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Abstract

Background Residential aged-care facilities (RACFs, also called long-term care facilities, aged care homes, or nursing
homes) have elevated risks of respiratory infection outbreaks and associated disease burden. During the COVID-19
pandemic, social isolation policies were commonly used in these facilities to prevent and mitigate outbreaks. We
refer specifically to general isolation policies that were intended to reduce contact between residents, without regard
to confirmed infection status. Such policies are controversial because of their association with adverse mental

and physical health indicators and there is a lack of modelling that assesses their effectiveness.

Methods In consultation with the Australian Government Department of Health and Aged Care, we developed

an agent-based model of COVID-19 transmission in a structured population, intended to represent the salient
characteristics of a residential care environment. Using our model, we generated stochastic ensembles of simulated
outbreaks and compared summary statistics of outbreaks simulated under different mitigation conditions. Our study
focuses on the marginal impact of general isolation (reducing social contact between residents), regardless of con-
firmed infection. For a realistic assessment, our model included other generic interventions consistent with the Aus-
tralian Government'’s recommendations released during the COVID-19 pandemic: isolation of confirmed resident
cases, furlough (mandatory paid leave) of staff members with confirmed infection, and deployment of personal
protective equipment (PPE) after outbreak declaration.

Results In the absence of any asymptomatic screening, general isolation of residents to their rooms reduced median
cumulative cases by approximately 27%. However, when conducted concurrently with asymptomatic screening

and isolation of confirmed cases, general isolation reduced the median number of cumulative infections by only 12%
in our simulations.

Conclusions Under realistic sets of assumptions, our simulations showed that general isolation of residents did

not provide substantial benefits beyond those achieved through screening, isolation of confirmed cases, and deploy-
ment of PPE. Our results also highlight the importance of effective case isolation, and indicate that asymptomatic
screening of residents and staff may be warranted, especially if importation risk from the outside community is high.
Our conclusions are sensitive to assumptions about the proportion of total contacts in a facility accounted for by cas-
ual interactions between residents.
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Background

Residential aged-care facilities (RACFs, also called long-
term care facilities, aged care homes, or nursing homes)
have elevated risks of respiratory infection outbreaks
and associated disease burden. Heightened risk arises
due to importation of pathogens by visitors and staff,
close and prolonged contact among residents (occupants
of the facility) and staff members, and the demographic
and health profiles of residents. These intersecting fac-
tors produce scenarios in which outbreaks are difficult
to mitigate and carry disproportionate consequences in
terms of medical impact. Simultaneously, the physical
infrastructure, insecure workforce, high health needs of
residents, and particular social requirements of RACFs
impose limitations on the types of control measures that
can be enacted without compromising the mental health
of residents [1]. In contrast with other types of healthcare
settings, RACFs feature long-term stays (multiple years
[2]), frequent social interactions between residents, and a
large part-time workforce with variable levels of medical
training [3].

Modelling efforts made early during the COVID-
19 pandemic did not emphasize the confluence of risk
factors present in aged-care environments (e.g., high
prevalence of comorbidity and limited infection control
capacity) that would later be acknowledged as responsi-
ble for large numbers of preventable deaths [4]. This led
to a substantial and ongoing global research effort apply-
ing infectious disease modelling to outbreak detection,
response, and prevention in residential care scenarios
[5-11].

While modelling improved substantially following the
acknowledgement of the disproportionate clinical signifi-
cance of COVID-19 outbreaks in aged care, the strength
of evidence for intervention effectiveness from observa-
tional and modelling studies has still been assessed as
generally weak [12, 13]. This has so far limited the qual-
ity of information available to policy makers faced with
challenging and complex decisions about COVID-19
response measures in aged care.

In particular, there is a lack of modelling work that
specifically assesses the effectiveness of general isola-
tion conditions applied to resident populations, despite
these being possibly the most controversial policies
implemented across the sector globally. By “general
isolation” we refer specifically to policies that were
intended to reduce contact between residents, without

regard to confirmed infection status. These include,
for example, shutting down shared meal facilities and
closing social spaces at facilities, or encouraging resi-
dents to stay in their rooms. Around the world, though
such policies were not consistently included in govern-
ment recommendations, many research articles, clini-
cal reports, interviews, media reports, and informal
testimony agree that facilities implemented general
isolation measures in attempts to reduce the impact of
ongoing outbreaks [14—19].

