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Introduction: A disproportionate number of COVID-19 deaths occur in 
Residential Aged Care Facilities (RACFs), where better evidence is needed to 
target COVID-19 interventions to prevent mortality. This study used an agent-
based model to assess the role of community prevalence, vaccination strategies, 
and non-pharmaceutical interventions (NPIs) on COVID-19 outcomes in RACFs 
in Victoria, Australia.

Methods: The model simulated outbreaks in RACFs over time, and was 
calibrated to distributions for outbreak size, outbreak duration, and case fatality 
rate in Victorian RACFs over 2022. The number of incursions to RACFs per day 
were estimated to fit total deaths and diagnoses over time and community 
prevalence. Total infections, diagnoses, and deaths in RACFs were estimated 
over July 2023–June 2024 under scenarios of different: community epidemic 
wave assumptions (magnitude and frequency); RACF vaccination strategies 
(6-monthly, 12-monthly, no further vaccines); additional non-pharmaceutical 
interventions (10, 25, 50% efficacy); and reduction in incursions (30% or 60%).

Results: Total RACF outcomes were proportional to cumulative community 
infections and incursion rates, suggesting potential for strategic visitation/
staff policies or community-based interventions to reduce deaths. Recency 
of vaccination when epidemic waves occurred was critical; compared with 
6-monthly boosters, 12-monthly boosters had approximately 1.2 times more 
deaths and no further boosters had approximately 1.6 times more deaths over 
July 2023–June 2024. Additional NPIs, even with only 10–25% efficacy, could 
lead to a 13–31% reduction in deaths in RACFs.

Conclusion: Future community epidemic wave patterns are unknown but will 
be major drivers of outcomes in RACFs. Maintaining high coverage of recent 
vaccination, minimizing incursions, and increasing NPIs can have a major impact 
on cumulative infections and deaths.
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1 Introduction

COVID-19 has been an established global threat since its 
emergence in 2019. As of May 2023, there have been over 760 million 
diagnosed cases, 7 million deaths and an estimated 27 million 
cumulative excess deaths reported globally (1–3). In 2022 COVID-19 
was listed as Australia’s third leading cause of death after ischaemic 
heart disease and dementia (4). Residential aged care facilities and 
other long-term care facilities (RACFs) have experienced a 
disproportionate number of deaths from COVID-19 (5); for example, 
in 2020, 75% of COVID-19 related deaths in Australia occurred in 
RACFs (6). Even since vaccines and treatments have become available, 
a high burden in RACFs persists; between January 2022 and April 
2023, 26% of Australian COVID-19 related deaths occurred in RACFs, 
with COVID-19 recorded as the cause of 5.4% of all resident 
deaths (7).

Australia has implemented multi-layered COVID-19 measures 
within RACFs to reduce infections, hospitalisations, and deaths. These 
have included testing (symptomatic and surveillance), screening of 
residents during outbreaks, isolation of positive cases, quarantine of 
close contacts, masks, face shields, and during waves of infection in 
2020–2021, visitation limits and complete facility lockdowns (8, 9). 
Additionally, RACFs were given priority vaccine allocations for staff 
and residents in 2021, and antivirals for residents in 2022 (10, 11). 
While the interventions and policies in place have changed over time, 
RACFs have typically employed more interventions and greater levels 
of restrictions than the general community to protect vulnerable 
residents (12).

Over the first two years of the COVID-19 pandemic, the restrictions 
applied to RACFs are likely to have had important impacts preventing 
COVID-19 mortality, particularly in the absence of vaccination (13). 
However, when considering longer-term COVID-19 responses in 
RACFs there is a need to acknowledge the trade-off between levels of 
protections and quality of life for residents, particularly for restrictive 
interventions (14). This trade-off, in the current context of vaccinations 
and therapeutics to reduce morbidity and mortality, makes it critical to 
ensure that any implemented interventions are evidence-based and 
effective. Quantifying the potential impact of interventions can help 
facilitate informed and objective discussions on how best to balance 
COVID-19 risk with quality of life.

