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G�H@IKJ�LNMNOPH@Q?MSR'TVUWH�X?Y[Z@J'\^]�Y_R`OPH@MNLba(c(d�Q2Yfe(H@LhgiY_Mia�R'Tkjmln2o YfQ2p`H Q
qrH�gsM o J't2Qut2R'TvgiMNL@wyx`x?cKG{zN|;}`~9|;~�jmln2o YfQ2p`H Q�c+��H@LbO�J'Q�a

� \�J n g�w�X?Y_H@Mb�`� n Q2Y�z�M n H o YfQ2p`H@Q^w�X?H
O�J�LNMNYfQ�w�H Y�ZNt2Q2H L�� n Q2Y�z�M n H o YfQ2p`H@Q^w�X�H
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��e(H@LNa o R�X?a�Y�g�H�� n J�\ o H�T0R�LNH�MNt2H�\�J@�)c o2n M)Q2R`M o H�T0R`LbH�YfQ?T0H�Z�MbY_R n g	X�Y�gsH;J`gsH;g�w��SJ�LNY_R n g � YfQKX2g�R'T
X?Y[gsIKJ�LNY_MbY_H�g�\_Y � H)p�H@Q2H@MbY�ZmX�Y�gsIKR�gsY_MbY_R�Q�J�QKX�X�Y���H@LNYfQ2p�Z�R�Q?M�J`Z�M�LhJ'MbH�g�YfQ?  n H@Q¡Z�H�H�J`ZhtWYfQKX?Yfe?Y[X n J'\v¢�g
LNY[g � MbR�J`Z � n YfLNH�Y_Q?T0H;Z�MNYfR`QrR`L�X�H@e(H@\_R�IrX?Y�giH�J`giH(w�UWH�X?Y�Z J'\�YfQ?MbH@LNe(H@Q�MNYfR`QKg�J`X2X£T n LNMNtuH@Lm\fH@e(H@\�g{R'T
t2H@MbH@LNR�p`H@QuH@Y_Mia(w

¤�M�O�J@a o HPg n LNI2LbY�gsYfQ2p�MNtKJ�M)MNt2H�t2H;J'\_Mbt�R'T n Q?e�J�Z@Z�Y_Q¡J'MNH;XWY_QKX?Yfe?Y[X n J�\�g�Z@J�QrgsMbLNR`Qup`\_a o H�Y_Q?z
  n H QKZ�H�X o arJ�Z@J�O5IKJ�Y_p`QrY_Qr�{t2Y[Z¥trMNt2H a�X?R�Q2R`M�IKJ'LbMNY�Z¦Y_IKJ�MNH(wP]�H�Z@J n gsH�R'T{e�J�Z@Z�Y_Q¡J'MNYfR`QKg¦cFMbt2H
Y_Q�T0H�Z�MNYfR`QrZ@J�Q�Q2R�\_R�Q2p`H L�gsIuLNH�J�X£�SH@\_\�YfQ�Mbt2H�I§R�I n \[J'MNYfR`Q�w�j�tuY�g�tKJ`g)MNt2H�IKR(giY_MNYfe(H�H¦�¨H;Z�M�MNt¡J'M
gsR�O5H n Q�e`J�Z@Z�YfQKJ'MbH�X�Y_Q¡X?Y_e�Y�X n J'\�g��{Yf\_\�H�gNZ@J�IKHmY_Q�T0H�Z�MNYfR`Q�w�j�tuHmLNH;X n Z�H�X�giI2LNH�J�X.R�T�MNt2H)YfQ?T0H�Z�MbY_R`Q
p`R(H;g�J'\_R�Q2p�t2R���H e(H@L)�{Y_MNt�JWt2Y_p�t2H@L�J�p`H�J�M�Y_Q?T0H;Z�MNYfR`Q�c"�{t2Y�Zht�O©J;a o H�XuJ'Q2p�H@LNR n g�X n H5MNRªJ'Q
Y_Q¡Z�LNH�J�gsH�X5LbY�g � R'TkX?Y�giH�J`giH(w

«�J'MbY_R�QKJ'\SJ'Q¡X�g n2o z�QKJ�MNYfR`QKJ�\�Y_OPO n Q2Y�gbJ'MbY_R`QªX2J@a2g¦c��{t2Y�ZhtrJ'YfO¬MNR�Z�R�e(H@L)J�g	O�J�Q?a�Zht2Y_\[X?LNH@Q
J`g{IKR(gbgsY o \_H)R`QKZ¦HmR`L{Mi�{Y[Z�H)J�a(H�J'L c?�{Y_\f\ o H�Z¦R`O5IKJ�LNH�X��{Y_MNt�LbH�gsIKH�Z�M{MbR�Mbt2H@YfL{H���H�Z�MNYfe(H@Q2H�gbg�J'QKX
H�­©Z@J`Z¦a(wrj�t2H@a�tKJ@e(H o H@H@Q®gstuR'�{Q¯MbR o H�H@°�MNLNH O5H@\_a�H���H�Z�MbY_e(H�Y_Q¯LNH�X n Z�Y_QupWMNtuH.YfQKZ�Y[X?H@QKZ�H�R'T
IKR`\fY_R`O�a(H@\fY_MNYfg¦w

