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Definition of the CAS0oS

« System: Global transmission network composed of person to
person interactions beginning from the point of origin (within
coughing distance, touching each other or surfaces...)

« System of Systems: People belong to and interact within many
groups: Households, Schools, Workplaces, Transport (local to
regional to global), etc., and health care systems, corporations
and governments place controls on interactions at larger scales...

« Complex: many, many similar components (Billions of people on
planet) and groups

« Adaptive: each culture has evolved different social interaction
processes, each will react differently and adapt to the progress of
the disease, this in turn causes the change in the pathway and
even the genetic make-up of the virus

HUGE UNCERTAINTY
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1/) Analogy with other Complex Systems

Simple analog:

o Forest fires: You can build fire breaks based on
where people throw cigarettes... or you can thin the
forest so no that matter where a cigarette is thrown,
a percolating fire (like an epidemic) will not burn.

Aspirations:

o Could we target the social network within individual
communities and thin it?

o Could we thin it intelligently so as to minimize impact
and keep the economy rolling?
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Integration: Finding the right model

o There is no general-purpose model of any system
o A model describes a system for a purpose

What to we care about? What can we do?

Model

Additional structure and details added as needed
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Conceptual Lens for Modeling/Thinking

Take any system and Abstract as:

* Nodes (with a variety of “types”)
* Links or “connections” to other nodes (with a variety of “modes”)
* Local rules for Nodal and Link behavior
* | ocal Adaptation of Behavioral Rules

Perceived

* “Global” forcing, Local dissipation Perceived Global

Network
Property

Node
Performance

Connect nodes appropriately to
form a system (network)

Connect systems appropriately N

A
L
1 \ N
to form a System of Systems .
Transition'y Propagation Yy Network
Rules Rules Topology
Rule Node / Link
Modifications Modifications

Growth
State Evolution
Adaptation

\
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Agent Age Classes and Social Network

Extended Family
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Group (and number of groups | Membership Average # of links Network type and Average Frequency of
in Community) per member parameters contact per link
Non-Senior Households 1-2 adults 2.13 Fully connected 6 times a day
(2730) 0-4 children

0-4 teens

Mean size 3.13
Senior Households 1-2 seniors 0.75 Fully connected 6 times a day
(742) Mean size 1.75
Extended families or 0-2 seniors 11.5 Fully connected once a day
Neighborhoods 0-8 adults
(800) 0-8 teens

0-8 children

Mean size 12.5
Child classes 1 class per child, 4 Ring network with 6 times a day
(69) 20-35 children in each class radius 2
Child random All children 3 Random network link once a day
1) density 3/1769
Teen classes six classes per teen, 4 Ring network with once a day
(264) 20-35 teens in each class radius 2
Teen random All teens 3 Random network link once a day
1) density of 3/1129
Adult work 1 work group per adult, 10-50 6 Ring network with once a day
(351) adults in each radius 3
Adult random All adults 3 Random network link once a day
1) density of 3/5849
Senior gathering 1 gathering per senior, 5-20 4 Ring network with once a day
(156) seniors in each radius 2
Senior random All seniors 3 Random network link once a day
1) density of 3/1249
Over-all random All age classes 25 Random network link 1/25 a day

)

density of 25/9999




Transmission along network links

The probability that a contact will occur, p., in a small time interval, dt,
along a link with contact frequency v, is:

p, =v,dt

The fraction of total contacts between two linked individuals that actually
result in transmission is given by I*1:*1,*Sp*S,, where | is the infectivity of
the disease, S; is the susceptibility of people to the disease (here taken as
1.0), Ik is the relative infectivity of the infectious state that an agent is in, |,
IS the relative infectivity of the agent who is transmitting, and S, is the
relative susceptibility of the agent receiving.

The probability of a disease transmission event along a given link between
an infectious and a susceptible individual, p;, is:

!
p, = l51:1,5,S,v. dt



Influenza Progression within an Individual Agent

Infectious symptomatic
Circulate
Mean duration 1.5 days ol
%) Iz 1.0 for first 0.5 day,
Infectious \’ then reduced to 0.375 for -
presymptomatic final day Oz Dead
9‘5 Mean duration 0.5 o
Latent days % | Infectious symptomatic pN\
Mean duration 1.25 lg 0.25 Stay home
days — Mean duration 1.5 days /7704//}
fo@ Iz 1.0 for first 0.5 day, Immune
then reduced to 0.375 for
final day
Transition
Probabilities
pS=0.5 Infectious asymptomatic
pH=0.5 Mean duration 2 days
pM =0 Iz 0.25

Reflective of Ferguson 2005, Nature
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Infectivity and Age class relative Infectivity