Modeling can be used to assess and compare the effectiveness of 
different interventions for COVID-19 in RACFs. Agent-based models 
are most suited for simulating smaller cohorts, such as in RACFs, due 
to the ability to specify detailed contact networks (15, 16), and have 
been used to assess the effectiveness of personal protective equipment 
(PPE), testing, isolation, vaccination strategies, and immunity (17–
19). Other types of models, including equation-based models, have 
also been used to assess the impact of ventilation systems on infection 
rates (20). While existing models have considered the outcomes of 
outbreaks, to our knowledge they have not considered how 
community prevalence influences rates of incursions, and hence the 
relationships between community epidemic waves, incursions, RACF 
interventions, and health outcomes.

The objective of this analysis was to investigate the relationship 
between community COVID-19 prevalence; incursion rates into 
RACFs; and subsequent outcomes of infections, diagnoses, and deaths 
when different interventions are in place. Using an agent-based model 
to quantify the effectiveness of different interventions for minimizing 

COVID-19 deaths, RACF outcomes were projected under different 
community prevalence and RACF intervention scenarios. These 
outcomes can inform discussions on the trade-off between 
interventions that reduce COVID-19 risk but impact on quality of life 
for residents, and strategies for triggering different testing, vaccination, 
and non-pharmaceutical interventions (NPIs) to mitigate the impacts 
of future epidemic waves.

2 Methods

2.1 Modeling methodological overview

This study was done in two parts. First, an agent-based model was 
parametrized and calibrated to allow simulation of realistic individual 
outbreaks in RACFs under different scenarios, such that after multiple 
stochastic simulations the distribution of diagnoses and deaths per 
outbreak matched data from outbreaks in the state of Victoria. Second, 
to model expected total annual state-wide RACF COVID-19 outcomes 
(infections, diagnoses and deaths), the rate of incursions into RACF 
was estimated, accounting for different plausible community 
prevalence profiles, to inform how many individual outbreak 
simulations should be performed in each month.

The structure of the paper is as follows. Sections 2.2, 2.3 and 2.4 
outline Victorian RACF populations and how they are approximated 
in the model. Sections 2.5 and 2.6 describe the approach taken to 
simulate individual outbreaks, and to use these to estimate total state-
wide outcomes, respectively. Sections 2.7 and 2.8 describe how the 
interventions were modeled, including immunity from vaccination 
and post-exposure. Sections 2.9–2.11 describe the model calibration 
to produce realistic individual outbreaks (2.9), how these were 
converted to probability distributions for further sampling based on 
estimates of the number of outbreaks per month (2.10; “incursion-
outcome libraries”), and model calibration to state-wide outcomes 
(2.11). Section 2.12 describes the intervention/policy scenarios and 
sensitivity analyses undertaken.

2.2 Setting

The model considers RACFs in Victoria, Australia’s second most 
populous state. The Australian Institute of Health and Welfare reported 
in 2023 that Victoria has 754 RACFs, which vary in size (median 58 
residents [inter-quartile range 10–150]; median 82 staff [inter-quartile 
range 11–198]). Of the 754 RACFs, 34.8% are privately operated, 8.5% 
are government operated and 56.7% are not for profit operated (21); 
all are considered together for this analysis (see limitations).

2.3 Data

The model was informed by data collected from the Victorian 
Department of Health on outbreaks that occurred in Victorian RACFs 
between May 2020 and February 2023 (22). For each outbreak, the 
dataset included: number of diagnoses and deaths for residents and 
staff, date of first and last diagnosis associated with the outbreak, 
number of occupying residents at the time of the outbreak, and 
whether it was a private or public facility. The calibration process only 
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requires data between February 2022 and February 2023, so data 
before this period is not used for this study (Appendix B).

Additional demographic data was available for all Victorian 
RACFs (number of staff and residents per RACF) and at a state-level 
(aggregated vaccine and treatment coverage over time) to inform the 
model population (see Appendix A.1).

