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)LJXUH 6�� 6DGGOH QRGH ELIXUFDWLRQ LOOXVWUDWHG ZLWK FROOLVLRQ �FURVVHG FLUFOH� RI VWDEOH �EODFN FLUFOHV� DQG
XQVWDEOH �ZKLWH FLUFOHV� VWHDG\ VWDWHV DW FULWLFDO YDOXH RI WKH H[WHQW RI QHXURQDO ORVV � DFRQVW = DFULWLFDO ¥
0.41�� UHODWHG WR 6HFWLRQ ¶0RGHO GHVLJQ¶� 67$5 0HWKRGV DQG )LJXUH �� 7KH WKLUG IL[HG SRLQW �JUD\ FLUFOHV�
VKRZV ORZ VHQVLWLYLW\ WR FKDQJH LQ QHXURQDO ORVV GXH WR D ORZ YDOXH RI ŸDæR� )RU YDOXHV DFRQVW > DFULWLFDO� RQO\
RQH VWDEOH VWHDG\ VWDWH �JUD\ FLUFOHV� H[LVW�



6� 0RGHO SDUDPHWHU FKRLFH

3DUDPHWHU 'HVFULSWLRQ 9DOXH 8QLWV
·I 7LPHVFDOH RI QHXURLQIODPPDWRU\ UHDFWLRQ � GD\
·B 7LPHVFDOH RI %%% UHFRYHU\ �� GD\V
·D 7LPHVFDOH RI QHXURQDO GHDWK SURFHVV �� GD\V
·R 7LPHVFDOH RI FLUFXLW UHPRGHOLQJ �� GD\V

ŸIæB
6FDOLQJ SDUDPHWHU IRU HIIHFW RI QHXURLQIODP�
PDWLRQ RQ %%% SHUPHDELOLW\ ��� �

ŸBæI
6FDOLQJ SDUDPHWHU IRU SURLQIODPPDWRU\ HIIHFW
RI %%% OHDNDJH � �

ŸIæD
6FDOLQJ SDUDPHWHU IRU QHXURWR[LF HIIHFW RI
RYHUDFWLYDWHG JOLD � �

ŸBæR
6FDOLQJ SDUDPHWHU IRU HIIHFW RI %%% OHDNDJH
RQ FLUFXLW UHPRGHOLQJ � �

ŸDæR
6FDOLQJ SDUDPHWHU IRU HIIHFW RI QHXURQDO ORVV
RQ FLUFXLW UHPRGHOLQJ ������ �

DPD[ 0D[LPXP SRVVLEOH H[WHQW RI QHXURQDO ORVV � �
� 1HXURWR[LFLW\ WKUHVKROG RI RYHUDFWLYDWHG JOLD ���� �

ŸIæS
6FDOLQJ SDUDPHWHU IRU VWUHQJWK RI VHL]XUH�
SURPRWLQJ HIIHFWV RI QHXURLQIODPPDWLRQ � �

ŸRæS
6FDOLQJ SDUDPHWHU IRU VWUHQJWK RI VHL]XUH�
SURPRWLQJ HIIHFWV RI FLUFXLW UHPRGHOLQJ � �

KSæB
6FDOLQJ SDUDPHWHU IRU VHL]XUH EXUGHQ RQ %%%
LQWHJULW\ ����� �

TVHL] 6HL]XUH GXUDWLRQ � PLQXWHV

⁄PD[
+RPHRVWDWLF XSSHU ERXQG RI GDLO\ VHL]XUH
QXPEHU �� VHL]XUHV

GD\

ŸSæB %XUGHQ RI VLQJOH VHL]XUH RQ %%% LQWHJULW\ ���� �

7DEOH 6�� 0RGHO SDUDPHWHU GHVFULSWLRQV DQG YDOXHV� UHODWHG WR 6HFWLRQ ¶0RGHO GHVLJQ¶� 67$5 0HWKRGV DQG
)LJXUHV �� ����

(Weissberg
et al., 2015),

N = 10
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Simulations, N=30
τI : τB, τD, τR

