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Abstract
Background: Annual trivalent influenza vaccines (TIV) containing three influenza strains (A/H1N1, A/H3N2, and one B)
have been recommended for the prevention of influenza. However, worldwide co-circulation of two distinct B lineages
(Victoria and Yamagata) and difficulties in predicting which lineage will predominate each season have led to the
development of quadrivalent influenza vaccines (QIV), which include both B lineages. Our analysis evaluates the public
health benefit and associated influenza-related costs avoided which would have been obtained by using QIV rather
than TIV in Australia over the period 2002–2012.
Methods: A static model stratified by age group was used, focusing on people at increased risk of influenza as defined
by the Australian vaccination recommendations. B-lineage cross-protection was accounted for. We calculated the
potential impact of QIV compared with TIV over the seasons 2002–2012 (2009 pandemic year excluded) using
Australian data on influenza circulation, vaccine coverage, hospitalisation and mortality rates as well as unit costs, and
international data on vaccine effectiveness, influenza attack rate, GP consultation rate and working days lost. Third-party
payer and societal influenza-related costs were estimated in 2014 Australian dollars. Sensitivity analyses were conducted.
Results: Using QIV instead of TIV over the period 2002–2012 would have prevented an estimated 68,271 additional
influenza cases, 47,537 GP consultations, 3,522 hospitalisations and 683 deaths in the population at risk of influenza.
These results translate into influenza-related societal costs avoided of $46.5 million. The estimated impact of QIV was
higher for young children and the elderly. The overall impact of QIV depended mainly on vaccine effectiveness and the
influenza attack rate attributable to the mismatched B lineage.
Conclusion: The broader protection offered by QIV would have reduced the number of influenza infections and its
related complications, leading to substantial influenza-related costs avoided.
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Background
Influenza is an acute infectious respiratory disease in
humans, caused by influenza viruses A and B. In young
children, the elderly, or persons with other serious
chronic conditions, influenza can lead to complications
of the underlying condition, pneumonia or even death
[1]. Worldwide, influenza causes 3–5 million cases of
severe illness and between 250,000–500,000 deaths every
year [2]. In Australia, influenza has been estimated to
cause on average 310,000 General Practitioner (GP)
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consultations and 18,400 hospitalisations annually between 1998 and 2005, leading to an annual expenditure
of 115 million Australian dollars (A$) for the health care
system [3].
Vaccination remains the most effective measure for
preventing influenza and its complications [4, 5]. In
Australia, influenza vaccination is recommended for
everyone from 6 months of age [6], and is provided free
under the National Immunisation Program to people at
increased risk of influenza complications i.e. all adults
aged 65 and older, Australian Aboriginal and Torres
Strait Islander people aged between 6 months and 5 years
or older than 15 years, pregnant women and all persons
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aged 6 months and older with specific comorbidities
predisposing to severe influenza [7].
Immunisation against seasonal influenza using trivalent
influenza vaccines (TIV) is currently recommended by
public health policy makers around the world [8–10]. TIV
contains strains of two influenza A sub-types (one each of
H1N1 and H3N2), and one lineage of influenza B (Victoria
or Yamagata), based on WHO recommendations [11].
However, over the decade 2000 through 2011 in
Australia, the two distinct lineages of influenza B have
been co-circulating at varying levels and with no regularity, resulting in mismatches between the circulating
lineage and the vaccine in six of the 12 seasons [12].
More recently, during the early stages of the 2015 influenza season in New South Wales, 19 % of all influenza
specimens tested positive were from the Victoria lineage,
which was not included in TIV [13]. Two recent metaanalyses have demonstrated that the level of protection
induced by TIV is sub-optimal when there is a mismatch
between the circulating influenza B lineage and the
actual B lineage included in the vaccine [14, 15].
Recently, quadrivalent influenza vaccines (QIV) including both B lineages in addition to both A subtypes
have been developed in response to the evolution in
influenza epidemiology. The potential impact of QIV in
the US was estimated by Reed et al. [16], who considered a hypothetical scenario where QIV would have
replaced TIV over ten influenza seasons. The study estimated that, within the seasons 2001–2002 to 2008–
2009, QIV might have additionally prevented 340,000
influenza cases, 2,700 hospitalisations and 170 deaths
per year compared with TIV. Another study by Lee et al.
[17] expanded upon the results of Reed et al. to estimate
the economic impact of QIV in the US and concluded
that the use of QIV instead of TIV could substantially
decrease influenza-related costs borne by society and
health care payers.
In Australia, QIV was first approved by the Therapeutic
Good Administration for the 2015 influenza season [18].
The objective of this study was therefore to estimate the
additional benefit of using QIV rather than TIV, on
influenza-related health and economic outcomes during
the period 2002–2012 in Australia.

Methods
Two different vaccination strategies were compared: the
actual situation where TIV was administered over the
period 2002–2012, and a second strategy where QIV would
have been used instead of TIV during the same period.
Model description

We used an age-stratified, static model. For each strategy,
the number of influenza cases, GP consultations, working
days lost, hospitalisations and deaths related to influenza,
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as well as associated costs, were estimated for each season
over the period 2002–2012. Season 2009 was excluded
from the scope due to the H1N1 pandemic, which
rendered the year atypical and would have biased the estimated season-specific influenza attack rate. The potential
public health and economic impact of QIV compared with
TIV was captured as the difference in outcomes between
the two strategies.
The expected influenza attack rate attributable to a
specific virus strain j (j =A, B/Yamagata, B/Victoria) in a
population partially vaccinated with a vaccine i (i =QIV,
TIV) for a given year was computed as follows:

ARi;j ¼ ARno vac ⋅ pj ⋅ 1−V C:V E i=j
Where ARno vac denotes the expected influenza attack
rate without vaccination, pj the proportion of strain j, V
C the vaccine coverage rate and V E i=j the effectiveness
of vaccine i against strain j. The other influenza-related
outcomes were assumed to be proportional to the number of influenza infections.
To estimate the impact of QIV vs. TIV on resource
use and influenza-related costs, the numbers of GP
visits, hospitalisations and lost working days avoided
were multiplied with corresponding unit costs. The
economic impact was estimated by taking into account
third-party payer (TPP) costs (GP consultations, hospitalisations), and societal costs (i.e. the sum of TPP costs
and the loss of productivity due to work absenteeism), in
2014 Australian dollars ($). The model structure is
presented in Fig. 1.
Data inputs
Population

