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Summary

Background: Few studies have examined effectiveness of COVID-19 vaccines against COVID-19 and all-
cause mortality across different pandemic periods in 2022. 

Methods: We used linked whole-of-population data from the 2021 Australian Census, Australian 
Immunisation Register, death registrations and other national datasets including migration data. Among 
3.8 million adults aged 65+ years and >170,000 aged care residents, we used survival analysis to estimate 
vaccine effectiveness (VE) against COVID-19 specific mortality and all-cause mortality, by vaccine dose 
and time since receipt, adjusted for age, sex and other factors. We also estimated absolute COVID-19 
mortality rates. 

Results: From January-May 2022 (Omicron BA.1/2), 3250 COVID-19 deaths occurred; from June-
November (Omicron BA.4/5) 3185 COVID-19 deaths occurred. During January-May, VE of a 3rd COVID-19 
vaccine dose within 3 months was 93% (95%CI 93-94%) whilst VE of a 2nd dose >6 months since receipt 
was 34% (26-42%). During June-November, VE of a 4th COVID-19 vaccine dose within 3 months was 84% 
(82-86%) whilst VE of a 3rd dose >6 months since receipt was 56% (50-62%). VE estimates for aged care 
residents were similar, but absolute risk reductions were substantially greater. During June-November 
2022, we estimated for every 157 aged care residents boosted with a 4th dose, one COVID-19 death was 
prevented, this compares to 1458 adults boosted per death prevented in those 65+ years. 

Conclusions: COVID-19 vaccination is highly effective against COVID-19 mortality among older adults 
although effectiveness wanes with time since the last dose. Our findings emphasise the importance of 
continuing to administer booster doses, particularly to those at highest risk. 
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Research in context

Evidence before this study

Many studies have estimated COVID-19 vaccine effectiveness against COVID-19 specific disease 
outcomes including symptomatic infection and severe disease, often measured using hospitalisations and 
deaths with a related SARS-CoV-2 diagnosis. Defining severe COVID-19 has become more difficult in the 
Omicron variant era as infection is common and misclassification of attribution can lead to uncertainty and 
variations in vaccine effectiveness estimates. Few studies have examined COVID-19 vaccine effectiveness 
against COVID-19 mortality based on death certifications and assessed the effectiveness of boosters 
against COVID-19 mortality more than six months after receipt. There are also limited studies focussed on 
high-risk populations such as residents in aged care. 

Added value of this study

In this whole of Australian population analysis, we followed 3.8 million people aged 65+ years for COVID-
19 specific and all-cause mortality based on death certifications throughout 2022, a period during which 
Australia transitioned from a country with almost no population-based natural immunity to a setting where 
most people experienced SARS-CoV-2 Omicron infection. We used a robust method to ascertain COVID-
19 death and had minimal loss to follow-up. We showed that COVID-19 vaccine effectiveness against 
COVID-19 mortality is high after initial vaccine receipt but wanes over time; however, protection more than 
6 months after booster receipt remains over 50%. The estimate of vaccine effectiveness was also observed 
to be affected by increasing population hybrid immunity whereby the relative contribution of protection from 
a vaccine dose reduces. Estimates of vaccine effectiveness were similar among residents of aged care 
facilities as that in the general population, but the substantially higher rates of COVID-19 mortality in aged 
care mean the absolute benefit of vaccination is much greater. COVID-19 vaccination was also found to be 
effective against all-cause mortality, likely from both direct effects and the impact on other outcomes, such 
as cardiovascular diseases, known to occur following COVID-19. 

Implications of all the available evidence

COVID-19 vaccination is highly effective in preventing COVID-19 death and also reduces all-cause mortality. 
The effectiveness of boosters against mortality wanes with time but a booster still provides substantial 
residual protection six months after receipt. Increasing population hybrid immunity is likely to reduce 
observed vaccine effectiveness as the pandemic progresses but COVID-19 boosters continue to provide 
significant benefits in mortality reduction, particularly in high-risk populations such as those aged 65+ years 
and those resident in aged care facilities. 
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Background

Since the introduction of COVID-19 vaccines, numerous studies, particularly on mRNA and adenoviral 

vector vaccines, have estimated their effectiveness against SARS-CoV-2 infection, and serious outcomes 

such as hospitalisation or death1,2. Recent studies have focussed on Omicron, the current dominant viral 

variant3, and shown collectively how effectiveness against infection wanes a few months after administration. 

Protection against severe outcomes is more robust, but there is uncertainty regarding waning effectiveness 

of booster vaccination against severe disease, in particular death, six months or more after vaccine 

receipt4,5,6. 

In Australia, only small incursions of SARS-CoV-2 occurred until late 20217 when international and internal 

border restrictions were progressively removed. Up until then, immunity in the adult population was highly 

reliant on vaccination, which had been available from February 20218. During 2022, Australia experienced 

three SARS-CoV-2 infection waves; one from December 2021-May 2022 dominated by Omicron BA.1/BA.2 

variants; a second from June to approximately November 2022, dominated mostly by Omicron BA.4/BA.5 

and a third from December 2022 dominated by Omicron sub- and recombinant variants9. In addition to a 

primary course of COVID-19 vaccination for which Australian adults had very high uptake (>94%)10, all adults 

were recommended to receive a first booster dose in late 2021. From late March 2022 all adults aged 65+ 

years and some younger individuals with comorbidities were recommended to receive a ‘winter’ or second 

booster, which was for most, a fourth dose11. 

Few studies internationally have analysed COVID-19 vaccine effectiveness against COVID-19 death and 

all-cause mortality using death certification1 and documented how this has changed with growing population 

hybrid immunity. 

Methods 

Study population and data sources

The Multi-Agency Data Integration Project (MADIP) is a data asset managed by the Australian Bureau of 

Statistics. It uses a unique person-linkage spine to securely link together individual-level data on population 

demographics (from the Census), taxation records, and a range of health datasets including data on services 

and prescriptions subsidised under Australia’s universal health insurance program (Medicare). 

