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Details of the Model structure

The basic functionality of the simulation is captured in Figure S1. The model is initialized with
individual agent characteristics that are drawn from pertinent distributions (see Figures S3 — S5), and
agents are assigned homes, workplaces, and school classrooms in the schedule module of the
simulations. In each scenario, an infectious agent was randomly chosen to seed the simulation in the
pre-symptomatic infectious state P. Simulations were run and agent disease states updated in
increments of 1 hour as the simulated unit of time in simulations. For more details, the reader may

consult [1].
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Figure S1. Basic simulation flow.



Agent schedules define relationships between agents and positions in the lattice environment as a
function of time, permitting the probabilistic spread of disease between co-located agents. Positions
include homes, school/classrooms, workplaces, and public arena. The schedules dictate agent
relationships (changing in time) with particular positions or locations in the lattice, and include
random movements that resemble a Levy-flight, with the probability of being present at a more

distant location on the next time step decreasing exponentially [1].

Disease Model States and Parameters

For reference, the states used in the compartmental disease model are summarized in Table S1. The

values of model parameters, their meaning, and their respective justification and ranges are

summarized in Table S2.

Table S1. Summary of disease model states and time-spent in each state.

State variable | Description Next State
S Susceptible E if exposed or Sp if identified as a contact
Susceptible, receiving . . .
Sp prophylaxis S if prophylaxis course ends or Ep if exposed
E Exposed to infection P if exposed period ends or Ep if identified as a
contact

E Exposed to infection, receiving | Ex if prophylaxis course ends or Pp if exposed

P prophylaxis period ends
E Exposed to infection, previously | Py if exposed period ends or Ep if identified as a

X received prophylaxis contact

. . Iy if pre-symptomatic period ends or Pp if

P Pre-symptomatic infection identified as a contact
p Pre-symptomatic infection, Ip or Ipy if pre-symptomatic period ends or Py if

P receiving prophylaxis prophylaxis course ends
p Pre-symptomatic infection, Ix or Ixy if pre-symptomatic period ends or Pp if

X previously received prophylaxis | identified as a contact

. I if seeks treatment or identified as a contact or
Iy Infectious, untreated i ) )
Ry if infectious period ends
Iy Infectious, treated Ry
. .. . | Iprif identified as a contact or Ry if infectious

Ip Infectious, receiving prophylaxis period ends
Ipr Infectious, received prophylaxis | Rr




then treatment
I Infectious, previously received | Ixr if identified as a contact or Ry if infectious
X prophylaxis period ends
I Infectious, previously received | Ixr if seeks treatment or identified as a contact,
X prophylaxis, untreated or Ry if infectious period ends
Infectious, previously received
Ixr - Ry
prophylaxis, treated
R Recovered, untreated None
v (unidentified)
Ry Recovered, treated (identified) None

If the agent is not receiving prophylaxis at the time that the pre-symptomatic period ends (i.e., the
agent is in the P state), the agent will transition to the Iy state. It is assumed that agents receiving
prophylaxis at the time that the pre-symptomatic period ends (i.e., the agent is in the Pp state) will
either develop symptoms and begin treatment immediately (as they are still under medical care), or
have significantly milder symptoms [15] and will not seek treatment. If the agent was previously
receiving prophylaxis at the time that the pre-symptomatic period ends (i.e. the agent is in the Px
state), then the agent will transition to a stage that symptoms are mild and will therefore not seek

further treatment (Ixy) or will transition to a symptomatic stage that may seek treatment.

Table S2. Description of model parameters and their values.

. Referen
Parameter Description Value(s) Notes erere c.e,
assumption
Tuned such that | Base probability of infection
. . Ry =1.6 transmission between one fully
Infection transmission .
robability (per hour) R =22 susceptible and one fully [5, 6]
pro y (perhou o= 4 infectious individual if they are in
Ry =128 contact for one hour
. . . Infectious period is sampled from
Mean infectious period (days) | 3.38 a log-normal distribution [7]
. Exposed period is sampled from a
Mean exposed period (days) 1.5 uniform distribution (8]
i . . pre-symptomatic period is
1(\d/Iean)p re-symptomatic period 0.5 sampled from a log-normal 9]
ays distribution
Mean delay for start of 1,2,3 This delay is sampled from a varied in scenarios
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treatment in identified cases
(days)

uniform distribution with the
given mean

Minimum delay in seeking

This delay is sampled from a

treatment post-symptoms 0.5 uniform distribution assumed
(days)

