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ABSTRACT
Background: The interpretation of relative vaccine effectiveness (rVE) of improved influenza vaccines is complex. 
Estimation of burden averted is useful to contextualise their potential impact across different seasons. For the population 
aged under 65 years in Australia, this study estimated the additional morbidity and mortality that could be averted using 
improved influenza vaccines.
Methods: We used observed, season-specific (2015–2019) influenza notification and influenza-coded hospitalisation fre-
quencies and published modelled estimates of influenza-associated hospitalisations and deaths that occurred under the pre-
vailing influenza vaccination coverage scenario. After back-calculating to the estimated burden in the population without 
vaccination, we applied published standard influenza vaccine effectiveness and coverage estimates to calculate the burden 
potentially averted by standard and improved influenza vaccines. A plausible range of rVE values were used, assuming 50% 
coverage.
Results: The percentage point difference in absolute vaccine effectiveness (VE) of an improved vaccine compared to a standard 
vaccine is directly proportional to its rVE and inversely proportional to the effectiveness of the standard vaccine. The incremental 
burden averted by an improved vaccine is a function of both its difference in absolute VE and the severity of the influenza season. 
Assuming an rVE of 15% with 50% coverage, the improved vaccine was estimated to additionally avert 1517 to 12,641 influenza 
notifications, 287 to 1311 influenza-coded hospitalisations and 9 to 33 modelled all-cause influenza deaths per year compared to 
the standard vaccine.
Conclusions: Improved vaccines can have substantial clinical and population impact, particularly when the effectiveness of 
standard vaccines is low, and burden is high.
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1   |   Introduction

Seasonal influenza has been estimated to annually cause 
290,000–650,000 respiratory deaths globally [1]. In Australia, 
influenza accounts for an estimated 1000 respiratory and 2800 
all cause deaths [2] and 21,000 hospitalisations [3], annually.

Vaccination is the primary strategy to reduce influenza transmis-
sion and disease burden [4–6]. Standard inactivated egg-based vac-
cines are manufactured by combining the haemagglutinin (HA) 
and neuraminidase (NA) genes from selected variants with genes 
from viruses designed to grow well in eggs [7]. Standard vaccines 
have various limitations and a range of alternative vaccine technol-
ogies have been developed. High-dose egg-based vaccines contain 
a fourfold increase of the HA antigen to increase immunogenicity 
[4, 7]. Adjuvanted egg-based vaccines include an adjuvant that en-
hances the immune response to the vaccine antigen [5]. Cell-based 
vaccines propagate vaccine viruses in cell culture to avoid the risk 
of egg adaptations that alter antigenicity and compromise vaccine 
effectiveness (VE) [6]. Recombinant vaccines similarly avoid prob-
lems of egg adaptation by using a recombinant technology to pro-
duce purified HA from a baculovirus overexpression system. In 
all cases, the vaccines stimulate antibody recognition of the HA 
protein. Ongoing advances in vaccine technology, including the 
development of mRNA-based influenza vaccines, have the poten-
tial to produce additional improved vaccines [8].

Frequent mutation in the HA enables the virus to escape antibody 
recognition and requires frequent updates to the recommended 
composition of influenza vaccines. Updated recommendations 
are issued by the World Health Organization each February for 
the northern hemisphere and each September for the southern 
hemisphere [7]. Both frequent mutation and frequent updates to 
vaccine composition mean that influenza VE varies annually 
depending on the degree of antigenic similarity between the 
vaccine and circulating viruses.

Multiple other factors also influence VE, including the level of 
influenza activity, the recipient's immune response and health 
status, and population demographics and pre-existing immu-
nity [7, 9, 10]. When different types of vaccines are compared, 
the incremental benefits of one vaccine over another (relative 
VE or rVE) may appear small. However, VE and rVE do not 
clearly communicate the benefits of an improved vaccine at a 
population level, and marginal differences in rVE may represent 
large-scale differences in the absolute numbers of hospitalisa-
tions and lives saved [9, 11, 12].

Evaluating the population health impact of vaccines, as well as 
the incremental benefit of improved over standard vaccines on 
morbidity and mortality, can more clearly contextualise their 
relative benefits. The burden averted represents the additional 
influenza-associated events (e.g., cases, medical attendances, 
hospitalisations and deaths) that would have been expected 
to occur in the absence of population vaccination [11, 13, 14]. 
Various approaches exist, but they commonly use available VE 
estimates, vaccination coverage and influenza-associated events 
to estimate the number of events that would have been ex-
pected to occur in a counterfactual scenario without influenza 
vaccination in the population. Lewis et  al. [12] extended this 
methodology to calculate the potential incremental benefits of 

hypothetical improved vaccines by applying nominated positive 
values of rVE to the absolute VE (aVE) of standard vaccines. The 
difference between the burden averted for improved and stan-
dard vaccination provided the theoretical incremental burden 
averted by improved vaccination [12].

Here, we aimed to estimate, for the population aged < 65 years 
in Australia, the additional morbidity and mortality that could 
be averted by use of vaccines with improved VE. Influenza vac-
cination VE could potentially be increased for this population 
group through policies that increase access to existing improved 
vaccines, or the development of improved vaccines based on 
new vaccine technologies.

2   |   Methods

This study estimates the number of influenza notifications, hos-
pitalisations and deaths that would be expected to occur without 
a vaccine and would be avoided with current and hypothetically 
improved VE in a population aged < 65 years in Australia.

Data from 1 January 2015 to 31 December 2019 were included 
in the study. These years represent a range of different influ-
enza seasons, in terms of severity, circulating subtypes and VE 
[15, 16], and occurred prior to the dramatic reduction of influ-
enza transmission that occurred during the COVID-19 pan-
demic [17]. All analyses were conducted using Microsoft Excel.

In Australia, vaccination is recommended for everyone aged 
≥ 6 months [18]. However, the overall coverage rate was < 40% in 
2022, with substantial variation by age, ranging from 70% in per-
sons aged ≥ 65 years to 23% in 5- to 14-year-olds [19]. Under the 
Australian National Immunisation Program (NIP), vaccines are 
provided at no charge to groups at increased risk of severe influ-
enza. In 2015, this included pregnant women, Aboriginal and/
or Torres Strait Islanders aged < 5 years or ≥ 15 years, individuals 
aged ≥ 6 months with specified chronic medical conditions and 
those aged ≥ 65 years old [18]. Since the severe 2017 season [20], 
children aged 6 months to 5 years were included in many state-
funded programs in 2018 and in the NIP in 2019. Aboriginal and 
Torres Strait Islander individuals aged 5–15 years were included 
in the NIP in 2019. In addition, enhanced (adjuvanted or high-
dose) vaccines with improved effectiveness were included in the 
NIP for the ≥ 65-year age group in 2018, with all other groups 
continuing to receive standard inactivated vaccines [18, 21].