We used the following datasets linked in MADIP: Australian 2021 Census, Australian Immunisation Register 

(AIR), Medicare Benefits Schedule (MBS), Pharmaceutical Benefits Scheme (PBS), overseas migration, 

national residential aged care data and death registrations. Australia conducts a whole of population census 

every 5 years with the most recent in August 2021. Census data include age, sex, income, area of residence; 

over 96% of Australian dwellings were estimated to have completed this Census12. The Australian 

Immunisation Register (AIR)13 records all vaccines administered in Australia; notification of vaccines 

provided under national programs is mandatory. The AIR records the brand, dose and date of vaccination. 

A small proportion (<1%) of individuals opt out of immunisation record linkage. The MBS records all health 
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services subsidised by Medicare, Australia’s universal health insurance scheme including general 

practitioner (GP) visits14. The PBS records all prescription medicines dispensed under this scheme and 

includes oral antivirals prescribed for treatment of COVID-19; PBS data include the pharmaceutical item, 

formulation, dose, and date of dispensing. Overseas migration data include monthly data on whether an 

individual is absent from Australia. Aged care data include information on residence in an aged care facility 

and date of admission. Death registrations include the WHO International Classification of Diseases version 

10 (ICD-10) coded data on the underlying cause of death, contributing causes and date of death. 

For the primary analyses, the study population included all individuals in the Australian 2021 Census. 

Exclusions (outlined in Supplementary Figure 1) included those with significant missing data, age <65 years, 

as there were relatively few deaths in those ages, and migration or death prior to follow-up commencement 

(baseline). In 2022 individuals who received a fifth vaccine dose would have done so as part of a three-dose 

primary/two dose booster schedule recommended for a small number of individuals with significant 

immunocompromising conditions; as such we also excluded people who received a fifth vaccine dose prior 

to baseline. We conducted a secondary analysis among residents in aged care facilities aged 65+ years, 

ascertained based on a record of admission as a permanent resident in a facility prior to baseline (see 

Supplementary Figure 2 for exclusions). 

Study definitions

The main study outcome was a death registration where COVID-19 was recorded as the underlying cause 

of death (ICD-10 code, U07.1 and U07.2)15. The secondary outcome was all-cause mortality. We obtained 

COVID-19 vaccination status from the AIR. For the main analyses, model covariates included age, sex and 

jurisdiction of residence from the MADIP spine, household equivalised income from Census data, number 

of comorbidities (based on a validated measure using individual-level PBS dispensing records over the 

previous six months prior to study entry16), number of GP consultations in the year prior to study entry from 

MBS data, and receipt of an influenza vaccine in 2021 from the AIR. For analyses of permanent residents 

in aged care facilities, we included all model covariates above except household equivalised income. 

Analysis 

We used survival analysis with a cause-specific competing risk approach for the main study outcome where 

COVID-19 death was the event of interest and any other death the competing event. We used a Cox model 

for all-cause mortality. We followed individuals for two periods: 1 January to 31 May 2022 (BA.1/2 wave) 

and 1 June to 30 November 2022 (BA.4/5 wave)9. We followed study participants from the start of each 

period until receipt of a fifth dose, death or the end of the study period. Vaccination status was a time-varying 

covariate based on the date of vaccination with classification including the number of doses received and 

time since receipt in fixed intervals (8-90, 91-180, >180 days; the 0–7-day interval was included in analyses 

but not shown due to small numbers). We adjusted models for the covariates listed previously. We estimated 

adjusted hazard ratios and 95% confidence intervals (aHR) using the unvaccinated population as the 

reference group and calculated vaccine effectiveness (VE) using the formula 1-aHR*100%. 
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Supplementary analyses focussed on the period June-November 2022. We estimated relative VE of three 

compared to four vaccine doses as a pre-specified comparison. We restricted analyses to individuals who 

received an influenza vaccination in 2021 to reduce healthy vaccinee bias, and also to individuals who had 

at least one GP visit in the last year to reduce potential bias from health service access. We adjusted 

analyses for receipt of an oral antiviral medicine using PBS data where antiviral use was a time-varying 

covariate. We also examined alternate study outcomes including deaths where COVID-19 was classified as 

the underlying cause of death or a contributing cause of death, and deaths where the underlying cause was 

ischaemic heart disease (ICD-10 I20-I25), cerebrovascular disease (I60-I69), respiratory disorder (ICD-10 

codes beginning with “J”), dementia (F01, F03, G30) or cancer (C00-C97) and COVID-19 (U07.1, U07.2) 

was not a contributing cause of death. Finally, we estimated COVID-19 mortality rates by vaccine status by 

using the rate in the unvaccinated population and multiplying this by the adjusted hazard ratios to derive 

adjusted rates. From this we calculated absolute risk reductions and the number needed to vaccinate to 

prevent one death. 

Analyses were conducted under the Australian Government’s evaluation of the COVID-19 vaccine program 

and no ethics approvals were required. No individual identifying details were available in the databases and 

all results where counts or rates are presented were perturbed according to the Australian Bureau of 

Statistics methods to prevent disclosure of small numbers and potential re-identification17.   

Results

Characteristics of study population

Analyses for the Australian population aged 65+ years included 3.867 million and 3.877 million individuals 

for follow-up periods commencing on 1 January and 1 June 2022 respectively. Characteristics of the 

population according to the number of vaccine doses received at the start of follow-up are shown in Tables 

1(a,b). At 1 January 2022, 70.9% had received two COVID-19 vaccine doses and 23.1% had received more 

than two doses; only 5.0% of the population were unvaccinated. By 1 June 2022, 53.6% had received three 

COVID-19 vaccine doses, 33.5% had received four doses and 4.3% remained unvaccinated. The majority 

of the vaccinated population had received the AstraZeneca COVID-19 ChAdOx1 vaccine for their primary 

course and most received an mRNA COVID-19 vaccine for boosters. 