2.4 Model overview

An established agent-based model, Covasim, was used to simulate 
outbreaks in RACFs (23). The model was developed by the Burnet 
Institute and the Gates Foundation and is available online (24). 
Covasim has previously been used to model epidemic waves and 
response strategies in Australia (25–27), as well as outbreaks in schools 
(28). Covasim enables specification of population size and age 
structure, as well as transmission networks between different agents. 
Covasim calculates the transmission probability between agents for 
each time step, which can change over the simulation due to agents’ 
immunity from previous vaccination or infection and interventions 
in place. Agents can be assigned individual probabilities from moving 
from one state to another (susceptible to infected, or critically ill to 
dead) based on their assigned age.

Within an RACF in the model, two types of agents were defined 
(residents and staff) with three types of interactions between them 
(resident-resident, staff-staff, and staff-resident) (Figure 1). Visitors 
into RACFs were not explicitly modeled, but could be interpreted as 
the source of an incursion, seeding an infection in either a staff member 
or resident. Staff were randomly selected from the general working-age 
population (aged between 18 and 65) and residents were randomly 
selected from the older adult population (aged 80 years and over).

Each time a simulation was run the RACF size, resident age 
distribution, and staff-to-resident ratio were sampled from their 
empirical distributions (Appendix A1).

2.5 Individual outbreak simulations

The model runs by generating a single RACF at random (i.e., 
sampling RACF characteristics), and simulating a single incursion 

by infecting either a resident or a staff member. The COVID-19 
variant used to infect the staff member or resident was randomly 
sampled from the distribution of variant prevalence in Victoria on 
the simulation date; the Omicron variants modeled include BA.2, 
BA.4/BA.5 and XBF (Appendix A6). Following an incursion, 
transmission can occur between contacts, and either symptomatic 
testing or surveillance testing is required to detect the first case. 
Once a case is identified all resident contacts are tested daily with 
rapid antigen tests (RATs), and all positive cases are assumed to 
isolate. Upon initial diagnosis, the facility is assumed to adopt 
some form of NPIs for risk mitigation that reduces transmission 
risk by 66% (calibrated to fit outbreak duration data).

As the model is stochastic, different outbreak sizes can occur 
within each simulation, including no cases being detected. This may 
happen because transmission does not occur following an incursion, 
an infected staff or resident may not be symptomatic (depending on 
age, vaccine history, and exposure-acquired immunity), symptomatic 
individuals may not test, and RATs may return false negative results. 
In addition, infected people are not necessarily detected if testing 
occurs during their incubation phase.

Each simulation is run for 3 months post-incursion to ensure 
sufficient time for the outbreak to conclude. At the end of each 
individual outbreak simulation, the total number of infections, 
diagnoses, and COVID-19 deaths for residents and staff, as well as the 
duration of the outbreak, are recorded as model outcomes for further 
analysis and comparison.

2.6 Estimating state-wide outcomes

Each month many incursions into RACFs occur across Victoria, 
and hence multiple outbreak simulations must be run to reproduce 
expected state-wide total infection, diagnoses and COVID-19 deaths 
in RACFs. For each month between July 2023 and June 2024 inclusive, 
many individual stochastic outbreaks are simulated, so that state-wide 
total infections, diagnoses and COVID-19 deaths can be estimated as 
the aggregate of multiple outbreaks per month (the number varies by 
month and is determined through calibration). For this analysis, 
where an individual outbreak spans multiple months, infections, 

FIGURE 1

Model schematic displaying the incursion source and the three types of contacts within residential aged care facilities (RACFs).
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diagnoses and COVID-19 deaths are assigned to the month it was first 
detected in.

2.7 Interventions

The model includes options for NPIs (e.g., interventions to 
improve air quality or mask wearing, which reduce transmission risks 
per contact), symptomatic testing (polymerase chain reaction [PCR] 
tests or RATs), routine surveillance testing (staff and/or residents), 
outbreak management testing (one-off test of entire RACF or daily 
testing of contacts), and vaccination (next section) (29).