± H@\fH�Z�MNYfe(H�e�J`Z@Z¦Y_QKJ�MNY_R�Q�R'TyZ�R�Q?M�J`Z�M�IKH@L�gsR�QKg�R'TygsO�J�\_\fI§R�°�Z@J�gsH�g�t¡J`g�p`LbH�J'Mb\_a�Z�R`Q�MNLbY o2n MNH�X�MNR
MNtuH�p`\_R o J'\�H@L�J`X?Y[Z@J'MbY_R�Q�R'TSMNt2Y[g)X?LNH�J�X?H�X�X?Y[gsH�J�gsH(w�¤�M��{Y_\f\ o H�H@°�I2\_R�LNH�X��{t2H@MNtuH@L�MNtuY�g�giMNLhJ�MNH@p�a
�{Y_\f\�J'\�giR o Hmg n Y_M�J o \fH�T0R`L{R�MNt2H L�Y_Q�T0H�Z�MNYfR`QKg�T0R`LS�{t2Y�Zht5H@L�J`X?Y[Z@J'MbY_R`QPI2LNR�p`LhJ�O5O5H�g�J�LNH)H@Q�e?Y[gNJ'p�H�X¨w
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¤�Q?T0H�Z�MbY_R n g{X?Y�giH�J`giH�g�LbH@O�J'YfQ5R`QuH�R'T�Mbt2HmO�J ´NR`L�I n2o \fY�Z�t2H�J�\_MNtªZ¥t¡J'\_\fH@Q2p�H�g�Y_Q�MNt2Hµ}?¶@giM)Z�H@Q�M n LNa(w
· Q�MNt2H�Y_QKX?Yfe?Y[X n J�\¨\_H e(H@\KMNt2H�X?a�QKJ'OPY�Z@g�R'T�Mbt2H)Y_O5O n QuH�gia2giMNH@O*Iu\�J@a2g{J�e�Y_MhJ�\¨LbR`\_H�J�QKXWJ�M�Mbt2H
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IKR`I n \�J'MbY_R�Q.\fH@e(H@\uZ�R`OPI2\_H@°�Z�R�Q?M�J`Z�MSIKJ'MbMNH@LbQKgkt¡J;e(H�MNR o H)Z�R`Q¡gsY�X�H@LNH�X�wFqrH��{Yf\_\�gst2R��CMbtKJ'MS��H@\f\�z
Y_Q�MNH QKX?H�X�YfQ?MbH@LNe(H Q?MbY_R`Q¡gkZ J'QW\fH�J`X5MbR�J`gsMbR`Q2Y[gst2YfQ2p�J�QKX�gsR`OPH@MNYfO5H�g�Z�R n Q?MbH@LszvY_Q�M n YfMNYfe(H{LNH�g n \_M�g�w
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£ \fMNt2R n p`t�L n2o H@\_\[J n g n J'\f\_a�Y[gmJ.OPY_\�X�X�Y�gsH;J`gsH�cFY_Q�T0H�Z�MNYfR`QKg)X n LNY_Qup�MNt2HZ¤KLhgiM�¥.MbR§¦WOPR`Q�MNtKg�R'T
I2LbH@p`QKJ�QKZ�a�Z@J�Q�LbH�g n \_M�YfQ�gsIKR`Q�MhJ�Q2H@R n g{J o R`LbMNY_R�Q�c2giMNYf\_\ o Y_LNMbt�c�J'QKX�Z�R`Qup`H@Q2YfMhJ�\§L n2o H@\_\[J�gsa�QKX?LbR`O5H
¨A© R(R�IKH@L5¶�ª�«`x&¬hw5�SJ`Z Z�Y_QKJ�MNYfR`QKg�Q2R�M	R�Q2\_a�IuLNH@e(H@Q�M�X?Y�giH�J`giH o2n MmJ�\�giR.YfQ?T0H�Z�MbY_R�QrJ'QKX¨c"MNt2H LNH�T0R�LNH(c
LNH;X n Z�H�MNt2HµJ o Yf\_Y_Mia5R�TSMNt2H�Y_Q?T0H�Z¦MNY_R�QWMbR5giI2LNH�J�XWY_QrJ�IKR`I n \[J'MbY_R`Q^w £ g�J5Z�R�QKgsH;� n H QKZ�H(c2Q2R�Q?e�J�Z¥z
Z�YfQKJ'MbH�X5Y_QKX?Yfe?Y[X n J�\�g�MNH@Q¡X©MbR o H)R`\[X?H@L{�{t2H Q.Mbt2H@a o H�Z�R`OPH�Y_Q?T0H;Z�MNH�X�wF�SJ`Z@Z¦Y_QKJ�MNY_R�QKg�c�MNt2H LNH�T0R�LNH(c
I2LbR`MNH;Z�M�MNtuR(gsH��{t2R�tKJ@e(H�g n Z@Z�H;gNg T n \_\_a o H@H@Qre�J`Z@Z¦Y_QKJ�MNH�X¨c o2n M)Mbt2H@a�J�\�giR.YfQKZ�LbH�J`giHmMNtuH�J;e(H LhJ'p�H
J'p�H�J'M�Y_Q?T0H;Z�MNYfR`Q ¨ J�QKXWMNt2H LNH o a5MNtuHmLNY[g � R'TVY_Q?T0H�Z¦MNY_R�Q�X n LNYfQ2p�I2LNH@p�QKJ'Q¡Z�a­¬ST0R`L�MNt2R�gsH��{t2R5�SH@LNH
Q2R�M�e�J`Z Z�Y_QKJ�MNH�X5R�L{��H@LbH n QKg n Z Z�H�gNg�T n \_\fa�e�J�Z@Z�Y_Q¡J'MNH;X ¨ ��X?O n QKX2gW®n¯@°�±,²�}�~`~�~?c�³ QuR'°ª¶�ª�«�~.¬�w

