairs 

in the vaccine effectiveness assessment cohort there was no significant difference in sex, 

race or age distribution between cases and controls (table 1). Cases were less likely to 

have underlying respiratory and neurological diseases (13.7% vs 24.2%; p = 0.003 and 

14.8% vs 21.2%; p = 0.045 respectively). Vaccine uptake was very low in both groups 

with only 15/306 (4.9%) of influenza positive cases and 26/306 (8.5%) of influenza 

negative controls receiving one or more doses of influenza vaccine. This resulted in only 

19 case-control pairs with discrepant vaccination status contributing the analysis. 

Figure 2: Flowchart of children included in total influenza and vaccine effectiveness cohorts 
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In children with influenza requiring hospitalisation, the unadjusted odds ratio (OR: fully 

vaccinated vs. unvaccinated) was 0.357 (95% CI: 0.129, 0.992). Following adjustment for 

covariates, little impact on the overall OR was observed (0.377 [95% CI: 0.133, 1.066]). 

Vaccine effectiveness was estimated to be 62.3% (95% CI: -6.6%, 86.7%; table 2). When 

children partially vaccinated (n= 30) were included in the analysis, a similar but non-

significant point estimate was determined: 52.3% (95%CI: -2.6, 77.8%). Restricting VE 

estimates to the influenza season (VE; 62.3%; -6.7%, 86.7%) and to children < 7 years of 

age (VE: 61.0%; -10.2, 86.2%) had little impact on overall VE estimate. Restricting VE 

Table 1: Demographics, risk factors and vaccination status in test-positive cases and test-
negative controls 

 Influenza test-
positive cases                     

(n = 306) 

Influenza test-
negative controls              

(n = 306) 

Significance 

Male sex (%) 173 (56.5%) 154 (50.3%) P = 0.145 

Indigenous status 27 (8.8%) 38 (12.5%) P = 0.151 

Age group 

  6-11 months 52 (17.0%) 50 (16.3%) 

P = 0.980 

  12-23 months 34 (11.1%) 36 (11.8%) 

  24-59 months 94 (30.7%) 95 (31.0%) 

  5 years to 9 years 71 (23.2%) 66 (21.6%) 

  10 years to 17 years 55 (18.0%) 59 (19.3%) 

Comorbidities 

  Any comorbidity 129 (42.2%) 154 (50.3%) P = 0.052 

  Chronic respiratory disease 42 (13.7%) 74 (24.2%) P = 0.003 

  Chronic neurological disease 45 (14.8%) 65 (21.2%) P = 0.045 

  Immunosuppression 45 (14.7%) 33 (10.8%) P = 0.236 

  Chronic genetic condition 19 (6.2%) 20 (6.5%) P = 0.986 

  Chronic cardiac disease 18 (5.9%) 17 (5.6%) P = 1.000 

  Chronic renal disease 3 (1.0%) 8 (2.6%) P = 0.130 

  Prematurity 31 (10.1%) 38 (12.4%) P = 0.247 

Vaccination status 

  Fully vaccinated 8 (2.6%) 16 (5.2%) 

P = 0.182   Partially vaccinated 7 (2.3%) 10 (3.3%) 

  Unvaccinated 291 (95.1%) 280 (91.5%) 
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estimates to those with symptoms < 7 days resulted in a lower VE estimate (VE: 42.4%; 

95%CI -77.3, 81.3%) yet confidence intervals were wide. 

 

6.9 Discussion 

Observational studies using both the northern and southern hemisphere inactivated 

influenza vaccines have demonstrated the effectiveness of vaccination in preventing 

laboratory-proven influenza in children (Blyth et al., 2014a, Jefferson et al., 2012, 

Treanor et al., 2012). Using data from four influenza seasons (2008, 2010-2012), the 

WAIVE study estimated the effectiveness of TIV against any laboratory-confirmed 

influenza in children 6 months to 5 years to be 65% (95% CI: 34, 81) (Blyth et al., 2014a).  

This estimate is very similar to the current study and to northern hemisphere estimates 

published from the 2010-2011 influenza season demonstrating vaccine effectiveness 

Table 2: Number of influenza positive cases and influenza negative controls, unadjusted and 
adjusted odds ratios (OR) and adjusted vaccine effectiveness (VE) estimates against 
hospitalisation with influenza in children >6 months 

Strains 
Number of cases and controls 

Unadjusted OR 
(95% CI) 

Adjusted  
OR* (95% CI) 

Adjusted  
VE*  (95% CI) Vaccinated 

cases 
Unvaccinated 

cases 
Vaccinated 

controls 
Unvaccinated 

controls 

Inclusive of fully and partially vaccinated children 

All strains 15 291 26 280 
0.476 

(0.224, 1.011) 
0.477  

(0.222, 1.026) 
52.3%  

(-2.6%, 77.8%) 

Influenza 
A 

8 188 14 182 
0.538  

(0.215, 1.35) 
0.545 

(0.212, 1.403) 
45.5%  

(-40.3%, 78.8%) 

Influenza 
B 

7 103 12 98 
0.375 

 (0.099, 1.414) 
0.333 

 (0.085, 1.305) 
66.7%  

(-30.5%, 91.5%) 

Inclusive of fully vaccinated children only 

All strains 7 284 16 275 
0.357  

(0.129, 0.992) 
0.377 

(0.133, 1.066) 
62.3%  

(-6.6%, 86.7%) 

Influenza 
A 

4 185 10 179 
0.400  

(0.125, 1.275) 
0.471 

 (0.145, 1.529) 
52.9%  

(-52.9%, 85.5%) 

Influenza 
B 

3 99 6 96 
0.25 

(0.028, 2.237 
0.176  

(0.018, 1.694) 
82.4%  

(-69.4%, 98.2%) 

        

* following adjustment for sex, indigenous status and comorbidities 
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against laboratory-confirmed influenza in children age 2-8 years of 71% (95%CI: 58, 78). 

There remains a paucity of data demonstrating the effectiveness of inactivated (and live 

attenuated vaccines) in preventing severe influenza including hospitalisation in children. 

In Hong Kong, Cowling et al estimated the effectiveness of TIV against hospitalization 

with laboratory-confirmed influenza in children (2009-2013) to be 61.7% (95%CI: 43.0, 

74.2) (Cowling et al., 2014). Turner et al, estimated the effectiveness of TIV in children 

admitted with fever and cough to four New Zealand hospitals in 2013 to be 78% (95%CI: 

2, 95) (Turner et al., 2014a) but other published studies from Italy and Australia have 

failed to demonstrate significant vaccine effectiveness against hospitalised influenza in 

children (Dixon et al., 2010, Menniti-Ippolito et al., 2014). Pooling data from 5 seasons, 

we have estimated vaccine effectiveness in children to be similar to international VE 

estimates against hospitalised influenza (Cowling et al., 2014, Turner et al., 2014a) and 

previous Australian VE estimates against medically-attended influenza infections not 

requiring hospital admission (Blyth et al., 2014a). 

 

With increasing use of the test-negative design, it is now much easier to determine 

vaccine effectiveness estimates in specific populations each season (Sullivan et al., 

2014b). So why do these studies need to be performed in children and why do studies 

need to assess effectiveness of inactivated influenza vaccines against severe influenza 

(including hospitalisation and death)? Firstly, epidemiological evidence of poor vaccine 

effectiveness may augment virological data in signalling a mismatch between vaccines 

and circulating strains (Skowronski et al., 2014a). As a result, vaccine effectiveness 

estimates are now used to guide strain choice for the annual influenza vaccine 

(Valenciano et al., 2015). As children contribute significantly to the overall burden of 

influenza infection, inclusion of paediatric data in these estimates may influence vaccine 
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strain choice. Secondly, despite clear evidence documenting the burden and severity of 

disease in children (Poehling et al., 2006), there remains a popular belief amongst both 

parents and health-care providers that influenza is a benign illness in childhood (Olivier, 

2012). We have previously demonstrated that positive parental attitudes towards 

vaccine effectiveness and safety are predictive of vaccine acceptance and uptake (Blyth 

et al., 2014b). In addition, there has been much speculation about the effectiveness of 

inactivated influenza vaccines in young children with some authors stating that the 

efficacy is similar to placebo (Jefferson et al., 2012). Previously reported safety issues 

with one inactivated influenza vaccine in Australia have created further uncertainty 

about the risks and benefits of influenza vaccine in children (Blyth et al., 2011a, 

Armstrong et al., 2011). To address these concerns among both parents and providers, 

it is paramount that the safety of influenza vaccines in children be well documented and 

the vaccine be shown to be effective at preventing severe influenza infection. Without 

this, it is unlikely that substantive changes in parental and provider attitudes and 

improved vaccine uptake will occur. 

 

Strengths of the study included the use of laboratory records to identify all potential 

cases admitted to the only tertiary paediatric centre in Western Australia. Exclusive use 

of PCR testing over the study period, which has superior sensitivity and specificity to 

other detection methods, has ensured that case-control misclassification by outcome is 

unlikely to have influenced results. Matching for time, age and ward has ensured that 

the likelihood of influenza infection and of symptomatic presentation was similar in both 

cases and controls. Vaccination status was confirmed in the majority of children by two 

methods: the medical record and by the national registry. It is possible that 

misclassification of vaccination status occurred in older children, although we found no 
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evidence for this as restricting VE estimates to young children did not have a significant 

impact on the point estimate.  

 

There are a number of potential weaknesses to our study. Children were recruited from 

a tertiary paediatric referral hospital and as such, may have had more severe infection 

or complicated comorbidities when compared to children admitted to more general 

paediatric wards. We recruited children from whom a diagnostic sample was obtained 

as part of clinical care. It is therefore likely that we underestimated the total number of 

influenza positive cases as sampling was not mandated. The major limitation to 

demonstrating vaccine effectiveness remains low vaccine uptake in children in Western 

Australia, despite fully funded influenza vaccination for children aged 6 months to < 5 

years.  

 

6.10 Conclusions 

This study demonstrates, using data from a single tertiary paediatric hospital over five 

years, similar influenza vaccine effectiveness estimates in hospitalised children to those 

demonstrated in children not requiring hospital admission. Vaccine uptake in the 

community remains low: with greater TIV uptake in children, a significant reduction in 

both paediatric emergency presentation and hospital admission could be observed. To 

demonstrate vaccine effectiveness against severe influenza in children, a multi-centred 

approach over multiple seasons would be required. Utilisation of existing surveillance 

networks, such as the Influenza Complications Alert Network (FluCAN) (Cheng et al., 

2013a, Cheng et al., 2014, Cheng et al., 2013b, Kelly et al., 2011b), to assess vaccine 

effectiveness against severe influenza in young children could make a valuable 
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contribution to our understanding of the impact of annual influenza vaccination in 

children and help inform national and international immunisation policy.  
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CHAPTER SEVEN: INFLUENZA EPIDEMIOLOGY, VACCINE COVERAGE AND 
VACCINE EFFECTIVENESS IN CHILDREN ADMITTED TO SENTINEL 

AUSTRALIAN HOSPITALS IN 2014:  
THE INFLUENZA COMPLICATIONS ALERT NETWORK (FluCAN) 

 

7.1 Chapter outline 

Generating robust vaccines effectiveness estimates from a single centre is dependent 

on adequate vaccine uptake and the severity of the influenza season. Previous attempts 

to estimate VE against severe influenza in Western Australia have been challenging 

given low vaccine uptake from 2010 onwards. Through the FluCAN network, the 

opportunity to contribute paediatric data to a national influenza surveillance and VE 

program was made available in 2014. As a chief investigator of the Paediatric Active 

Enhanced Disease Surveillance (PAEDS) network, a national sentinel paediatric hospital 

network collecting observational data on vaccine preventable diseases and adverse 

events following immunisation, we undertook a pilot study at two PAEDS hospitals: 

Princess Margaret Hospital (Western Australia) and Children’s Hospital Westmead (New 

South Wales). The data from the first year of this ongoing program is presented in the 

following chapter.  