Ethical approval was not required as only nonidentifiable ag-
gregate data were used. The data from the National Hospital 
Morbidity Database were provided by the Australian Institute of 
Health and Welfare. All other data used were published estimates.

2.1   |   Data Sources

2.1.1   |   VE and Coverage Estimates, 2015–2019

The primary analysis applied aVE estimates against laboratory 
confirmed influenza in general practice obtained from the pub-
lished literature (Table  1) [22–26]. Seasonal influenza vaccine 
coverage for the study population were derived from annual 
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estimates of age-specific coverage (Table  1). Total coverage 
was estimated for the study population from age- and season-
specific coverage estimates according to weighted population 
size [27–35]. As in the Lewis et al.'s publication [12], in our anal-
yses, we assumed the aVE and coverage point estimates were 
true, unbiased estimates.

2.1.2   |   Notifications

Laboratory-confirmed influenza is a notifiable disease in 
Australia. Observed age and season-specific notifications of 
laboratory confirmed influenza were obtained from the pub-
licly available National Notifiable Diseases Surveillance System 
(NNDSS) influenza dataset [36].

2.1.3   |   Hospitalisations

For 2015 through 2017, we used published modelled estimates 
of age-specific influenza-associated respiratory hospitalisa-
tions in Australia [3]. Population rates of respiratory admis-
sions attributable to influenza were estimated by regressing 
weekly respiratory hospitalisations on a proxy measure of the 
relative weekly incidence of seasonal influenza infection [3]. 
Respiratory hospital admissions were defined by the presence of 
an International Statistical Classification of Diseases and Related 
Health Problems, Tenth Revision, Australian Modification (ICD-
10-AM) respiratory diagnostic code, J00–J99, in the primary di-
agnosis field.

For 2018 and 2019, modelled estimates of excess influenza-
associated hospital admissions were unavailable. We therefore 
also used age-specific hospitalisations for 2015 through 2019 
from the Australian Institute of Health and Welfare's National 
Hospital Morbidity Database that had influenza recorded as a 
diagnosis (‘influenza-coded hospitalisations’). Influenza was 
based on an ICD-10-AM code of J09 through J11. To maximise 
ascertainment of influenza-associated admissions, records were 
selected if J09–J11 were recorded in any of the multiple avail-
able diagnostic fields [37]. Admissions with a care type of hos-
pital boarder, posthumous organ donor or unqualified neonate 
were excluded. To avoid double counting, admissions in Western 
Australia with a status of ‘Inter-hospital contracted patient to 
private sector hospital’ were excluded.

2.1.4   |   Deaths

For influenza-associated respiratory (J00–J99) and all-cause ex-
cess deaths, we used published estimates that were derived from 
a regression method similar to that described for hospitalisations 
[2]. Estimates were used for the population aged < 65 years based 
on the availability of modelled estimates. Excess respiratory 
deaths were only available for 2015 through 2018, while estimated 
excess all-cause deaths were available for 2015 through 2019 [2].

2.2   |   VE and Burden Averted

2.2.1   |   aVE and Difference in aVE of Improved Vaccines

The aVE of the improved vaccine was estimated for the 2015–
2019 seasons using the formula derived by Lewis et al. [12]:

where aVEImproved is the aVE of the improved vaccine, rVE is the 
relative effectiveness of the improved vaccine and aVEStandard 
is the published estimate of aVE for the overall population for 
the vaccine of a given season. The percentage point difference 
in aVE was then estimated as the percentage point difference 
between the aVE of the improved and standard vaccines:

All VE estimates were included as fractions in calculations but 
are presented as percentages.

The primary analyses were performed for rVE estimates of 5%, 
15% and 30%. These align with published estimates of the rela-
tive efficacy/effectiveness of improved (cell-based, recombinant, 
high-dose and adjuvanted) vaccines compared to inactivated 
standard vaccines across a range of clinical outcomes, including 
medically attended influenza and influenza-associated hospital-
isation [38–43].

2.2.2   |   Estimating Burden Averted

The population burden of influenza in the scenario without 
vaccination was calculated for each infection outcome from 

aVEImproved = rVE ×
(

1 − aVEStandard
)

+ aVEStandard

Difference inaVE = aVEImproved − aVEStandard

TABLE 1    |    Published absolute influenza vaccine effectiveness and coverage in the Australian general population [22–33].

Age group 2015 2016 2017 2018 2019
Absolute vaccine effectiveness

All ages, primary care setting 54% [21] 40% [22] 33% [25] 68% [24] 48% [23]
Vaccine coverage

6 months to < 5 years 3.0% [27] 3.0% [26] 5.6% [28] 26% [30] 43% [29]
5–17 years 5.0% [31] 5.0% [31] 5.0% [31] 5.0% [31] 20% [34]a

18–49 years 25% [32] 30%b 35%b 40%b 45% [33]
50–64 yearsc 46% [32, 33] 46% [32, 33] 46% [32, 33] 46% [32, 33] 46% [32, 33]

aCoverage estimated as a weighted average of coverage by age group: 24.1% for 5–< 10 years; 18.8% for 10–< 15 years; 15.6% for 15–< 20 years.
bCoverage assumed to increase progressively from 25% in 2015 [32] to 45% in 2019 [33].
cCoverage estimates for 2014 and 2019 (46%) extended to all years [32, 33].
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the ‘baseline’, that is, observed or modelled frequencies under 
the prevailing vaccination scenario, using the following 
formula:

where aVEStandard and Observed coverage correspond to the pub-
lished estimates presented in Table 1.

Following estimation of the influenza burden without influenza 
vaccination, we calculated the burden in the population in the 
scenario with vaccination, as

where aVE corresponds to the standard or improved vaccine of 
interest. For simplicity, and noting increasing coverage trends in 
the younger population (Table 1), the study assumed coverage of 
50% for both standard and improved vaccines.