The unvaccinated population, while having a similar age distribution as the vaccinated population, were 

more likely to be women, have lower incomes, fewer co-morbidities, fewer GP visits, and less likely to have 

had an influenza vaccine in 2021. By 1 June 2022 there was a gradient of increasing age, household income, 

number of comorbid conditions, GP visits and likelihood of receipt of influenza vaccine with increasing 

numbers of vaccine doses received (Table 1b). Differences in the likelihood of remaining unvaccinated 

changed over time by state of residence; at 1 January 2022 two of eight states (Queensland, Western 

Australia) were over-represented among the unvaccinated population and by 1 June 2022 only Queensland 

residents were over-represented.
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There were 177,630 and 174,780 individuals classified as permanent residents in aged care facilities on 1 

January 2022 and 1 June 2022, respectively. Similar to our primary analyses, unvaccinated residents were 

less likely to have comorbidities, have fewer GP visits and were less likely to have had influenza vaccine in 

2021 (Tables 2(a,b)). In line with government policy, the Pfizer BNT162b2 vaccine was mostly used for the 

primary vaccine course in this population. 

Effectiveness of COVID-19 vaccines 

There were 3235 COVID-19 specific deaths over 1.578 million person-years during the January-May 2022 

and 3185 COVID-19 deaths over 1.906 million person-years during June-November 2022. Figure 1 shows 

the rates of COVID-19 mortality and vaccine effectiveness (VE) according to dose and time since receipt in 

each period. During January-May 2022, effectiveness of two COVID-19 vaccine doses in preventing COVID-

19 death within three months of receipt (defined as ‘recent’) was 73% (95%CI 68-77%); this compared to 

93% (95%CI 93-94%) for recent receipt of three doses or 93% (95%CI 90-95%) for four doses. VE waned 

with time following receipt; and waning was greater for those who only had two compared to three vaccine 

doses (at >6 months since receipt 34% versus 63%). 

During June-November 2022 (Figure 1), VE against COVID-19 death with three vaccine doses within 3 

months of receipt was 75% (95%CI 68-81%), whilst effectiveness of four doses within 3 months of receipt 

was 84% (95%CI 82-86%). The effectiveness of a third and fourth COVID-19 vaccine dose given more than 

6 months earlier, whilst lower than recent vaccination, remained above 50%. During this latter wave the 

relative effectiveness of a recent fourth dose compared to a third dose given more than 6 months earlier 

was 64% (95%CI 59%-68%). 

For people resident in aged care, VE against COVID-19 mortality was similar compared to the general 

population aged 65+ years; protection was higher after recent booster receipt, and then waned (Figure 2). 

However the absolute rates of COVID-19 mortality were over ten times that in the general population. During 

June-November 2022, among the unvaccinated, the COVID-19 mortality rate was 8.5/100 person-years in 

aged care residents versus 0.49/100 person-years in the population aged 65+ years. The difference in 

adjusted rates between those who received three doses >6 months ago compared to a recent fourth dose 

was 0.14/100 person-years in the general population and 1.27/100 person-years in aged care residents. 

Hence over the 6-month period, administration of a fourth vaccine dose prevented one COVID-19 death for 

every 1,458 vaccinated among people aged 65+ years compared to one death prevented for every 157 

residents in aged care given a fourth dose. 

Figure 3 shows VE against all-cause mortality compared to COVID-19 specific mortality in the general 

population and in aged care residents. There were 49,195 and 44,689 deaths respectively during each 

period. We observed similar VE patterns with vaccine dose and time since receipt over the two waves for 

both outcomes. However, the estimated VE was substantially greater for the specific outcome (COVID-19 

mortality) compared to the non-specific outcome (all-cause mortality). For example, during June-November 
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2022, VE of a recent fourth dose was 84% (95%CI 82-86%) for COVID-19 mortality compared to 58% 

(95%CI 56-59%) against all-cause mortality. 

Analyses examining other causes of death during June-November 2022 are shown in Supplementary Figure 

3. VE against COVID-19 mortality as both the underlying or contributing cause, which included 4260 deaths 

(an additional 1074 deaths to the main study outcome) was similar to analyses of COVID-19 as the 

underlying cause of death. For other pre-specified causes of death, VE varied. Against cerebrovascular, 

ischaemic heart disease, respiratory and dementia deaths, there was less waning of effectiveness observed 

with the fourth vaccine dose; the VE patterns for death due to cancer were more similar to that for COVID-

19 mortality, although again of a substantially lower magnitude. 

Findings from additional analyses focused on the June-November period and including only the 2.781 million 

individuals who had received an influenza vaccine in 2021 or alternatively, the 3.725 million who had seen 

a GP at least once in the previous year, were similar to the main analyses (Supplementary Figure 4). There 

were 267,897 individuals who received COVID-19 antivirals with the majority (77.4%) receiving molnupiravir. 

Of those dispensed an antiviral by 30 November 2022, 75% had at least four COVID-19 vaccine doses, 20% 

had received three vaccine doses, 1.5% were unvaccinated. VE analyses adjusted for antiviral receipt 

provided slightly higher estimates than the main analyses (Supplementary Figure 4). 

Discussion

While many studies have described the effectiveness of COVID-19 vaccines against SARS-CoV-2 infection 

and hospitalisation as a proxy for severe disease, few have had sufficient statistical power to examine the 

outcome of COVID-19 death6. In VE studies of COVID-19 death, ascertainment has usually been based on 

a death temporally associated with a SARS-CoV-2 diagnosis18-20. This can be imprecise and may lead to 

underestimation of effects21. A key strength of this study, which included almost the entire Australian 

population aged 65+ years, was the use of death registrations where cause of death is based on death 

certification by a medical practitioner. While it is difficult to directly compare VE estimates across countries 

and populations due to differences in the types of vaccines used and underlying rates of infection, our 

estimates of the effectiveness of COVID-19 vaccines against COVID-19 mortality during two waves of 

Omicron SARS-CoV-2 infection are mostly consistent with the international literature on severe disease, 

with high effectiveness in the 3 month period after vaccine administration1. However, uniquely we show that 

during each new Omicron variant wave in Australia, effectiveness of a COVID-19 vaccine booster against 

COVID-19 death in older adults wanes significantly with time since receipt, although VE in those who 

received a booster more than 6 months earlier remained >50%. 