Infectlousngss of pre- . Pre-symptomatic is 50% less

symptomatic stage relativeto | 0.5 assumed

symptomatic stage

infectious than symptomatic

Probability of a close contact
receiving prophylaxis or
treatment (if the contact is
already infectious)

between 0 and 1

An identified infectious case
seeking treatment will have its
close contacts within the last 24
hours traced. Each close contact
will be offered prophylaxis or
treatment (if infectious) with the
stated probability.

varied in scenarios

Probability of an infected
agent seeking treatment

between 0 and 1

The probability that an infectious
individual will seek treatment and
become an identified infectious
case

varied in scenarios

Number of weeks that targeted

After the treatment of first
identified infectious case,
prophylaxis was offered to close

Ii)r;oli}e?g:zi: dstirr?‘i;gey nr;zsel 3,5 contacts for 3 or 5 weeks. varied in scenarios
P Treatment was offered throughout
the outbreak
Probability that a previously The infectious agent (previously
prophylaxed (but now :
. ; . 0.65 prophylaxed) will not seek [10]
infectious agent) will not seek
treatment
treatment
The same as
infectious
Treatment duration (days) period as Ent}rg infectious period for each assumed
sampled from individual
the log-normal
distribution
Assumed less than 10 days on
Prophylaxis duration (days) 7 average to account for possible assumed
drop-out
Time-lag between two A second course of prophylaxis
subsequent courses of . : . .
. 1 will require a minimum 1 day time | assumed
prophylaxis for a close contact .
lag from the previous course
(days)
. _ Treatment will not be offered to
Window of opportunity for 2 close contacts identified beyond assumed

effective treatment (days)

their first 2 days following
symptoms onset. They can receive
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treatment if they seek treatment.

Reduction of susceptibility

Reduction in probability of

due to prophylaxis 0.3 contracting the disease [13, 14]
1nfect10usness reducttl.on for Reduction in probability of
infected agents receiving 0.6 L . [13, 14]
; transmitting the disease

prophylaxis
Infectiousness reduction for reduction in probability of
infected agents receiving 0.6 transmitting the disease since the [10]
treatment only start of treatment

1 — (infectiousness
Infectiousness reduction for with prophylaxis)
infected agents receiving 0.84 Reduction in probability of Iljlultlp!led by _
treatment following ’ transmitting the disease (infectiousness with
prophylaxis treatment)

[5, 14]

Infectious period distribution

The values of exposed and infectious periods were taken from estimated ranges in the published

literature specific to the 2009 pandemic, with an exposed period of 1-2 days [16]. We sampled the

duration of infectiousness from a log-normal distribution (shown in Figure S2) with the mean of 3.38

days [7].
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Figure S2. Relative frequency of infectious periods over 100,000 samples.

Demographic distributions

The agent demographics and household compositions used in both RC [2] and SD [3] scenarios are

summarized in Figures S3-S5.
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Figure S3. Comparison of age group sizes between RC and SD scenarios.
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Figure S4. Comparison of ratio of employed males and females to all working-age (18-64) in both

RC and SD scenarios.
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Figure SS. Comparison of household sizes between RC and SD scenarios.

From Figure S5 one can see that the urban shifted demographics (SD) scenario had more total
households than the remote community (RC) scenario to accommodate the same population size.
This is a result of the SD having a lower mean household size, which is characteristic of the
household demographics in Winnipeg compared to the demographics in RC [4]. In addition to

households, there are 12 classrooms and 129 workplaces in both RC and SD scenarios [1].
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Delay in Start of Treatment

We obtained the epidemiological data for laboratory confirmed cases of the 2009 HIN1 influenza
pandemic virus in the province of Manitoba, Canada. A laboratory confirmed case was an individual
with influenza-like symptoms or severe respiratory illness who tested positive for HINI influenza A
virus by viral culture or by real-time reverse-transcriptase PCR (RT-PCR). For each confirmed case,
the identification date was recorded as the earliest of the dates associated with the onset of
symptoms, specimen collection, hospital admission, and ICU admission. Data included dates
associated with the initiation of critical care and antiviral use. Figure S6 illustrates the delay in start
of treatment post symptoms onset for treated cases of HINI in northern Manitoba, where many of
remote and isolated communities in the province are located. The mean of delay in start of treatment
post symptoms is 3.5 days. Data use was approved by the Human Research Ethics Board of the
University of Manitoba (H2009:339), and Health Information Privacy Committee of Manitoba
(2009/2010-40), Canada.
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Figure S6. Fraction of HIN1 infection treated with antiviral drugs in northern Manitoba with delay

in start of treatment.