The population of interest was defined as the population
eligible for free vaccination under the National Immunisation Program [7], including everyone older than
65 years and individuals aged 6 months to 64 years with
at least one risk factor as defined in the Australian
Immunisation Handbook [6], namely: pregnant women,
persons with cardiovascular diseases, obesity, chronic
respiratory conditions, chronic neurological conditions,
metabolic diseases including diabetes mellitus, renal
dysfunction, and immunocompromised conditions such
as HIV and cancer.
To account for both local vaccination recommendations and the heterogeneity in the disease burden of
influenza, the model was stratified into five age groups
(6–59 months, 5–17 years, 18–49 years, 50–64 years,
65 years and older). For people aged from 6 months to
64 years, the analyses focused on people with risk
factors.
To estimate the proportion of the general population
with at least one risk factor, prevalence data were
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Population targeted by Australian vaccination recommendations
Estimating the attack rate
by year, strain, age group
for both vaccination
strategies (TIV or QIV)

Influenza A
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Influenza B cases
(matched B lineage)

Influenza B cases
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No difference in effectiveness between TIV and QIV

Estimating avoided
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costs due to increased
effectiveness of QIV
compared with TIV
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loss
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costs

Hospitalisation
costs
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Fig. 1 Model structure. Abbreviations: GP: general practitioner; TIV: trivalent influenza vaccine; QIV: quadrivalent influenza vaccine

collected mainly from the 2012 Australian Health Survey
[19], combined with other sources [20, 21], and were
corrected to avoid double-counting when data were
available. The population size (see Table 1) was assumed
to be constant across the period, corresponding to the
2012 population estimates [22].
Influenza attack rate

Average annual attack rates in an unvaccinated population were taken from the pooled control arms of clinical
trials presented in Cochrane reviews for healthy children, healthy adults and the elderly [23–25]. These rates
were then distributed across the influenza seasons using
the following formula:
ARseason;group ¼ ARgroup  V season =ðAverageðV season ÞÞ
where ARseason; group denotes the age- and season-specific
influenza attack rate, ARgroup the average attack rate for
the given age group and V season the season-specific
severity coefficient, defined as the year-specific number
of influenza cases notified within the National Notifiable
Diseases Surveillance System [26], adjusted by the number
of yearly notifications from the other notified diseases to
account for possible variations in the collection and testing capacities of the surveillance system.
Strain distribution

The distribution of influenza strains for the years 2002
to 2011 was estimated using data from the WHO
Collaborating Centre for Reference and Research on
Influenza in Melbourne, Australia [27]. Estimates for
2012 were derived from laboratory confirmed data from
the Global Influenza Surveillance and Response System
in Australia [28]. B lineages contained in the TIV formulation for Australia each year, corresponding to the
southern hemisphere formulation, were retrieved from

the World Health Organization website [11]. Influenza
circulation by season is presented in Table 2.
Vaccine coverage and effectiveness

Coverage rates [29, 30], as well as strain-specific vaccine
effectiveness, were assumed to be constant over time.
The average effectiveness of TIV against matched and
mismatched B lineages was estimated in a meta-analysis
in which B lineage cross-protection was found to be
approximately 68 % of the effectiveness against the
matched B lineage in adults (i.e. vaccine efficacy was
77 % against matched B lineage and 52 % against
mismatched B lineage) [14]. Vaccine effectiveness rates
by strain and age group were sourced from Clements et al.
[31] (see Table 1). Vaccine effectiveness against both B lineages for QIV was assumed to be the same as the vaccine
effectiveness of TIV against the matched B lineage.
Resource use and economic inputs

The probability of an influenza infection requiring a GP
consultation was derived from a US cost-effectiveness
study in which the probability for high-risk patients was
assumed to be twice that of low-risk patients [32].
Average hospitalisation rates were taken from Newall
and Scuffham [3] in which excess hospitalisation (coded
as influenza/pneumonia and other respiratory illness)
rates by age group attributable to influenza in Australia
were estimated using regression models based on data
from 2000 to 2006. Mortality rates were based on the
excess death (coded as respiratory or circulatory) rate
presented in Newall et al. [33] for the elderly in Australia
with an extrapolation to other age groups using the agespecific mortality rates of Molinari et al. [32].
The cost of a GP consultation was sourced from the
Medical Benefits Schedule [34] while hospitalisation costs
were estimated using reported costs from DiagnosisRelated Groups for respiratory conditions in the National

Population
subgroup

Vaccine Vaccine effectiveness [31]
coverage
rate
Population Proportion Population
Against
Against matched TIV B lineage
[29, 30]
size [22]
with RF
at risk
influenza A B lineage
cross[19–21]
protection,
% matched B
effectiveness

Population

Average
GP
Hospitalisations Mortality Productivity loss per GP
consultation
Influenza consultations
ratec
[32, 33]
Attack rate
b
c
Unit cost Rate
Unit cost
Working days Income
Rate
[23–25]
[32]
[34]
[3]
[35–37]
lost [38–40]
loss [41]

13.0 %

173,778a

41.3 %

59 %

66 %

67 %

18.8 %

91.0 %

$37

106

$3,944

0.6

0.64

$192

13.9 %

509,239a

41.3 %

61 %

75 %

67 %

16.5 %

63.6 %

$37

16

$4,811

0.1

0.64

$192

10,220,627 21.8 %

2,223,249a

36.2 %

61 %

77 %

68 %

3.6 %

62.6 %

$37

31

$5,644

0.3

2.59

$784

4,114,452

31.5 %

1,296,098a

36.2 %

61 %

73 %

67 %

3.6 %

62.6 %

$37

91

$7,497

4.1

2.59

$784

-

3,221,312

74.6 %

58 %

69 %

68 %

4.9 %

72.2 %

$37

440

$10,141

91.3

0d

$0d

Children with RF 1,331,660
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Table 1 Population, vaccine, average influenza-related outcome rates and economic inputs (in A$) by subgroup of population

