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Abstract

Seasonal influenza epidemics result in high levels of healthcare utilization. Vaccination is an
effective strategy to reduce the influenza-related burden of disease. However, reporting vaccine
effectiveness does not convey the population impacts of influenza vaccination. We aimed to
calculate the burden of influenza-related hospitalizations and emergency department (ED)
attendance averted by influenza vaccination in Victoria, Australia, from 2017 to 2019, and
associated economic savings. We applied a compartmental model to hospitalizations and ED
attendances with influenza-specific, and pneumonia and influenza (P&I) with the International
Classification of Diseases, 10th Revision, Australian Modification (ICD-10-AM) diagnostic
codes of J09-J11 and J09-J18, respectively. We estimated an annual average of 7657 (120 per
100000 population) hospitalizations and 20560 (322 per 100000 population) ED attendances
over the study period, associated with A$85 million hospital expenditure. We estimated that
influenza vaccination averted an annual average of 1182 [range: 556 – 2277] hospitalizations and
3286 [range: 1554 – 6257] ED attendances and reduced the demand for healthcare services at the
influenza season peak. This equated to approximately A13 [range: A6 – A25] million of savings
over the study period. Calculating the burden averted is feasible in Australia and auseful
approach to demonstrate the health and economic benefits of influenza vaccination.

Introduction

Influenza is amajor cause ofmorbidity, mortality, and health service utilization around the world
[1–3]. Outbreaks and seasonal epidemics result in peaks that place significant strain on acute care
services [3, 4] and economic expenditure [1, 5], especially in severe seasons. In Australia, seasonal
influenza has been estimated to account for an annual average of 20702 hospitalizations [3]. From
2010 to 2014, Australia’s most populous state, New South Wales (NSW), recorded an average of
22619 influenza-related ED attendances [6].

Vaccination is an effective strategy to reduce the population burden of influenza [2, 7, 8].
The Australian Government provides free influenza vaccination to individuals aged ≥6 months
who are at increased risk of severe influenza-related illness, under the National Immunization
Program. In 2017, this included adults aged≥65 years, pregnant women, individuals with specified
medical conditions, and Aboriginal and Torres Strait Islander individuals aged <5 years and
≥15 years [9]. This scheme was subsequently expanded to provide adjuvanted and high-dose
influenza vaccines for adults aged≥65 years from2018, and to includeAboriginal andTorres Strait
Islander individuals of any age from 2019. In 2018, the Victorian Government commenced
subsidizing vaccination for all children aged 6 months to 5 years [9]. Vaccination is provided
free to hospital and aged care workers, and some health and community services and employers
also provide free vaccinations for individuals ineligible for subsidized vaccination under these
programmes. Anyone can purchase influenza vaccination privately at their own expense [10].

Vaccine effectiveness (VE) compares the rate of outcomes among vaccinated and unvaccin-
ated populations [11]. The effectiveness of influenza vaccination varies each year depending on
the antigenic similarity between the vaccine and circulating viruses, as well as the level of
influenza transmission and virulence, vaccination coverage, timing of vaccination in relation
to the commencement of seasonal transmission, and population susceptibility, age distribution
and health status [2, 7, 12]. The dynamic nature of seasonal influenza and the many factors
influencing VE mean that it can be challenging to interpret the overall impact of influenza
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vaccination based on VE alone. For example, influenza vaccination
with modest VE may still result in substantial population benefits,
especially during severe seasons and seasons with high population
coverage [8, 13].

To overcome this issue, theUSCDChas developed the influenza
burden averted method to more effectively communicate the
impact of influenza vaccination on population health [8]. This
method uses surveillance data for coverage, VE, and influenza-
related outcomes to model the additional burden of disease that
would have been expected to occur in the absence of influenza
vaccination [8, 12, 13]. This methodology has been applied in
various countries around the world [2, 8, 12, 14], but not yet in
Australia. In 2018, Tokars et al. undertook an update and revalid-
ation of this model and developed a revised method with improved
accuracy [12].

In this study, we applied this updated model to calculate the
burden of hospitalizations and ED attendances averted by influenza
vaccination inVictoria, Australia.We estimated the economic costs
associated with influenza-related hospitalizations and ED attend-
ances and the savings associated with the burden averted. We
focused on the pre-pandemic period, as COVID-19-related restric-
tions resulted in major disruptions to influenza transmission from
2020 [15].

