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Ardclf? history: Introduction: Influenza causes a significant burden among Australian adults aged 50-64, however, vac-
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enza vaccinations in this age group only for those at high risk of influenza complications.

Aims: The main aim of this study was to determine whether a strategy of expanding the government-
funded vaccination program to all adults 50-64 in preventing influenza-related hospitalisations will be
cost beneficial to the government.

Methods: A cost-benefit analysis from a governmental perspective was performed using parameters
Vaccination informed by publicly available databases and published literature. Costs included cost of vaccinations
Economic evaluation and general practitioner consultation while benefits included the savings from averted respiratory and
Cost-benefit analysis acute myocardial infarction (AMI) hospitalisations.

Results: In the base-case scenario, the proposed policy would prevent 314 influenza/pneumonia, 388
other respiratory and 1482 AMI hospitalisations in a year. The government would save $8.03 million with
an incremental benefit-cost ratio of 1.40. Most savings were due to averted AMI hospitalisations. In alter-
native scenarios cost savings ranged from saving of $31.4 million to additional cost to the government of
$15.4 million, with sensitive variation in vaccine administration practices (through general practitioner
or pharmacists) and vaccine effectiveness estimates.

Discussion: Extension of the NIP to include adults 50-64 years of age is likely to be cost beneficial to the
government, although this finding is sensitive to vaccine administration cost, which varies if provided
through general practitioners or pharmacists; and to variation in vaccine effectiveness. An increased role
of pharmacists in immunisation programs would likely result in cost savings in an expanded adult immu-
nisation program.
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1. Introduction

Abbreviations: ACS, acute coronary syndrome; AMI, acute myocardial infarction; Influenza causes significant morbidity and mortality as well as
AR-DRG, Australian Refined Diagnosis Related Groups; ED, emergency department; an economic burden on the healthcare system and society [1,2].

GP, general practitioner; ICD, International Classification of Disease; ILI, influenza- . . . h ffecti hod of h d
like-illness; MACE, major adverse cardiovascular event; NEP, National Efficient Vaccination remains the most effective method of prevention an

Price; NHMD, National Hospital Morbidity Database; NIP, National Immunisation is recommended for all persons >6 months of age and strongly
Program; RTI, respiratory tract infection; RCT, randomised-controlled trial. recommended for high-risk groups, which includes all
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(e.g. cardiac disease, chronic respiratory disease and immunocom-
promising disease), pregnant women and children <5 years of age
[3]. Since 1999, vaccines for those >65 have been provided free
in Australia through the National Immunisation Program (NIP) as
an effort to increase uptake. In 2010, this was extended to include
adults <65 with certain medical conditions [4]. However, vaccina-
tion rates outside these high-risk groups remain poor. Coverage
rates are below 50% among adults aged 50-64 years old despite
influenza annually contributing to approximately 2800 excess res-
piratory hospitalisations and costing the Australian healthcare sys-
tem about A$15 million in hospitalisation and general practitioner
(GP) costs in this age group [2,5,6].

These estimates are also conservative as only the respiratory
burden of influenza was considered. Increasing evidence suggest a
contribution of influenza to coronary heart disease, by specific and
non-specific mechanisms affecting the inflammatory and coagula-
tion pathway [7-11]. Observational case-control studies have found
that acute myocardial infarction (AMI) cases are related to
laboratory-confirmed influenza infection, influenza-like-illness
(ILI) and respiratory tract infection (RTI) [10]. Unsurprisingly, vacci-
nation has been associated with a lower risk of AMI and composite
cardiovascular endpoints in observational studies as well as
randomised-controlled trials (RCTs), namely the FLUCAD and
FLUVACS studies involving 301 participants with either MI or
percutaneous coronary intervention (PCI) and 658 participants with
coronary artery disease respectively [10,12,13]. Economically, vac-
cination of patients with acute coronary syndrome (ACS) is cost
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effective in reducing hospitalisation costs of major adverse cardio-
vascular endpoints [14].

Coronary heart disease is the greatest contributor of disease
burden among the 45-64-year age group in Australia, and there
may be a significant benefit in improving influenza vaccination
rates [15]. This could be achieved by providing free influenza vac-
cinations to those >50years old. Age-based immunisation pro-
grams can result in greater increases of vaccination coverage
compared to risk-based programs [16,17].

