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72 ZiWhRXW  WeVWiQg  RU  eQfRUced  TXaUaQWiQe  dePaQdV.  GeQRPic  VXUYeiOOaQce  dePRQVWUaWed  WhaW  a  QeZ  b b b b b b b b b b b b
73 YaUiaQW  (OiQeage  B.1.177   8 ,  20A.EU1  [Qe[WVWUaiQ.RUg])  WhaW  ePeUged  iQ  SSaiQ  iQ  eaUO\  VXPPeU  haV  b b b b b b b b b b b b b b
74 VSUead  WR  PXOWiSOe  ORcaWiRQV  iQ  EXURSe   9 .  WhiOe  WhiV  YaUiaQW  TXicNO\  gUeZ  iQWR  Whe  dRPiQaQW  b b b b b b b b b b b b b b b
75 ciUcXOaWiQg  SARS-CRV-2  VWUaiQ  iQ  diffeUeQW  cRXQWUieV  (e.g.  Whe  UK  aQd  Whe  NeWheUOaQdV)  aQd  b b b b b b b b b b b b b
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77 ZiWh   a   higheU   iQWUiQVic   WUaQVPiVVibiOiW\    9 .  b
7�  b
7� AOWhRXgh  iW  aSSeaUV  cOeaU  WhaW  WUaYeO  had  a  VigQiĆcaQW  iPSacW  RQ  Whe  VecRQd  ZaYe  iQ  EXURSe,  iW  b b b b b b b b b b b b b b b b b
�0 UePaiQV  chaOOeQgiQg  WR  aVVeVV  hRZ  iW  Pa\  haYe  UeVWUXcWXUed  aQd  UeigQiWed  Whe  eSidePic  iQ  Whe  b b b b b b b b b b b b b b b
�1 diffeUeQW  EXURSeaQ  cRXQWUieV.  EYeQ  ZiWhRXW  UeVXPiQg  WUaYeO,  UeOa[iQg  cRQWaiQPeQW  PeaVXUeV  ZheQ  b b b b b b b b b b b
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�5 VSUead  Rf  B1.177/20A.EU1  haV  iPSacWed  Whe  geQeWic  PaNe-XS  Rf  SARS-CRV-2  iQ  EXURSeaQ  b b b b b b b b b b b b
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�7 iPSRUWaQce  Rf  SeUViVWeQce  YeUVXV  Whe  iQWURdXcWiRQ  Rf  QeZ  OiQeageV,  bXW  VXch  aQaO\VeV  aUe  b b b b b b b b b b b b b
�� cRPSOicaWed  fRU  SARS-CRV-2  fRU  diffeUeQW  UeaVRQV.  Ph\ORgeQeWic  UecRQVWUXcWiRQV  Pa\  be  SRRUO\  b b b b b b b b b b b
�� UeVROYed  dXe  WR  Whe  UeOaWiYeO\  OiPiWed  VXbVWiWXWiRQV  accXPXOaWiQg  iQ  SARS-CRV-2  RYeU  WiPe.  ThiV  iV  b b b b b b b b b b b b b b

�0 fXUWheU  cRQfRXQded  b\  Whe  degUee  Rf  Pi[iQg  WhaW  caQ  be  e[SecWed  fURP  XQUeVWUicWed  WUaYeO  SUiRU  WR  b b b b b b b b b b b b b b b b
�1 Whe  ORcNdRZQV  iQ  VSUiQg  2020.  HeUe,  Ze  SeUfRUP  a  Sh\ORd\QaPic  aQaO\ViV  WR  eYaOXaWe  Whe  UeOaWiYe  b b b b b b b b b b b b b b b



�2 iPSRUWaQce  Rf  SeUViVWeQce  YeUVXV  QeZ  iQWURdXcWiRQV  iQ  caXViQg  Whe  UeVXUgeQce  iQ  diffeUeQW  b b b b b b b b b b b b
�3 EXURSeaQ  cRXQWUieV.  TR  Pa[iPi]e  Whe  UeVROXWiRQ  Rf  RXU  UecRQVWUXcWiRQV,  Ze  iQcRUSRUaWe  b b b b b b b b b b b

�4 eSidePiRORgicaO  daWa  aQd  PeaVXUeV  Rf  hXPaQ  PRbiOiW\  acURVV  cRXQWUieV.  UViQg  WhiV  aSSURach,  Ze  b b b b b b b b b b b b b
�5 XQcRYeU  Whe  degUee  WR  Zhich  iQWURdXcWiRQV  RYeU  Whe  VXPPeU  SeUiRd  diffeUeQWiaOO\  cRQWUibXWed  WR  b b b b b b b b b b b b b
�6 Whe   VecRQd   ZaYe   iQ   YaUiRXV   EXURSeaQ   cRXQWUieV.   
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�� Results  b

�� MobiliW\   daWa   pUedicWV   ph\logeogUaphic   paWWeUnV   of   SARS-CoV-2   VpUead  b

100 We  aQaO\]ed  SARS-CRV-2  B.1  (20A)  geQRPeV  fURP  10  EXURSeaQ  cRXQWUieV  fRU  Zhich  a  PiQiPaO  b b b b b b b b b b b b b b

101 QXPbeU  Rf  geQRPeV  fURP  Whe  VecRQd  ZaYe  ZeUe  aOUead\  aYaiOabOe  RQ  NRYePbeU  3Ud,  2020.  B\  b b b b b b b b b b b b b b b
102 VXbVaPSOiQg  UeOaWiYe  WR  WRWaO  caVe  cRXQWV,  Ze  ĆUVW  cRPSiOed  a  daWa  VeW  Rf  cORVe  WR  3,000  geQRPeV  b b b b b b b b b b b b b b b b b
103 VaPSOed  XS  WR  OcWRbeU  20Wh,  2020,  aQd  VXbVeTXeQWO\  XSdaWed  WhiV  daWa  VeW  RQ  JaQXaU\  5Wh,  2021,  b b b b b b b b b b b b b b b b
104 WR  cORVe  WR  4,000  geQRPeV  VaPSOed  XS  WR  OcWRbeU  30Wh,  2020  (cfU.  MeWhRdV,  E[WeQded  DaWa  TabOe  b b b b b b b b b b b b b b b b

105 1).  DXe  WR  UeOaWiYeO\  ORZ  VeTXeQce  diYeUViW\,  Sh\ORgeQeWic  UecRQVWUXcWiRQV  Rf  SARS-CRV-2  Pa\  be  b b b b b b b b b b b b b
106 SRRUO\  UeVROYed   10 .  IQ  RUdeU  WR  achieYe  Pa[iPXP  UeVROXWiRQ,  Ze  cRQVWUXcWed  a  Ba\eViaQ  b b b b b b b b b b b b b
107 WiPe-PeaVXUed  Sh\ORgeRgUaShic  PRdeO  WhaW  iQWegUaWeV  PRbiOiW\  aQd  eSidePiRORgicaO  daWa.  UViQg  b b b b b b b b b b
10� WhiV  PRdeO,  Ze  ĆUVW  WeVWed  WR  ZhaW  e[WeQW  YiUaO  ćRZ  acURVV  cRXQWUieV  caQ  be  SUedicWed  b\  PRbiOiW\  b b b b b b b b b b b b b b b b b

10� RU  cRQQecWiYiW\  PeaVXUeV.  SSeciĆcaOO\,  Ze  cRQVideUed  iQWeUQaWiRQaO  aiU  WUaQVSRUWaWiRQ  daWa,  Whe  b b b b b b b b b b b
110 GRRgOe  COVID-19  AggUegaWed  MRbiOiW\  ReVeaUch  DaWaVeW  (aOVR  UefeUUed  WR  heUe  aV  çPRbiOiW\  daWaè  b b b b b b b b b b b b b
111 fRU  VhRUW),  aV  ZeOO  aV  FacebRRN'V  SRciaO  CRQQecWedQeVV  IQde[  (SCI),  aV  cRYaUiaWeV  Rf  b b b b b b b b b b b b b
112 Sh\ORgeRgUaShic  VSUead  (E[WeQded  daWa  FigXUe  1).  The  GRRgOe  PRbiOiW\  daWa  cRQWaiQV  aQRQ\Pi]ed  b b b b b b b b b b b b

113 PRbiOiW\  ćRZV  aggUegaWed  RYeU  XVeUV  ZhR  haYe  WXUQed  RQ  Whe  LRcaWiRQ  HiVWRU\  VeWWiQg,  Zhich  iV  Rff  b b b b b b b b b b b b b b b b
114 b\  defaXOW  (cfU.  MeWhRdV).  The  SRciaO  CRQQecWedQeVV  IQde[  UećecWV  Whe  VWUXcWXUe  Rf  VRciaO  QeWZRUNV  b b b b b b b b b b b b b b
115 aQd  haV  beeQ  VXggeVWed  WR  cRUUeOaWe  ZiWh  Whe  geRgUaShic  VSUead  Rf  COVID-19   11 .  TR  heOS  iQfRUP  b b b b b b b b b b b b b b b b
116 Whe  Sh\ORgeQeWic  cRaOeVceQW  WiPe  diVWUibXWiRQ,  Ze  SaUaPeWeUi]ed  Whe  YiUaO  SRSXOaWiRQ  Vi]e  b b b b b b b b b b b
117 WUaMecWRUieV   WhURXgh   WiPe   aV   a   fXQcWiRQ   Rf   iQcideQce   daWa   fRU   Whe   10   cRXQWUieV   XQdeU   iQYeVWigaWiRQ.   bb

11�   

11�   

120 Table  1.   Parameter  estimates  for  the  various  Bayesian  time-measured  phylogeographic  models  applied  to    b                      
121 the  3,959  genome  data  set.  The  cRaOeVceQW  geQeUaOi]ed  OiQeaU  PRdeO  (GLM)  SaUaPeWeUi]eV  bi-ZeeNO\          b b b b b b b b b
122 effecWiYe  SRSXOaWiRQ  Vi]eV  aV  a  ORg-OiQeaU  fXQcWiRQ  Rf  COVID-19  iQcideQce  daWa,  ZiWh  ⍺  aQd  β  UeSUeVeQWiQg  Whe  b b b b b b b b b b b b b b b b b

123 ORg  iQWeUceSW  aQd  ORg  UegUeVViRQ  cRefĆcieQW.  IQ  Whe  WiPe-iQhRPRgeQeRXV  VSaWiaO  diffXViRQ  PRdeOV,  QR  b b b b b b b b b b b b b

Model    Parameter   estimates   

TiPe-  b
hRPRgeQRXV  b
VSaWiaO   diffXViRQ  b

cRaOeVceQW   GLM  b
 b

VSaWiaO   GLM  b

⍺   =   2.44   [2.35,2.53],   β   =   1.77   [1.54,1.92]  bb
 b

aiU   WUaYeO:   E[δ]   =   0.01,   (β_δ=1)   =   -0.03   [-0.16,0.09]  b
SCI:   E[δ]   =   0.01,   β(_δ=1)   =   -0.15   [-0.27,-0.02]  b
PRbiOiW\:   E[δ]   >   0.99,   β(_δ=1)   =   0.36   [0.24,0.49]  b

TiPe-  b
iQhRPRgeQeRXV  b
VSaWiaO   diffXViRQ  b

VSaWiaO   GLM,   cRQVWaQW  b
iQcOXViRQ   SURbabiOiWieV  b

aiU   WUaYeO:   E[δ]   =   0.05,   β(_δ=1)   =   -0.07   [-0.21,0.07]  b
SCI:   E[δ]   =   0.16,   β_δ=1   =   -0.13   [-0.29,0.01]  b
PRbiOiW\:   E[δ]   >   0.99,   β(_δ=1)   =   0.35   [0.22,0.49]  b

VSaWiaO   GLM,  b
WiPe-YaUiabOe  b
iQcOXViRQ   SURbabiOiWieV  b

aiU   WUaYeO:   E[δ h ]   =   0.03,   β_(δ h =1)   =   0.10   [-0.24,0.12]  b
SCO:   E[δ h ]   =   0.12,   β_δ h =1   =   -0.14   [-0.35,0.01]  b
PRbiOiW\:   E[δ h ]   =   0.93,   β(_δ h =1)   =   0.39   [0.24,0.57]  b

VSaWiaO   GLM  b
 b

WiPe-YaUiabOe   UaWe  b
VcaOaU   GLM  b

PRbiOiW\:   β   =   0.26   [0.12,0.41]  b
 b

PRbiOiW\:   ⍺   =   0.67   [0.54,0.78],   β   =   0.47   [0.32,0.62]   bb



124 cRaOeVceQW  SUiRU  ZaV  XVed  aV  WheVe  PRdeOV  ZeUe  ĆWWed  RQWR  SRVWeUiRU  WUeeV  iQfeUUed  fURP  Whe  b b b b b b b b b b b b b b b

125 WiPe-hRPRgeQeRXV  PRdeO  (cfU.  MeWhRdV).  FRU  Whe  VSaWiaO  GLM  PRdeO,  Ze  UeSRUW  iQcOXViRQ  SURbabiOiW\  b b b b b b b b b b b b b
126 eVWiPaWeV  WhURXgh  Whe  e[SecWaWiRQV  Rf  Whe  bRROeaQ  iQdicaWRUV  (δ)  aVVRciaWed  ZiWh  each  SUedicWRU  aQd  ORg  b b b b b b b b b b b b b b b

127 cRQdiWiRQaO  effecW  Vi]eV  (Whe  UegUeVViRQ  cRefĆcieQW  cRQdiWiRQaO  RQ  Whe  SUedicWRU  beiQg  iQcOXded  iQ  Whe  PRdeO,  b b b b b b b b b b b b b b b
12� β(_δ=1)).  SCI  =  SRciaO  CRQQecWedQeVV  IQde[,  baVed  RQ  FacebRRN  daWa.  FRU  Whe  PRdeO  ZiWh  WiPe-YaUiabOe  b b b b b b b b b b b b b b b

12� iQcOXViRQ  SURbabiOiWieV,  Ze  UeSRUW  Whe  SaUaPeWeUV  aW  Whe  hieUaUchicaO  OeYeO  (δ h  aQd  β_δ h ,  cfU.  MeWhRdV).  IQ  Whe  b b b b b b b b b b b b b b b b b

130 PRdeO  ZiWh  a  WiPe-YaUiabOe  UaWe  VcaOaU,  Ze  SaUaPeWeUi]e  WhiV  UaWe  VcaOaU  aV  a  ORg-OiQeaU  fXQcWiRQ  Rf  Whe  RYeUaOO  b b b b b b b b b b b b b b b b b b
131 beWZeeQ-cRXQWU\   PRbiOiW\,   ZiWh   ⍺   aQd   β   UeSUeVeQWiQg   Whe   ORg   iQWeUceSW   aQd   ORg   UegUeVViRQ   cRefĆcieQW.   bb

132   

133 UViQg  a  WiPe-hRPRgeQeRXV  PRdeO  Rf  VSaWiaO  diffXViRQ,  Ze  eVWiPaWe  a  Pa[iPXP  iQcOXViRQ  b b b b b b b b b b b b
134 SURbabiOiW\  aQd  SRViWiYe  ORg  effecW  Vi]e  fRU  PRbiOiW\  daWa  ZheUeaV  aiU  WUaQVSRUWaWiRQ  daWa  aQd  SCI  b b b b b b b b b b b b b b b

135 RffeU  QR  SUedicWiYe  YaOXe  (TabOe  1).  We  aOVR  eVWiPaWe  a  VigQiĆcaQWO\  SRViWiYe  aVVRciaWiRQ  beWZeeQ  b b b b b b b b b b b b b b
136 YiUaO  SRSXOaWiRQ  Vi]e  chaQge  WhURXgh  WiPe  aQd  COVID-19  iQcideQce  (TabOe  1).  We  fXUWheU  cRQĆUP  b b b b b b b b b b b b b b
137 Whe  VXSSRUW  fRU  Whe  PRbiOiW\  cRYaUiaWe  iQ  a  WiPe-iQhRPRgeQeRXV  VSaWiaO  PRdeO  WhaW  iQcRUSRUaWeV  b b b b b b b b b b b b b
13� PRQWhO\  PRbiOiW\  PeaVXUeV,  ZiWh  eiWheU  cRQVWaQW  RU  WiPe-YaUiabOe  iQcOXViRQ  SURbabiOiWieV  (TabOe  1).  b b b b b b b b b b b b
13� The  facW  WhaW  PRbiOiW\  daWa  eQcRPSaVViQg  bRWh  aiU  aQd  OaQd-baVed  WUaQVSRUW  aUe  UeTXiUed  WR  b b b b b b b b b b b b b b