Summary of Results

For evaluating antiviral strategies, we considered three scenarios for treatment of identified
infectious cases, corresponding to one day, two days, and three days delay for the initiation of
treatment after the onset of symptoms. For each identified infectious case, the delay in start of
treatment was sampled from a uniform distribution with a mean corresponding to the delay in the
simulated scenarios. The scenarios for longer delay in start of treatment are closer to the average of
delay in epidemiological data reported for the 2009 HINI pandemic in the northern Manitoba
region, Canada. These scenarios were simulated to project the relative, and cumulative age-specific
attack rates in the absence of prophylaxis for both the RC and SD models (Figures 1-2 in the main
text). For each scenario, we then implemented post-exposure prophylaxis of close contact for three
weeks and five weeks after the first infectious case was identified for treatment. No prophylaxis was
offered beyond the end of term (in both three and five weeks scenarios), but those who started a
course of prophylaxis towards the end of program completed their antiviral regimen. The results for
three weeks are shown in figures 3-5 in the main body. The resulting attack rates and wasteful use of
prophylaxis for five weeks prophylaxis strategy are presented in Figures S7 and S8 for the RC and
SD models, respectively. Effective drug usage for five weeks scenario (i.e., treatment and
prophylaxis courses combined) for both RC and SD are shown in Figure S9. Figure S10 shows the
number of drugs used as prophylaxis for previously infected individuals (considered as wasteful use

of drugs) with varying levels of treatment for this strategy in both RC and SD models.
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Figure S7. The projected effect of combining antiviral treatment of identified infectiouis cases with
prophylaxis of close contacts on population attack rates (a-c) and wasteful use of drugs (d-f) in the
RC demographics when antiviral treatment delays (for identified infectious cases) range from 1 day

to 3 days post symptom onset. Duration of prophylaxis strategy: 5 weeks.
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Figure S8. The projected effect of combining antiviral treatment of identified infectious cases with

prophylaxis of close contacts on population attack rates (a-c) and wasteful use of drugs (d-f) in the
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SD demographics when antiviral treatment delays (for identified infectious cases) range from 1 day

to 3 days post symptom onset. Duration of prophylaxis strategy: 5 weeks.
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Figure S9. The projected effective drug usage when combining antiviral treatment of identified
infectious cases (y-axis) with prophylaxis of close contacts (x-axis) in the remote community model
(RC) (a-c) and the shifted demographics model (SD) (d-f). Antiviral treatment delays (for identified
infectious cases) range from 1 day to 3 days post symptom onset. Duration of prophylaxis strategy: 5

weeks.

11



(a) RC: 1 day delay (b) RC: 2 days delay (c) RC: 3 days delay

150 150 200
NS
N 150
e
2% 100 A 1000 oV AN
-= e NN r B — . T T A A
3z A / . — —
[oRreN P o — - N 100 //,/\ o -
99 /}/” S NI N Vi e
=2 50! // I NN 50 S / -
o J N—
/ o . — 50¢/
ot 0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
(d) SD: 1 day delay (e) SD: 2 days delay (f) SD: 3 days delay
40 50 60
% 40 50
8% 30 0 S
-8 A 7 AN
2520 / AT TN, 30 ~ WA
g2 | )/ e 20f )/ M V7 e ™
S5 . N\ / S N 20 /AN - T
10f /7 e T _ T N
/ S 10} - _ ~— 10 -
. o ~—— O] ~
o) c— P 0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
prophylaxis coverage prophylaxis coverage prophylaxis coverage
g g
‘ — 20% — 40% — 60% ——— 80% — 100% ‘

treatment coverage

Figure S10. The projected wasteful use of prophylaxis for different treatment levels in the RC (a-c)
and SD (d-f) demographics when antiviral treatment delays (for identified infectious cases) range

from 1 day to 3 days post symptom onset. Duration of prophylaxis strategy: 5 weeks.