In Australia, universal vaccination among those aged 50-64 has
been the subject of previous cost effectiveness analyses and have
shown promising results [18,19]. Studies in the United States, Uni-
ted Kingdom and Europe have found favourable results in studying
vaccination of adults, reporting either net savings or cost-effective
outcomes [20-23]. These evaluations considered the societal per-
spective and did not include the protective effect of influenza vacci-
nation against AMI. This study aimed to determine the costs and
benefits to the government in hospitalisation costs in funding a
universal influenza immunisation program for all Australians aged
50-64.

2. Methods

A cost-benefit model was developed to determine the difference
in costs of an influenza vaccination program for all adults 50-
64 years old compared to current eligibility of adults 50-64 with
certain underlying medical conditions. The primary outcome

Table 1
Parameters and values used for sensitivity analysis.
Parameter Base-case Sensitivity analysis values (low value, Source
value high value)
Population 4,379,216 Australian Bureau of Statistics [24]
Vaccine coverage of general population aged 50-64
Existing policy 46% (30,55) Newspoll Omnibus Survey on Adult Flu
Proposed policy 73% Vaccinations [5]
Vaccine coverage among high risk group aged 50-64 51% Cheng, 2017 [25]
Vaccine administration at GP
Existing policy 73% (0,100) Newspoll Omnibus Survey on Adult Flu
Proposed policy 50%" Vaccinations [5]
Vaccine administration at pharmacy
Existing policy - (0,100)
Proposed policy 50%"
Vaccine administration at work
Existing policy 21% Newspoll Omnibus Survey on Adult Flu
Proposed policy 21% Vaccinations [5]
Vaccine efficacy/effectiveness
Against influenza/pneumonia and respiratory 59% (51, 67) Osterholm, 2012 [27]
hospitalisations
Against AMI hospitalisations 29% (9, 44) Barnes, 2015 [10]
Hospitalisation rates
Influenza/pneumonia 32.8 per Moa, 2018 [28]National Hospital Morbidity
100,000 Database [29]
Other respiratory 40.5 per [28,29]
100,000
AMI 374.5 per [29]
100,000
Costs
Vaccine dose $11.88 Mogasale, 2011 [19]
GP administration $18.53 Medicare Benefits Schedule [31]
Hospitalisation costs
Influenza/pneumonia $ 6277 Independent Hospital Pricing Authority [32]
Other respiratory $ 5234 [32]
AMI $16,124 Heart Foundation [34]

AMI - Acute myocardial infarction.
" Excluding the population vaccinated at work.
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variable is the incremental benefit-cost ratio comprising of costs of
additional vaccinations as well as general practitioner consulta-
tions and benefits (cost savings) due to averted influenza-
associated respiratory and AMI hospitalisations. A governmental
perspective was taken, and the timeframe of analysis
was 2017-18.

2.1. Parameters

Parameter assumptions (Table 1) were informed by information
from public databases, published literature and one set of unpub-
lished data.

2.2. Population

The population of adults aged 50-64 was estimated from the
Australian demographic statistics [24]. The population at high risk
of developing influenza-related complications was estimated using
Newall’s et al. assumption of 30% [18].

2.3. Vaccine parameters

Vaccine coverage among the 50-64 year age group was esti-
mated at 46% from a Department of Health-commissioned survey
[5]. Coverage among persons at high risk of influenza-related com-
plications and therefore eligible for free vaccination under existing
policy was estimated using the Influenza Complications Alert Net-
work (FIuCAN) [25]. In the new policy it was assumed that vaccine
uptake among those 50-64 years of age would increase to that of
the coverage among those >65 years of age, i.e. 73% [5,25].

Vaccine administration practices, whether vaccines are admin-
istered by a GP or otherwise, influence the cost to the government
as GP consultations are covered by the government under the
Medicare Benefits Schedule. The proportion of vaccinated persons
aged 50-64 vaccinated by a GP in 2014 was estimated to be 73%
[5]. The proportion of persons receiving their vaccination at work,
and thus not incurring a cost to the government, was estimated to
be 21% and assumed not to change with the new policy. In 2015-
17, vaccinations started to be administered by pharmacists [26].
For the base-case scenario of the new policy, we assumed that of
the remainder of persons not receiving vaccinations at work, 50%
would be vaccinated by a GP and 50% by pharmacists.