140 e[SOaiQ  COVID-19  VSUead  highOighWV  Whe  Qeed  WR  cRQVideU  bRWh  W\SeV  Rf  WUaQVSRUW  iQ  cRQWaiQPeQW  b b b b b b b b b b b b b b
141 VWUaWegieV.  HaYiQg  aVVRciaWed  PRbiOiW\  ZiWh  Sh\ORgeRgUaShic  diVSeUVaO,  Ze  fRcXV  RQ  WhiV  SUedicWRU  b b b b b b b b b b b b
142 aQd  iQcOXde  iWV  bi-ZeeNO\  YaUiaWiRQ  iQ  VXbVeTXeQW  UecRQVWUXcWiRQV.  IQ  addiWiRQ  WR  SaUaPeWeUi]iQg  b b b b b b b b b b b b
143 Whe  UeOaWiYe  UaWeV  Rf  VSUead  beWZeeQ  cRXQWUieV  accRUdiQg  WR  WhiV  cRYaUiaWe,  Ze  e[WeQd  RXU  b b b b b b b b b b b b b b

144 WiPe-iQhRPRgeQeRXV  aSSURach  WR  aOVR  PRdeO  bi-ZeeNO\  YaUiaWiRQ  iQ  Whe  RYeUaOO  UaWe  Rf  VSUead  b b b b b b b b b b b b b
145 beWZeeQ  cRXQWUieV  aV  a  fXQcWiRQ  Rf  PRbiOiW\  PeaVXUeV  (Fig.  1).  ThiV  aSSURach  eVWiPaWeV  a  SRViWiYe  b b b b b b b b b b b b b b b
146 aVVRciaWiRQ  beWZeeQ  Whe  RYeUaOO  UaWe  Rf  VSaWiaO  VSUead  aQd  PRbiOiW\  daWa  (TabOe  1).  FiQaOO\,  Ze  add  b b b b b b b b b b b b b b b b
147 WiPe-hRPRgeQeRXV  UaQdRP  effecWV  WR  Whe  Sh\ORgeRgUaShic  WUaQViWiRQ  UaWeV  SaUaPeWeUi]ed  b b b b b b b b b

14� accRUdiQg  WR  PRbiOiW\  daWa  acURVV  eSRchV  iQ  RUdeU  WR  accRXQW  fRU  SRWeQWiaO  cRQViVWeQW  biaVeV  iQ  Whe  b b b b b b b b b b b b b b b b
14� abiOiW\  Rf  PRbiOiW\  WR  SUedicW  Sh\ORgeRgUaShic  VSUead.  WhiOe  SRVWeUiRU  PeaQ  eVWiPaWeV  fRU  Whe  b b b b b b b b b b b b b
150 UaQdRP  effecWV  YaU\,  RQO\  YeU\  feZ  iQdicaWe  WhaW  iQdiYidXaO  Sh\ORgeRgUaShic  WUaQViWiRQ  UaWeV  b b b b b b b b b b b b
151 VigQiĆcaQWO\   deYiaWe   fURP   Whe   PRbiOiW\   daWa   (E[WeQded   DaWa   FigXUe   2).  b

152   

153 A   high   degUee   of   geneWic   mi[ing   and   d\namic   cUoVV-coXnWU\   WUanVmiVVion   WhUoXgh   Wime   bb

154 We  XVe  RXU  SURbabiOiVWic  PRdeO  Rf  VSaWiaO  VSUead  iQfRUPed  b\  geQRPic  daWa,  PRbiOiW\  aQd  b b b b b b b b b b b b b b
155 eSidePiRORgicaO  daWa  WR  chaUacWeUi]e  Whe  d\QaPicV  Rf  VSUead  WhURXghRXW  Whe  eSidePic  iQ  EXURSe.  b b b b b b b b b b b b b
156 We  ĆUVW  fRcXV  RQ  Whe  UaWiR  Rf  iQWURdXcWiRQV  RYeU  Whe  WRWaO  YiUaO  ćRZ  iQ  aQd  RXW  Rf  each  cRXQWU\  RYeU  b b b b b b b b b b b b b b b b b b b b
157 WiPe  aQd  Whe  geQeWic  VWUXcWXUe  Rf  cRXQWU\-VSeciĆc  WUaQVPiVViRQ  chaiQV  (Fig.  1).  FRU  Whe  OaWWeU,  Ze  b b b b b b b b b b b b b b b

15� XVe  a  QRUPaOi]ed  eQWURS\  PeaVXUe  WhaW  TXaQWiĆeV  Whe  degUee  Rf  Sh\ORgeQeWic  iQWeUVSeUViRQ  Rf  b b b b b b b b b b b b b
15� cRXQWU\-VSeciĆc  WUaQVPiVViRQ  chaiQV  iQ  Whe  SARS-CRV-2  Sh\ORgeQ\  (cfU.  MeWhRdV).  AOWhRXgh  b b b b b b b b b b
160 eVWiPaWeV  fRU  iQdiYidXaO  diVSeUVaO  beWZeeQ  SaiUV  Rf  cRXQWUieV  caQ  aOVR  be  RbWaiQed  (E[WeQded  DaWa  b b b b b b b b b b b b b b
161 FigXUe  3),  Ze  UePaiQ  caXWiRXV  iQ  iQWeUSUeWiQg  WheVe  aV  diUecW  SaWhZa\V  Rf  VSUead  becaXVe  Whe  b b b b b b b b b b b b b b b

162 geQRPe  VaPSOiQg  RQO\  cRYeUV  a  UeVWUicWed  VeW  Rf  EXURSeaQ  cRXQWUieV.  The  PRbiOiW\  WR/fURP  each  b b b b b b b b b b b b b b
163 cRXQWU\  ZiWhiQ  RXU  10-cRXQWU\  VaPSOe  cRYeUV  beWZeeQ  64%  aQd  96%  Rf  Whe  PRbiOiW\  WR/fURP  aOO  b b b b b b b b b b b b b b b
164 cRXQWUieV  ZiWhiQ  EXURSe  (E[WeQded  DaWa  TabOe  2),  e[ceSW  fRU  NRUZa\  (27%),  fRU  Zhich  RWheU  b b b b b b b b b b b b b b
165 ScaQdiQaYiaQ  cRXQWUieV  accRXQW  fRU  cRQVideUabOe  PRbiOiW\  cRQQecWiRQV  (61%),  aQd  Whe  UK  (49%),  b b b b b b b b b b b b

166 fRU   Zhich   IUeOaQd   accRXQWV   fRU   a   OaUge   fUacWiRQ   Rf   PRbiOiW\   cRQQecWiRQV   (38%).  b
167  b



16� AccRUdiQg  WR  Whe  SURSRUWiRQ  Rf  iQWURdXcWiRQV,  Ze  eVWiPaWe  PRUe  YiUaO  iPSRUW  WhaQ  e[SRUW  eYeQWV  b b b b b b b b b b b b b b
16� fRU  NRUZa\,  Whe  NeWheUOaQdV,  BeOgiXP  aQd  SZiW]eUOaQd  WhURXghRXW  PRVW  Rf  Whe  WiPe  SeUiRd  XQdeU  b b b b b b b b b b b b b b

170 iQYeVWigaWiRQ.  AccRUdiQg  WR  Whe  eVWiPaWed  Sh\ORgeQeWic  eQWURS\,  WheVe  cRXQWUieV  aOVR  e[SeUieQced  b b b b b b b b b b b
171 PaQ\  iQdeSeQdeQW  WUaQVPiVViRQ  chaiQV  fURP  Whe  begiQQiQg  Rf  Whe  eSidePic  VSUead  iQ  EXURSe.  ThiV  b b b b b b b b b b b b b b
172 iV  cRQViVWeQW  ZiWh  cRXQWU\-VSeciĆc  VWXdieV;  iQ  BeOgiXP  fRU  e[aPSOe,  abRXW  331  iQdiYidXaO  b b b b b b b b b b b b
173 iQWURdXcWiRQV  ZeUe  eVWiPaWed  iQ  Whe  aQceVWU\  Rf  a  OiPiWed  VaPSOe  Rf  740  geQRPeV   12 .  FRU  PRUWXgaO,  b b b b b b b b b b b b b b b b

174 Ze  aOVR  eVWiPaWe  higheU  SURSRUWiRQV  Rf  iQWURdXcWiRQV  eaUO\  iQ  Whe  ĆUVW  ZaYe  bXW  ZiWh  a  VXbVeTXeQW  b b b b b b b b b b b b b b b b
175 decOiQe  WR  SUedRPiQaQWO\  e[SRUW  eYeQWV.  FUaQce,  IWaO\  aQd  SSaiQ  RQ  Whe  RWheU  haQd  aUe  b b b b b b b b b b b b b b
176 chaUacWeUi]ed  b\  a  UeOaWiYeO\  high  YiUaO  e[SRUW  dXUiQg  Whe  ĆUVW  ZaYe.  The  SURSRUWiRQ  Rf  b b b b b b b b b b b b b b
177 iQWURdXcWiRQV  UePaiQV  UeOaWiYeO\  ORZ  fRU  IWaO\  aQd  SSaiQ  fROORZiQg  Whe  ĆUVW  ZaYe,  ZhiOe  iQ  FUaQce  b b b b b b b b b b b b b b b

17� WheVe  SURSRUWiRQV  aUe  high  fURP  Pid  JXQe  WiOO  Whe  eQd  Rf  JXO\.  The  abVROXWe  QXPbeU  Rf  WUaQViWiRQV  iQ  b b b b b b b b b b b b b b b b b b
17� RXU  VaPSOe  aUe  hRZeYeU  ORZ  dXUiQg  WhiV  WiPe  SeUiRd.  TheVe  cRXQWUieV  aOVR  haYe  cRPSaUaWiYeO\  b b b b b b b b b b b b b b
1�0 ORZeU  eQWURS\  YaOXeV  eaUO\  iQ  Whe  eSidePic,  ZiWh  aQ  iQcUeaVe  fRU  FUaQce  b\  Whe  VWaUW  Rf  VXPPeU  aQd  b b b b b b b b b b b b b b b b b b
1�1 a  PRUe  gUadXaO  iQcUeaVe  RYeU  WiPe  fRU  IWaO\.  IQ  SSaiQ  hRZeYeU,  Whe  geQeWic  cRPSOe[iW\  Rf  b b b b b b b b b b b b b b b

1�2 SARS-CRV-2  WUaQVPiVViRQ  chaiQV  UePaiQV  OiPiWed.  IQ  Whe  UK  aQd  GeUPaQ\,  Whe  YiUaO  ćRZ  iQ  aQd  RXW  b b b b b b b b b b b b b b b b
1�3 Rf  Whe  cRXQWU\  iV  iQiWiaOO\  UeOaWiYeO\  baOaQced.  A  UeceQW  OaUge-VcaOe  geQRPic  aQaO\ViV  iQ  Whe  UK  b b b b b b b b b b b b b b b
1�4 iQdicaWeV  WhaW  WhiV  caQ  iPSO\  YeU\  high  abVROXWe  QXPbeUV  Rf  cURVV-cRXQWU\  WUaQVPiVViRQV  aV  PRUe  b b b b b b b b b b b b b b
1�5 WhaQ  2,800  iQdeSeQdeQW  iQWURdXcWiRQ  eYeQWV  ZeUe  ideQWiĆed  fURP  Whe  aQaO\ViV  Rf  26,181  geQRPeV  b b b b b b b b b b b b b
1�6 13 .  AOWhRXgh  RXU  VaPSOe  iV  OiPiWed  cRPSaUed  WR  WhiV  aQaO\ViV,  RXU  UecRQVWUXcWiRQV  aOVR  UecRYeU  b b b b b b b b b b b b b b
1�7 PaMRU  iQćX[  fURP  SSaiQ,  FUaQce  aQd  IWaO\  dXUiQg  Whe  ĆUVW  ZaYe  iQ  Whe  UQiWed  KiQgdRP  (E[WeQded  b b b b b b b b b b b b b b b b
1�� DaWa  FigXUe  3).  We  eVWiPaWe  Whe  higheVW  SURSRUWiRQ  Rf  iQWURdXcWiRQV  fRU  Whe  UQiWed  KiQgdRP  b b b b b b b b b b b b b b
1�� dXUiQg  Whe  ĆUVW  haOf  Rf  JXO\,  iQdicaWiQg  aQ  iPSRUWaQW  YiUaO  iPSRUW  UeOaWiYe  WR  e[SRUW  aURXQd  WhiV  WiPe.  b b b b b b b b b b b b b b b b b

1�0 The  Sh\ORgeQeWic  eQWURS\  aOVR  SeaNV  aURXQd  WhiV  WiPe.  IQ  GeUPaQ\,  Whe  SURSRUWiRQV  SeaN  b b b b b b b b b b b b b
1�1 VRPeZhaW  OaWeU  iQ  VXPPeU  ZiWh  a  cRQcRPiWaQW  UiVe  iQ  Sh\ORgeQeWic  eQWURS\.  We  VXbVeTXeQWO\  b b b b b b b b b b b b b
1�2 fRcXV  RQ  Whe  WiPe  SeUiRd  beWZeeQ  Whe  WZR  ZaYeV  WR  deWeUPiQe  Whe  UROe  Rf  iQWURdXcWiRQV  YeUVXV  b b b b b b b b b b b b b b b b
1�3 SeUViVWeQce   iQ   VeediQg   Whe   VecRQd   ZaYe.  b



1�4

 b

1�5 Figure  1.  Mobility,  genome  sampling,  case  counts  and  phylogeographic  summaries  through  time  for  10  West  European  countries.                                   b

1�6 The  XSSeU  OefW  SaQeO  VXPPaUi]eV  Whe  GRRgOe  PRbiOiW\  iQćX[  b\  cRXQWU\  fURP  Whe  RWheU  10  cRXQWUieV  fRU  WZR-ZeeN  iQWeUYaOV,  ZhiOe  Whe  b b b b b b b b b b b b b b b b b b b b b
1�7 XSSeU  UighW  SaQeO  deSicWV  Whe  ZeeNO\  geQRPe  VaPSOiQg  b\  cRXQWU\  XVed  iQ  Whe  Sh\ORgeRgUaShic  aQaO\ViV.  IQ  Whe  UePaiQiQg  SaQeOV,  Ze  b b b b b b b b b b b b b b b b b b b b

1�� SORW  fRU  each  cRXQWU\  Whe  UaWiR  Rf  iQWURdXcWiRQV  RYeU  Whe  WRWaO  YiUaO  ćRZ  fURP  aQd  WR  WhaW  cRXQWU\  (fRU  WZR-ZeeN  iQWeUYaOV)  aQd  a  PRQWhO\  b b b b b b b b b b b b b b b b b b b b b b b b

1�� QRUPaOi]ed  eQWURS\  PeaVXUe  VXPPaUi]iQg  Whe  Sh\ORgeQeWic  VWUXcWXUe  Rf  cRXQWU\-VSeciĆc  WUaQVPiVViRQ  chaiQV.  The  SRVWeUiRU  PeaQ  b b b b b b b b b b b b b b
200 UaWiRV  Rf  iQWURdXcWiRQV  aUe  deSicWed  ZiWh  ciUcOeV  WhaW  haYe  a  Vi]e  SURSRUWiRQaO  WR  Whe  WRWaO  QXPbeU  Rf  WUaQViWiRQV  fURP  aQd  WR  WhaW  cRXQWU\  b b b b b b b b b b b b b b b b b b b b b b b

201 aQd  Whe  gUe\  VXUface  UeSUeVeQWV  Whe  95%  higheVW  SRVWeUiRU  deQViW\  (HPD)  iQWeUYaOV.  The  SRVWeUiRU  PeaQ  QRUPaOi]ed  eQWURSieV  aQd  95%  b b b b b b b b b b b b b b b b b b b

202 HPD  iQWeUYaOV  aUe  deSicWed  b\  dRWWed  OiQeV.  TheVe  QRUPaOi]ed  eQWURS\  PeaVXUeV  iQdicaWe  hRZ  Sh\ORgeQeWicaOO\  VWUXcWXUed  Whe  eSidePic  b b b b b b b b b b b b b b b b b

203 iV  iQ  each  cRXQWU\,  aQd  UaQgeV  fURP  0  (SeUfecWO\  VWUXcWXUed,  e.g  a  ViQgOe  cRXQWU\-VSeciĆc  cOXVWeU)  WR  1  (XQVWUXcWXUed  iQWeUVSeUViRQ  Rf  b b b b b b b b b b b b b b b b b b b b
204 cRXQWU\-VSeciĆc  VeTXeQceV  acURVV  Whe  eQWiUe  SARS-CRV-2  Sh\ORgeQ\).  The  iQWURdXcWiRQ  UaWiRV  aQd  QRUPaOi]ed  eQWURS\  PeaVXUeV  aUe  b b b b b b b b b b b b b b b

205 VXSeUiPSRVed  RYeU  Whe  QXPbeU  Rf  COVID-19  caVeV  UeSRUWed  fRU  each  cRXQWU\  WhURXgh  WiPe  (cRORXUed  deQViW\  SORW).  The  WZR  YeUWicaO  b b b b b b b b b b b b b b b b b b b

206 daVhed  OiQeV  UeSUeVeQW  Whe  VXPPeU  WiPe  iQWeUYaO  (JXQe  15  aQd  AXgXVW  15,  2020)  fRU  Zhich  Ze  VXbVeTXeQWO\  eYaOXaWe  iQWURdXcWiRQV  b b b b b b b b b b b b b b b b b b b
207 YeUVXV   SeUViVWeQce   (FigXUe   2).  b
20�  b
20� A   high   pUopoUWion   of   VXmmeU   inWUodXcWionV   iV   modXlaWed   b\   local   incidence  b