Here we apply an agent-based model of outbreak
mitigation in aged care, to investigate the effectiveness
of such policies, and assess the conditions under which
they may be justified. For a realistic assessment, our
model includes other generic interventions consistent
with the Australian Government’s recommendations
released during the COVID-19 pandemic: isolation of
confirmed resident cases, furlough (mandatory paid
leave) of staff with confirmed infection, and deploy-
ment of personal protective equipment (PPE) after out-
break declaration [20].

Methods

Overview

In consultation with the Australian Government
Department of Health and Aged Care, we developed
an agent-based model of COVID-19 transmission in a
structured population, building upon and modifying
earlier modelling frameworks used to assess interna-
tional arrival and quarantine pathways [21]. In general,
structured populations feature spatial and tempo-
ral clustering in contact patterns between individuals
determined by, for example, heterogeneous but persis-
tent dwelling locations and activity schedules. For such
populations, homogeneous assumptions about contact
patterns are not appropriate for detailed simulations of
infectious disease transmission dynamics. To capture
these important structural properties, key features of
the model include detailed representation of:

« Facility characteristics, including resident and staft
numbers;

+ Contact patterns among staff and residents, incor-
porating details of staff scheduling;

+ Infection dynamics, including time-varying infec-
tiousness and test sensitivity;

+ Screening and response strategies.
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To capture the limitations of early detection, we imple-
mented realistic screening and response strategies. These
were based on those set out in the Australian Govern-
ment Department of Health document “COVID-19
Outbreaks in Residential Care Facilities, Communica-
ble Disease Network Australia, National Guidelines for
the Prevention, Control and Public Health Management
of COVID-19 Outbreaks in Residential Care Facilities”
dated February 15th, 2022 [20]. Full details of the model
implementation and assumptions are provided in the
Supporting Information.

Facility structure

Briefly, a facility is modelled as a static population of
residents, allocated to single-occupancy rooms. For this
study, we simulated a facility with 121 staff and 88 resi-
dents, which is a typical size for an Australian RACF
[22]. Staff attend a facility according to a weekly roster,
with each staff member working five, three, or two days
per week which accounts for a total of 73.8 full-time
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equivalent (FTE) staff (in Australia, 1.0 FTE corresponds
to 5 full-time shifts in one week). Staff members are allo-
cated to a set of rooms housing residents they will visit
during the days they attend a facility. These allocations
are used to generate a network of potential contacts,
from which potentially infectious contact events are ran-
domly sampled (Fig. 1). In addition to these structured
contacts, random contacts between residents in different
rooms are included separately to allow for interactions
mediated by communal areas and group activities that
are not explicitly simulated in the facility model. Infec-
tious contacts are subject to a probabilistic transmission
process that depends on the time since the transmitting
case was infected and any mitigation measures in place
(see Supporting Information).

Within-host model of infection

Infection proceeds through an incubation period, fol-
lowed by symptom expression and eventual recovery
(see the Supporting Information for more details on the

‘ ' resident

g staff member ’

room assignments

contact network

Fig. 1 To generate a structured contact network, residents are assigned to rooms in which they live and staff members are assigned to sets

of rooms that they service. This is done to ensure that each room is serviced by the same number of staff. Potential contacts are then

created between any two individuals who are assigned to the same room. This creates a network structure from which contacts are sampled
during simulation of transmission dynamics. In the contact network depicted here, solid lines represent edges derived from room assignments

while dashed lines represent potential casual contacts between residents
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model of individual infectiousness trajectories). Each
infected individual is potentially infectious from the
moment of exposure, through the incubation period
and the duration of symptoms. Infectiousness increases
until approximately the time of symptom onset, and
then declines until recovery. We assume that, on aver-
age, 33% of infections never express symptoms and that
symptom expression does not alter infectiousness given
contact with someone who is susceptible. That is, the
time-dependent trajectory of infectiousness is identical
for symptomatic and asymptomatic infections. How-
ever, case detection following symptom onset may alter
contact patterns due to infection control procedures, see
below. The assumed asymptomatic fraction of 33% is con-
sistent with global estimates, however, we do not account
for heterogeneity by age which could slightly increase the
likelihood of case detection in residents relative to staff
members [23-26].