 

7.2 Published Manuscript 

Blyth CC, Macartney KK, Hewagama S, Senenayake S, Friedman ND, Simpson G, Upham 

J, Kotsimbos T, Kelly P, Cheng AC on behalf of the Influenza Complications Alert Network 

(FluCAN) and Paediatric Active Enhanced Disease Surveillance(PAEDS) Group. Influenza 

epidemiology, vaccine coverage and vaccine effectiveness in children admitted to 

sentinel Australian hospitals in 2014: the Influenza Complications Alert Network 

(FluCAN), Eurosurveillance. 2015, in press (accepted 6th November 2015; Appendix 10) 
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7.3 Statement of contribution  

Dr Blyth coordinated the study at Princess Margaret Hospital, supervised data collection, 

analysed the data and wrote the initial draft of the manuscript. A/Professor Macartney 

coordinated the study at Children’s Hospital Westmead, supervised data collection and 

assisted in writing the manuscript. Drs Hewagam, Senenayake, Friedman, Simpson and 

Professor Upham coordinated the study at hospitals contribution paediatric cases. 

Professors Kotsimbos, Kelly and Cheng established the FluCAN network. Professor 

Cheng has coordinated the FluCAN network since its inception, analysed the data and 

assisted with writing the manuscript. 

 

7.4 Funding 

This study was funded by the Commonwealth Department of Health. 

 

7.5 Abstract 

7.5.1 Background 

The Influenza Complications Alert Network (FluCAN) is a sentinel hospital-based 

surveillance program operating in all states and territories in Australia. This report 

summarises the epidemiology of children hospitalised with laboratory-confirmed 

influenza in 2014 and reports on the effectiveness of the inactivated trivalent influenza 

vaccine (TIV) in children. 

 

7.5.2 Methods 

In this observational study, cases were defined as children admitted to sentinel hospitals 

with an acute respiratory illness (ARI) with influenza confirmed by polymerase chain 
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reaction (PCR). Controls were hospitalised children with ARI who tested negative for 

influenza. Vaccine effectiveness (VE) was estimated as 1 minus the odds ratio of 

vaccination in influenza positive cases compared to test negative control patients using 

conditional logistic regression models. 

 

7.5.3 Results 

From April until October 2014, 402 children were admitted with PCR-confirmed 

influenza. Of these, 28% were <1 year, 16% were Indigenous, and 39% had underlying 

conditions predisposing to severe influenza. In those with laboratory-confirmed 

influenza, Influenza A was detected in 90% of cases; influenza A(H1N1)pdm09 was the 

most frequent subtype (109/141 who had subtyping performed) followed by A/H3N2 

(32/141). Only 15% of children with influenza received antiviral therapy. The adjusted 

vaccine effectiveness of one or more doses of TIV for preventing hospitalised influenza 

was estimated at 55.5% (95%CI: 11.6, 77.6). Effectiveness against influenza 

A(H1N1)pdm09 was high at 91.6% (95%CI: 36.0, 98.9) yet appeared poor against H3N2. 

 

7.5.4 Conclusions 

Influenza A was responsible for the majority of paediatric influenza-related 

hospitalisations in 2014 with influenza A(H1N1)pdm09 the most frequent subtype. The 

majority of hospitalised children had no underlying conditions predisposing to severe 

influenza. Uptake of influenza vaccine and use of antivirals for laboratory-proven 

influenza remained low. The 2014, southern hemisphere TIV was moderately effective 

against severe influenza in children. Significant vaccine effectiveness was observed 

against influenza A/(H1N1)pdm09. 
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7.6 Introduction 

Influenza is a common respiratory viral infection that affects up to 5-10% of the 

population each year (Dawood et al., 2012). Previous studies demonstrate that young 

children have the highest rate of hospitalisation (Chiu et al., 2010).  A national sentinel 

surveillance program for severe influenza was established in 2009 primarily to monitor 

hospitalisations in adults with confirmed influenza: the Influenza Complications Alert 

Network (FluCAN). Given the significant burden of disease in young children and the 

important role that children play in introducing and spreading influenza virus in the 

household and the community (Carr, 2012), paediatric influenza surveillance provides 

public health authorities with important and timely information on disease severity in 

the early phase of the winter respiratory virus season. Hospital-based sentinel 

surveillance enables detailed information on the severity of illness to be collected, and 

complements community- and primary care-based surveillance systems.  

Comprehensive nationwide clinical data were collected from Australian children 

admitted to six tertiary paediatric hospitals during the pandemic in 2009 (Khandaker et 

al., 2014). However, from 2010-13, insufficient numbers of children were prospectively 

enrolled in existing surveillance programs to ascertain paediatric seasonal influenza 

activity and severity in Australia. Two tertiary paediatric hospitals (from the separate 

Paediatric Active Enhanced Disease Surveillance network; PAEDS (Zurynski et al., 2013)) 

were included in the existing FluCAN sentinel system in 2014.  

 

The Australian Technical Advisory Group on Immunisation (ATAGI) recommends 

influenza vaccination in all children 6 month and older. In 2014, influenza vaccine was 

provided free of charge under the National Immunisation Program (NIP) in 2014 for 

children with comorbidities that predispose them to severe outcomes following 
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influenza infection (ATAGI, 2013). In Western Australia, a state-funded program has 

provided free influenza vaccine to all children between 6 months and 5 years of age from 

2008 (Blyth et al., 2014a, Dixon et al., 2010, Kelly et al., 2011a). Four brands of 

inactivated unadjuvanted trivalent influenza vaccine (TIV) were available for use by 

Australian children in 2014: more than 80% of vaccine administered to children in 

Australia was Vaxigrip® or Vaxigrip junior® (Sanofi-Pasteur Pty Ltd; personal 

communication, Brynley Hull, NCIRS). Live attenuated and quadrivalent influenza 

vaccines were not available in Australia in 2014. 

 

Previous studies have demonstrated that inactivated influenza vaccine is protective 

against influenza (Jefferson et al., 2012, Osterholm et al., 2012), yet have concluded that 

insufficient evidence exists to confirm the effectiveness in the very young. The Western 

Australian Influenza Vaccine Effectiveness (WAIVE) study has previously estimated 

vaccine effectiveness (VE) of TIV in children six to 59 months attending a paediatric 

emergency department against any laboratory-confirmed influenza at 64.7% (95%CI: 

33.7%, 81.2%)(Blyth et al., 2014). Insufficient numbers of hospitalised children have 

been enrolled in this and similar paediatric VE studies to generate robust estimates 

against hospitalisation. Cowling et al estimated VE against hospitalisation with 

laboratory-confirmed influenza to be 61.7% (95% CI: 43.0%, 74.2%) in Hong Kong (2009-

2013) (Cowling et al., 2014).  

 

With nearly 70,000 notifications of laboratory-confirmed influenza (the largest number 

of cases on record), the incidence of disease in 2014 was high compared with previous 

seasons (NNSSD, 2015). Virological surveillance of circulating strains suggested influenza 

A(H1N1)pdm09 predominated across most jurisdictions throughout the season, 
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however influenza A(H3N2) was predominant in New South Wales and the Australian 

Capital Territory (DOH, 2014).  In this report, we describe the epidemiology of 

hospitalisation in children with confirmed influenza and report on vaccine effectiveness 

estimates for the 2014 southern hemisphere inactivated TIV. 

 

7.7 Methods 

The Influenza Complications Alert Network (FluCAN) is a national hospital-based 

influenza sentinel surveillance system (Kelly et al., 2011b). In 2014, surveillance was 

expanded to include two large specialty paediatric hospitals: Children’s Hospital at 

Westmead (New South Wales) and the Princess Margaret Hospital for Children (Western 

Australia). In addition, paediatric cases from the other 15 participating sites were also 

included; Canberra Hospital (ACT), University Hospital Geelong (VIC), Princess Alexandra 

Hospital (QLD), Cairns Base Hospital (QLD), and Alice Springs Hospital (NT). Ethics 

approval has been obtained at all participating sites, at Monash University and the 

Australian National University. 

 

An influenza case was defined as a paediatric patient (<16 years) admitted to hospital 

with an acute respiratory illness (ARI) and with influenza confirmed by polymerase chain 

reaction (PCR). Influenza testing was initiated by clinicians based on clinical indications 

and local guidelines. All influenza cases were confirmed using real-time reverse 

transcriptase polymerase chain reaction (PCR) assays using standard primers. All tests 

were performed in local or referral laboratories accredited by the National Association 

of Testing Authorities. An ARI was defined by the presence of new respiratory symptoms 

including cough and rhinorrhoea. A hospital admission was defined as requiring 

inpatient care outside of the emergency department. 
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Under FluCAN, surveillance is conducted during the southern hemisphere influenza 

season (i.e.  April to October with follow up continuing to the end of November each 

year).  Admission to an intensive care unit (ICU), including high dependency unit (HDU), 

was also recorded. The presence of risk factors predisposing to severe outcomes 

following influenza infection including race (Indigenous or non-Indigenous Australian) 

and the presence of underlying conditions (hereafter referred to as comorbidities) was 

ascertained from the patient’s medical record (ATAGI, 2013). Comorbidities assessed 

included congenital heart disease, chronic respiratory and neurological disorders, 

immunocompromising conditions or immunosuppression, Down syndrome and chronic 

illnesses such as diabetes mellitus and renal failure (ATAGI, 2013). 

 

We examined factors associated with ICU admission and the length of hospital stay (LOS) 

using multivariable regression. Factors associated with ICU admission were determined 

using a logistic regression model, with factors retained in the multivariable model if 

p<0.20. Factors associated with LOS were modelled using a linear regression, as the 

mean duration of stay was the parameter of interest. Standard errors were estimated 

using bootstrapping (1000 replicates) to correct for heteroskedasticity.  

 

7.7.1 Estimation of vaccination coverage and effectiveness 

Vaccination status was obtained from the medical record, by parental report and 

confirmed, in children < 7 years of age, on the Australian Childhood Immunisation 

Register (ACIR). In those 10 years and older, ‘fully immunised’ was defined by receipt of 

one dose of 2014 TIV more than 2 weeks prior to presentation. In children age <10 years, 

‘fully immunised’ was defined as either:  i) two doses of TIV at least 21 days apart and 

at least 2 weeks prior to presentation or ii) one dose of TIV at least 2 weeks prior to 
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presentation and receipt of at least one TIV dose in a previous year (ATAGI, 2013). 

“Partially vaccinated” children were those < 10 years receiving only one dose of 

vaccination in 2014 without receipt of TIV in previous years. “Unvaccinated” children 

where those not receiving TIV in 2014 or receiving the vaccine less than 2 weeks prior 

to presentation. 

 

Vaccination coverage was estimated in patients > 6 months of age admitted with ARI 

who tested negative to influenza by PCR. We used an incidence density test negative 

design to estimate vaccine effectiveness, where controls were selected from influenza-

test negative subjects with ARI tested contemporaneously with a case: controls could 

be test-negative for all pathogens or have an alternative pathogen detected (Greenland 

and Thomas, 1982, Rodrigues and Kirkwood, 1990, Smith et al., 1984). Vaccine 

effectiveness was estimated as 1 minus the odds ratio of vaccination in influenza positive 

cases compared to test negative control patients using methods previously described 

(Cheng et al., 2013a, Kelly et al., 2011b). Only children > 6 months of age and tested 

within seven days of admission were included in vaccine effectiveness estimates. A 

conditional logistic regression model using influenza case status as the dependent 

outcome was constructed from influenza vaccination and adjusted for potential 

confounders (age group <2 years and comorbidities). The regression was stratified on 

site, except for the models that considered vaccine effectiveness against H1N1 due to 

small numbers. Models that included more age groups (<1 year, 1-4 years, 5-9 years and 

≥10 years,) and Indigenous status as adjusting variables were considered in sensitivity 

analyses. In addition, VE estimates excluding children with duration of symptoms of > 7 

days (as opposed to restriction the analysis to who underwent testing within 7 days) 

were performed. These adjustments had minimal effect (<3%) on vaccine effectiveness 
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estimates and thus were dropped from the final model. Analyses were performed using 

Stata 13 for Windows (College Station, Texas, USA). 