Vaccine efficacy against influenza-attributable influenza/pneu-
monia and other respiratory hospitalisations was estimated to be
59% from a meta-analysis of RCTs that determined efficacy of triva-
lent inactivated vaccine against laboratory-confirmed influenza in
adults 18-64 years of age [27]. Effectiveness against AMI was esti-
mated at 29% from a meta-analysis of case-control studies [10].

2.4. Disease estimates

Rates of influenza-attributable influenza/pneumonia [Interna-
tional Classification of Disease (ICD)-10-AM codes J09-18] and other
respiratory hospitalisations were obtained from a modelling study
of average seasonal influenza-attributable respiratory hospitalisa-
tions in Australia from 2001 to 2013 [28]. This study used age groups
0-14, 15-64, 65-84 and >85 years. To estimate counts of hospitali-
sations for the 50-64 age group, the National Hospital Morbidity
Database (NHMD) principal diagnosis data cubes were used to esti-
mate the proportion of ICD-coded influenza/pneumonia (ICD-10-
AM ]J09-18) hospitalisations among the 50-64 year old age group
within the 15-64 year old age group [29]. Hospitalisations were
excluded for the year 2008-2009 and 2009-2010 due to the 2009
pandemic. The proportion was then multiplied by the hospitalisa-
tion counts from the modelling study to obtain hospitalisation

counts among 50-64-year-olds. AMI hospitalisation counts were
obtained from the NHMD (ICD-10-AM codes 121 and 122) [29].
Rates of hospitalisations was then calculated using the formula:

Estimated Hospitalisation counts
Estimated Australian resident population for age group 50 — 64 June 2017

x 100,000

2.5. Averted hospitalisations

Calculation of averted hospitalisations was done using a model
obtained from Reed et al. [30]. The model predicts the net differ-
ence in hospitalisations between the existing and new policy.
Firstly, the expected rate of hospitalisations in a scenario of no
influenza vaccination is calculated using the following formula:

Expected rate without vaccination

__observed rate in existing policy
- 1—VCq,p x VE

where VC,, - vaccine coverage of existing policy, VE - vaccine
effectiveness.

The expected rate of hospitalisations under the new policy is
then calculated using the following formula:

Expected rate with new vaccination policy

= expected rate without vaccination x (1 — VG, x VE)

where VC,, - vaccine coverage under the new policy.

The number of hospitalisations were calculated by multiplying
the rate by the estimated population. The difference in hospitalisa-
tions between the existing and new policy represents the averted
hospitalisations.

2.6. Cost estimates

2.6.1. Vaccine costs

The price of vaccines purchased by the government is not pub-
licly available. This cost was estimated at $11.88 from Mogasale
and Barendregt, whom estimated cost from the period when influ-
enza vaccinations were purchased under the Pharmaceutical Ben-
efits Scheme [19]. The number of persons aged 50-64 assumed
to be vaccinated under the existing NIP was estimated as the vac-
cine coverage among those at high risk of influenza-complications.
The cost of GP-administered vaccination was assumed to be 50% of
a Level B consultation, as was assumed by Mogasale and Baren-
dregt [19,31]. It was assumed that the government does not bear
any costs for vaccines administered by pharmacies besides that
of the vaccine.

2.6.2. Health costs

2.6.2.1. Influenza/pneumonia and other respiratory hospitalisa-
tions. The average cost of influenza/pneumonia and other respira-
tory hospitalisations was estimated from the National Efficient
Price (NEP) Determination 2017-18 [32]. The report provides price
weight tables for admitted acute patients according to Australian
Refined Diagnosis Related Groups (AR-DRGs). The AR-DRGs used
are as follows:

Influenza/Pneumonia:

E62A Respiratory Infections/Inflammations, Major Complexity
E62B Respiratory Infections/Inflammations, Minor Complexity

Other respiratory:

All E - codes excluding E62A and E62B
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The average price weight of an inlier of these AR-DRGs was
determined, weighted by number of separations of the correspond-
ing DRGs from the NHMD [33]. The average price weight was then
multiplied by the NEP of $4910 per National Weighted Activity
Unit to determine the average cost per hospitalisation.

