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Modelling the Victorian roadmap

SinceJuly 2021 Melbourne has experienced a resurgence delta variant COVIBEL9 cases Despite a lockdown being
introduced on5 Augustcases continue to groyand at ¥ Septembedaily diagnoses he reached a7-day average o454

2 A 0K + A Ol A03trateyyshifting aways fromCOVIEzero, protecing the health of the population will require
achieving highvaccinaion coverage as quickly as possjbtaintaining control of theepidemicto protect the vulnerable,
and ensuting that the health system has capacity to provide care to all who nee&hitimportant question is as vaccine
coverageincreases how bestcan restrictions be eased thaireventshealth system capacityrom being exceedd?

The Covasimmodelwas usedo simulateoptionsfor easing of restrictions over the OctobBecember periodModel inputs
included data on demographics, contact networks, workforammposition contact tracingsystemsand agespecific
vaccinationrates As well as options for easing restrict®&radditional policiesaround vaccine allocation and testimgere
examinedto determine potentialapproachedo further reduce theepidemicpeak.

Scenarios were rumno estimate tre number of COVHDI infections, hospitalisations and ICU requiremeéntdelbourne

1 Maintained lockdown:A counterfactual scenario to set baseline estimates from which restrietioz eased.

1 Roadmap Shool and childcare returnghroughout October, increasedoutdoor activities at 70% twoose vaccine
coverage(people 16+years; retail andindoor activities with density limits commence at 8@%ult vaccinecoverage
and mandatory vaccination of authoezl workers, teachers, childcare workers, parents of children in childcare,
hospitality workers, hospitality patrons.

1 Roadmap with additional testingThe roadmap scenario bassumingraccinated people continue to seek symptomatic
testing at the same ratas nonvaccinated people, even for mild symptoms.

1 Roadmap with a 15% reduction in nehousehold transmissionThe Ladmap scenario, but with an assumption that a
15% reduction in noimousehold transmission could be achieved immediately and sustained.

Key indings
1. Even without any easing of restrictionshere isa moderate riskof exceeding health system capacity

1 Based on the current epidemic growth rai@ peak in ®tlay average daily diagnoses of 142800is estimated to
occurbetween19-31 October

1 Corresponding @aks in hospital and ICU demand wet200-2500 and 260-550 respectively, with24% of
simulations resulting in hospital demand exceeding 2560s.

2. In the roadmap scenariothe significant easing of restrictions at 80% vaccine coveragg to 63% of simulations
exceeding 250Mospital demand and resuledin a second epidemic peak over mbecember

@9

High rates of symptomatic testing among people who are vaccinated could reducentipact on the health system
In a scenario witlvaccinated people tegigat the same rate as unvaccinated peaplee risk of >2500 hospital demand
was reduced from 63% to 29%. Howevéistnay be difficult to achieve in practice

4. If a 15% reduction in nofmousehold risk could bechieved and sustained through a variety of additional targeted
public health and testing interventions, the risk 02500 hospital denand could be reduced t48%

5. When 80% adult vaccine coverage is reachée case numbers, hospital and ICU nhumbers caoyitie a guide as to
the likelihood of the health system capacity being exceedadd whether restrictions can be safely eased consistent
with the roadmap or whether a more staggered approach may be required.

6. Due to uncertainty about whether the epidemic grath rate will be sustained, seasonal impacts and vaccine efficacy
parameters against the delta strain, updated projections are required as more data becomes available
Decisions to ease restrictions should be based on the latest epidemiological and lysdiim snformation.

000 Authors: Romesh Abeysuriy®ominic DelportRachel Sackdavis Margaret Hellard, Nick Scott
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Background and ians
Since July 2021 Melbourne has experienced a resurgence in delta variant-T3Dd48&es. Despite a lockdown being introduced
on 5 August cases continue to grow, and at 17 September daily diagnoses have reacusy average of54.

2 A 0K A Ol ANSrateQyashifting awayb from COViBro, protecting the health of the population will require achieving
high vaccination coverage as quickly as possible, maintaining control of the epidemic to protect the Vejrardlensuring that
the health system has capacity to provide care to all who neegshiimportant question is: as vaccine coveragereases how
bestcan restrictions be eased that prevents health system capacity from being exceeded?

