
Supplementary Material

We provide the details of the model, including all of the model equations, in Section
S1. The model parameters are then described in detail, including the probability
distributions used for the Latin hypercube sampling (LHS), in Section S2.

S1 Detailed model structure

The model used in this paper involves several modifications to the contact model
first introduced in [1] and further developed in [2]. Here we describe these modifi-
cations: changes to model states and parameters (Section S1.1); case presentation,
diagnosis and antiviral deployment (Section S1.2); and the effect of vaccination on
infection (Section S1.3). The model structure is shown in Figure 1.

S1.1 Changed definitions and new parameters

The model presented here assumes that asymptomatic and symptomatic individuals
are equally infectious (this corresponds to χ = 1 in the original model [2]), render-
ing the distinction between symptomatic and asymptomatic infections redundant.
Accordingly, the I and A states distinguish between presenting and non-presenting
cases, unlike [2] where they distinguished between symptomatic and asymptomatic
infections.

The parameter α is the proportion of cases that present (to hospitals or to out-
patient facilities). The basic reproduction number (R0) of the pandemic influenza
strain and the inverse infectious period (γ) are explicit parameters of this model;
the number of infections per unit time made by an infectious individual (β) is not.

In recognition that not all contacts of an infectious individual can be identified
and provided with post-exposure prophylaxis, we introduce a parameter σ that de-
fines the proportion of contacts that are potentially identifiable. Accordingly, the
proportion of all contacts that receive prophylaxis (ε) cannot exceed σ.

Finally, the fraction of presenting cases that receive treatment (ψ) and the fraction
of contacts that receive prophylaxis (ε) are functions of time, since they are both
affected by the logistical constraints introduced in this model and do not remain
constant throughout an epidemic.

S1.2 Presentation, diagnosis and antiviral deployment

The proportion of all infected cases that present (α) is the sum of the severe cases
(all of which present) and the proportion (αM ) of the remaining (i. e. mild) cases that
present:

α = η + αM (1− η) (S1)
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Figure 1: The flow between the state variables in the model where ψ and ε are
functions of time, unlike in [2]. The contact classes Cnp and Cp are labels for tracking
contact status and are orthogonal to the SEIR states; see [1] for further details.
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We have assumed that αM is dependent on the severity of the epidemic (η); the
probability distribution for αM is a function of η and is presented in Section S2.2.

All severe cases present at hospitals and receive timely diagnosis and treatment;
only mild cases (i. e. outpatient presentations) are subject to constraints on diagno-
sis and treatment. The rate at which mild cases present is denoted ˙PM :

˙PM = αω(Ep + Enp)×
αM (1− η)

η + αM (1− η)
= [αM (1− η)]ω(Ep + Enp)

(S2)

Given the rate of mild presentations and an estimate of the proportion of influenza-
like illness (ILI) presentations that are infected with the pandemic strain (ILI%), the
rate of ILI presentations ( ˙PILI) can be calculated:

˙PILI =
˙PM

ILI%(t)
(S3)

The rate at which positive diagnoses for pandemic influenza (ḊP ) are returned
from outpatient ILI presentations is the sum of the true positives (i. e. pandemic
cases) and the false positives, subject to a maximal diagnosis rate of MAXD. The
parameters sN and sP are the fraction of true positives and true negatives that are
identified across all outpatient ILI presentations, respectively.

ḊP = min
(

MAXD, ˙PILI
)
×

(
ILI%(t)sN + (1− ILI%(t))(1− sP )

)
(S4)

The rate of true positives is given by ˙DTP :

˙DTP = min
(

MAXD, ˙PILI
)
× ILI%(t)sN (S5)

Antivirals are deployed as treatment only to positively-diagnosed ILI presenta-
tions who did not receive antivirals for prophylaxis, subject to a maximal delivery
rate of MAXT :

˙AVT = min
(

MAXT ,
Enp

Ep + Enp
ḊP

)
(S6)

The rate at which effective treatment is delivered to mild cases ( ˙TM ) is the fraction
of the antiviral deployment that is delivered to pandemic cases, where the efficacy
of antivirals delivered as a result of general practice (GP) presentations (fGP ) is
reduced by eGP to account for delays inherent in analysing samples at external labs:
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˙TM = ˙AVT
˙DTP

ḊP

×
(
eGP fGP + (1− fGP )

)
(S7)