The burden averted by each of the standard and improved vac-
cines was then determined as

And the incremental burden averted estimated as

2.2.3   |   Sensitivity Analyses

For completeness, additional analyses were conducted using a 
wider range of hypothetical rVE estimates (5% increments from 
5% through 40%) (Table S1). We also analysed the effect on the cal-
culated burden averted of using estimates for alternative aVE esti-
mated for hospital admissions based on data from the Influenza 
Complications Alert Network (FluCAN) (Tables S2, S3 and S5) 
[16, 20, 44–46]. Additionally, results are presented for the bur-
den averted using alternative published regression estimates of 
influenza-associated hospitalisation categories: acute respiratory 
infections (ARI; ICD10-AM J00–J22 and J44.0), and pneumonia 
and influenza (P&I; ICD-10-AM J09–J18) (Tables S4 and S5) [3].

3   |   Results

Standard influenza VE estimates in primary care ranged 
from 33% in 2017 to 68% in 2018. In children aged 6 months to 
< 5 years, influenza vaccine coverage increased markedly from 
below 6% before 2018 to 43% by 2019, consistent with changes in 
eligibility for free vaccine in this age group during this period. 
From age 5 years, coverage increased with age to a maximum of 
46% in 50- to 64-year-olds in all years. In 5- to 17-year-olds, cov-
erage increased from a steady 5% in 2015–2018 to 20% in 2019, 
and in 18- to 49-year-olds, it increased from 25% in 2015 to 45% 
in 2019 (Table 1).

The estimated aVE of the improved vaccine increased with 
increasing aVE of the standard vaccine and increasing rVE. 

BurdenUnvaccinated population =
Observed (or modelled) burden

(

1 − aVEStandard × Observed coverage
)

BurdenVaccinated = BurdenUnvaccinated × (1 − aVE × Assumed Coverage)

Burden averted = BurdenUnvaccinated − BurdenVaccinated

Incremental burden averted = BurdenStandard Vaccine − BurdenImproved Vaccine

FIGURE 1    |    Estimated absolute vaccine effectiveness (aVE) and difference in aVE of an improved influenza vaccine under a range of relative 
vaccine effectiveness assumptions, Australia 2015–2019. The aVE for the standard vaccine, corresponding to rVE = 0, is shown in red. The estimated 
aVEs for improved influenza vaccines with rVEs ranging from 5% to 40% are show in blue. aVE = absolute vaccine effectiveness, rVE = relative 
vaccine effectiveness of the improved compared to the standard vaccine.
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In 2017, the season with lowest standard vaccine aVE, the es-
timated aVE of the improved vaccine ranged from 36.4% to 
59.8% for rVEs of 5% and 40%, respectively. In 2018, the sea-
son with the highest standard vaccine aVE, the correspond-
ing improved vaccine aVE estimates were 69.6% and 80.8% 
(Figure  1). In contrast, the difference in aVE, expressed as 
the difference in percentage points, decreased as the standard 
aVE increased. In 2017, the difference in aVE ranged from 
3.4% to 26.8% for rVEs of 5% and 40%, respectively, while for 
2018, the corresponding difference in aVE ranged from 1.6% 
to 12.8% (Figure 1).

The burden of influenza infection outcomes under the base-
line scenario in the population aged < 65 years in Australia 
was highest in 2017 and 2019 and generally lowest in 2018. 
There were 265,104 influenza notifications in 2019, 196,510 in 
2017 and 48,970 in 2018. There were 26,939 influenza-coded 
hospitalisations in 2019, 21,919 in 2017 and 8994 in 2018. 
Modelled influenza-associated respiratory hospitalisations for 
2015–2017 were similar to influenza-coded hospitalisations. 
However, influenza-associated deaths were highest in 2017 
for both respiratory (223) and all-cause deaths (527), followed 
by 2019, for which only all-cause deaths' data were available 
(459). The lowest all-cause death estimate was 254 in 2016 
(Table 2).

Over the study period, the standard influenza vaccine with 50% 
coverage was estimated to avert an annual average of 35,227 

notifications, 4330 influenza-coded hospitalisations, 3120 
influenza-associated respiratory hospitalisations, 30 influenza-
associated respiratory deaths and 106 influenza-associated all 
cause deaths. There was considerable variation among seasons, 
with 15,534 notifications, 2271 influenza-coded hospitalisa-
tions and 57 all-cause influenza-associated deaths averted in 
2016, compared to 77,792, 8071 and 137 in 2019, respectively. 
The magnitude of the burden averted is a function of both the 
season-specific severity and the aVE of the influenza vaccine 
(Table 3).

A hypothetical improved vaccine was estimated to have had 
the highest additional benefit in 2019 or 2017 and the lowest 
impact in 2018 (Table 3). Assuming an rVE of 15% with 50% 
coverage, the improved vaccine would have incrementally 
averted 1517 to 12,641 influenza notifications, 287 to 1311 
influenza-coded hospitalisations and 9 to 33 modelled all-
cause influenza deaths per year compared to the standard 
vaccine (Table  3). Increasing the rVE to 30% would double 
those estimates. For a lower rVE of 5%, an improved vaccine 
with 50% coverage was estimated to incrementally avert 506 
to 4214 influenza notifications, 96 to 437 influenza-coded hos-
pitalisations and 3 to 11 all-cause influenza-associated deaths 
(Table 3).

The results of sensitivity analyses are presented in Tables S1–S5. 
Similar trends were observed, with the highest burden averted 
estimated for the 2017 and 2019 seasons.

TABLE 2    |    Burden of influenza-associated events for baseline standard vaccine coverage and estimated for no vaccination and 50% coverage in 
the population aged < 65 years, Australia, 2015–2019.