The Covasimmodel was used to simulate options for easing of restrictions over the Ociobeember period. Model inputs
included data on demographics, contact networks, workforce composition, contact tracing systems sspkeifie vaccination
rates. Model mrameters for transmission, testing and the impact of packages of restrictions were calibrated to fit observed
epidemiological data over the current and past outbreaks. As well as options for easing restriatiditional policies were
examinedto determine potential approaches to further reduce the epidemic peak

Scenarios were run to assetifferent options for easing restrictions, and their impact on health outcomes as well as the expected
peak hospital and ICU demand.

Method

Modeloverview

We used a established agerdbased microsimulation modeCGovasinjl], developed by the Institute for Disease Modelling (USA)
and previously adapted by the Burnet Institute to model epideniidVielbourne[2-4]. The model is available onlifg]. In brief,
agents inthe model are assigned an age (which affects trmisceptibility to infection and also their likelihood of being
symptomatig, a householda school (for people ageX) or a workplace (for peoplever 18, up to65), andthey participate in a
number of communityactivitiesthat mayinclude attending restaurants, pubs, places of worship, community sport, and small
social gatheringdetails of includedccontact typesnetwork structurestransmission probabilities, and contact tracing capability
(which vary by settinggre provided in theappendixat the end of this report.

Calibration

Model parameters for transmission and testing were calibratedata on daily new detected cases, hospitalisations and ICU from
the delta COVIBEL9 epidemic waven Melbourneover theJulySeptember 202 period [6]. The impact of different plicy changes
associated with the roadmapere estimated from calibration to the epidemic wave in 2(02€].

Interventions

The model includes testing, contact tracing and quarantine of close contadtthair household contacts, isolation of confirmed
cases, masks, physical distancing policies in venues tfeeg4 square metre rule), policy restrictions to prevent or reduce
transmission in different settings (e,g@losing schools avorkplace$ and vaccination programsThe implementation of each of
these interventions is described in the following sections.

Symptomatic testing probability (COVID cases)

All people with severe disease are assuhte be tested. For people with mildymptoms, he modelincludes a peday probability
of seeking a test, which getermined throughmodel calibration Based on the current outbreakest-seeking probability was
estimated to bed.034 per day ofmild symptoms. Thisuggessthat amongpeoplewho have mild symptomand are noidentified
through contact tracingr exposure site notificatiqr24% will seek testinguring their symptomatic period
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Gontact tracing
The model uses daily time steps and the testing/contact tracing system was appted as follows:

1. Day 0: Test is taken by index case

2. Day 1 (24 hours following test): Positive test results are returned, index case is notified and enters isolation

3. Day 2 (48 hours following test being takg¢nContact tracing completed, with contacts havinggéting-specificprobability of
being detected (Table S1), reflecting differences in the level of difficult in identifying contacts in that network (eahdidsi
vs public transport contacts)dentified contacts are tested and quarantined for 14 days regardless of test results, along with
their entire households. Contacts are additionally tested on day 11 of quarantine, regardless of symptoms.

4. Day 3 (72 hours following test): Test results for contdetsome available, and any contacts who returned a positive initial
test would then have their contacts traced within the next 24 hours, in the same manner as the index case.

It was assumed that contact tracimlgteriorated as case numbers increas€@ahpson contact tracingassumedat 0, 25, 75, 150
and 500+ cases per day, 100%, 80%, 50%, 30% or 20% of detected cases are shigjedideealgorithm. The cap does not
apply to household, school or childcare contacts who are assumed able to conductvitnelirazing.

Virus strain

The model was calibrated to the transmission of the delta variant currently circulating in Victoria. The incubation pariod wa
shortened to a mean time from exposure to becoming infectious of 3.71 days, compared to 4.50 dagswidd type virug8].
Disease prognoses (e.g., agecific probaliity of requiring hospitalization, ICU or of dying) were updated to reflect the increased
severity of the straif9] (adjusted odds ratio for hospitalization, ICU and death of 2.08 relative to wild $geeappendix).

Vaccine properties

In the model, vaccination acts to reduce the probability of acquiring an infection when a contact occurs with an infesioas c
well as the probability of developing symptoms (both mild and severe) for people who are vaccinated and become iffiected.
remains significant uncertainty in these parameters as evidence continues to enfdrgassumed efficacy valuesed in this
modellingare below; they are based on estimaties vaccines against the delta varigindom Imperial College London, London
Shool of Hygiene and Tropical Medicine and Warwick Univeigity