>0 Average symptomatic adult Relative Values:
= ~ _ :
8 Children (1,=1.5)
o | A ] - Teens (1,=1.25)
Z 04 veraged across population

g : boP Adults (1.=1)

o

Seniors (1,=1)

0.2 4

0.1 4

Disease Infectivity as a function of time
-red boxes scaled viral shedding data from Hayden et al 1998
-gray boxes as represented here in the model
-blue Infectivity averaged across population -
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@ Lmaal;t:?r:ftltllﬁes



Base Case for attack rate ~50%

MEAN OF INFECTED (Ferguson, ID =1)

1200 Variable
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ID tuned to yield desired attack rate

Sandia
National
Laboratories



Unmitigated Results

Infected with different ID factors (Ferguson)
} Variable
5000 : : :322.75
' _ 0 _ — IDil.ZS .
4000 ‘l Infected attack rate ~70%, Ro~2.1 =15 |nfeCt|O us CO ntact
w—|D =25
=== |D=3 H
o 30001
S /Infected attack rate ~50%, Fraction
* 20004 Ro-1.6 Context ~50 ~70
% %
1000 - ~Ro1l ~Ro2
.6 A
O-
—————T——T—T————T———— Households 40% 40%
1 22 44 66 88 _1}0 132 154 176 198
TIME Neighborhoods/extended 22% 26%
families
80 - School 23% 19%
—e—1957 (from Chin et al 1960)
—8—1968 (from Dauis et al 1970) Work 7% 6%
70 1 =#—1918 (from Glezen 1996) K
=/\==|nfectious Attack Rate ~50%, Ro~1.6 Senior Groups 1% 2%
60 - === |nfectious Attack Rate ~70%, Ro~2.1
= All Extra & Clubs 8% 8%
S & Random
9 50 4
©
[ad
S 40 4
Q . . .
Z « Calibration only to disease
g % infectivity |
g Y Ip
= 204
o Further
10 - . . . . .
calibration/specialization to
0 — T T social contexts of interest/
0 10 20 30 40 50 60 70 80 .
Age |mportance easy
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Final Network of Infected

6 of 10 seeds

developed secondary
infections -

“7 1 0f 10 seeds created the epidemic



“i: : Animation of first 20 days, 10 Adult Seeds

Adult Seeds (large blue), Adults (black), Children (red), Teens (blue), Seniors (green)
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Initial Growth of E.pldemlc

bv

[
Infectious contacts = j/ Initially infected adult
Agents = Children School -
o — Teens School -/J/'
@ Initially infected adult . A 4u1ts Work \ - __-{«-
== child Senior Gatherings - = -
B teenager —> Households -‘y J--Z-- 'Z'-
™ adult Neighborhoods/extended famllles .é*”'-
senior Random \.w l{:

Trace the spread of the disease:
From the initial seed, two -
household contacts (light purple - )‘H )
arrows) brings influenzatothe _ .. =
High School (blue arrows) where
it spreads like wildfire. Children

and teens form the backbone of  __ =
the infectious contact network -
and are critical to its spread. - -f
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Closing Schools and Keeping the Kids Home

number infected

2500
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ID Factor 1.0
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time (dg

¢ unmitigated = closing schools ~ 509

1918-like

number infected

500

1958-like

ID Factor 1.5

20 40 60 80 100 120 140 160
time (days)

& unmitigated ® closing schools ~ 50% compliance * 100% compliance ‘
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Base Community Containment Strategies

Code

S Close Schools

CTsd Social Distance Children and
Teenagers
ASsd Social Distance Adults and
Seniors

Q Home Quarantine

T Antiviral Treatment

P Home antiviral prophylaxis

Pex Extended antiviral prophylaxis

Description

Schools closed, all school contacts reduced by 90%, household contacts doubled

Kids & Teens social distancing, all non-school and non-household contacts with
or between children and teens reduced by 90%, household contacts doubled

Adults & Seniors social distancing, all non-household non-work contacts with or
between adults and seniors reduced by 90%, work contacts reduced by 50%,
household contacts doubled

Household Quarantine for 10 days once an individual is diagnosed, all non-
household contacts for all household members reduced by 90%, household
contacts doubled

Antiviral Treatment, 90% of people given antiviral course immediately after
diagnosed, reduces infectivity by 60% (from Ferguson et al., 2006)

Antiviral Prophylaxis, 90% of household members given antiviral for 10 days
immediately after individual is diagnosed, reduces susceptibility by 30%, and if they are
infected: reduces probability of symptomatic by 65%, reduces infectivity by 60% (from
Ferguson et al., 2006)