Methods

We utilized the methods described by Tokars et al. [12] to estimate
the hospitalizations averted by influenza vaccination in Victoria,
the secondmost populous state of Australia, from 1 January 2017 to
31 December 2019 [16], and additionally applied this approach to
estimate the number of ED attendances averted. In this model,
monthly counts of vaccinations administered in each age group,
seasonal VE, and age-group-specific monthly hospitalization and
ED attendance counts were used to derive the number of events that
would be expected to occur in the absence of vaccination
(Supplementary Figure S1). The difference between the number
of events expected in the absence of vaccination and the actual

number observed was calculated to derive the burden averted by
influenza vaccination [12]. All statistical analyses were conducted
in R version 4.1.2. Model inputs are summarized in Table 1.

Data sources

Hospitalization data were obtained from the Victorian Admitted
Episodes Dataset (VAED) between 1 January 2017 and
31 December 2019 [17]. VAED includes demographic, administra-
tive, and clinical data for all admitted patients to public and private
hospitals in Victoria. One principal and up to 39 additional diag-
nostic codes are recorded using the ICD-10-AM coding system
[17]. Following the methods of Nazareno et al. [3], we excluded
hospitalizations where the care type was classified as elective
(planned and routine) or post-mortem for organ donation. Statis-
tical hospitalizations were included as these represent the com-
mencement of a distinct new episode of care [17].

ED attendance data were obtained from the Victorian Emer-
gency Minimum Dataset (VEMD) between 1 January 2017 and
31 December 2019 [18]. VEMD provides demographic, adminis-
trative, and clinical data for individuals attending public and private
EDs within Victoria. One principal and up to two additional
diagnoses are recorded using ICD-10-AM codes. Reporting diag-
noses is optional for private hospitals [18]; however, in Australia,
96% of emergency department (ED) care is provided in public
hospitals [19].

For both VAED (hospitalizations) and VEMD (ED attendance),
influenza-related events were defined as hospitalizations or ED
attendances where an influenza-related diagnostic code was
recorded in any diagnostic field. Two well-established case defin-
itions for influenza-related events were evaluated. The first was
defined by events with an influenza-specific ICD-10-AM code
(J09-J11), and the second by events with a pneumonia and/or
influenza (P&I) (J09-J18) diagnostic code [3, 20].

Population data for Victoria were accessed using publicly avail-
able data from the Australian Bureau of Statistics [16]. Mid-year
quarterly estimates were used as estimates of the annual population

Table 1. Model inputs: population, vaccine coverage and vaccine effectiveness, Victoria, 2017–2019

2017 2018 2019

Population by age group in years n n n

0.5–4 445074 446430 444215

5–14 747737 765140 783244

15–49 3097809 3159304 3212667

50–64 1075884 1087984 1104236

65+ 894248 920380 947732

All ages 6260752 6379238 6492094

Vaccine effectivenessa % 95% CI % 95% CI % 95% CI

All ages 15 (0–32) 56 (44–65) 43 (36–49)

Vaccine coverageb % 95% CI % 95% CI % 95% CI

Start of season 27 (16–40) 39 (27–51) 47 (40–54)

End of season 48 (33–63) 44 (26–64) 64 (46–80)

a2017 VE lower 95% CI estimate was -6%, (11) and was therefore assumed to be 0%. (23)
bSmoothed vaccine coverage, start and end of season population estimates (all ages).
Data sources: Australian Bureau of Statistics (16), Influenza Complications Alert Network (11, 21, 22), Victorian Sentinel Practices Influenza Network (Supplementary Figure S1).
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for each age group. As age is recorded as whole numbers within this
dataset, half of those with age recorded as 0 years were removed to
account for those aged <6 months who are ineligible for influenza
vaccination.

VE estimates were obtained from the Influenza Complications
Alert Network, a hospital-based sentinel surveillance network. These
VE estimates were calculated using test-negative studies for individ-
uals admitted to sentinel hospitals within Australia during each
influenza season within the study period. To calculate VE, vaccin-
ation rates were compared between cases, hospitalized individuals
who tested positive for influenza via nucleic acid detection, and
controls, frequency-matched hospitalized individuals with acute
respiratory infections who tested negative for influenza [11, 21,
22]. In contrast to case identification in this study, which relied on
ICD-10-AM codes, this process relied on active case finding
[23]. All-age estimates of VE were used, as age group-specific esti-
mates were of low precision in most instances. Low and high VE
estimates were obtained from 95% confidence limits. Confidence
intervals (CI) with a lower bound <0% were truncated to 0% [24].

