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Abstract
Introduction: Influenza is a major contributor to
the preventable health burden of Australians each
year. The National Immunisation Program provides
influenza vaccine for those at highest risk of severe
disease. This review of influenza epidemiology
examines current data on influenza disease burden
in Australia, in the context of several comparable
countries having programs with much broader
eligibility for influenza vaccine in children.
Methods: Influenza notifications (2006–2015), hospitalisations, and deaths (2006–2013) were sourced
and age-specific rates calculated. Comparisons
were made across age groups in the pre-pandemic,
pandemic, and post-pandemic periods and by
Indigenous and non-Indigenous status.
Results: The 2009 pandemic year and the 2012
non-pandemic season resulted in the highest rates
of notification, hospitalisation and death. Influenza
notification rates were 4.0 times higher and hospitalisation rates 2.1 times higher during 2011–2013
compared with 2006–2008. Death rates varied
widely, but peaks corresponded to high-activity
seasons. Influenza hospitalisation rates were highest among those aged <5 and ≥65 years, but
influenza-attributable deaths were identified primarily in those aged ≥75 years. Significantly higher
notification and hospitalisation rates were seen for
all Indigenous people, but higher death rates were
largely restricted to the 2009 pandemic year.
Conclusions: Based on notifications, hospitalisations and deaths, burden of disease from influenza
is highest at the extremes of life and is significantly
higher among Indigenous people of all ages. This
pattern of disease burden warrants consideration of
widened eligibility for influenza vaccine under the
National Immunisation Program to all Indigenous
people and all children less than 5 years of age.
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Introduction
Influenza is an acute respiratory viral infection
caused by influenza viruses, A, B, or C and which
causes a substantial global burden of disease.
The World Health Organization estimates that
influenza causes 3 to 5 million cases of severe
illness, and about 250,000 to 500,000 deaths globally each year.1 In developed countries such as
Australia, influenza is one of the leading vaccine
preventable causes of morbidity and mortality
each year. Previous epidemiological reviews have
highlighted this burden particularly in the young
and the elderly.2,3
There is a large focus on vaccination each season to prevent influenza disease. Australia has
an established National Immunisation Program
(NIP) with funded influenza vaccination primarily aimed at individuals at highest risk of
severe disease or complications from influenza.
Beginning in 1999, funded vaccination was available for all adults aged ≥65 years and Indigenous
people aged ≥50 years or 15–49 years with
chronic medical conditions predisposing them
to severe complications of influenza. Expanded
funding to cover all individuals aged ≥6 months
with chronic medical conditions, all Indigenous
people aged 15–49 years, and pregnant women
commenced in January 2010. In March 2015,
funded vaccination was extended to Indigenous
children aged 6 months to <5 years. In 2016,
quadrivalent influenza vaccine replaced trivalent
influenza vaccine as the funded influenza vaccine on the NIP.4
This report provides information on the agespecific disease burden of influenza during the
2006–2015 period and the population prevalence
of medical conditions associated with increased
risk of severe influenza, with the aim of informing consideration of extension of current influenza vaccination programs in Australia. We
used narrow age ranges to provide further detail
of disease burden in children, in light of recent
overseas programs such as that undertaken in
the United Kingdom, to address overall community influenza burden by wider vaccination
of children.5 Influenza trends were also examined by comparing the pre-pandemic period
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(2006–2008), the pandemic year (2009) and the
post-pandemic period (2010–2015) during which
there was broadened eligibility of funded influenza vaccination under the NIP.
Methods
Data sources

Deaths

Notifications

Notifications for influenza are reported across
Australia to the National Notifiable Diseases
Surveillance System (NNDSS) and consist of
laboratory-confirmed influenza, either by isolation
of influenza virus by culture, nucleic acid testing, or virus antigen testing from an appropriate
respiratory tract specimen; or IgG seroconversion
(significant increase in antibody level or a 4-fold or
greater rise in titre to influenza virus), or a single
high titre by complement fixation test or haemagglutination inhibition to influenza virus.6
Influenza has been a notifiable disease in all jurisdictions since 2001 except for Tasmania (2002),
the Australian Capital Territory (2006) and South
Australia (May 2008). Notification data were
obtained from NNDSS for the period 2006–2015.
For 2006–07 where South Australian notification data may not have been complete, these were
not included in rate calculations for those years.
Notifications were examined by Indigenous status only in Western Australia and the Northern
Territory, where the completeness of Indigenous
status was greater than 90%; other jurisdictions
had suboptimal completeness of recording of
Indigenous status ranging from 6% to 82%.
Hospitalisations

De-identified data on influenza hospitalisations was limited by availability to calendar years
2006–2013 and were obtained from the Australian
Institute of Health and Welfare (AIHW) National
Hospital Morbidity Database. Influenza hospitalisations were defined as those that were coded as J09
(influenza due to identified avian influenza virus
(2006–2012), or avian influenza and the influenza
A/H1N1 pandemic strain (2013)), J10 (influenza
due to identified virus) or J11 (influenza, virus not
identified) for either principal or associated other
diagnosis, according to the International Statistical
Classification of Diseases and Related Health
Problems, 10th Revision, Australian Modification
(ICD-10-AM). We interpreted and classified the
J09 and J10 codes as virologically-confirmed and
J11 as non-virologically confirmed influenza.
This dataset was subject to the limitations of
being unable to identify duplicated admissions
due to inter-hospital transfers or hospital readmisCDI
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sions for an individual during the same illness.
We restricted analyses of disparity in influenza
hospitalisation between Indigenous and nonIndigenous Australians to data from 2010 onwards,
which are considered by AIHW to have acceptable
completeness of Indigenous status coding across all
jurisdictions.7
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Data on deaths recorded during calendar years
2006–2013 were obtained from Australian Bureau
of Statistics (ABS) Causes of Deaths data according to the International Statistical Classification
of Diseases and Related Health Problems, 10th
Revision (ICD-10) coding (J09, J10, or J11) and
were analysed by year of death. ICD-10 coding
incorporated A/H1N1 pandemic influenza within
J09 coding from 2010. We included all cases where
influenza was coded as a principal ‘underlying’
cause of death or any of other contributing causes
of death. Data for 2012–2013 were preliminary.
Population estimates

