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#)9&%*3+/%,B)D'12/%,&Y,+I),F&8?&U,4@!Af4@!:",""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""",<!!

6312)3',<",h3/*),01&23,(/*'.,38+/1&-/).,/8,/8.)%+/(&*&'.,13+.,Y*&9,&'*,*).)3*%IU,e'/8)3U,F39)*&&8U,

38-,+I),#BFU,4@!Af4@!:U,38-,&+I)*,D'12/.I)-,.+'-/).t,"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""",<4!

6312)3', !@", h3/*), 01&23, (/*'., 38+/1&-/)., /8, Y*'?/(&*&'., NH+)*&D&-/-3), Y39/2GO, 13+., Y*&9, &'*,

*).)3*%IU,e'/8)3U,F39)*&&8U,38-,+I),#BFU,4@!Af4@!:U,38-,D'12/.I)-,.+'-/).t,"""""""""""""""""""""""",<5!

6312)3', !!", \'91)*, &Y, .39D2)., %&22)%+)-, Y&*, )3%I, .D)%/)., 3+, +I), -/YY)*)8+, %&22)%+/&8, ./+)., /8,

F39)*&&8,NFSO,38-,#)9&%*3+/%,B)D'12/%,&Y,F&8?&,N#BFOU,.I&a8,/8,V/?'*),!4U,38-,R(&*G,F&3.+,

NRFO","""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""",!!=!

6312)3',!4",\'91)*,&Y,.39D2).,%&22)%+)-,Y&*,)3%I,3D),.D)%/).,3+,+I),-/YY)*)8+,%&22)%+/&8,./+).,.I&a8,

/8,V/?'*),!4"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""",!!A!

6312)3',!5",\'91)*,38-,H)*%)8+3?),Y&*,03%I,;D)%/).,B)3%+/(),a/+I,+I),#/YY)*)8+,X8+/?)8.,].)-,/8,

+I),^'9/8)7,X..3G,Y&*,h3w*),)1&23(/*'.,"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""",!!E!

6312)3', !=", \'91)*, 38-, H)*%)8+3?), &Y, ;39D2)., Y&*, 03%I, ;D)%/)., B)3%+/(), a/+I, +I), #/YY)*)8+,

X8+/?)8.,].)-,/8,+I),^'9/8)7,X..3G,Y&*,;'-38,)1&23(/*'.U,['8-/1'?G&,)1&23(/*'.,38-,B).+&8,

)1&23(/*'.,"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""",!!:!

6312)3',!A",\&91*),-Q38/93'7,D*$2)($.,-38.,%)++),$+'-),*)D3*+/.,.)2&8,2)'*.,).DJ%).,""""""""""""""""",!5<!

! !
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48?A7>HC6&

@5'2!%0582!1)%.+2)!=(2!61%0%'S!,(!6$72(!,%82!.(!4'6!,(!=%1%=6)1+2(1!.(!0+1'2!345.%!/!.B+86(1>%=(!

$5--(C%8+-%.!2%'0%A(!(6!,(!-+('S!=5-*1(8,1(! .(!1)2(105+1!,'!0+1'2!345.%!,%82! .%! >%'8(!

2%'0%A(!(8!K)*'4.+&'(!L)-5=1%6+&'(!,'!#58A5;!!

<(8,%86!.(2!615+2!%88)(2!,(!8561(!61%0%+.!,(!6$72(!(6!*(8,%86!&'(!85'2!61%0%+..+582!,)j/!2'1!.%!

1(=$(1=$(!,'!1)2(105+1!,(2!0+1'2!345.%!,%82!.%!>%'8(!2%'0%A(?!.%!KL#!%!=588'!615+2!)*+,)-+(2!

2'==(22+0(2!,(! .%!-%.%,+(!/!0+1'2!345.%?!856%--(86!a!/!R+\%6+?!*150+8=(!,(!b%2Cc).)!D]%+!t!

l'+..(6!TO"sI?!/!b+\515?!*150+8=(!,(! .B3&'%6('1! D]%+!t!l'+..(6!TO"UI!(6!,%82! .(2!*150+8=(2!,'!

@51,!o+0'!(6!P6'1+!DQ5'6!TO"U!(6!%=6'(..(-(86!(8!=5'12I;!#(2!)0)8(-(862!85'2!586!=58,'+6!/!

%,%*6(1!8561(!*15j(6!(8!6(8%86!=5-*6(!,'!=586(S6(!(6!2'165'6!,(2!1)%.+6)2!,'!-5-(86;!!

L%82! =(! 61%0%+.?! 85'2! *1)2(86(1582?! ,%82! '8(! *1(-+71(! *%16+(! %**(.)(! u!36%6! ,(2!

#588%+22%8=(2!v!D<%A(!TTI?!.(2!A)8)1%.+6)2!2'1!.(!0+1'2!345.%?!.%!-%.%,+(!/!0+1'2!345.%!(6!'8!

%*(1V'!,(2!)6',(2!*1)=),(86(2!2'1!.%!1(=$(1=$(!,'!1)2(105+1!,'!0+1'2!345.%;!R(2!54j(=6+>2!,(!

1(=$(1=$(! 2(1586!(82'+6(!(S*52)2! D*%A(!s"I!(6!%8858=(1586! .(!*.%8!,(! .%!,('S+7-(!*%16+(!

+86+6'.)(!u!`1%0%'S!,(!6$72(!v;!#(66(!,('S+7-(!*%16+(!2(1%!2'4,+0+2)(!(8!,('S!05.(62!,586!

=$%&'(!05.(6!=5-*1(8,1%!615+2!=$%*+61(2;!R(2!615+2!*1(-+(12!=$%*+61(2!*1)2(86(1586!.(2!)6',(2!

&'(!85'2!%0582!-(8)(2!*5'1!-+('S!=5-*1(8,1(! .(!1)2(105+1!,'!0+1'2!345.%!,%82! .%! >%'8(!

2%'0%A(! (8! *)1+5,(! +86(1C)*+,)-+&'(! (6! (8! *)1+5,(! ,B)*+,)-+(!N! (82'+6(?! .(2! 615+2! %'61(2!

=$%*+61(2! *1)2(86(1586! .(2! )6',(2! &'(! 85'2! %0582! 1)%.+2)(2! 2'1! .%! =%1%=6)1+2%6+58! ,'! 0+1'2!

345.%!%'!=5'12!,(2!,('S!)*+,)-+(2!1)=(86(2!,(!TO"U!(8!KL#;!#+8&!,(!=(2!2+S!=$%*+61(2!2586!

)=1+62!(8!%8A.%+2?!-%+2!65'j5'12!+8+6+)2!*%1!'8!1)2'-)!(8!>1%8V%+2;!#(2!=$%*+61(2!=5826+6'(86!

,(2!%16+=.(2!&'(!85'2!%0582!*'4.+)!,%82!,(2!j5'18%'S!+86(18%6+58%'S;!R(!2('.!=$%*+61(!)=1+6!

=5-*.76(-(86!(8!>1%8V%+2!(26!.(!=$%*+61(!d!,'!*1(-+(1!05.(6;!#(6!%16+=.(!(26!(8!*1)*%1%6+58!

*5'1! '8(! *'4.+=%6+58! ,%82! '8! %0(8+1! *15=$(;! 38>+8?! ,%82! .%! ,(18+71(! *%16+(! ,(! =(! 61%0%+.!

+86+6'.)(!u!L+2='22+58!M)8)1%.(!(6!#58=.'2+58!v?!85'2!,+2='6(1582!,(!.B(82(-4.(!,(2!1)2'.6%62!

,(!=(2!61%0%'S!,(!6$72(!(6!,(! .('1! +-*%=6!2'1! .(2!-(2'1(2!,(!=5861W.(!,(! .B)*+,)-+(!,(! .%!

-%.%,+(!/!0+1'2!345.%!N!85'2!)05&'(1582!)A%.(-(86!.(!=586(S6(!,(!.B)*+,)-+(!%=6'(..(!(8!KL#!

%+82+!&'(!.(2!,+>>)1(862!,)>+2!%'S&'(.2!85'2!>%+2582!>%=(!*5'1!=5861W.(1!=(66(!)*+,)-+(!&'+!,'1(!

,(*'+2!*.'2!,(!"O!-5+2!-%+86(8%86;!!
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TO!

*B;<8:>H<:B;&

lB%+! (>>(=6')! =(2! 61%0%'S! ,(! 1(=$(1=$(! 25'2! .%! 2'*(10+2+58! ,(! -%! ,+1(=61+=(! ,(! 6$72(?! L1!

]%16+8(!<((6(12!(6!,(!-58!=5C,+1(=6('1!,(!6$72(?!<15>(22('1!H6(0(!Q$'\%C]'8,(\(;!

"eK?8:76;<A<:B;=&6<&A;ACN=6=&&

lB%+!1)%.+2)!.(2!(S61%=6+582!,BQK@?!.(2!%8%.Y2(2!,(!<#K?!.B+,(86+>+=%6+58!-5.)='.%+1(!,(2!(2*7=(2?!

.(2!%8%.Y2(2!2)15.5A+&'(2!%0(=!.%!-)6$5,(!3RPHQ!=.%22+&'(!(6!R'-+8(S!2'1!.(2!)=$%86+..582!,(!

.%!>%'8(!2%'0%A(!=5..(=6)2!(8!KL#;!R(2!%8%.Y2(2!2'1!.(2!%'61(2!)=$%86+..582!,(!.%!>%'8(!2%'0%A(?!

*150(8%86! ,'! #%-(15'8?! ,(! .%! #56(! ,BP05+1(! (6! ,(! .%! M'+8)(! 586! )6)! (>>(=6')(2! %0(=!