Extended Antiviral Prophylaxis, 90% of linked persons within households, classes,
work, and neighborhoods/extended families are given antiviral immediately for 10 days
after person is diagnosed, reduces susceptibility by 30%, and if they are infected:
reduces probability of symptomatic by 65%, reduces infectivity by 60% (from Ferguson
etal., 2006)

Note that P necessarily contains T, and Pex necessarily contains T and P

When imposed, all mitigation strategies begin the day after 10 individuals
are diagnosed within the community

64 combinations for one compliance, threshold ...
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D). Design Process

1. Simulate spread with networked agent-based approach:

explicit social contact network (current: stylized community of
10000)

influenza disease manifestation (current: scaled normal flu)

2. Implement containment strategies:
modify contact network for social distancing or home quarantine
modify agent’s disease response for antiviral influence

3. Define and run matrix of containment strategy combinations
(thousands of combinations, millions of simulations)

2. Weigh effectiveness of strategy combination (e.g., attack rate, peak
symptomatic) in context of constraints (e.g., antiviral courses available,
days adults at home)

5. Evaluate results in light of model sensitivity and uncertainty (e.g.,
disease manifestation, infectivity, virulence, social contact network...)
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RN

» 2 disease manifestations: (Ferguson-like, Longini-like)

Base Simulation Matrix

«;

7 disease infectivities about a base case (yielding an infected attack rate of
50%) by factors of 0.75, 1.0 = basecase, 1.25, 1.5, 2.0, 2.5 and 3.0

2 boundary conditions for external contact and instigation (open or closed)

« 8 community containment strategies applied individually or in combination
(64 combinations) with 4 vaccination strategies

« 1 diagnosis rate (80%) and 2 compliances (60%, 90%) for social
distancing, antiviral treatment and antiviral prophylaxis

2 implementation thresholds (after 10 or 40 diagnosed)

« Each combination run 100 times with varying realizations of social contact
network and initial adults infected (2.86M runs)

» For each, measure the number infected, symptomatic, their peaks, number
antiviral courses, days adults are confined at home, who infects whom, etc,
and put everything in a data base

Current: Expanding around base matrix for variation of Sondi
social contact network... [lil) National
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Strategy Combination Table

Network focused

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
e d d d ASsd d d
None
8 T
% Q _
_g P All measures shown will be averages of
o oT those simulations of 100 that yielded > 1% of 7
: the population infected -
% Q.p Pop
@) Pex
Q,Pex

T: antiviral Treatment

P: home antiviral Prophylaxis

Pex: Extended antiviral Prophylaxis
Q: home Quarantine

ASsd: Adult & Senior social distancing
CTsd: Child & Teen social distancing
S: School closure
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Total Infected

ID factor 1.5, Compliance 90%
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Infected Attack Rate*

Network focused

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
A €~ d d d S ASsd ,m
None\. 71 /) 56 65 53 62 50 \\ 17 Su 5 ,)
© T 66 50 57 45 51 39 4 3
b
) Q 60 50 51 44 45 37 8 4
_g P 55 43 45 36 35 23 3 2
(D) Q,T 53 43 43 35 33 23 3 2
% Q.,P 49 40 39 30 29 17 2 2
@) Pex 32 23 20 14 10 6 2 2
Q,Pex(' 26 \ 18 12 8 6 4 2 /’ 2 ‘)
T: antiviral Treatment ASsd: Adult & Senior social distancing
P: home antiviral Prophylaxis CTsd: Child & Teen social distancing

Pex: Extended antiviral Prophylaxis S: School closure
Q: home Quarantine

* Infected attack rate is expressed as a percent of total

) N : Sandia
population and is twice the iliness attack rate [lil) National
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Constraining by Infected Attack Rate

Table colored for Infected Attack Rate < 10% and < 25%

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
e d d d S ASsd d d
None 71 56 65 53 62 50 17 5
e T 66 50 57 45 51 39 4 3
(D)
N Q 60 50 51 44 45 37 8 4
_g P 55 43 45 36 35 23 3 2
Q Q. T 53 43 43 35 33 23 3 2
% Q.P 49 40 39 30 29 17 2 2
@) Pex 32 23 20 14 10 6 2 2
Q,Pex 26 18 12 8 6 4 2 2

T: antiviral Treatment

P: home antiviral Prophylaxis

Pex: Extended antiviral Prophylaxis
Q: home Quarantine

ASsd: Adult & Senior social distancing
CTsd: Child & Teen social distancing
S: School closure

[] Infected attack rate < 10% [ ] Infected attack rate < 25%
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Options without Antivirals