Influenza-associated events 2015 2016 2017 2018 2019
Influenza notificationsa

Standard vaccine, baseline coverage 84,849 69,759 196,510 48,970 265,104
No vaccination 95,490 77,669 215,340 63,219 324,134
Standard vaccine, 50% coverage 69,708 62,135 179,809 41,724 246,342

Influenza-coded hospitalisationsa

Standard vaccine, baseline coverage 10,367 10,065 21,919 8994 26,939
No vaccination 11,911 11,356 24,408 11,950 33,627
Standard vaccine, 50% coverage 8695 9085 20,381 7887 25,557

Influenza-associated respiratory hospitalisationsb

Standard vaccine, baseline coverage 11,211 9964 18,823 NA NA
No vaccination 13,316 11,381 21,153 NA NA
Standard vaccine, 50% coverage 9721 9105 17,663 NA NA

Influenza-associated respiratory deathsb

Standard vaccine, baseline coverage 64 106 223 77 NA
No vaccination 74 119 247 100 NA
Standard vaccine, 50% coverage 54 95 206 66 NA

Influenza-associated all-cause deathsb

Standard vaccine, baseline coverage 306 254 587 303 456
No vaccination 352 284 650 393 565
Standard vaccine, 50% coverage 257 227 543 259 430

aEstimates based on observed data: NNDSS influenza notifications [35] and hospital admissions recorded in the Australian Institute of Health and Welfare National 
Hospital Morbidity Database, with a J09–J11 code in any diagnostic field.
bEstimates based on modelled influenza-associated hospitalisations [3] and deaths [2].
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4   |   Discussion

We have provided counterfactual estimates of the burden of 
influenza in an Australian population aged < 65 years without 
influenza vaccination and the potential burden averted by stan-
dard and improved vaccines. The difference in aVE of an im-
proved vaccine is dependent on both its rVE and the aVE of the 
standard vaccine. Higher rVE translates to higher aVE and dif-
ference in aVE of the improved vaccine. However, the difference 
in aVE of the improved vaccine is inversely proportional to the 
aVE of the standard vaccine [12]. Thus, for the Australian exam-
ples presented, the estimated difference in aVE of an improved 
vaccine is highest in 2017 and lowest in 2018, the seasons with 
the lowest (33%) and highest (68%) observed standard vaccine 
aVE, respectively.

The magnitude of the incremental burden averted by an im-
proved vaccine is a function of both the season-specific severity 
and the difference in aVE of the vaccine [12]. Thus, for Australia, 
the highest additional burden averted was estimated for seasons 

with higher severity, such as 2019, or lower aVE of the standard 
vaccine, such as 2017. Assuming 50% coverage between 2015 
and 2019, an improved vaccine with 15% rVE was estimated to 
incrementally avert 1517 to 12,641 influenza notifications, 287 
to 1311 influenza-coded hospitalisations and 9 to 33 modelled 
all-cause influenza deaths per year.

Our study used both modelled (influenza-associated) and ob-
served (influenza-coded) hospitalisation estimates. Reliance on 
diagnosis codes only can underestimate influenza-associated 
hospitalisations [2, 3]. This can occur because not all patients 
are tested for influenza and some positive test results are not 
recorded [2, 37]. Under-recognition of influenza as a causative 
or exacerbating factor for respiratory and nonrespiratory ad-
missions has been well described [47, 48]. In contrast to pre-
vious studies, we found a notable similarity between directly 
ascertained influenza-coded hospitalisations and modelled 
influenza-associated respiratory hospitalisations. The similarity 
may reflect our inclusion of influenza diagnoses in any position 
in the diagnostic record or increased use of diagnostics in the 

TABLE 3    |    Estimated burden of influenza-associated events averted by standard and improved vaccines, assuming 50% coverage in the population 
aged < 65 years, Australia, 2015–2019.

Influenza-associated events rVEa 2015 2016 2017 2018 2019
Influenza notificationsa

Averted by standard vaccine 0% 25,782 15,534 35,531 21,494 77,792
Incremental burden averted by improved vaccine 5% 1098 1165 3607 506 4214

15% 3294 3495 10,821 1517 12,641
30% 6589 6990 21,642 3035 25,282

Influenza-coded hospitalisationsb

Averted by standard vaccine 0% 3216 2271 4027 4063 8071
Incremental burden averted by improved vaccine 5% 137 170 409 96 437

15% 411 511 1227 287 1311
30% 822 1022 2453 574 2623

Influenza-associated respiratory hospitalisationsc

Averted by standard vaccine 0% 3595 2276 3490 NA NA
Incremental burden averted by improved vaccine 5% 153 171 354 NA NA

15% 459 512 1063 NA NA
30% 919 1024 2126 NA NA

Influenza-associated respiratory deathsc

Averted by standard vaccine 0% 20 24 41 34 NA
Incremental burden averted by improved vaccine 5% 1 2 4 1 NA

15% 3 5 12 2 NA
30% 5 11 25 5 NA

Influenza-associated all-cause deathsc

Averted by standard vaccine 0% 95 57 107 134 136
Incremental burden averted by improved vaccine 5% 4 4 11 3 7

15% 12 13 33 9 22
30% 24 26 65 19 44

arVE = relative vaccine effectiveness of the improved compared to the standard vaccine.
bEstimates based on observed data: NNDSS influenza notifications [35] and hospital admissions recorded in the Australian Institute of Health and Welfare National 
Hospital Morbidity Database, with a J09–J11 code in any diagnostic field.
cEstimates based on modelled influenza-associated hospitalisations [3] and deaths [2].
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hospital setting. Indeed, Moore et al. found that their sensitivity 
to identify admitted individuals positive for influenza was re-
duced from 86% to 74% when only the primary diagnostic field 
was analysed, compared to the first 20 diagnoses [37]. In a more 
recent study conducted in 2016–2017, Wabe et  al. determined 
influenza-coded ICD codes to be 86% sensitive for primary or 
secondary diagnosis, and this increased to 93% when test results 
were available prior to discharge [49]. It may be that as the ac-
cessibility, frequency and rapidity of testing have increased over 
time, ICD codes are now able to provide more sensitive estimates 
of influenza-associated hospitalisations. On the other hand, in-
cluding more diagnosis fields increases the risk of admissions 
with incidental infection being included [3].

Our study has limitations. The results depend on the accu-
racy of the outcomes and aVE estimates we used. We used 
estimates of aVE for the whole Australian population. These 
are likely an underestimate of VE in the < 65 year population 
as lower VE has been observed for influenza vaccination in 
populations aged ≥ 65 years [10]. Notifications underestimate 
infections since they only include infections for which health 
care was sought, a test conducted, a diagnosis made and no-
tification to health authorities completed. Nevertheless, no-
tifications provide a useful indication of known infections. 
The regression-based estimates of influenza-associated mor-
bidity and mortality have been widely used and are accepted 
as providing the best approximation of influenza-associated 
outcomes [1], although methods can produce wide variation in 
estimates. The similarity between observed influenza-coded 
and modelled hospitalisation and the burden averted esti-
mates increases our confidence in the results.