2.6.2.2. Acute myocardial infarction hospitalisations. The cost of AMI
hospitalisations was obtained from an economic report of the costs
of acute coronary syndrome to the Australian Government [34].
Using custom requested data from AIHW, the authors forecasted
the number of ST elevation MI (STEMI) and non-ST elevation MI
(NSTEMI) separations and respective costs for the year 2017-18
for the 45-64 age group. These costs were weighted by the number
of separations also forecasted by the authors prior to calculation of
the average cost of an AMI hospitalisation.

2.6.2.3. Benefit-cost ratio. Benefit-cost ratio was calculated as the
total incremental benefits (costs of averted hospitalisations)
divided by the total incremental costs (costs of vaccine and GP
administration).

2.6.3. Sensitivity analysis

Vaccine effectiveness, vaccine administration and vaccine
coverage were estimated to have significant effects on outcomes.
Sensitivity analysis was performed on influenza vaccine effective-
ness against respiratory and AMI hospitalisations using the
maximum and minimum values of the 95% CI provided by the
respective studies (Respiratory: 51% and 67%; AMI: 9% and 44%)
(10, 27). Scenarios of varying proportions of GP or pharmacy vacci-
nation was also analysed, i.e. 100% at GP or 100% at pharmacies.
Variable existing vaccine coverage rates of 30% and 55% were also
analysed.

3. Results

Extension of the current NIP to include adults 50-64 would
increase the number of government-funded vaccinations from
529,316 to 2,525,494 in the base-case scenario.

3.1. Health outcomes

Increasing vaccine coverage through the proposed policy would
result in averted respiratory and AMI hospitalisations (Table 2). In
the base-case scenario, the new policy would prevent 314 influen-
za/pneumonia, 388 other respiratory (22% difference) and 1482
AMI hospitalisations (9% difference).

3.2. Cost outcomes

The cost or savings incurred by the government were calculated
as the difference in costs of the proposed and existing policy, with
cost indicated by a positive number and savings in brackets
(Table 3). Implementation of the proposed policy will result in
the government saving $8.03 million. Additional costs incurred
by the new policy include only the cost of purchasing more vac-

Table 2
Base-case hospitalisation outcomes.

Table 3
Base-case cost outcomes.
Type of cost Existing Proposed Incremental
policy ($) policy ($) Cost
(Saving) ($)
Costs
Vaccine 6,288,272 30,002,867 23,714,595
GP administration 27,249,120 23,398,701 (3,850,419)
Total costs 33,537,392 53,401,568 19,864,176
Benefits
Influenza/pneumonia 9,017,666 7,046,057 (1,971,609)
Other respiratory 9,289,579 7,258,520 (2,031,060)
AMI 264,461,255 240,566,360  (23,894,895)
Total benefits 282,768,501 254,870,937 (27,897,564)
Total net cost (savings) (8,033,388)
Incremental Benefit-cost ratio 1.40

AMI - Acute myocardial infarction.

cines. Averted GP visits due to assumed increase of pharmacist vac-
cination will result in savings of $3.85 million.

Most of the savings in hospitalisation costs is due to the reduc-
tion of AMI hospitalisations, saving the government $23.9 million
compared to respiratory hospitalisations saving $4.0 million when
combined.

The calculated incremental benefit-cost ratio is 1.40, meaning
that for every additional $1 the government spends on the new
policy it will receive a return of $1.40.

3.3. Alternative scenarios

Varying vaccine administration between the GP and pharmacies
had a significant effect on costs (Table 4). The scenario of 100%
pharmacy vaccination resulted in net savings increasing to $31.4
million. As the savings in GP administration costs was greater than

Table 4
Alternative scenario cost outcomes.

Net cost (saving) ($) Benefit-cost ratio

Base-case
(8,033,388) 1.40

Vaccine administration

100% Pharmacy (31,432,088) indeterminate*

100% GP 15,365,313 0.64
Existing vaccine coverage

High estimate (55% (4,769,983) 1.33

Low estimate (30%) (12,422,137) 1.42
Vaccine efficacy/effectiveness
Respiratory

High estimate (67%) (8,817,913) 1.44

Low estimate (51%) (7,324,301) 1.37
AMI

High estimate (44%) (23,529,161) 2.18

Low estimate (9%) 9,157,555 0.54

AMI - Acute myocardial infarction.
" As there was zero incremental cost of vaccination in the scenario of 100%
pharmacy administration, the benefit-cost ratio was indeterminate.