.B%22+26%8=(! ,(2! %'61(2! -(-41(2! ,'! .%451%65+1(! ,(! 0+15.5A+(! ,(! .BP@Kb! /! o+82$%2%! (6! ,(!

`KQ@HZPX]P!/!]586*(..+(1!w"x;!!

lB%+! 1)%.+2)! .(2!(S61%=6+582!,BQK@?! .(2!%8%.Y2(2!,(!<#K!(6! .(! 2)&'(8V%A(!%Y%86! =58,'+6!/! .%!

=%1%=6)1+2%6+58!1%*+,(!,(2!25'=$(2!,'!0+1'2!345.%!1(2*582%4.(2!,(2!,('S!)*+,)-+(2!,(!TO"U!

(8! KL#?! %0(=! .B%+,(! ,(2! )&'+*(2! ,(2! .%451%65+1(! ,(! `KQ@HZPX]P! /! ]586*(..+(1! (6! ,(!

.BcHQ]KPPL!%'S!36%62Cc8+2!wTx;!

@5'2! %0582! )6)! %22+26)2! *%1! .B)&'+*(! ,(! `KQ@HZPX]P! w"x! (6! ,(! .BcHQ]KPPL! wTx! *5'1!

.B+826%..%6+58! ,'! .%451%65+1(! ,(! 2)&'(8V%A(! ,(! 85'0(..(! A)8)1%6+58! /! .BP@Kb! %0(=! .(2!

6(=$85.5A+(2!]+8P58!D2)&'(8V%A(!*%1!8%85*51(I!(6!P..'-+8%!D-+2(&!(6!+2(&I;!

<(8,%86!.(2!)*+,)-+(2?!jB%+!+826%..)!.(!.%451%65+1(!*5'1!.(!,+%A8526+=!,'!0+1'2!345.%!2'1!6(11%+8!

/! ]4%8,%\%?! '8! ,(2! )*+=(861(2! ,(! .%! *1(-+71(! )*+,)-+(! ,(! TO"U! ,%82! .%! *150+8=(! ,(!

.B3&'%6('1!(8!KL#;!382'+6(?!%0(=! .B%+,(!,(2!%'61(2!-(-41(2!,'! .%451%65+1(!,(!0+15.5A+(!,(!

.BP@Kb?!85'2!%0582!+826%..)!,(2!.%451%65+1(2!,%82!,('S!%'61(2!2+6(2!&'(!85'2!%0582!2'*(10+2)!

25'2!.%!=551,+8%6+58!,'!<15>(22('1!H6(0(!Q$'\%C]'8,(\(?!=$(>!,(!,)*%16(-(86!,(!0+15.5A+(!

/!.BP@Kb?!*(8,%86!65'6(!.%!*)1+5,(!,(!=(66(!)*+,)-+(;!#(2!.%451%65+1(2!586!*(1-+2!.(!,+%A8526+=!

(6!.(!=5861W.(!1%*+,(!,(!.B)*+,)-+(!,%82!.%!*150+8=(!,(!.B3&'%6('1;!

Q'!=5'12!,(!.B)*+,)-+(!%=6'(..(!,%82!.(2!*150+8=(2!,'!@51,!o+0'!(6!P6'1+!(8!KL#?!jB%+!+826%..)!.(!

.%451%65+1(!,(!6(11%+8!*5'1!.(!,+%A8526+=!*%1!<#K!%0(=!.%!*.%6(>51-(!M(8(S*(16!/!]%8A+8%?!.(!

*5+86!,(!,)*%16!,(!=(66(!)*+,)-+(;!382'+6(?!%0(=!.B%+,(!,(2!%'61(2!-(-41(2!,'!.%451%65+1(!,(!

0+15.5A+(!,(!.BP@Kb?!85'2!%0582!+826%..)!,(2!.%451%65+1(2!,%82!2+S!%'61(2!2+6(2!%>>(=6)2!,%82!=(2!

,('S!*150+8=(2?!%+82+!&'B'8!.%451%65+1(!,(!2)&'(8V%A(!/!o%6^%?!'8!,(2!)*+=(861(2!,(!=(66(!
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T"!

)*+,)-+(;!l(!2'*(10+2(!65'2!=(2!.%451%65+1(2!,(!6(11%+8?!%22+26)!*%1!L1!L%8+(.!]'\%,+?!(6!25'2!

.%!=551,+8%6+58!,'!<15>(22('1!H6(0(!Q$'\%C]'8,(\(;!

M1%=(!/!=(2!.%451%65+1(2!,(!6(11%+8?!85'2!A)8)1582!,(2!)=$%86+..582!(6!,(2!,588)(2!&'+!85'2!

586!*(1-+2!,(!1)%.+2(1!'8(!A1%8,(!*%16+(!,(!=(!61%0%+.;!!

Q'!=5'12!,(!=(2!-y-(2!*)1+5,(2?!jB%+!2'*(10+2)!.(2!+80(26+A%6+582!)=5.5A+&'(2!,%82!.%!>%'8(!

(8!KL#!*5'1! .%! 1(=$(1=$(! ,'! 1)2(105+1! ,'! 0+1'2! 345.%! (8! *)1+5,(! ,B)*+,)-+(! (6! (8! :58(2!

%>>(=6)(2;! #(! 61%0%+.! 2B+82=1+6! ,%82! .(! =%,1(! ,'! *15j(6! 3b[HcKHq! >+8%8=)! *%1! .B[1A%8+2%6+58!

]58,+%.(!,(!.%!H%86)!Q8+-%.(!D[P3!(8!2+A.(I;!
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w"x!<(12588(2!,(!.B)&'+*(!%Y%86!%**516)!'8(!%+,(!6(=$8+&'(!%'!.%451%65+1(!,(!.BP@Kb!(6!`KQ@HZPX]P!a!

Q$+,j5!QY5'4%?!@+=5.(!Z+,%.?!Q-%8,+8(!326(4%8?!M'+..%'-(!`$%'1+A8%=?!#$1+26(..(!b'6(.?!]%1=(.+8(!

Q\58A%?!b+4+=$(!@2'8,%?!Q-'1+!Q:+:%!

wTx! 3&'+*(!,(! .BcHQ]KPPL!%Y%86! %**516)! .('1! %+,(!*5'1! .%!-+2(!(8!*.%=(!,'! 2)&'(8V%A(!/! .BP@Kb!a!

M'26%05!<%.%=+52?!]+\(!K;!_+.(Y?!#%6$(1+8(!<1%66?!@+=$5.%2!L+!<%5.%!

wdx!Z5+1!.(2!=5C%'6('12!,(2!*'4.+=%6+582!1(2*(=6+0(2;! !
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Td!

*LAK:<86&JR! S:8H=&">BCA&

JRJ! &3?9BH@68<6&D6=&@:8H=&">BCA&

R%! *1(-+71(! +,(86+>+=%6+58! ,'! 0+1'2! 345.%! :%F1(! =5F8=+,(! %0(=! ,('S! )*+,)-+(2! 2'10(8'(2!

=58=5-+6%--(86!(861(!l'+8!(6!@50(-41(!"esf!,%82!.(2!.5=%.+6)2!,(!@:%1%?!]%1+,+!(6!l'4%!%'!

2',! ,'! H5',%8?! (6! ,%82! .(2! .5=%.+6)2! ,(! q%-4'\'! (6! b'-4%! %'! 851,C5'(26! ,'! E%F1(!

D%=6'(..(-(86! K)*'4.+&'(! L)-5=1%6+&'(! ,'! #58A5I! D_51.,! X(%.6$! [1A%8+:%6+58?! "esUN!

_X[GP86(18%6+58%.! H6',Y! `(%-?! "esUI;! Q'! 0'! ,(2! -%8+>(26%6+582! =.+8+&'(2?! .(2! (S*(162!

*(82%+(86! &'(! =(2! )*+,)-+(2! )6%+(86! =%'2)(2! *%1! .(! 0+1'2!]%14'1A?! %'22+! 1(2*582%4.(! ,(2!

>+701(2!$)-511%A+&'(2;!R(!0+1'2!]%14'1A!%!)6)!+,(86+>+)!8('>!%82!*.'2!6W6?!=B(26C/C,+1(!(8!"efs?!

.512&'(!,(2!=$(1=$('12!Q..(-%8,2!2(!2586!=586%-+8)2!(8!61%0%+..%86!2'1!.(2!=(..'.(2!1)8%.(2!

,(2!2+8A(2!0(162!D/01$2$34.-5'56437I!+-*516)2!,B['A%8,%!*5'1!.%!*15,'=6+58!,'!0%==+8!=5861(!

.%!*5.+5-Y).+6(!DM51,58!H-+6$!(6!%.;?!"efsN!o'$8?!TOOUI;!

Q'!H5',%8?!=B(26!%'!=5'12!,(!.%!,(18+71(!2(-%+8(!,'!-5+2!,(!l'+8!"esf!&'(!.(!*1(-+(1!=%2!%!

)6)! +,(86+>+)! /! @:%1%?! '8(! .5=%.+6)! ,B(80+158! TO;OOO! $%4+6%862! D_X[G! P86(18%6+58%.! H6',Y!

`(%-?!"esUI;!#B)6%+6!'8!(-*.5Y)!,(!.%!*1+8=+*%.(!'2+8(!,(!=56582!,(!.%!1)A+58?!&'+!%!*1)2(86)!

'8(!-%.%,+(!>)41+.(!2)071(!%0(=!,(2!-%'S!,(!6y6(!(6!,5'.('12!6$51%=+&'(2?!2'+0+2!h!j5'12!*.'2!

6%1,!*%1!,(2!-%8+>(26%6+582!$)-511%A+&'(2!856%--(86!,(2!2%+A8(-(862!%'!8(:?!/!.%!45'=$(!