 

7.8 Results  

During the period 3rd April to 31st October 2014, 402 children were admitted with PCR-

confirmed influenza to seven of seventeen sentinel hospitals, including 283 admissions 

to the two specialist paediatric hospitals, and 119 admissions to five non-specialist 

hospitals (table 1). The peak rate of admission was in late August (figure 1). Of these 402 

children, 114 (28%) were <1 year of age, 63 (16%) were Indigenous Australians, and 155 

(39%) had underlying comorbidities (table 1; table 2).  

  

Table 1: Demographic characteristics of hospitalised children with confirmed influenza 
(epidemiological cohort); Influenza Complications Alert Network (FluCAN; April to October 
2014, n = 402) 

 
Influenza type Total 

influenza 
positive cases A/H1N1/09pdm A/H3N2 A/unsubtyped B 

Number of children 109 32 218 42 402* 

Age group 

     Neonate <28 days 2 (1.8%) 0 (0.0%) 5 (2.3%) 0 (0.0%) 7 (1.7%) 

     Infant 28d - 1 year 29 (26.6%) 9 (28.1%) 60 (27.5%) 8 (19.0%) 107 (26.6%) 

     1-4 years 40 (36.7%) 16 (50.0%) 94 (43.1%) 15 (35.7%) 165 (41.0%) 

     5-9 years 23 (21.1%) 5 (15.6%) 34 (15.6%) 12 (28.6%) 74 (18.4%) 

     10-16 years 15 (13.8%) 2 (6.3%) 25 (11.5%) 7 (16.7%) 49 (12.2%) 

Male 62 (56.9%) 16 (50.0%) 107 (49.1%) 24 (57.1%) 209 (52.0%) 

Indigenous 9 (8.3%) 3 (9.4%) 48 (22.0%) 3 (7.1%) 63 (15.7%) 

Hospital 

     Alice Springs 0 (0.0%) 0 (0.0%) 43 (19.7%) 5 (11.9%) 48 (11.9%) 

     Canberra 15 (13.8%) 14 (43.8%) 0 (0.0%) 2 (4.8%) 31 (7.7%) 

     Cairns Base 4 (3.7%) 0 (0.0%) 10 (4.6%) 3 (7.1%) 17 (4.2%) 

     Children's Hospital,  
         Westmead 

0 (0.0%) 0 (0.0%) 135 (61.9%) 16 (38.1%) 151 (37.6%) 

     Geelong Hospital 0 (0.0%) 0 (0.0%) 21 (9.6%) 0 (0.0%) 22 (5.5%) 

     Princess Alexandra 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (2.4%) 1 (0.2%) 

    Princess Margaret 90 (82.6%) 18 (56.3%) 9 (4.1%) 15 (35.7%) 132 (32.8%) 

*1 child with disease due to multiple subtypes included in total 
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7.8.1 Presentation and treatment 

In 395 patients with influenza where the duration of symptoms was known, the median 

duration of symptoms prior to admission was 3 days (IQR 2, 5 days). Only 64 (15%) of 

patients with influenza, received oseltamivir; of these, 24 patients were known to have 

received oseltamivir within 48 hours of symptom onset.  

 

7.8.2 Admission to Intensive Care 

Of all influenza cases, 40 (10%) were initially admitted to intensive care (ICU) and a 

further 6 (1%) patients were subsequently transferred to ICU after initial admission to a 

general ward. The presence of comorbidities was associated with intensive care 

admission: OR 2.80 [95%CI: 1.49, 5.27; p=0.001]. Influenza B appeared associated with 

a lower risk of admission to ICU but this difference was not statistically significant: OR  

Figure 1: Date of admission in children hospitalized with confirmed influenza (epidemiological 
cohort); Influenza Complications Alert Network (FluCAN; April to October 2014, n = 402) 
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0.36 [95%CI: 0.08, 1.53; p=0.16].  In a multivariate model, only the presence of one or 

more comorbidity was associated with ICU admission (table 3). 

Table 2: Risk factors, severity and outcomes in hospitalized children with confirmed influenza 
(epidemiological cohort); Influenza Complications Alert Network (FluCAN; April to October 
2014, n = 402) 

 
Not admitted           

to ICU 
Admitted            

to ICU 
Total 

Total 356 46 402 

Age group    

 Neonate <28 days 5 (1.4%) 2 (4.3%) 7 (1.7%) 

 Infant 28d - 1 year 93 (26.1%) 14 (30.4%) 107 (26.6%) 

 1-4 years 147 (41.3%) 18 (39.1%) 165 (41.0%) 

 5-9 years 68 (19.1%) 6 (13.0%) 74 (18.4%) 

 10-16 years 43 (12.1%) 6 (13.0%) 49 (12.2%) 

Smoking 4 (1.1%) 2 (4.3%) 6 (1.5%) 

Others smoking in the household 21 (5.9%) 5 (10.9%) 26 (6.5%) 

Chronic medical comorbidities 127 (35.7%) 28 (60.9%) 155 (38.6%) 

 Chronic respiratory disease 38 (10.7%) 12 (26.1%) 50 (12.4%) 

 Prematurity 33 (9.3%) 12 (26.1%) 45 (11.2%) 

 Chronic cardiac disease 21 (5.9%) 3 (6.5%) 24 (6.0%) 

 Diabetes 4 (1.1%) 1 (2.2%) 5 (1.2%) 

 Chronic neurological disease 26 (7.3%) 7 (15.2%) 33 (8.2%) 

 Chronic renal disease 10 (2.8%) 4 (8.7%) 14 (3.5%) 

 Immunosuppressed 35 (9.8%) 4 (8.7%) 39 (9.7%) 

 Chronic liver disease 7 (2.0%) 3 (6.5%) 10 (2.5%) 

 Genetic abnormality 28 (7.9%) 10 (21.7%) 38 (9.5%) 

 Inborn error of metabolism 4 (1.1%) 3 (6.5%) 7 (1.7%) 

 Chronic aspirin use 4 (1.1%) 0 (0.0%) 4 (1.0%) 

Residential care 1 (0.3%) 1 (2.2%) 2 (0.5%) 

Influenza vaccination 11/242 (4.5%) 4/35 (11.4%) 15/277 (5.4%) 

Influenza subtype    

 A/H1N1/09pdm 92 (25.8%) 17 (37.0%) 109 (27.1%) 

 A/H3N2 24 (6.7%) 8 (17.4%) 32 (8.0%) 

 A/unsubtyped 199 (55.9%) 19 (41.3%) 218 (54.2%) 

 B 40 (11.2%) 2 (4.3%) 42 (10.4%) 

 multiple strains 1 (0.3%) 0 (0.0%) 1 (0.2%) 

Mortality 0/317 (0.0%) 1/41 (2.4%) 1/358 (0.3%) 

 



124 
 

 

 

7.8.3 Outcome 

The mean LOS of all patients was 3.7 days. The presence of comorbidities were 

associated with an increase in mean hospital length of stay of 2.6 days. Other factors 

associated with prolonged length of stay included ICU admission and being Indigenous 

but these differences were not statistically significant (data not shown). The duration of 

hospital stay was similar in patient that received antivirals within 48 hours of symptom 

onset (median: 2.5 days, IQR 2, 6 days), compared with those who received antivirals 

more than 48 hours after symptom onset (median: 4 days, IQR 1,7 days) and who did 

not receive antivirals (median: 2 days, IQR 1, 3 days). 

 

One in-hospital death was reported, in a 13 year old boy with no known comorbidities.  

 

 

 

 

Table 3: Factors associated with admission to intensive care in patients hospitalised with 
confirmed influenza (epidemiological cohort); Influenza Complications Alert Network 
(FluCAN; April to October 2014, n = 402) 
 

Variable 
Crude odds ratio 

(95% CI) 
P value 

Adjusted odds ratio 
(95% CI) 

P value 

Infant <12 months 1.40 (0.73, 2.69) 0.306 1.86 (0.94, 3.69) 0.076 

Medical comorbidities 2.80 (1.49, 5.27) 0.001 3.20 (1.66, 6.16) 0.001 

Indigenous Australian 0.79 (0.32, 1.94) 0.603 NI  

Influenza type 

Influenza A 1 (referent)  1 (referent)  

Influenza B 0.36 (0.08, 1.53) 0.166 NI  

NI: not included in final model 
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7.8.4 Vaccine coverage 

Vaccine coverage for all children > 6 months of age, as shown in figure 2, was low. Of 

the 225 children who tested negative for influenza within 7 days of onset of illness, 28 

children had received at least one dose of vaccine in 2014 (estimated full or partial 

vaccine coverage: 12.4%). Eighteen children were regarded as fully vaccinated 

(estimated full coverage: 8.0%). Of those with comorbidities (eligible to receive influenza 

vaccine under the NIP), only 16 of 89 children had received at least one dose of vaccine 

in 2014 (estimated full or partial coverage: 18.0%) of which only 9 children were 

regarded as fully vaccinated (estimated full coverage: 10.1%).  

 

7.8.5 Vaccine effectiveness 

In children aged >6 months, the crude vaccine effectiveness of full or partial vaccination 

(i.e. children who received at least one dose of vaccine in 2014) was estimated as 48.8%  

(1.1%, 73.5%; table 4). After adjusting for age group and comorbidities, the adjusted 

full/partial vaccine effectiveness was estimated as 55.5% (95%CI: 11.6, 77.6). Vaccine 

Figure 2: Flowchart of children included in epidemiological and VE cohorts 
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effectiveness differed by infecting strain (table 4) with poor vaccine effectiveness 

against circulating influenza A/H3N2 noted. Only one child with A/H1N1 infection was 

partially vaccinated with no vaccine breakthrough cases in fully vaccinated children 

identified: adjusted fully/partial VE estimate for A/H1N1 was 91.6% (95%CI: 36.0, 98.9) 

 

In children aged >6 months, the crude vaccine effectiveness based on children who were 

regarded as fully vaccinated in 2014 was estimated as 30.5% (95%CI: -45.7, 66.8). After 

adjusting for age group (age <2 year), and chronic medical comorbidities, the adjusted 

vaccine effectiveness was estimated as 41.1% (95%CI: -26.7, 72.6).  