¤�QWR n L�O5R�X�H@\�c2�SHmJ�gNg n O5H)MNtKJ�M�Y_Q¡X?Y_e�Y�X n J'\�g{J�LNH�e`J�Z@Z�YfQKJ'MbH�X�gst2R�LNMN\fa�J;T0MNH L o YfLNMbt�J'Q¡X.MNt¡J'M
ª`xZ´ R�T�e�J`Z Z�Y_QKJ�MNYfR`QKgSJ'LNH g n Z@Z¦H�gNg�T n \�w�j+R�H@e�J'\ n J'MNH�MNtuH�H���H�Z¦MkR�T"L n2o H@\f\�J)e`J�Z@Z�YfQKJ'MbY_R`Q¡g�c(��H�J'\[gsR
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O�J � H�MNtuH�giY_O5I2\fY�T0a�Y�Q2p�J�gNg n O5I2MbY_R`Q^c`MNtKJ�M�Mbt2H{I2LNR o J o Y_\_YfMiamR'T o H@Y_Q2p)I2LbH@p`Q¡J'Q�M�Z J'Q o H�X?H�gbZ�LNY o H�X
o a.Mbt2H�X�H@QKgsYfMia.R�TyJ�Q2R`LbO�J'\�X?Y[gsMNLbY o2n MNY_R�QW�{YfMNt�J�O5H�J'Q�R'Ty}���a(H�J'L�g�J�QKX�gsM�J'QKX2J�LhXrX?H@e�Y�J�MNY_R�Q
R'TN¥�a(H�J�Lhg ¨ Y_H ª�x ´ R�T�I2LbH@p`Q¡J'QKZ�YfH�g�R�Z@Z n L o H@Mi��H@H QC}`~¯J�QKX*¥�}�a(H�J'L�g%R�T�J'p�H�¬hw �FYfp n LbH�¶
gstuR'��g�Mbt2H�LbH@\�J�MNYfe(H	LbY�g � g�R'TSL n2o H@\_\[J;z Z@J n giH�X�H@O o LNa(R`I¡J'MNt�a�T0R�L	e�J�Z@Z�Y_Q¡J'MNH;X�J'QKX n Q�e`J�Z@Z�YfQKJ'MbH�X
Y_Q¡X?Y_e�Y�X n J'\�g)J�QKX¯J.��H Y_p`t�MNH;X£IKR`I n \�J�MNY_R�QCJ@e(H@L�J'p`H�wWj�t2HPLNY�g � o H�T0R�LNH5e�J�Z@Z�Y_Q¡J'MNYfR`Q��yJ`g�gsH@M�MNR
¶@~�~�´*T0R`LµZ�R`O5I¡J'LNY[gsR�Q�w5j�t2HPLNH@\[J'MNYfe(HmLbY�g � R�T n Q�e`J�Z@Z�YfQKJ'MbH�X£YfQKX?Yfe?Y[X n J'\[g�Y_QKZ�LbH�J`giH�g��{Y_Mbt�Mbt2H
e�J`Z@Z¦Y_QKJ�MNY_R�Q5Z¦R'e(H LhJ'p�H�J�QKX�LbH�J`Zht2H�g�J)O�J'°�Y_O n O R�T"O5R`LbH{MNtKJ�QW¶�«`~ ´&�{t2H Q5J o R n M�x`~)MNR��`~ ´
R'TVMNt2H)IKR`I n \�J'MbY_R�Q�J'LbH)e`J�Z@Z�YfQKJ'MbH�X¨w���e(H@Q5Mbt2H)I§R�I n \[J'MNYfR`QrJ@e(H@L�J'p`H�Y_QKZ�LbH�J`giH�g n I�MNR�¶`¶ ~S´ T0R�L
\_R�� e�J`Z Z�Y_QKJ�MNYfR`Q¯Z�R�e(H@L�J'p�H(w · Q2\_arY�T�OPR`LNH�MNt¡J'Q%¦���´ R'T�MNt2HPQ2H@� o R`LbQ YfQKX?Yfe?Y[X n J'\[g o H;Z�R`O5H
e�J`Z@Z¦Y_QKJ�MNH�X¨c�MNt2H�t2H@LhXWYfO5O n Q2Y�Mia�YfQ?T0H@LNLbH�X o a�e�J`Z@Z�YfQKJ'MbY_R�Q�R n Miz��SH@Y_p�t?M�g�MNt2H�XuJ'O�J�p`Y_Qup5H���H�Z�M�g
R'T�Mbt2HWYfQKZ�LNH;J`gsH;X Y_Q�T0H�Z�MNYfR`Q®J'p�H(c�J'QKXCMNtuHWH@°�IKH�Z�MNH;X�Q n O o H@L�R'T�H@O o LNa(R�IKJ'Mbt?a Z@J�gsH�g�YfQ Mbt2H
IKR`I n \�J'MbY_R�QrX?LNR�IKg o H@\fR�� Mbt2HmI2LbH�zve`J�Z@Z�YfQKJ'MbY_R`Q�e�J'\ n H(wSj+L�J'QKgiO5Y�gbgsYfR`Q�Z�H�J�gsH�g�J'QKX�Q2RPZ@J`giH�g �{Yf\_\
R�Z@Z n L�J'OPR`Q2p�e�J`Z@Z¦Y_QKJ�MNH�XrJ'QKX n Q?e�J�Z@Z�Y_Q¡J'MNH;X£YfQKX?Y_e�Y�X n J'\[g	J�\_Y � H(c¨Y�TyMNt2H�e�J`Z@Z¦Y_QKJ�MNY_R�Q¯Z�R�e(H@L�J'p`H
Y_Q¡Z�LNH�J�gsH�g{J o R'e(HKª�~ ´Pw