For simplicity, we did not account for the uncertainty in aVE 
estimates, which can have wide confidence intervals, or uncer-
tainty in other outcomes. Nevertheless, the sensitivity analyses 
of alternative aVE estimates from the hospital setting and al-
ternative modelled estimates of estimated influenza-associated 
hospitalisations and deaths demonstrated similar trends. We 
assumed 50% vaccination coverage for both standard and im-
proved vaccines. Although somewhat higher than current levels 
in the Australian community, it is a plausible continuation of the 
trend of increasing influenza vaccination rates in Australia ob-
served among younger age groups. The theoretical values of rVE 
used were not intended to reflect a specific vaccine. We have 
also assumed that the same aVE and rVE applies to all infection 
outcomes, which may not be accurate.

We did not consider the indirect population effects of vaccina-
tion through decreased population transmission or herd immu-
nity. Indirect benefits increase with VE [50] and higher levels 
of coverage, particularly in the paediatric population [51, 52], 
and can exceed direct benefits [53]. Influenza circulation is 
associated with increased cardiovascular and all-cause hospi-
talisations [48]. Incorporating these factors requires more so-
phisticate modelling approaches.

5   |   Conclusion

Standard influenza vaccination achieves substantial population 
health benefits in terms of averted notifications, hospitalisations 

and deaths among the Australian population aged < 65 years. 
We have shown that introduction of an improved vaccine with 
plausible rVE can have substantial additional impact in terms of 
the hospital and mortality burden averted, particularly in sea-
sons with low standard VE and high influenza activity. As in 
other settings, this quantification is useful to contextualise the 
complex interpretation of rVE estimates across different seasons 
and inform policies designed to increase access and uptake of 
improved vaccines in the < 65 year age group [11, 13, 14].

Author Contributions

Alicia N. Stein: Conceptualization; Data curation; Formal analysis; 
Investigation; Methodology; Project administration; Writing – original 
draft; Writing – review and editing. Catherine G. A. Pendrey: 
Conceptualization; Formal analysis; Investigation; Methodology; 
Validation; Writing – original draft; Writing – review and editing. David 
J. Muscatello: Conceptualization; Formal analysis; Investigation; 
Methodology; Validation; Writing – original draft; Writing – review 
and editing. Paul G. Van Buynder: Conceptualization; Investigation; 
Writing – review and editing. James E. Fielding: Conceptualization; 
Investigation; Writing – review and editing. Jason C. Menche: 
Conceptualization; Investigation; Project administration; Writing 
– review and editing. Sheena G. Sullivan: Conceptualization; 
Investigation; Methodology; Supervision; Writing – original draft; 
Writing – review and editing.

Acknowledgements

The authors would like to thank the Australian Institute of Health and 
Welfare, who provided the influenza-coded hospitalisation data for 
2015–2019, and the Nationally Notifiable Diseases Surveillance System, 
for use of publicly available notification data for 2015–2019. The au-
thors would like to thank MediTech Media and Joyce Lee for support 
in preparation of the supplementary tables on behalf of CSL Seqirus. 
David Muscatello is supported by an NHMRC Investigator Grant 
(APP1194109). The contents of the published material are solely the re-
sponsibility of the administering institution, a participating institution 
or individual authors and do not reflect the views of the NHMRC. The 
WHO Collaborating Centre for Reference and Research on Influenza 
is supported by the Australian Government Department of Health and 
Aged Care.

Ethics Statement

Ethical approval was not required as only nonidentifiable aggregate 
data were used.

Conflicts of Interest

ANS and JCM are employees of CSL Seqirus and own shares in CSL 
Pty Ltd; DJM has had unpaid participation in an influenza advisory 
board meeting for CSL Seqirus, with travel and meals provided. SGS 
reports receipt of consulting fees for CSL Seqirus, Pfizer, Moderna and 
EvoHealth; PGVB is a member of the Australian Influenza Vaccine 
Committee; CGAP and JEF have nothing to declare.

Data Availability Statement

Observed age and season-specific notifications of laboratory con-
firmed influenza were obtained from the National Notifiable Diseases 
Surveillance System (NNDSS) influenza dataset, available at National 
Notifiable Diseases Surveillance System (NNDSS) public datasets | 
Australian Government Department of Health and Aged Care.

Hospitalisation data were from the National Hospital Morbidity 
Database provided by the Australian Institute of Health and Welfare 
and are available on request from http://​www.​aihw.​gov.​au/​.

https://www.health.gov.au/resources/collections/nndss-public-datasets?utm_source=health.gov.au&utm_medium=callout-auto-custom&utm_campaign=digital_transformation
https://www.health.gov.au/resources/collections/nndss-public-datasets?utm_source=health.gov.au&utm_medium=callout-auto-custom&utm_campaign=digital_transformation
https://www.health.gov.au/resources/collections/nndss-public-datasets?utm_source=health.gov.au&utm_medium=callout-auto-custom&utm_campaign=digital_transformation
http://www.aihw.gov.au/


8 of 9 Influenza and Other Respiratory Viruses, 2024

References

1. A. D. Iuliano, K. M. Roguski, H. H. Chang, et al., “Estimates of Global 
Seasonal Influenza-Associated Respiratory Mortality: A Modelling 
Study,” Lancet 391, no. 10127 (2018): 1285–1300.

2. D. J. Muscatello, A. L. Nazareno, R. M. Turner, and A. T. Newall, 
“Influenza-Associated Mortality in Australia, 2010 through 
2019: High Modelled Estimates in 2017,” Vaccine 39, no. 52 (2021): 
7578–7583.

3. A. L. Nazareno, D. J. Muscatello, R. M. Turner, J. G. Wood, H. C. 
Moore, and A. T. Newall, “Modelled Estimates of Hospitalisations At-
tributable to Respiratory Syncytial Virus and Influenza in Australia, 
2009–2017,” Influenza and Other Respiratory Viruses 16, no. 6 (2022): 
1082–1090.

4. L. Comber, E. O Murchu, K. Jordan, et al., “Systematic Review of 
the Efficacy, Effectiveness and Safety of High-Dose Seasonal Influ-
enza Vaccines for the Prevention of Laboratory-Confirmed Influ-
enza in Individuals ≥18 Years of Age,” Reviews in Medical Virology 
33 (2023): e2330.