Monthly estimates of the proportion of the population vaccin-
ated against influenza within each influenza season were obtained
from the Victorian Sentinel Practices Influenza Network
(VicSPIN), a collection of primary care clinics participating in
sentinel influenza surveillance [25]. The number of attendees pre-
senting with influenza-like illness who tested negative for influenza
was used to calculate monthly estimates of the proportion of the
population that was vaccinated, with 95% CI. The number of
attendees was insufficient to calculate age-group-specific coverage
estimates. Estimates were smoothed to account for fluctuations in
monthly estimates generated by variations in sampling by perform-
ing ordinary least squares linear regression of the monthly propor-
tion of vaccinated individuals within the sample against the log of
themonthwithin each year of the study (Supplementary Figure S2).
Proportions were multiplied by population to estimate monthly
counts of vaccinated individuals in each age group.

Compartmental model of averted hospitalizations and ED
attendance

The compartmental model of seasonal influenza transmission
used to derive the number of events that would be expected to
occur in the absence of vaccination is detailed in
Supplementary Figure S1 [12]. In this model, the infection rate
is estimated as the number of cases occurring per month in the
entire susceptible population. The difference between the number
of events expected in the absence of vaccination and the actual
number observed was calculated to derive the burden averted by
influenza vaccination [12].

We utilized the best-performing compartmental model
(Primary Model) validated by Tokars et al. [12]. In this model, all
population members start each season as susceptible (non-
vaccinated and non-cases) and move through six compartments
on a monthly timescale based on whether they are: ill or well;
vaccinated or unvaccinated; and immune or susceptible. Propor-
tions infected and vaccinated are calculated by applying current-
month case and vaccination counts to prior-month compartment
values, with no immune lag or indirect protection assumed.
Infected persons are assumed to become immune to further infec-
tion, whereas vaccinated persons may develop complete immunity
or remain fully susceptible. Vaccinations are assumed to be given
with equal frequency to previously infected and uninfected indi-
viduals; however, this does not affect the immunity of previously

infected cases, who are assumed to have already attained complete
immunity [12].

Modelled scenarios

In our base case scenario, central estimates of VE and coverage were
used. The high scenario was generated using the upper 95% con-
fidence limits for VE and coverage, and the low scenario was
generated using the lower 95% confidence limits. Additionally, a
hybrid scenario was run with varying VE and coverage across age
groups to approximate variations observed in national and more
recent datasets [11, 21, 22, 26]. The hybrid scenario assumed
vaccination coverage was at the central estimate for the 0.5 – 4 year
and 50 – 64 year age groups, the low estimate for the 5 – 14 year and
15 – 49 year age groups, and the high estimate for the ≥65 year age
group. It also assumed the low VE estimate for the ≥65 year age
group and the central estimate for all other age groups, as lower VE
is often observed in those aged ≥65 years [11, 21]. Results were
reported as absolute numbers, rates per 100000 population, and the
prevented fraction of observed events [2].

Sensitivity analyses

A sensitivity analysis was performed, limiting influenza-related
cases to those where selected diagnostic codes only appeared as
the principal diagnosis. Additional analysis was also performed for
influenza-specific hospitalizations (J09-J11) using the version of the
compartmental model (Alternative Model) that was utilized prior
to the update performed by Tokars et al. (Supplementary Table S1)
[12]. This method incorporates a 14-day immune lag by averaging
vaccination coverage across the current and prior month and
applies coverage and VE to all susceptible persons (not infected
or effectively vaccinated).

Economic analysis

We estimated the costs associated with observed influenza-related
hospitalizations and ED attendances in Victoria, as well as the
savings associated with the burden averted by vaccination. To do
this, we conducted an economic analysis using a simplifiedmodel of
the Australian national efficient cost determination, as set by the
Independent Hospital and Aged Care Pricing Authority (IHACPA)
[27].This was conducted for the scenarios yielding the most credible
results, based on comparison to previous studies – influenza-specific
(J09-J11) hospitalizations and P&I (J09-J18) ED attendances.

Australian Refined Diagnosis Related Group (AR-DRG) ver-
sion 8.0 codes were available in the VAED for all study years and
were used to identify price weights for each hospitalization [27–
29]. For hospitalizations, these were adjusted to account for length
of stay, hours spent in an intensive care unit (ICU) for AR-DRG
codes where ICU admission was not bundled, paediatric admis-
sions, patient residential remoteness status, and Indigenous status
[27]. Adjusted price weights for each event were used to generate an
average price weight per hospitalization across the study period,
which was then applied to the national efficient price of an acute
care episode per calendar year to determine the average cost per
influenza-related hospitalization for each year of the study [27–
29]. This was then multiplied by the number of observed hospital-
izations to estimate the costs of hospitalizations and by estimates of
averted hospitalizations to calculate savings. All hospitalizations
were analyzed according to public hospital costings. All results were
adjusted to 2022 Australian Dollars, accounting for inflation [30].
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The samemethodwas used for ED attendancewithmore limited
price weight adjustments, in line with the national efficient cost
determination. Adjustments for ED attendance were for patient
residential status, Indigenous status, and advanced age [27].