During 2022, Australia transitioned from a country with very little SARS-CoV-2 infection-induced immunity 

to a population where the majority had experienced infection (anti-nucleocapsid antibody seroprevalence 

estimates rose from 6.4% in February 2022 to 51.4% in November 2022 among adults aged 70+ years)22. 

Infection is known to provide significant protection against subsequent disease23 and likely influenced the 
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temporal differences in the estimated VE observed between infection waves. During the first Omicron wave 

(BA.1/2), where there was little infection-induced immunity, recent receipt of two vaccine doses provided 

strong protection against COVID-19 death (VE 73%), but this effectiveness waned substantially by 6 months 

after receipt (VE 34%), and was markedly reduced compared with individuals who received a recent third or 

fourth dose (both VE 93%). However, during the infection wave from 1 June 2022, effectiveness of a recent 

third or fourth dose (VE 75% and 84% respectively) while still high, was lower than that observed in the 

earlier wave. Rather than signifying an overall reduction in protection, this is potentially due to increasing 

‘hybrid immunity’ across all sectors of the population resulting in a reduction in the relative ‘immunity gap’ 

between those who were unvaccinated or had few vaccine doses and those with many vaccine doses. 

Consistent with this effect, we also observed a lower COVID-19 death rate in the unvaccinated population 

in the second compared to the first Omicron wave (0.49 versus 0.93 per 100 person-years, respectively). 

During June-November 2022, despite growing hybrid immunity in the population, waning VE was also 

evident regardless of the number of vaccine doses received. There was a 20-35% absolute VE reduction 

comparing receipt of a booster (either the third or fourth dose) within 3 months to a booster more than 6 

months earlier. These findings suggest that even with high population hybrid immunity, in the Australian 

population aged 65+ years substantial reductions in mortality can be gained by providing a booster to older 

adults from 6 months after the last dose. The absolute risk reductions demonstrate that boosters are 

particularly important among adults resident in aged care who have significantly higher COVID-19 mortality 

rates. Given similar VE for third and fourth doses in relation to time since receipt, recency of a booster 

appears most important in preventing death, rather than the total number of boosters received.  

As COVID-19 deaths only represented a small proportion of all deaths (6.6% in January-May; 6.0% in June-

November) the similar pattern of VE estimates for all-cause mortality and COVID-19 mortality is unlikely to 

be explained entirely by the contribution of acute COVID-19 mortality alone. COVID-19 vaccines also 

appeared effective against other specific causes of death (Supplementary Figure 4), although the magnitude 

of the effect size was less, and patterns of waning effectiveness were inconsistent. Possible explanations 

for these observations of VE against such non-specific outcomes include that COVID-19 may increase the 

risk of death from other causes, such as cardiovascular and respiratory disease and thus vaccination 

provides some protection against these outcomes24, or uncontrolled confounding by behavioural aspects 

associated with vaccine uptake for example, the healthy vaccinee effect, whereby those who are more likely 

to get multiple vaccine doses, or to be vaccinated earlier are healthier and less likely to die from any cause. 

Although we adjusted for characteristics such as household income, influenza vaccination, and GP consults, 

other unmeasured behavioural differences remain a plausible cause of residual confounding. 

Incomplete adjustment for serious comorbidities could also bias our findings. In Australia, and other 

countries, COVID-19 vaccines were recommended for both older adults and those with specific 

comorbidities8,11 due to higher risk of severe disease25. While we adjusted for comorbidities using a score 

based on medicine dispensing data, this may not capture the breadth and severity of comorbidities. Also, 
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severely immunocompromised people were recommended to have three vaccine doses for their primary 

course26 so they received a fourth dose (first booster) when most of the population was recommended to 

have a third dose, and a fifth dose when others were recommended to receive a fourth. These factors may 

counterbalance the healthy vaccinee effect as sicker individuals may be more likely to get boosters and to 

have these earlier.

Our dataset did not include comprehensive data on COVID-19 infections or hospitalisations so we were 

unable to evaluate the impact of COVID-19 vaccination on these outcomes. However in Australia during 

2022 there was an increasing reliance on rapid antigen testing and the completeness of reporting positive 

results has declined over time9. Furthermore, positive tests for COVID-19 were increasingly found 

incidentally in patients hospitalised for other reasons. The focus on deaths limited our ability to measure the 

overall health impacts of vaccines, but the data presented here represent a very important measure of their 

effects. 

Other factors not accounted for include past infections which are known to affect subsequent risk of severe 

disease27 and vaccine type. An earlier analysis in Australia that included infection and vaccine uptake data, 

showed that those with SARS-CoV-2 infection either delay their next due dose or are more likely than the 

uninfected to never receive it at all28 suggesting differential levels of hybrid immunity according to vaccine 

status. While some reports suggest differences in effectiveness of vaccine brands against mortality1, the 

majority of the population in this age group outside of residential aged care facilities received the adenoviral 

vector vaccine, ChAdOx1 for their primary course and almost all boosters administered in Australia have 

been mRNA vaccines (BNT162b2 or mRNA-1273)29; bivalent COVID-19 boosters containing equal 

quantities of ancestral and the BA.1 subvariant were only available for use in Australia from mid-October 

2022. Therefore, accounting for different vaccine types is unlikely to significantly alter our findings. Further, 

VE was estimated in relation to an unvaccinated group. Individuals classified as unvaccinated may include 

those who opted out of linking their vaccination record to other administrative data sources. This too could 

have resulted in underestimated VE. 