210 TR  aVVeVV  Whe  iPSacW  Rf  VXPPeU  WUaYeO  RQ  Whe  VecRQd  ZaYe  iQ  Whe  diffeUeQW  cRXQWUieV,  Ze  XVe  RXU  b b b b b b b b b b b b b b b b b b
211 geQRPic-PRbiOiW\  UecRQVWUXcWiRQ  WR  eVWiPaWe  bRWh  Whe  QXPbeU  Rf  OiQeageV  SeUViVWiQg  iQ  each  b b b b b b b b b b b b
212 cRXQWU\  aQd  Whe  QXPbeU  Rf  QeZO\  iQWURdXced  OiQeageV,  aQd  hRZ  WheVe  SUROifeUaWed  eaUO\  iQ  Whe  b b b b b b b b b b b b b b b
213 VecRQd  ZaYe.  We  fRcXV  RQ  a  WZR-PRQWh  WiPe  SeUiRd  beWZeeQ  JXQe  15 Wh ,  RQ  Zhich  PaQ\  EU  aQd  b b b b b b b b b b b b b b b b b



214 ScheQgeQ-aUea  cRXQWUieV  RSeQed  WheiU  bRUdeUV  WR  RWheU  cRXQWUieV,  aQd  AXgXVW  15 Wh ,  befRUe  Zhich b b b b b b b b b b b b b
215 Whe  PaMRUiW\  Rf  hROida\  UeWXUQ  WUaYeO  iV  e[SecWed  fRU  PaQ\  cRXQWUieV.  We  ideQWif\  Whe  QXPbeU  Rf  b b b b b b b b b b b b b b b b
216 OiQeageV  ciUcXOaWiQg  iQ  each  cRXQWU\  RQ  AXgXVW  15 Wh ,  aQd  deWeUPiQe  ZheWheU  Whe\  UeVXOW  fURP  a  b b b b b b b b b b b b b b b
217 OiQeage  WhaW  SeUViVWed  ViQce  JXQe  15 Wh  RU  fURP  a  XQiTXe  iQWURdXcWiRQ  afWeU  WhiV  daWe,  VR  iQdeSeQdeQW  b b b b b b b b b b b b b b b b
21� Rf  Whe  QXPbeU  Rf  deVceQdaQWV  fRU  WhiV  OiQeage  RQ  AXgXVW  15 Wh  (E[WeQded  DaWa  FigXUe  4).  IQ  FigXUe  2,  b b b b b b b b b b b b b b b b b b
21� Ze  SORW  i)  Whe  UaWiR  Rf  WheVe  XQiTXe  iQWURdXcWiRQV  RYeU  Whe  WRWaO  XQiTXe  OiQeageV  (XQiTXe  b b b b b b b b b b b b b b b
220 iQWURdXcWiRQV  aQd  SeUViVWiQg  OiQeageV),  ii)  Whe  SURSRUWiRQ  Rf  deVceQdaQW  OiQeageV  RQ  AXgXVW  15 Wh  b b b b b b b b b b b b b
221 WhaW  UeVXOWed  fURP  Whe  XQiTXe  iQWURdXcWiRQV  RYeU  Whe  WRWaO  deVceQdaQWV  ciUcXOaWiQg  RQ  WhiV  daWe  aQd  b b b b b b b b b b b b b b b
222 iii)  Whe  SURSRUWiRQ  Rf  deVceQdaQW  WiSV  (VaPSOed  geQRPeV)  afWeU  AXgXVW  15 Wh  WhaW  UeVXOWed  fURP  Whe  b b b b b b b b b b b b b b b
223 XQiTXe  iQWURdXcWiRQV  RYeU  Whe  WRWaO  QXPbeU  Rf  deVceQdaQW  WiSV  (cfU.  MeWhRdV  aQd  E[WeQded  DaWa  b b b b b b b b b b b b b b

224 FigXUe  4).  The  OaWWeU  WZR  SURSRUWiRQV  SURYide  aQ  aVVeVVPeQW  Rf  hRZ  Whe  XQiTXe  iQWURdXcWiRQV  aQd  b b b b b b b b b b b b b b b
225 SeUViVWiQg  OiQeageV  eYROYed  XS  WR,  aQd  afWeU,  AXgXVW  15 Wh .  We  eVWiPaWe  a  SRVWeUiRU  PeaQ  SURSRUWiRQ  b b b b b b b b b b b b b b b
226 Rf  XQiTXe  iQWURdXcWiRQV  WhaW  iV  cORVe  WR  RU  higheU  WhaQ  0.5  e[ceSW  fRU  SSaiQ  aQd  PRUWXgaO.  ThiV  b b b b b b b b b b b b b b b b b
227 iQdicaWeV  WhaW  b\  AXgXVW  15 Wh  a  UeOaWiYeO\  OaUge  fUacWiRQ  Rf  ciUcXOaWiQg  OiQeageV  iQ  each  cRXQWU\  b b b b b b b b b b b b b b b

22� UeVXOWed  fURP  QeZ  iQWURdXcWiRQV  RYeU  Whe  VXPPeU.  BecaXVe  Ze  cRPSaUe  iQWURdXcWiRQV  aQd  b b b b b b b b b b b b
22� SeUViVWeQce  UeOaWiYeO\  eaUO\  (aQd  iUUeVSecWiYe  Rf  WheiU  QXPbeU  Rf  deVceQdaQWV),  aQd  becaXVe  Whe  b b b b b b b b b b b b b
230 PaMRU  YaUiaQW  iQYROYed  aSSeaUV  QRW  WR  be  aVVRciaWed  ZiWh  iQcUeaVed  WUaQVPiVVibiOiW\   9 ,  Ze  cRQVideU b b b b b b b b b b b b b b
231 Whe  QeZO\  iQWURdXced  OiQeageV  WR  be  addiWiRQaO  WUaQVPiVViRQ  chaiQV  WhaW  did  QRW  QeceVVaUiO\  haYe  WR  b b b b b b b b b b b b b b b

232 cRPSeWe  ZiWh  SeUViVWeQW  WUaQVPiVViRQ  chaiQV  fRU  VXVceSWibOeV.  HRZeYeU,  Whe  WZR  SURSRUWiRQV  Rf  b b b b b b b b b b b b
233 deVceQdaQWV  fURP  WheVe  iQWURdXcWiRQV  RQ  AXgXVW  15 Wh  aQd  afWeU  WhiV  daWe  PeaVXUe  WheiU  UeOaWiYe  b b b b b b b b b b b b b b
234 VXcceVV  cRPSaUed  WR  SeUViVWiQg  OiQeageV,  iQdicaWiQg  cRQVideUabOe  YaUiaWiRQ  iQ  RQZaUdV  b b b b b b b b b b
235 WUaQVPiVViRQ.  The  cRXQWU\  eVWiPaWeV  aUe  RUdeUed  accRUdiQg  WR  decUeaViQg  aYeUage  iQcideQce  b b b b b b b b b b b

236 dXUiQg  Whe  JXQe  15  -  AXgXVW  15  WiPe  SeUiRd,  VXggeVWiQg  WhaW  iQcideQce  Pa\  VhaSe  Whe  RXWcRPe  Rf  b b b b b b b b b b b b b b b b b
237 Whe  iQWURdXcWiRQV.  IQ  cRXQWUieV  WhaW  e[SeUieQced  UeOaWiYeO\  high  VXPPeU  iQcideQce,  e.g.  SSaiQ,  b b b b b b b b b b b b
23� PRUWXgaO,  BeOgiXP  aQd  FUaQce,  Whe  iQWURdXcWiRQV  Oead  WR  cRPSaUaWiYeO\  feZeU  deVceQdaQWV  RQ  b b b b b b b b b b b b
23� AXgXVW  15 Wh  RU  afWeU.  AOWhRXgh  Whe  iQWURdXcWiRQV  iQ  NRUZa\  aOVR  Oead  WR  feZeU  deVceQdaQWV  deVSiWe  b b b b b b b b b b b b b b b
240 Whe  cRXQWU\  haYiQg  Whe  ORZeVW  iQcideQce,  Ze  ĆQd  a  VigQiĆcaQW  RYeUaOO  aVVRciaWiRQ  beWZeeQ b b b b b b b b b b b b b

241 iQcideQce  aQd  Whe  diffeUeQce  iQ  Whe  ORgiW  SURSRUWiRQ  Rf  XQiTXe  iQWURdXcWiRQV  aQd  Whe  ORgiW  b b b b b b b b b b b b b b
242 SURSRUWiRQ  Rf  WheiU  deVceQdaQWV  RQ  AXgXVW  15 Wh  ( p  =  0.01).  NRUZa\  Pa\  WR  VRPe  e[WeQW  be  aQ  b b b b b b b b b b b b b b b b b
243 RXWOieU  becaXVe  SeUViVWeQW  OiQeageV  iQ  WhiV  cRXQWU\  cRXOd  iQ  facW  be  iQWURdXcWiRQV  fURP  RWheU  b b b b b b b b b b b b b b
244 ScaQdiQaYiaQ   cRXQWUieV   WhaW   aUe   QRW   UeSUeVeQWed   iQ   RXU   geQRPe   VaPSOe.  b

245   

246

  

247 Figure  2.  Posterior  estimates  for  relative  importance  of  lineage  introduction  events  among  West  European  countries.  FRU  each                              b b b

24� cRXQWU\,  Ze  UeSRUW  WhUee  VXPPaUieV  (SRVWeUiRU  PeaQ  aQd  95%  HPD  iQWeUYaOV):  (1)  Whe  UaWiR  Rf  XQiTXe  iQWURdXcWiRQV  RYeU  Whe  WRWaO  b b b b b b b b b b b b b b b b b b b b

24� QXPbeU  Rf  XQiTXe  SeUViVWiQg  OiQeageV  aQd  XQiTXe  iQWURdXcWiRQV  beWZeeQ  JXQe  15  aQd  AXgXVW  15,  2020,  (2)  Whe  UaWiR  Rf  deVceQdaQW  b b b b b b b b b b b b b b b b b b b b



250 OiQeageV  fURP  WheVe  XQiTXe  iQWURdXcWiRQ  eYeQWV  RYeU  Whe  WRWaO  QXPbeU  Rf  deVceQdaQWV  ciUcXOaWiQg  RQ  AXgXVW  15,  2020,  aQd  (3)  Whe  UaWiR  b b b b b b b b b b b b b b b b b b b b b
251 Rf  deVceQdaQW  Wa[a  fURP  WheVe  XQiTXe  iQWURdXcWiRQV  RYeU  Whe  WRWaO  QXPbeU  Rf  deVceQdaQW  Wa[a  VaPSOed  afWeU  AXgXVW  15,  2020  (cfU.  b b b b b b b b b b b b b b b b b b b b

252 E[WeQded  DaWa  FigXUe  4).  The  dRW  Vi]eV  aUe  SURSRUWiRQaO  WR:  (1)  Whe  WRWaO  QXPbeU  Rf  XQiTXe  OiQeage  iQWURdXcWiRQV  ideQWiĆed  beWZeeQ  b b b b b b b b b b b b b b b b b b b b

253 JXQe  15  aQd  AXgXVW  15,  2020,  (2)  Whe  WRWaO  QXPbeU  Rf  OiQeageV  iQfeUUed  RQ  AXgXVW  15,  2020,  aQd  (3)  Whe  WRWaO  QXPbeU  Rf  deVceQdaQW  b b b b b b b b b b b b b b b b b b b b b b b b

254 VeTXeQceV  afWeU  AXgXVW  15,  2020.  The  WhiUd  UaWiR  iV  QRW  iQcOXded  fRU  PRUWXgaO  dXe  WR  iQVXfĆcieQW  VeTXeQceV  VaPSOed  afWeU  AXgXVW  15,  b b b b b b b b b b b b b b b b b b b b b
255 2020.  b

256   
257 OXU  eVWiPaWeV  VhRZ  a  PaUNed  iQcUeaVe  iQ  deVceQdaQWV  fURP  iQWURdXcWiRQV  iQ  Whe  UQiWed  KiQgdRP  b b b b b b b b b b b b b b
25� (FigXUe  2),  ZiWh  a  cRQVideUabOe  fUacWiRQ  Rf  iQWURdXcWiRQV  RUigiQaWiQg  fURP  SSaiQ  (E[WeQded  DaWa  b b b b b b b b b b b b b
25� FigXUe  5)  OiNeO\  UećecWiQg  Whe  VSUead  Rf  B.1.177/ 20A.EU1  WhaW  UaSidO\  becaPe  Whe  PRVW  dRPiQaQW  b b b b b b b b b b b b b b
260 VWUaiQ  iQ  Whe  UQiWed  KiQgdRP   9 .  OXU  aQaO\ViV  caSWXUeV  Whe  e[SaQViRQ  Rf  WhiV  YaUiaQW  aV  ZeOO  aV  WhaW  b b b b b b b b b b b b b b b b b b
261 Rf  B.1.160/20A.EU2,  Zhich  WRgeWheU  accRXQW  fRU  PRUe  WhaQ  25%  Rf  Whe  geQRPeV  iQ  RXU  VaPSOe.  b b b b b b b b b b b b b b b
262 WhiOe  SSaiQ  iV  iQdeed  iQfeUUed  WR  be  Whe  RUigiQ  Rf   B.1.177/ 20A.EU1,  Whe  UQiWed  KiQgdRP  aOVR  b b b b b b b b b b b b b b b
263 cRQVideUabO\  cRQWUibXWed  WR  iWV  VSUead  (FigXUe  3).  The  eaUOieVW  iQWURdXcWiRQ  fURP  SSaiQ  WR  Whe  b b b b b b b b b b b b b b
264 UQiWed  KiQgdRP  iV  eVWiPaWed  aURXQd  Whe  WiPe  SSaiQ  RSeQed  PRVW  EU  bRUdeUV  (JXQe  21 VW ,  FigXUe  3).  b b b b b b b b b b b b b b b b

265 WhiOe  iQWURdXcWiRQV  fURP  SSaiQ  WR  RWheU  cRXQWUieV  VRRQ  fROORZed,  Ze  eVWiPaWe  a  ViPiOaU  UaWe  aQd b b b b b b b b b b b b b b b
266 aPRXQW  Rf  VSUead  fURP  Whe  UQiWed  KiQgdRP  WR  RWheU  cRXQWUieV  befRUe  WheVe  RWheU  cRXQWUieV  aOVR  b b b b b b b b b b b b b b b
267 diVVePiQaWe  Whe  YiUXV.  WheUeaV  RXU  VaPSOe  UePaiQV  OiPiWed,  iW  iOOXVWUaWeV  a  d\QaPic  SaWWeUQ  Rf  b b b b b b b b b b b b b b
26� VSUead  aQd  Whe  iPSRUWaQce  Rf  Whe  eaUO\  eVWabOiVhPeQW  Rf   B.1.177/ 20A.EU1  iQ  Whe  UQiWed  KiQgdRP  b b b b b b b b b b b b b b

26� WhaW  VeUYed  aV  aQ  iPSRUWaQW  VecRQdaU\  ceQWeU  Rf  diVVePiQaWiRQ.  WhiOe  Whe  UQiWed  KiQgdRP  iV  aOVR  b b b b b b b b b b b b b b b
270 WR  VRPe  e[WeQW  iQYROYed  iQ  Whe  VSUead  Rf  B1.160 / 20A.EU2,  WhiV  YaUiaQW  haV  beeQ  OaUgeO\  b b b b b b b b b b b b b b
271 diVVePiQaWed  fURP  FUaQce.  The  ViPSOe  facW  WhiV  YaUiaQW  e[SaQded  OaWeU  iQ  FUaQce  aQd  VXbVeTXeQWO\  b b b b b b b b b b b b b b
272 VWaUWed  WR  VSUead  OaWeU  WhaQ   B.1.177/ 20A.EU1  ( E[WeQded  DaWa   FigXUe   6 )  Pa\  e[SOaiQ  Zh\  Whe  OaWWeU  b b b b b b b b b b b b b b b

273 VSUead   PRUe   VXcceVVfXOO\.   b 
274  b

275

  

276 Figure  3.  Phylogeographic  estimates  of  SARS-CoV-2  spread  in  western  Europe.   The  UadiaO  WUee  iQ  Whe  ceQWeU  UeSUeVeQWV  Whe  Pa[iPXP                      b b b b b b b b b

277 cOade  cUedibiOiW\  WUee  VXPPaU\  Rf  Whe  Ba\eViaQ  iQfeUeQce.  CRORUV  cRUUeVSRQd  WR  Whe  cRXQWUieV  iQ  Whe  OegeQd.  TZR  cOadeV  cRUUeVSRQdiQg  b b b b b b b b b b b b b b b b b b b

27� WR  B1.1777/20A.EU1  aQd  B1.160/20A.EU2  aUe  highOighWed  iQ  gUe\.  The  ciUcXOaU  PigUaWiRQ  ćRZ  SORWV  fRU  WheVe  YaUiaQWV  aUe  baVed  RQ  Whe  b b b b b b b b b b b b b b b b b b b b
27� SRVWeUiRU  e[SecWaWiRQV  Rf  Whe  MaUNRY  MXPSV.  IQ  WheVe  SORWV,  PigUaWiRQ  ćRZ  RXW  Rf  a  SaUWicXOaU  ORcaWiRQ  VWaUWV  cORVe  WR  Whe  RXWeU  UiQg  fRU  b b b b b b b b b b b b b b b b b b b b b b b

2�0 WhaW  RUigiQ  ORcaWiRQ  ZheUeaV  PigUaWiRQ  ćRZ  iQWR  a  SaUWicXOaU  ORcaWiRQ  eQdV  PRUe  diVWaQW  fURP  Whe  RXWeU  UiQg  fRU  WhaW  deVWiQaWiRQ  b b b b b b b b b b b b b b b b b b b b

2�1 ORcaWiRQ.  FRU  B1.1777/20A.EU1,  Ze  VXPPaUi]e  Sh\ORgeRgUaShic  WUaQViWiRQV  aV  PeaQ  eVWiPaWeV  ZiWh  95%  HPD  iQWeUYaOV  RYeU  WiPe  fRU  4  b b b b b b b b b b b b b b b b b b



2�2 W\SeV  Rf  MaUNRY  MXPSV:  i)  fURP  SSaiQ  WR  Whe  UQiWed  KiQgdRP,  ii)  fURP  SSaiQ  WR  RWheU  cRXQWUieV,  iiI)  fURP  Whe  UQiWed  KiQgdRP,  aQd  iY)  fURP  b b b b b b b b b b b b b b b b b b b b b b b b b

2�3 RWheU   cRXQWUieV.     