Hospitalisations (n)

Existing policy Proposed policy Averted” Percentage difference
Influenza/Pneumonia 1437 1122 314 22%
Other Respiratory 1775 1387 388 22%
AMI 16,402 14,920 1482 9%

AMI - Acute myocardial infarction.
" Calculated before rounding.
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the incremental cost of vaccine doses, there was no incremental
cost of the new policy, and thus the incremental benefit-cost ratio
is indeterminate. Conversely, if the vaccines were provided
exclusively at the GP with the associated consultation cost, the
new policy is not cost saving (0.64 incremental benefit-cost ratio)
and would cost the government a net amount of $15.37 million.

Assuming the low estimate of existing vaccine coverage of 30%,
the savings of the program increased to $12.4 million (1.42
incremental benefit-cost ratio). Assuming a high estimate of 55%
coverage reduced the savings to $4.77 million (1.33 incremental
benefit-cost ratio) although still results in a cost-saving program.

Varying vaccine efficacy against respiratory hospitalisations
had less of an effect on cost outcomes compared to effectiveness
against AMI hospitalisations. Assuming the high estimate of effi-
cacy resulted in an additional $0.78 million in savings ($8.82 total
net savings) compared to base-case while the low efficacy estimate
resulted in a $0.71 million reduction in net savings compared to
base-case ($7.32 million total net savings). Both scenarios still
resulted in savings with incremental benefit-cost ratios of 1.44
and 1.37 for the high and low estimate respectively. Assuming
the high estimate of vaccine effectiveness against AMI hospitalisa-
tions increased the net savings of the policy to $23.5 million. Use of
the low estimate resulted in the policy no longer being cost saving
(0.54 incremental benefit-cost ratio) and would cost the govern-
ment an additional $9.2 million.

4. Discussion

The base-case scenario of the proposed universal vaccination
program of Australian adults 50-64 is cost beneficial for the gov-
ernment. The main cost of the new policy was the cost of purchas-
ing additional vaccines. Most savings were from averted AMI
hospitalisations due to the greater number of averted AMI hospi-
talisations compared to respiratory. The estimated cost of an AMI
hospitalisation is also more than twice that of respiratory
hospitalisations.

Previous economic evaluations of a universal vaccination pro-
gram of adults aged 50-64 in Australian were cost-effectiveness
analyses, used different perspectives, did not consider AMI hospi-
talisations averted and used decision analytic models. Direct com-
parison of overall conclusions is thus difficult, but results may be
compared to individual outcomes [18,19]. Newall et al. calculated
an overall net cost of $23.7 million to the government for the
new policy compared to the savings of $8.03 million we found.
Our inclusion of averted AMI hospitalisations is most likely the big-
gest factor in this difference. Another cost-benefit analysis also
estimated that vaccinating healthy working adults would result
in savings of US$13.66 per person vaccinated [20]. The savings
are difficult to compare to ours as this study included adults 18-
64 years of age, used the societal perspective and compared the
vaccination strategy to no vaccination as opposed to our compar-
ison of vaccination in high risk persons.

This study may be one of the first economic evaluations to
incorporate the protective effect of influenza vaccination against
AMI in the Australian setting. In the base-case scenario 1482 AMI
hospitalisations could be averted in the 50-64 age group, resulting
in $23.9 million in savings. Two other economic evaluations of
influenza vaccination against cardiovascular disease in Korea and
Thailand also reported cost-effective outcomes [14,35]. Suh et al.
estimated that vaccination would prevent 16,514 major adverse
cardiovascular event (MACE)-related hospitalisations among
patients with ACS and save US$86.2 million. This suggests that
there is a significant potential amount of savings if vaccine cover-
age can be increased among those at risk of ACS.