The estimated total costs of observed events and savings of
averted events were reported for each year of the study period.
Information regarding total costs of delivering influenza vaccin-
ation programmes in Victoria was not available for comparison
because costs are spread across the state and federal governments as
well as multiple private entities.

Ethical statement

Ethical approval for data access, analysis, and result distribution
was provided by the Victorian Government Department of Health
and Department of Families, Fairness and Housing Human
Research Ethics Committee, reference 80628, and the Australian
National University Human Research Ethics Committee, reference
2022/213.

Results

Observed hospitalizations and ED attendances

From 2017to 2019, there were 22972 hospitalizations and 16168 ED
attendances with influenza-specific diagnoses and 135182 hospi-
talizations and 61681 ED attendances with P&I diagnoses (Table 2).
The number of events was highest in 2019, followed by 2017, with
2018 having substantially lower numbers. In total, 95% of hospi-
talizations in the P&I scenario and 96% of hospitalizations in the
influenza-specific scenario were classified as emergency

admissions. The care type of remaining hospitalizations is sum-
marized in Supplementary Table S2.

For hospitalizations in the influenza-specific scenario, 72.6%
had a J09-J11 diagnosis recorded in the principal diagnostic field,
with an additional 16.1% in the second, 4.2% in the third, and <2%
in subsequent fields. For hospitalizations in the P&I scenario, 59.9%
had a J09-J18 diagnosis recorded in the principal field, with an
additional 15.8% in the second, 5.9% in the third, 3.0% in the fourth,
2.9% in the fifth, 2.4% in the sixth, and <2% in all subsequent fields
(Supplementary Table S3).

For ED attendances in the influenza-specific scenario, 96.1%
had a J09-J11 diagnosis recorded in the principal diagnostic field,
with an additional 3.7% in the second and 0.2% in the third. For ED
attendances in the P&I scenario, 96.4% had a J09-J18 diagnosis
recorded in the principal diagnostic field, with an additional 3.3% in
the second and 0.3% in the third (Supplementary Table S3).

The highest rates of hospitalizations in each year studied
occurred in the ≥65 year age group across all scenarios. This was
followed by the 50 – 64 year and 0.5 – 4 year age groups for
influenza-specific and P&I hospitalizations and P&I ED attend-
ances (Table 3). For ED attendances in the influenza-specific
scenario, observed rates were more evenly distributed among those
aged <65 years.

Hospitalizations and ED attendances averted by influenza
vaccination

Influenza vaccination averted hospitalizations and ED attendances
across all estimates in all years, except for the low scenario estimates
in 2017, where VE was 0%, compared to 15% in the base scenario.
Influenza vaccination reduced influenza-related events at the peak

Table 2. Total influenza-related hospitalizations and ED attendances averted by influenza vaccination reported by year, selected scenarios, Victoria, 2017 – 2019

Hospitalizations

Case definitions Year

Observed Averted base scenario Averted low scenario Averted high scenario

n ratea n rate pfb n rate pf n rate pf

Influenza–specificc 2017 8826 141 497 8 5 0 0 0 1660 27 16

2018 3236 51 795 12 20 329 5 9 1656 26 34

2019 10910 168 2254 35 17 1340 21 11 3515 54 24

P&Id 2017 45598 728 1974 32 4 0 0 0 6547 105 13

2018 40054 628 8147 128 17 3517 55 8 16577 260 29

2019 49530 763 10435 161 17 5976 92 11 16699 257 25

Emergency department attendance

Case definitions Year

Observed Averted base scenario Averted low scenario Averted high scenario

n rate n rate pf n rate pf n rate pf

Influenza–specificc 2017 5314 85 292 5 3 0 0 0 973 16 10

2018 2287 36 536 8 14 227 4 7 1107 17 25

2019 8567 132 1848 28 14 1106 17 9 2878 44 21

P&Id 2017 20082 321 918 15 2 0 0 0 3042 49 6

2018 16291 255 3375 53 8 1456 23 4 6859 108 15

2019 25308 390 5566 86 10 3207 49 6 8869 137 15

aRate per 100000 population.
bPf – prevented fraction = (events averted / [events averted + events])*100.
cInfluenza-specific denotes events with an ICD-10-AM J09-J11 code in any diagnostic field.
dP&I denotes pneumonia and influenza events with an ICD-10-AM J09-J18 code in any diagnostic field.
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of the influenza season (Figure 1). The rate of averted events was
influenced by the baseline number and timing of observed events
relative to vaccination, level of coverage and VE for each year.
Although there was a high number of hospitalizations in 2017,
VE was significantly lower than other years at 15% (95% CI, 0% –