(6–59 months)
Children with RF 3,673,678
(5–17 years)
Adults with RF
(18–49 years
Adults with RF
(50–64 years)
Elderly (65 years 3,221,321
and older)
RF risk factor, TIV trivalent influenza vaccine, GP general practitioner, aOnly people with risk factor; bper influenza case; cper 100,000 population; dElderly were assumed to be economically inactive
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Table 2 Influenza circulation and B lineage included in TIV by influenza season
Season

B lineage included
in TIV [11]

Influenza circulation [27, 28]
Influenza A
(% of total)

Influenza B/Victoria
(% of total)

Influenza B/Yamagata
(% of total)

B lineage
mismatcha

Number of influenza notified cases
(corrected with other disease
notifications) [55]

2002

Yamagata

77.2 %

21.9 %

0.9 %

High

5,626

2003

Victoria

99.2 %

0.2 %

0.6 %

High

5,149

2004

Victoria

75.0 %

4.2 %

20.8 %

High

2,718

2005

Yamagata

78.5 %

10.4 %

11.1 %

Medium

5,541

2006

Victoria

65.6 %

32.9 %

1.5 %

Low

3,597

2007

Victoria

94.7 %

1.2 %

4.1 %

High

11,356

2008

Yamagata

36.7 %

32.4 %

30.9 %

Medium

8,882

2010

Victoria

87.3 %

11.5 %

1.2 %

Low

9,905

2011

Victoria

68.8 %

30.6 %

0.6 %

Low

18,658

2012

Victoria

69.5 %

4.3 %

26.3 %

High

32,274

TIV trivalent influenza vaccine, aLow: <33 %, Medium: [33 %; 66 %], High: >66 %

Hospital Cost Data Collection Report 2011–2012 [35].
Costs were adjusted by age group using the average length
of stay from the Australian-refined diagnosis-related
groups data cubes [36] and inflated to 2014 rates [37].
The numbers of working days lost per GP consultation
for adults and young children were respectively taken
from a French study [38] reporting an average of 4
working days lost, and from an Italian study [39] in
which parental working days lost were estimated to be
0.98 days. These estimates were then adjusted with the
Australian labour force participation rate (64.8 %) [40]
to obtain the number of working days lost per GP
consultation. The cost of a working day lost was
assumed to be the median Australian daily wage for fulltime employees [41].
The cost of vaccination was not taken into account in
this analysis which is aimed at measuring the impact of
QIV on influenza burden, while assuming price parity
between QIV and TIV.
Sensitivity analyses

Sensitivity analyses were conducted to test the impact of
modelling assumptions and the uncertainty around
inputs.
First, we conducted two scenario analyses in which we
tested different assumptions for the model. In a first scenario analysis (scenario 1), influenza attack rates were
assumed to be constant over the study period to test the
impact of the distribution of attack rates using the number of notified cases as a proxy of the season severity. In
a second scenario analysis (scenario 2), hospitalisation
and death rates in high-risk patients were adjusted using
ratios between high-risk patients and the general population [42–44].
Second, we performed a univariate deterministic sensitivity analysis to quantify the effects of the uncertainty

around data inputs on the number of avoided cases and
total societal costs avoided, in which each group of
parameters was varied one at a time to the lower and
upper bounds of the range of estimated values. Lower
and higher bound values used in the deterministic
sensitivity analyses were taken from published literature
and informed assumptions, and are presented in
Additional file 1.

Results
Base case analysis

Over the period 2002–2012, it was estimated that substituting QIV for TIV would have reduced the number of
influenza cases by over 68,000 in addition to the cases
avoided with TIV, leading to 47,500 GP consultations,
3,500 hospitalisations and 680 deaths avoided in
Australia (see Table 3). The majority (58.4 %) of influenza
cases would have been avoided in 2012 - a season with a
high attack rate, a relatively high B strain circulation
(30.5 %) and a very high B lineage mismatch (86.8 %).
Seasons 2002 and 2008 were also years associated with a
substantial impact of QIV, with around 5,800 and 13,500
influenza infections additionally avoided, respectively. The
avoided resource use was associated with a reduction of
influenza-related TPP costs of approximately A$ 36.5 million over the period 2002–2012 compared with the TIV
strategy. Avoided hospitalisation costs represented 95 % of
total influenza-related TPP costs avoided. Productivity loss
avoided was estimated at A$ 10.0 million, representing
21.5 % of the A$ 46.5 million of additional societal costs
avoided. On average, over the five targeted population
subgroups, QIV was estimated to additionally prevent 92
influenza cases per 100,000 person-years, leading to
avoided influenza-related societal costs of A$ 62,700 per
100,000 person-years.
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Table 3 Number of avoided outcomes and associated cost offsets (in A$) for total recommended population (n = 7,423,675) by season
Outcomes avoided
Influenza cases
Total

Influenza-related cost offsets
GP consultations

Working days lost

Hospitalisations

Deaths

Total TPP

Rate per 100,000 Total
population

Rate per 100,000 Total
population

Rate per 100,000 Total Rate per 100,000 Total Rate per 100,000 Total
population
population
population