2�4 Discussion  b

2�5 IQ  WhiV  VWXd\,  Ze  gaiQ  iQVighW  iQWR  Whe  d\QaPicV  Rf  SARS-CRV-2  VSUead  WhURXgh  Sh\ORgeRgUaShic  b b b b b b b b b b b b b b
2�6 aQaO\VeV,  VSeciĆcaOO\  fRcXViQg  RQ  Whe  iPSacW  Rf  EXURSeaQ  WUaYeO  dXUiQg  Whe  VXPPeU  Rf  2020.  b b b b b b b b b b b b b b
2�7 BecaXVe  VXch  aQaO\VeV  Pa\  VXffeU  fURP  a  OacN  Rf  UeVROXWiRQ  RffeUed  b\  SARS-CRV-2  geQRPic  daWa,  b b b b b b b b b b b b b b b

2�� Ze  iQWegUaWe  eSidePiRORgicaO  aQd  PRbiOiW\  daWa  WR  heOS  VhaSe  Whe  Sh\ORd\QaPic  SURceVV.  OXU  b b b b b b b b b b b b b
2�� PRdeO  VXSSRUWV  PRbiOiW\  daWa,  iQcOXdiQg  bRWh  aiU  aQd  OaQd  WUaQVSRUWaWiRQ,  aV  a  SUedicWRU  Rf  YiUaO  b b b b b b b b b b b b b b b
2�0 ćRZ  beWZeeQ  cRXQWUieV.  The  UeVXOWiQg  UecRQVWUXcWiRQV  VhRZ  WhaW  Whe  cRPSRViWiRQ  Rf  OiQeageV  b b b b b b b b b b b b
2�1 ciUcXOaWiQg  WRZaUdV  Whe  eQd  Rf  Whe  VXPPeU  ZaV  WR  a  VigQiĆcaQW  e[WeQW  VhaSed  b\  iQWURdXcWiRQV  iQ  b b b b b b b b b b b b b b b b
2�2 PRVW  Rf  Whe  EXURSeaQ  cRXQWUieV.  IQWeUeVWiQgO\,  Whe  UeOaWiYe  VXcceVV  Rf  RQZaUdV  WUaQVPiVViRQ  Rf  Whe  b b b b b b b b b b b b b b

2�3 iQWURdXced  OiQeageV  aSSeaUV  WR  be  VhaSed  b\  Whe  aYeUage  VXPPeU  COVID-19  iQcideQce.  IQ  b b b b b b b b b b b b b
2�4 cRXQWUieV  WhaW  PaiQWaiQed  a  UeOaWiYeO\  high  iQcideQce,  e.g.  SSaiQ,  PRUWXgaO,  BeOgiXP  aQd  FUaQce,  b b b b b b b b b b b b b
2�5 WheVe  iQWURdXcWiRQV  UeVXOWed  iQ  cRPSaUabO\  OeVV  RQZaUdV  WUaQVPiVViRQ  RYeU  UeOaWiYeO\  VhRUW-WeUP  b b b b b b b b b b b
2�6 WhaQ   fRU   Whe   OiQeageV   WhaW   SeUViVWed   iQ   Whe   cRXQWUieV   RYeU   VXPPeU.  b

2�7  b
2�� AV  dRcXPeQWed  b\  HRdcURfW  eW  aO.  (2020)   9 ,  SARS-CRV-2  VSUead  dXUiQg  VXPPeU  iQ  EXURSe  iQYROYed  b b b b b b b b b b b b b b b
2�� WR  a  OaUge  e[WeQW  Whe  B.1.177/ 20A.EU1  YaUiaQW.  ThiV  YaUiaQW  becaPe  Whe  dRPiQaQW  VWUaiQ  UeOaWiYeO\  b b b b b b b b b b b b b b
300 eaUO\  iQ  Whe  UK   9 ,  faciOiWaWiQg  iWV  fXUWheU  VSUead  RYeU  Whe  VecRQd  haOf  Rf  VXPPeU.  A  OiPiWed  VaPSOe  b b b b b b b b b b b b b b b b b b

301 RffeUV  RQO\  a  OiPiWed  YieZ  Rf  Whe  WUaQVPiVViRQ  hiVWRU\  Rf  WhiV  YaUiaQW;  iQ  deSWh  aQaO\VeV  Rf  cORVe  WR  b b b b b b b b b b b b b b b b b b
302 20,000  20A.EU1  geQRPeV  iQdicaWe  hXQdUedV  Rf  iQWURdXcWiRQV  WR  cRXQWUieV  acURVV  EXURSe   9 .  b b b b b b b b b b b b
303 IPSRUWaQWO\  hRZeYeU,  WheUe  iV  QR  eYideQce  Rf  iQcUeaVed  WUaQVPiVVibiOiW\  Rf  WhiV  YaUiaQW  aQd  iWV  b b b b b b b b b b b b b b
304 VXcceVV  iV  cXUUeQWO\  aWWUibXWed  WR  UeSeaWed  iQWURdXcWiRQV  XSRQ  UeVXPiQg  WUaYeO  ZiWh  iQVXfĆcieQW  b b b b b b b b b b b b
305 effecWiYe   cRQWaiQPeQW   VWUaWegieV    9 .  b
306  b
307 OXU  UeVXOWV  VhRXOd  be  iQWeUSUeWed  iQ  OighW  Rf  VeYeUaO  iPSRUWaQW  OiPiWaWiRQV.  AOWhRXgh  abRXW  4,000  b b b b b b b b b b b b b b
30� geQRPeV  cRQVWiWXWe  a  OaUge  daWaVeW  fRU  Ba\eViaQ  Sh\ORd\QaPic  iQfeUeQce,  iW  UePaiQV  a  OiPiWed  b b b b b b b b b b b b b

30� VaPSOe  WR  iQfeU  deWaiOed  COVID-19  WUaQVPiVViRQ  d\QaPicV.  IQ  addiWiRQ,  Whe  geQRPe  daWa  dR  QRW  b b b b b b b b b b b b b b
310 cRYeU  aOO  WeVWeUQ  EXURSeaQ  cRXQWUieV,  iPSO\iQg  WhaW  Ze  aUe  PiVViQg  WUaQVPiVViRQ  eYeQWV  WhaW  b b b b b b b b b b b b b
311 iQYROYe  XQVaPSOed  cRXQWUieV.  ThiV  Pa\  be  SaUWicXOaUO\  iPSRUWaQW  fRU  NRUZa\  fRU  e[aPSOe,  Zhich  b b b b b b b b b b b b b
312 accRUdiQg  WR  RXU  PRbiOiW\  daWa,  iV  OaUgeO\  cRQQecWed  WR  RWheU  ScaQdiQaYiaQ  cRXQWUieV.  AOVR,  Whe  b b b b b b b b b b b b b b

313 PRbiOiW\  daWa  aUe  VXbMecW  WR  OiPiWaWiRQV  aV  WheVe  Pa\  QRW  be  UeSUeVeQWaWiYe  fRU  Whe  SRSXOaWiRQ  aV  b b b b b b b b b b b b b b b b
314 ZhROe   aQd   WheiU   UeSUeVeQWaWiYeQeVV   Pa\   YaU\   b\   ORcaWiRQ.  b
315  b
316 The  VigQiĆcaQW  Pi[iQg  aQd  UaSid  VSUead  WR  high  fUeTXeQcieV  Rf  YaUiaQWV  WhaW  aUe  QRW  aVVRciaWed  ZiWh  b b b b b b b b b b b b b b b b
317 higheU  WUaQVPiVVibiOiW\  XQdeUVcRUeV  Whe  UiVN  fRU  SeUYaViYe  VSUead  Rf  YaUiaQWV  WhaW  aUe  PRUe  b b b b b b b b b b b b b

31� WUaQVPiVVibOe,  OiNe  B.1.1.7  ( VaUiaQW  Rf  CRQceUQ  202012/01,   20I/501Y.V1)  iQ  Whe  UQiWed  KiQgdRP,  RU  b b b b b b b b b b b b b
31� cRXOd  be  PRUe  WUaQVPiVVibOe,  OiNe  B.1.351  (20H/501Y.V2)  iQ  SRXWh  AfUica  aQd  YaUiaQW  P1  iQ  BUa]iO.  b b b b b b b b b b b b b b b
320 DiffeUeQW  fURP  Whe  UiVe  iQ  fUeTXeQc\  Rf   20A.EU1  dXe  WR   UeSeaWed  iQWURdXcWiRQV  iQ  Whe  UK,  B.1.1.7  b b b b b b b b b b b b b b b b
321 aSSeaUV  WR  haYe  ePeUged  fURP  ZiWhiQ  Whe  UK.  PUeOiPiQaU\  ĆQdiQgV  dePRQVWUaWe  a  cRQViVWeQW  b b b b b b b b b b b b b

322 UeSeaWed  SaWWeUQ  Rf  faVWeU  eSidePic  gURZWh  Rf  B.1.1.7  aQd  SURYide  eYideQce  fRU  a  VigQiĆcaQW  b b b b b b b b b b b b b b
323 WUaQVPiVViRQ  adYaQWage  RYeU  SUiRU  OiQeageV   5 .  The  cRQVeTXeQceV  fRU   cRQWURO  Rf  COVID-19  haYe b b b b b b b b b b b b b
324 becRPe  cOeaU  fRU  Whe  UQiWed  KiQgdRP.  AV  Rf  JaQXaU\  19,  2021,  aSSUR[iPaWeO\  16,800   B.1.1.7   caVeV  b b b b b b b b b b b b b b b
325 haYe  beeQ  ideQWiĆed  iQ  Whe  UK  aQd  aSSUR[iPaWeO\  2,000  caVeV  haYe  beeQ  ideQWiĆed  iQ  60  RWheU  b b b b b b b b b b b b b b b b
326 cRXQWUieV   14 .  MRUe  iQWeQVe  geQRPic  VXUYeiOOaQce  iV  Qeeded  acURVV  EXURSe  WR  WUacN  WhiV  YaUiaQW,  aQd  b b b b b b b b b b b b b b b
327 cRQWURO  Rf  COVID-19  iQ  geQeUaO  ZRXOd  beQeĆW  fURP  VWUeQgWheQed  cRRUdiQaWiRQ.  DiVUXSWiYe  bRUdeU  b b b b b b b b b b b b



32� cORVXUeV  (e.g.  beWZeeQ  FUaQce  aQd  UK,  RQ  DecePbeU  21-22,  2020)  caQ  RQO\  VeUYe  aV  a  VhRUW-WeUP  b b b b b b b b b b b b b b b b
32� ePeUgeQc\  PeaVXUe  WR  SXW  iQWR  SOace  beWWeU  VWUaWegieV  WR  SUeYeQW  beWZeeQ-cRXQWU\  WUaQVPiVViRQ.  b b b b b b b b b b b b

330 NR  PaWWeU  hRZ  PXch  PRUe  WUaQVPiVibOe  SARS-CRV-2  YaUiaQWV  Pa\  be,  TXaUaQWiQiQg,  WeVWiQg  aQd  b b b b b b b b b b b b b
331 VRciaO  diVWaQciQg  UePaiQ  effecWiYe  ZheQ  adheUed  WR  aQd  Whe\  ZiOO  be  UeTXiUed  fRU  VRPe  WiPe  eYeQ  aV  b b b b b b b b b b b b b b b b b

332 YacciQaWiRQ   SURgUaPV   aUe   beiQg   UROOed   RXW.     



333 Methods  b

334 SeqXence   daWa   and   VXbVampling   bb

335 We  XVed  a  WZR-VWeS  geQRPe  daWa  cROOecWiRQ  SURcedXUe.  We  ĆUVW  eYaOXaWed  Whe  aYaiOabOe  geQRPeV  b b b b b b b b b b b b b b
336 fURP  EXURSeaQ  cRXQWUieV  iQ  GISAID   15  RQ  NRYePbeU  3,  2020.  We  VeOecWed  geQRPeV  fURP  BeOgiXP,  b b b b b b b b b b b b b b b
337 FUaQce,  GeUPaQ\,  IWaO\,  NeWheUOaQdV,  NRUZa\,  PRUWXgaO,  SSaiQ,  SZiW]eUOaQd  aQd  Whe  UQiWed  b b b b b b b b b b b
33� KiQgdRP  SUiPaUiO\  baVed  RQ  Whe  aYaiOabiOiW\  Rf  geQRPe  daWa  fURP  bRWh  Whe  ĆUVW  aQd  VecRQd  ZaYe  aW  b b b b b b b b b b b b b b b b b
33� WhaW  WiPe  bXW  aOVR  becaXVe  Rf  WheiU  high  UaWiR  Rf  geQRPeV  WR  SRViWiYe  caVeV.  PRUWXgaO  UeSUeVeQWed  b b b b b b b b b b b b b b b b

340 aQ  e[ceSWiRQ  becaXVe  daWa  fRU  WhiV  cRXQWU\  ZeUe  OiPiWed  WR  Whe  ĆUVW  ZaYe  aW  WhaW  WiPe,  bXW  Ze  b b b b b b b b b b b b b b b b b b
341 iQcOXded   geQRPeV   fURP   PRUWXgaO   becaXVe   Rf   iWV   SRWeQWiaO   iPSRUWaQce   aV   a   VXPPeU   WUaYeO   ORcaWiRQ.  b
342  b
343 We  aOigQed  Whe  geQRPeV  fURP  each  cRXQWU\  XViQg  MAFFT  Y7.453   16  aQd  WUiPPed  Whe  5   aQd  3   b b b b b b b b b b b b b b b b b

344 eQdV  aQd  RQO\  UeWaiQed  XQiTXe  VeTXeQceV  fURP  each  ORcaWiRQ.  TR  fXUWheU  PiWigaWe  Whe  diVSaUiWieV  iQ  b b b b b b b b b b b b b b b
345 VaPSOiQg,  Ze  VXbVaPSOed  each  cRXQWU\  SURSRUWiRQaOO\  WR  Whe  cXPXOaWiYe  QXPbeU  Rf  caVeV  RQ  b b b b b b b b b b b b b
346 OcWRbeU  21 VW   (Whe  PRVW  UeceQWO\  VaPSOed  VeTXeQce  aW  Whe  WiPe)  b\  VeWWiQg  aQ  aUbiWUaU\  WhUeVhROd  Rf  b b b b b b b b b b b b b b b b
347 6.5  VeTXeQceV  SeU  10,000  caVeV,  ZiWh  a  PiQiPXP  QXPbeU  Rf  100  VeTXeQceV  SeU  cRXQWU\.  TR  b b b b b b b b b b b b b b b