Baseline transmission dynamics

In line with observed SARS-CoV-2 transmission
dynamics, the model includes overdispersion of case
infectiousness, in which approximately 60% of index
cases produce no secondary cases, while approximately
10% of index cases produce more than ten secondary
cases (Fig. 2) [27, 28].

We calibrated the disease transmission model to pro-
duce a reproductive ratio of Ry~ 2.4, to simulate a
scenario consistent with SARS-CoV-2 transmission in
populations with modest immune-derived protection.
These conditions correspond approximately to early
estimates of the effective reproduction number of the
Omicron variant [29]. Further, the reproductive ratio we
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selected is broadly consistent with the assumptions used
in previous modelling studies [5, 8, 30]. See the Support-
ing Information for more details on calibration.

Initialisation

Each simulation commences with a single index case and
runs until there are no infections remaining in a facility
or, in the case that an outbreak has been declared, the
outbreak is declared to be over. Index cases are selected
at random from the combined population of staff and
residents. We note that this initialisation means that we
are not simulating continuous importation of cases from
the community. This choice excludes from the scope
of our study any assessment on the role of visitation
restrictions, community prevalence, or the behaviour of
staff members outside of the facility. Rather, our model
focuses on the transmission dynamics produced by single
index cases.

Outbreak detection and response

The model includes asymptomatic testing of staff and res-
idents, as well as testing on development of symptoms.
Infected residents are (imperfectly) isolated from other
residents upon detection, but still have contact with
staff. Infected staff are furloughed for seven days upon
detection, and have no further contact within a facil-
ity during the furlough period (Fig. 3). As per the Aus-
tralian Government’s guidelines (dated 15th February,
2022 [20]), an outbreak is declared once two cases have
been detected in residents within a five day period or
five cases have been detected among staff members over
a seven day period (Fig. 4). Once an outbreak has been
declared, the frequency of testing of staff and residents

I I
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Fig. 2 Index case secondary case distribution for 1000 realisations
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Fig. 3 Schematic of case isolation procedure after detection through a positive test result. Residents remain in contact with staff members
at the same frequency regardless of case isolation, but have reduced levels of contact with other residents (contact frequency with residents
in different rooms reduced by 90%). Isolated staff members are completely removed from contact (furloughed, not present at the facility)
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Fig. 4 Schematic of the transmission process and outbreak declaration after detection of a specified number of cases within a given time window.
Outbreaks are declared either from the detection of two cases in residents within five days, or detection of five cases in staff members within seven

days

may increase and infection control measures (e.g., use of
PPE) are put in place, reducing the probabilities of trans-
mission among staff and residents (Fig. 5). We assume
differential effects of these infection control measures
depending on the type of contact. For contacts between

residents, we assume a relatively limited effectiveness of
20% due to factors such as lower compliance with physi-
cal distancing, inconsistent mask wearing, and limited
training in the proper use of PPE. For contacts among
staff members, we assume a medium effectiveness of
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outbreak response

General isolation of residents
reduces casual contact rate

between them

Daily testing of residents and staff

Use of PPE reduces
pairwise transmission probability

50% reduction

Q ' 90% reduction

20% reduction

TIT
I-1

increases likelihood of early case detection

ERCE
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Fig. 5 After an outbreak is declared, several different types of responses may follow. General isolation of residents reduces the rate of random
contacts between them by a fixed proportion (which we vary in this study). Asymptomatic testing schedules are adjusted after the outbreak

is declared, depending on the screening strategy simulated. Additionally, the deployment of PPE reduces the force of infection (pairwise
transmission rate), depending on the types of individuals coming into contact, with a 90% reduction between staff and residents, a 50% reduction

between staff members, and a 20% reduction between residents

50% due to higher levels of compliance and training with
PPE, but inconsistent infection control during contact
events not involving residents. For contacts between staff
members and residents, we assume the highest level of
effectiveness (90%) due to high levels of compliance and
training with PPE protocols (including the proper use
of N95 masks) for staff members when interacting with
residents. These assumptions are broadly in line with lit-
erature estimates of PPE efficacy (see, e.g., [31]). See the
Supporting Information for more details related to model
implementation of outbreak response measures.