Population estimates were obtained from agespecific mid-year estimated resident population data
available from the ABS (Catalogue 3101.0, Table 59,
Series B, published 17/12/2015) to calculate population rates.8,9 National data on total population
estimates were complete; however Indigenous
population estimates were only available up to 2011
with population projections used for 2012–2013
(Catalogue 3238.0, Table 9, Series B, published
30/04/2014). Additionally, Indigenous population
estimates for those ≥ 65 years of age were available as
a whole and not further age-stratified.9 Therefore, in
order to obtain population estimates for age groups
65–74 and > 75 years, we used proportions from
previously published population projections10 that
were provided by single year of age for all ages and
applied them to the most current available census
population numbers. Non-Indigenous population
estimates were obtained by subtracting Indigenous
population estimates from the total estimates for the
corresponding age groups.
Population prevalence of medical conditions associated with increased risk of severe influenza

Data on the proportion of the Indigenous, nonIndigenous and total Australian population who
report having at least 1 of the medical conditions
associated with increased risk of severe influenza
by age group, together with the corresponding
relative standard error (RSE), were obtained from
the relevant survey data provided by the ABS.
The estimates for Indigenous Australians were
obtained from the 2012–13 National Aboriginal
and Torres Strait Islander Health Survey, while
E483

Original article

estimates for non-Indigenous (‘Other’) Australians
and the total Australian population were obtained
from the 2011–13 ABS National Health Survey
(National Health Survey component, 2011–12).
All survey data were self-reported. As the medical conditions captured and coded in the surveys
do not exactly correspond to those listed in The
Australian Immunisation Handbook, we selected
the conditions that best match the list (Appendix).
For the Indigenous survey, only persons living in
non-remote areas were asked to self-report severe
asthma. As prevalence estimates were captured
from different surveys, direct comparisons between
Indigenous and non-Indigenous populations cannot be drawn.

hospitalisations and deaths, 2010–2015 for notifications). The 95% confidence intervals for estimates of the prevalence of medical conditions were
calculated manually using the following formula:
p +/– 1.96(p x RSE); where p is the population
prevalence of medical conditions, and RSE is the
relative standard error of the prevalence estimate.
Results
Notifications

Notifications for influenza numbered 363,934
during the reporting period 2006–2015. There
was a substantial increasing trend in notification
rates from 18 per 100,000 (2006) to 423 per 100,000
(2015) (Figure 1). This was further demonstrated
by average annual notifications increasing from
7,693 (2006–2008) to 65,528 (2013–2015). The
2009 A/H1N1 pandemic year was associated with
a large peak of notifications (272 per 100,000) relative to surrounding seasons. However, this peak
rate has subsequently been exceeded in the 2014
and 2015 seasons.

Analyses

All collected data were analysed according to the
following age groups: 0–5 months, 6–23 months,
2–4 years, 5–11 years, 12–17 years, 18–24 years,
25–49 years, 50–64 years, 65–74 years and
≥75 years. Rates per 100,000 population were
calculated using STATA/MP 13.1 (StataCorp LP,
USA), both inclusive and exclusive of the 2009
pandemic year. Due to variability in A/H1N1
coding within J09/J10 during the reporting period,
data were not sub-analysed by J09/J10. The 95%
confidence intervals (CI) of rates were calculated
assuming a Poisson distribution. Where relevant,
we used non-overlapping confidence intervals to
assess the statistical significance of differences in
rates. Indigenous versus non-Indigenous rates were
examined by rate ratios to assess for disparity of
influenza burden. Comparisons of rates were made
between pre-pandemic (2006–2008), pandemic
(2009) and post-pandemic periods (2010–2013 for

In all non-pandemic years (2006–2015), influenza
notification rates were highest in children aged
6–23 months, with high rates for all children
aged 0–11 years (244–327 per 100,000) (Table 1).
There were relatively lower notification rates for
those aged 12–74 years (112–153 per 100,000), with
higher rates in the elderly aged ≥75 years (202 per
100,000).
During the 2009 A/H1N1 pandemic, peak notifications occurred in the 12–17 year age group,
followed by children aged 5–11 years (Figure 2,

Table 1: Influenza notification rates per 100,000 population, Australia, 2006 to 2015, by year and age
group, and total
Age
group

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

444

502

All years
excl. 2009

All years

Age group-specific notification rate per 100,000
0–5 m

130

322

179

358

130

333

432

199

6–23 m

87

259

2–4 y

30

127

5–11 y

18

67

12–17 y

18

46

18–24 y

17

48

43

25–49 y

11

41

34

50–64 y

14

37

300

306

132

419

134

294

454

228

596

683

327

337

69

407

96

228

452

210

546

764

296

307

53

496

94

210

314

190

331

823

244

269

54

543

70

129

176

100

235

522

153

192

399

65

110

134

67

186

305

112

141

237

60

112

164

116

270

336

132

143

33

143

45

81

132

114

254

300

119

121

65–74 y

17

37

34

72

33

78

163

103

249

335

130

125

≥75 y

27

73

45

70

34

93

293

130

426

577

202

190

All ages

18

55

43

272

61

122

196

122

288

423

155

167

304,908

363,934

Total number of notifications
All ages
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Figure 1: Notification rate for influenza,
Australia, 2006 to 2015, by year and age group

Figure 3: Notification rate for influenza with
95% confidence intervals, Western Australia
and the Northern Territory*, 2006 to 2015
(excluding 2009), by age group and Indigenous
status
Notifications per 100,000 population

Table 1). This contrasts with the pre-pandemic
seasons (2006–2008) where the highest notifications occurred in children aged 0–5 months with
decreases in the notification rate with increasing
age. In the post-pandemic period (2010–2015), the
highest notifications were in slightly older children
aged 6–23 months and 2–4 years.

Age group

300
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*
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0
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2008
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2011
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2013

2014

2015

Western Australia and the Northern Territory had greater
than 90% completeness of Indigenous status recorded.

All rate ratios significant with 95% confidence intervals
excluding one.