«�R`M)R�Q2\_a�Y_Q?TvJ�Q?M�g oun M)J'\[gsRµ´ n e(H@Q2Yf\_H�g{J�QKX£�SR`O5H QrZ@J'Q o H�e`J�Z@Z�YfQKJ'MbH�X�gsH@\fH�Z�MbY_e(H@\fa�J'p�J'Y_Q¡gsM
L nuo H \_\�J�w�¤ T�R�Q2\_aPp`Y_Lb\�g o H�T0R`LbH	I n IKH@LNMia�R`L���R�O5H@Q�J@T0MNH@L�MNt2H Y_LE¤KL�gsM�I2LNH@p�QKJ'Q¡Z�a�J'LNH�e�J`Z@Z�YfQKJ'MbH�X¨c
MNtuH@a�Z@J�Q o H�I2LNR�MNH�Z¦MNH�X�J�p(J'YfQKgsM�L n2o H@\f\�J��{YfMNt2R n M�Z�R`Q�MNLbY o2n MNY_Qup.O n Zht�MNR�t2H@L�X£YfO5O n Q2YfMsa�w)¤�Q
MNt¡J'M�Z J`gsH�c+Mbt2H�Y_Q?T0H�Z¦MNY_R�QrZ@J'Q�gsI2LbH�J`XWT0LNH@H \_aWMbt2LNR n p`t MNt2H�IKR`I n \[J'MbY_R`Q®J�QKX£OPR(gsM)�SR`O5H@Q��{Yf\_\
H@Q�´NR�a�QKJ'M n LhJ�\�R`L)e�J`Z Z�Y_Q2H�Z¦R`Q?T0H@LbLNH�X�Y_OPO n Q2Y_Mva(c o2n M)MNtuR(gsH�T0H@� �SR`O5H@Q��{t2RWH;gNZ@J�I§H;X£H�J�LN\fY_H@L
Y_Q�T0H�Z�MNYfR`Q J'QKX�LbH�T n gsH;X£e�J`Z Z�Y_QKJ�MNYfR`Q¯J�LNH n Q¡X?H@LmO n Zht�t2Y_p�t2H@L�LNY�g � R'T J`Z@� n YfLNY_Qup.Mbt2H5YfQ?T0H�Z�MbY_R`Q
X n LbY_Q2p�IuLNH@p�QKJ'QKZ¦a(w

j�t2H�giH�LNH;g n \fMhg"J'LNHyZ�R`Q9¤KLNO5H;X o a)J�LbH�Z�H@Q�M�LNH e?YfH@��R�QmMbt2H�H@IuY�X?H@OPY_R`\fR`p�a�R�TKL n2o H@\f\�J{Y_Q���LbH@H�Z�H
¨�� J'QKJ�p`Y_R�MNR�I§R n \_R�g�®n¯V°�±,²�¶�ª�ª�ª&¬hc��{t2H@LbH�e�J`Z Z�Y_QKJ�MNYfR`Q Z�R�e(H@LhJ�p`H��{J`g)\_R���H L	MbtKJ'Q�x`~�´ o H�T0R`LbH
¶�ª�ª`~�w © R`QKZ¦R`O5O5YfMNM�J'Q�M�MNR�L n2o H@\_\[J	e�J`Z@Z¦Y_QKJ�MNY_R�Q�c?Mbt2H)g n gNZ�H I2MNY o \_H�T0L�J`Z�MbY_R�Q5R'T�I2LNH p`QKJ�Q?M{�SR`O5H@Q
Y_Q¡Z�LNH�J�gsH�X�T0LbR`O ¶@}B´ Y_Q�Mbt2HmH�J�LN\fa�gsH@e(H Q?MbY_H�g�MNRz¥��B´ Y_Q�MNt2H)H�J�LN\_aPQ2Y_Q2H MNY_H;g�c2J�QKX.Mbt2HmIKH�J � R'T
MNtuH�J'p�H�X?Y[gsMbLNY oun MNYfR`Q�R'T�QuR`MNY�¤KH�X�L n2o H@\f\�J�Z@J`giH�g�git2Y�T0MbH�X�T0LNR�O Mbt2H�J'p�H�ziZ¦\�J`gbg�R'Tkx%MbRBª�a(H�J'L�R`\[X
Zht2Y_\[X?LNH@Q ¨ YfQ�¶�ª�«��&¬�MNR�MNt¡J'M{R'TS¶ xmMNR�¶�ªma(H�J'LSR`\�X�´ n e(H@Q2Yf\_H�g ¨ YfQ�¶�ª�ª�¥&¬��{Y_MNt�O5R�LNH�MNtKJ�Q�}`xB´&R'T
Z@J�gsH�g o H@Y_Qup	R�e(H@LS}�~ a(H;J'Lhg�R�T"J'p�H(w�¤�QW¶�ª�ª�¥?c2J)L n2o H@\f\�J�H@I2Y[X?H@O5Y[Z�R�Z@Z n LbLNH�X�Y_Q5��LNH H�Z�H{�{t2Y[Z¥t�\fH�X
MNR�J5LNH;Z�R`L�XWY_QKZ�Y[X?H@QKZ¦HmR'T }`x�gsH LNR`\fR`p�Y�Z@J�\_\_aªZ�R`Q9¤KLNO5H;XWZ@J�gsH�g�R'T Z�R`Qup`H@Q2YfMhJ�\kL n2o H@\_\[J5gsa�QKX?LbR`O5H
¨ }�¦2w��©IKH@Lµ¶@~`~�c�~�~`~.\fY�T0H o Y_LbMNtKg#¬{�{t2Y�ZhtWH °2Z�H H�X?H�X5MNtuH�MNR`M�J'\�R'TyJ�\_\�Q2R�MNY�¤KH�XWZ J`gsH;g�T0LbR`O ¶�ª`x�~5MNR
¶�ª�ª`}�w