32%), and early season coverage was also relatively low. Of the three
study years, 2019 had the highest rate of baseline events, highest
vaccination coverage, and moderate VE at 43% (95% CI, 36% –

49%). Comparatively, 2018 was the year with the lowest number of
baseline events but the highest VE at 56% (95%CI, 44% – 65%) and
mid-ranking coverage (Table 1).

Accordingly, for the influenza-specific scenario, 2019 had the
highest rate of hospitalizations and ED attendances averted, at

35 [range: 21 – 54] and 28 [17 – 44] per 100000 population, respect-
ively (Table 2). Base and low scenario estimates of averted hospital-
izationswerehigher in 2018 compared to 2017, at 12 [5–26] and8 [0–
27], respectively, with similar estimates in the high scenarios across
both years. This was also true for rates of averted ED attendances,
which were 8 [4 – 17] in 2018 and 5 [0 – 16] in 2017, respectively.

In the P&I scenario, the highest rate of averted events occurred
in 2019 and the lowest in 2017, for hospitalizations, 161 [range: 92 –
257] and 32 [0 – 105], and ED attendance, 86 [range: 49 – 137] and
15 [0 – 49], respectively. The prevented fraction of events was
approximately equal in 2018 and 2019 for hospitalizations at 17%
[range: 8% – 29%] in 2018 and 17% [11% – 25%] in 2019, and also for
EDattendance at 8% [4%– 15%] in 2018 and 10% [6%– 15%] in 2019.

Table 3. Annual average influenza-related hospitalizations and ED attendances averted by influenza vaccination by age group, Victoria, 2017 – 2019

Hospitalizations

Case definition

Age group Observed Averted base scenario Averted low scenario Averted high scenario Averted hybrid scenarioa

years n rateb n rate n rate n rate n rate

Influenza–specificc 0.5 – 4 435 98 74 17 36 8 136 31 74 17

5 – 14 346 45 59 8 30 4 108 14 41 5

15 – 49 1929 61 313 10 152 5 593 19 215 7

50 – 64 1195 110 178 16 82 8 348 32 178 16

65+ 3752 407 558 61 256 28 1092 119 485 53

All ages 7657 120 1182 19 556 9 2277 36 993 16

P&Id 0.5 – 4 2340 525 382 86 183 41 721 162 382 86

5 – 14 952 124 153 20 74 10 290 38 101 13

15 – 49 6147 195 955 30 449 14 1827 58 626 20

50 – 64 6351 583 960 88 442 41 1865 171 960 88

65+ 29270 3179 4402 478 2017 219 8571 931 4289 466

All ages 45061 707 6852 107 3164 50 13274 208 6358 100

Emergency department attendances

Case definition

Age group Observed Averted base scenario Averted low scenario Averted high scenario Averted hybrid scenarioa

years n rate n rate n rate n rate n rate

Influenza–specificc 0.5 – 4 389 87 71 16 38 8 124 28 71 16

5 – 14 480 63 87 11 46 6 153 20 62 8

15 – 49 2518 80 418 13 208 7 774 25 289 9

50 – 64 813 75 125 12 60 6 240 22 125 12

65+ 1189 129 191 21 93 10 361 39 174 19

All ages 5389 85 892 14 444 7 1653 26 721 11

P&Id 0.5 – 4 1641 368 286 64 140 31 531 119 286 64

5 – 14 1160 152 204 27 102 13 375 49 138 18

15 – 49 5107 162 832 26 400 13 1566 50 556 18

50 – 64 3144 289 495 45 231 21 951 87 495 45

65+ 9508 1033 1470 160 682 74 2833 308 1432 156

All ages 20560 322 3286 52 1554 24 6257 98 2907 46

aHybrid scenario assumptions: vaccination coverage – central estimate used for 0.5 – 4 year and 50 – 64 year age groups, low estimate for 5 – 14 year and 15 – 49 year age groups, andhigh estimate
for 65+ year age group; vaccination effectiveness – low estimate for 65+ year age group and central estimate for all others.
bRate per 100000 population.
cInfluenza-specific denotes events with an ICD-10-AM J09-J11 code in any diagnostic field.
dP&I denotes pneumonia and influenza events with an ICD-10-AM J09-J18 code in any diagnostic field.
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In all scenarios, the highest rate of hospitalizations and ED
attendances averted occurred in the ≥65 year age group (Table 3).
This was followed by the 6 month to 4 year and 50 – 64 year age
groups for hospitalizations (influenza-specific and P&I) and P&I
ED attendance. The rate of influenza-specific ED attendance
averted was comparatively similar among age groups <65 years.