Year

Figure 2: Notification rate for influenza,
with 95% confidence intervals comparing
pre-pandemic (2006–2008), pandemic (2009)
and post-pandemic (2010–1015) time periods,
Australia, by age group
Notifications per 100,000 population
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Notification rates in Indigenous Australians compared with others, during 2006–2015 (excluding
2009), using Western Australian and Northern
Territory notification data only, were statistically
significantly higher for all ages, particularly for
children aged 0–23 months and adults ≥25 years
of age. Rate ratios ranged from 1.5 to 8.6 depending on age (Figure 3).
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Hospitalisation

During the period 2006 to 2013 there were
41,140 influenza hospitalisations (average 5,143 per
year). The 2 highest years of hospitalisation
occurred during the 2009 A/H1N1 pandemic
(34 per 100,000) and in 2012 (rate 44 per 100,000)
(Table 2). Combining all non-pandemic years,
hospitalisation rates were highest in children aged
0–5 months (192 per 100,000), followed by those
aged 6–23 months (109 per 100,000) (Table 2),
more than 4 and 2 times respectively the rate in
those aged ≥75 years. Among children, hospitalisation rates were lower with increasing age. Children
≥5 years of age through to adults <65 years of age
had similar and relatively low hospitalisation rates
(10–18 per 100,000), with thereafter progressive
increases in hospitalisation with increasing age
in the elderly (30 per 100,000 for 65–74 years, and
46 per 100,000 for ≥75 years).
In non-pandemic years, large peaks in hospitalisation rates for children aged 0–4 years were seen in
2007 and 2012 and for the elderly aged ≥65 years
in 2012 (Figure 4). There was a slight increase in
all-age hospitalisation rate during 2006-2013 which
was less marked than the increase in notification
rate over the same time period (Figures 4 and 5).
Overall, the 2009 A/H1N1 pandemic year hospitalisation rate was statistically significantly higher
than in other years in individuals aged 5–64 years,
but comparable or lower than averaged rates for the
post-pandemic period for children aged 0–4 years
and those aged ≥65 years (Figure 6).
E485
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Table 2: Influenza hospitalisation rates per 100,000 population, Australia, by year and age group and
total
Age
group

2006

2007

2008

2009

2010

2011

2012

2013

All years
excl.
2009
All years

Age group-specific hospitalisation rate per 100,000
0–5 m

113

236

152

158

113

242

326

152

192

187

6–23 m

64

153

86

102

70

119

170

98

109

108

2–4 y

18

51

27

41

20

39

76

37

39

39

5–11 y

7

17

9

22

7

20

31

17

16

16

12–17 y

6

10

11

21

6

12

15

13

10

12

18–24 y

8

13

9

29

11

16

23

10

13

15

25–49 y

6

14

8

30

12

18

27

19

15

17

50–64 y

6

13

10

33

13

20

35

29

18

20

65–74 y

10

19

15

36

12

31

71

42

30

31

≥75 y

16

38

25

57

19

49

122

46

46

48

9

21

14

34

14

25

44

26

22

24

2,955

7,335

3,018

5,602

9,930

6,037

33,805

41,140

All ages

Total number of hospitalisations
All ages

1,879

4,384

Figure 4: Rate of ICD-coded hospitalisations
for influenza (principal or other diagnosis),
Australia, 2006 to 2013, by year and age group
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Figure 6: Rate of ICD-coded hospitalisation for
influenza (any diagnosis) with 95% confidence
intervals, Australia, 2006 to 2013, by age group
and time period
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Figure 5: Rate for influenza notifications
(2006–2015) and hospitalisations (2006–2013),
Australia, by year
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≥75 y

2012

2013

2014

2015

Small but significant increases were noted in
hospitalisation rates for all age groups when comparing post-pandemic (2010–2013) with pre-pandemic (2006–2008) time periods (Figure 6). These
increased rate ratios were more pronounced in
those aged ≥25 years (incidence rate ratio 2.0–2.7).
While aggregate hospitalisation rates (2010–2013)
for adults aged 65–74 years and ≥75 years during
the post-pandemic period were not dissimilar to
those in the 2009 pandemic year. These consisted
of a combination of lower hospitalisation rates
in 2010 and considerably higher rates in 2012
(Figure 4).
The overall completeness of Indigenous status
recording among the data used in the Indigenous
hospitalisation data analysis was 98%. During 2010
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to 2013, rates of influenza-related hospitalisation in
Indigenous people were significantly higher than
that in non-Indigenous people across all age bands
with rate ratios ranging from 1.2 to 4.3 (Figure 7).
Compared with the non-Indigenous population,
increases in the hospitalisation rate were more
pronounced in children aged 0–23 months and
adults aged ≥18 years, with the highest rate ratio
seen in the subgroup of adults aged 50–64 years
(rate ratio 4.3).

The proportion of influenza hospitalisations with
diagnostic codes suggesting virological confirmation (J09, J10) remained high throughout the
2006 to 2013 period for children aged 0–4 years
(80% to 99%) (Figure 8). In all other age groups
there was a progressive increase in the proportion
of hospitalisations recorded as having virological confirmation, with the exception of the 2009
pandemic year when a decline in the proportion of
virologically confirmed hospitalisations occurred
for most age groups.
Deaths

Figure 7: Rate of ICD-coded hospitalisation for
influenza (any diagnosis) with 95% confidence
intervals, Australia, 2010 to 2013, by age group
and Indigenous status
6

Indigenous

Hospitalisations per 100,000

Others

5

Rate ratio (Indigenous vs. Others)

800

4.3

4
3.5
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3
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1
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1,000

During 2006 to 2013, a total of 807 deaths were
coded with influenza as a principal or contributing
cause. The all-age death rate was 0.46 per 100,000
(Table 3), peaking both during the 2009 A/H1N1
pandemic (0.89 per 100,000) and in 2012 (0.91 per
100,000) with a smaller peak during 2007 (0.48 per
100,000) (Figure 9). There was a higher proportion of deaths classified as virologically confirmed
by ICD coding in the 2009 pandemic (74%) than
during other years (19%–54%).
Excluding the pandemic year, the highest rate of
death due to influenza during 2006 to 2013 was
observed in persons aged ≥75 years (3.66 per
100,000) and 65–74 years (0.65 per 100,000)
(Table 3). Death rates in young children aged
0–4 years ranged from 0.20–0.39 per 100,000
with wide confidence intervals due to low absolute
numbers of deaths. Mortality was lowest in the age
range 5–49 years (0.04–0.11 per 100,000).

5-11 y 12-17 y 18-24 y 25-49 y 50-64 y 65-74 y ≥75 y

Age group

All rate ratios significant with 95% confidence intervals
excluding one.