Simulated policies
We simulated the following set of policies for outbreak
detection through asymptomatic screening:

1. Full asymptomatic screening: prior to outbreak dec-
laration, staff are tested once or twice per week, for
part-time and full-time employees, respectively. Resi-
dents are tested every day (noting that daily screen-
ing of residents is not a recommendation of the Aus-
tralian Government’s guidelines, this represents an
extreme screening scenario). During outbreaks, daily
testing continues for residents, and staff are tested
every day they are present as determined by the facil-
ity roster.

2. Asymptomatic screening during outbreaks: staff and
residents are not subject to asymptomatic screening
unless an outbreak is declared, after which they are
subject to daily screening (as above).

3. No asymptomatic screening: testing is only con-
ducted after symptom expression. No asymptomatic
tests are conducted, regardless of outbreak status.

4. Unmitigated outbreaks: no testing is conducted. This
means outbreaks are never declared, cases are never
detected and isolated, and the transmission dynam-
ics proceed without any mitigation measures. This
‘worst case’ scenario provides a baseline compari-
son against which intervention effectiveness can be
assessed.

For each of the above screening policies, we vary the
extent to which the resident population (regardless of
case status) is socially isolated from one another follow-
ing declaration of an active outbreak. Here, we present
results for 0% (no general isolation), 50% (partial isola-
tion), and 90% (stringent isolation) reductions in back-
ground contact rate. Note that residents in case isolation
always have their background contact rate reduced by
90% (all scenarios). The assumption that case isola-
tion is imperfect arises from the limitations to isolation
reported in residential aged care settings due to the high
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prevalence of cognitive impairment and impulsive mobil-
ity behaviour, as well as the practical and legal limits to
non-consensual physical restraint (see e.g., [18, 32, 33]).
This produces a set of 10 scenarios. For each screening
strategy (other than the unmitigated outbreak scenario)
we perform simulations until 1000 outbreaks have been
simulated (the total number of simulations required
for this can vary depending on the screening strategy).
This produces an outbreak size distribution that is uni-
modal because it does not include those simulations in
which transmission dies out early on and no outbreak
is declared. For the unmitigated scenario (in which out-
breaks are not declared), a fixed number of independent
simulations are performed (10,000 instances). This pro-
duces a bimodal distribution of outbreak sizes because
it includes those simulations in which transmission dies
out early (Fig. 6a). We report summary statistics for the
second mode (large outbreaks) to facilitate comparison
between unmitigated and declared outbreaks. For each
scenario, we report the following summary statistics:

« cumulative infections: the total number of infections
(whether or not they are detected)

« outbreak duration: the amount of time between out-
break declaration and termination.

« peak staffing deficit: the maximum total full-time-
equivalent simultaneously missing from the facility
due to furlough of staff who test positive.

» cumulative residents isolated: the total number of
residents placed into case isolation due to a positive
test result.

» time to outbreak declaration: the time between intro-
duction of the index case and declaration of the out-

break.
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«» time to first detection: the time between introduction
of the index case and the first case detection.

The total number of infections is a generic measure of
outbreak severity, but does not account for time-depend-
ent properties of an outbreak. We report the outbreak
duration as a measure of severity because costly and
burdensome mitigation measures are in place through-
out this period. The total number of residents placed
into case isolation due to confirmed infection provides
an additional measure of severity relevant both to appar-
ent infection numbers and also to detrimental impacts
of social isolation. The time to outbreak declaration and
the time to first detection do not vary as functions of out-
break response, and provide estimates of the benefits of
asymptomatic screening for early detection. The peak
staffing deficit (measured in FTE) is a measure of the
labour shortage (absenteeism) in the workforce due to
furlough of staff. We chose to report the peak FTE defi-
cit rather than the cumulative deficit because it provides
a more intuitive measure of the logistical stress experi-
enced within the facility due to personnel shortages. For
example, if one staff member working five shifts in one
week were furloughed, this would produce 1.0 FTE defi-
cit. If one staff member working two days per week were
furloughed, this would produce a 2/5 FTE deficit.