(6!,(2!,+%11$)(2!2%8A'+85.(86(2;!382'+6(?!(861(!-+Cl'+..(6!(6!>+8!Q5z6?!(80+158!gU!%'61(2!=%2!

%0%+(86! )6)! +,(86+>+)2! /! @:%1%! *%1-+! .(2&'(.2! Ts! ,)=72;! M1%=(! %'S! +80(26+A%6+582!

)*+,)-+5.5A+&'(2?!=(2!=%2!*5'0%+(86!y61(!1(.+)2!%'S!*%6+(862!*1)=),%86!=5--(!)6%86!25+6!,(2!

=586%=62!,+1(=62!5'!,(2!*(12588(2! +-*.+&')(2!,%82! .%!*1+2(!(8!=$%1A(!,B'8!*%6+(86! +8>(=6);!

#(*(8,%86?!%'!=5'12!,(!.%!*1(-+71(!2(-%+8(!,'!-5+2!,(!H(*6(-41(!"esf?!,B%'61(2!=%2!)6%+(86!

1%**516)2! ,%82! .%! -y-(! .5=%.+6)! -%+2! 2%82! %'='8! .+(8! )6%4.+! %0(=! .(2! =%2! *1)=),(862;! P.!

2B%A+22%+6!,(!2+S!%'61(2!(-*.5Y)2!,(!.%!-y-(!'2+8(!,(!=5658!%+82+!&'(!Th!,(!.('12!=586%=62!&'+!

%0%+(86!,)0(.5**)2!.(2!-y-(2!2Y-*6W-(2?!*%1-+!.(2&'(.2!T"!)6%+(86!,)=),)2;!R%!-%.%,+(!%!

)6)! +8615,'+6(! ,%82! .%! .5=%.+6)! ,(! ]%1+,+! D"UO\-! /! .B326! ,(! @:%1%I! (8! ,)4'6! Q5z6! "esf?!

.512&'B'8!*%6+(86!(8!*150(8%8=(!,(!@:%1%!%!)6)!%,-+2!/!.BXW*+6%.!,(!]%1+,+;!#(6!$W*+6%.!%!2(10+!

,B%-*.+>+=%6('1!(>>+=%=(!/!.%!*15*%A%6+58!,'!0+1'2!,%82!65'6(!.%!.5=%.+6)?!(6!+.!%!)6)!)A%.(-(86!

=582+,)1)!*%1! .%! =5--'8%'6)! .5=%.(! =5--(! .%! *1+8=+*%.(! 25'1=(!,(! =586%-+8%6+58?! =%1! .(!
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!

Tg!

-),(=+8!,+1(=6('1!,(! .BXW*+6%.!%+82+!&'(!f"!2'1! .(2!"hg!-(-41(2!,'!26%>>! +8>+1-+(1!)6%+(86!

+8>(=6)2! *%1-+! .(2&'(.2! dd! )6%+(86! ,)=),)2;! LB%'61(2! =%2! 586! )6)! (S*516)2! ,(! @:%1%! 0(12!

`(-4'1%?!'8(!*(6+6(!.5=%.+6)!2+6')(!/!"fO\-!%'!851,!,(!@:%1%!N!(6!%'22+!,(!]%1+,+!0(12!l'4%?!
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(2*7=(2! ,'! A(81(! <.$1":)2-5! ,(! -%8+71(! 858! 2*)=+>+&'(! (26! %**(.)(! u!-%.%,+(! 345.%!

%'61(-(86!2*)=+>+)!v;!#(*(8,%86?!.512&'(!.(2!(2*7=(2!2586!2*)=+>+)(2?!*%16+='.+71(-(86!*5'1!

.(2!615+2!0+1'2!1(2*582%4.(2!,(2!)*+,)-+(2!=$(:! .(2!$'-%+82?!.%!-%.%,+(!=%'2)(!*%1! .(!0+1'2!

b'8,+4'AY5! 2(1%! %**(.)(! u!-%.%,+(! /! 0+1'2! b'8,+4'AY5!v?! =(..(! =%'2)(! *%1! .(! 0+1'2! H',%8!

u!-%.%,+(!/!0+1'2!H',%8!v!(6!=(..(!=%'2)(!*%1!.(!0+1'2!345.%!u!-%.%,+(!/!0+1'2!345.%!v;!'

L(*'+2! .%! *1(-+71(! )*+,)-+(! (8! "esf?! =(2! 615+2! 0+1'2! 586! ,)j/! =%'2)! *.'2! ,(! 0+8A6C$'+6!

)*+,)-+(2!2'10(8'(2!*1+8=+*%.(-(86!%'!H5',%8!(6!['A%8,%!*5'1!.(2!0+1'2!H',%8!N!(8!['A%8,%!

(6!(8!KL!#58A5!*5'1!.(!0+1'2!b'8,+4'AY5!N!(6!(8!KL!#58A5?!K)*'4.+&'(!,'!#58A5!Db1%::%0+..(I?!

M%458?!M'+8)(?!R+4)1+%!(6!H+(11%!R(58(!*5'1!.(!0+1'2!345.%!D#(86(12!>51!L+2(%2(!#58615.!%8,!

<1(0(86+58!D#L#I!TO"eN!]%.0Y!(6!%.;!TO"eI⁠;!R%!*.'*%16!,(!=(2!)*+,)-+(2!2(!2586!*15,'+6(2!,%82!

,(2!:58(2!1'1%.(2!(8=.%0)(2?!-%+2!%=6'(..(-(86!.(2!:58(2!2(-+C'14%+8(2!(6!'14%+8(2!2586!,(!

*.'2!(8!*.'2!65'=$)(2;!#B)6%+6!.(!=%2!,(!.%!*.'2!A1%8,(!)*+,)-+(!,(!.%!-%.%,+(!/!0+1'2!345.%!

2'10(8'(!(8!Q>1+&'(!,(!.B['(26!(861(!TO"g!(6!TO"f?!5|!.(2!:58(2!'14%+8(2!,(!=(2!615+2!*%Y2!

DM'+8)(?!R+4)1+%!(6!H+(11%!R(58(I!%0%+(86!)6)!%>>(=6)(2!%0(=!*.'2!,(!TUOOO!=%2!(6!*.'2!,(!""OOO!

,)=72!Do%8(1!%8,!H=$%%=\!TO"fN!b(..!(6!%.;!TO"fI;!#B(26!)A%.(-(86!.(!=%2!,(!.%!KL!#58A5?!5|!

'8(!)*+,)-+(!,(!.%!-%.%,+(!/!0+1'2!345.%!(26!(8!=5'12!,(*'+2!(80+158!58:(!-5+2?!65'=$%86!.(2!

:58(2! 2(-+C'14%+8(2! (6! '14%+8(2! %0(=! ,)j/! *.'2! ,(! TgOO! =%2! (6! *.'2! ,(! "fOO! ,)=72!

⁠(https://mailchi.mp/sante.gouv.cd/ebola_kivu_08juil19);! #B(26! .%! ,('S+7-(! A1%8,(!

)*+,)-+(!,(!.%!-%.%,+(!/!0+1'2!345.%!%*172!=(..(!,(!.BQ>1+&'(!,(!.B['(26;!!
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i+A'1(!s;!3*+,)-+(2!=%'2)(2!*%1! .(!0+1'2!345.%!(8!Q>1+&'(!2'4C2%$%1+(88(!,(!"esf!(8!TO"U!

D%,%*6)! ,(! #L#G]516%.+6Y! %8,! ]514+,+6Y! _((\.Y! K(*516I!

D^^ ;̂=,=;A50G0$>G(45.%G$+2651YG,+261+4'6+58C-%*;$6-.I!!

!

QRJRJ! "K:D?7:6=&D6&CA&7ACAD:6&V&@:8H=&/H;D:>HGNB&

L('S!)*+,)-+(2!2586!,)=1+6(2!%0(=!=(!0+1'2;!R%!*1(-+71(!2'10(8'(!(8!TOOs!,%82!.(!,+261+=6!,(!

b'8,+4'AY5?!(8!['A%8,%!5|!"d"!=%2!586!)6)!(81(A+261)2!(6!gT!,)=72! D'8(! .)6%.+6)!,(!dTJI!

D]%=@(+.!(6!%.;?!TO""I⁠;!
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R%!,('S+7-(!)*+,)-+(!,(!.%!-%.%,+(!/!0+1'2!b'8,+4'AY5!(26!2'10(8'(!(8!TO"T!,%82!.%!*150+8=(!

[1+(86%.(!%'!851,C(26!,(!.%!KL!#58A5;!P.!Y!%!('!df!=%2!=58>+1-)2!(6!"d!,)=72?!25+6!'8(!.)6%.+6)!

,(!dfJ!DQ.4%1+�5!(6!%.;?!TO"dI;!

QRJRQ! "K:D?7:6=&D6&CA&7ACAD:6&V&@:8H=&#HDA;&

38!"esf?!2'10(8'(!,(!.%!*1(-+71(!)*+,)-+(!,(!.%!-%.%,+(!/!0+1'2!H',%8!,%82!.(2!0+..(2!,(!@:%1%?!

]%1+,+!(6!2(2!(80+1582?!%'!H5',%8;!#(66(!)*+,)-+(!%!=5--(8=)!%0(=! .(2!61%0%+..('12!,9'8(!

'2+8(!,(!=5658!5|!*.'2!,(!dOJ!586!)6)! +8>(=6)2;!R(!0+1'2!29(26!61%82-+2!*1+8=+*%.(-(86!*%1!

=586%=6!,+1(=6!%'!2(+8!,(2!$W*+6%'S!&'+!)6%+(86!,(0(8'2!,(2!%-*.+>+=%6('12!,(!.B)*+,)-+(!%0(=!

*.'2+('12!*(12588(.2!,(!2%86)!+8>(=6)2;!P.!Y!%!('!TUg!=%2!(6!"h"!,)=72?!25+6!'8(!.)6%.+6)!,(!hdJ!