Table 4: Estimated vaccine effectiveness against hospitalisation with influenza in children >6 
months (vaccine effectiveness cohort); Influenza Complications Alert Network (FluCAN; April 
to October 2014) 

Strains 

Number of cases and controls 
Unadjusted VE 

(95% CI) 
Adjusted VE*   

(95% CI) Vaccinated 
cases 

Unvaccinated 
cases 

Vaccinated 
controls 

Unvaccinated 
controls 

  Vaccinated cases inclusive of fully and partially vaccinated children 

All 

strains† 
18 236 28 197 

48.8%  
(1.1%, 73.5%) 

55.5%  
(11.6%, 77.6%) 

H1N1 1 72 28 197 
90.2%  

(26.9%, 98.7%) 
91.6%‡  

(36.0%, 98.9%) 

H3N2 13 90 28 197 
6.2%  

(-110.7%, 58.2%) 
-4.0%  

(-138.9%, 54.7%) 

B 2 22 28 197 
66.0%  

(-163.3%, 95.6%) 
65.0%  

(-179.4%, 95.6%) 

  Vaccinated cases inclusive of fully vaccinated cases only 

All 

strains† 
15 236 18 197 

30.5%  
(-45.7%, 66.8%) 

41.1%  
(-26.7%, 72.6%) 

H1N1 0 72 18 197 100% 100%‡ 

H3N2 11 90 18 197 
3.5%  

(-154.1%, 63.4%) 
-13.6%  

(-204.1%, 57.6%) 

B 2 22 18 197 
47.3%  

(-317.0%, 93.3%) 
51.5%  

(-294.4%, 94.0%) 

* adjusted for age>2 years, and comorbidities 
† Inclusive of patients with untyped influenza A infection, H1N1, H3N2 and influenza B. 
‡ 1 patient with A/H1N1 was partially vaccinated and none fully vaccinated. Non-conditional logistic 
regression used 
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7.9 Discussion 

Inclusion of two tertiary paediatric hospitals (from the separate Paediatric Active 

Enhanced Disease Surveillance network; PAEDS (Zurynski et al., 2013)) into the existing 

FluCAN sentinel system has allowed us to report on influenza in 402 hospitalised 

children and 1692 adults in 2014 (Cheng et al., 2015), inclusive of metropolitan and 

regional hospitals, specialist paediatric and adult hospitals and hospitals in tropical and 

subtropical regions. By collecting data on control patients with ARI who tested negative 

for influenza, vaccine coverage (particularly in vulnerable patients) and vaccine 

effectiveness against severe influenza can also be accurately estimated. Here we report 

the first significant multi-centred vaccine effectiveness estimate against hospitalised 

influenza in Australian children.   

 

In 2014, we recorded over 400 paediatric admissions in the FluCAN system. When 

compared with children with influenza requiring hospitalisation in 2009 (n=601 across 

six paediatric hospitals), a number of similarities and differences were identified. In both 

cohorts, more than 50% of children did not have any underlying comorbidities 

highlighting that healthy children form a significant proportion of those requiring 

hospital admission. Indigenous Australians are at increased risk of hospital admission 

with influenza; national hospitalisation discharge data indicate that indigenous children 

aged < 5 years are hospitalised more than twice as frequently with influenza compared 

with their non-indigenous peers (Naidu et al., 2013). This finding has prompted the 

inclusion of Indigenous children < 5 years of age as eligible for NIP-funded influenza 

vaccination from 2015 onwards. The higher proportion of indigenous children enrolled 

in this study in 2014 (16.0% vs 4.5% in 2009) needs to be interpreted with caution as 
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recruitment from sites with sizable indigenous populations (e.g. Alice Springs Hospital) 

occurred in 2014 and not in 2009.  

 

For all children, similar outcomes were observed in 2014 compared with 2009, 

respectively: 11.4% and 9.9% of children were admitted to ICU, and mortality was 0.3% 

and 0.9% respectively. Despite the availability of free vaccine through the NIP for 

children with comorbidities from 2010, uptake of seasonal TIV in those at greatest risk 

has not significantly changed since 2009: in 2014 only 21.0% of controls with 

comorbidities were vaccinated compared with 18.4% in 2009 (Khandaker et al., 2014). 

Another striking difference is the infrequent use of antiviral medications in 2014 

compared with the pandemic year, 2009 (15% versus 47%). The effectiveness of 

oseltamivir in children and adults with influenza has recently been debated following 

meta-analyses by Jefferson et al and Dobson et al with conflicting methods, results and 

conclusions (Jefferson et al., 2014, Dobson et al., 2015). Data pooled by Jefferson et al 

demonstrates that oseltamivir reduces the length of symptoms by 29 hours (95% 

confident interval 12 to 47 hours; p = 0.001) at the expense of increased rates of 

vomiting in children (Jefferson et al., 2014). Despite no appreciable difference in 

complications or hospitalisation being noted, the number of children in both the 

intervention and control arms of these analyses are very small. Given the current 

evidence, oseltamivir is most likely to benefit patients at high risk of hospitalisation and 

patients with influenza requiring hospitalisation (Nguyen-Van-Tam et al., 2015). Future 

work should focus on ways to improve both vaccine uptake and antiviral use, particularly 

among children with comorbidities or other risk factors for severe influenza. 
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Vaccine effectiveness estimates are now generated using test-negative design in 

multiple populations to guide vaccine strain choice. Existing southern-hemisphere 

systems and vaccine effectiveness studies have either focused on children (and adults) 

presenting for outpatient or emergency care (Blyth et al., 2014a, Turner et al., 2014a, 

Turner et al., 2014b) or enrolled insufficient numbers of children to generate robust 

estimates for hospitalised influenza in children, particularly in any single influenza 

season (Dixon et al., 2010, Turner et al., 2014a, Turner et al., 2014b). The addition of 

large paediatric sites to the FluCAN network, has enabled calculation of vaccine 

effectiveness estimates against hospitalised influenza for children aged < 16 years in a 

single season. Moreover, the vaccine effectiveness point estimate (55.5% [95%CI: 

11.6%, 77.6%]) is comparable to that observed in hospitalised adults (51.5% [95%CI: 

41.6%, 59.7%], unpublished data), albeit with less precision.  Restricting the estimate to 

those fully vaccinated resulted in a lower point estimate (41.1% [95%CI: -26.7%, 72.6%]) 

but given the small numbers of vaccinated cases and controls and wide confidence 

intervals, this result needs to be interpreted with caution. Similar differences in vaccine 

effectiveness between different influenza strains were also observed, particularly 

reduce effectiveness of A/H3N2 (adults hospitalised in the FluCAN cohort: 35.0% [95%CI: 

8.8%, 53.6%]) and parallels similar reductions in A/H3N2 vaccine effectiveness seen in 

the northern hemisphere (Skowronski et al., 2016). The addition of data from more 

paediatric hospitals, or over subsequent seasons, would assist in providing VE estimates 

against specific influenza strains and in subgroups of interest, for example the children 

aged 6 months to 2 years in whom data on vaccine effectiveness is sparse.  

 

There are a number of limitations to this study. The decision to test was left to the 

treating clinician using local guidelines. The impact of this is expected to be small as 
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influenza tests are routinely recommended for infection control purposes in children 

requiring hospital admission with acute respiratory symptoms. It remains possible that 

the decision to test might have been influenced by vaccination status. As in all 

observational studies, a biased estimate of vaccine effectiveness may result from 

unmeasured confounding or misascertainment of vaccination status or outcome. Case 

ascertainment was likely incomplete due to the underutilisation of influenza laboratory 

testing by treating clinicians, despite the diagnosis of influenza having implications for 

infection control and antiviral use in hospitals. Delayed presentations or secondary 

bacterial pneumonia may be associated with false negative influenza tests as the 

influenza infection may be cleared at the time of presentation. Influenza subtyping was 

not available for the majority (55%) of patients, thereby limiting our ability to determine 

the relative burden of influenza A types and calculate accurate vaccine effectiveness 

estimates by strain. Furthermore, the antigenic characteristics of influenza viruses from 

cases was not performed and as such we are unable to determine the relatedness of 

circulating strains with influenza strains included in the 2014 seasonal vaccine. The 

inability to determine vaccination status in all children was a limitation although no 

significant difference were noted when influenza status and risk factors of those with 

known vaccination status were compared to children with unknown vaccination status 

(data not shown). Low vaccine uptake was a major limitation impacting on our ability to 

more precisely calculate vaccine effectiveness. 

 

7.10 Conclusions 

In summary, we describe more than 400 children hospitalised with seasonal influenza in 

Australia, of whom 10% required ICU admission. Influenza A was detected in 90% of 

cases with Influenza A/H1N109pdm the most frequent subtype. Vaccine uptake in those 
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with and without comorbidities remains poor. Use of influenza antivirals in children is 

infrequent. TIV appeared moderately effective against hospitalisation with any influenza 

in 2014, but was more effective against the influenza A/H1N109pdm subtype. 
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CHAPTER EIGHT: INFLUENZA VACCINE EFFECTIVENESS AND UPTAKE 
IN CHILDREN AT RISK OF SEVERE DISEASE 

 

8.1 Chapter outline 

Given the demonstration of vaccine effectiveness against laboratory-confirmed 

influenza in healthy in children presenting to the emergency department (chapter 4)  

and the demonstration of VE against hospitalised influenza (Chapter 6 and 7), this 

chapter focuses on high risk children presenting for care. Using an additional two years 

of WAIVE data, overall vaccine effectiveness estimates are updated and VE in those at 

higher risk of severe diseases described. Given ongoing poor uptake of influenza vaccine 

in children in Western Australia (including those at greatest risk for severe diseases), 

parental attitudes in those with risk factors for severe disease are explored and 

compared with the parents of healthy children. 

 

8.2 Published Manuscript 

Blyth CC, Jacoby P, Effler PV, Kelly H, Smith DW, Borland ML, Willis GA, Levy A, Keil AD, 

Richmond PC on behalf of the WAIVE Study Team. Influenza vaccine effectiveness and 

uptake in children at risk of severe disease, Pediatric Infectious Disease Journal. 2016 

Mar;35(3):309-15. doi: 10.1097/INF.0000000000000999.(Appendix 11) 

 

8.3 Statement of contribution 

Dr Blyth has led the WAIVE project since 2010. He has supervised recruitment by 

research assistants, collated, cleaned and analysed the data and wrote the first draft of 

the manuscript. A/Prof Jacoby assisted in designing the study, assisted with analyzing 

the data and writing the manuscript; Professors Effler, Kelly, Smith, and Richmond 
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designed the study, supervised analysis, and assisted in writing the manuscript; Dr 

Borland enrolled patients, supervised research assistants and assisted with writing the 

manuscript; Dr Willis assisted in designing the study, collated and cleaned the data, and 

assisted with writing the manuscript; Dr Levy performed virologic studies, collated and 

cleaned the data, and assisted with writing the manuscript; Dr Keil assisted in designing 

the study, supervised laboratory processing, and assisted with writing the manuscript. 

 

8.4 Funding 

This study was funded by the Western Australian Department of Health. 

 

8.5 Abstract 

8.5.1 Background 

Data demonstrating the effectiveness of inactivated trivalent influenza vaccine (TIV) for 

children at increased risk of severe disease are limited. Our objective was to determine 

the effectiveness of TIV in children with risk factors for severe disease and to compare 

vaccine uptake, parental attitudes and prescriber recommendations in those with and 

without risk factors for severe disease. 

 

8.5.2 Methods 

Children aged 6-59 months presenting for emergency care (2008-2014) with an 

influenza-like illness were eligible for inclusion. Influenza PCR and culture were 

performed on nasopharyngeal samples. Vaccination status was confirmed via the 

national register and/or vaccine providers. The test-negative design was used to 
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estimate vaccine effectiveness (VE).  Risk factors, parental attitudes and prescriber 

recommendations were assessed by parental questionnaire. 

 

8.5.3 Results 

Two thousand, seven hundred and twenty three children were recruited. Risk factors for 

severe disease included comorbid medical conditions (11.6%), preterm birth (13.0%) 

and indigeneity (5.0%).  Influenza was identified in 546 (20.1%) participants.  Overall VE 

was 70.0% (95%CI: 47.7, 82.9); VE for children with medical comorbidities, children born 

preterm, and children <2 years were 82.5% (14.6, 96.4), 79.2% (10.9, 95.1) and 84.7% 

(49.6, 95.3) respectively.  Following the immunisation associated adverse events 

observed in 2010, the number of children fully vaccinated with TIV declined significantly 

including those with and without risk factors for severe disease.  Attitudes were similar 

in parents of children with and without risk factors for severe disease. 