5. E. O Murchu, L. Comber, K. Jordan, et al., “Systematic Review of the 
Efficacy, Effectiveness and Safety of MF59((R)) Adjuvanted Seasonal 
Influenza Vaccines for the Prevention of Laboratory-Confirmed Influ-
enza in Individuals ≥18 Years of Age,” Reviews in Medical Virology 33 
(2023): e2329.

6. K. Jordan, E. O. Murchu, L. Comber, et  al., “Systematic Review 
of the Efficacy, Effectiveness and Safety of Cell-Based Seasonal In-
fluenza Vaccines for the Prevention of Laboratory-Confirmed Influ-
enza in Individuals ≥18 Years of Age,” Reviews in Medical Virology 33 
(2023): e2332.

7. L. C. Lambert and A. S. Fauci, “Influenza Vaccines for the Future,” 
The New England Journal of Medicine 363, no. 21 (2010): 2036–2044.

8. I. T. Lee, R. Nachbagauer, D. Ensz, et al., “Safety and Immunoge-
nicity of a Phase 1/2 Randomized Clinical Trial of a Quadrivalent, 
mRNA-Based Seasonal Influenza Vaccine (mRNA-1010) in Healthy 
Adults: Interim Analysis,” Nature Communications 14, no. 1 (2023): 
3631.

9. R. Hollingsworth, C. El Guerche-Séblain, T. Tsai, et  al., “Assess-
ment of the Benefits of Seasonal Influenza Vaccination: Elements of a 
Framework to Interpret Estimates of Vaccine Effectiveness and Support 
Robust Decision-Making and Communication,” Influenza and Other 
Respiratory Viruses 15, no. 1 (2021): 164–174.

10. M. Rondy, N. El Omeiri, M. G. Thompson, A. Leveque, A. Moren, 
and S. G. Sullivan, “Effectiveness of Influenza Vaccines in Preventing 
Severe Influenza Illness among Adults: A Systematic Review and Meta-
Analysis of Test-Negative Design Case-Control Studies,” The Journal of 
Infection 75, no. 5 (2017): 381–394.

11. C. Reed, I. K. Kim, J. A. Singleton, et al., “Estimated Influenza Ill-
nesses and Hospitalizations Averted by Vaccination—United States, 
2013–14 Influenza Season,” MMWR. Morbidity and Mortality Weekly 
Report 63, no. 49 (2014): 1151–1154.

12. N. M. Lewis, J. R. Chung, T. M. Uyeki, L. Grohskopf, J. M. Ferdi-
nands, and M. M. Patel, “Interpretation of Relative Efficacy and Effec-
tiveness for Influenza Vaccines,” Clinical Infectious Diseases 75 (2022): 
170–175.

13. D. Kostova, C. Reed, L. Finelli, et al., “Influenza Illness and Hospi-
talizations Averted by Influenza Vaccination in the United States, 2005-
2011,” PLoS ONE 8, no. 6 (2013): e66312.

14. J. I. Tokars, M. A. Rolfes, I. M. Foppa, and C. Reed, “An Evaluation 
and Update of Methods for Estimating the Number of Influenza Cases 
Averted by Vaccination in the United States,” Vaccine 36, no. 48 (2018): 
7331–7337.

15. Report of the National Influenza Surveillance Scheme, 2011 to 
2018,” Communicable Diseases Intelligence 2022 (2018): 46.

16. A. C. Cheng, D. E. Dwyer, M. Holmes, et al., “Influenza Epidemiol-
ogy in Patients Admitted to Sentinel Australian Hospitals in 2019: The 
Influenza Complications Alert Network (FluCAN),” Communicable 
Diseases Intelligence 46 (2022): 46.

17. S. G. Sullivan, S. Carlson, A. C. Cheng, et al., “Where Has All the In-
fluenza Gone? The Impact of COVID-19 on the Circulation of Influenza 
and Other Respiratory Viruses, Australia, March to September 2020,” 
Euro Surveillance 25 (2020): 47.

18. Australian Technical Advisory Group on Immunisation (ATAGI), 
Statement on the Administration of Seasonal Influenza Vaccines in 2022 
(Canberra: ATAGI, 2022) updated 2022 March, cited 2022 August 3, 
https://​www.​health.​gov.​au/​sites/​​defau​lt/​files/​​docum​ents/​2022/​02/​
atagi​-​advic​e-​on-​seaso​nal-​influ​enza-​vacci​nes-​in-​2022.​pdf.

19. National Centre for Immunisation Research and Surveillance Aus-
tralia (NCIRS), Influenza Vaccine Coverage Data (Westmead: NCIRS, 
2023) updated 2023 April 2, cited 2023 September 7, https://​ncirs.​org.​
au/​influ​enza-​vacci​natio​n-​cover​age-​data.

20. A. C. Cheng, M. Holmes, D. E. Dwyer, et al., “Influenza Epidemiol-
ogy in Patients Admitted to Sentinel Australian Hospitals in 2017: The 
Influenza Complications Alert Network (FluCAN),” Communicable 
Diseases Intelligence 43 (2019): 43.

21. S. L. Sheridan, C. Patel, K. Macartney, and A. C. Cheng, “New En-
hanced Influenza Vaccines for Older Australians: What Promise Do 
they Hold?” The Medical Journal of Australia 209, no. 3 (2018): 110–112.

22. J. E. Fielding, A. Levy, M. B. Chilver, et al., “Effectiveness of Seasonal 
Influenza Vaccine in Australia, 2015: An Epidemiological, Antigenic 
and Phylogenetic Assessment,” Vaccine 34, no. 41 (2016): 4905–4912.

23. A. K. Regan, J. E. Fielding, M. B. Chilver, et al., “Intraseason Decline 
in Influenza Vaccine Effectiveness during the 2016 Southern Hemi-
sphere Influenza Season: A Test-Negative Design Study and Phyloge-
netic Assessment,” Vaccine 37, no. 19 (2019): 2634–2641.

24. S. G. Sullivan, C. S. Arriola, J. Bocacao, et al., “Heterogeneity in In-
fluenza Seasonality and Vaccine Effectiveness in Australia, Chile, New 
Zealand and South Africa: Early Estimates of the 2019 Influenza Sea-
son,” Euro Surveillance 24, no. 45 (2019): pII=1900645, https://​doi.​org/​
10.​2807/​1560-​7917.​ES.​2019.​24.​45.​1900645.