In the hybrid influenza-specific and P&I scenarios (Table 3,
Supplementary Table S4), the number of events averted in the

≥65 year age group was predictably lower in 2017 (which had 0%
VE) compared to the baseline scenario, but higher in 2018 and
2019, where lower VE was offset by higher coverage. The overall
rates of hospitalizations and ED attendance averted in the hybrid
scenario were marginally lower across the three-year study period
compared to the primary analysis.

The burden and burden averted by age group for each year are
presented in Supplementary Tables S5 and S6. Rates of

Figure 1.Observed influenza-related hospitalizations and ED attendances vsmodelled events in the absence of influenza vaccination, Victoria, 1 January 2017 to 31December 2019.
Influenza-specific hospitalizations defined as events with a J09-J11 ICD-10-AM code in any diagnostic field. P&I ED attendances defined as events with a J09-J18 ICD-10-AM code in
any diagnostic field. Points indicate the central estimate, linked by lines to show the epidemic curve of influenza-related events. Shaded regions indicate the level of uncertainty
around each central estimate (range). Data sources: VAED (hospitalizations) and VEMD (ED attendances).
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hospitalizations were lower in sensitivity analysis scenarios with
cases defined by principal diagnosis only (Supplementary Table S7).
Results for the Alternative Model were minimally different to the
Primary Model (Supplementary Table S8).

Economic analysis

Themodelled costs of influenza-specific hospitalizations equated to
an annual average of A$62748000 or A$18824400 over the study
period. The modelled costs of P&I ED attendances equated to an
annual average of A$22329000 or A$66986000 over the study
period (Table 4).

The modelled savings of influenza-specific averted hospitaliza-
tions were A$29107000 over the study period [range: A$13722000 –
A$56007000] (Table 4). The modelled savings for averted P&I ED
attendance were estimated to be A$10724000 [range: A$5078000 –A
$20400000] over the study period.

Discussion

Observed hospitalizations and emergency department
attendances

This study produced estimates of the baseline burden of influenza-
related hospitalizations and ED attendances in Victoria, Australia,
and calculated the burden averted by influenza vaccination. The
scenario based on an influenza-specific diagnosis in any field most

closely aligned with the estimated burden of influenza-related hos-
pitalizations in key studies from Australia [3, 32]. Influenza-related
morbidity fluctuates yearly, such that comparisons within the same
year are most relevant [2, 4, 6]. Nazareno et al. estimated 171 (95%
CI, 147 – 190) influenza-related respiratory hospitalizations per
100000 population in 2017 in Australia using a multiple linear time
series regression model [3]. Moa et al. determined through a semi-
parametric generalized-additive model that the rate of respiratory
hospitalizations attributable to influenza was 139 (95% CI, 130 –

149) per 100000 in the 50 – 64 year age group and 638 (95%CI, 609 –
667) per 100000 in the ≥65 year age group in Australia in 2017
[32]. In 2017, we calculated the baseline rate of influenza-specific
hospitalizations to be 141 per 100000 for all age groups, 123 per
100000 in the 50 – 64 year age group, and 551 per 100000 in the
≥65 year age group (Supplementary Table S5). These results are
comparable but suggest our results underestimate influenza-related
hospitalizations, compared to studies using modelling techniques
that facilitate the use of a broader range of ICD-10-AM codes to
identify baseline rates of influenza-related events. This finding is
consistent with data linkage studies that have concluded influenza-
specific diagnostic codes do not identify all hospitalizations of
individuals with a laboratory confirmed influenza diagnosis [20, 33].