D_X[GP86(18%6+58%.!H6',Y!`(%-?!"esUI⁠;!

38!"ese?!'8(!%'61(!)*+,)-+(!29(26!*15,'+6(!,%82! .(2!0+..(2!,(!@:%1%!(6!q%-4+5?!%'!H5',%8?!

*1%6+&'(-(86!,%82! .%!-y-(! 1)A+58! 65'=$)(!*%1! .9)*+,)-+(!,(!"esf;! R(! =%2! +8,(S!)6%+6!'8!

+8,+0+,'!,(!gh!%82!,(!2(S(!-%2='.+8?!(-*.5Y)!/!.B'2+8(!,(!=5658!5|!%0%+6!,)4'6)!.B)*+,)-+(!

*1)=),(86(;!#5--(!(8!"esf?!.(2!261'=6'1(2!2%8+6%+1(2!586!)A%.(-(86!>%051+2)!.%!*15*%A%6+58!

,'!0+1'2;!P.!Y!%!('!dg!=%2!(6!TT!,)=72?!25+6!'8(!.)6%.+6)!,(!fhJ!DK5Y!(6!%.;?!"eUdI⁠;!

38! TOOO?! 2'10(8'(! ,(! .%! *1(-+71(! )*+,)-+(! ,(! .%! -%.%,+(! /! 0+1'2! H',%8! (8! ['A%8,%;!

R9)*+,)-+(!%!,)4'6)!/!M'.'!(6!29(26!(82'+6(!*15*%A)(!%'S!,+261+=62!,(!]%2+8,+!(6!,(!]4%1%1%;!

R9(8A%A(-(86!,(!.%!=5--'8%'6)!(6!,(2!%'651+6)2!.5=%.(2!%!*(1-+2!,(!=5861W.(1!1%*+,(-(86!

=(66(!)*+,)-+(;!P.!Y!%!('!gTh!=%2!(81(A+261)2!(6!TTg!,)=72?!25+6!'8(!.)6%.+6)!,(!hdJ!D[\^%1(!(6!

%.;?!TOOTI⁠;!!

38!TOOg?!'8(!85'0(..(!)*+,)-+(!29(26!*15,'+6(!,%82!.(!=5-6)!,(!q%-4+5?!%'!H5',%8;!P.!Y!%0%+6!

%'! -y-(! -5-(86! '8(! )*+,)-+(! ,(! 15'A(5.(! ,%82! .%! -y-(! 1)A+58! (6! *.'2+('12! =%2! ,(!

15'A(5.(! 586! )6)! =58>58,'2! %'S! =%2! 2'2*(=62! ,(! .%! -%.%,+(! /! 0+1'2! H',%8;! Q'! 656%.?! "s!

*(12588(2!)6%+(86!+8>(=6)(2!*%1-+!.(2&'(..(2!s!,)=72?!25+6!'8(!.)6%.+6)!,(!g"J!D_51.,!X(%.6$!

[1A%8+:%6+58?!TOOhI⁠;!

38!TO""?!'8!2('.!=%2!,(!,)=72!%!)6)!(81(A+261)!,%82! .(!,+261+=6!,(!R'^(15?!(8!['A%8,%;!R(!

,+%A8526+=!%!)6)!1)%.+2)!%'!.%451%65+1(!,(!.BP826+6'6!['A%8,%+2!,(!K(=$(1=$(!2'1!.(2!Z+1'2!DcZKPI;!

1̀5+2! >%=6('12!586!*(1-+2!,(! 265**(1! 1%*+,(-(86! .%!*15*%A%6+58!,'!0+1'2!a! D+I!'8!,+%A8526+=!
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=.+8+&'(!1%*+,(!%0(=!'8(!>516(!2'2*+=+58!,(!>+701(!$)-511%A+&'(?!D++I! .9'6+.+2%6+58!=511(=6(!,(!

.9)&'+*(-(86! ,(! *156(=6+58! +8,+0+,'(..(! (6! ,(2! -)6$5,(2! ,(! *156(=6+58! ,'! *(12588(.!

$52*+6%.+(1!(6! D+++I! .%! =%*%=+6)!,(!=58>+1-(1! 1%*+,(-(86! .(!,+%A8526+=!A1k=(!/!'8! .%451%65+1(!

+826%..)!,%82!.(!*%Y2!D]%=@(+.!(6!%.;?!TO"TI⁠;!

38!TO"T?!'8(!)*+,)-+(!%!)6)!,)6(=6)(!%'!-5+2!,(!j'+8!,%82!.(!,+261+=6!,(!o+4%.(?!(8!['A%8,%!

5|!+.!Y!%!('!""!=%2!=58>+1-)2!(6!g!,)=72?!25+6!'8(!.)6%.+6)!,(!dfJ!DQ.4%1+�5!(6!%.;?!TO"dI⁠;!

Q'!=5'12!,(!.%!-y-(!%88)(!%'!-5+2!,(!@50(-41(?!'8(!%'61(!)*+,)-+(!(26!2'10(8'(!,%82!.(2!

,+261+=62!,(!R'^(15?!l+8j%!(6!@%\%258A5.%?!(8!['A%8,%!%0(=!f!=%2!=58>+1-)2!(6!d!,)=72?!25+6!

'8(!.)6%.+6)!,(!hOJ!DQ.4%1+�5!(6!%.;?!TO"dI⁠;!!

QRJRX! "K:D?7:6=&D6&CA&7ACAD:6&V&@:8H=&">BCA&

L(*'+2!2%!*1(-+71(!%**%1+6+58!(8!"esf?!.(!0+1'2!345.%!%!=%'2)!(80+158!"U!)*+,)-+(2!%0(=!*.'2!

,(!d"!OOO!=%2!(6!'8(!.)6%.+6)!0%1+%86!,(!de!/!Ue!J!D#(86(12!>51!L+2(%2(!#58615.!%8,!<1(0(86+58!

D#L#I!TO"eI⁠;!R%!KL!#58A5!%!=588'!e!)*+,)-+(2!,(!.%!-%.%,+(!/!0+1'2!345.%!+8=.'%86!=(..(!&'+!

>1%**(!%=6'(..(-(86!.(2!*150+8=(2!,'!@51,!o+0'!(6!,(!.BP6'1+!,(*'+2!.(!-5+2!,BQ5'6!TO"U!D]4%.%C

o+8A(4(8+!(6!%.;!TO"eI⁠;!Q'!=5'12!,(!=(16%+8(2!)*+,)-+(2?!,(2!=%2!,(!.%!-%.%,+(!/!0+1'2!345.%!

586!)6)!)A%.(-(86!,)6(=6)2!,%82!,B%'61(2!*%Y2!(8!,($512!,(!.%!:58(!)*+,)-+&'(;!<%1!(S(-*.(?!

'8!=%2!%!)6)!,)6(=6)!(8!Q>1+&'(!,'!H',!(8!"eef!%*172!%05+1!)6)!(8!=586%=6!%0(=!'8!*%6+(86!

+8>(=6)!*150(8%86!,'!M%458!DM(51A(2C#5'1456!(6!%.;?!"eeeI⁠N!(6!.512!,(!.B)*+,)-+(!(8!Q>1+&'(!

,(!.B['(26?!.%!-%.%,+(!/!0+1'2!345.%!29(26!*15*%A)(!,%82!2(*6!%'61(2!*%Y2!DP6%.+(?!]%.+?!@+A)1+%?!

H)8)A%.?!32*%A8(?!K5Y%'-(Cc8+!(6!�6%62Cc8+2I!D$66*2aGG^^ ;̂=,=;A50G0$>G(45.%G$+2651YGTO"gC

TO"fC5'641(%\G+8,(S;$6-.I!5|!(..(!%!)6)!1%*+,(-(86!=5861W.)( ⁠⁠;!#(=+!*15'0(!=5-4+(8?!%0(=!.%!

1%*+,+6)! (6! .%! >1)&'(8=(! ,(2!-5'0(-(862! ,(2! *(12588(2?! A1k=(! %'S! ,+>>)1(862!-5Y(82! ,(!

61%82*516!-5,(18(! D0)$+='.(?! 4%6(%'?! 61%+8?! %0+58?! (6=;I?! '8(! )*+,)-+(! *('6! >%=+.(-(86! 2(!

*15*%A(1!,B'8!*%Y2!/!'8!%'61(!05+1(!,B'8!=586+8(86!/!'8!%'61(;!R%!=$1585.5A+(!,(2!)*+,)-+(2!

,(!.%!-%.%,+(!/!0+1'2!345.%!,(!"esf!/!TO"U!(26!1(*1+2(!,%82!.(!6%4.(%'!=+C,(225'2;!

!

!

!
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%̀4.(%'!d;!#$1585.5A+(!,(2!)*+,)-+(2!,(!.%!-%.%,+(!/!0+1'2!345.%!,(!"esf!/!TO"U!D%,%*6)!,(!

K52(..5!(6!%.;I!DK52(..5!(6!%.;?!TO"hN!#(86(12!>51!L+2(%2(!#58615.!%8,!<1(0(86+58!D#L#I?!TO"eN!

https://mailchi.mp/sante.gouv.cd/ebola_kivu_08juil19I;!
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QRQ! (8A;=7:==:B;&D6&CA&7ACAD:6&V&@:8H=&">BCA&

R%!-%.%,+(!/!0+1'2!345.%?!)6%86!'8(!:55852(?!(26!61%82-+2(!/!.B$5--(!+8+6+%.(-(86!*%1!=586%=6!

%0(=! '8! %8+-%.! +8>(=6)?! *%1! (S(-*.(! '8(! =$%'0(C25'1+2! 5'! '8! *1+-%6(! 858! $'-%+8;! #(66(!