Results

The effects of asymptomatic screening strategies

With a reproduction ratio of Ry &~ 2.4, unmitigated out-
breaks can infect large proportions of the facility popu-
lation. As is typical of stochastic SIR-type epidemic
dynamics, outbreak sizes follow a bimodal distribution
separated between those that undergo stochastic die-out

O Case isolation and PPE only
(1,000 declared outbreaks)

I I I 1 I
0 50 100 150 200
cumulative infections

Fig. 6 Cumulative infection distributions for simulated RACF outbreaks that are unmitigated (a), and which are subject to isolation of detected
cases and deployment of PPE (b). The distribution of case numbers in (a) is produced over 10,000 independent stochastic simulations and includes
those which are subject to early stochastic die-out. In these unmitigated scenarios, no screening takes place, no infections are detected,

and no mitigation protocols are implemented. The histogram in (b) includes only those introductions which trigger the declaration of an outbreak,
and show the case distribution over 1000 such outbreaks. More final size statistics are provided in the supporting material
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during their early stages, and those that progress to large-
scale epidemics. A histogram of the final size distribu-
tion for unmitigated outbreaks is provided in Fig. 6a. In
contrast, even without asymptomatic testing or general
isolation of residents, the use of PPE and case isolation
produces a substantial drop in the distribution of out-
break size. A histogram of cumulative infection incidence
for outbreaks with only PPE and case isolation in place is
shown in Fig. 6b.

Introducing asymptomatic screening after the outbreak
is declared reduces infection incidence by detecting cases
earlier, but increases the peak FTE deficit (Fig. 7). This is
because staff who are pre-symptomatic or asymptomatic
upon the initiation of the outbreak are detected within a
short time window after asymptomatic screening is initi-
ated, resulting in more staff simultaneously furloughed.
In the most extreme screening scenario, with asympto-
matic testing beginning before the outbreak is detected,
infections are mitigated while also avoiding the increase
in FTE deficit associated with outbreak response. How-
ever, such strategies require diligent screening regimes,
with large numbers of tests conducted even in the
absence of any detected cases.

The effects of general isolation conditions

While effective at mitigating outbreaks, continuous
asymptomatic screening of residents and staff may not
be feasible under normal circumstances. The complete
absence of asymptomatic screening or its implementa-
tion only during an active outbreak are more plausible
scenarios, so we use them to illustrate the effects of intro-
ducing general isolation of residents. Here, we investigate
to what extent the severity of outbreaks can be mitigated
by general isolation conditions in combination with
screening, case isolation, and PPE deployment.
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0.20 - 1 X .

L O Case isolation and PPE only
-

S O Asymptomatic testing during outbreak
=3 0.15 —
—~ I Continuous asymptomatic testing
n
< 1
S 0.10
[ =
S 11
3 —
=l 1
£ o005+ |

0.00 ‘l—v—v—v—r

0 50 100 150 200
cumulative infections

Page 8 of 13

Our results demonstrate that, while partial and full
isolation of the resident population can make a marginal
difference in the absence of asymptomatic screening
(Fig. 8a), it has a negligible effect when combined with
asymptomatic screening during outbreaks (Fig. 8b). This
somewhat surprising finding is due in part to the effec-
tiveness of asymptomatic screening, targeted case isola-
tion, and PPE use, and in part to a fundamental constraint
to isolation of aged care residents: that residents must
remain in contact with facility staff during outbreaks.
Therefore, even if residents are prevented from interact-
ing with one-another, their interactions with staff mem-
bers can result in transmission. This, combined with the
relatively substantial reductions in transmission from the
use of PPE and the isolation of confirmed cases, leaves
little to be achieved through general isolation of the resi-
dent population. For comparison with Fig. 8, frequency
distributions of cumulative cases for scenarios in which
all outbreak mitigation procedures (PPE, case isolation,
and asymptomatic testing) are disabled are shown in
the Supporting Information Figure S4. This comparison
demonstrates that reducing contact between residents
can mitigate against transmission and makes a substan-
tial difference to infection totals when other response
measures are not implemented.

Because we model general isolation as a reduction in
the contact rate between residents, the marginal impact
of general isolation is sensitive to the rate of contact
between residents relative to the rate of contact involving
staff members (which is not affected by general isolation).
In our main results, we assume that these proportions
are the same (with each rate set to an average of three
per resident per day), which is consistent with empirical
estimates for residential care facilities (see Discussion).
However, our sensitivity analysis demonstrates that if res-
ident-resident contact rates increase, our model produces

b) 0.30
— O Case isolation and PPE only

s 025 = O Asymptomatic testing during outbreak
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S 020 B Continuous asymptomatic testing
1
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0.00 T -1 1 1 1