Tablel: Vaccine efficacy parameteagainst the delta variant

Vaccine impact Infection Onwgrd_ Symptoms Hospitalization ICU Death
transmission

Overall protection: Pfizer 1 A47% 33% 47% 71% 71% 71%

Overall protection: Pfizer 2 80% 56% 85% 87% 89% 92%

Overall protection: AstraZeneca 43% 24% 43% 69% 69% 69%

Overall protection: AstraZeneca 62% 45% 71% 86% 88% 90%

¢KS @I 0O0AYySQa LINBOSYyidA2y 2F AYyTFSOGA2Yy A& | LILNBEAYE G-BR |
risk of becoming infected based on the vaccine efficacy (as oppodegto a | £ £ 2NJ y2 i KAy 3¢ @I OOAYS:
80% of people have perfect protection and 20% have no protektion

Multiple vaccine interventions were implemented in the model, with each vaccine intervention defined by vaccine type and time
between doses (e.g. AstraZenecavi@eks). People who receigigheir first vaccination were assumed to receive their second at
the scheduled time, and vaccine immunity (protection against infection and disease) was modelled to increase over time. The t
to reach the estimated peak efficacies reportedTiablel was dependent on vaccine type and time between doses, and the
immunity profile assumed for the Pfizer 3, 6 ant8ek and the AstraZeneca 12 andvéek vaccinations are shown fiigurel.
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Immunity profile of vaccination schedules
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Figurel: Vaccination immunity profile over timeVaccinations were modelled according to vaccine type and time between doses and had a
time-varying protection that depended on the vaccine type and time between doses.

An independent behavioural factor was also modelled where people who are vaccinated 0% reduction in their probability
of seeking testing if they had mild symptoms, compared to people who were not vaccinated. Vaccinated individuals were assum
to still test and quarantine the same as neaccinated people if they were identified aglose contact of a confirmed case.

Vaccination rollout

Vaccire allocation in the model was aggecific and based dmistoric Pfizer and AstraZenedases delivered fromustralian
Immunization RegistryAIR data, as well as assumptions about the ool rate goingforward (Figure2). Key milestone
assumptionamong adults 16+ yeais the modelinclude

1 70%two-dose coveragéeing reachean 31 Oct

1 80%two-dose coveragbeing reachean 7 Nov

The vaccine rollout wasiodelledto continue beyond 80%, to reach 92% coverage among adults 16+ years by the end of 202:
(95% coverage among people over 60 years; 85% coverage amorig pged 1669). It was assumed thaveryone who received
a first dose would receive a second ddatbeit with different schedules)

To approximate the concentration of infectioffem Augustto mid-Sep in geographical areas with lower vaccine coverdge, t
model was calibrated and initializedth populationweightedcoverage values representing those areasd thenmodelled to
catch up to the Melbourne average by 80% first doB@is means that the model population approximates the areas where the
infections are occurring at the moment but assumes a spread throughout Melbourne over time.
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Figure2: Cumulative FIRST dose coverage, used for model ingsésond dose coverage is based on actual and proposed future changes to
dose scheduling, and makes an approximatltat everyone receiving a first dose receives a second dosé. AstraZeneca. Green: Pfizer.

Mandatory vaccination

Mandatoryvaccination vere implementedby excludng unvaccinated people from participating in activities subject to a vaccine
mandate(e.g. teachers, or people attending hospitality) rather than assuming any additional vadtiwas. assumed to have
95% compliance

Scenarios

Projections were run for Melbourne for the following scenarios:

1 Maintain lockdown A counterfactual scenario to set baseline estimates from which restriction are eased.

1 Roadmap.Schools returning throughout Octoberdble3); outdoor activities commencing at 70% aduti@se vaccine
coverage; and density limits at 80% aduli@e vaccine coverag&gble2). Roadmap scenarimcludesmandatory vaccines
for authorized workers, teachers, childcare workers, parents of childcare workers, hospitalkgresand hospality
patrons @5% compliance).

1 Roadmap with increased testing among vaccinatdgadmap scenario, but vaccinated people continue to seek
symptomatic testing at the same rate as reaccinated people, even for mild symptoms.

1 Roadmap withreduction in northousehold transmissionRoadmap scenario, but with an assumption that a 15% reduction
in nonthousehold transmission could be achieved immediately and sustained. This would require a package of targeted
public health interventions.

For eactscenario, 1000 simulations were run, sampling from the likely range of transmission parameters.
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Restriction policies

For the main roadmagnalysis, thenodel washased around the restriction levels Trable2.