2002 5,793

78

4,034

54

2,808

38

299

4.0

58

0.78

2003 155

2

108

1

75

1

8

0.1

2

2004 2,663

36

1,854

25

1,291

17

137

1.9

27

Total Societal
Rate per 100,000 Total
population

Rate per 100,000
population

$3,097,560

$41,725

$3,946,994

$53,168

0.02

$82,892

$1,117

$105,623

$1,423

0.36

$1,423,708

$19,178

$1,814,127

$24,437

2005 2,707

36

1,885

25

1,312

18

140

1.9

27

0.36

$1,447,482

$19,498

$1,844,420

$24,845

2006 262

4

182

2

127

2

14

0.2

3

0.04

$140,054

$1,887

$178,461

$2,404

2007 2,209

30

1,538

21

1,070

14

114

1.5

22

0.30

$1,180,882

$15,907

$1,504,711

$20,269

2008 13,543 182

9,430

127

6,564

88

699

9.4

135

1.82

$7,241,013

$97,539

$9,226,692

$124,287

2010 544

7

379

5

264

4

28

0.4

5

0.07

$291,114

$3,921

$370,945

$4,997

2011 493

7

343

5

239

3

25

0.3

5

0.07

$263,571

$3,550

$335,849

$4,524

2012 39,902 538

27,784 374

19,341 261

2,058 27.7

399

5.38

$21,334,862 $287,389

$27,185,450 $366,199

Total 68,271 920

47,537 640

33,091 446

3,522 47.4

683

9.20

$36,503,138 $491,712

$46,513,271 $626,553

GP general practitioner, TPP third-party payer
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The overall impact of QIV was highest for the elderly
with 36,322 additional cases avoided versus 15,977 for
children and 15,971 for adults below 65 years of age (see
GP: general practitioner; TPP: third-party payer Table 4).
The elderly population accounted for 73 % of the
avoided influenza-related societal costs (A$ 34.0 million
of A$ 46.5 million for the entire population of interest).
Relative to population size, the impact of QIV in terms
of influenza cases and GP consultations avoided was
greatest for young children, with an average of 239 influenza cases avoided per 100,000 person-years, leading to
217 GP consultations avoided. However, QIV was most
beneficial for the elderly in terms of hospitalisation and
mortality, with 10.1 additional hospitalisations and 2.10
additional deaths avoided per 100,000 person-years. The
economic impact of QIV was also highest for the elderly,
with mean influenza-related societal costs avoided of A$
105,560 per 100,000 person-years, the results being
driven by hospitalisation costs.
Finally, considering all influenza cases (A and B), it
was estimated that substituting QIV for TIV would have
reduced the number of influenza cases by 1.02 % on
average over the period 2002–2012 (2009 excluded). The
reduction ranged from 0.05 % in 2003 to 2.36 % in 2008,
with a reduction by 1.90 % in 2012, year with the most
influenza burden avoided (39,900 cases) with QIV
compared to TIV.
Sensitivity analyses

Results of the scenario analyses conducted showed
limited variations in outcomes (see Table 5). In scenario 1,
assuming constant attack rates for influenza over the
study period would lead to an overall reduction of 14 % of
QIV benefits compared to base case. When considering
an increased risk of hospitalisation and deaths for people
with risk factor (scenario 2), the number of hospitalisations and deaths avoided increased by 16 and 1 % respectively while the total influenza-related societal costs
avoided increased by 8 % compared to base case.
Deterministic sensitivity analyses conducted for several
inputs on the number of influenza cases avoided and societal costs avoided showed that the variables with the
most impact on both outcomes were the vaccine effectiveness against mismatched B, the proportion of B strain
and the proportion of mismatched B lineage (see Fig. 2).
Age-specific influenza attack rates over the period was
the parameter with the largest impact on the number of
influenza cases avoided, estimated to be from 52,000 to
113,600 cases when considering the lower and higher
estimates, respectively.

Discussion
In recent years, the interest in QIV has grown mainly
because TIV only matches the predominant circulating
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B lineage, and predicting which of the two B lineages
will circulate in any given season remains a challenge.
We modelled the impact of QIV compared to TIV
vaccination in Australia for five population groups at
increased risk of influenza complications over 10 seasons, based on the same approach as in Reed et al. [16].
Overall, the use of QIV instead of TIV would have
substantially reduced the clinical burden of influenza
while avoiding thousands of hospitalisations and
hundreds of deaths associated with influenza over the 10
seasons in the population at risk of influenza. The
overall impact of QIV was highest for the elderly who
contributed the most to additional deaths avoided over
the period. Furthermore, assuming no increase in
vaccination costs, the use of QIV instead of TIV would
have avoided A$ 46.5 million in influenza-related societal costs over 10 years. The analyses suggested that cost
offsets would be higher in the elderly, being essentially
driven by hospitalisations, than in the other targeted
groups. The impact of QIV mainly depends on influenza
B strain circulation, and influenza B co-circulation of B/
Yamagata and B/Victoria is expected to continue in
upcoming influenza seasons [45].
Compared to the US study by Reed et al. [16], two
enhancements to the model were made, leading to more
accurate estimates of the public health impact and
influenza-related costs avoided. First of all, our analysis
accounted for TIV cross-protection against mismatched
B lineage. Secondly, the population was stratified to
account for differences in vaccination coverage, vaccine
effectiveness and risks of complications between groups.
These improvements to the model, along with influenza
circulation informed by data specific to Australia,
allowed us to provide more realistic estimates of the
benefits of QIV.
Contrary to our study, the study by Lee et al. [17]
included lifetime productivity loss in the event of death
in societal costs to assess the economic impact of QIV
based on the model by Reed et al. Influenza-related
societal costs avoided estimated by Lee et al. were substantially higher than those estimated in our analysis:
about US$ 110,000 per 100,000 persons in the general
US population, compared to approximately US$ 46,000
(US$ 1 = A$ 1.6). Clements et al. [31] estimated
influenza-related costs avoided associated with the use
of QIV in the US at US$ 41,000 (without vaccination
cost and lifetime productivity loss) for 100,000 people
accounting for cross-protection and using stratification.
In Australia, Newall and Scuffham [3] estimated that
around 310,000 GP visits and 18,400 hospitalisations annually were due to influenza in the general population
over the period 1998–2005. In our study, when considering the entire Australian population, the model estimated
the number of hospitalisations under TIV at 14,700
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Table 4 Number of avoided outcomes and associated cost offsets (in A$) over 2002–2012 (2009 excluded) by population subgroup
Children with RF
6–59 months
(n = 173,778)

Children with RF
5–17 years
(n = 509,239)

Adults with RF
18–49 years
(n = 2,223,249)