Influenza vaccination is believed to reduce the risk of AMI by
preventing acute infections and related inflammatory-mediated

plaque disruption, thrombus formation and occlusion [8]. There-
fore, the cardioprotective effects of influenza vaccination may
extend from AMI to ACS. AMI was chosen as the endpoint in this
study as it was a definitive outcome for which diagnosis codes
could be assigned. There was also the availability of a vaccine effec-
tiveness measure against AMI obtained from Barnes et al. that
could be used in the model. Other possible endpoints that could
be analysed include ACS and MACE, which would likely increase
the cost savings observed. However, randomised-control vaccine
effectiveness studies using these endpoints vary in their definitions
of MACE and have relatively small sample sizes [12,13,36].
Nonetheless, they show efficacy against MACE. This highlights
the need for continued research in this area in the form of large-
scale prospective RCTs to obtain more accurate effectiveness
measures.

Pharmacist vaccination has only been introduced in Australia in
the last few years, and the 50-64 age group may be ideally suited
for vaccination in pharmacies. Studies have argued the case for an
increased role of non-traditional vaccination settings in improving
cost-savings as well as improving accessibility [37,38]. Distribution
of vaccine administration between GPs and pharmacists signifi-
cantly influenced cost outcomes. Savings increased with increased
pharmacist vaccinations while assuming 100% GP vaccination
resulted in the program no longer being cost saving. This is due
to the assumption that there would be no added cost to the gov-
ernment other than the vaccine itself if vaccinations were admin-
istered by pharmacists as opposed to the added cost of GP
consultations. However, these assumptions are simplistic and have
some caveats. If more vaccinations are being provided by pharma-
cists, the workload on pharmacists will increase and may result in
additional costs such as in hiring additional staff. In addition, the
time previously used by GPs for vaccination may be used for more
patient consultations. This study thus likely overestimated the
benefit of pharmacist vaccination. Exclusive vaccination by GPs
was not cost saving and may also result in additional costs not
studied here. As with pharmacists, more vaccination by GPs will
increase their workload and more patients may require costly
emergency department (ED) services instead of visiting a busy GP.

Not all possible costs and benefits were able to be included in
this study. This study focussed on costs and savings to the govern-
ment from the vaccine effect in preventing the initial respiratory
and AMI hospitalisation as this contributes most of the costs of
influenza-related disease. Other direct costs associated with
influenza-related disease include GP visits for ILI, ED visits and
costs of death [2,18]. However, these costs are considered small
relative to hospitalisation costs. For influenza-related respiratory
disease, the cost of GP ILI visits and ED costs combined constitute
<10% of the cost of a hospitalisation [18]. Additional costs of vacci-
nation programs such as equipment, information campaigns, cold
chain maintenance and pharmacist costs were also not considered,
which would increase the true costs of the new policy and under-
estimate its benefit [39]. Other indirect costs such as lost produc-
tivity, medication purchased by the patient and travel costs were
also unable to be included [18]. It is estimated that acute coronary
syndrome alone would cost households $4.83 billion in 2017-18
[40]. The savings presented are thus likely an underestimate of
the true benefits of a universal vaccination program of adults 50-
64 years of age.

Another limitation of this study is the uncertainty of vaccine
impact against respiratory disease. This was estimated from a
meta-analysis of 8 RCTs investigating efficacy against lab-
confirmed influenza [27]. None of these trials were performed in
Australia and there may be some uncertainty in validity due to
the variability in influenza subtype strains across different loca-
tions and seasons [39]. However, sensitivity analysis of varying
efficacy estimates resulted in changes in net savings of less than
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$1 million. This study also estimated the efficacy of trivalent influ-
enza vaccines. Recently, quadrivalent vaccines have been intro-
duced in Australia. A Phase III RCT of a quadrivalent vaccine
found superior immunogenicity for the added B strain and may
thus have improved efficacy against influenza-related hospitalisa-
tions [41]. Herd immunity, which could improve the health out-
comes of vaccination further, was not accounted for in this study
due to the complexity of the required modelling.