Figure 8: Proportion of influenza hospitalisation recorded as being virologically confirmed (J9-10) of
total (any diagnosis: J09-J11), Australia, 2006 to 2013, by year and age group
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Table 3: Influenza death rates per 100,000 population, Australia, 2006 to 2013 by year and age band
and absolute numbers of deaths, by year
Age
group

2006

2007

2008

2009

2010

2011

2012

2013

All years
excl.
2009

All
years

Age group-specific death rate per 100,000
0–5 m

0.00

0.70

0.00

0.00

0.67

0.69

0.66

0.00

0.39

0.34

6–23 m

0.77

0.00

0.23

0.68

0.23

0.23

0.22

0.00

0.23

0.29

2–4 y

0.00

0.77

0.00

0.24

0.12

0.11

0.45

0.00

0.20

0.21

5–11 y

0.05

0.05

0.00

0.11

0.05

0.10

0.05

0.00

0.04

0.05

12–17 y

0.00

0.06

0.00

0.24

0.06

0.00

0.12

0.00

0.03

0.06

18–24 y

0.05

0.05

0.00

0.32

0.14

0.18

0.05

0.04

0.07

0.10

25–49 y

0.00

0.12

0.05

0.76

0.14

0.16

0.16

0.15

0.11

0.20

50–64 y

0.06

0.24

0.32

1.21

0.50

0.44

0.27

0.29

0.31

0.42

65–74 y

0.21

0.83

0.27

1.55

0.43

0.71

1.57

0.38

0.65

0.76

≥75 y

1.18

4.63

2.73

3.42

1.24

2.92

10.08

2.44

3.66

3.63

All ages

0.12

0.48

0.27

0.89

0.29

0.42

0.91

0.29

0.40

0.46

57

194

63

93

207

68

613

807

Total numbers of deaths
All ages

25

100

Figure 9: Rate for all influenza deaths
virologically confirmed cases, Australia, 2006 to
2013, by year
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Figure 10: Rate for influenza deaths with 95%
confidence intervals, Australia, 2006 to 2013, by
age group time period
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During the 2009 A/H1N1 pandemic, death rates
for those aged 25–64 years were significantly
elevated compared with pre- and post-pandemic
periods (Figure 10). Smaller, non-significant
increases in deaths were seen during the pandemic
in the 5–17 year and 65–74 year age bands. In those
aged ≥75 years, the death rate was not significantly
higher in the pandemic year, but was higher in the
post-pandemic period (4.20 per 100,000) compared
with the pre-pandemic period (2.86 per 100,000),
largely due to a high number of deaths during 2012
in this age group (rate 10.08 per 100,000).
Completeness of recording of Indigenous status
within death data was high at 99%. Analysis of
deaths by Indigenous status (Figure 11 and 12)
demonstrates significantly elevated death rates for
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≥75 y

Indigenous Australians during the 2009 pandemic
with a rate ratio of 3.35 (95%CI 1.9–5.5). During
non-pandemic years there was no demonstrated
disparity in mortality between Indigenous versus
non-Indigenous individuals. During the 2009 pandemic, the increase in deaths was predominantly
in Indigenous individuals aged 25–74 years, with
non-significant increases in deaths in Indigenous
persons aged 6–23 months and ≥75 years difficult
to interpret due to low numbers.
Population prevalence of medical conditions
associated with increased risk of severe
influenza

Data from national surveys conducted between
2011 and 2013 showed that approximately 12.2%
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Figure 11: Influenza death rate with Indigenous/
Non-Indigenous rate ratios, Australia, 2006 to
2013, by year and Indigenous status
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(95%CI 11.6–12.8%) of the Australian population
had at least 1 medical condition that is associated
with increased risk of severe influenza (Table 4).
The prevalence of these conditions was generally
low among children and adolescents (<18 years:
2.7% (95%CI 2.0–3.4%)), and increased with age
(e.g. ≥65 years: 38.2% (95% CI 35.9–40.5%)).
Among non-Indigenous older adults aged
≥65 years, more than a third reported at least
1 condition. A large proportion of Indigenous
adults, even younger adults, reported having at least
1 condition. Importantly, while direct comparisons
cannot be made, the prevalence estimates among
Indigenous individuals of all age groups are considerably higher than those of the non-Indigenous
population (Table 4).
Discussion
Across non-pandemic seasonal influenza years, there
was an increasing rate of influenza notifications in
Australia during the period 2006–2015, particularly
in the post-pandemic period. Comparing data from
similar pre– and post-pandemic years, average
notification rates were 4.0 times higher than during
the pre-pandemic period (2006–2008) than postpandemic period (2011–2013), while average hospitalisation rates showed a less marked upward trend
(2.1 times higher in 2011–2013 than 2006–2008).
Notification rates in 2014 and 2015 show even more
marked increases (9.7 times) compared with the
pre-pandemic period, but comparative data on hospitalisations was not available for these years. Peaks in
hospitalisation during 2009 and 2012 matched peak
notification rate years, consistent with these being
more clinically severe influenza seasons. Death rates
peaked in 2007 and 2012 among the non-pandemic
years, as well as during the 2009 pandemic.
The 2012 season was associated with the highest
hospitalisation and death rates during the study
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Figure 12: Influenza death rates, Australia, 2006
to 2013, by pandemic versus non-pandemic years
and Indigenous status
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period. That year had predominantly A/H3N2
circulation with a strain considered antigenically
drifted from the strain in the 2012 seasonal vaccine but for which cross-protection was expected.11
There was little A/H1N1pdm09 circulation but
substantial co-circulation of both lineages of influenza B, only one of which was included in the
trivalent influenza vaccine. Adults aged ≥65 years
and children 0–4 years of age contributed most
to increases in hospitalisation in 2012. Increased
infection rates, with associated morbidity and mortality, are often seen in the elderly when A/H3N2
circulates prominently during a season,12–14 and
this, as well as the aforementioned strain factors
may have contributed to a more severe season.
The trend of marked increases in notifications and
to a lesser extent hospitalisations, require careful
interpretation. As Australia has compulsory laboratory notification, and notification data are influenced heavily by influenza testing, interpretation of
trends in true disease burden is difficult if increased
testing occurs. Differences in local health seeking
behaviour with influenza may also affect rates of
testing. Nucleic acid testing using reverse-transcription polymerase chain reaction (PCR) offers a rapid
and sensitive method of confirmation of influenza
and has become more readily used for confirmatory
influenza testing in recent years, in part due to its
funding as a Medicare Benefits Schedule testing
item since approximately 2005.15,16 PCR-based
notifications to the NNDSS have increased from
29% (2001–2006) to 81% (2007–2013) and increased
testing is likely to account for a substantial amount
of the increase in notifications.16
Increased laboratory testing also influences hospital coding as suggested by the increasing proportion
of influenza hospitalisations coded as virologically
confirmed (J09 or J10) in individuals ≥5 years of
age, especially adults and the elderly, over the study
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Table 4: Proportion of Indigenous, Other and all Australians with at least 1 self-reported medical
condition associated with an increased risk of severe influenza, by age group
Age group-specific population prevalence (as proportion of the population)
Age group
(years)