3 Options below 10%, 1 more below 25%

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
e d d d S ASsd d d
None 71 56 65 53 62 50 17 5
© T 66 50 57 45 51 39 4 3
D
(7)) Q 60 50 51 44 45 37 8 4
g — ole] TS La3) vlo] o) pae) ) 2
G) Q’T 53 43 12 25 29 ole) e 2
% Q ) 109 10 Yo oYal 20 1z 2 e 2
g,Pex 26 18 12 8 6 4 2 2

T: antiviral Treatment ASsd: Adult & Senior social distancing
P: home antiviral Prophylaxis CTsd: Child & Teen social distancing
Pex: Extended antiviral Prophylaxis S: School closure

Q: home Quarantine

[] Infected attack rate < 10% [ ] Infected attack rate < 25%
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Segmenting by 4% antiviral coverage (today) and 25% (planned 3 Q 2007)

Adding Antivirals*

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
e | d d |~ d |~ s |assd [ d |- d
None 0 0 0 0 0 i 0 ~ 0
) () @
o T 24 18 21 16 18 14 2 1
(D]
N Q o I~ o0 o ¥ o |¥ o [¥ o E o |~ o
© P O — )
P 53 43 44 36 35 23 3 2
Q QT 19 @ 15 16 @ 12 @ 12 |. g O 1 [O 1
3 QP 50 40 40 31 20 @ 17 O 2 [O 2
@) Pex 201 170 165 121 83 54 (@ 18 |@ 14
Q,Pex 184 143 106 75 51 36 b 16 |@ 14

T: antiviral Treatment

P: home antiviral Prophylaxis

Pex: Extended antiviral Prophylaxis
Q: home Quarantine

ASsd: Adult & Senior social distancing
CTsd: Child & Teen social distancing
S: School closure

*percent coverage of population (# courses/10000)
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Case based

Constraining Options

Intersecting tables for Infected Attack Rate and Antiviral Courses

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
e d d d S | ASsd | d |~ d
None 0 0 0 0 0 0 i 0 |~ O
T 24 18 21 16 18 14 2 1
Q 0 0 0 0 0 0 E 0 ~ 0
P 53 43 44 36 35 @ 23 F 3 |2 2
QT 19 15 16 12 12 |. g © 1 [O 1
Q,P 50 40 40 31 20 @ 17 O 2 [O 2
Pex 201 170 165 121 83 54 @ 18 |@ 14
Q,Pex 184 143 106 75 51 36 b 16 |@ 14
T: antiviral Treatment ASsd: Adult & Senior social distancing
P: home antiviral Prophylaxis CTsd: Child & Teen social distancing
Pex: Extended antiviral Prophylaxis S: School closure

Q: home Quarantine

[] Infected attack rate < 10% [ ] Infected attack rate < 25%

Sandia
4% Antiviral coverage 25% Antiviral coverage National
O 4% J ® ° J @ Laboratories



Adults stay home when sick, tending sick or sent home from school children

Superimposing Adult Days Home*

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
e d d d S | Assd | d |~ d
None 3 2 3 2 17 18 [; 28 |~ 17
yo) T 3 2 2 2 19 20 17 12
()]
N Q 6 5 5 4 22 23 E 21 |~ 15
gy} P B O, O
o 3 2 2 2 24 25 13 1
O QT 6 5 5 4 26 @ 26 O 13 O n
% Q,P 6 5 5 3 27 @ 25 O 13 [O n
@) Pex 2 1 1 1 23 19 @ 12 |@ 1
Q,Pex 4 3 2 1 18 15 b 1 |@ 10

T: antiviral Treatment

ASsd: Adult & Senior social distancing

P: home antiviral Prophylaxis
Pex: Extended antiviral Prophylaxis
Q: home Quarantine

CTsd: Child & Teen social distancing
S: School closure

*Averaged over entire adult population

[] Infected attack rate < 10% [ ] Infected attack rate < 25%

(O 4% Antiviral coverage @ 25% Antiviral coverage
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Pre-Pandemic Vaccine?

7% coverage, 50% efficacy, superposition on Adult Days Home*

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
e d d d S | Assd | d |~ d
None 3 2 3 2 17 18 [; 25 |~ 15
yo) T 3 2 2 2 20 22 14 1
()]
N Q 6 5 5 4 23 23 E 18 |~ 14
gy} P B O, O
P 3 2 2 2 26 25 13 1
O QT 5 4 4 3 27 @ 26 O 13 O n
% Q,P 5 4 4 3 26 @ 23 O 12 |O 10
@) Pex 2 1 1 1 21 17 @ 11 |@ 10
Q,Pex 4 2 1 1 17 14 b 1 |@ 10

T: antiviral Treatment

ASsd: Adult & Senior social distancing

P: home antiviral Prophylaxis
Pex: Extended antiviral Prophylaxis
Q: home Quarantine

CTsd: Child & Teen social distancing
S: School closure

*Averaged over entire adult population

[] Infected attack rate < 10% [ ] Infected attack rate < 25%

(O 4% Antiviral coverage @ 25% Antiviral coverage
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Interaction with Neighbor Communities?