0 5 10 15 20 25 30

peak FTE deficit

Fig. 7 Histograms of cumulative infections (a) and peak FTE deficit due to furlough of staff members with confirmed infection (b). Grey bars
correspond to scenarios employing isolation of symptomatic cases confirmed through testing and deployment of PPE after outbreak declaration.
Red bars correspond to scenarios in which the declaration of outbreaks triggers asymptomatic screening of staff and residents. Blue bars
correspond to scenarios in which continuous asymptomatic screening is conducted prior to outbreak declaration
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Fig. 8 Histograms of cumulative infection numbers for outbreak scenarios involving varying levels of enforcement of a general resident isolation
policy. Subfigure (a) shows statistics for scenarios in which outbreak response includes only isolation of symptomatic infections confirmed
through testing and deployment of PPE after outbreak declaration. Subfigure (b) shows statistics for scenarios including asymptomatic screening
after outbreak declaration. The different colored bars correspond to varying levels of isolation stringency, implemented as reductions in the rate

of casual contact between residents

a corresponding increase in the marginal impact of gen-
eral isolation measures with lower relative increases
observed for lower reproductive ratios (see Supporting
Information, Figure S5). Another potential sensitivity of
our model arises from the assumption that compliance
with targeted case isolation is fixed at 90%. In our sen-
sitivity analysis (see Supporting Information Figure S6),
we demonstrate that our results about the marginal ben-
efits of general isolation are robust to this assumption,
as long as the condition is satisfied that general isolation
compliance cannot be greater than compliance with tar-
geted case isolation. While outbreak sizes increase when
targeted isolation compliance decreases, the above con-
dition prevents general isolation from providing a sub-
stantial additional benefit.

To supplement the findings detailed above, our full
results are summarised below in Table 1.

Discussion

Residential aged care environments are uniquely chal-
lenging settings for infection control and prevention
[1]. The combination of high medical risk, prevalence
of cognitive impairment, high service needs, and inse-
cure workforce produces conditions in which out-
breaks are more likely, infections cause more severe
illness, and transmission is difficult to control. During
the COVID-19 pandemic, outbreaks in these environ-
ments caused large numbers of deaths worldwide [34,
35]. Simultaneously, the measures taken to mitigate
outbreaks caused disproportionate physical and mental

Table 1 Summary statistics for model output over a range of mitigation scenarios. Medians values are shown for cumulative
infections, outbreak duration, peak FTE deficit, and the cumulative number residents placed into case isolation. Next to each median

value, the interquartile range is shown in parenthesis

Screening strategy General Cum. infections Outbreak duration Peak FTE deficit Cum.

isolation level residents
isolated

Full asymptomatic screening 90% 14(11) 11(8) 34(6.2) 6 (4)

Full asymptomatic screening 50% 15(12) 12 (10) 36(6.2) 6 (5)

Full asymptomatic screening 0% 17 (14.5) 14 (13) 3.6 (6) 7(8)

Asymptomatic screening during outbreaks 90% 29 (26) 14 (7) 6.6(11.8) 12011)

Asymptomatic screening during outbreaks 50% 31(28) 15(10.5) 64(12) 13(13)

Asymptomatic screening during outbreaks 0% 33(32) 16 (14) 6.6(12)) 15(17)

No asymptomatic screening 90% 32531 16 (8) 44 (6.6) 9(7)

No asymptomatic screening 50% 37 (37) 20(12) 42(7.2) 11(12)

No asymptomatic screening 0% 445 (53) 24 (18) 44 (6.6) 15(22)

Unmitigated outbreaks - 173%(20) - - -

@Median over all unmitigated outbreaks which produced more than 80 infections (corresponds to the second mode of the distribution shown in Fig. 6a)
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health burdens on residents [16—19]. Trade-offs associ-
ated with resident and workforce well-being were espe-
cially pronounced before pharmaceutical interventions
such as vaccines and antiviral drugs were available
[12, 13]. While the availability of antivirals and vac-
cines have substantially reduced the pressure to apply
nonpharmaceutical interventions (NPIs) in aged care
environments, the prospect of future pandemics or the
evolution of SARS-CoV-2 variants of concern justifies a
retrospective focus on the application of NPIs.