Total over
the period

Total over
the period

Total over
the period

Annual
averagea

Annual
averagea

Adults with RF
50–64 years
(n = 1,296,098)
Annual
averagea

Total over
the period

Elderly 65 years
and older
(n = 3,221,312)
Annual
averagea

Total over
the period

Total population
(n = 7,423,675)
Annual
averagea

Total over
the period

Annual
averagea

Outcomes avoided
Influenza cases

4,153

239

11,824

232

10,240

46

5,731

44

36,322

113

68,271

92

GP consultations

3,780

217

7,520

148

6,410

29

3,588

28

26,239

81

47,537

64

Working days lost

2,400

138

4,776

94

16,616

75

9,299

72

0b

0b

33,091

45

Hospitalisations

23

1.3

11

0.2

86

0.4

143

1.1

3,257

10.1

3,522

4.7

Deaths

0

0.01

0

0.00

1

0.00

6

0.05

675

2.10

683

0.92

Influenza-related cost offsets
GP consultations

$140,034

$8,058

$278,618

$5,471

$237,508

$1,068

$132,923

$1,026

$972,167

$3,018

$1,761,250

$2,372

Hospitalisations

$92,186

$5,305

$54,790

$1,076

$487,832

$2,194

$1,075,050

$8,295

$33,032,031

$102,542

$34,741,889

$46,799

$0

Income loss

$726,069

$41,781

$1,444,619

$28,368

$5,026,395

$22,608

$2,813,051

$21,704

$0

$10,010,133

$13,484

Total TPP

$232,220

$13,363

$333,408

$6,547

$725,340

$3,263

$1,207,973

$9,320

$34,004,198

$105,560

$36,503,138

$49,171

Total Societal

$958,288

$55,145

$1,778,027

$34,915

$5,751,735

$25,871

$4,021,024

$31,024

$34,004,198

$105,560

$46,513,271

$62,655

b

b

RF risk factor, GP General Practitioner, TPP Third-Party Payera Per 100,000 person-years; bElderly were assumed to be economically inactive
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Table 5 Results of scenario analyses over 2002–2012 (2009 excluded) for total recommended population (n = 7,423,675)
Total over the period (% variation compared to base case)
Base case

Scenario 1

Scenario 2

Influenza cases

68,271

58,468 (−14 %)

68,271 (0 %)

GP consultations

47,537

40,711 (−14 %)

47,537 (0 %)

Working days lost

33,091

28,339 (−14 %)

33,091 (0 %)

Hospitalisations

3,522

3,016 (−14 %)

4,095 (16 %)

Deaths

683

585 (−14 %)

693 (1 %)

GP consultations

$1,761,250

$1,508,357 (−14 %)

$1,761,250 (0 %)

Hospitalisations

$34,741,889

$29,750,615 (−14 %)

$38,300,256 (10 %)

Income loss

$10,010,133

$8,572,811 (−14 %)

$10,010,133 (0 %)

Total societal costs

$46,513,271

$39,831,784 (−14 %)

$50,071,639 (8 %)

Outcomes avoided

Influenza-related cost offsets (in A$)

GP general practitioner, Scenario 1: Constant attack rate over study period; Scenario 2: Increased risk of hospitalisation and death for population with risk factor

annually across targeted groups while the estimated
number of GP consultations per year was substantially
higher with 436,000 GP consultations per year. Recently,
Milne et al. [46] estimated, using a dynamic transmission
model, that QIV would have reduced hospitalisations and
deaths by 2.2 and 2.1 % respectively, compared with TIV

A

over 2001–2011 in Albany, Western Australia. Our model
however, estimated the reduction to be 2.4 and 3.7 %
respectively, over 2002–2012. These slightly higher rates
can be explained by a slightly different coverage rate
considered in our model (17.5 vs. 15 %) combined with
the inclusion of 2012, a year with high B mismatch.

Average influenza attack rate
B lineage cross-protection (TIV)
% influenza B among all strains
% mismatched B lineage
Vaccine coverage rate
% population with risk factor
30
40
50
60
70
80
90
100 110
Additional influenza cases avoided (in thousands)

120

B

B lineage cross-protection (TIV)
% influenza B among all strains
% mismatched B lineage
Cost of hospitalisation
Hospitalisation rate
Vaccine coverage rate
Average influenza attack rate
GP consultation rate
% population with risk factor
Cost of GP consultation
Working days lost per GP consultation
20
High value

25

30
35
40
45
50
55
60
65
Total societal costs avoided (in millions A$)