The baseline scenario assumes no surveillance testing and an 
outbreak management testing algorithm of daily testing of resident 
close contacts with RATs for 7-days after the positive case is identified 
(29, 30). The symptomatic testing probability for residents and staff is 
70 and 50% per week, respectively, and both residents and staff have a 
3% per week probability for asymptomatic testing (i.e., being 
asymptomatic for COVID-19 but symptomatic for another illness).

2.8 Population immunity

To accurately capture population immunity at the time of the 
incursion, we accounted for historical vaccination, exposure-acquired 
immunity, and waning immunity. For vaccination, an initial two-dose 
coverage of 98% for residents and 100% for staff was modeled and 
assumed to be reached by October 2021 (10, 31). Following this, time-
varying vaccine booster coverage was used to capture increasing and 
waning immunity within RACFs (Appendix A.4). From July 2023–
June 2024 the model assumes rolling 6-monthly vaccine doses for 
RACF residents, reaching a coverage of 80%.

Because we are only simulating a single outbreak in this study, 
we do not explicitly model previous infections. However, exposure-
acquired immunity from past infections is important for setting initial 
conditions in the RACF before the simulated incursion occurs. 
Historical data for the weekly proportion of aged care residents 
diagnosed was used to approximate exposure-acquired immunity in 
RACFs over time; for each week, an equivalent proportion of residents 
in the model were assigned immunity equivalent to an infection 
occurring in that week. Residents with lower levels of base immunity 
were prioritized over those with higher immunity to approximate 
their increased susceptibility. A similar process was used for staff, 
except based on community prevalence estimates rather than resident 
diagnoses. Due to uncertainty in future epidemic waves, a simple 
function was used for community prevalence from February 2023 
onwards; in the baseline a new epidemic wave was assumed to occur 
every 5 months, with magnitude approximately equal to the 2022 
August and December waves.

2.9 Model calibration: outcomes per 
incursion

The model was calibrated to Victorian RACF outbreak data in 
December 2022; specifically, the distribution of outbreak size 
(among patients and staff), the distribution of outbreak duration, 
and case fatality rate among residents (total deaths / total 

diagnosed) (32). All calibration was done manually and enabled 
the model to be constrained so that simulation outcomes were 
more realistic and aligned with Victorian RACF data. Calibration 
to outbreak size and duration was achieved by adjusting the mean 
number of contacts per resident and staff per day, and the relative 
risk of transmission between contacts (staff-staff, resident-
resident, staff-resident). Calibration to case fatality rate was 
achieved by adjusting the probability of death given infection 
among residents.

2.10 Incursion-outcome libraries

Once the model was calibrated to outcomes per incursion, such 
that the distribution of stochastic outcomes after simulating many 
individual outbreaks aligned with the observed data, the model could 
be used to generate an “incursion-outcome library” that specifies the 
probability of different outcomes following an incursion. Since 
outbreak risks change over time due to variants in circulation, and 
waning immunity, as well as for any policy combinations, an 
incursion-outcome library was created for each calendar month and 
each policy scenario based on the results of 1,000 simulated incursions 
(a large enough number that the distributions did not change when 
further simulations were run). The incursion-outcome library for each 
month and policy scenario can be repeatedly sampled to approximate 
outcomes following multiple independent incursions; for example 
aggregate outcomes from N samples are an estimate of plausible RACF 
outcomes after N incursions, and bootstrapping is used to estimate 
expected values and uncertainty intervals following N incursions.

2.11 Model calibration: state-wide 
outcomes per month

Data was available on total state-wide diagnoses and deaths in 
RACFs per calendar month from February to December 2022, which 
are the result of many incursions taking place each month. The model 
produces a distribution of outcomes per incursion as described above 
(the incursion-outcome libraries for each month), but to reproduce 
the total number of RACF infections, diagnoses and deaths an 
estimate of the number of incursions per month is required. Multiple 
functional forms were tested to parametrize the number of incursions 
into RACFs over time, including constants, step functions timed with 
the emergence of different sub-variants, and rates proportional to 
community infections (Appendix B). Each choice of functional form 
gave a number of incursions per month, for which the corresponding 
incursion-outcome library was sampled to produce an estimate of 
state-wide total infections, diagnoses and COVID-19 deaths (with 
bootstrapping to obtain confidence intervals for monthly totals).