Indigenous*

Others†

Total population†

Prevalence

95% C I

Prevalence

95% CI

Prevalence

95% CI

All 0–17‡

5.7

4.4–7.0

2.6

1.9–3.3

2.7

2.0–3.4

0–4

5.0

3.3–6.7

2.5

1.4–3.6

2.5

1.4–3.6

5–14

6.0

4.1–7.9

2.8

1.6–4.0

2.9

1.8–4.0

All 18–64

23.5

21.9–25.1

10.0

9.3–10.7

10.2

9.5–10.9

18–34

11.5

9.6–13.4

4.1

3.4–4.8

4.2

3.5–4.9

Paediatric

Adult

35–49

27.1

24.3–29.9

8.5

7.4–9.6

8.8

7.8–9.9

50–64

50.4

45.9–54.9

19.5

17.6–21.4

19.8

18.08–21.6

65.0

58.8–71.2

38.1

35.8–40.4

38.2

35.9–40.5

–

–

35.0

32.0–38.0

35.2

32.2–38.2

–

–

41.8

38.2–45.4

42.0

38.4–45.6

Elderly
All ≥65
65–74

§

≥75‡
All ages (Crude)

17.3

16.2–18.4

12.1

11.5–12.7

12.2

11.6–12.8

All ages (AS)

26.2

24.7–27.7

11.2

10.6–11.8

11.4

10.8–12.0

AS Age-standarised
*

Data source for Indigenous population: Australian Bureau of Statistics, 2012–13 National Aboriginal and Torres Strait
Islander Health Survey 2012–13.

†

Data source for Others and Total population: Australian Bureau of Statistics, National Health Survey 2011–12.

‡

Estimates for the age group 15–17 years have not been provided as they were unreliable (relative standard error
exceeded 25%).

§

Estimates for these age groups were not available for Indigenous Australians due to concerns about maintaining
confidentiality.

period. Proportions in children aged <5 years have
remained high and largely unchanged, probably
because in this age group, collection of respiratory
samples such as nasopharyngeal aspirates or throat
swabs for multiplex respiratory virus PCR testing
has been standard clinical practice for some time.
The isolated decline in the proportion of virologically confirmed hospitalisations seen during the
2009 pandemic year was likely due to a larger
number of clinically diagnosed cases in the latter
stages of the pandemic.
The 2009 season, which was dominated by the
novel A/H1N1pdm09 strain, was associated with
a large peak in notifications, hospitalisations and
deaths. However, all-age hospitalisation and death
rates were lower than the severe 2012 seasonal
influenza year. Age-specific rates of notifications
(5–49 years), hospitalisations (5–64 years) and
deaths (25–64 years) were significantly higher during the 2009 A/H1N1 pandemic, compared with
pre-pandemic and post-pandemic periods. This
matches international and Australian findings
soon after the onset of the pandemic, which suggested that younger adults, rather than the elderly,
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had a higher risk of influenza related complications
and death with A/H1N1pdm09 than seasonal
influenza.17–19 The elderly, particularly those born
prior to 1950, appeared to have reduced susceptibility to infection by the A/H1N1 pandemic strain,
possibly due to cross-protective antibodies from
exposure to previous similar influenza strains.20,21
The burden of hospitalised influenza remains
highest in young children aged 0–4 years and in the
elderly aged ≥65 years. Correspondingly, children
aged <5 years have become a focus for vaccination
by the World Health Organization.22 In particular, the youngest children aged 0–5 months have
the highest hospitalisation rate, which matches
findings from retrospective23 and prospective24
reviews of Australian paediatric influenza hospitalisation through the Influenza Complications
Alert Network sentinel network 25 and United
States of America data.26 This supports focussing
on maternal vaccination during pregnancy as the
only means to provide protection to this age group,
as influenza vaccine is not recommended under
6 months of age. Influenza-related deaths were
predominantly in the elderly aged ≥75 years, in
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whom a large proportion were noted to report having at least 1 medical condition known to increase
the risk of severe influenza. A low number of ICDcoded deaths was observed in other age groups. In
particular, the 2012 A/H3N2-predominant season
had a disproportionately large number of deaths
compared with all other seasons including the 2009
pandemic, and was consistent with the increased
burden of disease of H3N2 in the elderly.14
Indigenous persons are at significantly increased
risk from influenza infection, with a substantial
proportion of the Indigenous population reporting a
current medical condition that increases their risk of
severe influenza. Notifications and hospitalisations
show similar patterns, with significantly increased
rates in all ages compared with non-Indigenous
individuals, particularly in young children
0–23 months and adults ≥18 years of age, who have
between 2 and 9 times higher notification rates and
2 to 4 times higher hospitalisation rates than the rest
of the population. A previous analysis of Indigenous
hospitalisations due to influenza during 1999 to
2009 found rates 4.6 times higher than for the rest
of the population.27 In contrast, deaths data during
2006 to 2013 showed that increased Indigenous
death rates were found primarily during the 2009
pandemic, in adults aged 25–74 years. During
non-pandemic years, the Indigenous influenzarelated death rate was not significantly different.
Numerous studies have shown that Indigenous
populations in Australia and internationally were
at significantly increased risk of morbidity and
mortality during the 2009 pandemic,19,28,29 although
in Australia, this may be related to elevated rates of
background chronic disease rather than Indigenous
status per se.30 Currently all Indigenous persons
aged 6 months–<5 years and ≥15 years are eligible for influenza vaccines funded under the NIP.4
The high proportion of Indigenous persons with
at least 1 medical condition that increases risk of
severe influenza infection justifies their inclusion
in the NIP-eligible population. Our hospitalisation
data suggest that although Indigenous children
5–14 years of age have lower rates of hospitalisation
for influenza, these rates are significantly higher
than in non-Indigenous children. Implementation
of the influenza vaccination program would be
simplified if influenza vaccine was funded for
Indigenous people of all ages, meriting review of
current provisions under the NIP.
The estimates of population prevalence of medical conditions associated with an increased risk
of severe influenza would inform vaccination
program planning, allowing for estimation of the
vaccine doses needed to vaccinate the at-risk population who are eligible under the NIP. Despite
NIP funding of influenza in those aged ≥65 years
and at-risk groups, it is evident that there remains
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a considerable ongoing burden of influenza.
Modelling in the United Kingdom demonstrated
cost-effectiveness of universal influenza vaccination for children, based on their importance in
the transmission of influenza within the community, leading to reduction in the population-wide
influenza burden.31 This led to a childhood influenza vaccination program using live attenuated
influenza vaccine aimed at eventually including
all healthy children aged 2–16 years of age.32,33
Currently, vaccination has been rolled out for
children aged 2–4 years and in the first 2 years of
school, with initial evaluation showing promising
direct as well as indirect herd immunity benefits.5
Similar modelling using Australian data would
inform whether a similar approach, in comparison
with strengthening of direct immunisation of atrisk age groups, would be beneficial to influenza
control in the Australian setting.
Limitations of our study include under-ascertainment, which is inevitable if administrative data
(notifications and ICD-coded hospitalisations) are
used. Notification data do not include the large
number of possible influenza infections that are
not tested. Hospitalisation and death data are reliant on diagnosis by clinicians and accurate coding.
An Australian study has estimated that true hospitalisation rates may be up to 11 times higher than
that calculated from hospital discharge coding in
children.34 It is likely that notification data underestimate the true incidence of influenza by an even
larger factor. Similarly, with regard to under-ascertainment of influenza-related deaths, a New South
Wales study found that, of persons with virologically
confirmed influenza, only 25% of those who died,
and 49% of those hospitalised had influenza coded
as a cause of illness.35 Under-ascertainment is likely
to vary according to age group, with a higher level
in the elderly in whom influenza testing may be
less frequent. Community measures of influenza
burden such as influenza-like illness presentations
to general practitioners and emergency departments
may provide a measure of burden of influenza not
captured through testing but were outside the scope
of this report.36 Incompleteness of Indigenous status
recording in hospitalisation data is also likely to lead
to underestimation of the disparity of influenza
disease by Indigenous status. The exact effect of
increased influenza testing practices is difficult to
estimate. However, significant increases in notification data with only modest increases in hospitalisation rates suggest there is considerable contribution
from increased testing, and assessments of trends of
overall burden of influenza need to be made with
caution. Estimates of the population prevalence of
medical conditions associated with increased risk
of severe influenza may be underestimates as they
are based on self-report, with the respondents asked
to nominate only conditions that were current and
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long-term (lasting 6 months or more), except for a
few National Health Priority Area conditions for
which more details were sought. Also, our method
only captured the major and the more common conditions that were captured in the relevant surveys.
In summary, this review identifies age groups
most affected by an ongoing burden of influenza
in Australia, with implications for expansion of
NIP funding for influenza vaccines. Whilst children with specified medical risk factors receive
free vaccine, healthy children, particularly those
aged <5 years, also experience a considerable
burden of influenza hospitalisation and although
recommended for influenza vaccination in The
Australian Immunisation Handbook,37 are currently
not eligible for NIP funding unless they also are
of Indigenous background. Universally funded
influenza vaccine programs similar to those implemented in the United States of America, United
Kingdom and parts of Canada33,38,39 warrant investigation for their suitability in an Australian setting.
With increasing evidence of equivalent influenza
vaccine effectiveness in children and adults,24,40,41
ongoing disease surveillance data incorporated
into Australian-specific disease modelling, will be
critical to evaluating the cost-effectiveness of strategies to improve influenza control in Australia.
Appendix: Medical conditions included
in the analysis of the proportion of the
population reporting a medical condition
associated with an increased risk of
severe influenza