 

8.5.4 Conclusions 

VE for TIV in young children with and without risk factors for severe disease was ≥70%.  

Despite this, participation in the preschool influenza vaccination program remains low 

with parents and prescribers unconvinced of the benefits and safety of TIV.  

 

8.6 Introduction 

Influenza viral infections remain a major contributor to the global burden of acute 

respiratory infection (Thompson et al., 2004). Young children, the elderly and others 

with underlying medical conditions are at greatest risk of hospitalisation, morbidity and 

death (Fiore et al., 2010, Izurieta et al., 2000, O'Brien et al., 2004). Vaccination is the 
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most effective method for preventing influenza virus infection and its complications and 

is therefore recommended for those at greatest risk. 

 

The medical conditions which predispose to severe outcomes following influenza 

infection include underlying cardiac disease, chronic respiratory disorders, chronic 

neurological conditions, immunosuppressive conditions and medications, diabetes and 

pregnancy. In a recent systematic review of influenza-related complications in children 

presenting in primary and ambulatory care, Gill et al identified neurological disorders, 

prematurity, sickle cell disease, immunosuppression, diabetes and age < 2 years of age 

as the strongest risk factors for influenza-related hospital admission (Gill et al., 2015). 

Other authors have demonstrated that those with chronic lung disease, asthma, airways 

disease, cardiovascular disease, neuro-muscular disease and immunocompromising 

conditions are at significant risk of complicated influenza infection (Mertz et al., 2013). 

 

To date, the only vaccine against influenza available in the Southern Hemisphere has 

been a trivalent inactivated influenza vaccine (TIV).  In Australia, vaccination is funded 

for the elderly (≥ 65 years), pregnant women, Indigenous Australians (≥ 15 years of age 

and from 2015 onwards, Indigenous children aged 6 months to 5 years) and persons ≥6 

months with comorbid medical conditions predisposing to severe outcomes following 

influenza infection (hereafter referred to as medical comorbidities) (ATAGI, 2013). 

Although recommended for all Australian children 6 months to 5 years due to their 

increased risk for hospitalisation, morbidity and mortality following influenza (ATAGI, 

2013), TIV is only funded nationally for young Indigenous children. 
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In Western Australia, TIV is provided free of charge for all children aged 6 to 59 months 

under a state-funded immunisation program. Following introduction of the program in 

2008, excellent uptake was initially achieved (Blyth et al., 2014b).  A high rate of febrile 

adverse events with one manufacturer’s TIV in 2010 (bioCSL’s Fluvax® and Fluvax Junior) 

resulted in temporary suspension of the national and WA paediatric influenza vaccine 

program (Armstrong et al., 2011, Blyth et al., 2011a). The incidence of febrile 

convulsions with a bioCSL vaccine was 4.4 per 1000 doses (95% CI; 3.4, 5.6). More than 

half of parents reported that their child sustained high fever following receipt of a bioCSL 

product, more than five times that observed with alternative TIV products (OR: 5.1: 95% 

2.9, 9.2) (Armstrong et al., 2011, Blyth et al., 2011a).  Subsequent to this, uptake in young 

children of alternative brands of influenza vaccine including Vaxigrip® and Vaxigrip 

junior®  (Sanofi-Pasteur), Influvac® and Influvax junior® (Abbott), Fluarix (Glaxo Smith 

Kline) and Aggripal (Novartis) has been low (Blyth et al., 2014b). 

 

The West Australian Influenza Vaccine Effectiveness (WAIVE) study commenced in 2008 

to monitor the effectiveness of the state-based paediatric influenza vaccination 

program. This study has demonstrated the effectiveness of TIV in preschool children 

(Blyth et al., 2014a). It also has demonstrated the significant impact of the 2010 adverse 

events on parent and prescriber attitudes towards influenza vaccination (Blyth et al., 

2014b). We undertook to extend the findings of the published vaccine effectiveness 

estimates, and to determine the uptake and effectiveness of influenza vaccine in 

children with risk factors for severe disease, specifically children with medical 

comorbidities, children born preterm (<37 weeks gestation), Indigenous children and 

children < 2 years of age. We also aimed to explore parental and prescriber attitudes 

towards vaccination of children with risk factors for severe disease. 
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8.7 Materials and methods  

Children aged six to fifty-nine months presenting with an influenza-like illness (ILI) to the 

Emergency Department of Princess Margaret Hospital during the influenza seasons of 

2008–2014 inclusive were eligible for enrolment. ILI was defined by at least one acute 

respiratory symptom or sign plus either a documented fever ≥37.5◦C or history of fever 

in the past 96 hours. Children with known contraindication to influenza vaccine, 

immunodeficiency disorders, current or recent immunosuppressive treatment and 

administration of immunoglobulins in the last 3 months were excluded. 

 

Following written consent from parents or guardians, clinical data, parental attitudes 

and nasopharyngeal samples were collected. Bilateral mid turbinate nasal swabs (Copan 

Diagnostics Inc, Murrieta, CA) placed into viral transport medium or nasopharyngeal 

aspirates were collected on all enrolled children. Using previously published methods, 

nasopharyngeal samples were tested by polymerase chain reaction (PCR) assay for 

respiratory viruses including influenza A, B and C (Chidlow et al., 2010a, Chidlow et al., 

2009, Chidlow et al., 2010b, Hyypia et al., 1989). Viral culture was performed using 

centrifuge-enhanced inoculation onto Madin-Darby canine kidney (MDCK) cells and 

diploid human lung fibroblasts and confirmed using immunofluorescent antibody 

detection with monoclonal antibodies directed at influenza A or B (Oxoid Microbiology, 

ThermoFisher, Waltham, MA).  

 

Medical comorbidities were defined, as per the Australian Immunisation Handbook (10th 

edition) as the presence of an underlying condition increasing the risk of complications 

from influenza infection (ATAGI, 2013). These included cardiac disease, chronic 

respiratory conditions, chronic neurological condition, diabetes, chronic renal failure, 
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inherited metabolic diseases and obesity. Preterm birth was defined as birth <37 weeks 

gestation. 

 

Vaccination status was assessed during the parental interview and then confirmed by 

the Australian Childhood Immunisation Register (ACIR). If vaccination status could not 

be determined or discrepancies were noted, immunisation providers were contacted.   

“Fully vaccinated” was defined as: i) two doses of TIV at least 21 days apart and at least 

14 days prior to presentation or ii) one dose of TIV at least 14 days prior to presentation 

and two or more doses in a previous year (ATAGI, 2013). “Partially vaccinated” was 

defined as receipt of one dose of TIV at least 14 days prior to presentation without at 

least two doses in previous years. Children that had not received any vaccination in the 

year of presentation or were vaccinated less than 14 days prior to presentation were 

deemed unvaccinated. 

 

Estimates of community vaccine uptake were calculated from influenza-test negative 

controls subjects enrolled in the WAIVE study (2008-2014 inclusive). Fully vaccinated 

and partially vaccinated children were expressed as a proportion of the total influenza-

test negative controls and 95% confidence intervals calculated.  

 

The effectiveness of influenza vaccine in children aged 6 months to 5 years was 

calculated in children presenting to the emergency department with ILI during influenza 

season in years 2008, 2010-2014; children enrolled in 2009 were excluded from vaccine 

effectiveness calculations given a) the mismatch between pandemic A(H1N1)pdm09 and 

the 2009 southern-hemisphere seasonal TIV and b) the a-priori focus on determining 

the effectiveness of TIV against seasonal influenza. Using the test-negative design 
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(Foppa et al., 2013, Jackson and Nelson, 2013, Orenstein et al., 2007), children testing 

positive for influenza viruses (PCR and/or viral culture) were identified as cases. These 

were compared with enrolled children testing negative for influenza (i.e. test-negative 

controls). Vaccine effectiveness (VE) was determined in the total population and 

separately in children with specific risk factors for severe diseases: those with medical 

comorbidities, Indigenous children, children born preterm and in children < 2 years of 

age.  

 

Parental attitudes towards influenza illness, influenza vaccination and immunisation in 

general, and parental-reported prescriber recommendations were assessed on all 

enrolled children. The questionnaire was administered to the parent or guardian when 

the child was recruited into the study. All questions could be answered as yes, no or 

unsure. To determine whether parental attitudes and prescriber recommendations 

varied according to the risk of complications following influenza infection, further 

analysis was undertaken: the attitudes of parents and recommendations of prescribers 

for children with and without medical comorbidities were compared, as were the 

attitudes and recommendations for children born preterm and term, Indigenous and 

non-Indigenous children and children < 2 years and ≥ 2 years.  

 

Statistical analysis was performed using SPSS 20.0.0 (IBM Corp. New York, NY). 

Differences in categorical variables were tested by the 2 test or Fisher exact test. A           

p value (two-sided) of 0.05 was considered significant. With laboratory-confirmed 

influenza as the primary outcome and vaccine status as the primary exposure, odds 

ratios and 95% confidence intervals (CIs) were calculated by using logistic regression 

models. Fully vaccinated children were compared with unvaccinated. Season, month of 
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disease onset, age, gender, indigenous status, prematurity, and the presence of 

comorbidities (yes/no) were included as covariates. VE was calculated as 1-OR.  

 

Ethical approval for the study was obtained from the ethics committees of Princess 

Margaret Hospital for Children (1673/EP), the South Metropolitan Area Health Service, 

and the Western Australian Aboriginal Health Information and Ethics Committee. 

 

8.8 Results 

A total of 2851 children presenting to the emergency department with an influenza-like 

illness between 2008 and 2014 were recruited into the WAIVE study. One hundred and 

twenty eight were excluded from the analysis leaving 2723 children available for analysis 

(consent was withdrawn in 38, 50 were older than 59 months, 30 had no respiratory 

sample collected and in ten children, vaccination status could not be determined). 

Table 1: Children ages 6-59 months presenting with influenza-like illness during 2008, 2010-
2014: Demographics and risk factors divided by vaccination status 

 
Unvaccinated 

(n = 2166) 

Partially 
vaccinated 

(n=200) 

Fully 
vaccinated 

(n=357) 

Total 
 (n=2723) 

Significance 

Age < 2 years 1135 (52.8%) 102 (51.0%) 209 (58.5%) 1446 (53.4%) p = 0.103 

Male Gender 1173 (54.6%) 102 (51.0%) 188 (52.7%) 1463 (54.0%) p = 0.535 

Indigenous 105 (5.0%) 13 (6.7%) 15 (4.2%) 133 (5.0%) p = 0.437 

Preterm birth 272 (13.0%) 24 (12.2%) 48 (13.5%) 344 (13.0%) p = 0.910 

Comorbidities 221 (10.8%) 24 (12.2%) 55 (15.8%) 300 (11.6%) p = 0.029 

    Asthma 166 (8.1%) 16 (8.2%) 32 (9.2%) 214 (8.3%)  

    Other chronic    
    respiratory disorder 

23 (1.1%) 5 (2.6%) 8 (2.3%) 36 (1.4%) 

    Congenital heart  
    disease 

22 (1.1%) 1 (0.5%) 2 (0.6%) 25 (1.0%) 

    Chronic neurological  
    condition 

21 (1.0%) 2 (1.0%) 5 (1.4%) 28 (1.1%) 

    Other significant  
    comorbidity* 

6 (0.3%) 2 (1.0%) 9 (2.5%) 17 (0.7%) 

*Including Trisomy 21, Chronic liver disease, chronic renal disease, inborn errors of metabolism, asplenia 
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The median age of children enrolled was 1.9 years (interquartile range: 1.2 to 3.1 years) 

and 1463/2708 (54.0%) were male (table 1). Risk factors included indigeneity (5.0%), 

preterm birth (13.0%) and medical comorbidities (11.6%) including asthma (8.3%), other 

chronic respiratory disorders (1.4%), chronic neurological conditions (1.1%) and 

congenital heart disease (1.0%). No significant difference in demographics were 

identified when fully vaccinated, partially vaccinated and unvaccinated children were 

compared. Children with comorbidities were more likely to be fully vaccinated (55/300; 

18.3%) compared to children without comorbidities (294/2282; 12.9%; p < 0.03) 

although uptake was low in both groups.  