34� Pa[iPi]e  Whe  WePSRUaO  aQd  VSaWiaO  cRYeUage  iQ  each  cRXQWU\,  Ze  biQQed  geQRPeV  b\  eSi-ZeeN  aQd  b b b b b b b b b b b b b b b
34� VaPSOed  aV  eYeQO\  aV  SRVVibOe,  VaPSOiQg  fURP  a  diffeUeQW  UegiRQ  ZiWhiQ  Whe  cRXQWU\  ZheQ  aYaiOabOe.  b b b b b b b b b b b b b b b
350 OQO\  VeTXeQceV  fURP  Whe  B.1  OiQeage  ZiWh  Whe  D614G  PXWaWiRQ  aQd  e[acW  VaPSOiQg  daWeV  ZeUe  b b b b b b b b b b b b b b b
351 VeOecWed  fRU  Whe  aQaO\VeV.  FURP  Whe  ĆQaO  aOigQed  VeTXeQce  VeW,  Ze  UePRYed  12  SRWeQWiaO  RXWOieUV,  b b b b b b b b b b b b b b b
352 baVed  RQ  a  URRW-WR-WiS  UegUeVViRQ  RQ  TePSEVW  Y1.5.3   17  RQ  a  Pa[iPXP-OiNeOihRRd  WUee  iQfeUUed  ZiWh  b b b b b b b b b b b b b b b
353 IQTREE   Y2.0.3    18 ,   \ieOdiQg   a   daWa   VeW   Rf   2,909   geQRPeV   (E[WeQded   DaWa   TabOe   1).  b
354  b
355 BecaXVe  Rf  Whe  QaWXUe  Rf  geQRPe  VeTXeQce  accXPXOaWiRQ,  feZeU  UeceQWO\  VaPSOed  geQRPeV  ZeUe  b b b b b b b b b b b b b
356 aYaiOabOe  fRU  PRVW  cRXQWUieV  RQ  NRYePbeU  3Ud  (UeOaWiYe  WR  Whe  caVe  cRXQWV  aW  WhiV  WiPe).  BecaXVe  b b b b b b b b b b b b b b b b

357 RXU  SUiPaU\  gRaO  ZaV  WR  aVVeVV  Whe  SeUViVWeQce  aQd  iQWURdXcWiRQ  Rf  OiQeageV  OeadiQg  XS  WR  Whe  b b b b b b b b b b b b b b b b
35� VecRQd  ZaYe,  Ze  VRXghW  WR  aXgPeQW  RXU  daWa  VeW  ZiWh  PRUe  UeceQW  geQRPeV,  haYiQg  aOUead\  b b b b b b b b b b b b b b b
35� SeUfRUPed  aQaO\VeV  RQ  Whe  iQiWiaO  daWa  VeW.  IQ  Whe  VecWiRQ  RQ  Ba\eViaQ  eYROXWiRQaU\  b b b b b b b b b b b b b
360 UecRQVWUXcWiRQV,  Ze  RXWOiQe  hRZ  Ze  XSdaWe  WheVe  aQaO\VeV  accRUdiQgO\.  OQ  JaQXaU\  5,  2021,  Ze  b b b b b b b b b b b b b b
361 XSdaWed  RXU  daWaVeW  b\  addiQg  RYeU  1,000  QRQ-ideQWicaO  VeTXeQceV  cROOecWed  beWZeeQ  AXgXVW  1 VW  b b b b b b b b b b b b b
362 aQd  OcWRbeU  31 VW .  FRU  PRUWXgaO,  Ze  e[WeQded  WhiV  SeUiRd  bacN  WR  JXQe  22 Qd  (Whe  PRVW  UeceQW  b b b b b b b b b b b b b b b b
363 VaPSOiQg  daWe  fRU  Whe  SUeYiRXV  PRUWXgXeVe  VeOecWiRQ).  We  dRZQORaded  aOO  QeZ  B.1  VeTXeQceV  ZiWh  b b b b b b b b b b b b b b
364 Whe  D614G  PXWaWiRQ  cROOecWed  dXUiQg  Whe  VeOecWed  WiPe  SeUiRd  fURP  GISAID  aQd  SeUfRUPed  Whe  b b b b b b b b b b b b b b

365 fROORZiQg  VXbVaPSOiQg.  The  QXPbeU  Rf  geQRPeV  WR  add  b\  cRXQWU\  ZaV  RbWaiQed  b\  UaiViQg  Whe  b b b b b b b b b b b b b b b
366 WhUeVhROd  UaWiR  Rf  VeTXeQceV/caVeV  WR  8.5  aQd  iQcUeaViQg  Whe  PiQiPXP  QXPbeU  Rf  VeTXeQceV  WR  b b b b b b b b b b b b b b
367 200.  TR  biaV  Whe  WePSRUaO  cRYeUage  WRZaUdV  PRUe  UeceQW  VaPSOeV,  Whe  geQRPeV  fURP  each  cRXQWU\  b b b b b b b b b b b b b b b
36� ZeUe  biQQed  b\  ZeeN  aQd  VaPSOed  VXch  WhaW  Whe  QXPbeU  Rf  VeTXeQceV  added  b\  ZeeN  ZaV  b b b b b b b b b b b b b b b b
36� SURSRUWiRQaO  WR  aQ  e[SRQeQWiaO  fXQcWiRQ  Rf  Whe  fRUP  ,  ZheUe   W =0  UeSUeVeQWV  AXgXVW  1 VW  aQd W =13  b b b b b b b b et 4/ b b b b b b b b

370 iV  OcWRbeU  31 VW .  FRU  PRUWXgaO,  Ze  did  QRW  XVe  WhiV  SUefeUeQWiaO  VaPSOiQg  aV  Ze  Qeeded  WR  iQcOXde  b b b b b b b b b b b b b b b b b
371 cORVe  WR  aOO  aYaiOabOe  geQRPeV  WR  UaiVe  Whe  QXPbeU  Rf  geQRPeV  WR  200.  The  VaPSOed  VeTXeQceV  b b b b b b b b b b b b b b b b
372 ZeUe  WheQ  dedXSOicaWed  aQd  RXWOieUV  ZeUe  UePRYed  aV  deVcUibed  iQ  Whe  SUeYiRXV  VecWiRQ.  WiWh  Whe  b b b b b b b b b b b b b b b
373 addiWiRQaO  VeOecWiRQ  Rf  1,050  geQRPeV,  Ze  aUUiYed  aW  a  daWa  VeW  Rf  3,959  geQRPeV  (E[WeQded  DaWa  b b b b b b b b b b b b b b b b

374 TabOe   1).  b

375  b
376 MobiliW\   daWa  b



377 We  aQaO\Ved  fRXU  diffeUeQW  PRbiOiW\/cRQQecWiYiW\  PeWUicV:  aiU  WUafĆc  ćRZV,  a  VRciaO  cRQQecWedQeVV  b b b b b b b b b b b b
37� iQde[  SURYided  b\  FacebRRN,  aV  ZeOO  aV  aggUegaWe  GRRgOe  aQd  FacebRRN  iQWeUQaWiRQaO  PRbiOiW\  b b b b b b b b b b b b b

37� daWa.  AiU  WUafĆc  ćRZ  daWa  ZeUe  RbWaiQed  fURP  Whe  IQWeUQaWiRQaO  AiU  TUaQVSRUW  AVVRciaWiRQ b b b b b b b b b b b b b
3�0 (hWWS://ZZZ.iaWa.RUg)  aQd  baVed  RQ  Whe  QXPbeU  Rf  RUigiQ-deVWiQaWiRQ  WicNeWV  ZhiOe  aOVR  WaNiQg  iQWR  b b b b b b b b b b b b b
3�1 accRXQW  cRQQecWiRQV  aW  iQWeUPediaWe  aiUSRUWV  (GiObeUW  eW  aO.  2020).  We  XVed  PRQWhO\  aiU  WUafĆc  b b b b b b b b b b b b b b
3�2 daWa  beWZeeQ  Whe  10  ZeVWeUQ  EXURSeaQ  cRXQWUieV  XQdeU  iQYeVWigaWiRQ  fRU  Whe  WiPe  SeUiRd  beWZeeQ  b b b b b b b b b b b b b b

3�3 JaQXaU\  2020  aQd  OcWRbeU  2020.  The  VRciaO  cRQQecWedQeVV  iQde[  (SCI)  iV  aQ  aQRQ\Pi]ed  VQaSVhRW  b b b b b b b b b b b b b b
3�4 Rf  acWiYe  FacebRRN  XVeUV  aQd  WheiU  fUieQdVhiS  QeWZRUNV  WR  PeaVXUe  Whe  iQWeQViW\  Rf  VRciaO  b b b b b b b b b b b b b b
3�5 cRQQecWedQeVV  beWZeeQ  cRXQWUieV  (hWWSV://daWa.hXPdaWa.RUg/).  IQ  SUacWice,  Whe  SCI  PeaVXUeV  Whe  b b b b b b b b b b
3�6 UeOaWiYe  SURbabiOiW\  Rf  a  FacebRRN  fUieQdVhiS  OiQN  beWZeeQ  WZR  XVeUV  Rf  Whe  aSSOicaWiRQ  iQ  diffeUeQW  b b b b b b b b b b b b b b b

3�7 cRXQWUieV.    We   XVed   Whe   SCI   caOcXOaWed   fRU   Whe   10   WeVWeUQ   eXURSeaQ   cRXQWUieV   aV   Rf   AXgXVW   2020.  b
3��  b
3�� The  GRRgOe  COVID-19  AggUegaWed  MRbiOiW\  ReVeaUch  DaWaVeW  cRQWaiQV  aQRQ\Pi]ed  PRbiOiW\  b b b b b b b b b b
3�0 ćRZV  aggUegaWed  RYeU  XVeUV  ZhR  haYe  WXUQed  RQ  Whe  LRcaWiRQ  HiVWRU\  VeWWiQg,  Zhich  iV  Rff  b\  b b b b b b b b b b b b b b b b

3�1 defaXOW.  TR  SURdXce  WhiV  daWaVeW,  PachiQe  OeaUQiQg  iV  aSSOied  WR  ORgV  daWa  WR  aXWRPaWicaOO\  VegPeQW  b b b b b b b b b b b b b b b
3�2 iW  iQWR  VePaQWic  WUiSV   19 .  TR  SURYide  VWURQg  SUiYac\  gXaUaQWeeV,  aOO  WUiSV  ZeUe  aQRQ\Pi]ed  aQd  b b b b b b b b b b b b b b b
3�3 aggUegaWed  XViQg  a  diffeUeQWiaOO\  SUiYaWe  PechaQiVP   20  WR  aggUegaWe  ćRZV  RYeU  WiPe  (Vee  b b b b b b b b b b b b b
3�4 hWWSV://SROicieV.gRRgOe.cRP/WechQRORgieV/aQRQ\Pi]aWiRQ).  ThiV  UeVeaUch  ZaV  dRQe  RQ  Whe  UeVXOWiQg  b b b b b b b b

3�5 heaYiO\  aggUegaWed  aQd  diffeUeQWiaOO\  SUiYaWe  daWa.  NR  iQdiYidXaO  XVeU  daWa  ZaV  eYeU  PaQXaOO\  b b b b b b b b b b b b b
3�6 iQVSecWed,  RQO\  heaYiO\  aggUegaWed  ćRZV  Rf  OaUge  SRSXOaWiRQV  ZeUe  haQdOed.  AOO  aQRQ\Pi]ed  WUiSV  b b b b b b b b b b b b b
3�7 ZeUe  SURceVVed  iQ  aggUegaWe  WR  e[WUacW  WheiU  RUigiQ  aQd  deVWiQaWiRQ  ORcaWiRQ  aQd  WiPe.  FRU  e[aPSOe, b b b b b b b b b b b b b b b
3�� if  XVeUV  WUaYeOed  fURP  ORcaWiRQ   a  WR  ORcaWiRQ   b  ZiWhiQ  WiPe  iQWeUYaO   W ,  Whe  cRUUeVSRQdiQg  ceOO  ( a ,   b ,   W )  b b b b b b b b b b b b b b b b b b b

3�� iQ  Whe  WeQVRU  ZRXOd  be   n  s  Ʀ ,  ZheUe   Ʀ  iV  LaSOaciaQ  QRiVe.  The  aXWRPaWed  LaSOace  PechaQiVP  addV  b b b b b b b b b b b b b b b b b b
400 UaQdRP  QRiVe  dUaZQ  fURP  a  ]eUR-PeaQ  LaSOace  diVWUibXWiRQ  aQd  \ieOdV  ( ,   ƣ )-diffeUeQWiaO  SUiYac\  b b b b b b b b b b b b b
401 gXaUaQWee  Rf   = 0.66  aQd   ƣ  = 2.1 � 10ü29  SeU  PeWUic.  The  SaUaPeWeU    cRQWUROV  Whe  QRiVe  iQWeQViW\  b b b b b b b b b b b b b b
402 iQ  WeUPV  Rf  iWV  YaUiaQce,  ZhiOe   ƣ  UeSUeVeQWV  Whe  deYiaWiRQ  fURP  SXUe  -SUiYac\.  The  cORVeU  Whe\  aUe  b b b b b b b b b b b b b b b b b
403 WR  ]eUR,  Whe  VWURQgeU  Whe  SUiYac\  gXaUaQWeeV.  We  XVed  aggUegaWed  PRbiOiW\  ćRZV  beWZeeQ  Whe  10  b b b b b b b b b b b b b b b

404 ZeVWeUQ  EXURSeaQ  cRXQWUieV  aQd  VXPPaUi]ed  b\  WZR-ZeeN  RU  PRQWhO\  WiPe  SeUiRdV  beWZeeQ  b b b b b b b b b b b b
405 JaQXaU\   2020   aQd   OcWRbeU   2020.  b
406  b
407 FiQaOO\,  Ze  aOVR  cRQVideUed  iQWeUQaWiRQaO  PRbiOiW\  daWa  fURP  FacebRRN  PRbiOiW\  daWa  aV  aQ  b b b b b b b b b b b b b

40� aOWeUQaWiYe  WR  GRRgOe  PRbiOiW\  daWa.  TheVe  daWa  aUe  baVed  RQ  QXPbeUV  Rf  FacebRRN  XVeUV  PRYiQg  b b b b b b b b b b b b b b b
40� RYeU  OaUge  diVWaQceV,  OiNe  aiU  RU  WUaiQ  WUaYeO.  CRXQWV  Rf  iQWeUQaWiRQaO  WUaYeO  SaWWeUQV  aUe  XSdaWed  b b b b b b b b b b b b b b b
410 daiO\  baVed  RQO\  RQ  XVeUV  ZhR  haYe  RSWed  iQWR  VhaUiQg  SUeciVe  ORcaWiRQ  daWa  fURP  WheiU  deYice  ZiWh  b b b b b b b b b b b b b b b b b
411 Whe  FacebRRN  PRbiOe  aSS  WhURXgh  ORcaWiRQ  VeUYiceV.  AOVR  iQ  WhiV  caVe,  Ze  XVed  aggUegaWed  PRbiOiW\  b b b b b b b b b b b b b b b

412 ćRZV  beWZeeQ  Whe  10  ZeVWeUQ  EXURSeaQ  cRXQWUieV  VXPPaUi]ed  b\  PRQWh  beWZeeQ  JaQXaU\  2020  b b b b b b b b b b b b b
413 aQd  OcWRbeU  2020.  BecaXVe  iQWeUQaWiRQaO  aggUegaWe  PRbiOiW\  daWa  RbWaiQed  fURP  GRRgOe  aQd  b b b b b b b b b b b b
414 FacebRRN  aUe  highO\  cRUUeOaWed  (PRQWhO\  SSeaUPaQ  cRUUeOaWiRQ  UaQgiQg  fURP  0.84  WR  0.92;  b b b b b b b b b b b b
415 E[WeQded  FigXUe  7),  Ze  RQO\  iQcOXded  Whe  GRRgOe  aggUegaWe  PRbiOiW\  daWa  aV  a  cRYaUiaWe  iQ  Whe  b b b b b b b b b b b b b b b b

416 Sh\ORgeRgUaShic   aQaO\VeV.  b
417  b
41� Ba\eVian   eYolXWionaU\   UeconVWUXcWionV  b

41� - JRiQW   VeTXeQce-WUaiW   iQfeUeQce   ZiWh   a   WiPe-hRPRgeQeRXV   GLM   diffXViRQ   PRdeO  b



420 We  SeUfRUPed  Ba\eViaQ  eYROXWiRQaU\  UecRQVWUXcWiRQ  Rf  WiPed  Sh\ORgeRgUaShic  hiVWRU\  XViQg  b b b b b b b b b b
421 BEAST  1.10   21  iQcRUSRUaWiQg  geQRPe  VeTXeQceV,  WheiU  cRXQWU\  aQd  daWe  Rf  VaPSOiQg,  b b b b b b b b b b b b

422 eSidePiRORgicaO  aQd  PRbiOiW\/cRQQecWiYiW\  daWa.  BecaXVe  Rf  Whe  UeOaWiYeO\  ORZ  degUee  Rf  UeVROXWiRQ  b b b b b b b b b b b b
423 RffeUed  b\  Whe  VeTXeQce  daWa,  RXU  fXOO  SURbabiOiVWic  PRdeO  VSeciĆcaWiRQ  fRcXVeV  RQ  i)  UeOaWiYeO\  b b b b b b b b b b b b b b
424 ViPSOe  PRdeO  VSeciĆcaWiRQV  aQd  ii)  iQfRUPiQg  SaUaPeWeUV  b\  addiWiRQaO  QRQ-geQeWic  daWa  VRXUceV.  b b b b b b b b b b b b
425 We  PRdeOed  VeTXeQce  eYROXWiRQ  XViQg  aQ  HKY85  QXcOeRWide  VXbVWiWXWiRQ  PRdeO  ZiWh  b b b b b b b b b b b