2.12 Scenarios and sensitivity analyses

For each scenario, the number of incursions per month were 
estimated (based on the functional form section 2.10), and total 
infections, diagnoses, and deaths were obtained by randomly sampling 
with replacement from the corresponding month and policy-specific 
incursion-outcome library. Bootstrapping was used to generate 
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median and 95% uncertainty intervals for outcomes in each scenario 
and month.

Total infections, diagnoses and COVID-19 deaths for each month 
July 2023–June 2024 were added to give 12-month outcomes, with 
month-by-month results presented in the Appendix.

The following scenarios were considered based on plausible values 
and policies identified in collaboration with the Victorian Department 
of Health:

 1 Outbreak management testing: resident contacts RAT tested 
daily (baseline), not tested, whole RACF tested once upon 
initial diagnosis.

 2 Symptomatic testing probability: baseline (70%), very low 
(5%), low (50%), high (90%).

 3 Routine surveillance testing: none (baseline), resident only, 
staff only, both staff and residents.

 4 Future epidemic wave assumptions: community epidemic 
waves every 5-months (baseline), 7-months, 5-months with 
decreasing peaks, 5-months with decreasing peaks and 
increasing troughs.

 5 Additional NPIs: with efficacy 0% (no additional NPIs, 
baseline), 10, 25, 50%.

 6 Vaccine rollout: 6-monthly rolling boosters (baseline), 
12-monthly rolling boosters, no additional boosters after 
6th dose.

Three sensitivity analyses were performed:

 1 RACF incursions per community infections: 3 per 1,000 
(baseline), 1 per 1,000, 2 per 1,000, 4 per 1,000, 5 per 1,000.

 2 Incursions target: Random (baseline), resident, staff.
 3 Number of incursions: 1 (baseline), 2, 3.

The type of NPIs were not specified due to uncertainty in 
individual NPI efficacy and variation between RACFs according to 
baseline conditions and quality of implementation. However the NPI 
scenarios can refer to any interventions that could reduce transmission 
risks such as social distancing, mask wearing, portable HEPA filters or 
germicidal ultraviolet light (GUV) devices (33, 34). NPIs were applied 
to both staff and residents with the same assumed efficacy.

The future epidemic wave scenarios were chosen to investigate 
how the future prevalence of COVID-19 in the community could 
impact RACFs. The frequency and magnitude of the epidemic waves 
in these scenarios are not intended to be forecasts.

Only residents were targeted in the vaccine scenarios. Coverage 
of ongoing vaccine boosters was assumed to be imperfect, reaching 
80% coverage of the resident population per vaccine round, with only 
residents who had received all previous boosters considered eligible 
for the additional dose.

3 Results

3.1 Baseline

Figure  2 shows the baseline scenario incursion outcome 
libraries for each month between July 2023 and June 2024, 
assuming ongoing 5-monthly community epidemic waves, 

6-monthly vaccine boosters for residents and no changes to testing 
or outbreak management. The probability of different outcomes 
following a single incursion into an RACF changes over time, with 
the risk of larger outbreaks reducing due to greater exposure-
acquired immunity and vaccine boosters administered in August 
2023 and February 2024. A decrease in outbreak size is observed 
from August to September 2023 attributed to the marked increase 
in resident immunity from a concurrent epidemic wave and round 
of booster doses (Figure  2). From September 2023 onwards 
booster rollout and epidemic waves are no longer aligned, and 
residents maintain a consistent level of immunity from 
both sources.

The number of incursions into RACFs each month was 
determined to be proportional to community prevalence, with a best 
fit of 3 RACF incursions per 1,000 community infections. Other 
relationships that were tested resulted in poorer model fits 
(Appendix B3).