The fraction of all presenting cases that receive treatment (ψ) is the sum of the
mild cases that receive effective treatment and the severe cases (all of which receive
effective treatment):

ψ(t) =
˙TM + ηω(Ep + Enp)
αω(Ep + Enp)

(S8)

Antivirals are deployed as prophylaxis to a fraction σ of the contacts of all severe
cases and of all ILI presentations that return a positive diagnosis (ḊP ), subject to a
maximal delivery rate of MAXP :

˙AVP = min
(

MAXP , κσ
(
ḊP + ηω(Ep + Enp)

))
(S9)

The rate at which prophylaxis is delivered to contacts of pandemic cases ( ˙PTP )
is the fraction of the antiviral deployment that is delivered to contacts of pandemic

cases. We approximate this fraction to be
˙DTP

ḊP
, which discounts the fact that all

severe cases are correctly diagnosed; the justification for this approximation is that
mild cases represent the bulk of the pandemic infections and are the key to control-
ling transmission in the community. As per the delivery of effective treatment, the
efficacy of antivirals delivered as a result of GP presentations is reduced by eGP to
account for delays inherent in analysing samples at external labs:

˙PTP = ˙AVP
˙DTP

ḊP

×
(
η

α
+

(1− η)αM
α

[eGP fGP + (1− fGP )]
)

(S10)

The fraction of all contacts that receive prophylaxis (ε) is the rate at which pro-
phylaxis is delivered to these contacts, divided by the total number of contacts:

ε(t) =
˙PTP

καω(Ep + Enp)
(S11)

Finally, the antiviral stockpile is depleted due to the total number of antiviral
doses distributed for treatment and for prophylaxis:

dO

dt
= − ˙AVT − ˙AVP (S12)
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S1.3 Vaccine distribution and infection

The original SEIR model [2] introduced Θp and Θnp, which define the proportion of
susceptible contacts in the population:

Θp =
esCp

CP + Cnp
× S

N
(S13)

Θnp =
Cnp

CP + Cnp
× S

N
(S14)

Here we introduce similar variables ΘV
p and ΘV

np, which define the proportion
of susceptible vaccinated contacts, who have a reduced susceptibility ev due to
successful seroconversion:

ΘV
p =

esCp
CP + Cnp

× evSV
N

(S15)

ΘV
np =

Cnp
CP + Cnp

× evSV
N

(S16)

The force of infection (λ) arises from the five infectious classes just as in the
original SEIR model [2], given the number of infections per unit time made by an
infectious individual (β):

β = R0 × γ (S17)

λp = βei(Ip +Ap) (S18)

λnp,nt = β(Inp,nt +Anp) (S19)

λnp,t = βetInp,t (S20)

λ = λp + λnp,nt + λnp,t (S21)

We introduce a new state SV for vaccinated susceptibles (shown in Figure 1).
People move from S to SV in proportion to the rate of seroconversion vSC :

dS

dt
=− λ(ΘP + Θnp)− vSC ×

S

N
(S22)

dSV
dt

=− λ(ΘV
P + ΘV

np) + vSC ×
S

N
(S23)

The vaccine seroconversion rate vSC is held at zero until week 20 of the epidemic,
under the assumption that a vaccine becomes available 18 weeks into the epidemic
and that seroconversion occurs two weeks after receiving a single dose of vaccine
[3].
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Figure 2: The relationship between the proportion of ILI cases that test positive for
pandemic influenza and the number of pandemic hospitalisations per week.

S2 Model parameters

The model parameters are now presented in detail. We begin with an estimate of
the proportion of ILI presentations infected with pandemic influenza at any point
in an epidemic. This is followed by a discussion of the basic reproduction number
and how it compares to estimates from the 2009 pandemic. Finally, we provide
the probability distributions that were used by the Latin hypercube sampling (LHS)
algorithm to select parameter values.