426 gaPPa-diVWUibXWed  UaWe  YaUiaWiRQ  aPRQg  ViWeV  aQd  a  VWUicW  PROecXOaU  cORcN  PRdeO.  OXU  geQRPe  VeW  b b b b b b b b b b b b b b
427 iQcOXdeV  WhUee  geQRPeV  fURP  aQ  eaUO\  RXWbUeaN  iQ  BaYaUia,  Zhich  ZaV  caXVed  b\  aQ  iQdeSeQdeQW  b b b b b b b b b b b b b b b
42� iQWURdXcWiRQ  fURP  ChiQa   22 23 .  We  WheUefRUe  cRQVWUaiQed  WheVe  geQRPeV  aV  aQ  RXWgURXS  iQ  Whe  b b b b b b b b b b b b b b
42� aQaO\ViV,  Zhich  accRUdiQg  WR  URRW-WR-WiS  UegUeVViRQ  SORWV  aV  a  fXQcWiRQ  Rf  VaPSOiQg  WiPe  UeVXOWed  iQ  b b b b b b b b b b b b b b b

430 a  beWWeU  cRUUeOaWiRQ  cRefĆcieQW/R-VTXaUed  cRPSaUed  WR  Whe  beVW-ĆWWiQg  URRW  XQdeU  Whe  heXUiVWic  b b b b b b b b b b b b
431 PeaQ   UeVidXaO   VTXaUed   cUiWeUiRQ   (E[WeQded   FigXUe   8) 17 .   b b
432  b
433 AV  a  cRaOeVceQW  WUee  SUiRU,  Ze  PRdeOed  Whe  effecWiYe  SRSXOaWiRQ  Vi]e  WUaMecWRU\  aV  a  SieceZiVe  b b b b b b b b b b b b b b b
434 cRQVWaQW  fXQcWiRQ  WhaW  chaQgeV  YaOXeV  aW  SUe-VSeciĆed  WiPeV   fROORZiQg  24 ,  ZiWh  ORg  SRSXOaWiRQ  Vi]eV  b b b b b b b b b b b b b b
435 PRdeOOed  aV  a  deWeUPiQiVWic  fXQcWiRQ  Rf  ORg  COVID-19  caVe  cRXQWV   fROORZiQg  25 .  ThiV  UedXceV  Whe  b b b b b b b b b b b b b b b
436 QRQSaUaPeWUic  VN\gUid  SaUaPeWeUi]aWiRQ  WR  a  geQeUaOi]ed  OiQeaU  PRdeO  (GLM)  fRUPXOaWiRQ  ZiWh  aQ  b b b b b b b b b b b b
437 eVWiPabOe  UegUeVViRQ  iQWeUceSW  aQd  cRefĆcieQW.  SSeciĆcaOO\,  Ze  XVed  WZR-ZeeN  iQWeUYaOV  aQd  b b b b b b b b b b b

43� VSeciĆed  aV  a  cRYaUiaWe  Whe  WRWaO  caVe  cRXQWV  RYeU  WheVe  WiPe  iQWeUYaOV  fRU  Whe  10  cRXQWUieV  Rf  b b b b b b b b b b b b b b b b b
43� VaPSOiQg.  The  eaUOieVW  iQWeUYaO  ZiWh  QRQ-]eUR  caVeV  cRXQWV  ZaV  fURP  2020-01-14  WR  2020-01-28;  b b b b b b b b b b b b b
440 befRUe  2020-01-14,  Whe  ORg-WUaQVfRUPed  aQd  VWaQdaUdi]ed  caVe  cRXQW  cRYaUiaWe  ZaV  VeW  WR  Whe  b b b b b b b b b b b b b
441 eTXiYaOeQW  Rf  1  caVe.  CaVe  cRXQW  daWa  ZeUe  RbWaiQed  fURP  b b b b b b b b b b

442 hWWSV://ZZZ.ecdc.eXURSa.eX/eQ/cRYid-19/daWa .   bb
443  b
444 SiPiOaU  WR  VeTXeQce  eYROXWiRQ,  Ze  PRdeOOed  Whe  SURceVV  Rf  WUaQViWiRQiQg  WhURXgh  diVcUeWe  ORcaWiRQ  b b b b b b b b b b b b b
445 VWaWeV  (cRXQWUieV  Rf  VaPSOiQg)  accRUdiQg  WR  a  cRQWiQXRXV-WiPe  MaUNRY  chaiQ  (CTMC)   26 .  We  b b b b b b b b b b b b b
446 ePSOR\ed  a  SaUaPeWeUi]aWiRQ  WhaW  PRdeOV  Whe  ORg  WUaQViWiRQ  UaWeV  aV  a  ORg  OiQeaU  fXQcWiRQ  Rf  b b b b b b b b b b b b b b b
447 PRbiOiW\/cRQQecWiYiW\  cRYaUiaWeV   27 .  AV  cRYaUiaWeV  Ze  cRQVideUed  FacebRRN'V  SCI,  aiU  b b b b b b b b b b
44� WUaQVSRUWaWiRQ  daWa  aQd  PRbiOiW\  daWa.  FRU  Whe  WZR  WiPe-YaUiabOe  PRbiOiW\  PeaVXUeV,  Ze  XVed  Whe  b b b b b b b b b b b b b b
44� aYeUage  Rf  Whe  ORg-WUaQVfRUPed  aQd  VWaQdaUdi]ed  PRQWhO\  PRbiOiW\  PeaVXUeV  aV  a  ViQgOe  cRYaUiaWe  b b b b b b b b b b b b b
450 iQ  RXU  WiPe-hRPRgeQeRXV  Sh\ORgeRgUaShic  GLM  PRdeO.  IQ  addiWiRQ  WR  eVWiPaWiQg  Whe  cRQWUibXWiRQ  b b b b b b b b b b b b

451 (effecW  Vi]e)  Rf  each  cRYaUiaWe  iQ  WhiV  GLM,  Ze  aOVR  eVWiPaWed  WheiU  iQcOXViRQ  SURbabiOiWieV  WhURXgh  a  b b b b b b b b b b b b b b b b
452 VSiNe-aQd-VOab   SURcedXUe.   bb
453  b
454 We  SeUfRUPed  iQfeUeQce  XQdeU  Whe  fXOO  PRdeO  VSeciĆcaWiRQ  XViQg  MaUNRY  chaiQ  MRQWe  CaUOR  b b b b b b b b b b b b b
455 (MCMC)  VaPSOiQg  aQd  XVed  Whe  BEAGLE  OibUaU\  Y3   28  WR  iQcUeaVe  cRPSXWaWiRQaO  SeUfRUPaQce.  We  b b b b b b b b b b b b b b
456 VSeciĆed  VWaQdaUd  WUaQViWiRQ  NeUQeOV  RQ  aOO  SaUaPeWeUV,  e[ceSW  fRU  Whe  UegUeVViRQ  cRefĆcieQWV  Rf  b b b b b b b b b b b b b
457 Whe  SieceZiVe-cRQVWaQW  cRaOeVceQW  GLM  PRdeO.  FRU  WheVe  SaUaPeWeUV,  Ze  iPSOePeQWed  QeZ  b b b b b b b b b b b
45� HaPiOWRQiaQ  MRQWe  CaUOR  (HMC)  WUaQViWiRQ  NeUQeOV  WR  iPSURYe  VaPSOiQg  efĆcieQc\.  TheVe  NeUQeOV  b b b b b b b b b b b b

45� XVe  SUiQciSOeV  fURP  HaPiOWRQiaQ  d\QaPicV  aQd  WheiU  aSSUR[iPaWe  eQeUg\  cRQVeUYiQg  SURSeUWieV  WR  b b b b b b b b b b b b
460 UedXce  cRUUeOaWiRQ  beWZeeQ  VXcceVViYe  VaPSOed  VWaWeV,  bXW  UeTXiUe  cRPSXWaWiRQ  Rf  Whe  gUadieQW  Rf  b b b b b b b b b b b b b
461 Whe  PRdeO  ORg-SRVWeUiRU  ZiWh  UeVSecW  WR  Whe  SaUaPeWeUV  Rf  iQWeUeVW,  iQ  addiWiRQ  WR  efĆcieQW  b b b b b b b b b b b b b b
462 eYaOXaWiRQ  Rf  Whe  ORg-SRVWeUiRU  WhaW  BEAGLE  SURYideV.  TR  accRPSOiVh  WhiV,  Ze  e[WeQded  RXU  b b b b b b b b b b b b b

463 SUeYiRXV  aQaO\Wic  deUiYaWiRQ  Rf  Whe  gUadieQW  Rf  Whe  ORg-deQViW\  fURP  Whe  VN\gUid  cRaOeVceQW  PRdeO  b b b b b b b b b b b b b b



464 ZiWh  UeVSecW  WR  Whe  ORg-SRSXOaWiRQ-Vi]eV   29  WR  QRZ  be  ZiWh  UeVSecW  WR  Whe  UegUeVViRQ  cRefĆcieQWV  b b b b b b b b b b b b b b b
465 XViQg   Whe   chaiQ   UXOe   aQd   WheiU   UegUeVViRQ   deVigQ   PaWUi[.   bb

466  b
467 DXe  WR  Whe  daWa  VeW  Vi]e,  MCMC  bXUQ-iQ  WaNeV  XS  cRQVideUabOe  cRPSXWaWiRQaO  WiPe.  We  WheUefRUe  b b b b b b b b b b b b b b b
46� iWeUaWed  WhURXgh  a  VeUieV  BEAST  iQfeUeQceV,  iQiWiaOO\  RQO\  cRQVideUiQg  VeTXeQce  eYROXWiRQ  aQd  b b b b b b b b b b b b
46� VXbVeTXeQWO\  addiQg  Whe  ORcaWiRQ  daWa,  WR  aUUiYe  aW  a  WUee  diVWUibXWiRQ  fURP  Zhich  WUeeV  ZeUe  WaNeQ  b b b b b b b b b b b b b b b b

470 aV  VWaUWiQg  WUeeV  iQ  RXU  ĆQaO  aQaO\VeV.  The  OaWWeU  ZaV  cRPSRVed  Rf  PXOWiSOe  iQdeSeQdeQW  MCMC  b b b b b b b b b b b b b b b
471 UXQV  WhaW  ZeUe  UXQ  VXfĆcieQWO\  ORQg  WR  eQVXUe  WhaW  WheiU  cRPbiQed  SRVWeUiRU  VaPSOeV  achieYed  b b b b b b b b b b b b b b
472 effecWiYe   VaPSOe   Vi]eV   (ESSV)   OaUgeU   WhaQ   100   fRU   aOO   cRQWiQXRXV   SaUaPeWeUV.   b b
473  b
474 - DaWa   aXgPeQWaWiRQ   WhURXgh   RQOiQe   BEAST   bb

475 AV  Ze  XSdaWed  RXU  daWaVeW  fROORZiQg  iQiWiaO  aQaO\VeV  Rf  Whe  2,909  geQRPe  cROOecWiRQ  XViQg  Whe  b b b b b b b b b b b b b b b
476 aSSURach  diVcXVVed  iQ  Whe  SUeYiRXV  VXbVecWiRQ,  Ze  VRXghW  WR  caSiWaOi]e  RQ  WheVe  effRUWV  WR  OiPiW  Whe  b b b b b b b b b b b b b b b b

477 bXUQ-iQ  fRU  VXbVeTXeQW  aQaO\VeV  Rf  Whe  3,959  daWaVeW.  SSeciĆcaOO\,  Ze  adRSWed  Whe  diVWaQce-baVed  b b b b b b b b b b b b b
47� SURcedXUe  WR  iQVeUW  QeZ  Wa[a  iQWR  a  WiPe-PeaVXUed  Sh\ORgeQeWic  WUee  VaPSOe  aV  iPSOePeQWed  iQ  b b b b b b b b b b b b b b
47� Whe  BEAST  fUaPeZRUN  fRU  RQOiQe  iQfeUeQce   30 .  We  VXbVeTXeQWO\  XVe  Whe  aXgPeQWed  WUee  aV  VWaUWiQg  b b b b b b b b b b b b b b b
4�0 WUee   fRU   Whe   aQaO\VeV   Rf   Whe   XSdaWed   daWaVeW.   b b

4�1  b
4�2 - TiPe-iQhRPRgeQeRXV   UecRQVWUXcWiRQV  b

4�3 TR  accRPPRdaWe  Whe  WiPe-YaUiabiOiW\  Rf  Whe  PRbiOiW\  PeaVXUeV,  Ze  cRQVWUXcWed  eSRch  PRdeO  b b b b b b b b b b b b

4�4 e[WeQViRQV  Rf  Whe  diVcUeWe  Sh\ORgeRgUaSh\  aSSURach  WhaW  aOORZ  VSecif\iQg  aUbiWUaU\  iQWeUYaOV  RYeU  b b b b b b b b b b b b
4�5 Whe  eYROXWiRQaU\  hiVWRU\  aQd  aVVRciaWiQg  WheP  ZiWh  diffeUeQW  PRdeO  SaUaPeWeUi]aWiRQV   31 .  AV  a  b b b b b b b b b b b b b
4�6 cRPSOePeQW  WR  WeVWiQg  cRYaUiaWeV  Rf  VSaWiaO  diffXViRQ  XViQg  a  WiPe-hRPRgeQeRXV  PRdeO,  Ze  XVed  b b b b b b b b b b b b b
4�7 Whe  eSRch  e[WeQViRQ  WR  VSecif\  PRQWhO\  iQWeUYaOV  aOORZiQg  XV  WR  iQcRUSRUaWe  PRQWhO\  PRbiOiW\  b b b b b b b b b b b b b

4�� PaWUiceV  (aiU  WUaQVSRUWaWiRQ  daWa  ZaV  RQO\  aYaiOabOe  aV  PRQWhO\  QXPbeUV),  bXW  aVVXPiQg b b b b b b b b b b b b
4�� WiPe-hRPRgeQeRXV  effecW  Vi]eV  aQd  iQcOXViRQ  SURbabiOiWieV.  MRQWhO\  cRYaUiaWeV  ZeUe  agaiQ  b b b b b b b b b b
4�0 ORg-WUaQVfRUPed  aQd  VWaQdaUdi]ed  afWeU  addiQg  a  SVeXdRcRXQW  WR  each  eQWU\  iQ  Whe  PRQWhO\  b b b b b b b b b b b b b
4�1 PaWUiceV.  b

4�2  b
4�3 IQ  addiWiRQ,  Ze  SeUfRUPed  aQRWheU  aQaO\ViV  iQ  Zhich  Ze  UeOa[ed  Whe  cRQVWaQW-WhURXgh-WiPe  b b b b b b b b b b b b
4�4 iQcOXViRQ  SURbabiOiW\  Rf  Whe  cRYaUiaWeV.  IQ  WhiV  PRdeO  VSeciĆcaWiRQ,  each  iQWeUYaO  iV  aVVRciaWed  ZiWh  b b b b b b b b b b b b b b
4�5 a  VSeciĆc  VeW  Rf  iQdicaWRU  YaUiabOeV  WR  UeSUeVeQW  Whe  iQcOXViRQ/e[cOXViRQ  Rf  cRYaUiaWeV,  bXW  Ze  SRRO  b b b b b b b b b b b b b b b
4�6 iQfRUPaWiRQ  abRXW  SUedicWRU  iQcOXViRQ  acURVV  Whe  iQWeUYaOV  XViQg  hieUaUchicaO  gUaSh  PRdeOOiQg   32 .  b b b b b b b b b b b b
4�7 ThiV  aSSURach  XVeV  a  VeW  Rf  iQdicaWRU  YaUiabOeV  WR  PRdeO  cRYaUiaWe  iQcOXViRQ  aW  Whe  hieUaUchicaO  b b b b b b b b b b b b b b b
4�� OeYeO  bXW  aOORZV  iQWeUYaO-VSeciĆc  iQcOXViRQ  RU  SUedicWRUV  WR  diYeUge  fURP  Whe  hieUaUchicaO  OeYeO  ZiWh  b b b b b b b b b b b b b b
4�� a  QRQ-]eUR  SURbabiOiW\  (ZiWh  Whe  QXPbeU  Rf  diffeUeQceV  PRdeOOed  aV  a  biQRPiaO  diVWUibXWiRQ,   32  ),  b b b b b b b b b b b b b b b

500 Zhich  VeW  WR  0.10  iQ  RXU  caVe.  We  eVWiPaWed  hieUaUchicaO  aQd  iQWeUYaO-OeYeO  iQcOXViRQ  XViQg  b b b b b b b b b b b b b b
501 VSiNe-aQd-VOab.  b
502  b
503 FiQaOO\,  Ze  SeUfRUPed  aQ  aQaO\ViV  XViQg  Whe  WiPe-iQhRPRgeQeRXV  PRdeO  iQ  Zhich  Whe  b b b b b b b b b b b b