Total monthly infections, diagnoses, and deaths within Victorian 
RACFs in the model are obtained by sampling and aggregating 
incursion outcomes depending on the assumed community 
prevalence. Monthly outcomes in RACFs follow similar trends to the 
projected community prevalence (Figure 3). A slight decrease in peak 
RACF outcomes is observed for subsequent epidemic waves, due to 
greater exposure-acquired immunity and vaccine 
boosters administered.

3.2 Different assumptions for future 
community prevalence

Future community epidemic waves are unknown, so multiple 
different scenarios were modeled (Figure 4).

Total outcomes in RACFs were largely dependent on the area 
under the community infection curve for all community epidemic 
wave scenarios. Epidemic waves with similar peak heights had similar 
peak outcomes in RACFs (Appendix C) and waves with longer time 
between peaks has similar cumulative outcomes (Table  1). When 
future community epidemic waves were modeled to have lower peaks 
but higher troughs, cumulative outcomes were 17% less than the 
baseline (Table  1). Outcomes were best if community infections 
decreased over time, with a 44% reduction in cumulative outcomes.

3.3 Testing interventions

The baseline scenario has no routine surveillance testing of staff 
or patients, and an outbreak management algorithm of daily testing 
for close contacts.

An outbreak management algorithm that tested the entire facility 
once with RATs on detection of a case had better outcomes than daily 
testing of only close contacts (13% reduction in deaths) or no contact 
testing (Table 1). Without any outbreak management testing there was 
minimal change in overall deaths, but a 6% increase in infections and 
a 23% decrease in diagnoses.

Routine surveillance testing was more effective than modifications 
to outbreak management testing algorithms. Twice weekly RAT 
testing of staff and residents reduced cumulative deaths by 61%, and 
reductions in cumulative deaths were still observed when only staff 
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were tested, due to the greater number of staff in each RACF than 
residents (Table 1).

Minimal changes were seen when symptomatic testing was 
slightly increased or decreased; however extremely low symptomatic 
testing (i.e., 5% weekly probability) increased the number of deaths 
compared to the baseline by 94%.

3.4 Additional NPIs and vaccine rollout

Additional NPIs and increased vaccination had much greater 
impacts than the testing scenarios (Figure 5; Table 1). For example, 
NPIs that reduced transmission risk per contact in the model by 50% 
resulted in a 56% reduction in deaths compared to the baseline. The 
impact of additional NPIs within RACFs increased approximately 
linearly with NPI efficacy.

The baseline scenario assumed 6-monthly vaccine boosters for 
RACF residents, achieving 80% coverage. The non-linear waning of 
immunity (see Appendix) means that if boosters are delayed some 
protection is maintained for up to 12 months, but quickly declines 
beyond this. For example, when vaccine boosters were modeled at 
12-monthly intervals, cumulative deaths over July 2023–June 2024 
increased by 23%, and when no future vaccines were administered up 
to June 2024, cumulative deaths increased by 62%.

3.5 Sensitivity analyses

The model made assumptions on the number of incursions, 
incursion targets, and proportion of incursions to community 
prevalence. Sensitivity analyses were conducted to test each of these 

assumptions (Appendix C). The number of resident deaths increased 
(linearly) with number of initial incursions per simulation and 
number of incursions per 1,000 community infections, and were also 
higher when a greater proportion of incursions were among residents 
as opposed to staff (see Appendix A1).

4 Discussion

This analysis used an agent-based model to simulate COVID-19 
outbreaks within RACFs in Victoria and assess the potential impact 
of a variety of interventions for reducing infections and associated 
mortality. This modeling identified community prevalence, vaccine 
rollout, NPIs, and surveillance testing as major factors influencing 
outcomes in RACFs, and how interventions could be best utilized to 
reduce mortality among residents.

Future community epidemic wave patterns are unknown but were 
identified as the biggest driver of outcomes within RACFs. A variety 
of patterns were tested, with the number of incursions into RACFs and 
outcomes within RACFs proportional to community infections over 
time. While community prevalence may be beyond the control of 
RACFs and their COVID-19 strategies, incursion-minimizing 
interventions such as routine visitor testing or visitor limits could have 
a large impact on RACF outcomes during periods of high community 
prevalence. In addition, the observed link between community 
prevalence and RACF deaths in the data highlights how interventions 
to reduce community-level prevalence can have flow-on benefits 
to RACFs.