 

Influenza was identified in 546/2723 (20.1%) of the recruited children and varied 

significantly between seasons (2008: 33/208 [15.7%]; 2009: 75/389 [19.3%]; 2010: 

29/169 [17.2%]; 2011: 59/494 [11.9%]; 2012: 193/643 [30.0%]; 2013: 54/386, [14.0%]; 

2014: 103/434 [23.7%]; p < 0.001). Influenza A/H1N1 was most frequently identified 

(218/2723: 8.0%) followed by A/H3N2 (198/2723: 7.3%) and influenza B (130/2723: 

4.8%). 

 

To estimate vaccine uptake, influenza-test negative children were assessed. Vaccine 

uptake varied significantly from 2008-2009 to 2010-2014 with decreased uptake 

observed post 2010 (fully vaccinated: 2008-2009, 204/489, 41.7%; fully vaccinated: 

2010-2014, 120/1688, 7.1%, p < 0.001; figure 1). In children with risk factors for severe 

influenza (children with medical comorbidities, children born preterm and Indigenous 

children), a similar decrease in uptake was observed compared with those without risk 

factors (figure 1). Uptake has remained low since 2010: a non-significant trend towards 

increased uptake however was observed in those with comorbidities in 2014 (figure 2). 



143 
 

 

 

Figure 1: The proportion of children fully vaccinated with risk factors for severe influenza: 
2008-2009 vs. 2010-2014. Without risk factors for severe influenza (white bar) includes 
children non-indigenous children, born at term without comorbidities 
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Figure 2: The proportion of children fully vaccinated with and without conditions predisposing 
to severe influenza: 2008-2009 vs. 2010-2014. 
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Vaccine effectiveness was calculated on those enrolled in the years 2008, 2010-2014 

(table 2). Overall adjusted vaccine effectiveness on all children was 70.0% (95% CI: 47.7, 

82.9). Vaccine effectiveness was demonstrated in the 2013-2014 cohort (VE: 87.5%, 

95%CI: 45.8, 97.1) confirming the results of previous analyses of data up to 2012.(Blyth 

et al., 2014a) Using the 2008 and 2010-2014 data, vaccine effectiveness was 

demonstrated in children at increased risk of severe influenza infection. These included 

children with medical comorbidities (VE: 82.5%, 95%CI: 14.6, 96.4). Significant vaccine 

effectiveness was demonstrated in younger children (VE in children < 2 years of age: 

84.7%, 95%CI: 49.6, 95.3). No influenza infections were observed in fully vaccinated 

preterm children. However if fully and partially vaccinated children were compared with 

unvaccinated preterm children, adjusted vaccine effectiveness was calculated to be 

79.2% (95% CI: 10.9, 95.1). Insufficient numbers of Indigenous children were enrolled to 

demonstrate robust vaccine effectiveness estimates.  

 

Table 2: Unadjusted and adjusted vaccine effectiveness (VE) in specific high risk conditions 
(fully vaccinated vs unvaccinated: 2008, 2010-2014 only) 

Risk factor 

Number of cases and controls 

Unadjusted VE 
(95% CI) 

Adjusted VE   
(95% CI) 

Fully 
vaccinated 

cases 

Unvaccinated 
cases 

Fully 
vaccinated 

controls 

Unvaccinated 
controls 

All children 16 444 188 1557 
70.2%                     

(49.7, 82.3) 
70.0%                 

(47.7, 82.9) 

Children with 
comorbidities 

2 45 32 152 
78.9%                         

(8.5, 95.1) 
82.5%                 

(14.6, 96.4) 

Preterm birth 0 52 23 200 
100% 

(44.5, 100) 
*79.2%              

(10.9, 95.1) 

Indigenous 
children 

1 29 5 62 
57.2% 

(-282.8, 95.2) 
68.3% 

(-1150, 99.2) 

Age < 2 years 3 155 113 922 
84.2%                          

(49.7, 95.0) 
84.7%              

(49.6, 95.3) 

*If partially and fully vaccinated children included, adjusted vaccine effectiveness estimate is                                
79.2% (95% CI: 10.9, 95.1). 
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Parental attitudes of i) children with and without medical comorbidities, ii) indigenous 

and non-indigenous children, iii) children born preterm and at term and iv) children aged 

< 2 years and ≥ 2 years were compared. Few differences were noted when comparing 

response from parents of children with and without medical comorbidities. No 

significant differences were identified when comparing parental attitudes of children 

born preterm with those born at term,  parental attitudes of Indigenous and non-

indigenous children and children < 2 years and ≥ 2 years (data not shown).  

 

Parents of children with medical comorbidities were similarly aware of the significance 

of influenza infection compared with the parents of children without comorbidities 

(table 3): 94.3% of parents of children with and without comorbidities agreed with the 

statement “influenza can put young children in hospital”. Parents of children with 

comorbidities also showed the same concern about vaccine safety as did parents of 

children without comorbidities: only 38.7% and 40.4% of parents respectively agreed 

with the statement “influenza vaccine is safe”.  Of note, parents of children with 

comorbidities less frequently agreed with the statements “I am worried about side 

effects of the influenza vaccine” and “It is better to have natural immunity against 

influenza” compared with parents of children without comorbidities. Parents of children 

with comorbidities were more likely to agree with the statement “my child has not been 

vaccinated because they have been unwell”. A similar attitude towards vaccination in 

general was observed in both parental groups.  

 

A small but significant change in parental attitudes was observed when parental 

attitudes towards influenza vaccine safety were assessed in 2014 (all parents) and 

compared with 2010-2013: in 2014, 46.2% of parents agreed and only 7.7% disagreed  
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with the statement “influenza vaccine is safe” compared with 34.0% and 12.4% 

respectively in 2010-2013 (p <0.001).  Furthermore, a smaller proportion of parents 

(57.7%) agreed with the statement “I am worried about the side effects of the influenza 

Table 3: Parental attitudes towards influenza and influenza vaccine: comparing children with 
and without medical comorbidities predisposing to severe influenza 

Parental attitude 
Medical 
Comorbidity 

Parental response 

Significance Agree 
(%) 

Unsure 
(%) 

Disagree 
(%) 

Attitudes towards influenza illness 

Influenza is a mild disease 
Present 19.2 17.9 62.9 

p = 0.068 
Absent 25.1 15.0 59.9 

Influenza can put young children 
in hospital 

Present 94.3 4.2 1.5 
p = 0.719 

Absent 94.3 4.7 1.0 

Influenza can kill young children 
Present 80.8 15.8 3.4 

p = 0.353 
Absent 77.0 19.5 3.4 

Influenza is not easily caught 
from others 

Present 6.5 6.9 86.5 
p = 0.678 

Absent 8.1 6.6 85.3 

Attitudes towards influenza vaccination 

Influenza vaccine is safe 
Present 38.7 53.4 7.9 

p = 0.269 
Absent 40.4 49.1 10.5 

Influenza vaccine protects 
children against the influenza 

Present 47.2 38.2 14.6 
p = 0.574 

Absent 46.4 40.9 12.7 

You can catch influenza from the 
vaccine 

Present 25.2 36.1 38.7 
p = 0.847 

Absent 24.0 37.8 38.1 

I am worried about side effects of 
the influenza vaccine 

Present 55.3 24.8 19.9 
p = 0.037 

Absent 59.4 18.3 22.3 

It is better to have natural 
immunity against influenza 

Present 25.4 46.2 28.4 
p = 0.000 

Absent 37.6 40.3 22.1 

Influenza vaccine will overload 
my child’s immune system 

Present 9.1 43.4 47.5 
p = 0.126 

Absent 6.3 48.6 45.1 

Attitudes towards access to influenza vaccine 

It is inconvenient to get an 
influenza vaccine 

Present 18.0 13.2 68.8 
p = 0.328 

Absent 20.1 15.6 64.2 

Getting two needles in the first 
year is difficult to organise 

Present 10.5 19.2 70.3 
p = 0.740 

Absent 11.9 17.9 70.1 

Vaccine being free is important 
Present 72.8 12.8 14.3 

p = 0.132 
Absent 74.8 9.1 16.2 

I am too busy to get my child 
vaccinated against influenza 

Present 7.9 4.9 87.2 
p = 0.323 

Absent 6.8 7.2 86.0 

My child has not been vaccinated 
because they have been unwell 

Present 32.4 11.4 56.2 
p = 0.000 

Absent 18.0 12.9 69.1 

Attitudes towards vaccination in general 

My child has had all their routine 
vaccines 

Present 90.2 4.9 4.9 
p = 0.087 

Absent 92.8 2.5 4.6 

I don’t believe that children 
should have any vaccinations 

Present 2.7 8.1 89.2 
p = 0.297 

Absent 2.2 5.8 92.0 
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vaccine” in 2014 compared with 2010-2013 (64.5%; p = 0.03) suggesting that attitudes 

are slowly changing. 

 

Parents of children with medical comorbidities were more likely to recall discussing 

influenza vaccination with their general practitioner compared to those without 

comorbidities (39.4% vs. 32.7%; p < 0.02). The proportion was significantly lower in both 

groups post adverse events in 2010. General practitioner recommendations appear to 

vary significantly pre and post 2010 adverse events. From parental questionnaires, 

general practitioners were equally likely to recommend vaccination in children with and 

without comorbidities in 2008-2009 (77.8% and 78.7% respectively). Post 2010, general 

practitioners were less likely to recommend vaccination to both those with and without 

comorbidities (59.7% and 51.2% respectively) with a greater proportion recommending 

against (16.9% and 12.7% respectively) or giving no recommendation (23.4% and 36.2% 

respectively). The trend towards more frequent recommendation in those with medical 

comorbidities compared to those without post 2010 was not significant. Despite the 

encouraging trend observed in parental attitudes in 2014, the proportions of parental 

recalling their general practitioners recommending influenza vaccine in 2014 was 

unchanged. 

 

8.9 Discussion 

Results of this study confirm and extend published studies evaluating the effectiveness 

of inactivated influenza vaccines in young children (Blyth et al., 2014a, Cowling et al., 

2014, Eisenberg et al., 2008, Hoberman et al., 2003, Shuler et al., 2007). Using the test 

negative design, we have previously demonstrated that adjusted vaccine effectiveness 

against laboratory-confirmed influenza in children < 5 years presenting to an emergency 
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department (2008, 2010-2012) to be 64.7% (95% CI: 33.7, 81.2) (Blyth et al., 2014a). 

Until now, too few children have been enrolled in this study to demonstrate statistically 

significant vaccine effectiveness estimates in those at greatest risk of severe influenza, 

including those with medical comorbidities, children born preterm and indigenous 

children. These data now demonstrate that vaccine effectiveness in children with 

comorbidities, children born preterm and children < 2 years of age is similar to total 

pooled estimates.   

 

This study also enables us to describe vaccine uptake, parental attitudes and prescriber 

recommendations in those with and without risk factors for severe disease. Although 

vaccine uptake is higher in those with comorbidities, total vaccine uptake is still 

inadequate in all populations. Similar parental attitudes are observed in those with and 

without risk factors for severe disease: of note, parents of children with comorbidities 

appear to be less worried about side effects and less trusting on natural immunity to 

influenza. This study also further demonstrates the impact of adverse events observed 

in 2010 with bioCSL’s Fluvax® and Fluvax Junior® on vaccine uptake and parental 

attitudes. Vaccine uptake was reduced in all populations including those at greatest risk 

of severe influenza.  