70

Low value

Fig. 2 Deterministic sensitivity analyses on total influenza cases avoided (a) and societal cost offsets (b) over the period 2002–2012 (2009 excluded).
High value: results of the model when the parameter value is set to the lower bound of the parameter range. Low value: results of the model when
the parameter value is set to the upper bound of the parameter range. Example of interpretation for Fig. 2b: In the base case, QIV was estimated to
lead to the avoidance of $46.5 million in societal costs. When considering the lower and upper bounds of the estimated degree of B lineage crossprotection, cost offsets were estimated to be A$ 66.2 million and A$ 26.8 million respectively. Lower and higher bounds used in the deterministic
sensitivity analyses are available in Additional file 1. Abbreviations: GP: general practitioner; TIV: trivalent influenza vaccine
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There are limitations in the available data, common to
most influenza simulation models [47], which affected
our analysis. To address the impact of the following limitations, we conducted a number of scenario analyses
and sensitivity analyses.
Firstly, in the absence of reliable data to estimate the
annual incidence of influenza across age groups for a
given country and period in time, extrapolations were
made in order to derive season-specific incidences over
2002–2012. Because the randomized clinical trials
considered in the calculations of average age-specific influenza attack rates were not specific to Australia and to
the period of analysis, and because the distribution of
these average rates relied on local surveillance data
which might be biased due to changes in the surveillance
networks over the years, the obtained seasonal
incidences could very well be different from what really
happened in Australia over the period 2002–2012.
Secondly, as no Australian data were available, probabilities of GP consultation following influenza infection
were taken from a US study, while the number of
workdays lost per influenza infection were derived from
European literature. These estimates are likely to be
underestimated since Australia ranks well internationally
in terms of health care accessibility, with nearly 85 %
of Australians consulting a GP at least once a year as
against less than 70 % in the US [48], and also in terms
of social security in general. Moreover, the range of
values tested in the sensitivity analyses were sufficiently
wide to cover the range of estimates reported in the
literature for developed countries, such as the GP
consultation rates considered in Preaud et al. [49] for
people with risk factors in Europe (32–70 %) and the
range of the mean number of working days lost per
episode following physician diagnosis of influenza (3.7–
5.9 days) as reported in an international review [50].
Sensitivity analyses supported the fact that these parameters did not have a critical impact on the model outcomes, with a maximum of 12 % variability around
base case values of societal costs avoided with QIV.
People with risk factors are known to be at increased risk of influenza complications, but there
were no robust data available to estimate the influenza burden for such people. The main analysis, in
which we considered estimates for the general population across all age groups, is likely to underestimate
the impact of QIV in people aged 6 months to
64 years with risk factors. We ran a scenario analysis
to provide an estimate of this underestimation, while
also assuming the same influenza strain distribution
for all age groups. If strain distributions specific to
each age group would have been available, the estimated impact of QIV may have been slightly lower
since the majority of hospitalisations and deaths
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related to influenza occur in the elderly and in very
young children (<6 months) [3], the latter group not
being directly eligible for influenza vaccination. Indeed, limited evidence showed that although influenza
B causes disease in all age groups, its incidence relative to influenza A appears to be highest among older
children and young adults [51, 52]. Finally, resource
use was assumed to be similar for all influenza types,
supported by the findings of a recent prospective
study which found no difference in clinical features
between cases due to influenza type A and type B
over four seasons [53].
Overall, the influenza-related costs avoided, estimated
by the model are likely to be conservative as they do not
reflect the entire economic burden avoided in Australia.
Medical costs of death, medication costs or laboratory
tests, transportation costs as well as potential higher
costs for care delivered in a private setting were omitted,
indirect costs did not include societal costs of premature
death and the loss of working days due to hospitalisations, and furthermore, the analysis only accounted for
part of the Australian population.
Finally, some additional analyses and improvements of
the model should be considered in future research. Firstly,
vaccination costs that were not taken into account in our
study as we mainly focused on the medical costs and loss
of productivity related to influenza could be included, following which a cost-effectiveness analysis could be conducted taking into consideration the vaccination costs
associated with QIV and TIV. Secondly, because of the
scarcity of local data, we used a static model to estimate
the impact of QIV. Static models are unable to account
for changes in the force of infection arising from the reduction in the prevalence of infectious individuals that
can be brought about by vaccination or acquired immunity [54]. These models are only able to capture the impact
of direct protection at the very start of an influenza season, resulting potentially in the underestimation of the
benefits of vaccination compared to dynamic models. In
addition, static models do not take into account different
contact rates between individuals according to their age or
social characteristics, which have an impact on the transmission of influenza strains across population groups.
However, as dynamic modelling is a complex approach
which requires extensive data, subject to data availability,
a further step could be to refine the estimation of QIV
benefits using a dynamic model.

Conclusions
In Australia, the use of QIV instead of TIV over the
period 2002–2012 could have led to significant reductions
in the number of influenza infections and its related complications, leading to the avoidance of influenza-related
costs. Sensitivity analyses demonstrated that the results

Jamotte et al. BMC Public Health (2016) 16:630

are mainly driven by the characteristics of influenza circulation and the estimated vaccine effectiveness. The use of
QIV instead of TIV is expected to prevent much
influenza-related burden in years with high B circulation
and mismatch.

Page 11 of 12

2.

3.
4.
5.

Additional files
Additional file 1: Input parameters for the deterministic sensitivity
analyses. The table contains the low and high values for every parameter
which was tested in the deterministic sensitivity analyses as well as the
sources for these values. (XLSX 15 kb)
Abbreviations
A$, Australian dollar; GP, general practitioner; QIV, quadrivalent influenza
vaccine; TIV, trivalent influenza vaccine; TPP, third-party payer

6.

7.

8.
9.

Acknowledgments
The authors thank Emilie Clay from Creativ-Ceutical and Julie Roïz for their
fruitful insights. We acknowledge the editorial assistance of Creativ-Ceutical.
Funding
This research was founded by Sanofi Pasteur. Sanofi Pasteur reviewed and
validated the study design, data collection, interpretation of results, and the
contents of the manuscript.
Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article and its Additional file 1.
Authors’ contributions
AJ collected the data, performed the study and wrote the paper, with inputs
and review from CFC, AM, BM and MT. All authors discussed the results and
their implications, edited and commented on the paper. All authors read
and approved the final manuscript.
Competing interests
AJ is an employee of Creativ-Ceutical which received funding from Sanofi
Pasteur for this study. MT is the CEO of Creativ-Ceutical. BM is an employee
of Sanofi Pasteur. Andrew Manton is an employee of Commercial Eyes which
also received funding from Sanofi Pasteur for input to the study. CFC was an
employee of Sanofi Pasteur when the work was conducted. The authors
declare that they have no other competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.

10.

11.

12.
13.

14.

15.

16.

17.
18.

19.
20.
21.

Author details
1
Creativ-Ceutical, 215 rue du Faubourg Saint Honoré, 75008 Paris, France.
2
Sanofi Pasteur Asia Pacific, 38 Beach Rd, #18-11, South Beach Tower,
Singapore 189767, Singapore. 3Commercial Eyes, Level 11 500 Collins Street,
Melbourne, VIC 3000, Australia. 4Sanofi Pasteur Global, 2, Avenue Pont
Pasteur, 69007 Lyon, France. 5Public Health Laboratory, Faculty of Medicine,
Aix-Marseille University, 27 boulevard Jean Moulin, 13385 Marseille Cedex 05,
France. 6Present Address: Takeda Development Center Asia, Pte. Ltd, 21
Biopolis Road, Nucleos North Tower, Level 4, Singapore 138567, Singapore.

22.

23.
24.