In summary, this study quantifies the effectiveness of COVID-19 vaccines against mortality in the Australian 

population aged 65+ years during 2022 when the SARS-CoV-2 Omicron variant dominated. We demonstrate 

that both the primary course and subsequent boosters provide significant protection against death from 

COVID-19. However, effectiveness against COVID-19 mortality was observed to wane with time since 

receipt, and by >6 months since booster receipt, VE was estimated at just over 50%, suggesting that 

boosting after 6 months is beneficial. The high mortality rates in aged care residents also suggest that the 

absolute benefits of COVID-19 boosters will be greater in this population. 
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Table 1a: Characteristics of Australian population aged 65+ overall and according to vaccine doses received at 1 January 2022 

Unvaccinated
(N= 195,138)

1 dose
(N=36654)

2 doses
(N= 2,740,926)

3 doses                 
(N= 893,431)

4 doses
(N=877)

Total 
(N=3,867,026)

Mean age (SD) 74.5 (7.9) 75.9 (8.5) 74.2 (7.3) 75.8 (7.3) 76.4 (7.5) 74.6 (7.4)
N % N % N % N % N % N %

Age group (years)
    65-79 147,784 75.7% 25,141 68.6% 2,120,660 77.4% 645,879 72.3% 618 70.5% 2,940,082 76.0%
    80+ 47,354 24.3% 11,513 31.4% 620,266 22.6% 247,552 27.7% 259 29.5% 926,944 24.0%
Sex*
   Men 85,108 43.6% 15,630 42.6% 1,276,932 46.6% 422,532 47.3% 479 54.6% 1,800,681 46.6%
   Women 109,914 56.3% 21,005 57.3% 1,462,692 53.4% 470,591 52.7% 397 45.3% 2,064,599 53.4%
Weekly household income (AUD)
    0 - 499 63,624 32.6% 11,174 30.5% 762,630 27.8% 185,864 20.8% 172 19.6% 1,023,464 26.5%
    500 - 999 64,793 33.2% 11,553 31.5% 958,656 35.0% 292,699 32.8% 258 29.4% 1,327,959 34.3%
    1,000 -,499 20,473 10.5% 3,640 9.9% 363,170 13.2% 123,761 13.9% 129 14.7% 511,173 13.2%
    1,500 - 1,999 7,916 4.1% 1,487 4.1% 164,376 6.0% 62,957 7.0% 55 6.3% 236,791 6.1%
    2,000+ 6,452 3.3% 1,203 3.3% 157,608 5.8% 83,639 9.4% 100 11.4% 249,002 6.4%
    Other (incl not stated) 31,885 16.3% 7,601 20.7% 334,491 12.2% 144,515 16.2% 163 18.6% 518,655 13.4%
State of residence*
    New South Wales 53,961 27.7% 6,115 16.7% 889,576 32.5% 303,876 34.0% 362 41.3% 1,253,890 32.4%
    Victoria 40,229 20.6% 5,756 15.7% 703,405 25.7% 221,595 24.8% 231 26.3% 971,216 25.1%
    Queensland 49,776 25.5% 9,742 26.6% 518,287 18.9% 189,368 21.2% 135 15.4% 767,308 19.8%
    South Australia 17,717 9.1% 5,032 13.7% 228,814 8.3% 66,160 7.4% 70 8.0% 317,793 8.2%
    Western Australia 25,966 13.3% 8,107 22.1% 281,699 10.3% 64,458 7.2% 53 6.0% 380,283 9.8%
    Tasmania 4,743 2.4% 1,457 4.0% 71,216 2.6% 24,848 2.8% 17 1.9% 102,281 2.6%
    Australian Capital Territory 1,546 0.8% 250 0.7% 36,973 1.3% 18,651 2.1% 13 1.5% 57,433 1.5%
    Northern Territory 1,177 0.6% 198 0.4% 10,631 0.4% 4,412 0.5% 5 0.6% 16,423 0.4%
No. of comorbidities**
     0 50,066 25.7% 4,488 12.2% 249,397 9.1% 50,237 5.6% 55 6.3% 354,243 9.2%
     1 28,265 14.5% 3,810 10.4% 314,684 11.5% 81,884 9.2% 77 8.8% 428,720 11.1%
     2 26,653 13.7% 4,541 12.4% 403,206 14.7% 118,049 13.2% 98 11.2% 552,547 14.3%
     3+ 90,154 46.2% 23,816 65.0% 17,73,640 64.7% 643,266 72.0% 655 74.7% 2,531,531 65.5%
No. of GP visits in year prior
     0 29,217 15.0% 2,422 6.6% 94,832 3.5% 24,130 2.7% 34 3.9% 150,635 3.9%
     1 - 2 23,826 12.2% 3,079 8.4% 184,787 6.7% 38,973 4.4% 45 5.1% 250,710 6.5%
     3 - 6 50,087 25.7% 8,132 22.2% 725,127 26.5% 193,236 21.6% 149 17.0% 976,731 25.3%
     7 - 12 46,365 23.8% 9,780 26.7% 906,595 33.1% 301,453 33.7% 299 34.1% 1,264,492 32.7%
     13+ 45,645 23.4% 13,246 36.1% 829,587 30.3% 335,636 37.6% 359 40.9% 1,224,473 31.7%
Influenza vaccine in 2021 35,139 18.0% 14,918 40.7% 1,972,934 72.0% 762,768 85.4% 739 84.3% 2,786,498 72.1%
In residential aged care facility 7,404 3.8% 3,429 9.4% 52012 1.9% 64,961 7.3% 77 8.8% 127,883 3.3%
COVID-19 vaccine primary doses brand *
     Pfizer (BNT162B14) 16,657 45.4% 340,014 12.4% 128,655 14.4% 192 21.9% 485,518 12.6%
     Astra Zeneca (ChAdOx1) 15,689 42.8% 2,353,786 85.9% 764,560 85.6% 682 77.8% 3,134,717 81.1%
     Moderna (mRNA-1273)  4,236 11.6% 45,478 1.7% 43 0.0% 0 0.0% 49,757 1.3%
Mean number of weeks since receipt of most 
recent dose (SD) 9.1 (9.2) 16.5 (6.1) 2.2 (2.3) 3.3 (4.1)