Another limitation is the lack of a large scale RCT to measure the
efficacy of influenza vaccine against AMI. Vaccine effectiveness
against AMI hospitalisations was instead estimated from a meta-
analysis of case-control studies [10]. In the absence of large RCTs
of vaccine against AMI, these are a reasonable source of data for
the estimate of vaccine effectiveness, noting relatively narrow con-
fidence intervals in the summary estimate used for our model [10].
Besides the inherent risk of bias in observational studies, the age of
participants of the studies included in this meta-analysis tended to
be older than the target population of our vaccination policy of 50—
64 years. The risk of AMI associated with influenza infection may
be more apparent in the elderly [42], thus benefit of vaccination
may be lower in the 50-64 year age group. However, of the
case-control studies that examined association between AMI and
vaccination by age group, Maclntyre [43] calculated vaccine effec-
tiveness against AMI to be higher in the 40-64-year age group
compared to those >65. There is also the possibility that the lower
rates of AMI occurring in vaccines is due to the “healthy user”
effect. Those whom get vaccinated may practice more health-
promoting behaviour compared to unvaccinated counterparts,
resulting in a lower AMI incidence [44]. The vaccine effectiveness
value in our calculations may thus be an overestimate, reducing
the estimated benefit. However, given the lack of adequately pow-
ered RCTs, case-control studies likely provide the best estimate of
vaccine effectiveness against AMI. The IAMI trial, currently under-
way, may provide more robust data to inform economic studies
[45].

Accuracy of the results are largely dependent on the parame-
ters. Where possible the assumptions were made to reflect the per-
iod of 2017-18 in Australia. However, this was not always possible
due to limitations in data and literature. One instance was in esti-
mating rates of influenza-related respiratory hospitalisations. This
estimate was made based on a modelling study using hospitalisa-
tion counts from 2001 to 2013 as this was the most recent mod-
elling study estimating influenza-related disease in Australia,
thus possibly reducing the accuracy of this estimate in reflecting
rates of disease in the analysed period of 2017-18. However, use
of data from this relatively long 12-year span likely provide a rea-
sonable average of influenza-related disease correcting the yearly
variability of influenza.

Vaccine rates of adults aged 50-64 in the new policy were esti-
mated to increase to the current rate of adults >65, whom cur-
rently receive government-funded vaccinations. This assumption
has been commonly used [19,23]. However, examination of vac-
cine coverage in Ontario, Canada before and after implementation
of a Universal Influenza Immunization Program (UIIP) in 2000 did
not result in coverage of adults 50-64 equalling that of adults >65
prior to the program [46]. Differences with this program and ours
is the extension of providing free vaccinations for the entire popu-
lation as opposed to just adults 50-64 years old, which may have
resulted in a “dilution” of coverage rate increment. However, this
may suggest that the actual increase in coverage rates of our pro-
posed policy may be lower than estimated and reduce the savings
observed.

This study may also overestimate the incremental benefit of the
policy compared to the current policy as some adults that are at
high-risk of AMI such as those with diabetes and ischaemic heart

disease are already being targeted in the current vaccination pro-
gramme. However, vaccine uptake among this group is low, with
only about 50% coverage among all those <65 at high risk of influ-
enza complications due to any comorbidity [25]. The risk of AMI
hospitalisations among the remaining low-risk population may
be lower, resulting in a reduced number of averted hospitalisa-
tions. However, the current Australian vaccination programme
does not target individuals with other risk factors of AMI such as
smoking, hypertension and hypercholesterolaemia, in which sub-
groups may experience considerable averted AMI hospitalisations.
Therefore, we have chosen to use an average AMI hospitalisation
risk of the general population in our calculations to reflect the
real-world risk of AMI. Under the new policy, we also expect that
vaccine coverage rates among both high-risk and low-risk groups
will increase at comparable rates, resulting in considerable incre-
mental averted hospitalisations among current high-risk groups
between the new and existing policy [46].

These results suggest that extending the NIP to Australian
adults 50-64 years old may be cost saving to the government. This
study recognises the substantial uncertainty of parameter assump-
tions such as vaccine administration practices and vaccine effec-
tiveness, particularly against AMI, with vaccine effectiveness
being influential in the analysis. A more refined and in-depth eco-
nomic evaluation such as a cost-effectiveness analysis with appro-
priate thresholds may be useful. Future research such as an
adequately powered RCT to inform vaccine efficacy is also required
to better inform parameters in future economic evaluations. Nev-
ertheless, influenza vaccination should be actively recommended
for adults in this age group to prevent respiratory and cardiovascu-
lar disease. An increased role of pharmacists and other non-
traditional settings or changes to current vaccine administration
practices should also be considered in improving cost benefit of
an expanded program.
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