25. National Influenza Surveillance Committee, 2018 Influenza Season 
in Australia (Canberra: Australian Government Department of Health, 
2018) cited 2023 April 21, https://​web.​archi​ve.​org.​au/​awa/​20190​20813​
5111mp_/​http://​www.​health.​gov.​au/​inter​net/​main/​publi​shing.​nsf/​Con-
tent/​cda-​surve​il-​ozflu​-​flucu​rr.​htm/​$File/​2018-​Seaso​n-​Summa​ry.​pdf.

26. S. G. Sullivan, M. B. Chilver, K. S. Carville, et al., “Low Interim In-
fluenza Vaccine Effectiveness, Australia, 1 May to 24 September 2017,” 
Euro Surveillance 22, no. 43 (2017): pII=17-00707, https://​doi.​org/​10.​
2807/​1560-​7917.​ES.​2017.​22.​43.​17-​00707​.

27. B. Hull, A. Hendry, A. Dey, F. Beard, J. Brotherton, and P. McIntyre, 
“Annual Immunisation Coverage Report 2016,” Communicable Dis-
eases Intelligence 2019 (2018): 43.

28. B. Hull, A. Hendry, A. Dey, F. Beard, J. Brotherton, and P. McIntyre, 
“Immunisation Coverage Annual Report, 2015,” Communicable Dis-
eases Intelligence 43 (2019): 43.

29. B. Hull, A. Hendry, A. Dey, J. Brotherton, K. Macartney, and F. 
Beard, “Annual Immunisation Coverage Report 2017,” Communicable 
Diseases Intelligence 2019 (2018): 43.

30. B. Hull, A. Hendry, A. Dey, K. Macartney, and F. Beard, Annual 
Immunisation Coverage Report 2019 (Westmead: National Centre for 
Immunisation Research and Surveillance, 2020) cited 2023 May 23, 
https://​www.​ncirs.​org.​au/​sites/​​defau​lt/​files/​​2020-​11/​NCIRS%​20Ann​
ual%​20Imm​unisa​tion%​20Cov​erage%​20Rep​ort%​202019%​20Fin​al.​pdf.

31. B. Hull, A. Hendry, A. Dey, P. McIntyre, K. Macartney, and F. Beard, 
“Immunisation Coverage Annual Report 2018,” Communicable Dis-
eases Intelligence 2021 (2018): 45.

https://www.health.gov.au/sites/default/files/documents/2022/02/atagi-advice-on-seasonal-influenza-vaccines-in-2022.pdf
https://www.health.gov.au/sites/default/files/documents/2022/02/atagi-advice-on-seasonal-influenza-vaccines-in-2022.pdf
https://ncirs.org.au/influenza-vaccination-coverage-data
https://ncirs.org.au/influenza-vaccination-coverage-data
https://doi.org/10.2807/1560-7917.ES.2019.24.45.1900645
https://doi.org/10.2807/1560-7917.ES.2019.24.45.1900645
https://web.archive.org.au/awa/20190208135111mp_/http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-ozflu-flucurr.htm/$File/2018-Season-Summary.pdf
https://web.archive.org.au/awa/20190208135111mp_/http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-ozflu-flucurr.htm/$File/2018-Season-Summary.pdf
https://web.archive.org.au/awa/20190208135111mp_/http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-ozflu-flucurr.htm/$File/2018-Season-Summary.pdf
https://doi.org/10.2807/1560-7917.ES.2017.22.43.17-00707
https://doi.org/10.2807/1560-7917.ES.2017.22.43.17-00707
https://www.ncirs.org.au/sites/default/files/2020-11/NCIRS Annual Immunisation Coverage Report 2019 Final.pdf
https://www.ncirs.org.au/sites/default/files/2020-11/NCIRS Annual Immunisation Coverage Report 2019 Final.pdf


9 of 9

32. A. T. Newall, J. P. Dehollain, P. Creighton, P. Beutels, and J. G. Wood, 
“Understanding the Cost-Effectiveness of Influenza Vaccination in 
Children: Methodological Choices and Seasonal Variability,” Pharma-
coEconomics 31, no. 8 (2013): 693–702.

33. Newspoll, “Newspoll Omnibus Survey June 2014: Summary Report 
Flu Vaccinations,” Newspoll, 2014.

34. M. J. Trent, D. A. Salmon, and C. R. MacIntyre, “Using the Health 
Belief Model to Identify Barriers to Seasonal Influenza Vaccination 
among Australian Adults in 2019,” Influenza and Other Respiratory Vi-
ruses 15, no. 5 (2021): 678–687.

35. B. Hull, A. Hendry, A. Dey, J. Brotherton, K. Macartney, and F. 
Beard, “Annual immunisation Coverage Report 2020,” Communicable 
Diseases Intelligence 2022 (2018): 46.

36. Australian Government Department of Health and Aged Care, Na-
tional Notifiable Diseases Surveillance System (NNDSS) Public Datasets: 
Influenza (Laboratory Confirmed) Notifications in Australia (Canberra: 
Australian Government, 2023) updated 2023; cited 2023 August 7, 
https://​www.​health.​gov.​au/​resou​rces/​colle​ctions/​nndss​-​publi​c-​datas​
ets?​utm_​sourc​e=​health.​gov.​au&​utm_​mediu​m=​callo​ut-​auto-​custo​m&​
utm_​campa​ign=​digit​al_​trans​forma​tion.

37. H. C. Moore, D. Lehmann, N. de Klerk, et al., “How Accurate Are In-
ternational Classification of Diseases-10 Diagnosis Codes in Detecting 
Influenza and Pertussis Hospitalizations in Children?” Journal of the 
Pediatric Infectious Diseases Society 3, no. 3 (2014): 255–260.

38. B. L. Coleman, R. Sanderson, M. D. M. Haag, and I. McGovern, “Ef-
fectiveness of the MF59-Adjuvanted Trivalent or Quadrivalent Seasonal 
Influenza Vaccine among Adults 65 Years of Age or Older, a Systematic 
Review and Meta-Analysis,” Influenza and Other Respiratory Viruses 
15, no. 6 (2021): 813–823.