Table2: Roadmap restrictions being modelled

Outdoor activities Densitylimits
Lockdown Scthotql rc;agrr:ap 70% twedose vaccine 80% twadose vaccine
(startingS Oct) coverage 16+ years coverage 16+ years
Open for people with
Childcare Authorized only both parents Open Open
vaccinated 25 Oct
Schools Online Seeschoolroadmap See school roadmap In person
Café/restaurant Takeaway Takeaway Outdoor onlywith 4sqm 4sgqm
Pub/bar Takeaway Takeaway Outdoor onlywith 4sqm 4sgqm
Retalil Essential only Essential only Essential only 4sgqm
Places of worship Closed Closed Outdoor onlywith 4sgm 4sgm
Community sport Closed Closed Open Open
Outdoorgatherings 2 for exercise 2 for exercise <50 <100
Construction Restricted Restricted Open Open
Nontretail work Authorized only Authorized only Authorized only Work from home if possibl
Entertainment Closed Closed Outdoor only, 10 per group 4sqm
Social None None None 5 visitors to the home
Mobility 5km 10km No restrictions No restrictions
Masks Mandatory Mandatory Mandatory Indoors only
Table3: Incremental opening of schools and childcare captured in the model.
Year level 50ct 18 Oct 26 Oct 5Nov 18-Dec
Childcare | Authorized only]  Authorized only Authorized only Open for people.wnh both Open Open
parents vaccinated
Prep Online learning Online learning Three days per week Three days per week In person Closed
1-2 Online learning|  Online learning Two days per week Two days per week In person | Closed
34 Online learning Online learning Online learning Two days per week In person Closed
5-6 Online learning Online learning Online learning Two days peweek In person Closed
7 Online learningl  Online learning Online learning Five days per week In person Closed
8-9 Online learningl  Online learning Online learning Two days per week In person Closed
10 Online learningl  Online learning Online learning Twodays per week In person Closed
11 Online learningl  Online learning Online learning Five days per week In person | Closed
12 Online learning| Five days per week Five days per week SWOT VAC
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Results

There isconsiderablaincertainty in futureprojectionsas the outbreak is still in an early growth stagewever if the current Ry,
vaccine rolloutandrestrictionswere maintained a peak in fday average daily diagnoses could be expected ardateeOctober
(Figure3). In24% of simulationshospitaldemand exceede@500 (Table4), suggesting that easing of restrictions must be done
carefully to avoid overwhelming the health system.

The roadmap scenarifschools returning throughout October; outdoor activities commagcat 70% adultwo-dose vaccine
coverage; density limits at 80% adtlto-dose vaccine coveragand mandatory vaccingsreated significant additional risk,
resulting in a second epidemic peak in Alldcember Figured). The second peak was largely attributable to the easing of
restrictions at 80% twalose adult vaccine coverage, which had a shifteéindBe to the increased indoor mixing and multiple

policies being eased at on¢eompared with the final scenario iFable4 where this easing step does nloappen).

Increased testingmong vaccinated people was ablertitigate the potential for aresurgencegFigure5) and reducethe risk of
exceeding health system capacfyabled). In practice this may not be realistitpwever he morethat testing can be maintained

the moreriskthat can be mitigated

Similarly, the roadmap with 15% reduction in notousehold transmissiorF{gure6) also had lower riskThe specifics of hoa
15% reduction in notousehold transmission could be achieved and sustamadclear butvouldlikely require multipldargeted
approaches with small impacts in combinatidor examplethis might include increased testingetter quality masks, targeting
of vaccines to higher COVID risk occupations, increased outdoor classes in sehad other gainsNevertheless, this scenario
demonstrates the value of even small reductions in transmission towards managing the riskatadswith easing restrictions.

Table4: Outcomes of the modelled roadmap, with different interventions in place. For each quantity, thejiraelile range observed in the

simulations is also reported.

ase oSspita ea
Percentag Percentage
- of of
Easing pla 7 L T I ssimulatiors S simulatiors JutDec 2021
average day average | demand : demand :
- exceeding - exceeding
2500beds . 625beds
N 1960 25 Oct 1666 360 964
Maintain lockdowr | 3595935) (19 Oct, 310ct) (11842474) 227 (257851) 9% (s601426)
Roadmay
Schools open throughout Octob
Outdoors at 709 4543 15 Dec 3150 63% 706 58% 2202
(27786761) : (07 Dec, 22 De: (19504400) (462-953) (14553152)
4 sgm rule at 80¢
Vaccine mandate
Roadmap with increased testir
Roadmap plus 2474 10 Dec 1700 20% 405 2706 1323
Vaccinated people maintain testing with m: (1461-4388) : (18 Oct, 21 Dec (1097%2750) (253644) (8282044)
symptoms
Roadmap with 15% reduction in no
household transmissic
Roadmap plus (11%2?)95) a5 (z)ithg Dec (94?27;00) L (2131?5516) L (6811(-)167124)
Assumption that a 15% reduction can ’
achieved and maintaine
Roadmapwithout the 80% ste}
Roadmap excep§ 1941 25 Oct 1648 24% 366 17% 936
No additional easy occurs when 80% a (13612906) : (19 Oct, 31 Oct (11822428) (256:535) (662-1375)
coverage is reache