Our results indicate that frequent vaccine booster campaigns will 
be integral in reducing adverse outcomes in RACFs. As the pandemic 
continues, the increased waning immunity and potential for decreased 

FIGURE 2

Distribution of infection and diagnoses outcomes (aggregate among staff + residents) for incursions occurring in each month between March 2023 
and June 2024. When combined with the estimated number of incursions, these distributions can be used to estimate the total outcomes per month 
(Figure 3).
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FIGURE 3

Total number of deaths, diagnoses, and infections in the model for each month between July-2023 and June-2024, using baseline intervention 
coverages and an assumed 5-monthly epidemic wave of the same magnitude as the Aug and Dec 2022 epidemic waves.

FIGURE 4

Community prevalence scenarios: Four future community prevalence scenarios were tested; 5-monthly waves (blue), 7-monthly waves (red), waves 
with decreasing peak infections (purple) and waves with decreasing peak infections and increasing troughs (orange).
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TABLE 1 Percentage change in median cumulative infections, diagnoses and deaths for scenarios compared to the baseline.

Scenario Difference compared to baseline scenario

Infections Diagnoses Deaths

Community infections 5-month waves Baseline Baseline Baseline

7-month waves
+3%

(1, 5%)

+2%

(0, 4%)

0%

(−5, 4%)

Decreasing peak infections
−44%

(−45, −43%)

−44%

(−46, −43%)

−44%

(−48, −41%)

Increasing trough infections
−10%

(−12, −8%)

−10%

(−12, −8%)

−17%

(−21, −12%)

Outbreak management testing Residents tested daily Baseline Baseline Baseline

No tracing
+6%

(4, 8%)

−23%

(−25, −22%)

+1%

(−3, 6%)

Home tested once off
−14%

(−16, −13%)

−7%

(−9, −5%)

−13%

(−18, −9%)

Routine surveillance testing No surveillance testing Baseline Baseline Baseline

Staff surveillance testing
−43%

(−44, −41%)

−39%

(−40, −37%)

−50%

(−53, −47%)

Resident surveillance testing
−27%

(−28, −25%)

−7%

(−9, −5%)

−32%

(−35, −27%)

Staff & resident surveillance testing
−53%

(−54, −52%)

−39%

(−40, −38%)

−61%

(−64, −58%)

Symptomatic testing Medium testing Baseline Baseline Baseline

High testing
−16%

(−18, −15%)

−5%

(−6, −3%)

−21%

(−26, −17%)

Low testing
+19%

(17, 21%)

0%

(−1, 2%)

+16%

(11, 21%)

Very low testing
+89%

(86, 93%)

−22%

(−24, −20%)

+94%

(87, 101%)

NPI efficacy NPI 0% efficacy Baseline Baseline Baseline

NPI 10% efficacy
−12%

(−14, −11%)

−13%

(−15, −12%)

−18%

(−22, −14%)

NPI 25% efficacy
−30%

(−31, −29%)

−31%

(−33, −30%)

−32%

(−36, −28%)

NPI 50% efficacy
−51%

(−52, −50%)

−55%

(−56, −54%)

−56%

(−59, −53%)

Vaccine booster 6-month booster Baseline Baseline Baseline

12-month booster
+70%

(67, 73%)

+77%

(74, 81%)

+23%

(18, 29%)

No booster
+146%

(142, 151%)

+163%

(158, 168%)

+62%

(55, 68%)

uptake from regular vaccination campaigns will leave residents 
considerably more vulnerable to severe outcomes following infection. 
The model suggests compared to 6-monthly booster campaigns, 
12-monthly boosters resulted in moderately worse outcomes, but after 
more than 12-months without a booster the decrease in immunity was 
estimated to have major consequences within RACFs. It is therefore 
critical to ensure recency of vaccination is maintained for residents, 
particularly those who have missed a booster campaign for various 
reasons. As well as frequency, the timing of vaccine booster campaigns 

is another important policy consideration, because the relationship 
between community prevalence and RACF incursions means that 
residents are more likely to need the highest levels of immunity during 
community epidemic waves.