*Categories with <1% are not shown; for COVID-19 vaccine primary doses the % is of all those receiving that dose but for the overall population it includes the unvaccinated. 
**See methods for how co-morbid conditions were determined.
 All numbers were perturbed to maintain confidentiality. See methods for details.     
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Table 1b: Characteristics of Australian population aged 65+ years overall and according to vaccine doses received at 1 June 2022

Unvaccinated 
(N=167,421)

1 dose               
(N=10,640)

2 doses                    
(N=321,787)

3 doses    
(N=2,078,884)

4 doses        
(N=1,299,002)

Total                   
(N=3,877,734)

Mean age (SD) 74.3 (7.7) 76.0 (8.6) 73.4 (7.4) 74.3 (7.5) 75.6 (7.1) 74.6 (7.4)
N % N % N % N % N % N %

Age group (years)
    65-79 129,520 77.4% 7,268 68.3% 257,740 80.1% 1,593,966 76.7% 948,715 73.0% 2,937,209 75.7%
    80+ 37,901 22.6% 3,372 31.7% 64,047 19.9% 484,918 23.3% 350,287 27.0% 940,525 24.3%
Sex*
   Men 73,245 43.7% 4,377 41.1% 146,828 45.6% 970,170 46.7% 606,928 46.7% 1,801,548 46.5%
   Women 94,074 56.2% 6,245 58.7% 174,693 54.3% 1,107,757 53.3% 691,639 53.2% 2,074,408 53.5%
Weekly household income (AUD)
    0 - 499 54,785 32.7% 3,210 30.2% 95,855 29.8% 562,366 27.1% 304,067 23.4% 1,020,283 26.3%
    500 - 999 56,087 33.5% 3,286 30.9% 106,556 33.1% 703,189 33.8% 463,149 35.7% 1,332,267 34.4%
    1,000 -,499 18,016 10.8% 1,054 9.9% 42,657 13.3% 279,754 13.5% 179,761 13.8% 521,242 13.4%
    1,500 - 1,999 7,050 4.2% 389 3.7% 18,076 5.6% 132,375 6.4% 86,060 6.6% 243,950 6.3%
    2,000+ 5,702 3.4% 353 3.3% 14,384 4.5% 131,048 6.3% 103,847 8.0% 255,334 6.6%
    Other (incl not stated) 25,786 15.4% 2,345 22.0% 44,255 13.8% 270,156 13.0% 162,116 12.5% 504,658 13.0%
State of residence*
    New South Wales 50,137 29.9% 3,136 29.5% 115,231 35.8% 672,629 32.4% 414,264 31.9% 1,255,397 32.4%
    Victoria 36,572 21.8% 2,361 22.2% 85,988 26.7% 518,087 24.9% 328,251 25.3% 971,259 25.0%
    Queensland 44,521 26.6% 2,310 21.7% 65,685 20.4% 408,294 19.6% 251,179 19.3% 771,989 19.9%
    South Australia 14,759 8.8% 1,183 11.1% 22,692 7.1% 171,384 8.2% 109,416 8.4% 319,434 8.2%
    Western Australia 15,066 9.0% 1,096 10.3% 21,054 6.5% 217,865 10.5% 126,902 9.8% 381,983 9.9%
    Tasmania 3,925 2.3% 343 3.2% 6,739 2.1% 54,885 2.6% 37,129 2.9% 103,021 2.7%
    Australian Capital Territory 1,426 0.9% 132 1.2% 2,948 0.9% 25,620 1.2% 27,384 2.1% 57,510 1.5%
    Northern Territory 988 0.6% 73 0.7% 1,433 0.4% 9,890 0.5% 4,329 0.3% 16,713 0.4%
No. of comorbidities**
     0 48,254 28.8% 1,604 15.1% 49,035 15.2% 187,536 9.0% 73,223 5.6% 359,652 9.3%
     1 25,303 15.1% 1,174 11.0% 43,333 13.5% 236,106 11.4% 123,202 9.5% 429,118 11.1%
     2 23,046 13.8% 1,301 12.2% 47,165 14.7% 305,279 14.7% 179,381 13.8% 556,172 14.3%
     3+ 70,820 42.3% 6,557 61.6% 182,248 56.6% 1,349,961 64.9% 923,193 71.1% 2,532,779 65.3%
No. of GP visits in year prior
     0 28,559 17.1% 831 7.8% 19,840 6.2% 71,934 3.5% 31,007 2.4% 152,171 3.9%
     1 - 2 22,600 13.5% 931 8.8% 32,126 10.0% 145,968 7.0% 59,433 4.6% 261,058 6.7%
     3 - 6 43,702 26.1% 2,189 20.6% 85,619 26.6% 553,763 26.6% 309,160 23.8% 994,433 25.6%
     7 - 12 38,022 22.7% 2,653 24.9% 92,502 28.7% 681,663 32.8% 458,323 35.3% 1,273,163 32.8%
     13+ 34,541 20.6% 4,036 37.9% 91,699 28.5% 625,559 30.1% 441,086 34.0% 1,196,921 30.9%
Influenza vaccine in 2021 24,866 14.9% 3,450 32.4% 127,811 39.7% 1,481,097 71.2% 1,144,487 88.1% 2,781,711 71.7%
In residential aged care facility 4,692 2.8% 1287 12.1% 8,320 2.6% 64,989 3.1% 48,657 3.7% 127,945 3.3%
COVID-19 vaccine primary doses brand *
     Pfizer (BNT162B14) 5,229 49.1% 113,630 35.3% 289,125 13.9% 93,218 7.2% 501,202 12.9%
     Astra Zeneca (ChAdOx1) 3,698 34.8% 177,339 55.1% 1,759,937 84.7% 1,205,137 92.8% 3,146,111 81.1%
     Moderna (mRNA-1273)  956 9.0% 24,261 7.5% 28,436 1.4% 525 1.4% 54,178 1.4%
     Novavax  (Nuvaxovid) 732 6.9% 6020 1.9% 36 0.0% 0 0.0% 6,788 0.2%
Mean number of weeks since receipt of most 
recent dose (SD)