)LJXUH 6�� &RPSDULVRQ RI WKH PRGHO ILW WR WKH DQLPDO PRGHO GDWD �OHIW EODFN EDU� IRU WKH RULJLQDO UDWLR RI
WLPHVFDOHV �ULJKW EODFN EDU� DQG WZR DOWHUQDWLYH YDOXHV �JUD\ EDUV�� UHODWHG WR 67$5 0HWKRGV� 'DWD DUH
UHSUHVHQWHG DV PHDQ ± 6(0�
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(Kirkman et al., 2010),
N=4-13 per group

Fig. 4C left

1 2 3 4 5 7 14 21 35

days post infection

0

1

2

3

4

5

6

N
eu

ro
n
al

lo
ss

sc
or

e

Simulation, N=30

Θ = 0.1
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Simulation, N=30

Θ = 0.3
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Simulation, N=30

Θ = 0.25
Fig. 4C right

A. B. C. D.

)LJXUH 6�� &RPSDULVRQ RI WKH PRGHO ILW WR WKH DQLPDO PRGHO GDWD �$�� LPSRUWHG IURP )LJ� �& OHIW� IRU WKH
RULJLQDOO\ FKRVHQ YDOXH RI QHXURWR[LFLW\ WKUHVKROG �&�� LPSRUWHG IURP )LJ� �& ULJKW� DQG WZR DOWHUQDWLYH
YDOXHV �%� DQG '��� UHODWHG WR 67$5 0HWKRGV� 'DWD DUH UHSUHVHQWHG DV PHDQ ± 6(0�
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KS→B = 0.875 KS→B = 0.01 KS→B = 1.5A. B. C.

(Weissberg
et al., 2015),

N = 10
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)LJXUH 6�� &RPSDULVRQ RI WKH PRGHO ILW WR WKH DQLPDO PRGHO GDWD IRU RULJLQDOO\ FKRVHQ YDOXH RI KSæB

DQG DOWHUQDWLYH YDOXHV� UHODWHG WR 67$5 0HWKRGV� $� 6WDWH�VSDFH FRPSRVLWLRQ IRU WKH RULJLQDOO\ FKRVHQ YDOXH
RI KSæB = 0.875� &LUFOHV FRUUHVSRQG WR WKH VWHDG\ VWDWHV� %ODFN GDVKHG OLQHV FRUUHVSRQG WR Ḃ = 0 DQG
Ṙ = 0 QXOOFOLQHV� 5HG GDVKHG OLQH LQGLFDWHV WKH QHXURWR[LFLW\ WKUHVKROG� %� 6WDWH�VSDFH FRPSRVLWLRQ IRU WKH
DOWHUQDWLYH YDOXH RI KSæB = 0.01� &LUFOHV FRUUHVSRQG WR WKH VWHDG\ VWDWHV� *UD\ VROLG OLQHV FRUUHVSRQG WR WKH
QXOOFOLQHV� %ODFN GDVKHG OLQHV FRUUHVSRQG WR WKH QXOOFOLQHV RI WKH V\VWHP ZLWK WKH RULJLQDO SDUDPHWHU YDOXHV XVHG
DV UHIHUHQFH IRU FRPSDULVRQ� 5HG GDVKHG OLQH LQGLFDWHV WKH QHXURWR[LFLW\ WKUHVKROG� &� ,GHQWLFDO WR %� IRU WKH
DOWHUQDWLYH YDOXH RI KSæB = 1.5� '� &RPSDULVRQ RI WKH PRGHO ILW WR WKH DQLPDO PRGHO GDWD IRU WKH RULJLQDOO\
FKRVHQ YDOXH RI KSæB = 0.875 �EODFN EDU� DQG WZR DOWHUQDWLYH YDOXHV �JUD\ EDUV�� 'DWD DUH UHSUHVHQWHG DV
PHDQ ± 6(0�
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A. B. C.KS→B = 0.68