S2.1 Estimating ILI presentations from pandemic presentations

Assuming a finite diagnosis capacity, the number of pandemic cases that are diag-
nosed depends on the proportion of ILI presentations that are infected with the pan-
demic strain (ILI%). Victorian surveillance data from the 2009 epidemic indicates
that this proportion is almost 0% early in the epidemic, raising to as high as 65%
at the epidemic peak [4, 5]. Combining surveillance data with hospitalisation data
[6]—shown in Figure 2—permits a linear model relating ILI% to pandemic presenta-
tions to be fitted, assuming that the hospitalised cases represent a fixed proportion
of pandemic presentations (we assumed 0.5% to fit the linear model presented here).
We add the constraint ILI% ∈ [3%, 65%] to avoid stiffness issues with the MATLAB
ODE solver, and arrive at the following relationship:

ILI%(t) = αω(Ep + Enp)×
3× 10−5

52
(0.03 ≤ ILI% ≤ 0.65) (S24)

S2.2 Probability distributions for model parameters

The model parameters can be divided into two categories: those that are indepen-
dent of the chosen diagnosis strategy and those that are specific to the chosen di-
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A+B × Beta(µ, V )
Parameter A B µ V Description

R0 1.35 0.1 0.5 0.1 Basic reproduction number
ω 180 550 0.3364 0.1636 Inverse latent period (years−1)
γ 146 219 0.4444 0.2283 Inverse infectious period (years−1)
δ 121.6667 60.8333 0.4 0.1973 Inverse contact period (years−1)
κ 20 20 0.5 0.25 Average number of contacts (Contain phase)
κ 12 16 0.5 0.25 Average number of contacts (Sustain phase)
et 0.8 0.2 0.9 0.04 Infectiousness due to treatment
es 0.2 0.6 0.5 0.1667 Susceptibility due to prophylaxis
ei 0.8 0.2 0.9 0.04 Infectiousness of breakthrough cases
αm see Figure 3 Proportion of mild cases that present

Uni(Xmin, Xmax)
Parameter Xmin Xmax Description

η 0.1% 10% Proportion of severe cases
fGP 0.2 0.8 Proportion of outpatient presentations at GPs

Parameter Value Description

N 20× 106 Population size (people)
O 8× 106 Antiviral stockpile size (doses)
MAXT 1× 104 Maximal treatment rate (doses per day)
MAXP 1× 104 Maximal prophylaxis rate (doses per day)
vSC 5.25× 105 Rate of vaccine seroconversions (persons per week)
ev 0.3 Susceptibility due to successful vaccination
σ 0.5 Proportion of contacts that are feasibly traceable
sN see Table 2 ILI presentations diagnosed as true positives
sP see Table 2 ILI presentations diagnosed as true negatives
MAXD see Table 2 Maximum number of outpatient diagnoses (per day)
eGP see Table 2 Antiviral efficacy for GP-diagnosed cases and contacts

Table 1: Probability distributions for the model parameter; each parameter is asso-
ciated with a beta distribution, a uniform distribution, or a single value.

agnosis strategy. The probability distributions for the strategy-independent param-
eters are listed in Table 1, while the values of the strategy-specific parameters are
listed in Table 2. The probability distribution for αM is a function of η and is shown
in Figure 3.

S2.3 Basic reproduction number

Our value of R0 ≈ 1.4 is smaller than a conservative estimate for the early growth
phase of the 2009 Victorian epidemic, where R0 ≈ 1.6 when correcting for unde-
tected transmission, but the same study found that R0 < 1 except for youth-to-youth
transmissions [7]. Our R0 value is consistent with whole-wave estimates from the
UK [8] and there is consistent serological evidence to suggest that the observed at-
tack rates were low due to significant amounts of preexisting immunity [9]. Here we
have assumed that the entire population is initially susceptible, which explains why
our model produces more severe epidemics with R0 ≈ 1.4 than what was observed
in 2009.
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(a) The mean, minimum and maximum values for αm are linear functions of η (η ∈ [0.1%, 10%]).
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(b) The probability distribution for αm when η = 0.1%, 2.575%, 5.05%, 7.525% and 10%; the
distributions for η = 0.1% and η = 10% are shown in red and blue. This distribution is given by:
min(αm) + [max(αm)−min(αm)]× Beta(µ = 0.5, V = 0.2).

Figure 3: The probability distribution for mild presentations (αM ).
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Strategy sN sP MAXD eGP

polymerase chain reaction (PCR) 1.0 1.0 104 0.7
Syndromic 1.0 0.0 N 1.0
point-of-care test (POCT) (near-patient) 0.56 0.9 N 1.0
POCT (lab) 0.56 0.9 105 0.7

Table 2: Values for parameters specific to a diagnosis strategy; MAXD = N reflects
a capacity sufficient to diagnose all outpatient ILI presentations.
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