504 iQWeUYaO-VSeciĆc  WUaQViWiRQ  UaWeV  aUe  PRdeOOed  aV  a  fXQcWiRQ  Rf  Whe  ViQgOe  cRYaUiaWe  WhaW  iV  b b b b b b b b b b b b b b
505 VXSSRUWed  b\  Whe  aQaO\VeV  abRYe  OeYeUagiQg  aggUegaWe  PRbiOiW\.  We  iQcRUSRUaWed  PRUe  YaUiabiOiW\  b b b b b b b b b b b b
506 WhURXgh  WiPe  b\  VSecif\iQg  WZR-ZeeN  iQWeUYaOV  (ViPiOaU  WR  Whe  cRaOeVceQW  GLM  iQWeUYaO  b b b b b b b b b b b b
507 VSeciĆcaWiRQ).  The  WiPe-iQhRPRgeQeRXV  GLM  aSSURach  Ze  ePSOR\  aOORZV  PRdeOOiQg  UeOaWiYe  b b b b b b b b b b



50� diffeUeQceV  iQ  WUaQViWiRQ  UaWeV,  bXW  aOVR  Whe  RYeUaOO  UaWe  Rf  PigUaWiRQ  beWZeeQ  cRXQWUieV  YaUieV  b b b b b b b b b b b b b b
50� WhURXgh  WiPe  aQd  OiNeO\  PRUe  WhaQ  Whe  UeOaWiYe  SUefeUeQceV  Rf  PigUaWiRQ.  TheUefRUe,  Ze  fXUWheU  b b b b b b b b b b b b b b

510 e[WeQded  WhiV  PRdeO  b\  iQcRUSRUaWiQg  a  WiPe-iQhRPRgeQeRXV  RYeUaOO  CTMC  UaWe  VcaOeU  aQd  b b b b b b b b b b b b
511 SaUaPeWeUi]e  iW  aV  a  ORg  OiQeaU  fXQcWiRQ  Rf  Whe  WRWaO  PRQWhO\  beWZeeQ-cRXQWU\  ORg-WUaQVfRUPed  aQd  b b b b b b b b b b b b b b
512 VWaQdaUdi]ed  PRbiOiW\.  TR  geQeUaWe  UeaOiVaWiRQV  Rf  Whe  diVcUeWe  ORcaWiRQ  CTMC  SURceVV  aQd  RbWaiQ  b b b b b b b b b b b b b
513 eVWiPaWeV  Rf  Whe  WUaQViWiRQV  (MaUNRY  MXPSV)  beWZeeQ  VWaWeV  XQdeU  WhiV  PRdeO,  Ze  ePSOR\ed  b b b b b b b b b b b b b
514 SRVWeUiRU   iQfeUeQce   Rf   Whe   cRPSOeWe   MaUNRY   MXPS   hiVWRU\   WhURXgh   WiPe    27,33 .  b
515  b
516 WhiOe  Whe  eSRch  PRdeO  aOORZV  XV  WR  će[ibO\  accRPPRdaWe  WiPe-YaUiabOe  VSaWiaO  d\QaPicV,  iW  b b b b b b b b b b b b b
517 cRQVideUabO\  iQcUeaVeV  Whe  cRPSXWaWiRQaO  bXUdeQ  aVVRciaWed  ZiWh  OiNeOihRRd  eYaOXaWiRQV.  IQ  RUdeU  b b b b b b b b b b b

51� WR  efĆcieQWO\  dUaZ  iQfeUeQce  XQdeU  WhiV  PRdeO  fRU  RXU  OaUge  daWa  VeW,  Ze  ĆW  Whe  b b b b b b b b b b b b b b b
51� WiPe-iQhRPRgeQeRXV  VSaWiaO  diffXViRQ  SURceVV  WR  a  VeW  Rf  WUeeV  iQfeUUed  XQdeU  Whe  b b b b b b b b b b b b
520 WiPe-hRPRgeQeRXV  GLM  diffXViRQ  PRdeO  deVcUibed  abRYe.  AOWhRXgh  OiNeOihRRd  eYaOXaWiRQV  UePaiQ  b b b b b b b b b b
521 cRPSXWaWiRQaOO\  e[SeQViYe,  eYeQ  ZiWh  Whe  VSeed-XS  RffeUed  b\  GPU  cRPSXWaWiRQ  ZiWh  BEAGLE,  b b b b b b b b b b b b

522 eOiPiQaWiQg  ViPXOWaQeRXV  WUee  eVWiPaWiRQ  WUePeQdRXVO\  UedXceV  SaUaPeWeU-VSace,  UeTXiUiQg  RQO\  b b b b b b b b b
523 PRdeVW   MCMC   chaiQ   OeQgWhV   WR   adeTXaWeO\   e[SORUe   iW.  b
524  b
525 - PRVWeUiRU   SXPPaUieV  b

526 We  aVVeVVed  MCMC  Pi[iQg  (e.g.  XViQg  ESSV)  aQd  VXPPaUi]ed  cRQWiQXRXV  SaUaPeWeU  eVWiPaWeV  b b b b b b b b b b b b
527 XViQg  TUaceU  Y1.7.1   34 .  CUedibOe  iQWeUYaOV  ZeUe  cRPSXWed  aV  95%  HPD  iQWeUYaOV.  TUeeV  ZeUe  b b b b b b b b b b b b b b
52� YiVXaOi]ed  XViQg  FigTUee  Y1.4.4  (aYaiOabOe  aW   hWWSV://giWhXb.cRP/UaPbaXW/ĆgWUee/UeOeaVeV ).  IQ  WeUPV  b b b b b b b b b

52� Rf  Sh\ORgeRgUaShic  eVWiPaWeV,  Ze  PaiQO\  fRcXVed  RQ  i)  WUaQViWiRQV  WR  each  ORcaWiRQ  aQd  fURP  each  b b b b b b b b b b b b b b b
530 ORcaWiRQ  (baVed  RQ  MaUNRY  MXPS  eVWiPaWeV)  iQVWead  Rf  SaiUZiVe  WUaQViWiRQV,  ii)  UaWiRV  Rf  WheVe  b b b b b b b b b b b b b b
531 WUaQViWiRQV  aQd  iii)  hRZ  WheVe  WUaQViWiRQV  VWUXcWXUed  WUaQVPiVViRQ  chaiQV  iQ  iQdiYidXaO  cRXQWUieV.  b b b b b b b b b b b b
532 TUaQViWiRQV  WR  each  aQd  fURP  each  ORcaWiRQ  aYRid  dUaZiQg  cRQcOXViRQV  abRXW  diUecW  PigUaWiRQ  b b b b b b b b b b b b b

533 beWZeeQ  cRXQWUieV,  Zhich  caQ  be  WeQXRXV  giYeQ  Whe  iQcRPSOeWe  geQRPeV  cRYeUage  Rf  EXURSe,  b b b b b b b b b b b b b
534 ZhiOe  WheiU  UaWiRV  aYRid  XViQg  abVROXWe  QXPbeUV  Rf  WUaQViWiRQV,  Zhich  aUe  highO\  VaPSOe-deSeQdeQW.  b b b b b b b b b b b b b
535 Ph\ORgeRgUaShic  iQfeUeQce  iV  OiPiWed  WR  UecRQVWUXcWiQg  Whe  WUaQViWiRQV  iQ  Whe  aQceVWUaO  hiVWRU\  Rf  a  b b b b b b b b b b b b b b
536 VaPSOe  Rf  VeTXeQceV,  Zhich  ZiOO  RQO\  be  a  VPaOO  fUacWiRQ  Rf  Whe  acWXaO  PigUaWiRQ  eYeQWV  eVSeciaOO\  b b b b b b b b b b b b b b b b

537 ZheQ  WheVe  eYeQWV  UeVXOW  iQ  iQVXfĆcieQW  RQZaUdV  WUaQVPiVViRQ  WR  be  caSWXUed  iQ  RXU  OiPiWed  b b b b b b b b b b b b b b
53� VaPSOe.  IQ  addiWiRQ,  SARS-CRV-2  geQRPe  daWa  caQ  be  SRRUO\  UeVROYed  aQd  ideQWicaO  geQRPeV  iQ  b b b b b b b b b b b b b b
53� diffeUeQW  ORcaWiRQV  aUe  cRQViVWeQW  ZiWh  h\SRWheVeV  WhaW  iQYROYe  bRWh  a  VSaUVe  aQd  a  Uich  QXPbeU  Rf  b b b b b b b b b b b b b b b b
540 YiUXV  ćRZV  beWZeeQ  WheVe  ORcaWiRQV.  AV  Whe  daWa  hROd  OiWWOe  iQfRUPaWiRQ  WR  diVWiQgXiVh  WheVe  b b b b b b b b b b b b b b
541 h\SRWheVeV,  Ze  RQO\  cRQVideU  VSaUVe  VceQaUiR'V  b\  iQcOXdiQg  RQO\  XQiTXe  VeTXeQceV  fRU  each  b b b b b b b b b b b b b

542 ORcaWiRQ.  A  MRiQW  iQfeUeQce  Rf  VeTXeQce  eYROXWiRQ  aQd  diVcUeWe  VSaWiaO  diffXViRQ  ZRXOd  eUU  RQ  Whe  b b b b b b b b b b b b b b b
543 Vide  Rf  VSaUVe  h\SRWheVeV  aQ\Za\  becaXVe  iW  ZiOO  WeQd  WR  cOXVWeU  ideQWicaO  VeTXeQceV  WhaW  VhaUe  a  b b b b b b b b b b b b b b b b
544 ORcaWiRQ.  DeVSiWe  Whe  geQeUaO  XQdeUeVWiPaWiRQ  Rf  VSaWiaO  diVSeUVaO,  a  Sh\ORgeRgUaShic  iQfeUeQce  iV  b b b b b b b b b b b b
545 VWiOO  OiNeO\  WR  caSWXUe  Whe  WUaQViWiRQ  eYeQWV  ZiWh  iPSRUWaQW  RQZaUd  WUaQVPiVViRQ,  aQd  eYaOXaWiQg  Whe  b b b b b b b b b b b b b b

546 iPSRUWaQce   Rf   VXch   eYeQWV   UeOaWiYe   WR   SeUViVWeQce   iV   a   PaMRU   fRcXV   Rf   WhiV   VWXd\.  b
547  b
54� We  SURYide  WhUee  QeZ  WUee  VaPSOe  WRROV  iQ  Whe  BEAST  cRdebaVe  aYaiOabOe  aW  b b b b b b b b b b b b b
54� hWWSV://giWhXb.cRP/beaVW-deY/beaVW-PcPc )  WR  RbWaiQ  SRVWeUiRU  VXPPaUieV  Rf  ORcaWiRQ  WUaQViWiRQ  b b b b b b b b

550 hiVWRUieV   XViQg   SRVWeUiRU   WUee   diVWUibXWiRQV   aQQRWaWed   ZiWh   MaUNRY   MXPSV:  bb
551  b



552 ● TUeeMaUkoYJXmpHiVWoU\Anal\]eU  aOORZV  cROOecWiQg  MaUNRY  MXPSV  aQd  WheiU  WiPiQgV  fURP  a  b b b b b b b b b b
553 SRVWeUiRU  WUee  diVWUibXWiRQ  aQQRWaWed  ZiWh  MaUNRY  MXPSV  hiVWRUieV  iQ  a  .cVY  ĆOe  fRU  fXUWheU  b b b b b b b b b b b b b b

554 aQaO\VeV.   bb
555  b
556 ● TUeeSWaWeTimeSXmmaUi]eU  decRPSRVeV  Whe  WRWaO  WUee  WiPe  iQWR  Whe  WiPeV  aVVRciaWed  ZiWh  b b b b b b b b b b b
557 cRQWigXRXV  SaUWiWiRQV  Rf  a  WUee  aVVRciaWed  ZiWh  a  SaUWicXOaU  ORcaWiRQ  VWaWe,  ZiWh  Whe  b b b b b b b b b b b b b

55� SaUWiWiRQV  deWeUPiQed  b\  Whe  MaUNRY  MXPSV.  AQ  aUbiWUaU\  ORZeU  aQd  XSSeU  WiPe  bRXQdaU\  b b b b b b b b b b b b b
55� caQ  be  VSeciĆed  WR  UeVWUicW  Whe  VXPPaU\  WR  a  SaUWicXOaU  WiPe  iQWeUYaO  iQ  Whe  eYROXWiRQaU\  b b b b b b b b b b b b b b b
560 hiVWRU\.  We  XVe  Whe  WiPe  eVWiPaWeV  fRU  Whe  VeSaUaWe  SaUWiWiRQV  aVVRciaWed  ZiWh  each  VWaWe  WR  b b b b b b b b b b b b b b b
561 caOcXOaWe  aQ  eQWURS\  PeaVXUe  WhaW  VXPPaUi]eV  Whe  geQeWic  PaNe-XS  Rf  cRXQWU\-VSeciĆc  b b b b b b b b b b b

562 WUaQVPiVViRQ   chaiQV.   SSeciĆcaOO\,   Ze   XVe   fRU   each   ORcaWiRQ   a   QRUPaOi]ed   ShaQQRQ   eQWURS\:  b

563 , 1
ln(n) ∑

n

i
¬p ln(p )i¬ i¬

¬
¬ (1)  b

564 WheUe   p i  iV  Whe  SURSRUWiRQ  Rf  WiPe  aVVRciaWed  ZiWh  WhaW  ORcaWiRQ  fRU  SaUWiWiRQ   i  Rf  a  b b b b b b b b b b b b b b b b
565 Sh\ORgeRgUaShic  WUee  aQd   n  UeSUeVeQWV  Whe  QXPbeU  Rf  SaUWiWiRQV  fRU  WhaW  ORcaWiRQ  iQ  Whe  b b b b b b b b b b b b b b
566 WUee.  b
567  b
56� ● PeUViVWenceSXmmaUi]eU  aOVR  XVeV  SRVWeUiRU  WUee  diVWUibXWiRQV  aQQRWaWed  ZiWh  MaUNRY  MXPSV  b b b b b b b b b b

56� WR  VXPPaUi]e  Whe  QXPbeU  Rf  OiQeageV  aW  a  SaUWicXOaU  SRiQW  iQ  WiPe  (eYaOXaWiRQ  WiPe,   T e ,  cfU.  b b b b b b b b b b b b b b b b
570 E[WeQded  FigXUe  5),  Zhich  ORcaWiRQ  VWaWeV  Whe\  aUe  aVVRciaWed  ZiWh,  ViQce  ZhaW  WiPe  SRiQW  iQ  b b b b b b b b b b b b b b b
571 Whe  SaVW  Whe\  haYe  PaiQWaiQed  WhaW  VWaWe  aQd  hRZ  PaQ\  VaPSOed  deVceQdaQWV  Whe\  haYe  b b b b b b b b b b b b b b

572 afWeU  WiPe   T e  (E[WeQded  FigXUe  5).  IQ  addiWiRQ,  iW  aOORZV  ideQWif\iQg  hRZ  ORQg  WheVe  OiQeageV  b b b b b b b b b b b b b b b

573 haYe  ciUcXOaWed  iQdeSeQdeQWO\  SUiRU  WR   T e ,  VR  befRUe  VhaUiQg  cRPPRQ  aQceVWU\  ZiWh  RWheU  b b b b b b b b b b b b b
574 OiQeageV  WhaW  PaiQWaiQed  Whe  VaPe  ORcaWiRQ  VWaWe.  ThiV  iQfRUPaWiRQ  aOORZV  XV  WR  deWeUPiQe  b b b b b b b b b b b b b

575 hRZ  PaQ\  OiQeageV  aUe  ciUcXOaWiQg  aW   T e  WhaW  VWeP  eiWheU  fURP  a  XQiTXe  SeUViVWeQW  OiQeage  b b b b b b b b b b b b b b b
576 (PaiQWaiQiQg  Whe  VaPe  ORcaWiRQ  VWaWeV)  RU  XQiTXe  iQWURdXcWiRQ  eYeQW  ViQce  a  SaUWicXOaU  WiPe  b b b b b b b b b b b b b

577 SUiRU  WR   T e .  The  aVVRciaWiRQ  beWZeeQ  iQcideQce  aQd  Whe  diffeUeQce  iQ  Whe  ORgiW  SURSRUWiRQ  Rf  b b b b b b b b b b b b b b b
57� XQiTXe  iQWURdXcWiRQV  aQd  Whe  ORgiW  SURSRUWiRQ  Rf  WheiU  deVceQdaQWV  RQ  AXgXVW  15Wh  ZaV  b b b b b b b b b b b b b
57� eYaOXaWed   XViQg    p -YaOXe   RbWaiQed   b\   a   OiQeaU   UegUeVViRQ   aQaO\ViV.      