κI→B = 0.3

κI→B = 0.1; KS→B = 0.875

κI→B = 0.3; KS→B = 0.875

κI→B = 0.3; KS→B = 0.68

Steady states distribution

alternative

original KS→B = 0.875

κI→B = 0.3 alternative

adjusted

)LJXUH 6�� 5HGXQGDQF\ LQ WKH SDUDPHWHU VSDFH LGHQWLILHG YLD FKRRVLQJ DOWHUQDWLYH YDOXH RI ŸIæB ø DQG
DGMXVWLQJ KSæB ¿ DFFRUGLQJO\� UHODWHG WR 67$5 0HWKRGV� $� 6WDWH�VSDFH FRPSRVLWLRQ IRU WKH DOWHUQDWLYH
YDOXH RI ŸIæB ø= 0.3 SUHVHUYLQJ RULJLQDO YDOXH RI KSæB = 0.875� &LUFOHV FRUUHVSRQG WR WKH VWHDG\ VWDWHV�
*UD\ VROLG OLQHV FRUUHVSRQG WR WKH QXOOFOLQHV� %ODFN GDVKHG OLQHV FRUUHVSRQG WR WKH QXOOFOLQHV RI WKH V\VWHP ZLWK
WKH RULJLQDO SDUDPHWHU YDOXHV XVHG DV UHIHUHQFH IRU FRPSDULVRQ� 5HG GDVKHG OLQH LQGLFDWHV WKH QHXURWR[LFLW\
WKUHVKROG� %� 6WDWH�VSDFH FRPSRVLWLRQ IRU WKH DOWHUQDWLYH YDOXH RI ŸIæB ø= 0.3 DQG DGMXVWHG KSæB ¿= 0.68�
$QQRWDWLRQ LGHQWLFDO WR FDSWLRQ LQ $� &� 6WHDG\ VWDWHV GLVWULEXWLRQ IRU WKH H[WHQW RI %%% GLVUXSWLRQ Bú LOOXVWUDWHG
IRU WKH RULJLQDO SDUDPHWHU VHW �WRS�� DOWHUQDWLYH SDUDPHWHU VHW ZLWK ŸIæB ø �PLGGOH�� DQG DOWHUQDWLYH SDUDPHWHU
VHW ZLWK ŸIæB ø DQG DGMXVWHG KSæB ¿ �ERWWRP�� 9HUWLFDO JUHHQ OLQH LOOXVWUDWHV WKH HGJH RI WKH SRVLWLYH GRPDLQ
IRU WKH H[WHQW RI WKH %%% GLVUXSWLRQ �Bú = 0��
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∑I→S = ∑R→S = 2

∑I→S = ∑R→S = 5

)LJXUH 6�� &KDQJLQJ WKH SDUDPHWHUV IRU WKH VWUHQJWK RI VHL]XUH�SURPRWLQJ HIIHFWV RI QHXURLQIODPPDWLRQ
DQG FLUFXLW UHPRGHOLQJ OHDGV WR VFDOLQJ RI WKH VLJPRLG IXQFWLRQ RI VHL]XUH UDWH DORQJ WKH ¶[¶ D[LV� UHODWHG
WR 67$5 0HWKRGV�
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(Weissberg
et al., 2015),

N = 10
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A. B. C.

)LJXUH 6�� 7KH HIIHFWV RI FKDQJLQJ WKH ŸIæS DQG ŸRæS SDUDPHWHU YDOXHV RQ VWDELOLW\ RI WKH V\VWHP DQG
TXDOLW\ RI WKH PRGHO ILW� UHODWHG WR 67$5 0HWKRGV� (IIHFWV RI LQFUHDVLQJ �$�� DQG GHFUHDVLQJ �%�� WKH YDOXHV
RI ŸIæS DQG ŸRæS SDUDPHWHUV RQ WKH VWDELOLW\ RI WKH V\VWHP� &LUFOHV FRUUHVSRQG WR WKH VWHDG\ VWDWHV� *UD\
VROLG OLQHV FRUUHVSRQG WR WKH QXOOFOLQHV� %ODFN GDVKHG OLQHV FRUUHVSRQG WR WKH QXOOFOLQHV RI WKH V\VWHP ZLWK WKH
RULJLQDO SDUDPHWHU YDOXHV XVHG DV UHIHUHQFH IRU FRPSDULVRQ� 5HG GDVKHG OLQHV LQGLFDWH WKH JOLDO QHXURWR[LFLW\
WKUHVKROG� &� &RPSDULVRQ RI WKH PRGHO ILW WR WKH DQLPDO PRGHO GDWD IRU WKH RULJLQDOO\ FKRVHQ YDOXHV RI ŸIæS DQG
ŸRæS �EODFN EDU� DQG WZR DOWHUQDWLYH YDOXHV �JUD\ EDUV�� 'DWD DUH UHSUHVHQWHG DV PHDQ ± 6(0�
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(Kirkman et al., 2010),
N=4-13 per group