� � #)
k� ����#Z¢®#%��$ ¢ �.�y# ¢®�'� � �����'�+#	
��@��� $�#��W�

± R�ziZ@J�\_\fH�X	QKJ�MNYfR`QKJ�\§YfO5O n Q2Y[gNJ�MNY_R�Q)X2J@aug�Z�R`Q�MNLbY o2n MNH�X)p`LNH;J'MN\famMbR�MNt2HSH@\_YfO5Y_Q¡J'MNYfR`Q)R'T�IKR`\fY_R�O�a(H@\fY�z
MNY[g¨Y_Q)O�J�Q?a�MNLbR`I2Y[Z@J'\�Z�R n Q�MNLNYfH�g ¨;© G © }�~`~?¶�¬hw · Q)MNt2H;gsH�Y_O5O n Q2Y[gNJ�MNY_R�Q�XuJ;aug�c�J�\_\�Zht2Y_\[X?LNH Q n QKX?H L
¤Ke(H{a(H�J�Lhg�R'T+J'p�H�J�LNH�R'��H@LNH;X�J�MNMNH Q n J�MNH�X�IKR`\fY_R)e?YfL n g�e�J`Z Z�Y_Q2H ¨ · � �K¬hc`YfLNLNH;gsIKH�Z�MbY_e(H�R�T�I2LbH@e�Y_R n g
e�J`Z@Z¦Y_QKJ�MNY_R�QKg�w © tuY_\�X�LNH@Q5�{tuR���H@LbH�g n Z@Z�H�gbg T n \f\_a�e�J`Z Z�Y_QKJ�MNH�X��{Y_MNt · � � o H�Z¦R`O5H�Y_Q?T0H;Z�MNH�X��{Y_Mbt

¥



0

20

40

60

80

100

15 20 25 30 35

P
er

ce
nt

ag
e 

of
 s

im
ul

at
io

ns

Annual vaccination coverage [%]

Persistence of wild polio virus infection

local vaccination days
national vaccination days

�FYfp n LbHm}9���L�,�������&��"!/K	�
 < 5�� "�5 < �6�I$§)��L�6� �T��� �����V�7�!���4"!
#� �-� )��+�,�!� �Y
;�E���9�X	4
�� ��	��Y
@
;�&�V/0��	��,��� ���Y
;��	�$
�C�G� =]=K�&��� �n	�

� ���P$&	!/���	4
}
!5��@(9� ���&�V	&�&�&��	+�."!�����+�J	�(��9_�13$&	4��5���$ �6� ���98���	�
#� �-��	����7=K=]�&��� �#	�
#� �-�V$&	!/���?
$���
;
;��$B��� ���98�� �9"�	�� � =]=K�&��� �n	4
#� ���Z$&	0/��!^
`ba�c#a�dZe�fYe�cEg�a�h,i-e�j
kXl#mYo\p q@r7s#t#r7u�vCwFq;x�p uCy�y0w0{El#s#r�|��F���,u�r+� p�� vVt#u�� p u@�#p�rUwYoXm!yFv��E�Uu�r&�nmYq;qYp�yFsE�np�r,wFoA��o\p�{Ew0� mYxJsAv
t#u�t!w0� mYx�p u�yEo�x�r,wFq;x�w!r s	�
���
�F�!���6�0�!�
���F�����Y���6�0�!�
���F�!���
���6�0�!����r7u#��p�yY�DmYx �@��t#s#r-�AsFm#r,�9� p �,sGs���tnsAq;x�m!yFq;��|��!�
�;sFm
r7o;���'w0r7x��Fs#r tnm
r m!{�s;xJs#rL�nm!�IwYs;oXo's;s�� t0t#s#yYv�p ���

MNtuH�e�J`Z@Z¦Y_Q2H�e�Y_L n g ¨ �{t2Y[Z¥tµZ@J'Q o HygsI2LbH�J`X)MNR)Z¦R`Q�MhJ`Z¦MFIKH@L�gsR`Q¡g
¬"J�QKX ¤KQ¡J'\_\fa�J`Z@� n Y_LbHSJ IKH@LbO�J'Q2H Q?M
J'Q¡X£T n \_\�I2LNR�MNH�Z�MbY_R�Q�J�p(J'YfQKgsM�Y_Q?T0H;Z�MNYfR`Q J'QKXrX?Y�giH�J`giH ¨�� H@Q2Lba�®#¯P°�±,²W¶�ª�� �.¬hw�qrH�H@e�J�\ n J�MNH�MNt2Y[g
gsMbLhJ�MNH@p�a.�{YfMNtªgsMNR�ZhtKJ�gsMNY[ZmZ�R�O5I n MbH@L�OPR�X?H@\�g�MbtKJ'M�Z�R�QKgsY[X?H@L�MNtKJ�M�Mbt2Hme�J`Z Z�Y_Q2H)e�Y_L n g{Z@J n gsH�g�J'Q
Y_Q�T0H�Z�MNYfR`Q5R�T�MNtuH	e�J�Z@Z�Y_Q¡J'MNH;X.Zht2Yf\�X5J�QKX.Y[g{J o \fH	MbR�gsI2LbH�J`X�MNRPZ�R`Q�MhJ�Z�M{IKH@LhgiR`QKg¦w{j�t2H�gsYfO n \�J'MbH�X
IKR`I n \�J'MbY_R�Q.YfQ2Y_MbY�J�\_\_aµZ�R`Q¡gsY�giMhg�R�T"R`Q2H)O�J@´NR�LSZ�Y_Mia�R'TS¶ ~`~�c�~`~�~%YfQ2tKJ o Y_M�J'Q�Mhg�c�MNH@QPMNR��{QKg�R'TS¶ ~?c�~`~`~
Y_QutKJ o YfMhJ�Q?M�gmH�J`Zht�c�¶ ~`~�e?Yf\_\[J'p`H;g	R'Tµ¶`c�~`~�~£YfQ2tKJ o Y_MhJ�Q?M�g	H�J�Z¥t®J�QKXC¶`c�~�~`~�giO�J'\f\�giH@MNMb\_H@OPH@Q?M�g�R'T
¶@~�~WY_Q2t¡J o YfMhJ'Q�Mhg�H�J�Z¥t ¨ YfH�J.MbR`MhJ�\�R�TD¦(~`~�c�~�~`~WY_Q¡X?Y_e�Y�X n J'\�g#¬�J'Q¡X�p`LbR'��g�J'MµJ.LhJ�MNH�R'T�} ´ I§H L
a(H�J�L@w���J`Zht�Y_Q¡X?Y_e�Y�X n J'\�tKJ�g�MNt2H�gbJ'O5H�J@e(H@L�J'p`H�Q n O o H@L�R�T�Z�R�Q?M�J`Z�M�g�w £ T0L�J`Z�MbY_R�Q�R�T�Z�R�Q?M�J`Z�M�g
�{t2Y[Z¥t�X�H@IKH@QKX2g�R�Q.Mbt2H)giY_�@H�R�T�Mbt2H)Y_QKX�Y_e�Y�X n J�\�¢�gkg n2o IKR`I n \�J�MNY_R�QWR�Z@Z n Lhg�YfQ5MNt2H)I2\[J`Z�H��{t2H@LNH�t2H
R`L�git2H�\fY_e(H�g�J'Q¡X�MNt2H�LbH@O�J�Y_Q2YfQ2p�Z�R�Q?M�J`Z�M�g	J�LNHPgsIKH@QKXrJ'M)L�J'QKX?R�O �{YfMNtrJ�Q?a�R�MNt2H@L)YfQKX?Y_e�Y�X n J'\
R'T"Mbt2H�LbH@O�J'YfQ2Y_Qup�IKR`I n \[J'MbY_R`Q^w�j�t2H�I§R�I n \[J'MNYfR`Q�Y�g n Q�e`J�Z@Z�YfQKJ'MbH�X5J'Q¡X�Y_Q5H QKX?H@O5Y[ZkH�� n Yf\_Y o LNY n O
J'M{Mbt2H o H@p�Y_Q2Q2YfQ2p�R'T�MNtuHmgiY_O n \�J�MNYfR`QKg¦w £ Q5H���H�Z�MbY_e(H�e`J�Z@Z�YfQKJ'MbY_R`Q�Z�R�e(H@L�J'p�H�\fH�gNg�MbtKJ'Q�¥`x ´ I§H L
a(H�J�L�Z@J n gsH;g�H@°�MNY_Q¡Z�MNYfR`Q�R'TS�{Y_\[X.IKR`\fY_R�e?YfL n g�Y_Q?T0H�Z¦MNY_R�Q��{Y_MNtuY_QWMbH@QWa(H;J'Lhg{Y_Q�MNt2H�e�J�gsM�O�J ´NR`LNYfMia
R'T�MNtuHmgiY_O n \�J�MNYfR`QKg ¨ �"Y_p2wu}��KX2J�gst2H;X©\fY_Q2H�¬hw�¤�MSY�g�\_R�p`Y[gsMNY[Z@J'\f\_a�\fH�gNg{X?H O�J'QKX�Y_Q2p)Y�T�H�J�Z¥t5e�Y_\f\�J�p`H�R`L
MNR��{Q�tKJ�g YfMhg{R��{Q�\_R�Z@J�\FYfO5O n Q2Y[gNJ'MbY_R�Q�X2J@a ¨ �{t2Y[Z¥t�Y�g{LNH I§H;J'MNH;X�J'Q2Q n J'\f\_a�¬�Y_QKgiMNH�J�X.R�T�t¡J;e�Y_Qup

¦



0

20

40

60

80

100

50 55 60 65 70 75 80 85 90 95 100

P
ro

ba
bi

lit
y 

[%
]
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Theoretical probabilities

sec. infection(s) (measles)
major epidemic (measles)

sec. infection(s) (smallpox)
major epidemic (smallpox)
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Effective vaccination coverage [%]