If disease transmission modelling is to be applied
effectively to inform outbreak response in such set-
tings, models must effectively capture the semi-struc-
tured nature of the RACF environment and realistic
constraints on the effectiveness of mitigation strate-
gies. In this work, we described and demonstrated an
agent-based simulator which can account for salient
factors such as staff roster scheduling and non-random
assignment of staff to residents, while also allowing
random interactions between residents. To account
for the physical, ethical, and logistical constraints aris-
ing from the uncertain behaviour of residents and from
the material challenges associated with testing and PPE
use, the model allows variation in compliance with
scheduled testing, case isolation, and general isolation.
It also allows the efficacy of PPE to vary depending on
the types of individuals interacting. Another important
constraint that our model accounts for is the imperfect
and time-varying sensitivity of tests, which limits the
degree to which isolation of detected cases can miti-
gate presymptomatic transmission. For realistic case
detection probabilities, we implemented a previously-
validated sub-model of test sensitivity as a function of
time-since-infection to capture the sensitivity of tests
occurring early during an infection (i.e., before expres-
sion of symptoms) [21]. With the features described
above, the model was well suited to our investigation
of general isolation policies and asymptomatic testing
rates.

While general isolation measures may help mitigate
transmission, the mental health toll produced by such
measures, especially to residents near the end of life or
with cognitive impairment, calls into question whether
their application is beneficent. For them to be justified, it
must be demonstrated that such measures provide sub-
stantial mitigation of transmission supplemental to what
is achieved by those measures which may be applied at
lower cost to general well-being. From this perspective,
our results do not support the implementation of general
isolation conditions to individuals without confirmed
infection. Rather, we show that the benefits of combin-
ing (imperfect) case isolation with the deployment of
PPE upon declaration of an outbreak render negligible
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the additional benefit achieved through general isolation
measures.

Few previous modelling studies examine general iso-
lation policies. Most recent studies focus on the role of
vaccination and infection surveillance [5, 11, 36, 37],
with some examining case isolation [38], cohorting [39],
and furlough of staff [9]). However, our results contrast
with one other study of which we are aware. The results
reported by Love et al. show substantial benefits from
reductions in contact rates between residents, even in
combination with case isolation and other measures [30].
However, their model assumes very large differences in
the level of contact between residents with and with-
out social distancing (respectively: 2 vs. 50 potentially
infectious contacts per resident, per day). The unmiti-
gated contact rate (50 per day) is much higher than those
reported by Vilches et al. (6.8 contacts per day) for Cana-
dian care facilities [8], and Smith et al. (five per day) for
a French facility [5], both of which are closer to the rate
assumed in our implementation (three per day). There-
fore, while their conclusions may be valid for scenarios
with very high baseline contact rates, these rates are not
realistic for residential aged care facilities.

Our conclusions differ also from those presented by
Smith et al., which focused on optimal infection sur-
veillance under resource-limited conditions [5]. They
conclude that their results emphasize “the importance
of interventions to limit contact between patients (e.g.
social distancing among retirement home residents)..”,
an interpretation which conflicts with our findings. How-
ever, the study by Smith et al. did not explicitly examine
the effectiveness of distancing policies, so while their
cautionary conclusions may be qualitatively consistent
with their observations of model dynamics, these con-
clusions have no direct relationship to their quantitative
findings. While we agree that general isolation protocols
may be justified in the absence of sufficient surveillance
capacity, our work illustrates that case isolation achieved
through active screening may be sufficient to avoid the
imposition of these potentially more harmful policies.

Asymptomatic screening is a less controversial practice
than general isolation measures, but still carries many
caveats. While not as acutely damaging as social isola-
tion, the continuous imposition of physically invasive
tests on staff and residents who show no signs of illness
may be unjustified, especially during periods of lower
community prevalence [40—42]. Furthermore, frequent
asymptomatic testing may not be feasible due to resource
constraints [43].

Here, we compared screening strategies employing dif-
fering levels of asymptomatic testing, and demonstrate
marked improvements for scenarios in which asympto-
matic screening is employed prior to declaration of an
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outbreak. These results are in general agreement with
reports from real-world outbreaks (e.g., [44]). This result
comes with the caveat that our simulations are initialised
with the importation of an infectious case into the facility
(infecting either a staff member or a resident). Therefore,
while effective at preventing outbreaks from occurring
and at staunching them earlier if they do occur, our find-
ings are consistent with the choice to implement con-
tinuous asymptomatic screening only when community
transmission presents a substantial risk of case impor-
tation. We note that while the introduction of asympto-
matic screening upon outbreak declaration can decrease
the final size of outbreaks, this policy naturally leads to
more staff absenteeism (Fig. 7b).