For ED attendance, the P&I scenario yielded results that were
the most comparable to previous studies, although direct compari-
sons within influenza seasons were not available. Muscatello et al.
estimated that from 2010 to 2014, the rate of all-cause influenza-
related presentations to NSW EDs was 309 (99.9% CI, 208 – 410),

Table 4. Estimated costs of observed influenza-related hospitalizations and ED attendances and savings related to hospitalizations and ED attendances averted by
influenza vaccination, Victoria, 2017 – 2019

Influenza-related (influenza-specific, J09-J11) hospitalizations

Year NEPa
Average cost per

event
Observed
events (n)

Costs observed
events

Events averted (n) Expenditure averted

Base
scenario

Low
scenario

High
scenario

Base
scenario

Low
scenario

High
scenario

2017 $5622 $8155 8826 $71973975 497 0 1660 $4052919 $0 $13536914

2018 $5631 $8168 3236 $26431071 795 329 1656 $6493418 $2687213 $13525913

2019 $5677 $8235 10910 $89838889 2254 1340 3515 $18560665 $11034291 $28944427

Total $188243936 Total $29107003 $13721504 $56007253

Average $62747979 Average $9702334 $4573835 $18669084

Influenza-related (pneumonia and influenza, J09-J18) emergency department attendances

Year NEPa
Average cost per

event
Observed
events (n)

Costs observed
events

Events averted (n) Expenditure averted

Base
scenario

Low
scenario

High
scenario

Base
scenario

Low
scenario

High
scenario

2017 $5622 $1081 20082 $21712974 918 0 3042 $992556 $0 $3289058

2018 $5631 $1083 16291 $17642283 3375 1456 6859 $3654945 $1576770 $7427931

2019 $5677 $1092 25308 $27631104 5566 3207 8869 $6076921 $3501381 $9683114

Total $66986361 Total $10724422 $5078151 $20400103

Average $22328787 Average $3574807 $1692717 $6800034

Combined hospitalizations and emergency department attendances

Total $255230297 Total $39831425 $18799655 $76407357

Average $85076766 Average $13277142 $6266552 $25469119

Notes: Average price weighting calculated as 1.45051 for hospitalizations and 0.1923187 for ED attendances. Average savings per event is given by the National Efficient Price multiplied by the
average price weighting. All figures reported in 2022 Australian Dollars [29], rounded to the nearest dollar.
aNational Efficient Price.
Data Source: Independent Hospital Pricing Authority [26–28].
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using a time series regression analysis [6]. The observed baseline
rate of P&I ED attendances in our study was 322 per 100000
population. The marginally higher estimate in our study is not
unexpected, as we evaluated two seasons (2017 and 2019) with
high influenza burden [11, 22]. There has also been an observed
trend in Australia towards increased influenza-related presenta-
tions to EDs, accompanied by decreased hospitalization rates [4,
34]. Compared with international studies, our estimates remained
lower than ED attendance rates for influenza-related illness in the
United States (486 per 100000 from 2016 to 2018) [35] and Canada
(500 per 100000 from 2003 to 2009, excluding the 2009 influenza A
(H1N1) pandemic) [14].

Observed ED attendance rates in our study were substantially
lower in the influenza-specific scenario, at only 85 per 100000
population. These results likely reflect a tendency to use more
general diagnostic codes in the ED setting, where patients typically
spend a brief period of time before being admitted or discharged,
with influenza testing often pending at the time of departure or not
performed [4, 34]. The P&I scenario appears to be a better approxi-
mation of influenza-related ED attendance. However, further
research is needed to validate the use of ICD-10-AM codes in this
setting.

Hospitalizations and ED attendance averted by influenza
vaccination

Under the selected scenarios (J09-J11 for hospitalizations and
J09-J18 for ED attendances), we estimated that influenza vaccin-
ation averted an annual average of 1182 [range: 556 – 2277]
hospitalizations and 3286 [1554 – 6257] ED attendances in Vic-
toria. Vaccination also resulted in reduced hospitalizations and ED
attendances at the peak of each influenza season, which is especially
important for mitigating health service demand [36]. Benefits were
generally greatest in the ≥65 year age group, where individuals face
the greatest risk of severe illness following influenza infection [3].

Only in 2017, in the low scenario with 0% VE, were there no
apparent benefits to vaccination. This highlights the challenge of
optimizing antigenic matching between vaccine viruses and viruses
circulating in the community in the setting of continual antigenic
drift and shifting subtype predominance. It also highlights the
potential benefits of developing technologies to boost VE
[7]. Although difficult to compare seasons, the decision to fund
free high-dose and adjuvanted vaccines for adults aged ≥65 years
after the 2017 season [9], may have contributed to the higher VE
seen in 2018 and 2019 [37]. Ongoing efforts to improve VE and
coverage have the potential to increase the benefits of influenza
vaccination [38].