Theoretical probabilities

OPV
IPV
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I2LbR`MNH;Z�MNYfR`Q�J�p(J�Y_QKgiM	YfQ?T0H�Z�MbY_R�QWJ�QKX�X?Y[gsH�J�gsH(cK��H�tKJ@e(HmMNR©X?Y�giMNY_Qup n Y[gstWMi�SR5Z�R�O5I2\fH@MNH@\fa5X�Y���H@LNH Q?M
Mia?IKH�g�R�T�e�J`Z@Z¦Y_Q2H{YfQ�Mbt2H�Z@J`giH�R�T�IKR`\fY_R�e?YfL n gFMbLhJ�QKgsO5Y[gNgiY_R`Q � ¨ ¶�¬�Z¥t2Yf\�X?LbH@Qm�{tuRm��H LNH�g n Z@Z�H�gbg T n \f\_a
e�J`Z@Z¦Y_QKJ�MNH�X��{Y_Mbt�Mbt2H�R�LhJ�\¨IKR`\fY_Rme�J�Z@Z�Y_QuH ¨ · � �]¬ o H;Z�R`O5H{YfQ?T0H�Z�MbH�Xm�{Y_Mbt�Mbt2H�e`J�Z@Z�YfQ2H�e�Y_L n g�c�Z@J�Q
gsIuLNH�J�XWY_M�MNR�Z�R�Q?M�J`Z�M�I§H LhgsR�QKg�J�QKXS¤KQKJ�\_\_aªJ`Z@� n YfLNH�J�IKH@LNO©J'Q2H@Q�M�J'Q¡XªT n \f\�I2LNR�MNH�Z¦MNY_R�QrJ'p�J'Y_Q¡gsM
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R`QuHm��H H � J;T0MbH@L�MNt2HV¤KLhgiM�R`QKgiH@M�R'TyZ�\_YfQ2Y�Z J'\�gia?OPI2MNR�O�g ¨ �FY_puwKx?c�X2J�gst2H;X.\_YfQ2H�¬�w{j�t2Y�g�Z@J�\_\�g�T0R`L�J
\_H;gNg�\_R�Z J'\_Yf�@H�X5e�J`Z@Z¦Y_QKJ�MNY_R�Q�Z@J'O5I¡J'Y_p�Q�Y_Q�LNH�giIKR`QKgiH�MNR�H@O5H@Lbp`Y_QupmO5H�J�gs\fH�g�Z@J�gsH�g¦w 
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Y_Q¡Z�R`LbI§R�LhJ�MNH�X¯MNt2H�LNY[g � R�T�R�Q2H�Z¦\_Y_QuY�Z@J�\�Z J`gsH�IKH@LP}`~�~£YfQ?T0H�Z�MbY_R`Q¡g
¬hw�� H Y_Q�MNLNR�X n Z�H�X��{Y_\[X�IKR`\fY_R
e�Y_L n gFY_Q?T0H;Z�MNYfR`QmT0LNH;� n H Q?Mb\_a�Z@J n gsH�g�O�J@´NR�LFH I2Y�X?H O5Y�Z@g¨Y�T�MNt2H�¤ � �Ce�J�Z@Z�Y_Q¡J'MNYfR`Q�Z�R�e(H@L�J'p�H{Y�g o H@\_R��
«`x��9ª�x�´ R`LmY�TSMNt2H5H¦�¨H;Z�MNYfe(H · � �*Z�R�e(H@L�J'p�H�Y�g o H@\_R���x`x�� ��x�´5c�LNH;gsIKH�Z�MbY_e(H@\fa ¨ �FY_puw ¦L¬�w · Q2H
��H H � J;T0MNH LFMbt2H�¤KL�gsM�I¡J'LhJ�\_a�MNY[Z�Z@J�gsH�R�Z Z n Lhg"Y_Q�R`QuH�R'T�Mbt2H{giH@MNMb\_H@O5H Q?M�g�c@IKR`\fY_R�e?YfL n gFYfQ?T0H�Z�MbY_R�Q	t¡J`g
O5R�gsM{T0LNH�� n H@Q�MN\fa5giI2LNH�J�XWMNR�J�O n \fMNYfM n X?H�R'Tyg n LbLNR n QKX?YfQ2p5e�Y_\_\[J'p�H�g�J�QKXWMNR��{QKg ¨ �FYfp2w�x?c�X?R�MNMbH�X
J'Q¡XPT n \_\K\_YfQ2H�¬hw"qCt2R`\fH�LbH@p`YfR`QKg ¨ LhJ�MNt2H@LSMNtKJ�Q�J	\_YfO5Y_MbH�X	p�LNR n I�R'T"Y_Q¡X?Y_e�Y�X n J'\�g#¬"Q2H@H�X¨c�MNt2H LNH�T0R�LNH(c
o H)e`J�Z@Z�YfQKJ'MbH�X5MNRPJ'I2I2LbR`I2LbY�J�MNH@\fa5LNH�giIKR`QKX�MNR�LNH�zvH@O5H@Lbp`YfQ2p)I§R�\_YfR5Z@J�gsH�g¦w
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± O�J�\_\fI§R�°5MbLhJ�QKgsO5Y[gNgiY_R`Q��yJ`g�g n Z@Z�H;gNg T n \_\_aPY_Q�MNH@LbL n I2MbH�X.YfQ¯¶�ª(|�« o a�LbY_Q2p5e�J�Z@Z�Y_Q¡J'MNYfR`Q�c�Y�w�H�w2MhJ'Liz
p`H MNH�X�e�J�Z@Z�Y_Q¡J'MNYfR`Q J'O5R�Q2p�J�Z�M n J'\{J�QKX�IKR`MbH@Q�MNY�J�\{Z�R�Q?M�J`Z�M�g	R�T�Z@J`giH�g�w�j�t2Y�g)t2Y_p�t2\_arg n Z@Z�H;gNg T n \
e�J`Z@Z¦Y_QKJ�MNY_R�Q�J'I2IuLNR(J�Z¥t��{J�g�Q2R`M�J�X?R`IuMNH�X�J`g�J�LNH�g n \_M"R'T+Z@J'LbH�T n \�I2\�J�Q2Q2YfQ2p2c(\_H M�J�\_R`QuH�O�J�MNt2H O�J'Miz
Y�Z J'\¨LbH�J`giR`Q2YfQ2p2wS¤�M{�{J�g n giH�X�J`g�J'Q�H@O5H@Lbp`H@QKZ¦amO5H�J�g n LbH�R`Q�MNt2H)R�Z@Z J`gsYfR`Q�R'T�e`J�Z@Z�YfQ2H�gst2R�LNMhJ�p`H
X n H�MNRm\fR`p�Y�gsMbY�Z�IuLNR o \_H@O�g¦w ± RmTvJ'LSMNt2H�IuLNH@e�J'Yf\_YfQ2p�gsMNL�J'MbH@p`a�tKJ`X o H@H@Q o J`giH�X5R`Q�J�Z¥t2YfH@e�Y_Q2p)t2H@L�X
Y_OPO n Q2Y_Mia(w �¡R�L�Mbt2H�¤KLhgiM{MNY_OPH��SH)gst2R�� Y_Q�MNtuY�gkI¡J'IKH@L{MNt¡J'M�MNt2H�H I2Y�X?H O5Y_R�\_R`p�Y�Z{ZhtKJ'L�J`Z�MbH@LNY[gsMbY�Z@g
R'TkgsO�J�\_\KIKR'°�H@°�I2\[J'Y_QPMNt2Hµg n Z@Z¦H�gNg�R�T�Mbt2Y�g�gsH@\fH�Z�MbY_e(H�J'IuI2LNR�J`ZhtrJ'QKX5Y_Q�e(H�giMNY_p�J'MbH�MNt2H)H���H�Z¦Mhg{Y�T�J
gsYfO5Y_\[J'L�giY_M n J'MbY_R`Q�J�LNY�giH�gk�{YfMNt5LbH�gsIKH�Z¦M�MNR�Mbt2H�R�MNt2H@LSMi��R�Y_Q�T0H�Z�MNYfR n g�X?YfH�gsH;J`gsH;gVT0R`L{�{tuY�Zht�p�\_R o J'\
H@L�J`X?Y[Z@J'MbY_R`Q�Y[g{J`Z�M n J'\f\_a�J�MNMNH O5I2MNH;X ¨ I§R�\_YfRL¬SR`L�Z�R`Q�MNH@OPI2\�J�MNH�X ¨ O5H;J`gs\fH�g
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5�6 g n gbZ�H@I2MbY o \fH�Y_QKX�Y_e�Y�X n J�\�g�Y_Q�g n2o I§R�I n \[J'MNYfR`Q87
9 6;: < Y_QKX?Yfe?Y[X n J�\�gk�{YfMNt�\�J�MNH@Q�M{�{Y_\[X5e?YfL n g�Y_Q?T0H�Z¦MNY_R�Q ¨ gsM�J'p�H>=2?&¶�@A@B@#¥`}&¬�YfQ�g n2o IKR�I n \�J�MNYfR`Q87
C 6;: < �{Y_\�X5e�Y_L n g�Y_Q?T0H;Z�MNYfe(H{Y_QKX?Yfe?Y[X n J�\�g ¨ giMhJ�p`HD=E? ¶�@B@B@#¥�}.¬SY_Q�g nuo IKR`I n \[J'MbY_R`Q87
F 6 MNR`M�J'\"Q n O o H@L�R'TVY_QKX?Yfe?Y[X n J�\�gkYfQ�g n2o IKR�I n \�J�MNYfR`QG7