39. J. K. H. Lee, G. K. L. Lam, T. Shin, S. I. Samson, D. P. Greenberg, and 
A. Chit, “Efficacy and Effectiveness of High-Dose Influenza Vaccine in 
Older Adults by Circulating Strain and Antigenic Match: An Updated 
Systematic Review and Meta-Analysis,” Vaccine 39, no. Suppl 1 (2021): 
A24–A35.

40. C. Boikos, I. McGovern, D. Molrine, J. R. Ortiz, J. Puig-Barberà, and 
M. Haag, “Review of Analyses Estimating Relative Vaccine Effective-
ness of Cell-Based Quadrivalent Influenza Vaccine in Three Consecu-
tive US Influenza Seasons,” Vaccines. 10, no. 6 (2022): 896, https://​doi.​
org/​10.​3390/​vacci​nes10​060896.

41. L. M. Dunkle, R. Izikson, P. Patriarca, et al., “Efficacy of Recombi-
nant Influenza Vaccine in Adults 50 Years of Age or Older,” The New 
England Journal of Medicine 376, no. 25 (2017): 2427–2436.

42. J. Puig-Barberà, S. Tamames-Gómez, P. Plans-Rubio, and J. M. 
Eiros-Bouza, “Relative Effectiveness of Cell-Cultured Versus Egg-
Based Seasonal Influenza Vaccines in Preventing Influenza-Related 
Outcomes in Subjects 18 Years Old or Older: A Systematic Review and 
Meta-Analysis,” International Journal of Environmental Research and 
Public Health 19, no. 2 (2022): 818, https://​doi.​org/​10.​3390/​ijerp​h1902​
0818.

43. R. K. Zimmerman, K. Dauer, L. Clarke, M. P. Nowalk, J. M. Rav-
iotta, and G. K. Balasubramani, “Vaccine Effectiveness of Recombi-
nant and Standard Dose Influenza Vaccines against Outpatient Illness 
during 2018-2019 and 2019-2020 Calculated Using a Retrospective 
Test-Negative Design,” Human Vaccines & Immunotherapeutics 19, no. 
1 (2023): 2177461.

44. A. C. Cheng, M. Holmes, D. E. Dwyer, et al., “Influenza Epidemiol-
ogy in Patients Admitted to Sentinel Australian Hospitals in 2016: The 
Influenza Complications Alert Network (FluCAN),” Communicable 
Diseases Intelligence Quarterly Report 41, no. 4 (2017): E337.

45. A. Cheng, M. Holmes, D. S. Dwyer, et al, “Vaccine Effectiveness in 
Patients Admitted to Sentinel Australian Hospitals in 2018: The Influ-
enza Complications Alert Network (FluCAN),” 2018.

46. A. C. Cheng, M. Holmes, D. E. Dwyer, et al., “Influenza Epidemiol-
ogy in Patients Admitted to Sentinel Australian Hospitals in 2015: The 
Influenza Complications Alert Network,” Communicable Diseases Intel-
ligence Quarterly Report 40, no. 4 (2016): E521.

47. A. E. Macias, J. E. McElhaney, S. S. Chaves, et al., “The Disease Bur-
den of Influenza Beyond Respiratory Illness,” Vaccine 39, no. Suppl 1 
(2021): A6–a14.

48. T. Pumarola, J. Díez-Domingo, F. Martinón-Torres, et  al., “Excess 
Hospitalizations and Mortality Associated With Seasonal Influenza in 
Spain, 2008–2018,” BMC Infectious Diseases 23, no. 1 (2023): 86.

49. N. Wabe, L. Li, R. Lindeman, et al., “Evaluation of the Accuracy of 
Diagnostic Coding for Influenza Compared to Laboratory Results: The 
Availability of Test Results Before Hospital Discharge Facilitates Im-
proved Coding Accuracy,” BMC Medical Informatics and Decision Mak-
ing 21, no. 1 (2021): 168.

50. A. M. Fry, I. K. Kim, C. Reed, et al., “Modeling the Effect of Different 
Vaccine Effectiveness Estimates on the Number of Vaccine-Prevented 
Influenza-Associated Hospitalizations in Older Adults,” Clinical Infec-
tious Diseases 59, no. 3 (2014): 406–409.

51. P. T. de Boer, L. Nagy, F. C. K. Dolk, J. C. Wilschut, R. Pitman, and 
M. J. Postma, “Cost-Effectiveness of Pediatric Influenza Vaccination in 
the Netherlands,” Value in Health 24, no. 1 (2021): 19–31.

52. R. J. Pitman, L. J. White, and M. Sculpher, “Estimating the Clinical 
Impact of Introducing Paediatric Influenza Vaccination in England and 
Wales,” Vaccine 30, no. 6 (2012): 1208–1224.

53. M. Eichner, M. Schwehm, L. Eichner, and L. Gerlier, “Direct and 
Indirect Effects of Influenza Vaccination,” BMC Infectious Diseases 17, 
no. 1 (2017): 308.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section.

https://www.health.gov.au/resources/collections/nndss-public-datasets?utm_source=health.gov.au&utm_medium=callout-auto-custom&utm_campaign=digital_transformation
https://www.health.gov.au/resources/collections/nndss-public-datasets?utm_source=health.gov.au&utm_medium=callout-auto-custom&utm_campaign=digital_transformation
https://www.health.gov.au/resources/collections/nndss-public-datasets?utm_source=health.gov.au&utm_medium=callout-auto-custom&utm_campaign=digital_transformation
https://doi.org/10.3390/vaccines10060896
https://doi.org/10.3390/vaccines10060896
https://doi.org/10.3390/ijerph19020818
https://doi.org/10.3390/ijerph19020818

	Estimates of Seasonal Influenza Burden That Could Be Averted by Improved Influenza Vaccines in the Australian Population Aged Under 65 Years, 2015–2019
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Data Sources
	2.1.1   |   VE and Coverage Estimates, 2015–2019
	2.1.2   |   Notifications
	2.1.3   |   Hospitalisations
	2.1.4   |   Deaths

	2.2   |   VE and Burden Averted
	2.2.1   |   aVE and Difference in aVE of Improved Vaccines
	2.2.2   |   Estimating Burden Averted
	2.2.3   |   Sensitivity Analyses


	3   |   Results
	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Acknowledgements
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement

	References