These tables list the medical conditions associated
with an increased risk of severe influenza that

were included in deriving estimates of the cumulative population prevalence of at-risk medical conditions. Respondents that self-reported at least 1
medical condition within the condition groups
(A), (B) or (C) below were included. Condition
and condition status codes used by the Australian
Bureau of Statistics (ABS) for capturing and classifying the conditions selected for inclusion are
also given.*
Definitions for the condition status codes used by
the ABS are:
1. ever told has condition, still current and longterm
2. ever told has condition, still current but not
long-term
3. ever told has condition, not current
4. not known if ever told or not ever told, but
condition current and long-term.
Condition group (A)

Respondents were asked about National Health
Priority Area (NHPA) conditions, specifically
regarding whether the specific condition was
medically diagnosed (‘ever told’) and the duration
of the condition.

*

Australian Bureau of Statistics, 4363.0.55.001 –
Australian Health Survey: Users’ Guide, 2011-13,
accessed 4 August 2016, http://www.abs.gov.au/ausstats/
abs@.nsf/Lookup/4363.0.55.001Chapter3002011-13

Condition group (A)
Condition category

ABS condition
status code

Specific conditions included

ABS condition code

Cancer

All malignant neoplasms including those
of the digestive organs, respiratory
and intrathoracic organs, mesothelial
and soft tissue, breast, female genital
organs, male genital organs, leukaemia,
lymphoma, ‘other’ and ‘site unknown’.
Excluded skin cancers with the exception
of melanoma

All condition codes listed for
malignant neoplasms* except
42, 43, 627, 920

1, 2, 4

Diabetes/high sugar levels

Diabetes/high sugar levels

688, 947, 689, 948, 90, 91

1, 2, 4

Heart and circulatory
systems

Rheumatic heart disease

377, 935

1, 2, 3, 4

Angina

117, 938, 382

1, 2, 4

Heart attack

383, 936

1, 2, 3, 4

Heart failure

385

1, 2, 4

Fluid problems/fluid retention/oedema

135, 941

1, 2, 3, 4

*

List of health condition codes available at: Australia Health Survey: Users’ Guide, 2011-13, Appendix 3: Classification of
health conditions http://www.abs.gov.au/AUSSTATS/abs@.nsf/Latestproducts/4363.0.55.001Appendix202011-13?opendocu
ment&tabname=Notes&prodno=4363.0.55.001&issue=2011-13&num=&view=
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Condition group (B)

In addition to specific questions on the NHPA
condition, respondents were additionally asked to
report having other conditions that were current
and long-term (i.e. lasted or were expected to last
for 6 months or more). Respondents were not specifically asked if they were medically diagnosed or
the duration of the condition. For these conditions,
the comparable ABS condition status code would
be similar to condition codes 1 and 4.

Condition group (C) – ‘Severe asthma that
worsened or was out of control over the last
12 months’

Respondents were separately asked about having
asthma. This condition group included all persons
who reported having asthma that required them to
visit a hospital or emergency department 2 or more
times in the past 12 months.

Condition group (B)
Condition category
Chronic liver disease
Heart and circulatory systems

Immunocompromising disorders
Neurological conditions that compromise
respiratory functions

Renal disease

Respiratory disease
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Specific conditions included

ABS condition code

Viral hepatitis

271

Liver disease not otherwise specified

133

Heart valve disease not otherwise specified

136

Congenital anomaly cardiovascular

381

Infection of circulatory system

376

Ischemic heart disease without angina

384

Hereditary haemolytic anaemia

76

HIV-infection/AIDS

83

Convulsions/seizures

465

Paralysis/weakness

468

Multiple Sclerosis

503

Parkinsonism

504

Epilepsy

505, 982

Limited function or disability due to a neurological
condition

490

Kidney disease and dialysis

702

Pyelonephritis/pyelitis

203

Glomerulonephritis/nephrosis

204

Urinary disability/limited function

705

Pulmonary heart disease

390

Chronic bronchitis

583, 979

Chronic obstructive pulmonary disease

596, 981

Respiratory disability/limited function

575

Other respiratory infection

587

Other respiratory disease

599

E493

Original article

Acknowledgements

4.