Before testing and mass vaccination were possible, NPIs such as 
density limits, masks, and ventilation were effective interventions for 
containing the spread of COVID-19 (35), with global studies 
investigating NPIs and their capability to reduce outbreak outcomes 
such as excess mortality rates in other settings (36–38). However, the 
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direct impact on mortality from these studies are difficult to compare 
against this study due to the difference in baseline prevalence and 
methods. The results of this study showed that NPIs in RACFs, even 
with modest efficacy, can limit the size of outbreaks and lead to 
important reductions in resident cases and deaths. In our model 
we did not specific which NPIs were to be used and their mode of 
implementation, but rather tested different assumed effectiveness 
values (10, 25, 50%) that could likely be  achieved through a 
combination of interventions. However, the type of NPIs that can 
be practically implemented over the longer term in RACFs requires 
some consideration; for example, NPIs restricting social interaction 
could severely impact quality of life (14, 39–41), while less restrictive 
NPIs such as increased ventilation, GUV, and mask wearing could 
be effective measures whilst still maintaining residents’ freedoms.

Testing of symptomatic residents, routine surveillance testing and 
outbreak management testing, followed by isolation of positive cases, 
were introduced early in the COVID-19 pandemic. In this analysis, 
varying levels of efficacy were displayed when different testing 
scenarios were implemented in RACFs. Routine surveillance testing 
effectively reduced resident deaths, by providing a means for 
pre-symptomatic or asymptomatic staff or residents to be identified 
and isolated from the rest of the facility. The baseline symptomatic 
testing was already estimated to be quite high within RACFs, but a 
scenario with very low symptomatic testing resulted in greatly 

increased deaths, confirming the importance of maintaining access to 
RATs and promotion of their use. Without any outbreak management 
testing there was an expected reduction in diagnoses, and little impact 
on infections and deaths. Conversely, enhancing outbreak 
management testing to include the entire facility and instead test 
everyone once rather than just close contacts daily had a greater 
impact reducing outbreak size and infections. These results collectively 
support the importance of testing and accompanying protocols with 
clear guidance on outbreak management testing within RACFs.

This work has some important limitations. Future epidemic waves 
are unknown, and results should not be  interpreted as forecasts of 
outcomes, but as a way of comparing the relative effect of different 
interventions. Only existing variants are considered, while future waves 
could be  heavily influenced by variants that are in circulation and 
vaccine effectiveness against these. Antiviral treatment coverage was 
considered as an input, however varying levels of treatment coverage 
could have important impact of reducing mortality. The model was 
calibrated to Victorian data, but reduced reporting of diagnoses over 
time and challenges in defining COVID-19 mortality among RACF 
residents means that some data may be  incomplete, leading to 
uncertainty in model calibration (in unknown directions). The model 
does not simulate all individual aged care facilities in Victoria, but rather 
samples over facility characteristics, and therefore results represent 
average expected outcomes rather than outcomes for individual 

FIGURE 5

Cumulative outcomes between July 2023 and June 2024 for RACF scenarios. The red bars represent outcomes with baseline assumptions, and 
additional bars represent specific scenario outcomes.
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facilities. There is uncertainty in which interventions are already in place 
in the baseline scenario, due to facility-level heterogeneity regarding 
interventions and guidelines and policies that have changed over time. 
Additional scenarios may be  considered such as varying levels of 
vaccine coverage or treatment coverage as well as therapeutic 
interventions (42). A future cost–benefit analysis could further 
strengthen understanding on what interventions may most effectively 
reduce mortality in RACFs.

5 Conclusion

A major driver of future outcomes in RACFs is likely to 
be community COVID-19 prevalence as a result of future COVID-19 
epidemic waves. Maintaining high coverage of recent vaccination, 
minimizing incursions, regular testing and increasing NPIs can all 
have a major impact on cumulative deaths in aged care.
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