Received: 8 March 2016 Accepted: 13 July 2016
25.
References
1. Centers for Disease Control and Prevention (CDC). People at High Risk of
Developing Flu–Related Complications. http://www.cdc.gov/flu/about/
disease/high_risk.htm. Accessed 01 Mar 2016.

26.

Harper SA, Fukuda K, Uyeki TM, Cox NJ, Bridges CB. Prevention and control
of influenza: recommendations of the advisory committee on immunization
practices (ACIP). MMWR Recomm Rep. 2004;53:1–40.
Newall AT, Scuffham PA. Influenza-related disease: the cost to the Australian
healthcare system. Vaccine. 2008;26:6818–23.
World Health Organization (WHO). Influenza Fact sheet n°211. 2014. http://
www.who.int/mediacentre/factsheets/fs211/en/. Accessed 01 Mar 2016.
Centers for Disease Control and Prevention (CDC). Vaccine Effectiveness How well does the flu vaccine work ? http://www.cdc.gov/flu/about/qa/
vaccineeffect.htm. Accessed 01 Mar 2016.
Australian Technical Advisory Group on Immunisation (ATAGI). The
Australian immunisation handbook 10th ed (2015 update). Canberra:
Australian Government Department of Health; 2015.
Australian Government Department of Health. Immunise Australia Program.
National Immunisation Program 2015 seasonal flu shot. http://www.
immunise.health.gov.au/internet/immunise/publishing.nsf/Content/
immunise-influenza. Accessed 15 Jan 2016.
World Health Organization (WHO). Vaccines against influenza WHO position
paper – November 2012. Wkly Epidemiol Rec. 2012;87:461–76.
Commission of the European Communities. Council recommendation on
seasonal influenza vaccination. 2009.
Centers for Disease Control and Prevention (CDC). CDC’s Advisory
Committee on Immunization Practices (ACIP) Recommends Universal
Annual Influenza Vaccination. 2010. http://www.cdc.gov/media/pressrel/
2010/r100224.htm. Accessed 01 Mar 2016.
WHO recommendations on the composition of influenza virus vaccines
2002–2012. http://www.who.int/influenza/vaccines/virus/recommendations/
en/. Accessed 01 Mar 2016.
Barr IG, Jelley LL. The coming era of quadrivalent human influenza vaccines:
who will benefit? Drugs. 2012;72:2177–85.
Jennings Z, Carter I, McPhie K, Kok J, Dwyer DE. Increased prevalence of
influenza B/Victoria lineage viruses during early stages of the 2015 influenza
season in New South Wales, Australia: implications for vaccination and
planning. Eurosurveillance. 2015. http://www.eurosurveillance.org/
ViewArticle.aspx?ArticleId=21201. Accessed 18 Jul 2016.
Tricco AC, Chit A, Soobiah C, Hallett D, Meier G, Chen MH, et al. Comparing
influenza vaccine efficacy against mismatched and matched strains: a
systematic review and meta-analysis. BMC Med. 2013;11:153.
DiazGranados CA, Denis M, Plotkin S. Seasonal influenza vaccine efficacy
and its determinants in children and non-elderly adults: a systematic review
with meta-analyses of controlled trials. Vaccine. 2012;31:49–57.
Reed C, Meltzer MI, Finelli L, Fiore A. Public health impact of including two
lineages of influenza B in a quadrivalent seasonal influenza vaccine. Vaccine.
2012;30:1993–8.
Lee BY, Bartsch SM, Willig AM. The economic value of a quadrivalent versus
trivalent influenza vaccine. Vaccine. 2012;30:7443–6.
Therapeutic Good Administration (TGA). 2015 seasonal influenza vaccines.
2015. https://www.tga.gov.au/media-release/2015-seasonal-influenzavaccines. Accessed 02 Mar 2016.
Australian Bureau of Statistics (ABS). Australian Health Survey 2011–2013.
http://www.abs.gov.au/australianhealthsurvey. Accessed 02 Mar 2016.
Russel ME, Snell R, Thompson D, May E, Stewart S. Uncovering the burden
of angina pectoris in Australia. Heart Lung Circ. 2004;13:S62–S3.
Katzenellenbogen JM, Sanfilippo FM, Hobbs MS, Briffa TG, Ridout SC, Knuiman MW,
et al. Variable effects of prevalence correction of population denominators on
differentials in myocardial infarction incidence: a record linkage study in aboriginal
and non-aboriginal Western Australians. J Clin Epidemiol. 2011;64:658–66.
Australian Bureau of Statistics (ABS). Australian Demographic Statistics. 2012.
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3101.
0Dec%202012?OpenDocument. Accessed 02 Mar 2016.
Jefferson T, Rivetti A, Di PC, Demicheli V, Ferroni E. Vaccines for preventing
influenza in healthy children. Cochrane Database Syst Rev. 2012;8:CD004879.
Jefferson T, Di PC, Rivetti A, Bawazeer GA, Al-Ansary LA, Ferroni E. Vaccines
for preventing influenza in healthy adults. Cochrane Database Syst Rev.
2010;7:CD001269.
Jefferson T, Di PC, Al-Ansary LA, Ferroni E, Thorning S, Thomas RE. Vaccines for
preventing influenza in the elderly. Cochrane Database Syst Rev. 2010;2:CD004876.
Australian Government Department of Health. Annual report of the National
Notifiable Diseases Surveillance System. https://www.health.gov.au/internet/
main/publishing.nsf/Content/cda-pubs-annlrpt-nndssar.htm. Accessed 01
Mar 2016.