=586%-+8%6+58!+86(10+(86!A)8)1%.(-(86!.512!,(!.%!-%8+*'.%6+58!5'!.(!,)*(V%A(!,(!.B%8+-%.!%'!

-5-(86!,(!.%!*1)*%1%6+58!*5'1!.%!=5825--%6+58;!382'+6(?!.(!0+1'2!0%!2(!*15*%A(1!,(!*(12588(!

/!*(12588(?!*5'0%86!%>>(=6(1!*.'2+('12!*(12588(2!(6!=1)(1!'8(!)*+,)-+(!-%j('1(!2+!.(!0+1'2!2(!

1(615'0(!,%82!'8(!*5*'.%6+58!6172!,(82(!5|!.%!,)6(=6+58!(6!.(2!-(2'1(2!,(!*1)0(86+58!8(!2586!

*%2!(>>+=%=(2;!!

Année 1976 1977 1994 1995 1996 1996 2001 2001 2002

Localisation
Yambuku, RD 

Congo

Tandala, RD 

Congo

Mékouka, 

Andock et 

Minkébé, 

Gabon

Kikwit, RD 

Congo

Mayibout2, 

Gabon
Boué, Gabon

Districts de 

Mbomo et 

Kéllé, Congo 

(Brazza)

Districts de La 

Zadié, Ivindo 

et Mpassa, 

Gabon

Districts de 

Mbomo et 

Kéllé, Congo 

(Brazza)

Milieu
rural/foret 

tropical

rural/foret 

tropicale

rural/foret 

tropicale

peri-

urbain/urbain
rural rural rural rural rural

Origine 

suspectée

antilope 

fumé ? viande 

de singe ?

inconnue inconnue inconnue chimpanzé chimpanzé ? gorille ? gorille ?
gorille, 

antilope ?

Nombre de cas 318 1 49 310 31 60 59 65 143

Nombre de 

décès
280 1 29 250 21 45 43 53 128

Létalité (%) 88 100 59 81 67,7 75% 73 81 89

Debut août-76 juin-77 déc-94 janv-95 févr-96 oct-96 oct-01 oct-01 déc-02

Fin oct-76 juin-77 févr-95 juil-95 ND mars-97 mars-02 mars-02 apr-03

Année 2003 2005 2007 2008/2009 2014 2014 2017 2018
2018 (au 02 

Mai 2019)

Localisation

District de 

Mbomo, Congo 

(Brazza)

District 

d’Etoumbi, 

Congo 

(Brazza)

Luebo et 

Mweka, RD 

Congo

Luebo et 

Mweka, RD 

Congo

Boende, RD 

Congo

Guinée, 

Libéria et 

Sierra Leone

Likati, RD 

Congo

Bikoro, Itipo 

et Mbandaka, 

RD Congo

Nord Kivu et 

Ituri, RD 

Congo

Milieu rural rural rural rural rural

rural, péri 

urbain et 

urbain

rural rural et urbain rural et urbain

Origine 

suspectée
inconnue inconnue

chauve-

souris ?
inconnue inconnue

chauve-

souris?

Chauve-

souris ? 

Sanglier ?

inconnue inconnue

Nombre de cas 35 12 264 32 69 28610 8 54 1847

Nombre de 

décès
29 10 187 15 49 11308 4 33 1221

Létalité (%) 83 83 71 47 71 39 50 61 66,1

Debut nov-03 avr-05 avr-07 nov-08 juil-14 mars-14 mai-17 mai-18 août-18

Fin déc-03 mai-05 oct-07 janv-09 oct-14 mars-16 juil-17 juil-18 à présent
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i+A'1(!U;! 1̀%82-+22+58!,(2!0+1'2!345.%!,%82!.%!>%'8(!2%'0%A(!(6!=$(:!.(2!$'-%+82!D%,%*6)!,'!

#L#I!

!

L%82!.%!*5*'.%6+58!$'-%+8(?!.(!0+1'2!2(!61%82-(6!*%1!=586%=6!,+1(=6!D*%1!(S(-*.(?!/!61%0(12!

'8(!*.%+(!2'1!.%!*(%'!5'!*%1!.(2!-'&'('2(2!,(2!Y('S?!,'!8(:!5'!,(!.%!45'=$(I!%0(=!a!

�!L'!2%8A!5'!%'61(2!>.'+,(2!51A%8+&'(2!D'1+8(?!2%.+0(?!2'('1?!-%6+71(2!>)=%.(2?!05-+22'1(2?!.%+6!

-%6(18(.!(6!2*(1-(I!,9'8(!*(12588(!-%.%,(!5'!,)=),)(!,(!.%!-%.%,+(!/!0+1'2!345.%!N!

�!L(2!54j(62!D6(.2!&'(!,(2!%+A'+..(2?!,(2!2(1+8A'(2?!.+6(1+(?!0y6(-(862?!(6=;I!=586%-+8)2!*%1!,(2!

.+&'+,(2!51A%8+&'(2!,9'8(!*(12588(!%66(+86(!,(! .%!-%.%,+(!/!0+1'2!345.%!5'! .(!=51*2!

,9'8(!*(12588(!,)=),)(!,(2!2'+6(2!,(!=(66(!-%.%,+(!N!

�!L'!2*(1-(!,9'8!$5--(!&'+!(26!A')1+!,(!.%!-%.%,+(!/!0+1'2!345.%!D.512!,9'8!1%**516!2(S'(.I;!

R(! 0+1'2! *('6! *(12+26(1! ,%82! =(16%+82! >.'+,(2! =51*51(.2! DY! =5-*1+2! .(! 2*(1-(I! ,9'8!

*%6+(86!A')1+!*(8,%86!*.'2+('12!-5+2!D]%.0Y!(6!%.;?!TO"eN!#(86(12!>51!L+2(%2(!#58615.!

%8,!<1(0(86+58!D#L#I?!TO"eN!L+%..5!(6!%.;?!TO"fN!36%1,!(6!%.;?!TO"sN!#$(165^?!TO"eI⁠;!

QRX! "@BCH<:B;&9C:;:MH6&

R%!-%.%,+(!/!0+1'2!345.%!2(-4.(!)05.'(1!$%4+6'(..(-(86!(8!615+2!*$%2(2!a!'8(!*$%2(!>)41+.(!5'!

4)8+A8(?! '8(! *$%2(! %0(=! ,(2! -%8+>(26%6+582! A%2615C+86(26+8%.(2! (6! '8(! *$%2(! ,(2!

=5-*.+=%6+582! Do'$8?! TOOUN! ]%.0Y! (6! %.;?! TO"eN! X'86! (6! %.;?! TO"hI⁠;! Q*172! '8(! *)1+5,(!

,9+8='4%6+58! ,(! T! /! T"! j5'12! D(8!-5Y(88(! U! /! "O! j5'12I?! .%!-%.%,+(! /! 0+1'2! 345.%! ,)4'6(!

A)8)1%.(-(86! ,(! -%8+71(! 41'2&'(! %0(=! ,(2! 2Y-*6W-(2! 858! 2*)=+>+&'(2! 6(.2! &'(! >+701(?!
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-%.%+2(2?!>%6+A'(!(6!=5'14%6'1(!&'(!.B58!*('6!=58>58,1(!/!'8!2Y8,15-(!A1+**%.!5'!%'S!%'61(2!

-%.%,+(2! >)41+.(2! 615*+=%.(2! D-%.%1+%?! >+701(! 6Y*$5F,(?! (6=;I;! 382'+6(?! %*172! (80+158! d! j5'12?!

%**%1%+22(86!,(2!2Y-*6W-(2!A%2615C+86(26+8%'S?!856%--(86!,(2!8%'2)(2?!,(2!05-+22(-(862!
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EF(>(TF( S,"#'( JI(1M0PK3( JI(1M0PK3( K(1M0MH3( L(1M0KM3( M0MHQM0PK(

!8-#/( (      

EF( G78:$6,7,8%( IO(1?0MP3( OH(1M0LN3( J?(1O0PN3( II(1?0??3( M0LNQ?0??(

EF( R/%*&"$6,7,8%( OK(1M0HH3( O(1M0MH3( H(1M0KJ3( OL(1M0LK3( M0MHQM0LK(

EF( S,"#'( L?(1K0MP3( OI(1M0?K3( JP(1M0PI3( PN(1K0JP3( M0?KQK0JP(

TF( G78:$6,7,8%( ?HP( 1KN0??3( O?I( 1L0?I3( OI(1M0PL3( OKO( 1N0PI3( M0PLQKN0??(

TF( R/%*&"$6,7,8%( ?P(1K0KJ3( N(1M0KI3( O(1M0MH3( O(1M0MH3( M0MHQK0KJ(

TF( S,"#'( HMP( 1OK0NN3( OH?( 1J0LJ3( OL(1M0?H3( OKH( 1J0OO3( M0?HQOK0NN(

VF( G78:$6,7,8%( OMK( 1H0LL3( KM(1O0OH3( KL(1O0NO3( NO(1J0HO3( O0OHQH0LL(

VF( R/%*&"$6,7,8%( OP(1M0LN3( ?(1M0OL3( N(1M0KI3( OL(1M0LK3( M0OLQM0LN(

VF( S,"#'( OKO( 1J0MO3( K?(1M0NM3( J?(1M0LH3( LM(1O0PP3( M0NMQJ0MO(

EF(>(TF( G78:$6,7,8%( KL(1O0NO3( KL(1O0NO3( M( OM(1M0HL3( MQO0NO(

EF(>(TF( R/%*&"$6,7,8%( K(1M0MP3( K(1M0MP3( M( M( MQM0MP(

EF(>(TF( S,"#'( JM(1M0IH3( JM(1M0IH3( M( OM(1M0KH3( MQM0IH(

;8/-$58:<,( TF(
(      

G78:$6,7,8%( JMO( 1OI0J?3( HP(1J0?M3( M( PJ(1H0JN3( MQOI0J?(

TF( R/%*&"$6,7,8%( HL(1K0N?3( L(1M0JN3( H(1M0KJ3( OJ(1M0HP3( M0KJQK0N?(

TF( S,"#'( JNO( 1L0PL3( NL(1O0NP3( KK(1M0HH3( OMI( 1K0NN3( M0HHQL0PL(

VF( G78:$6,7,8%( P(1M0HK3( I(1M0?M3( OK(1M0NP3( JI(1K0OJ3( M0?MQK0O?(

VF( R/%*&"$6,7,8%( M( O(1M0MH3( L(1M0JN3( KM(1M0PO3( MQM0PO(

VF( S,"#'( P(1M0KK3( L(1M0KM3( KM(1M0H3( HI(1O0?K3( M0KMQO0?K(

W*%",/( (      

TF( G78:$6,7,8%( OI(1M0PL3( KL(1O0NO3( KN(1O0HM3( NO(1J0HO3( M0PLQJ0HO(

TF( R/%*&"$6,7,8%( J(1M0O?3( OM(1M0?H3( OM(1M0?H3( KP(1O0JK3( M0O?QO0JK(

TF( S,"#'( KM(1M0HM3( JL(1M0P?3( JN(1M0PM3( PM(1K0K?3( M0HMQK0K?(

!