1 person/day for 120 day period, superposition on Adult Days Home*

S
CTs S CTs

Non ASs CTs | dASs S CTs | dASs

e d d d S | Assd | d |~ d

None 3 3 3 2 22 23 |g 33 | 33

yo) T 3 2 3 2 24 26 35 33

D

N Q 6 5 5 5 27 28 35 |~ 34
_g = 3 2 2 2 29 30 2 @
O QT 6 5 5 4 30 31 O 34 O a3
% Q,P 6 5 5 4 322 @ 32 @ 31 |@ 33
@) Pex 2 2 2 1 35 35 33 32
Q,Pex 5 3 3 2 36 35 34 32

T: antiviral Treatment

ASsd: Adult & Senior social distancing

P: home antiviral Prophylaxis
Pex: Extended antiviral Prophylaxis
Q: home Quarantine

CTsd: Child & Teen social distancing
S: School closure

*Averaged over entire adult population

[] Infected attack rate < 10% [ ] Infected attack rate < 25%

(O 4% Antiviral coverage @ 25% Antiviral coverage
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Increase from 10 to 40 diagnosed people, superposition on Adult Days Home*

Sensitivity to Implementation Threshold?

S
CTs S CTs

Non ASs CTs | dASs S CTs | dASs

e d d d S |Assd | d |~ d

None 3 2 3 2 15 15 |y 20 |~ 16

yo) T 3 2 3 2 17 17 17 13

D

N Q 6 5 5 4 19 19 20 |~ 17
_g = 3 2 2 2 20 19 15 @
O QT 6 5 5 4 21 20 O 16 [O 14
% Q,P 6 5 5 4 2 @ 21 ® 14 |@ 12
@) Pex 2 2 1 1 21 17 13 12
Q,Pex 4 3 2 2 18 16 13 12

T: antiviral Treatment

ASsd: Adult & Senior social distancing

P: home antiviral Prophylaxis
Pex: Extended antiviral Prophylaxis
Q: home Quarantine

CTsd: Child & Teen social distancing
S: School closure

*Averaged over entire adult population

[] Infected attack rate < 10% [ ] Infected attack rate < 25%

(O 4% Antiviral coverage @ 25% Antiviral coverage
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Decrease from 90% to 60% compliance, superposition on Adult Days Home*

Sensitivity to Compliance?

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
e d d d S ASsd d d
None 3 3 3 3 16 17 20 |g 22
yo) T 3 3 3 3 18 19 26 29
D
N Q 7 6 7 6 20 20 23 24
_g = 3 3 3 3 21 22 2 |® 25
b QT 6 6 6 6 23 23 29 @ 30
< QP 6 6 6 6 24 25 30 [© 25
@) Pex 2 2 2 2 31 29 21 18
Q,Pex 5 5 5 5 32 26 D 17 )

i —

ASsd: Adult & Senior social distancing
CTsd: Child & Teen social distancing
S: School closure

T: antiviral Treatment

P: home antiviral Prophylaxis

Pex: Extended antiviral Prophylaxis
Q: home Quarantine *Averaged over entire adult population
[] Infected attack rate < 10% [ ] Infected attack rate < 25%

(O 4% Antiviral coverage @ 25% Antiviral coverage
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Longini-like influenza manifestation, superposition on Adult Days Home*

Sensitivity to Disease Manifestation?

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
e d d d S | Assd | d |~ d
None 5 4 5 4 25 26 [; 46 |~ 24
yo) T 4 3 4 3 30 32 23 15
()]
N Q 8 6 7 6 33 34 E 34 |~ 23
gy} P B O, O
o 4 3 3 3 39 38 18 14
O QT 7 6 5 4 2 @ 37 O 18 |O 15
% Q,P 7 6 5 4 2 @ 35 O 18 O 13
@) Pex 3 2 2 1 32 25 @ 15 |@ 13
Q,Pex 5 3 2 1 25 20 b 15 |@ 13

T: antiviral Treatment

ASsd: Adult & Senior social distancing

P: home antiviral Prophylaxis
Pex: Extended antiviral Prophylaxis
Q: home Quarantine

CTsd: Child & Teen social distancing
S: School closure

*Averaged over entire adult population

[] Infected attack rate < 10% [ ] Infected attack rate < 25%

(O 4% Antiviral coverage @ 25% Antiviral coverage
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Sensrtlwty to Infectmus Contact netwnrk’> .
i Flnal Network oi‘ Infected Ro ~1.6 N

" Adults (black), Children (red),
Teens (blue), Seniors (green)




Identical Infectivity/susceptibility and contacts/day, on Adult Days Home*

Adults, Children & Teens on Par?