Prophylaxis use per identified infectious case

We analyzed independent realizations to determine the average number of prophylaxis used per
infectious case in simulated scenarios. Figures S11 and S12 presents the average number of
prophylaxis courses used for close contacts of an identified infectious case in RC and SD scenarios

for 3 weeks (Fig. S11) and 5 weeks (Fig. S12) prophylaxis strategy.
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and SD scenarios (d-f). Duration of prophylaxis: 3 weeks.
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Figure S12. Average prophylaxis courses given per identified infectious case in RC scenarios (a-c),
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and SD scenarios (d-f). Duration of prophylaxis: 5 weeks.
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Variations in the reproduction number

We tested the effect of changing the reproduction number on the model outcomes for antiviral and
prophylaxis strategies for 3 and 5 weeks scenarios. Qualitatively, the simulation results are consistent
with the baseline reproduction number R, = 2.2 described in the main text. These simulations are

presented in the following sections for two different reproduction numbers.

Simulations for Ry = 1.6

The results of these simulations are shown in Figures S13 — S16; all the assumptions and other

parameter values/ranges are the same as those used for the baseline scenarios of Ry = 2. 2.
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Figure S13. The projected effect of combining antiviral treatment of identified infectious cases with
prophylaxis of close contacts on population attack rates (a-c) and wasteful use of drugs (d-f) in the
RC demographics when antiviral treatment delays (for identified infectious cases) range from 1 day

to 3 days post symptom onset. Duration of prophylaxis strategy: 3 weeks.
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Figure S14. The projected effect of combining antiviral treatment of identified infectious cases with
prophylaxis of close contacts on population attack rates (a-c) and wasteful use of drugs (d-f) in the
SD demographics when antiviral treatment delays (for identified infectious cases) range from 1 day

to 3 days post symptom onset. Duration of prophylaxis strategy: 3 weeks.
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Figure S15. The projected effect of combining antiviral treatment of identified infectious cases with
prophylaxis of close contacts on population attack rates (a-c) and wasteful use of drugs (d-f) in the
RC demographics when antiviral treatment delays (for identified infectious cases) range from 1 day

to 3 days post symptom onset. Duration of prophylaxis strategy: 5 weeks.
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Figure S16. The projected effect of combining antiviral treatment of identified infectious cases with
prophylaxis of close contacts on population attack rates (a-c) and wasteful use of drugs (d-f) in the
SD demographics when antiviral treatment delays (for identified infectious cases) range from 1 day

to 3 days post symptom onset. Duration of prophylaxis strategy: 5 weeks.

Simulations for Ry = 2.8

The results of these simulations are shown in Figures S17 - S20; all the assumptions and other

parameter values/ranges are the same as those used for the baseline scenarios of Ry = 2. 2.
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Figure S17. The projected effect of combining antiviral treatment of identified infectious cases with
prophylaxis of close contacts on population attack rates (a-c) and wasteful use of drugs (d-f) in the
RC demographics when antiviral treatment delays (for identified infectious cases) range from 1 day

to 3 days post symptom onset. Duration of prophylaxis strategy: 3 weeks.
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Figure S18. The projected effect of combining antiviral treatment of identified infectious cases with
prophylaxis of close contacts on population attack rates (a-c) and wasteful use of drugs (d-f) in the
SD demographics when antiviral treatment delays (for identified infectious cases) range from 1 day

to 3 days post symptom onset. Duration of prophylaxis strategy: 3 weeks.
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Figure S19. The projected effect of combining antiviral treatment of identified infectious cases with
prophylaxis of close contacts on population attack rates (a-c) and wasteful use of drugs (d-f) in the
RC demographics when antiviral treatment delays (for identified infectious cases) range from 1 day

to 3 days post symptom onset. Duration of prophylaxis strategy: 5 weeks.
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Figure S20. The projected effect of combining antiviral treatment of identified infectious cases with
prophylaxis of close contacts on population attack rates (a-c) and wasteful use of drugs (d-f) in the
SD demographics when antiviral treatment delays (for identified infectious cases) range from 1 day

to 3 days post symptom onset. Duration of prophylaxis strategy: 5 weeks.
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