!

!

Ue!

TA:86&A;D&#HDA;&">BCA&S:8H=&!6A9<:@:<N&BF&3:FF686;<&/A<&#K69:6=&

_(!(26+-%6(,!2*(=+>+=!1(%=6+0+6Y!65!E%+1(!%8,!H',%8!345.%!0+1'2(2!4Y!4%6!2*(=+(2;!_(!,+,!856!

+8=.',(!b'8,+4'AY5! %8,! K(2658! 4(=%'2(! 1(=5-4+8%86! 8'=.(5*156(+82! ^(1(! 856! %0%+.%4.(;!

Q-58A!+82(=6+0515'2!4%62?!58.Y!4.55,!2%-*.(2!>15-!!$65'2*;!4%62!D"tfGgegI!^(1(!*52+6+0(!

>51!E%+1(!51!H',%8!345.%!0+1'2!%86+45,+(2!D`%4.(!UI;!Q-58A!>1'A+0515'2!4%62?!2%-*.(2!>15-!<7'

041:-(?!F7'($%5#2$5-5?!%8,!@7'"4*96#)"3-5'4%62!$%,!6$(!$+A$(26!1(%=6+0+6Y;!_(!542(10(,!E%+1(!

%8,!H',%8!345.%!0+1'2!2(15*52+6+0+6Y!+8!6$(2(!d!2*(=+(2!^+6$!%.-526!%..!='65>>!-(6$5,2a!O;TJt!

d;dJ!>51!E%+1(!345.%!0+1'2!%8,!";OJtT;eJ!>51!H',%8!345.%! 0+1'2! +8! <7' 041:-(' 4%6! 2%-*.(2?!

O;hJt";fJ! >51!E%+1(!345.%!0+1'2!%8,!";"Jtg;dJ!>51!H',%8!345.%!0+1'2!+8!F7'($%5#2$5-5'4%6!

2%-*.(2?! %8,! O;fJtT;hJ! >51! E%+1(! 345.%! 0+1'2! %8,! O;UJt";gJ! >51! H',%8! 345.%! 0+1'2! +8!@7'

"4*96#)"3-5' 4%6! 2%-*.(2;! _(! 542(10(,! T;gJ! E%+1(! 345.%! 0+1'2t2(15*52+6+0(! 2%-*.(2! >51!

D)55$%93#42)5'"%*$14%5)5'4%62!%8,!O;hJ!>51!<6$($60$2-5'2*;!4%62?!4'6!58.Y!4Y!.(22!261+8A(86!

='6C5>>!-(6$5,2;![8(!2%-*.(!>15-!!7'6-5)11-5'4%62!^%2!2(15*52+6+0(!>51!H',%8!345.%!0+1'2;!@5!

2%-*.(2!>15-!<7'82"%J-4#)'51!!7'#$2J-"#"'4%62!^(1(!1(%=6+0(!^+6$!%8Y!345.%!0+1'2!%86+A(82;!

H%-*.(2!>15-!6$(!"!=3$#$%93#42)5'[4%\42)'4%6!%8,!TO!!4*"1$*1$55-5'I$42("%%)'4%62!^(1(!

2(158(A%6+0(;! [0(1%..?! E%+1(! 51! H',%8! 345.%! 0+1'2! %86+45,+(2! ^(1(! 542(10(,! +8! s! D"!

+82(=6+0515'2!%8,!f!>1'A+0515'2I!4%6!2*(=+(2;!

*B7KA8:=B;&BF&TA:86&">BCA&S:8H=&#68BK86@AC6;96&:;&/A<=&F8B7&.F8:9A&A98B==&#<HD:6=&

i51! =5-*%1+258?! ^(! =5-*+.(,! ,%6%! 1(A%1,+8A! E%+1(! 345.%!0+1'2!2(15.5AY!+8!4%62!5>!\85^8!

2*(=+(2!>15-!*1(0+5'2!26',+(2!D8!�!g?gedI!%8,!6$+2!26',Y!D8!�!d?edhN!gf;sJI!D`%4.(2!e?!"OI;!L%6%!

^(1(!%0%+.%4.(! >51! d?OTd! +82(=6+0515'2!4%62!5>!�dO! 2*(=+(2! >15-!s!,+>>(1(86! >%-+.+(2N!T?"ee!

DsT;sJI!^(1(!>15-! 6$+2! 26',Y! D`%4.(!eI;! P82(=6+0515'2!4%6! 2%-*.(2!51+A+8%6(,! >15-!M'+8(%?!

#%-(1558?! 6$(!LK#?!%8,!M%458;!E%+1(!345.%! 0+1'2! 1(%=6+0+6Y! $%2! 4((8! 542(10(,! 58.Y! +8!!7'

3$%&91-2-5'4%6!2%-*.(2!>15-!M%458!%8,!!$65'2*;!4%6!2%-*.(2!>15-!#%-(1558;!L%6%!^(1(!

%0%+.%4.(!>51!h?gOh!>1'A+0515'2!4%62!5>!"s!2*(=+(2!>15-!"T!A(8(1%!>15-!_(26!DM'+8(%?!M$%8%I?!

_(26!#(861%.!D#%-(1558?!M%458?!6$(!#58A5?!6$(!LK#I?!%8,!3%26!DE%-4+%I!Q>1+=%!D`%4.(!"OI;!@5!

E%+1(!345.%!0+1'2! 1(%=6+0+6Y!$%2!4((8! 2((8! +8! 4.55,! 2%-*.(2! >15-!4%6! 2*(=+(2!/"5)%93#42)5?!

!4*"1$*1$55-5?!,"%$%93#42)5?!%8,!=3$#$%93#42)5?!4'6!58.Y!%!.+-+6(,!8'-4(1!5>!2%-*.(2!D8!�!

"hTI!$%0(!4((8!6(26(,;![0(1%..?!4.55,!2%-*.(2!>15-!U!>1'A+0515'2!4%6!2*(=+(2!$%0(!4((8!>5'8,!

1(%=6+0(!̂ +6$!E%+1(!345.%!0+1'2!%86+A(82;!b.55,!2%-*.(2!>15-!<7'041:-(?!F7'($%5#2$5-5?!%8,!@7'
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!

eO!

"4*96#)"3-5'4%62!>15-!2(0(1%.!=5'861+(2!%=1522!Q>1+=%!$%0(!4((8!1(*516(,!65!4(!2(15*52+6+0(;!

K(%=6+0+6Y!$%2!4((8!542(10(,!^+6$! 2%-*.(2! >15-!<7'*"(.)"%-5'4%62! +8!M$%8%! D"O;UJI!%8,!

M'+8(%;!K(%=6+0+6Y!^%2!542(10(,!^+6$!.%1A(!2%-*.(!2(62!>15-!<7'82"%J-4#)'4%62!,(1+0(,!>15-!

M%458!%8,!6$(!#58A5!%8,!%!2-%..!2%-*.(!2(6!>15-!M$%8%!4'6!856!M'+8(%?!#%-(1558?!51!6$(!

LK#;!!7'6-5)11-5'%8,!!7'#$2J-"#"'4%62!6(26(,!*52+6+0(!>51!E%+1(!345.%!0+1'2!%86+45,+(2!+8!26',+(2!

+8!^$+=$!.%1A(!2%-*.(!2(62!^(1(!=5..(=6(,;! Q-58A!D7'"%*$14%5)5'4%6!2%-*.(2?!58.Y!6$52(!>15-!

#%-(1558!$%0(!6(26(,!*52+6+0(!>51!%86+45,+(2;!

!()4*!&#9866;:;G&FB8&TA:86&">BCA&S:8H=&!5.&

_(!2=1((8(,!ffh!2%-*.(2!>15-!6$(!LK#!D8!�!"edI?!#%-(1558!D8!�!deeI?!%8,!M'+8(%!D8!�!sdI!

4Y!K`C<#K!>51!6$(!*1(2(8=(!5>!E%+1(!345.%!0+1'2!K@Q;![>!6$(!Teg!2%-*.(2!51+A+8%6+8A!>15-!4%62!

*1(0+5'2.Y! ,5='-(86(,! 65! =%11Y! E%+1(! 345.%! 0+1'2! K@Q! D]I! D+;(;?!F7' ($%5#2$5-5' w"dT! >15-!