26.5 (14.1) 29.7 (8.1) 16.9 (4.4) 3.0 (2.5)

*Categories with <1% are not shown; for COVID-19 vaccine primary doses the % is of all those receiving that dose but for the overall population it includes the unvaccinated.
**See methods for how co-morbid conditions were determined.
 All numbers were perturbed to maintain confidentiality. See methods for details.        
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Table 2a: Characteristics of Australians resident in aged care, aged 65+ years overall and according to vaccine doses received at 1 January 2022

Unvaccinated         
(N=10,927)

1 dose                    
(N=5004)

2 doses    
(N=72,740)

3 doses        
(N=88,857)

4 doses             
(N=102)

Total          
(N=177,630)

Mean age (SD) 85.3 (8.5) 84.9 (8.2) 85.2 (7.8) 86.1 (7.9) 85.0 (8.1) 85.7 (7.9)
N % N % N % N % N % N %

Age group (years)
   65-79 2,749 25.2% 1,310 26.2% 17,042 23.4% 18,224 20.5% 28 27.5% 39,353 22.2%
   80+ 8,178 74.8% 3,694 73.8% 55,698 76.6% 70,633 79.5% 74 72.5% 138,277 77.8%
Sex*
   Men 3,635 33.3% 1,840 36.8% 25,709 35.3% 28,347 31.9% 51 50.0% 59,582 33.5%
   Women 7,285 66.7% 3,160 63.1% 47,002 64.6% 60,465 68.0% 54 52.9% 117,966 66.4%
State of residence 
    New South Wales 2,758 25.2% 1,372 27.4% 22,367 30.7% 32,013 36.0% 46 45.1% 58,556 33.0%
    Victoria 2,046 18.7% 957 19.1% 17,093 23.5% 25,238 28.4% 25 24.5% 45,359 25.5%
    Queensland 3,025 27.7% 1,276 25.5% 15,201 20.9% 15,517 17.5% 10 9.8% 35,029 19.7%
    Others 3,102 28.4% 1,401 28.0% 18,081 24.9% 16,088 18.1% 26 25.5% 38,698 21.8%
No. of comorbidities**
     0 3,222 29.5% 1,051 21.0% 12,584 17.3% 15,800 17.8% 21 20.6% 32,678 18.4%
     1 2,881 26.4% 1,257 25.1% 17,852 24.5% 22,742 25.6% 22 21.6% 44,754 25.2%
     2 2,497 22.9% 1,206 24.1% 19,179 26.4% 23,819 26.8% 33 32.4% 46,734 26.3%
     3+ 2,325 21.3% 1,492 29.8% 23,129 31.8% 26,495 29.8% 33 32.4% 53,474 30.1%
No. of GP visits in year prior
     0 - 10 2,561 23.4% 1,004 20.1% 12,320 16.9% 16,745 18.8% 14 13.7% 32,644 18.4%
     11 - 20 3,035 27.8% 1,375 27.5% 20,587 28.3% 22,634 25.5% 30 29.4% 47,661 26.8%
     21 - 30 2,376 21.7% 1,153 23.0% 17,337 23.8% 20,299 22.8% 18 17.6% 41,183 23.2%
     31 - 40 1,397 12.8% 683 13.6% 10,778 14.8% 12,763 14.4% 14 13.7% 25,635 14.4%
     41 - 50 836 7.7% 446 8.9% 6,130 8.4% 8,181 9.2% 13 12.7% 15,606 8.8%
     51 - 70 576 5.3% 281 5.6% 4,425 6.1% 6,530 7.3% 6 5.9% 11,818 6.7%
     71+ 143 1.3% 65 1.3% 1,163 1.6% 1,701 1.9% 3 2.9% 3,075 1.7%
Influenza vaccine in 2021 3,978 36.4% 2,559 51.1% 45,796 63.0% 54,650 61.50% 54 52.9% 107,037 60.3%
COVID-19 vaccine primary doses brand *
    Pfizer (BNT162b2) 3,486 69.7% 49,490 68.0% 84,222 94.8% 93 91.2% 137,291 77.3%
    Astra Zeneca (ChAdOx1) 1,412 28.2% 22,924 31.5% 4,627 5.2% 11 10.8% 28,974 16.3%
    Moderna (mRNA-1273) 90 1.8% 260 0.5% 0 0.0% 0 0.0% 350 0.2%
Mean number of weeks since receipt of most 
recent dose (SD) 16.7 (13.4) 23.7 (10.4) 4.2 (2.0) 4.4 (3.6)

    
   *Categories with <1% are not shown; for COVID-19 vaccine primary doses the % is of all those receiving that dose but for the overall population it includes the unvaccinated.
       **See methods for how co-morbid conditions were determined. All numbers were perturbed to maintain confidentiality. See methods for details.           
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Table 2b: Characteristics of Australians resident in aged care, aged 65+ years overall and according to vaccine doses received at 1 June 2022

Unvaccinated 
(N=6,905) 1 dose          (N=1882) 2 doses     (N=11,832) 3 doses   (N=89,016) 4 doses   (N=65,145) Total (N=174,780)

Mean age (SD) 85.3 (8.5) 84.4 (8.3) 84.6 (8.1) 85.5 (7.8) 86.1 (7.8) 85.7 (7.9)
N % N % N % N % N % N %