Jamotte et al. BMC Public Health (2016) 16:630

27. World Health Organization (WHO) Collaborating Centre for Reference and
Research on Influenza. http://www.influenzacentre.org/.
Accessed 01 Mar 2016.
28. World Health Organization (WHO). FluNet. Laboratory confirmed data from
the Global Influenza Surveillance and Response System (GISRS)..http://www.
who.int/influenza/gisrs_laboratory/flunet/en/. Accessed 02 Mar 2016.
29. Australian Institute of Health and Welfare (AIHW). 2009 Adult Vaccination
Survey: summary results. http://www.aihw.gov.au/publication-detail/
?id=10737418409. Accessed 02 Mar 2016.
30. Newcombe J, Kaur R, Wood N, Seale H, Palasanthiran P, Snelling T.
Prevalence and determinants of influenza vaccine coverage at tertiary
pediatric hospitals. Vaccine. 2014;32:6364–8.
31. Clements KM, Meier G, McGarry LJ, Pruttivarasin N, Misurski DA. Costeffectiveness analysis of universal influenza vaccination with quadrivalent
inactivated vaccine in the United States. Hum Vaccin Immunother.
2014;10:1171–80.
32. Molinari NA, Ortega-Sanchez IR, Messonnier ML, Thompson WW, Wortley
PM, Weintraub E, et al. The annual impact of seasonal influenza in the US:
measuring disease burden and costs. Vaccine. 2007;25:5086–96.
33. Newall AT, Wood JG, Macintyre CR. Influenza-related hospitalisation and
death in Australians aged 50 years and older. Vaccine. 2008;26:2135–41.
34. Australian Government Department of Health. Medicare Benefits Schedule.
http://www.mbsonline.gov.au/internet/mbsonline/publishing.nsf/Content/
Home. Accessed 02 Mar 2016.
35. The Independent Hospital Pricing Authority (IHPA). National Hospital Cost
Data Collection Australian Public Hospitals Cost Report 2011–2012, Round
16. https://www.ihpa.gov.au/publications/nhcdc-australian-public-hospitalscost-report-2011-2012-round-16. Accessed 01 Mar 2016.
36. Australian Institute of Health and Welfare (AIHW). Australian refined
diagnosis-related groups (AR-DRG) data cubes 2011–12 to 2012–13. http://
www.aihw.gov.au/hospitals-data/ar-drg-data-cubes/. Accessed 01 Mar 2016.
37. Australian Bureau of Statistics (ABS). Consumer Price Index. http://www.abs.
gov.au/AUSSTATS/abs@.nsf/DetailsPage/6401.
0Sep%202014?OpenDocument. Accessed 02 Mar 2016.
38. Carrat F, Sahler C, Rogez S, Leruez-Ville M, Freymuth F, Le GC, et al.
Influenza burden of illness: estimates from a national prospective survey of
household contacts in France. Arch Intern Med. 2002;162:1842–8.
39. Esposito S, Cantarutti L, Molteni CG, Daleno C, Scala A, Tagliabue C, et al.
Clinical manifestations and socio-economic impact of influenza among
healthy children in the community. J Infect. 2011;62:379–87.
40. Australian Bureau of Statistics (ABS). Labour Force. 2014. http://www.abs.
gov.au/AUSSTATS/abs@.nsf/DetailsPage/6202.
0May%202014?OpenDocument. Accessed 02 Mar 2016.
41. Australian Bureau of Statistics (ABS). Employee Earnings and Hours, Australia,
May 2014. http://www.abs.gov.au/AUSSTATS/abs@.nsf/Latestproducts/6306.
0Main%20Features2May%202014?opendocument&tabname=Summary
&prodno=6306.0&issue=May%202014&num=&view=. Accessed 02 Mar 2016.
42. Prosser LA, Lavelle TA, Fiore AE, Bridges CB, Reed C, Jain S, et al. Costeffectiveness of 2009 pandemic influenza A(H1N1) vaccination in the United
States. PLoS One. 2011;6:e22308.
43. O’Brien MA, Uyeki TM, Shay DK, Thompson WW, Kleinman K, McAdam A,
et al. Incidence of outpatient visits and hospitalizations related to influenza
in infants and young children. Pediatrics. 2004;113:585–93.
44. Mullooly JP, Bridges CB, Thompson WW, Chen J, Weintraub E, Jackson LA,
et al. Influenza- and RSV-associated hospitalizations among adults. Vaccine.
2007;25:846–55.
45. Vijaykrishna D, Holmes EC, Joseph U, Fourment M, Su YC, Halpin R, et al.
The contrasting phylodynamics of human influenza B viruses. Elife.
2015;4:e05055.
46. Milne GJ, Halder N, Kelso JK, Barr IG, Moyes J, Kahn K, et al. Trivalent and
quadrivalent influenza vaccination effectiveness in Australia and South
Africa: results from a modelling study. Influenza Other Respir Viruses. 2016;
10(4):324–32.
47. Van Bellinghen LA, Meier G, Van VI. The potential cost-effectiveness of
quadrivalent versus trivalent influenza vaccine in elderly people and clinical
risk groups in the UK: a lifetime multi-cohort model. PLoS One.
2014;9:e98437.
48. van Doorslaer E, Masseria C, Koolman X, Group OHER. Inequalities in access
to medical care by income in developed countries. CMAJ. 2006;174:177–83.

Page 12 of 12

49. Preaud E, Durand L, Macabeo B, Farkas N, Sloesen B, Palache A, et al. Annual
public health and economic benefits of seasonal influenza vaccination: a
European estimate. BMC Public Health. 2014;14:813.
50. Keech M, Beardsworth P. The impact of influenza on working days lost: a
review of the literature. Pharmacoeconomics. 2008;26:911–24.
51. Belshe RB. The need for quadrivalent vaccine against seasonal influenza.
Vaccine. 2010;28 Suppl 4:D45–53.
52. Ambrose CS, Levin MJ. The rationale for quadrivalent influenza vaccines.
Hum Vaccin Immunother. 2012;8:81–8.
53. Irving SA, Patel DC, Kieke BA, Donahue JG, Vandermause MF, Shay DK, et al.
Comparison of clinical features and outcomes of medically attended
influenza A and influenza B in a defined population over four seasons:
2004–2005 through 2007–2008. Influenza Other Respir Viruses. 2012;6:37–43.
54. World Health Organization. WHO guide for standardization of economic
evaluations of immunization programmes. 2008. http://apps.who.int/iris/
bitstream/10665/69981/1/WHO_IVB_08.14_eng.pdf. Accessed 29 Apr 2016.
55. Australian Department of Health. National notifiable diseases surveillance
annual reports 2002–2012. 2015.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