Fig. 4C left
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Simulation, N=30A. B. C. D.
Fig. 4C rightκI→D = 5
κI→D = 8

κI→D = 15

)LJXUH 6�� &RPSDULVRQ RI WKH PRGHO ILW WR WKH DQLPDO PRGHO GDWD �$�� LPSRUWHG IURP )LJ� �& OHIW� IRU WKH
RULJLQDOO\ FKRVHQ YDOXH RI ŸIæD SDUDPHWHU �&�� LPSRUWHG IURP )LJ� �& ULJKW� DQG WZR DOWHUQDWLYH YDOXHV
�%� DQG '��� UHODWHG WR 67$5 0HWKRGV� 'DWD DUH UHSUHVHQWHG DV PHDQ ± 6(0�
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κD→R = 0.0001

κD→R = 0.0005

κD→R = 0.001

)LJXUH 6�� 7KH HIIHFW RI ŸDæR SDUDPHWHU RQ WKH VWDELOLW\ RI WKH V\VWHP LOOXVWUDWHG E\ VWDELOLW\ FKDQJHV
LQ FRQGLWLRQV RI QRQ�]HUR QHXURQDO ORVV� UHODWHG WR 67$5 0HWKRGV� $� 6WDWH�VSDFH SORWV IRU WKH DOWHUQD�
WLYH ORZHU SDUDPHWHU YDOXH ŸDæR ¿= 0.0001� 6PDOOHU SORWV FRUUHVSRQG WR ILJXUH LQVHWV� /HIW DQG ULJKW SDQ�
HOV FRUUHVSRQG WR FRQGLWLRQV RI DEVHQW �D = 0.0� DQG SUHVHQW �D = 0.35� QHXURQDO ORVV UHVSHFWLYHO\� 5HG
GDVKHG OLQHV FRUUHVSRQG WR JOLDO QHXURWR[LFLW\ WKUHVKROG� %� 6WDWH�VSDFH SORWV IRU WKH RULJLQDO SDUDPHWHU YDOXH
ŸDæR = 0.0005� $QQRWDWLRQ LGHQWLFDO WR FDSWLRQ LQ $� &� 6WDWH�VSDFH SORWV IRU WKH DOWHUQDWLYH KLJKHU SDUDPHWHU
YDOXH ŸDæR ø= 0.001� $QQRWDWLRQ LGHQWLFDO WR FDSWLRQ LQ $� )RU WKH ORZHUHG SDUDPHWHU YDOXH RI ŸDæR� V\VWHP
ORVHV VHQVLWLYLW\ WR FKDQJHV LQ QHXURQDO ORVV �VHH DEVHQFH RI WKH VWHDG\ VWDWH ORFDWLRQ FKDQJHV EHWZHHQ SDQHOV
RI $��� )RU WKH HOHYDWHG SDUDPHWHU YDOXH RI ŸDæR� V\VWHP ORVHV WKH VWDELOLW\ �VHH GLVDSSHDUDQFH RI WKH VWHDG\
VWDWHV EHWZHHQ SDQHOV RI &���



(Weissberg
et al., 2015),

N = 10
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Simulations, N=60

(Weissberg
et al., 2015),

N = 10

BE = 0.25,
ToÆ = 7 days

BE £ 50% ToÆ £ 50% ToÆ £ 150%
0
1
2
3
4
5
6
7
8

L
at

en
t

p
er

io
d

d
u
ra

ti
on

,
d
ay

s *** n.s. n.s.