#%-(1558?! "! >15-! 6$(! LK#x?!!7' #$2J-"#"' wTO! >15-! #%-(1558?! Th! >15-! 6$(! LK#x?! %8,! <7'

82"%J-4#)' w""f! >15-! #%-(1558xI?! %..! ^(1(! 8(A%6+0(! >51! E%+1(! 345.%! 0+1'2! K@Q;! [>! 6$(! ds"!

2%-*.(2!>15-!4%6!2*(=+(2!<7'041:-('DhU!>15-!#%-(1558?!"fh!>15-!6$(!LK#?!d!>15-!M'+8(%I?!

D7'"%*$14%5)5'DU!>15-!#%-(1558?!g!>15-!M'+8(%I?!!7'6-5)11-5'DT!>15-!6$(!LK#?!"!>15-!M'+8(%I?!

@7'"4*96#)"3-5' Dgh!>15-!#%-(1558?!gO! >15-!M'+8(%I?!<7'*"(.)"%-5' DTh! >15-!M'+8(%I?!%8,!

!$65'2*;!DTO!>15-!#%-(1558I?!%..!^(1(!8(A%6+0(!>51!E%+1(!345.%!0+1'2!K@Q;!!

!

!
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!

!

!

!

!
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`%4.(%'!U;!b.55,!2%-*.(2!>15-!4%62!1(%=6+0(!̂ +6$!456$!8'=.(5*156(+8!%8,!A.Y=5*156(+8!5>!E%+1(!

51!H',%8!345.%!0+1'2?!4Y!26%6+26+=%.!-(6$5,!'2(,!65!,(6(1-+8(!='65>>?!M'+8(%?!#%-(1558?!%8,!

6$(!L(-5=1%6+=!K(*'4.+=!5>!6$(!#58A5?!TO"htTO"s;!

&

!! !! !! "#$#%&#%'$(!)*#+,-!

!   .*$/!0!12"3! 4+$/5*67,%/#! 8%/,)%$(! 927,/*/#%$(!

8$#!:$)%(;<!5*/=&! >,?!#*&#*-!
9@,($!A%B=&!

&7*'%*&!
>,?! C!DEFC!4GH! >,?! C!DEFC!4GH! >,?! C!DEFC!4GH! >,?! C!DEFC!4GH!

!"##$%"&'("&)'* !! !! !! !! !! !! !! !! !! !!

!"##$%"&'($%*&7?* I<JKJ! L$%B*! M! M!DMNM?OH! M! M!DMNM?OH! M! M!DMNM?OH! M! M!DMNM?OH!

!! I<JKJ! "=-$/! M! M!DMNM?OH! M! M!DMNM?OH! M! M!DMNM?OH! M! M!DMNM?OH!

+","$#-'(.%*&7?* JOJ! L$%B*! M! M!DMNI?PH! M! M!DMNI?PH! M! M!DMNI?PH! M! M!DMNI?PH!

!! JOJ! "=-$/! M! M!DMNI?PH! M! M!DMNI?PH! M! M!DMNI?PH! M! M!DMNI?PH!

+$/$%%"&)'* *          

01)'('#1$,*&7?* 11! L$%B*! M! M!DMNK?MH! M! M!DMNK?MH! M! M!DMNK?MH! M! M!DMNK?MH!
! 11! "=-$/! M! M!DMNK?MH! M! M!DMNK?MH! M! M!DMNK?MH! M! M!DMNK?MH!

+$#%*&7?* 1E1! L$%B*! P! I?J!DM?PN
J?PH!

P! I?J!DM?PN
J?PH!

I! M?J!DM?MON
I?IH!

I! M?J!DM?MONI?IH!

!! 1E1! "=-$/! J!
M?1!DM?IN

I?FH!
J!

M?1!DM?IN

I?FH!
M! M!DMNM?KH! M! M!DMNM?KH!

234-'("&)'** *          

234-'("%*%#* JJ! L$%B*! M! M!DMNI1?EH! M! M!DMNI1?EH! M! M!DMNI1?EH! M! M!DMNI1?EH!

!! JJ! "=-$/! M! M!DMNI1?EH! M! M!DMNI1?EH! M! M!DMNI1?EH! M! M!DMNI1?EH!

51",$/$#1"&)'* *          

51",$/$#1.%*&7?* KP! L$%B*! M! M!DMN1?OH! M! M!DMN1?OH! M! M!DMN1?OH! M! M!DMN1?OH!

!! KP! "=-$/! M! M!DMN1?OH! M! M!DMN1?OH! M! M!DMN1?OH! M! M!DMN1?OH!

6'%#'(-"/"$,"&)'* *          

7/).4$,34-'("%*&78Q* O! L$%B*! M! ! M! ! M! ! M! !

 O! "=-$/! M! ! M! ! M! ! M! !

9'(":$./)*&7?Q* I! L$%B*! M! ! M! ! M! ! M! !

 I! "=-$/! M! ! M! ! M! ! M! !

+3$-"%*;$4)<""Q* O! L$%B*! M! ! M! ! M! ! M! !

 O! "=-$/! M! ! M! ! M! ! M! !

2'$($="4")*&7?Q* F! L$%B*! M! ! M! ! M! ! M! !

 F! "=-$/! M! ! M! ! M! ! M! !

>4$-$#1"/.%*&7?* JJ! L$%B*! M! M!DMNI1?EH! M! M!DMNI1?EH! M! M!DMNI1?EH! M! M!DMNI1?EH!

!! JJ! "=-$/! M! M!DMNI1?EH! M! M!DMNI1?EH! M! M!DMNI1?EH! M! M!DMNI1?EH!

?-'($#$&"&)'* *          

@"&$/$,*1'/:.=* 1KM! L$%B*! IP!
O?O!DJ?IN

F?1H!
IP!

O?O!DJ?IN

F?1H!
I! M?J!DMNI?JH! 1! M?K!DM?ONJ?IH!

! 1KM! "=-$/! I1!
J?E!DI?RN

1?KH!
I1!

J?E!DI?RN

1?KH!
M! M!DMNM?KH! F! I?M!DM?1NJ?1H!

@#$=$#1$(.%*&7?* JMR! L$%B*! I!
M?F!DM?MKN

J?RH!
I!

M?F!DM?MKN

J?RH!
M! M!DMNI?1H! M! M!DMNI?KH!

! JMR! "=-$/! M! M!DMNI?KH! M! M!DMNI?KH! M! M!DMNI?KH! M! M!DMNI?KH!

@#$=$#%*&7?* JKM! L$%B*! M! M!DMNI?1H! M! M!DMNI?1H! M! M!DMNI?1H! M! M!DMNI?1H!
! JKM! "=-$/! M! M!DMNI?1H! M! M!DMNI?1H! M! M!DMNI?1H! M! M!DMNI?1H!

!3#%"<,)-1.%* IKF! L$%B*! O! I?P!DM?PN
1?RH!

O! I?P!DM?PN
1?RH!

M! M!DMNJ?MH! I! M?F!DM?MFNO?MH!

=$,%-($%.%* IKF! "=-$/! K!
1?O!DJ?JN

K?OH!
K!

1?O!DJ?JN

K?OH!
O!

I?P!DM?PN

1?RH!
J! I?IDM?ONO?EH!

A"%%$,34-'("%* K1! L$%B*! J!
J?1!DM?RN

K?OH!
J!

J?1!DM?RN

K?OH!
M! M!DMN1?1H! M! M!DMN1?1H!

),<$/',%"%* K1! "=-$/! M! M!DMN1?1H! M! M!DMN1?1H! M! M!DMN1?1H! M! M!DMN1?1H!

+'<)/$</$%%.%* JM! L$%B*! M! M!DMNIP?IH! M! M!DMNIP?IH! M! M!DMNIP?IH! M! M!DMNIP?IH!

B$'(=),,"* JM! "=-$/! M! M!DMNIP?IH! M! M!DMNIP?IH! M! M!DMNIP?IH! M! M!DMNIP?IH!

+"4($#-'($#.%* P1! L$%B*! M! M!DMNF?RH! M! M!DMNF?RH! M! M!DMNF?RH! M! M!DMNF?RH!

#.%"//.%* P1! "=-$/! I!
I?P!DM?ON

K?OH!
I!

I?P!DM?ON

K?OH!
M! M!DMNF?RH! M! M!DMNF?RH!

+3$,34-'("%* FP! L$%B*! M! M!DMNP?1H! M! M!DMNP?1H! M! M!DMNP?1H! M! M!DMNP?1H!

-$(C.)-)* FP! "=-$/! M! M!DMNP?1H! M! M!DMNP?1H! M! M!DMNP?1H! M! M!DMNP?1H!

5$.%'--.%* OFE! L$%B*! E!
J?F!DI?ON

1?RH!
E!

J?F!DI?ON

1?RH!
M! M!DMNI?IH! J! M?P!DM?JNJ?MH!

)'<3#-")4.%* OFE! "=-$/! F!
I?1!DM?PN

O?JH!
F!

I?1!DM?PN

O?JH!
M! M!DMNI?IH! O! M?K!DM?ONJ?1H!

>4$-$,34-'("%* I! L$%B*! M! ! M! ! M! ! M! !

D',E'("Q* I! "=-$/! M! !! M! !! M! !! M! !!

QS*B'*/#$5*&!T*B*!/,#!'$('=($#*-!@*'$=&*!#+*!/=)@*B!,:!&$)7(*&!',((*'#*-!T$&!#,,!(,T?!
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eT!

`%4.(%'! e;! E%+1(! 345.%! 0+1'2! %86+45,+(2! +8! +82(=6+0515'2! 4%62! >15-! 5'1! 1(2(%1=$?! M'+8(%?!

#%-(1558?!%8,!6$(!LK#?!TO"htTO"s?!%8,!56$(1!*'4.+2$(,!26',+(2�!

&

!! !! !!

"#$%!&'!()*+,!