Australian Government Department of Health. Australian
Technical Advisory Group on Immunisation advice for
immunisation providers regarding the administration
of seasonal influenza vaccines in 2016. Accessed on
17 April 2016. Available from: http://www.immunise.
health.gov.au/internet/immunise/publishing.nsf/Content/
DA045106A3499384CA257E2D001A1FA3/$File/
ATAGI-annual-Influenza-Vaccine-providers-2016.pdf

5.

Pebody RG, Green HK, Andrews N, Boddington NL,
Zhao H, Yonova I, et al. Uptake and impact of vaccinating school age children against influenza during a season with circulation of drifted influenza A
and B strains, England, 2014/15. Euro Surveill
2015;20(39):pii=30029.

6.

Australian Government Department of Health.
Surveillance case definition for influenza (laboratoryconfirmed). 2016. Accessed on 28 June 2016. Available
from: http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-casedefs-cd_flu.htm

7.

Australian Institute of Health and Welfare. Indigenous
identification in hospital separations data: quality report.
Cat. no. AIHW 90. Canberra 2013.

8.

Australian Bureau of Statistics. Australian Demographic
Statistics, September 2015 (updated 24 March 2016).
ABS cat no. 3101.0. Accessed on 12 February 2016.
Available from: http://www.abs.gov.au/ausstats/abs@.
nsf/mf/3101.0

9.

Australian Bureau of Statistics. Estimates and Projections,
Aboriginal and Torres Strait Islander Australians, 2001 to
2026. (Updated on 30 April 2014.) ABS cat no. 3238.0.
Accessed on 12 February 2016. Available from: http://
www.abs.gov.au/ausstats/abs@.nsf/mf/3238.0

We thank Christina Bareja and Kate Pennington,
Australian Government Department of Health,
for their review of the manuscript.
We thank the Australian Coordinating Registry,
state and territory registries of births, deaths and
marriages, state and territory coroners, and the
National Coronial Information System, for providing access to cause of death data.
We thank the National Centre for Aboriginal and
Torres Strait Islander Statistics of the Australian
Bureau of Statistics for providing data from the
National Health Survey 2011–12 and the National
Aboriginal & Torres Strait Islander Health Survey
2012–13 for estimating the population prevalence
of certain medical conditions associated with
increased risk of influenza.
The National Centre for Immunisation Research
and Surveillance of Vaccine Preventable Diseases
is supported by the Australian Government
Department of Health, the NSW Ministry of
Health and The Children’s Hospital at Westmead.
The opinions expressed in this paper are those of
the authors, and do not necessarily represent the
views of these agencies
Author details
Dr Jean Li-Kim-Moy, Clinical Research Fellow
Dr Jiehui Kevin Yin, Senior Research Officer
Ms Cyra Patel, Research Officer
Dr Frank H Beard, Public Health Physician
Dr Clayton Chiu, Public Health Physician
Associate Prof Kristine K Macartney, Deputy Directory
Prof Peter B McIntyre, Director
National Centre for Immunisation Research and Surveillance
of Vaccine Preventable Diseases, The Children’s Hospital at
Westmead, Westmead, New South Wales
Corresponding author: Dr Jean Li-Kim-Moy, National Centre
for Immunisation Research & Surveillance, Kids Research
Institute, The Children’s Hospital at Westmead, Corner
Hawkesbury Road and Hainsworth Street, WESTMEAD NSW
2145. Telephone: +61 2 9845 1430. Facsimile: +61 2 9845
1418. Email: jean.likimmoy@health.nsw.gov.au

References
1.

World Health Organization. Influenza (Seasonal) Fact
sheet. March 2014. Accessed on 9 February 2016.
Available
from:
http://www.who.int/mediacentre/
factsheets/fs211/en/

2.

Chiu C, Dey A, Wang H, Menzies R, Deeks S, Mahajan D,
et al. Vaccine preventable diseases in Australia, 2005 to
2007. Commun Dis Intell 2010;34 Suppl:S1–S167.

3.

Dey A, Knox S, Wang H, Beard FH, McIntyre PB. Summary
of National Surveillance Data on Vaccine Preventable
Diseases in Australia, 2008–2011. Commun Dis Intell
2016;40 Suppl:S1–S70.

E494

10. Australian Bureau of Statistics. Experimental Estimates
and Projections, Aboriginal and Torres Strait
Islander Australians, 1991 to 2021. (Updated on
8 September 2009.) ABS cat no. 3238.0. Accessed on
12 February 2016. Available from: http://www.abs.gov.
au/AUSSTATS/abs@.nsf/allprimarymainfeatures/49729
0ADDF187134CA257CC900143EAA?opendocument
11. Australian Government Department of Health.
Australian Influenza Surveillance Report. No. 10, 2012,
reporting period: 29 September to 12 October 2012.
Accessed on 25 April 2016. Available from: http://www.
health.gov.au/internet/main/publishing.nsf/Content/
cda-ozflu-no10-12.htm
12. Mazick A, Gergonne B, Nielsen J, Wuillaume F,
Virtanen MJ, Fouillet A, et al. Excess mortality among
the elderly in 12 European countries, February and
March 2012. Euro Surveill 2012;17(14). pii: 20138.
13. Lee BE, Mukhi SN, Drews SJ. Association between patient
age and influenza A subtype during influenza outbreaks.
Infect Control Hosp Epidemiol 2010;31(5):535–537.
14. Win MK, Chen MI, Barkham T, Lin C, Tan A, Lin R, et al.
Influenza disease burden in adults by subtypes following
the initial epidemic of pandemic H1N1 in Singapore.
Influenza Other Respir Viruses 2011;5(6):e563–e567.
15. Kelly HA, Grant KA, Tay EL, Franklin L, Hurt AC. The
significance of increased influenza notifications during
spring and summer of 2010–11 in Australia. Influenza
Other Respir Viruses 2013;7(6):1136–1141.
16. Kaczmarek MC, Ware RS, Lambert SB. The contribution
of PCR testing to influenza and pertussis notifications in
Australia. Epidemiol Infect 2016;144(2):306–314.
17. Kumar A, Zarychanski R, Pinto R, Cook DJ, Marshall J,
Lacroix J, et al. Critically ill patients with 2009
influenza A(H1N1) infection in Canada. JAMA
2009;302(17):1872–1879.