S
CTs S CTs
Non ASs CTs | dASs S CTs | dASs
e d d d S |Assd | d |~ d
None 4 3 3 2 18 23 23 |~ 20
o) T 3 2 3 2 21 30 29 13
(D]
N Q 6 4 6 3 25 30 20 ¥ 17
qv) P B @) @)
o 3 2 3 @ 1 26 22 29 12
O QT 6 3 6 ® 2 28 O 22 @ 28 |O 12
% Q,P 6 3 s @ 2 20 @ 10 ® 25 O 1
@) Pex 2 1 2 0 26 @ 14 17 |@ 1
Q,Pex 4 1 3 1 22 |. 13 @ 15 |@ 1

T: antiviral Treatment

ASsd: Adult & Senior social distancing

P: home antiviral Prophylaxis
Pex: Extended antiviral Prophylaxis
Q: home Quarantine

CTsd: Child & Teen social distancing
S: School closure

*Averaged over entire adult population

[] Infected attack rate < 10% [ ] Infected attack rate < 25%

(O 4% Antiviral coverage @ 25% Antiviral coverage
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Summary Points & Policy Implications

From Current Model Results:

o Social distancing forms a foundation for effective community containment

Alone it may be able to hold a pandemic at bay

In combination with case based strategies (all of which are less effective alone) lost
work days can be decreased

But strategies must be implemented quickly and with high compliance
Policy Implication: Planning, education, and training must be designed for the
effective implementation of social distancing measures first and case based
strategies second.

o Pre-pandemic vaccination at current levels (7% coverage and 50% efficacy)
does not significantly influence the spread.

Policy Implication: Pre-pandemic vaccine at such low levels should be used
to keep critical people on the job. *Caveat: Targeted vaccination scenarios in
progress

o Influx from neighboring communities reduces effectiveness of community
containment strategies and increases the time strategies must be vigilantly
applied.

Policy Implication: A uniform national policy could reduce this time for all.
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Uncertainty Evaluation & Reduction

o Disease manifestation
Infectivity relation, visible vs invisible infected
. Aerosol? Surfaces? (influences contact network definition too)

o Social contact network
- Sub group network: structured to fully mixed

. Groups: augmented and relative importance (households,
neighborhoods/extended families, schools, work, clubs, church, public
transportation, etc)

- Consider situations of critical interest (College campuses, military
reservations, high rises...)

. Collect & incorporate contact network data
Instantiation from community data (refined Ferguson & Longini)

o Incorporate Reactive Agent Behavior (social modeling)

o Refine analysis in response to evolving constraints and changes in
uncertainty
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Leading to...

Interim Pre-pandemic Planning Guidance:
Community Strategy for Pandemic Influenza
Mitigation in the United States—

Early, Targeted, Layered Use of Nonpharmaceutical Interventions

Performance

Action B

10’s of millions of runs later we had the answers to:

o What is the best mitigation strategy combination? (choice)

o How robust is the combination to model assumptions and uncertainty? (robustness of
choice)
o What is required for the choice to be most effective? (evolving towards resilience)
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Comparison of Base and Augmented Social Networks
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What if we re-open the schools?

With Victoria Davey, VA

# Infected by Day of Epidemic
Base Case and Re-Opening of Schools/End SD of Children at 0,1,2,3 Cases/7 Days

Initiate@(lo cases—lnfecti\{ity '05.390% Compliance-No Trickle . . . .
representaive simulaions ffom sets of 10) 0, 1, 2, 3 new infections in 7 day period
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Branching Factors

@ Owerall branching factor
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Infectious Contact Fractions

To To To To Total
Children Teenagers Adults Seniors From
From Children 18.6 2.9 16.1 1.2
From Teenagers 2.4 9.1 8.0 0.6
From Adults 6.0 3.8 26.0 2.1
From Seniors 0.2 0.2 0.9 1.8
Total To 27.3 16.0 50.9 5.8

Sandia
National
Laboratories



Building Strategies

Averages for simulations with epidemics

Number # of Total Total Time Peak Time to
Sims Epidemics Infected (days) Infected Peak (days)
Case 1: Base Case Pandemic Influenza
Average 1000 978 5018 82 703 36