NB: Median in figures may appesiightlydifferent to table, because the differeaalendar dateof simulation peaks means that the median ¢
[peak values across simulations] is not the same as the peak of [the line generated by plotting the median value attk&shpemare for

visualization onlysee appendix)
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New diagnoses (7 day average)
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Figure3: Maintain lockdown scenarioFigures show a counterfactual scenario where the lockdown is maintained, to provide a baseline estimate
for easing of restrictionsProjected 7day average daily diagnoses (topjpspital utilization(top-right), ICU utilization (bottordeft), and
cumulative deathgbottom-right). Dashed vertical lines represent estimated dates of reaching 70% and 80¥ossaoverage among people

16+ years
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Figure4: Roadmapscenario Includes schools returning to in person learning throughout Octotd@idcare returning and mobility restrictions
easing in Octobe limited outdoor gatherings at 70%o-dose vaccine coverage among people 16+ yéadoor gathering with densjtlimits
at 80% twedose coverage among people 16+ yedmalfle2 and Table3); and mandatory vaccine requiremenfashed vertical lines represent
estimated dates of reaching 70% and 80%-tiase coverage among people 16+ years
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New diagnoses/day (7 day average) Hospitalisation
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Figure5: Roadmap scenario with increased testingased restrictionbasal on Table2 and Table3 and mandatoryvaccines; andh addition
vaccinated people are assumed to drually as likely to seek symptomatic testing as much as unvaccinated people, even for mild symptoms
Dashed vertical lines represent estimated dates of reaching 70% and 808osea@overage among people 16+ years
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New diagnoses/day (7 day average) Hospitalisation
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Figure 6: Roadmap scenario witha 15% reduction in nofousehold transmissionEased restrictiondased onTable2 and Table3 and
mandatory vaccines; and addition an assumed 15% reduction in ARbausehold transmission is implemented and sustaittad unclear how
this could be achieved, but would likely be a combination of targeted public health measures. This scenario illustrat®tisataken now
canprovide benefitdater. Dashed vertical lines represent estimated dates of reaching 70%G%dwaedose coverage among people 16+ years
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Decision making at 80% twdnse coverage among people 16+ years

Running 1000 simulations for each scenario produces a wide distribution of results, reflecting uncertainty in how thecapillemi
unfold. Tabled reportsthe median and intequartile range of outcomes across these simulati@apresentingwhat are the more
likely outcomes based on data available as@aB&ptember.Some othe individualsimulations lead towerybad outcomes, while
others are much more managble Additional informationin the coming weeks will makedtearer whichindividualtrajectory we
are on whichhas implications for the risks associated with further easing restrictions

Toinform decisionmaking, we extracted conditional outcomdsidure?) to estimatehow peakhospital andCU demandiaries
depending orthe state of the epidemic when 80% tvemse vaccine coverage is reactedong people 16+ years. For example

1 In simulations wherd 000-1500 hospitabeds were in use at the time 80% vaccine coverage was reached, easing restrictions
resulted in a peakospitaldemand of 2500in approximately15% of simulations in the roadmapenario Figure?; left, red)

1 1f 15002000hospitalbeds were in use at the tim@0% vaccine coverage was reached, easing restrictions resulted aka pe
hospitaldemand of 2500in approximately80% of simulationgn the roadmap scenari@igure?; left, red)

Figure7: 80% twoedose vaccine coverage among people 16+ years time poistintated peak hospital and ICU demand, based on hospital
and ICU demandt 80% two dose coveragéeft proportion of simulations resulting in peak hospital demand <1000 (blue),-2800 (salmon)
or >2500 (red) for an observed hospital demandha&80% coveragéme point Right proportion of simulations resulting in peak ICU demand
<250 (blue), 25®25 (salmon) or >625 (ref)r an observed ICU demand at 80% coverage
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