 

Our previous study using principle component analysis revealed that positive parental 

attitudes towards influenza vaccine safety and effectiveness were the strongest 

predictor of vaccine uptake (adjusted OR (aOR): 3.38, 95%CI: 2.87 to 3.98) (Blyth et al., 

2014b). It is anticipated that demonstrating the effectiveness and safety of TIV are 

central to restoring confidence in paediatric influenza vaccination for both those with 

and without risk factors. The WAIVE study has demonstrated vaccine effectiveness over 
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a number of seasons. It remains essential to continue monitoring VE to confirm that 

vaccination is providing adequate protection and to further understand factors affecting 

VE (Cowling et al., 2014). The safety of non-bioCSL influenza vaccines have been 

demonstrated in children both in 2010 and in subsequent seasons (Armstrong et al., 

2011, Blyth et al., 2011a, Blyth et al., 2011b, Wood et al., 2014) with ongoing safety 

surveillance anticipated in future seasons. In a number of Australian states, robust 

centralised safety surveillance systems are in place, but a truly national system has yet 

to be developed. These programs are key to restoring public and provider confidence in 

paediatric influenza vaccination. 

 

Vaccine uptake remains poor four years after the 2010 adverse events. The increased 

uptake in those with co-morbidities in 2014 is particularly encouraging and may 

demonstrate that public information campaigns undertaken since 2010 highlighting the 

risk of influenza, particularly to those with pre-existing medical conditions, the safety of 

distributed brands and (from 2014 onwards), the effectiveness of TIV are having an 

impact. Previous research has demonstrated that discussion with a family doctor or 

general practitioner has a significant positive impact on vaccine uptake (Daley et al., 

2007, Grant et al., 2003, Nowalk et al., 2007, Nowalk et al., 2005). Of concern, is that 

despite published efficacy and safety data, parents report that more that 40% of general 

practitioners continue to recommend against influenza vaccine or provide no specific 

advice. This is despite the existence of a funded state-based program for vaccinating 

young children with TIV and a recommendation by the Australian Technical Advisory 

Group on Immunisation, Australia’s peak scientific advisory group on immunisation 

(ATAGI, 2013). Further research to confirm parents’ observations and targeted 

education of health professionals are essential to ensure that families enquiring about 
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influenza vaccine are provided with contemporary safety and effectiveness data. This is 

especially important in children with risk factors for severe influenza. Further research 

focusing on prescriber’s attitudes is also essential to understand the factors influencing 

their recommendations.  

 

There is consistent evidence from Australia and overseas that Indigenous populations 

are at increased risk of hospitalisation and morbidity from influenza (Flint et al., 2010, 

Harris et al., 2010, Trauer et al., 2011). In 2015, influenza vaccine will be provided free 

as part of the national immunisation program to Indigenous children 6 months to <5 

years extending the current recommendation for all Indigenous Australians ≥ 15 years. 

Although point estimates are encouraging, to date, insufficient numbers of Indigenous 

children have been recruited in studies to demonstrate vaccine effectiveness in this 

group.  Specific programs to evaluate vaccine effectiveness in Indigenous children 

should be undertaken to evaluate this extension to the Australian national influenza 

vaccination program. 

 

The strengths of this study include the number of children enrolled. This is the largest 

study evaluating southern-hemisphere inactivated influenza vaccine in young children. 

The use of multiple methods to confirm immunisation status and laboratory-confirmed 

medically-attended influenza using highly sensitive and specific laboratory methods add 

further strength. The exclusion of immunocompromised children has limited our ability 

to determine VE in all high-risk populations. The decreased vaccine uptake observed 

following the 2010 adverse events has constrained our ability to demonstrate vaccine 

effectiveness: pooled analyses over many seasons have therefore been necessary to 

provide robust estimates. The lack of alternative vaccines in Australia such as live-
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attenuated has limited the generalisability of our findings to other countries. This is of 

particular importance given the both increasing acceptance and uptake of live-

attenuated influenza vaccine in North America, its recommendation as part of the 

childhood influenza vaccination program in the United Kingdom and recent concerns 

about vaccine effectiveness of this product (Grohskopf et al., 2014, PHE, 2015). 

Determining prescriber recommendation by parental recall may have introduced 

potential biases.  

 

8.10 Conclusions 

Our findings extend influenza vaccine effectiveness estimates in young children and 

further demonstrate effectiveness in a number of high risk paediatric populations. 

Adverse events associated with the 2010 bioCSL’s Fluvax® and Fluvax Junior® have 

impacted on uptake in all children including those at greatest risk of severe disease.  

Uptake remains poor. Despite demonstrated effectiveness and safety of alternative 

brands of inactivated influenza vaccines in young children, confidence and participation 

in the West Australia preschool influenza vaccination programs remains low with many 

parents and prescribers remaining unconvinced of the safety and benefits of influenza 

vaccination in young children. Given the demonstrated effectiveness and safety of TIV, 

further research must now explore ways to improve uptake. Surveying prescribers’ 

attitudes towards influenza vaccine in young children is required. Without improved 

uptake, significant, preventable, influenza morbidity and mortality will continue to be 

observed. Given the moderate vaccine effectiveness demonstrated, access to alternate 

vaccines available in the Northern Hemisphere (e.g. live attenuated influenza vaccine) 

and increased research to develop more effective vaccines is also required. 
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CHAPTER NINE: GENERAL DISCUSSION 

9.1 Chapter outline 

This chapter draws together the key findings of the studies presented in the thesis, 

enabling me to answer the key questions posed at its commencement. The significance 

of these findings, particularly their impact on both the Western Australian preschool 

influenza vaccination program and national and international vaccination policy will be 

presented. Ongoing research priorities will be discussed and the proposed projects 

designed to answer these questions will be highlighted. 

 

 

9.2 Summary of the major findings 

9.2.1 Vaccine effectiveness 

Using three observational studies, this thesis demonstrates the effectiveness of trivalent 

influenza vaccine in preventing influenza infection in children. The effectiveness of TIV 

has been demonstrated in young children presenting for emergency care with 

laboratory-confirmed influenza (2008, 2010-2014, VE: 70.0% [95%CI: 47.7, 82.9]) and in 

children with influenza-associated hospitalisation (2008, 2010-2013, VE: 62.3% [95% CI: 

-6.6%, 86.7%] and 2014, VE: 55.5% [11.6%, 77.6%]). Vaccine effectiveness has been 

demonstrated over multiple influenza seasons however, given the varying degree of 

mismatch between circulating influenza strains and the vaccine, VE has not been 

demonstrated for each influenza season. Insufficient power, vaccine uptake and 

possible strain mismatch has precluded demonstration of VE against all influenza types 

and subtypes. In addition to demonstrating effectiveness in healthy children, these 

studies demonstrate the effectiveness of TIV in children with risk factors for severe 
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influenza infection including those with comorbidities, children born preterm and 

children < 2 years of age. Results presented compare favourably with VE estimates 

calculated in adults using test-negative design (TND) from sentinel general practice and 

hospital networks in Australia: pooled and annual paediatric VE point estimates are 

either similar or higher suggesting that the effectiveness of TIV in young children is at 

least comparable to older Australian populations (Cheng et al., 2013a, Cheng et al., 2014, 

Cheng et al., 2013b, Kelly et al., 2013, Levy et al., 2014, Sullivan et al., 2014c, Sullivan et 

al., 2014a).  

 

9.2.2 Vaccine uptake  

The uptake of influenza vaccine achieved in 2008 and 2009 (based on influenza negative 

children enrolled in the WAIVE study) exceeded that achieved in other comparable 

countries in the first two years following a childhood influenza vaccination 

recommendation (Blank et al., 2009, Moran et al., 2009). Since 2010, vaccine uptake has 

been low in both healthy children and children with risk factors for severe disease.  

 

9.2.3 Parental attitudes towards influenza vaccination 

From 2010 onwards, parents have been less concerned about severe influenza, and 

more concerned about vaccine side effects and safety. Despite demonstrating both the 

safety and effectiveness of influenza vaccine, West Australia parents have remained 

unconvinced of the relative benefits of influenza vaccine. Fewer parents have sought the 

opinion of vaccine providers. With more than 40% of parents recalling their general 

practitioner recommending against or giving no recommendation when asked about 

influenza vaccine, these data suggest that vaccine providers remain similarly 

unconvinced about the merits of paediatric influenza vaccination. A small but 
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encouraging trend towards increased uptake observed in those with risk factors for 

severe disease in 2014 provides hope that this perception is changing, yet ongoing 

assessment of uptake is required. 

 

9.3 Impact on the West Australian preschool vaccination program 

Building on investigations into the adverse events with bioCSL’s Fluvax® or Fluvax® 

Junior(Armstrong et al., 2011, Blyth et al., 2011a, Maraskovsky et al., 2012, Rockman et 

al., 2014) and ongoing vaccine safety surveillance programs demonstrating the safety of 

influenza vaccine in young children (Blyth et al., 2011b, Khadaker et al., 2014, Leeb et 

al., 2014, Wood et al., 2014, Pillsbury et al., 2015), we are now also able to demonstrate 

the effectiveness of TIV in young children. These data have been instrumental in the 

decision by WA Department of Health to continue the state-funded preschool influenza 

vaccine program. 

 

Effectiveness data from the WAIVE study has been used to help promote paediatric 

influenza vaccination in Western Australia (PerthNow, 2014). Insights into attitudes and 

prescriber recommendations from parental surveys have led to modifications in the WA 

health paediatric influenza campaign in 2015 with the focus shifting to providers rather 

than parents. Personal letters for paediatricians and hospital vaccine providers (see 

appendix 12a) and a video for general practitioners and community vaccine providers 

(see appendix 12b) citing the benefits and safety of influenza vaccine in young children 

have been generated. These have been produced in the hope that we can improve 

provider confidence in paediatric influenza vaccination. 
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9.4 Impact on Australian influenza vaccination policy 

Published and unpublished data demonstrating the effectiveness of influenza vaccine in 

children have been presented each year to Australian Technical Advisory Group on 

Immunisation (ATAGI) and the ATAGI influenza working group. The ongoing burden of 

influenza disease in young children and demonstrated vaccine effectiveness resulted in 

changes to the 10th edition of the Australian Immunisation Handbook, published in 2013 

(ATAGI, 2013). Children < 5 years of age, particularly children < 2 years of age, were 

specifically cited as a group at increased risk of complicated influenza. In this edition of 

the handbook, ATAGI strongly recommend influenza vaccination in this and other risk 

groups, stating that vaccination should be actively promoted in such groups.  

 

Despite a recommendation for vaccination in healthy children, influenza vaccine 

remains unfunded in the national immunisation program (NIP) for healthy children in 

Australia. Inclusion of any vaccine on the NIP require the vaccine to meet predetermined 

cost-effectiveness thresholds. To date, none of the commercial sponsors have been 

willing to apply to the Pharmaceutical Benefits Advisory Committee (PBAC) for inclusion 

of influenza vaccine on the national immunisation program for healthy children. In 2014, 

ATAGI and PBAC successful sought approval by the Chief Medical Officer and 

Commonwealth Minister of Health for inclusion of Indigenous children < 5 years of age 

in the funded influenza vaccination program (ATAGI, 2015). This modification to the 

program has commenced in 2015. 
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9.5 Impact on international vaccination policy 

The recommendation of influenza vaccination for young children and expansion to all 

persons ≥6 months in both the United States and Canada occurred sequentially over a 

decade. These changes in national immunisation policy occurred with National 

Immunisation Technical Advisory Groups (ACIP; NACI) acknowledging the paucity of data 

demonstrating vaccine effectiveness in very young children. This change in 

recommendation was driven by the increasingly recognised burden of influenza disease 

in the very young and reported indirect benefits to those older unvaccinated individuals 

at greatest risk of disease (Fiore et al., 2010, Harper et al., 2004, Orr et al., 2004, 

Osterholm et al., 2012a).  Data presented in this thesis and by other authors has now 

filled this evidence void demonstrating similar vaccine effectiveness estimates in young 

children to others (Blyth et al., 2014a, Treanor et al., 2012). 