TARGETED SOCIAL DISTANCING STRATEGIES

Case 2: Schools closed after 10 symptomatic detected, Compliance 90%

Average 100 99 3916 114 329 48
% reduction from base case 22% -39% 53% -34%

Case 3: Schools closed after 10 symptomatic detected, non-school contacts doubled, Compliance 90%
Average 100 95 5898 79 894 35
% reduction from base case -18% 4% -27% 2%

Case 4: Schools closed after 10 symptomatic, children/teens kept home, household contacts doubled, Compliance 90%
Average 100 93 361 62 45 17
% reduction from base case 93% 25% 94% 52%

Case 5: Schools closed after 10 symptomatic, children/teens kept home, household contacts doubled, Compliance 50%
Average 100 95 1630 141 94 49
% reduction from base case 68% -72% 87% -36%

Case 6: Children's schools closed after 10 symptomatic, children kept home, household contacts doubled, Compliance 90%
Average 100 96 2642 120 206 51
% reduction from base case 47% -46% 71% -40%

Case 7: All symptomatic stay at home, Compliance 90%
Average 100 94 3926 95 433 43
% reduction from base case 22% -16% 38% -20%
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Fraction of unmitigated case
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5 Social Distancing Strategies

S School closure, contact frequency within schools reduced by 90%,
household contacts doubled
CTsd Children and Teenagers social distancing, contact frequencies of all

non-household and non-school groups reduced by 90%, household
contacts doubled

ASsd Adult and Senior social distancing, contact frequencies of all non-
household and non-work groups reduced by at 90%, household contacts
doubled

LL Liberal Leave, all children and teens and 90% of adults withdraw to

the home when symptomatic

Wsd Work social distancing, contact frequency within work groups
reduced by 50%.
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Strategy Matrix Results

Base Case

Strategy combination Infectivity Factor
# S KTsd ASsd LL Wsd 1 125 15 2

1 51 66 75 86

2 Wsd 48 63 72 84

3 LL 41 57 67 79

4 LL Wsd 39 55 65 78

5 ASsd 38 51 59 70

6 ASsd Wsd 35 48 56 66

7 ASsd LL 32 46 55 66

8 ASsd LL Wsd 30 43 52 63

9 KTsd 41 58 69 82
10 KTsd Wsd 37 55 66 79
11 KTsd LL 29 48 60 75
12 KTsd LL Wsd 27 45 57 72
13  KTsd ASsd 29 46 56 68
14  KTsd ASsd Wsd 26 42 52 64
15 KTsd ASsd LL 22 39 51 64
16  KTsd ASsd LL Wsd 20 37 48 61
17 S 41 61 73 85
18 S Wsd 36 57 70 83
198 LL 23 47 62 78
20 S LL Wsd 19 44 59 76
21S ASsd 26 47 59 74
22 S ASsd Wsd 20 41 55 70
23S ASsd LL 11 35 51 68
24 S ASsd LL Wsd 32 47 65
25 S KTsd 26 50 73
26 S KTsd Wsd 15 68
27 S KTsd LL 60
28 S KTsd LL Wsd 54
29 S KTsd ASsd 44
30 S KTsd ASsd Wsd 30
31 S KTsd ASsd LL 34
32 S KTsd ASsd LL Wsd 25
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Preliminary Results

Highly Infectious Influenza, a bit worse than 1918, Ro ~ 2.4

Low Compliance (50-60%) High Compliance (90%)
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Preliminary Results

Highly Infectious Influenza, a bit worse than 1918, Ro ~ 2.4

Total Adult Out Days

Low Compliance (50-60%)
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Germann et al. PNAS
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Local Mitigation Strategies for Pandemic
Influenza

Target zones of high infectious contact:
Children & Teens

Best Social Distancing Strategy: Close the schools, send
Children & Teens home and keep them there

Threshold Compliance
Preemptive Structural Social Distancing of Children & Preemptive Structural Social Distancing of Children &
T Tee
122 ‘! 100 . B ,\’/’7' -
i ; Ro~1.6 Increa_5|_ng
RN - / & Infectivity
e ~ Y . Somewhat
» — e " Ro~2.4 Erodes
— ;o — - " Effectiveness
s 10 -
w o w e (black arrow)
| e

All points represent an average of 100 simulations @ Sandia
1

Laboratories



Vaccination when Vaccine Available

Best Vaccination Strategy: Children and Teens first

Vaccination of Children & Teens Only

100 e
N Ro~1.6

80 / / /
70 X/ oo Increasing
0~2.4

60 / / - Infectivity
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/ / Effectiveness
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Better representation of viral shedding Data?
We won’'t know until virus erupts but if it was exactly like normal flu:

6000

oot

0.008

5000
; Base Case

4000 i
° ER Blue: Average Infectivijty,
g 3000 for Population
o
#

2000 DU.EIEI G UU- 10.00 15.00 20.00 25.00 30.00

1 Time (days)
1000
8 days
0 ]
0 20 40 60 80 100 120 002
time (days)
Better fit

‘0 Infected m Infected A Cumulative Infected ® Cumulative Infected‘

InFactiwity
(=)
=3

Blue: Average Infectivity
To fit we must 1) Reduce disease state time for Population
periods by half and 2) Increase | by 2
-Yields identical attack rates but with time N R
scale halved (black arrow above)

No influence on effectiveness of mitigation _ - 8days o
Refer to previous slide with data from Tamiflu site
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Putting Adults, Children and Teens on
Par

While our baseline social contact network and age class relative
Infectivity seems reasonable, they emphasize children & teens. What if
we remove this emphasis?

Connections on Par Connections & Infectivity on Par
100 /ﬁ__,k,__,' 100
80 - 80 +
60 Pl 60 /‘/’;-'/"
v / A
40 = 40 —:
5 2 ’/'/ T ' 5 o éﬁ
g 0 F—x o T T f\/ g 0 /{'m"\x _ T T T
S 2 e 60 a0 100 2 2 S ;\/M 0
> 4 \ A / > 4
60 ¥ / 60 \ A
* Y
-80 -80
-100 -100
% compliance % compliance
‘—o—peak infected —=—total infected dead time2peak —¥—total time‘ ‘—o—peak infected —=—total infected dead time2peak —¥—total time‘
Increase Adult work connections by All relative infectivity removed:
factor of 4 to put on par: ~30% erosion in Effectiveness

Slight erosion of Effectiveness

Sandia
Note, all points are an average of 10 simulations, hence they are a bit noisy @ National .
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%‘4’) Past and Ongoing

o Initial development of Loki-Infection December 2004.

» High school science project Winter 2005, 41 place in INTEL
International Science and Engineering Fair.

o Participation in FAST Avian Influenza Analysis for Jon MacLaren
DHS, November-December 2005.

o Glass, R.J., L.M. Glass, W.E. Beyeler, Local Mitigation Strategies for
Pandemic Influenza, submitted for publication December 2005.

o Further application/development pending Funding from Pandemic
Influenza Initiative at DHS
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g : Outline

o Brief Overview of model assumptions, base case unmitigated results
(see Glass et al (2005, 2006) for details), and strategy implementation.

o Pull from current results to address:
- What community containment strategy combinations are effective?
How do constraints limit options?
- What about Pre-pandemic vaccine?
Interaction with neighboring communities?

How sensitive are results to implementation threshold?
Compliance? Disease manifestation (Ferguson vs Longini)?

Sensitivity of results to the infectious contact network?
o Summary Points & Policy Implications

o Ongoing: Uncertainty Evaluation and Reduction
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Networked Agent-Based Model

Extended Family
. Explicit social contact network, current: Example or Neighborhood
Stylized US community of 10000 (Census, 2000) Teen o
Agents: Child18%, Teen11%, Adult 59%, Senior 12%
Groups with explicit sub networks: Households, school ] %/: '.
classes, businesses, neighborhoods/extended families, clubs, «__ Social o
senior gatherings, random Networks Teen Random

Household for Teen 1
Household adult stays home to tend sick or sent home from / r\ 7
school children in the family s

- - - ‘\\

- Influenza disease manifestation, current: '. o (® .
scaled normal flu, (Ferguson-like, ~viral shedding) (': School classes ?

Y Ay

pSymptomatic = 0.5, pHome = nm Eveyone o (@ operteen bt
Children 1.5 and Teens 1.25 tinfes more infectious Ne. o
susceptible than adults & seniors tege?
Added 7 day recovery period for symptomatic (ill)

Infectious symptomatic l
orson's For Details see:
Mean durat‘ion 1.5 days oM .
ifectious /Q‘V inn e 0 0878 for| N\ Local Mitigation Strategies for Pandemic
P Pl ey o final cay % | Dead Influenza, Robert J. Glass, Laura M. Glass,
Mean duration 1.25 s \ Infectious symptomatic| ¢ and Walter E. Beyeler, SAND-2005-7955J
days o Mean duration 1.5 days (1~,o/[,,) (December 21 2005)
0 I, 1.0 for first 0.5 day, 1 .
) R Immune . . . .
) e ey " Targeted Social Distancing Design for
Probailites : _ Pandemic Influenza, Robert J. Glass,
P os e s o © Laura M. Glass, Walter E. Beyeler, and H.
P=e 025 Jason Min, Emerging Infectious Diseases

November, 2006).
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