Y_Q2YfMNY�J�\_\fa�¶ ��¶ ~`~?c�~`~�~?c�¶@~ ��¶@~�c�~`~�~?c�¶ ~`~ ��¶`c�~`~`~�c�¶`c�~`~�~���¶ ~`~5Y_QKX�Y_e�Y�X n J�\�g
H g n Z@Z¦H�gNg�T n \_\fa�e�J`Z Z�Y_QKJ�MNH�X�T0L�J`Z�MbY_R`Q�R�T�Q2H@� o R`LbQWYfQ?TvJ'Q�Mhg
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L I§R�I n \[J'MNYfR`Q�p`LNR��{MbtWLhJ�MNH�? ~?w�~`}�IKH@L{a(H�J'L
M MNLhJ�QKgsYfMNYfR`QWL�J'MbH T0R�L{\�J�MNH@QKZ¦aN? ¥�}OJ�X n LhJ�MNY_R�Q�R'T�\�J�MNH@QKZ¦a
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P MNLhJ�QKgsYfMNYfR`QWL�J'MbH T0R�L{Y_Q?T0H;Z�MNYfe?YfMsa2? ¥`}QJ�X n L�J'MbY_R`Q�R�T�YfQ?T0H�Z�MbY_e�Y_Mia

?&x`x �?w�}�IKH@L{a(H�J'L�T0R�L�gsO�J�\_\fI§R�° �¨¶0¦��`~�w�~�IKH@L�a(H;J'LkT0R�L�OPH�J`gi\_H�g �L¥�«�ª�w7¥�I§H L�a(H�J�LkT0R�L�IKR`\fY_R
R J;e(H LhJ'p�H)Q n O o H@L�R'TSg n ­©Z�Y_H@Q�MN\fa�Z�\_R�gsH�Z�R�Q?M�J`Z�M�g�I§H L{Y_QKX?Yfe?Y[X n J�\¨IKH@L�a(H�J'L

? «9|�w_¶)IKH@L�a(H;J'LkT0R�L�giO�J'\f\_IKR�° �2|4¥`~?w�|�IKH@L{a(H�J�L�T0R`L{O5H�J�gs\fH�g	�K¶!¦ �?w�x�IKH@L{a(H�J'L�T0R�L{IKR`\_YfR
S.T o J`giY�Z�LNH@IuLNR�X n Z¦MNY_R�QWQ n O o H L"? x	T0R�L�giO�J'\f\_IKR�° �K¶ �µT0R�L�O5H;J`gs\fH�g	�K¶ }µT0R�L{I§R�\_YfR
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