5�0 Data   availability  b

5�1 BEAST   XML   iQSXW   ĆOeV   aUe   aYaiOabOe   aW   bb
5�2 hWWSV://giWhXb.cRP/Sh\ORgeRgUaSh\/SARS-CRV-2_EUR_PHYLOGEOGRAPHY   bb
5�3  b

5�4 The  SARS-CRV-2  geQRPe  daWa  UeTXiUed  fRU  UXQQiQg  WheVe  [POV  caQ  be  dRZQORaded  fURP  b b b b b b b b b b b b b
5�5 hWWSV:// ZZZ.giVaid.RUg .  The  GRRgOe  COVID-19  AggUegaWed  MRbiOiW\  ReVeaUch  DaWaVeW  XVed  fRU  b b b b b b b b b b
5�6 WhiV  VWXd\  iV  aYaiOabOe  ZiWh  SeUPiVViRQ  fURP  GRRgOe  LLC.  The  FacebRRN  PRbiOiW\  daWa  caQ  be  b b b b b b b b b b b b b b b
5�7 UeTXeVWed  fURP  FacebRRN  ( hWWSV://daWafRUgRRd.fb.cRP/ ).  COVID-19  iQcideQce  daWa  ZaV  RbWaiQed  b b b b b b b b b
5�� fURP    hWWSV://ZZZ.ecdc.eXURSa.eX/eQ/cRYid-19/daWa .   bb

5��  b
5�0 Code   availability  b

5�1 The  cRde  fRU  UXQQiQg  BEAST  aQaO\VeV  iV  aYaiOabOe  iQ  Whe  hPc-deYeORS  bUaQch  Rf  Whe  BEAST  b b b b b b b b b b b b b b b
5�2 cRdebaVe  aYaiOabOe  aW  hWWSV://giWhXb.cRP/beaVW-deY/beaVW-PcPc.  The  WRROV  b b b b b b
5�3 TUeeMaUkoYJXmpHiVWoU\Anal\]eU ,   TUeeSWaWeTimeSXmmaUi]eU  and  PeUViVWenceSXmmaUi]eU   aUe  aYaiOabOe  b b b b b b
5�4 fURP   Whe   PaVWeU   bUaQch   iQ   Whe   VaPe   cRdebaVe.  b

5�5  b
5�6 Acknowledgments  b

5�7 We  ZRXOd  OiNe  WR  WhaQN  aOO  Whe  aXWhRUV  ZhR  haYe  NiQdO\  VhaUed  geQRPe  daWa  RQ  GISAID,  aQd  Ze  b b b b b b b b b b b b b b b b b b

5�� haYe   iQcOXded   a   WabOe   (E[WeQded   TabOe   3)   acNQRZOedgiQg   Whe   aXWhRUV   aQd   iQVWiWXWeV   iQYROYed.   b b
5��  b
600 The  UeVeaUch  OeadiQg  WR  WheVe  UeVXOWV  haV  UeceiYed  fXQdiQg  fURP  Whe  EXURSeaQ  ReVeaUch  CRXQciO  b b b b b b b b b b b b b b
601 XQdeU  Whe  EXURSeaQ  UQiRQ'V  HRUi]RQ  2020  UeVeaUch  aQd  iQQRYaWiRQ  SURgUaPPe  (gUaQW  agUeePeQW  b b b b b b b b b b b b

602 QR.  725422-ReVeUYRiUDOCS)  aQd  fURP  Whe  EXURSeaQ  UQiRQ'V  HRUi]RQ  2020  SURMecW  MOOD  (gUaQW  b b b b b b b b b b b b
603 agUeePeQW  QR.  874850),  aQd  Whe  BiOO  &  MeOiQda  GaWeV  FRXQdaWiRQ  (OPP1094793  aQd  b b b b b b b b b b b b
604 INV-024911).  The  AUWic  NeWZRUN  UeceiYeV  fXQdiQg  fURP  Whe  WeOOcRPe  TUXVW  WhURXgh  SURMecW  b b b b b b b b b b b b
605 206298/Z/17/Z.  PL  acNQRZOedgeV  VXSSRUW  b\  Whe  ReVeaUch  FRXQdaWiRQ  -  FOaQdeUV  (çFRQdV  YRRU  b b b b b b b b b b b b
606 WeWeQVchaSSeOiMN  OQdeU]ReN  -  VOaaQdeUeQè,  G066215N,  G0D5117N  aQd  G0B9317N).  GB  b b b b b b b b b

607 acNQRZOedgeV  VXSSRUW  fURP  Whe  'IQWeUQe  FRQdVeQ  KU  LeXYeQ'  /  IQWeUQaO  FXQdV  KU  LeXYeQ  XQdeU  b b b b b b b b b b b b b b
60� gUaQW  agUeePeQW  C14/18/094,  aQd  Whe  ReVeaUch  FRXQdaWiRQ  å  FOaQdeUV  (çFRQdV  YRRU  b b b b b b b b b b b
60� WeWeQVchaSSeOiMN  OQdeU]ReN  -  VOaaQdeUeQè,  G0E1420N).  MAS  acNQRZOedgeV  VXSSRUW  fURP  b b b b b b b b b
610 NaWiRQaO  IQVWiWXWeV  Rf  HeaOWh  gUaQW  U19  AI135995  aQd  R01  AI153044.  SD  iV  VXSSRUWed  b\  Whe  b b b b b b b b b b b b b b b

611 FondV  NaWional  de  la  RecheUche  ScienWiĆqXe  (FNRS,  BeOgiXP).  We  aOVR  gUaWefXOO\  acNQRZOedge  b b b b b b b b b b b b
612 VXSSRUW  fURP  NVIDIA  CRUSRUaWiRQ  ZiWh  Whe  dRQaWiRQ  Rf  SaUaOOeO  cRPSXWiQg  UeVRXUceV  XVed  fRU  WhiV  b b b b b b b b b b b b b b
613 UeVeaUch.  b
614  b
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707 Extended   Data.   

70� Extended   Data   Table   1.   Genome   sampling   by   country,   collected   on   Nov.   3 rd ,   2020,   and   updated   
70� on   Jan   5t h ,   2021.   

710  b

711 Extended   Data   Table   2.   mobility   to   or   from   each   country   within   our   10   country   sample   as   the   
712 percentage   of   the   total   between-country   mobility   within   Europe.   

country    genomes   (Nov.   
3rd,   2020)   

genomes   (Jan   
5th,   2021)     

total   

BeOgiXP  b 183  b 53  b 236  b

FUaQce  b 600  b 167  b 767  b

GeUPaQ\  b 246  b 75  b 321  b

IWaO\  b 281  b 75  b 356  b

The   NeWheUOaQdV  b 159  b 47  b 206  b

NRUZa\  b 100  b 92  b 192  b

PRUWXgaO  b 100  b 100  b 200  b

SSaiQ b 647  b 191  b 838  b

SZiW]eUOaQd  b 100  b 98  b 198  b

The   UQiWed   KiQgdRP  b 493  b 152  b 645  b

WRWaO  b 2909  b 1050  b 3959  b

country    Mobility   percentage   

BeOgiXP  b 87.2  b

FUaQce  b 89.5  b

GeUPaQ\  b 63.9  b

IWaO\  b 64.8  b

The   NeWheUOaQdV  b 93.2  b

NRUZa\  b 27.1  b

PRUWXgaO  b 94.0  b

SSaiQ b 90.3  b

SZiW]eUOaQd  b 84.8  b



713  b

The   UQiWed   KiQgdRP  b 48.6  b
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715 Extended  Data  Figure  1.  Monthly  international  mobility  data  matrices:  international  air  traffic  data,  international  Facebook  mobility                                 

716 data,   and   international   mobility   data.    FRU   FacebRRN   daWa,   Ze   aOVR   UeSRUW   Whe   ViQgOe   VRciaO   cRQQecWedQeVV   iQde[   PaWUi[   (SCI,    B ).   b b



717  b

71�

 b

71� Extended  Data  Figure  2.  Posterior  summary  of  the  GLM  random  effects.   The  SRVWeUiRU  diVWUibXWiRQ  fRU  each  UaQdRP  effecW  iQ  ORg  VSace                        b b b b b b b b b b

720 iV  VXPPaUi]ed  aV  aQ  eUURU  baU  SORW.  The  PeaQ  effecW  Vi]e  iV  UeSUeVeQWed  b\  a  ZhiWe  hRUi]RQWaO  OiQe  ZhiOe  Whe  ZhiVNeUV  UeSUeVeQW  Whe  95%  b b b b b b b b b b b b b b b b b b b b b b b b
721 HPD   iQWeUYaOV.   b b



722

 b

723  b

724 Extended  Data  Figure  3.  Estimated  introductions  through  time  in  the  10  European  countries  and  circular  migration  ćow  plots                                     
725 summarizing  the  estimated  transitions  between  the  countries  for  different  time  intervals  throughout  the  SARS-CoV-2  evolutionary                               

726 history.  The  iQWURdXcWiRQV  WhURXgh  WiPe  VeUYe  aV  aQ  iOOXVWUaWiRQ  aQd  aUe  baVed  RQ  Whe  MaUNRY  MXPS  hiVWRU\  iQ  Whe  MCC  WUee.  We  QRWe  b b b b b b b b b b b b b b b b b b b b b b b

727 WhaW  Whe  SRVWeUiRU  diVWUibXWiRQ  Rf  WUeeV  iV  accRPSaQied  ZiWh  cRQVideUabOe  XQceUWaiQW\  abRXW  Whe  ORcaWiRQ  Rf  RUigiQ,  deVWiQaWiRQ  aQd  b b b b b b b b b b b b b b b b b b

72� WiPiQg  Rf  Whe  WUaQViWiRQV,  Zhich  iV  difĆcXOW  WR  aSSURSUiaWeO\  YiVXaOi]e.  The  ciUcXOaU  PigUaWiRQ  ćRZ  SORWV  aUe  baVed  RQ  Whe  SRVWeUiRU  b b b b b b b b b b b b b b b b b b b b
72� e[SecWaWiRQV  Rf  Whe  MaUNRY  MXPSV.  The  Vi]e  Rf  Whe  SORWV  UećecWV  Whe  WRWaO  QXPbeU  Rf  WUaQViWiRQV  fRU  each  SeUiRd.  IQ  WheVe  SORWV,  PigUaWiRQ  b b b b b b b b b b b b b b b b b b b b b b b

730 ćRZ  RXW  Rf  a  SaUWicXOaU  ORcaWiRQ  VWaUWV  cORVe  WR  Whe  RXWeU  UiQg  fRU  WhaW  RUigiQ  ORcaWiRQ  ZheUeaV  PigUaWiRQ  ćRZ  iQWR  a  SaUWicXOaU  ORcaWiRQ  b b b b b b b b b b b b b b b b b b b b b b b

731 eQdV   PRUe   diVWaQW   fURP   Whe   RXWeU   UiQg   fRU   WhaW   deVWiQaWiRQ   ORcaWiRQ.   b b



732

 b

733   

734 Extended  Data  Figure  4.  Conceptual  representation  of  persistent  lineages  and  introductions  during  the  time  interval  delineated  by                                   

735 the  evaluation  time  (T e )  and  the  ancestral  time  (T a ).  AW  T e ,  Ze  eYaOXaWe  hRZ  PaQ\  OiQeageV  aUe  ciUcXOaWiQg  iQ  Whe  ORcaWiRQ  Rf  iQWeUeVW,  iQ                  b b b b b b b b b b b b b b b b

736 WhiV  caVe  12  (OiQeageV  iQ  RWheU  ORcaWiRQV  aUe  UeSUeVeQWed  b\  WhicN  gUe\  bUaQcheV).  We  VXbVeTXeQWO\  ideQWif\  ZheWheU  WheVe  OiQeageV  b b b b b b b b b b b b b b b b b b b

737 PaiQWaiQed  WhiV  ORcaWiRQ  XS  WR  T a  iQ  WheiU  aQceVWU\  RU  ZheWheU  Whe\  UeVXOW  fURP  aQ  iQWURdXcWiRQ  eYeQW  iQ  Whe  WiPe  iQWeUYaO  Rf  iQWeUeVW.  B\  b b b b b b b b b b b b b b b b b b b b b b b b

73� deWeUPiQiQg  ZheWheU  RWheU  OiQeageV  ciUcXOaWiQg  iQ  Whe  ORcaWiRQ  Rf  iQWeUeVW  aW  T e  aUe  deVceQdaQWV  Rf  Whe  VaPe  SeUViVWeQW  OiQeage  RU  b b b b b b b b b b b b b b b b b b b b
73� ZheWheU  Whe\  VhaUe  aQ  iQWURdXcWiRQ  eYeQW,  Ze  ideQWif\  Whe  XQiTXe  SeUViVWeQW  OiQeageV  RU  iQWURdXcWiRQV,  iQ  WhiV  caVe  2  aQd  4  UeVSecWiYeO\.  b b b b b b b b b b b b b b b b b b b b b

740 IQ  addiWiRQ  WR  Whe  SURSRUWiRQ  Rf  XQiTXe  iQWURdXcWiRQV  (4/6),  Ze  aOVR  VXPPaUi]e  Whe  SURSRUWiRQ  Rf  WheiU  deVceQdaQWV  aW  T e  (9/(9+3)  iQ  WhiV  b b b b b b b b b b b b b b b b b b b b b b

741 caVe)  aQd  Whe  SURSRUWiRQ  Rf  WheiU  deVceQdaQWV  iQ  WeUPV  Rf  VaPSOed  WiSV  afWeU  T e .  ThRVe  WiSV  aUe  QRW  VhRZQ  heUe  bXW  cRQceSWXaOO\  b b b b b b b b b b b b b b b b b b b b b b
742 UeSUeVeQWed   fRU   bRWh   iQWURdXcWiRQV   aQd   SeUViVWeQW   OiQeageV   b\   RYaOV.   b b
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744
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745 Extended   Data   Figure   5.   Estimated   geographic   origin   of   viral   

746 inćux   over   the   summer   n(June   15th   -   August   15th,   2020)    in   each   
747 country.    Each   baUSORW   VXPPaUi]eV   Whe   SRVWeUiRU   MaUNRY   MXPS  b

74� eVWiPaWeV   iQWR   a   VSeciĆc   cRXQWU\.   b b
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 b

750 Extended  Data  Figure  6.   Phylogeographic  transitions  for  lineages  B1.1777/20A.EU1  and  B1.160/20A.EU2.  CXPXOaWiYe        b             b b

751 Sh\ORgeRgUaShic  WUaQViWiRQV  aUe  VXPPaUi]ed  aV  SRVWeUiRU  PeaQ  eVWiPaWeV  ZiWh  95%  HPD  iQWeUYaOV  RYeU  WiPe  fRU  4  W\SeV  Rf  MaUNRY  b b b b b b b b b b b b b b b b b b b

752 MXPSV.  FRU  B1.1777/20A.EU1:  i)  fURP  SSaiQ  WR  Whe  UQiWed  KiQgdRP  (UK),  ii)  fURP  SSaiQ  WR  RWheU  cRXQWUieV,  iiI)  fURP  Whe  UK,  aQd  iY)  fURP  b b b b b b b b b b b b b b b b b b b b b b b b
753 RWheU  cRXQWUieV;  FRU  B1.160/20A.EU2:  i)  fURP  FUaQce  WR  Whe  UK,  ii)  fURP  FUaQce  WR  RWheU  cRXQWUieV,  iiI)  fURP  Whe  UK,  aQd  iY)  fURP  RWheU  b b b b b b b b b b b b b b b b b b b b b b b b

754 cRXQWUieV.   b b
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757 Extended  Data  Figure  7.  Comparison  between  Google  and  Facebook  aggregate  international  mobility  data.  We  VXPPaUi]e  PRQWhO\                          b b b b

75� cRUUeOaWiRQV  XViQg  VcaWWeU  SORWV  aQd  SSeaUPaQ'V  UaQN  cRUUeOaWiRQ.  Each  dRW  iQ  Whe  VcaWWeU  SORWV  cRUUeVSRQdV  WR  a  VSeciĆc  SaiU  Rf  b b b b b b b b b b b b b b b b b b b b

75� EXURSeaQ   cRXQWUieV   cRQVideUed   iQ   RXU   VWXd\.   b b
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761 Extended  Data  Figure  8.   Root-to-tip  divergence  as  a  function  of  sampling  time  for  the  3959  genome  data  set  with  a  different  rooting        b                                    

762 of  the  same  maximum  likelihood  tree.   A.  TUee  URRWed  accRUdiQg  WR  Whe  beVW-ĆWWiQg  URRW  XQdeU  Whe  heXUiVWic  UeVidXaO  PeaQ  VTXaUed            b b b b b b b b b b b b b b b

763 cUiWeUiR.   B.  TUee  URRWed  aORQg  Whe  bUaQch  OeadiQg  WR  Whe  cOXVWeU  Rf  3  BaYaUiaQ  geQRPeV  WhaW  UeVXOWed  fURP  aQ  iQdeSeQdeQW  iQWURdXcWiRQ  b b b b b b b b b b b b b b b b b b b b b
764 iQWR   EXURSe.  b
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Posterior estimates for relative importance of lineage introduction events among West European
countries. (see full �gure caption in Manuscript �le)

Figure 3

Phylogeographic estimates of SARS-CoV-2 spread in western Europe. (see full �gure caption in
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