Simulations, N=60

)LJXUH 6��� 7ZR�IROG LQFUHDVH RI WKH QXPEHU RI VLPXODWLRQV LQ FRKRUW GRHV QRW OHDG WR PDMRU GLIIHUHQFHV
LQ VLPXODWLRQ UHVXOWV� UHODWHG WR 67$50HWKRGV� 5H�UXQ RI VLPXODWLRQ IURP )LJ� �$�% ZLWK WZLFH KLJKHU QXPEHU
RI VLPXODWLRQV LQ FRKRUW �N = 60�� 'DWD DUH UHSUHVHQWHG DVPHDQ±6(0� 7KH XQSDLUHG WZR�JURXS0DQQ�:KLWQH\
8 WHVW ZDV SHUIRUPHG� p � 0.001� p � 0.0001�
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PRGHO �
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RI LQ�
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RQVHW
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7LPH RI
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N

)LJ�
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URGHQW PRGHO

� VWRFKDV�
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'
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PRXVH PRGHO

� VWRFKDV�
WLF IE = 0.4 ��� GD\ � GD\V �� �� �

WHVWLQJ LQWHUYHQWLRQ ZLWK
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KSæB ¿= KSæB
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UDWH IE = 0.4 ��� GD\ � GD\V
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� UHIHU�
HQFH�
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(

WHVWLQJ LQWHUYHQWLRQ ZLWK
VXSSUHVVLRQ RI DFWLYDWLRQ
RI JOLD E\ IDFWRUV LQILO�
WUDWLQJ WKH SDUHQFK\PD
ŸBæI ¿= ŸBæI
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6� 1HXURQDO ORVV VFRUH FRPSXWDWLRQ ZLWK PDVNLQJ SURFHGXUH
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Simulation, N=30 [Kirkman et al, 2010]
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)LJXUH 6��� 1HXURQDO ORVV VFRUH FRPSXWDWLRQ �PDVNLQJ SURFHGXUH� IURP .LUNPDQ HW DO� ������� UHODWHG WR
)LJXUH �� 5DZ QHXURQDO GHDWK GDWD IURP 70(9 PRGHO VLPXODWLRQ �OHIW� DQG QHXURQDO ORVV VFRUH FRPSXWDWLRQ
VFKHPH �ULJKW�� +RUL]RQWDO GDVKHG OLQHV RQ WKH OHIW FRUUHVSRQG WR ���� ��� DQG ��� H[WHQW RI QHXURQDO ORVV�
ZKLFK DUH WKH ERUGHU YDOXHV VHSDUDWLQJ VFRUH YDOXHV LQ WKH VFKHPH IURP .LUNPDQ HW DO� ������� ,Q .LUNPDQ HW DO�
������� QHXURQDO ORVV VFRUH GDWD DUH SUHVHQWHG DV D VXP RI VFRUHV IRU � KLSSRFDPSL �PD[LPXP VFRUH� � ◊ �
 ��� 7KXV� WKH QHXURQDO ORVV VFRUH FRPSXWHG IRU VLPXODWHG 70(9 DQLPDOV ZDV PXOWLSOLHG E\ IDFWRU RI � IRU
FRPSDUDELOLW\ ZLWK H[SHULPHQWDO GDWD� $EVHQFH RI YDULDELOLW\ �� 6(0� LQ )LJ� �& LV H[SODLQHG E\ ¶PDVNLQJ RXW¶ RI
YDULDELOLW\ LQ QHXURQDO ORVV VFRUH FRPSXWDWLRQ �OHIW��



6� 6HL]XUH UDWH GHSHQGHQFH
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PRGHOLQJ� UHODWHG WR 67$5 PHWKRGV VHFWLRQ� (TXDWLRQ ��
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