Economic analysis

Our estimate of A$13 [range: A$6 –A$25]million per year includes
savings to the hospital system in Victoria and does not account for
savings associated with prevented general practice consultations,
lost days of work, or premature deaths. As with our calculations of
hospitalizations and ED attendance averted, this is likely to be an
underestimate of hospital savings due to low estimates of averted
events. We calculated the total costs of influenza-related hospital-
izations to be A$63 million per year in Victoria from 2017 to 2019.
In comparison, Newall et al. calculated annual average influenza-
related hospitalization costs in Australia to be A$160 million over
the period from 1998 to 2005 [5] (adjusted from 2005 to 2022 A$
accounting for inflation) [29], with Victoria making up one quarter

of Australia’s population between 1998 and 2019 [39]. The propor-
tionately higher cost estimate in our study reflects a greater number
and rate of hospitalizations (120 vs 106 per 100000 population), as
Newall et al. utilized marginally higher cost estimates per hospital-
ization, which were also based on standardized national pricing
[5]. Population growth, seasonal variability, an increasing propor-
tion of the population aged ≥75 years, and a trend towards higher
hospitalization rates with shorter lengths of staymay all account for
the higher rates of hospitalizations observed in our study, in add-
ition tomethodological differences [40]. Newall et al. also estimated
the annual average costs of general practice consults for influenza-
related illness to be A$16 million [5], accounting for inflation
[30]. Extrapolating their finding of 10% of hospital costs to our
study would imply A$6.3million in costs associated with influenza-
related general practice visits per year in Victoria from 2017 to
2019. Improving VE and coverage would result in further cost
reductions, as well as population health benefits [7].

Limitations

There is inherent uncertainty in the approach used in this study,
which aims to quantify influenza burden in the hypothetical scen-
ario of no vaccination [12]. Specific limitations include uncertainty
around the accuracy of ICD-10-AM codes, as well as estimates of
VE and coverage. Inaccuracies in any of these parameters could
result in over- or underestimation of the burden of hospitalizations
and ED attendances averted. There is considerable uncertainty
around the accuracy of ICD-10-AM codes to estimate the number
of influenza-related ED attendances. Although the P&I scenario
produces more realistic estimates than the influenza-specific scen-
ario, these should be considered a proxy measure, as there are both
underestimation of the number of influenza cases and inclusion of
some pneumonia cases related to alternative pathogens.

To mitigate uncertainty in VE and coverage estimates, we have
incorporated scenarios utilizing 95% confidence limits for these
parameters. We utilized VE estimates from the FluCAN network,
which estimates VE against hospitalization with laboratory con-
firmed influenza, as the most comparable VE estimate available.
Similar to our study, this estimate is concerned with VE in patients
attending hospitals. However, unlike our study, these VE estimates
utilize a case definition based on patients admitted to the hospital
with a respiratory illness that has been laboratory-confirmed to be
influenza rather than specified ICD-10-AMcodes. VE estimatesmay
also be less accurate for ED attendances in our study, as these cases
did not necessarily proceed to admission. Differences in the out-
comes used for VE calculation may lead to over- or underestimation
of the estimated burden averted. VE can vary within an influenza
season. However, as VE estimates used are averages generated across
the duration of each year’s influenza season, they approximate the
average protection conferred by vaccination [41–43].

Sample sizes were insufficient to estimate vaccination coverage
by month within each age group. We have accounted for potential
variation in VE and coverage across age groups by incorporating a
hybrid scenario, which used national and more recent estimates, to
approximate and assess the impact of such variations. Following
changes to legislation, influenza vaccinations administered in
Australia have been required to be mandatorily reported to the
Australian Immunisation Register since March 2021. Estimates for
population coverage since this date are available from national data
and no longer need to rely on sentinel surveillance platforms [44].

We have not accounted for the indirect benefits of vaccination
or assessed the burden of non-respiratory influenza-related events
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in instances where an influenza diagnostic code was not also
recorded. This is likely to result in underestimation of the burden
averted by influenza vaccination. We have also not assessed the
effects of prior immunity from vaccination or infection, as Tokars
et al. did not find this significantly affected results [12].

Conclusions

Our study has demonstrated that calculating the number of
influenza-related hospitalizations and ED attendances averted by
vaccination is feasible in Victoria and, by extension, Australia. The
selection of ICD-10-AM codes and the definition of influenza-
related events influence the calculated burden and may introduce
greater uncertainty for ED attendances, where there are fewer
established estimates for comparison. Influenza vaccination results
in important reductions in hospital utilization and expenditure,
including at the peak of the influenza season.
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