 

Annual vaccine effectiveness estimation has become an integral part of strain choice for 

future influenza vaccines. Collated through the Global Influenza Vaccine Effectiveness 

(GIVE) collaboration (WHO, 2015), data from observational studies assessing VE against 

PCR-confirmed influenza infection in both the ambulatory care and hospital setting are 

presented at the WHO Consultation and Information Meeting on the Composition of 

Influenza Virus Vaccines: Northern and/or Southern Hemisphere. Data collected by 

paediatric programs in Australia (including WAIVE and FluCAN) have been included in 

the GIVE report to assist with Southern Hemisphere vaccine strain choices. It is expected 

that this will continue, thereby helping shape international immunisation policy. 
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9.6 Research priorities 

9.6.1 Assessing cost effectiveness of childhood influenza immunisation  

With the USA, Canada and the United Kingdom recommending either a universal or 

targeted paediatric influenza vaccination program, we must again ask the question 

whether it is time for such a program in Australia? This remains a contentious issue with 

some vocal Australian medical commentators remaining unconvinced of the relative 

merits of paediatric influenza vaccination (Collignon et al., 2015). With demonstrated 

effectiveness and safety of paediatric influenza vaccination internationally and now in 

Australia, these decision in the Australian regulatory framework will be dependent on 

the demonstration of cost-effectiveness.  

 

Numerous international studies, predominantly from North America, have explored the 

cost-effectiveness of childhood influenza vaccination (Newall et al., 2012). Marked 

variation in the models considered (e.g. static vs. dynamic), age groups vaccinated, 

clinical endpoints studied (e.g. laboratory-confirmed influenza or ILI) and inputs used 

(e.g. burden of disease, vaccine efficacy/effectiveness estimates, household/social 

contacts, number of secondary cases, parental productivity loss) make generalisability 

of the previous studies difficult (Newall et al., 2012). The majority of the studies have 

found that childhood influenza vaccination is a cost-effective public health intervention.  

 

Using a dynamic Susceptible Exposed Infectious Recovered (SEIR) model, Australian 

researchers have previously evaluated the cost-effectiveness of school-based influenza 

vaccination program (5 to 17 years of age) using TIV in an Australian context (Newall et 

al., 2013). Key inputs included vaccine uptake of 60% and vaccine efficacy of 60% except 

for children < 5 years and the elderly > 65 years where the efficacy was assumed to be 
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30 and 40% respectively. Incremental cost-effectiveness ratios (ICER)s were calculated 

using varying reproductive numbers (R) to simulate variation in transmission 

parameters. The costs and quality-adjusted life years (QALYs) saved by school-based 

vaccination were heavily dependent on herd protection with childhood vaccination 

resulting in reduced absenteeism in adults and hospitalisation in the elderly. When herd 

effects were included, the program resulted in a net saving. When excluded, the ICER 

for the program remained at or below the nationally acceptable threshold of A$50,000 

per QALY saved.  

 

Contemporary data are now available including: a) Australian paediatric influenza VE 

data, b) current childhood vaccine uptake estimates (preschool vaccines uptake data 

from the Australian Childhood Immunisation Registry and school based HPV vaccination 

uptake data from the national HPV registry), c) post-pandemic seasonal influenza 

disease burden data from sentinel general practice, hospital and laboratory surveillance 

networks and d) paediatric influenza health-utilisation data from the WAIVE, 2nd WAIVE 

and FluCAN studies. Using these data, we are uniquely placed to undertake a further 

and more definitive cost-effectiveness analysis. This is required before the benefits of 

an expanded program can be considered and must be a research priority. Through this 

evaluation, the relative utility of different programs can be modelled (e.g. preschool 

program, school-age program or combined) to determine the most clinically and cost-

effective strategy. 

 

9.6.2 Ongoing evaluation of the effectiveness and safety of influenza vaccines 

Scientifically-sound estimates of influenza vaccine efficacy and effectiveness are 

required to guide influenza policy recommendations (Osterholm et al., 2012a). Annual 
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strain changes necessitate the ongoing assessment of VE (WHO, 2015). Expansion into 

new populations (e.g. all indigenous children 6-59 months) will require a greater effort 

to determine vaccine effectiveness in specific population groups. As demonstrated with 

bioCSL® vaccines, particularly when the adverse event profile observed in 2010 is 

compared with the same brand in previous seasons (Armstrong et al., 2011, Blyth et al., 

2011a), annual safety monitoring and robust adverse-events surveillance programs are 

required to ensure the ongoing safety of influenza vaccines. The benefit of an additional 

B strain included in quadrivalent vaccines remains unquantified. With these vaccines 

now being used both in Australia and internationally, determining the additional benefit 

when compared with trivalent vaccines will have policy and programmatic implications. 

The presumed superiority of live-attenuated influenza vaccines in children has been 

recently questioned with poor performance of LAIV in the US compared with both 

inactivated vaccines and previous trial data (US-CDC, 2014). With Astra-Zeneca® 

considering producing a southern-hemisphere LAIV, monitoring the effectiveness of 

both inactivated and live-attenuated vaccine will become an ongoing necessity. Given 

the expected costs of ongoing influenza vaccine effectiveness and safety research 

programs, efficiencies must be examined to ensure sustainability. 

 

Both WAIVE and FluCAN studies have collected vaccine-specific data in 2015 and FluCAN 

is expected to collect paediatric and adult data in 2016-2017.  Studies included in this 

thesis and the literature demonstrate that the test-negative design or case-control 

methods with test-negative controls are efficient in generating robust VE estimates. 

Estimates remain consistent in different populations: outpatients or hospitalised 

children; children with and without comorbidities; very young children vs older 

children). As such, further efficiencies in the studies to assess VE are likely:  robust 
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estimates may be achieved by pooling different populations traditionally studied 

individually.  

 

In addition to WAIVE and FLuCAN, ongoing safety surveillance will be monitored through 

AusVaxSafety network (http://ncirs.edu.au/surveillance/ausvaxsafety/index.php) and 

SmartVax Immunisation Safety Program (http://www.smartvax.com.au/). 

 

9.6.3 Assessing influenza vaccine provider attitudes 

Previous research has demonstrated the impact of a positive recommendation from a 

vaccine provider. In Western Australia, increased influenza vaccine uptake has been 

achieved in pregnant women post 2010: this has, in part, been due to greater numbers 

of antenatal care providers recommending influenza vaccine (Mak et al., 2015). When 

mothers were surveyed, the major reasons for being vaccinated were: a) wanting to 

protect their infant from infection and b) having a vaccine recommended by a health-

care provider. A health-care provider’s recommendation to have an influenza vaccine 

was the single most important factor associated with vaccination (OR: 11.1; 95% CI 7.9-

15.5) (Mak et al., 2015). 

 

Low numbers of parents are discussing influenza vaccination with health-care providers. 

In addition, health-care providers are reluctant to promote influenza vaccination. 

Parents’ report approximately half of general practitioners continue to recommend 

against influenza vaccine or provide no specific advice when questioned about the 

merits of influenza vaccination. Each year, 85% of all Australians attend a general 

practitioner (NHPA, 2015) and more than 90% of age-eligible children attend a vaccine 

provider (NHPA, 2013). As such, there are numerous opportunities for vaccine providers 

http://ncirs.edu.au/surveillance/ausvaxsafety/index.php
http://www.smartvax.com.au/
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to undertake both scheduled and opportunistic vaccine education. Further research to 

survey provider attitudes and understanding of state and national paediatric influenza 

vaccine policy must be undertaken to determine the barriers to a positive influenza 

immunisation recommendation. Using data obtained from such surveys, further 

modifications to existing education and promotional materials will be possible.  

 

9.6.4 Devising additional programs to encourage influenza immunisation 

The potential benefits of both the West Australian preschool immunisation program and 

national influenza immunisation program for children with risk factors for severe 

diseases are not being realised because of poor vaccine uptake. This is an issue Australia 

wide. In addition to providers not recommending influenza vaccine, other barriers to 

influenza immunisation in children are expected. Data presented in this thesis 

demonstrate that parental perceptions of difficult access negatively impact on vaccine 

uptake (aOR: 0.74, 95%CI: 0.63 to 0.86) (Blyth et al., 2014b). Although this survey was 

undertaken in predominantly healthy preschool children, it is expected that similar 

findings would be observed in older children.  

 

Given the time-limited nature of a seasonal influenza vaccination program, ready 

availability of vaccination through general practice, community clinics, hospitals and 

other vaccine providers will facilitate uptake. In those with chronic medical conditions, 

scheduling clinical reviews during the period when vaccine is available is also likely to 

improve uptake. Parental reminder and recall systems (postal or telephone), when 

implemented, have resulted in improved vaccine uptake (Harvey et al., 2015). Parental 

immunisation-based education (particularly those involving discussion with a 

professional expert rather than written material) has had a similar effect (Harvey et al., 
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2015). With interstate collaborators, we are planning to undertake a multi-centred 

randomised controlled trial to determine the impact of text message vaccine reminders 

with and without vaccine education compared with written reminders only on the 

uptake of influenza vaccine amongst high risk children. 

 

9.6.5 The next generation of influenza vaccines 

 

“What we really need is a new vaccine….. What we’re doing is tinkering —

but I don't know how to tinker with this current vaccine and make it any 

better. It's like we're trying to fix a horse and buggy when what we really 

need is a modern 2015 vehicle." 
   One shot to cure them all: the quest for the universal flu shot,   

Michael Osterholm, 2015(Fry, 2015) 

 

Data presented in this thesis demonstrate that inactivated influenza vaccines are 

effective in young children with expected impacts on influenza-associated morbidity and 

mortality. Given the significant burden of influenza disease in children, use of the 

currently available influenza vaccines will result in significant health and community 

benefits. It is likely that these will occur in both those vaccinated but also the broader 

community through secondary herd effects. Based on both the expected direct and 

indirect benefits, whether a paediatric or universal program with current inactivated 

vaccines is cost-effective in the Australia context remains to be demonstrated. 

Facilitating public and provider acceptance and vaccine uptake remains a priority. 

 

When compared with other vaccines included in national immunisation programs, the 

effectiveness of our current influenza vaccines is however moderate, highly variable, 

short-lived and unpredictable. More than 100 influenza vaccines representing a wide 
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range of technologies are now undergoing clinical trials around the world, yet most use 

the same mechanism of action as the currently licensed vaccines (Osterholm et al., 

2012a). As doctors, scientists, policy makers and immunisation advocates, we must 

support, facilitate and prioritise the development and registration of the next 

generation of influenza vaccines targeting antigens other than haemagglutinin and 

neuraminidase. These novel antigenic targets, preserved in different types and subtypes 

of seasonal and pandemic influenza, provide the hope that a universal influenza vaccine 

is possible. New delivery systems and/or adjuvants are also likely to be part of the future 

immunisation vaccination landscape. It is only with the development of new vaccines 

providing increased breadth and duration of protection that we can hope to observe a 

global impact on influenza-associated morbidity and mortality. 
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A12.1 Letter provided to all paediatric staff, Child and Adolescent Health Service, 
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A12.2 Video for general practitioners and community vaccine providers 

http://ww2.health.wa.gov.au/Articles/U_Z/WA-Paediatric-Influenza-Vaccination-Program 
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