Limitations

While our model is realistic in its representation of key
factors such as the facility structure, staffing schedules,
within-host disease dynamics, test sensitivity, and out-
break response, in other ways the level of abstraction it
applies introduces some limitations. One of these is the
way in which the model simulates furlough of staff mem-
bers with confirmed infection. The mechanism of case
isolation for staff members is to remove them from the
facility workforce for a 7-day period. While this response
and its duration are realistic, we do not simulate re-
assignment of rooms to the remaining staff members, an
omission which could produce unrealistic reductions in
network density and cause the model to over-estimate
the effectiveness of furloughing staff with confirmed
infection. To realistically capture labour re-distribution
patterns (i.e., “surge rostering”) additional consultation
is required because specific industry standards are not
available. This limitation allows residents to be com-
pletely isolated due to the furlough of all staff servicing
their room. We confirmed that such scenarios arise to a
negligible extent (and do not occur at all in more than
90% of simulations, see Supporting Information Fig-
ure S1). Regarding the social interface of the RACF with
the outside community, our model simulates only a single
importation event. We do not explicitly simulate visitors
to the facility, or the transmission patterns associated
with staff members outside of the facility. Our model
therefore implicitly assumes that visitors play a negligi-
ble role in transmission during active outbreaks, and that
there is a low likelihood of multiple importations occur-
ring prior to outbreak declaration. In scenarios with high
community prevalence, multiple importation events
from visitors could feasibly occur and could lead to larger
numbers of presymptomatic or asymptomatic infections
at the time of outbreak declaration. However, multiple
importations would not alter the reproductive ratio, so
we do not expect our main results regarding the marginal
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impact of general isolation after outbreak detection to
be sensitive to the number of initial infections. Looking
to future work, we note that restrictions on visitation
were among the most heavily criticised policies applied
to aged care facilities during COVID-19 and this sub-
ject deserves further attention focused on balancing the
well-being of residents and their families with the need
to prevent importation of infectious diseases. In general,
while simulating the community external to the facility is
beyond the scope of this study, it should be considered
for future work on topics such as optimising the crite-
ria for outbreak declaration so to avoid false alarms, or
the risks produced by RACF staff working across multi-
ple facilities. Though these topics have been studied by
others (e.g., [10]), understanding the role of staffing prac-
tices in outbreak prevention and mitigation is applicable
to other healthcare sectors as well and many challenges
remain unaddressed [45, 46].

Incorporating the effects of vaccines and prior expo-
sure on transmission potential is feasible with the model
described here but was not implemented in this study, in
which we placed the focus instead on non-pharmaceu-
tical interventions. We made this choice in part because
of the great diversity of exposure and vaccination histo-
ries that currently exist in aged care facilities, and in part
because we aimed to present results with generic impli-
cations beyond COVID-19.

Finally, our choice to assume a uniform asymptomatic
fraction of 33% neglects the potential for SARS-CoV-2
infection to present higher clinical fractions in older
age groups. Assuming higher symptomatic proportions
in the resident population due to their older age could
reduce the marginal impact of asymptomatic screening.
However, even with a low asymptomatic fraction, screen-
ing would still play an important role in early case identi-
fication during incubation, limiting the sensitivity of our
findings to this simplifying assumption.

Conclusion

In conclusion, our study used an agent-based simulation
model to examine realistic combinations of policies for
COVID-19 outbreak mitigation within residential aged
care facilities. We focused our analysis on assessment of
asymptomatic screening strategies, and general isolation
policies for outbreak response. Our findings are consist-
ent with the position that general isolation of residents is
not justified if screening resources are sufficient for fre-
quent surveillance, PPE is available to staff and residents,
and case isolation can be conducted according to clinical
practice guidelines. Furthermore, our results support the
recommendation for continuous asymptomatic screening
of residents and staff, with the caveats that such measures
will be subject to resource constraints and analysis of



Zachreson et al. BMC Infectious Diseases (2024) 24:880

case importation risk. Future work extending this study
should focus on the role of hybrid immunity from vacci-
nation and virus exposure, the facility-community inter-
face, and the design of industry workforce practices that
can help limit the likelihood of case importation.
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