CDI

Vol 40

No 4

2016

Original article

18. Louie JK, Acosta M, Winter K, Jean C, Gavali S,
Schechter R, et al. Factors associated with death or hospitalization due to pandemic 2009 influenza A(H1N1)
infection in California. JAMA 2009;302(17):1896–1902.
19. ANZIC Influenza Investigators I, Webb SA, Pettila V,
Seppelt I, Bellomo R, Bailey M, et al. Critical care services and 2009 H1N1 influenza in Australia and New
Zealand. N Engl J Med 2009;361(20):1925–1934.
20. Hancock K, Veguilla V, Lu X, Zhong W, Butler EN,
Sun H, et al. Cross-reactive antibody responses to the
2009 pandemic H1N1 influenza virus. N Engl J Med
2009;361(20):1945–1952.
21. Vaillant L, La Ruche G, Tarantola A, Barboza P,
Epidemic intelligence team at Institut de Veille Sanitaire.
Epidemiology of fatal cases associated with pandemic
H1N1 influenza 2009. Euro Surveill 2009;14(33). pii:
19309.
22. WHO Strategic Advisory Group of Experts on
Immunization (SAGE). Vaccines against influenza WHO
position paper – November 2012. Wkly Epidemiol Rec
2012;87(47):461–476.
23. Li-Kim-Moy J, Blyth CC, Kesson A, Booy R, Cheng AC,
Macartney K. Influenza in Australian children. Epidemiol
Infect 2016. Submitted.
24. Blyth CC, Macartney KK, Hewagama S, Senenayake S,
Friedman ND, Simpson G, et al. Influenza epidemiology,
vaccine coverage and vaccine effectiveness in children
admitted to sentinel Australian hospitals in 2014: the
Influenza Complications Alert Network (FluCAN). Euro
Surveill 2016;21(30):pii=30301.
25. Cheng AC, Dwyer DE, Holmes M, Irving LB, Brown SG,
Waterer GW, et al. Influenza epidemiology, vaccine coverage and vaccine effectiveness in sentinel Australian
hospitals in 2013: the Influenza Complications Alert
Network. Commun Dis intell 2014;38(2):E143–E149.
26. Poehling KA, Edwards KM, Griffin MR, Szilagyi PG,
Staat MA, Iwane MK, et al. The burden of influenza in young children, 2004–2009. Pediatrics
2013;131(2):207–216.
27. Naidu L, Chiu C, Habig A, Lowbridge C, Jayasinghe S,
Wang H, et al. Vaccine preventable diseases and vaccination coverage in Aboriginal and Torres Strait Islander
people, Australia 2006–2010. Commun Dis Intell
2013;37 Suppl:S1–S95.
28. La Ruche G, Tarantola A, Barboza P, Vaillant L,
Gueguen J, Gastellu-Etchegorry M, et al. The 2009
pandemic H1N1 influenza and indigenous populations of the Americas and the Pacific. Euro Surveill
2009;14(42). pii: 19366.
29. Flint SM, Davis JS, Su JY, Oliver-Landry EP, Rogers BA,
Goldstein A, et al. Disproportionate impact of pandemic
(H1N1) 2009 influenza on Indigenous people in the
Top End of Australia’s Northern Territory. Med J Aust
2010;192(10):617–622.

CDI

Vol 40

No 4

2016

30. Goggin LS, Carcione D, Mak DB, Dowse GK, Giele CM,
Smith DW, et al. Chronic disease and hospitalisation for
pandemic (H1N1) 2009 influenza in Indigenous and
non-Indigenous Western Australians. Commun Dis Intell
2011;35(2):172–176.

31. Baguelin

M, Camacho A, Flasche S, Edmunds WJ.
Extending the elderly- and risk-group programme of
vaccination against seasonal influenza in England
and Wales: a cost-effectiveness study. BMC Med
2015;13:236.

32. Department of Health England. JCVI statement on the
routine annual influenza vaccination programme 2012.
Accessed on 28 April 2015. Available from: https://www.
gov.uk/government/uploads/system/uploads/attachment_data/file/224775/JCVI-statement-on-the-annualinfluenza-vaccination-programme-25-July-2012.pdf
33. Public Health England, Department of Health and NHS
England. Flu plan: winter 2016 to 2017. Accessed on
14 June 2016. Available from: https://www.gov.uk/
government/publications/flu-plan-winter-2016-to-2017
34. Beard F, McIntyre P, Gidding H, Watson M. Influenza
related hospitalisations in Sydney, New South Wales,
Australia. Arch Dis Child 2006;91(1):20–25.
35. Muscatello DJ, Amin J, MacIntyre CR, Newall AT,
Rawlinson WD, Sintchenko V, et al. Inaccurate ascertainment of morbidity and mortality due to influenza in
administrative databases: a population-based record
linkage study. PLoS One 2014;9(5):e98446.
36. Australian Government Department of Health. Australian
Influenza Surveillance Report and Activity Updates
2016. Accessed on 11 October 2016. Available from:
http://www.health.gov.au/flureport
37. Australian Technical Advisory Group on Immunisation.
The Australian Immunisation Handbook. 10th edn.
Canberra, Australia: National Health and Medical
Research Council and the Department of Health; 2013.
38. Grohskopf LA, Sokolow LZ, Olsen SJ, Bresee JS,
Broder KR, Karron RA. Prevention and control of influenza with vaccines: Recommendations of the Advisory
Committee on Immunization Practices, United States,
2015–16 influenza season. MMWR Morb Mortal Wkly
Rep 2015;64(30):818–825.
39. National Advisory Committee on Immunization.
Statement on Seasonal Influenza Vaccine for 2015–2016.
Accessed on 19 April 2016. Available from: http://www.
phac-aspc.gc.ca/naci-ccni/flu-2015-grippe-eng.php
40. Blyth CC, Jacoby P, Effler PV, Kelly H, Smith DW,
Robins C, et al. Effectiveness of trivalent flu vaccine in
healthy young children. Pediatrics 2014;133(5):e1218–
e1225.
41. Blyth CC, Jacoby P, Effler PV, Kelly H, Smith DW,
Borland ML, et al. Influenza vaccine effectiveness and
uptake in children at risk of severe disease. Pediatr Infect
Dis J 2016;35(3):309–315.

E495