Age group (years)
   65-79 1,717 24.9% 549 29.2% 3,155 26.7% 19,947 22.4% 13,401 20.6% 38,769 22.2%
   80+ 5,188 75.1% 1,333 70.8% 8,677 73.3% 69,069 77.6% 51,744 79.4% 136,011 77.8%
Sex*
   Men 2,203 31.9% 677 36.0% 4,188 35.4% 30,312 34.1% 20,997 32.2% 58,377 33.4%
   Women 4,693 68.0% 1,205 64.0% 7,632 64.5% 58,669 65.9% 44,121 67.7% 116,320 66.6%
State of residence 
    New South Wales 1,942 28.1% 550 29.2% 4,009 33.9% 30,075 33.8% 20,598 31.6% 57,174 32.7%
    Victoria 1,516 22.0% 337 17.9% 2,347 19.8% 19,106 21.5% 21,309 32.7% 44,615 25.5%
    Queensland 1,898 27.5% 416 22.1% 2,615 22.1% 18,907 21.2% 11,058 17.0% 34,894 20.0%
    Others 1,545 22.4% 581 30.9% 2,856 24.1% 20,926 23.5% 12,184 18.7% 38,092 21.8%
No. of comorbidities**
     0 2,304 33.4% 473 25.1% 2,583 21.8% 16,459 18.5% 11,658 17.9% 33,477 19.2%
     1 1,856 26.9% 520 27.6% 3,091 26.1% 22,535 25.3% 16,578 25.4% 44,580 25.5%
     2 1,504 21.8% 450 23.9% 2,959 25.0% 23,636 26.6% 17,438 26.8% 45,987 26.3%
     3+ 1,235 17.9% 436 23.2% 3,195 27.0% 26,388 29.6% 19,471 29.9% 50,725 29.0%
No. of GP visits in year prior
     0 - 10 1,771 25.6% 430 22.8% 2,356 19.9% 16,660 18.7% 12,280 18.9% 33,497 19.2%
     11 - 20 1,908 27.6% 540 28.7% 3,403 28.8% 24,801 27.9% 17,479 26.8% 48,131 27.5%
     21 - 30 1,434 20.8% 423 22.5% 2,680 22.7% 20,777 23.3% 14,838 22.8% 40,152 23.0%
     31 - 40 855 12.4% 235 12.5% 1,603 13.5% 12,725 14.3% 9,280 14.2% 24,698 14.1%
     41 - 50 498 7.2% 136 7.2% 918 7.8% 7,434 8.4% 5,691 8.7% 14,677 8.4%
     51 - 70 357 5.2% 101 5.4% 698 5.9% 5,251 5.9% 4,420 6.8% 10,827 6.2%
     71+ 83 1.2% 19 1.0% 164 1.4% 1,368 1.5% 1,160 1.8% 2,794 1.6%
Influenza vaccine in 2021 2,148 31.1% 827 43.9% 6,158 52.0% 56,958 64.0% 42,394 65.1% 108,485 62.1%
COVID-19 vaccine primary doses brand *
    Pfizer (BNT162b2) 1,497 79.5% 8,772 74.1% 63,061 70.8% 51,970 79.8% 125,300 71.7%
    Astra Zeneca (ChAdOx1) 305 16.2% 2,665 22.5% 25,505 28.7% 13,147 20.2% 41,622 23.8%
    Moderna (mRNA-1273) 66 3.5% 318 2.7% 391 0.4% 22 0.0% 797 0.5%
Mean number of weeks since receipt of most 
recent dose (SD) 24.8 (17.7) 29.8 (17.1) 19.1 (6.6) 2.8 (2.5)

     
    *Categories with <1% are not shown; for COVID-19 vaccine primary doses the % is of all those receiving that dose but for the overall population it includes the unvaccinated.
         **See methods for how co-morbid conditions were determined.
         All numbers were perturbed to maintain confidentiality. See methods for details.

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4445191

Preprin
t n

ot p
eer re

vie
wed



16

Figure 1: Rates* and vaccine effectiveness (VE) of COVID-19 specific mortality during 1 Jan-31 May 2022 and 1 Jun-30 Nov 2022 by vaccination 
status in the Australian population aged 65+ years 

*Rates were perturbed to maintain confidentiality. 95%CIs were estimated using Quasi-Poisson regression.
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Figure 2: Rates* and vaccine effectiveness (VE) against of COVID-19 specific mortality during 1 Jan-31 May 2022 and 1 Jun-30 Nov 2022 by 
vaccination status in Australians resident in aged care aged 65+ years 

 

*Rates were perturbed to maintain confidentiality. 95%CIs were estimated using Quasi-Poisson regression.
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Figure 3 Vaccine effectiveness (VE) against COVID-19 specific mortality and all-cause mortality during 1 Jan-31 May 2022 and 1 Jun-30 Nov 2022 by 
vaccination status in Australians aged 65+ years overall and those resident in aged care 
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Supplementary Figure 1: Flow chart showing study population for whole cohort aged 65+ years; 1 Jan 2022 and 1 June 2022

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4445191

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed



20

Supplementary Figure 2: Flow chart showing study population for cohort resident in aged care; 1 Jan 2022 and 1 June 2022
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Supplementary Figure 3:  Vaccine effectiveness (VE) against specific causes of death during 1 Jun-30 Nov 2022 by vaccination status in Australians aged 65+ years.  

  

Respiratory disease (n= 3980)                                                           Cancer (n= 10,805)

COVID as both underlying and contributing cause of death (n=2675)                                              Cerebrovascular disease (n=2325) Ischaemic heart disease (n=3730)

Dementia (n=4145)                                                  
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A. Received influenza vaccine in 2021                             B. Had a GP visit in last year                                                             C. Adjusted for antiviral use

Supplementary Figure 4:  Vaccine effectiveness (VE) against COVID-19 specific mortality during 1 Jun-30 Nov 2022 by vaccination status in Australians aged 65+ years who a) received influenza vaccine in 
2021 or b) had a GP visit in the last year or c) all population, adjusted for antiviral use.
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