-%#'#%#./#0!

!!

1&2!)#()#+!

1&2!-30!

4&)$56!.&2!

7&(8)89#:)#()#+!-30;!<$=85,! >7#/8#(! ?&*.)%,! 4#()! 7&(8)89#;!

!"#$%%&'()*+$,- .&%,()$-$/)$- ?$=#%&&.! @ABCD@ABEF! G*=8.#H! C! ADA!-ADA0! A:BI!-A0!

!! 0$11&%$*"(2-3,%*- JK?! BLELDBLMA!-450! N<O! L! A!-A0! !!

6*33&2*+,)*+$,- 6*33&2*+,)&2-(72- JK?! @ABCD@ABEF! G*=8.#H! BCE! ADA!-ADA0! A:B6PLC!-A0!

! 6*33&2*+,)&2-(72- ?$=#%&&.! @ABCD@ABEF! G*=8.#H! MPE! ADA!-ADA0! !

 6*33&2*+,)&2-(72- JK?! BLELDBLMA!-450! N<O! QL! A!-A0! !

 6*33&2*+,)&2-(72- R*8.#$! @ABCD@ABEF! G*=8.#H! @MM! ADA!-ADA0! !

!! 6*33&2*+,)&2-(72- R*8.#$! @ABI!-770! SGN>O! II! A!-A0! !!

8*'*&39,)*+$,- 8*'*&39,)(2-(72- R*8.#$! @ABCD@ABEF! G*=8.#H! @E! ADA!-ADA0! A:@PI!-A0!

! 8*'*&39,)(2-(72- JK?! @ABCD@ABEF! G*=8.#H! @AC! ADA!-ADA0! !

!! 8:-"*'&)- JK?! BLLC!-4;0! SGN>O! @! A!-A0! !!

8&%&22*+$,- .<$,),3<&'-(72- R*8.#$! @ABCD@ABEF! G*=8.#H! II! ADA!-ADA0! A:IAB!-A0!
! .:-3("*%(2- R*8.#$! @ABI!-770! SGN>O! B! A!-A0! !

 .:-$'2&)=,*- JK?! BLLC!-4;0! SGN>O! B@A! A!-A0! !

 .:-"$>&)- JK?! BLELDBLMA!-450! N<O! @Q! A!-A0! !

!! .:-3("*%(2- JK?! BLLC!-4;0! S58($! @BA! A!-A0! !!

! 8&32-(72- R*8.#$! @ABCD@ABEF! G*=8.#H! @PA! ADA!-ADA0! IDL:EAC!-A2QDB2P0!

! 8&32-(72- ?$=#%&&.! @ABCD@ABEF! G*=8.#H! @QI! BDQ!-A2ID@2P0! !

 8&32-(72- JK?! BLELDBLMA!-450! N<O! BCM! A!-A0! !

 8&32-(72- JK?! BLLC!-4;0! SGN>O! @M! A!-A0! !

 8&32-1&'+?%()(2- R$T&.! @AAPD@AAM!-7@0! SGN>O! @I! P!-B@2C0! !

 8:-1&'+?%()(2- R*8.#$! @ABI!-770! SGN>O! B! A!-A0! !

!! 8?&39,)(2-A<*9%,?*- JK?! BLLC!-4;0! SGN>O! @! A!-A0! !!

B?19,)*+$,- B?19,)*2-(72- R*8.#$! @ABCD@ABEF! G*=8.#H! BC! ADA!-ADA0! A:IP!-A0!

! B?19,)*2-(72- R*8.#$! @ABI!-770! SGN>O! Q! A!-A0! !

 B?19,)*2-(72- ?$=#%&&.! @ABCD@ABEF! G*=8.#H! E! ADA!-ADA0! !

 B?19,)*2-(72- JK?! BLELDBLMA!-450! N<O! BI! A!-A0! !

!! B?19,)*2-<*23*+$- JK?! BLLC!-4;0! SGN>O! B! A!-A0! !!

C<*'&%&3<*+$,- C<*'&%&3<(2-(72- R*8.#$! @ABCD@ABEF! G*=8.#H! @Q! ADA!-ADA0! A:MQ!-A0!
! C<*'&%&3<(2-(72- JK?! @ABCD@ABEF! G*=8.#H! Q! ADA!-ADA0! !

!! C<*'&%&3<(2-(72- ?$=#%&&.! @ABCD@ABEF! G*=8.#H! CI! ADA!-ADA0! !!

D,23,)9*%*&'*+$,-
E%$(1&'?19,)*2-

F$)*,=$9$-
?$=#%&&.! @ABCD@ABEF! G*=8.#H! P! ADA!-ADA0! A:BIP!-A0!

! .<$%*'&%&#(2-(72- JK?! BLELDBLMA!-450! N<O! BC! A!-A0! !

 !39,2*1(2-(72- JK?! BLELDBLMA!-450! N<O! @@! A!-A0! !

 !39,2*1(2-9,'(*3*''*2- JK?! BLLC!-4;0! SGN>O! B! A!-A0! !

 G,)*F&(%$-(72- R*8.#$! @ABI!-770! SGN>O! B! A!-A0! !

 G,)*F&(%$-(72- ?$=#%&&.! @ABCD@ABEF! G*=8.#H! B! ADA!-ADA0! !

 8?&9*2-#&1$=**- ?$=#%&&.! @ABCD@ABEF! G*=8.#H! P! ADA!-ADA0! !

 8:-#&1$=**- JK?! BLLC!-4;0! SGN>O! @@! A!-A0! !

 8:-#&1$=**- JK?! BLELDBLMA!-450! N<O! BE! A!-A0! !

 B,&)&"*1*$-(72- ?$=#%&&.! @ABCD@ABEF! G*=8.#H! C! ADA!-ADA0! !

 H*3*29),%%(2-'$'(2- JK?! BLLC!-4;0! SGN>O! @! A!-A0! !

 01&9&3<*%(2-'(I- ?$=#%&&.! @ABCD@ABEF! G*=8.#H! Q! ADA!-ADA0! !

 01&9&3<*%(2-%,(1&=$29,)- R*8.#$! @ABCD@ABEF! G*=8.#H! BC! ADA!-ADA0! !

 01&9&3<*%(2-'*=)*9$- R*8.#$! @ABCD@ABEF! G*=8.#H! B! ADA!-ADA0! !

 01&9&3<*%(2-+*'=$'**- JK?! BLLC!-4;0! SGN>O! BL! A!-A0! !

!! 01&9&3<*%(2-(72- JK?! BLELDBLMA!-450! N<O! BA! A!-A0! !!

4&)$5! !! !! !! !! !! !! IDL:P6A@P!-A2BPDA2PA0!

UJK?6!)V#!J#=&/%$)8/!K#7*T58/!&'!)V#!?&.W&X!N<O6!8==*.&'5*&%#(/#./#!$(($,2! !! !! !! !!

;<&%!+$)$!'%&=!/8)#+!()*+8#(6!)V#!.*=T#%!&'!7&(8)89#!($=75#(!%#7&%)#+!8.!)V#!&%8W8.$5!()*+,!8(!8.+8/$)#+2!<&%!&*%!%#(*5)(6!Y#!(V&Y!)V#!%$.W#!8.!)V#!

.*=T#%!&'!($=75#(!(8=*5)$.#&*(5,!%#$/)89#!Y8)V!W5,/&7%&)#8.!$.+!.*/5#&7%&)#8.!&'!Z$8%#!ST&5$!98%*(!&.!)V#!T$(8(!&'!I!+8''#%#.)!()$)8()8/$5!=#)V&+(!*(#+!

)&!+#)#%=8.#!/*)&''!9$5*#(2!

F4V8(!()*+,2! !! !! !! !! !! !! !!

!



!

!

ed!

`%4.(%'!"O;!E%+1(!345.%!0+1'2!%86+45,+(2!+8!>1'A+0515'2!D<6(15*5,+,%(!>%-+.YI!4%62!>15-!5'1!

1(2(%1=$?!M'+8(%?!#%-(1558?!%8,!6$(!LK#?!TO"htTO"s?!%8,!*'4.+2$(,!26',+(2�!

&



!

!

eg!

3-#*$##-'5&

`5!=.%1+>Y!6$(!15.(!5>!4%62!+8!345.%!0+1'2!(=5.5AY!%8,!+,(86+>Y!̂ $(1(!6$(!0+1'2!=+1='.%6(2!4(6^((8!

5'641(%\2?!^(!6(26(,!�g?OOO!4%62?!%.-526!,5'4.+8A!6$(!656%.!8'-4(1!5>!2%-*.(2!6(26(,!+8!%..!

*1(0+5'2!26',+(2!+8!Q>1+=%!D<+A566!(6!%.;?!TO"fN!R(15Y!(6!%.;?!TOOhN!R((8,(16:!(6!%.;?!TO"fN!X%8!(6!

%.;?!TO"fI;!_(!*150+,(,!,%6%!58!4%62!>15-!#%-(1558?!%,,(,!65!6$(!(S+26+8A!,%6%!58!4%62!>15-!

M'+8(%!%8,!6$(!LK#?!%8,!2'426%86+%..Y!+8=1(%2(,!6$(!,%6%!%0%+.%4.(!58!+82(=6+0515'2!4%62;!_(!

6(26(,!2%-*.(2!̂ +6$!6$(!2%-(!%22%Y?!(8%4.+8A!=5-*%1+258!%=1522!2*(=+(2!%8,!=5'861+(2;!_(!'2(,!

,+>>(1(86! 26%6+26+=%.! -(6$5,2! 65! ,(6(1-+8(! *52+6+0(! 2%-*.(! 8'-4(12! %8,! (S*1(22(,! 6$(!

*15*516+58!5>!1(%=6+0(!2%-*.(2!%2!%!1%8A(!58!6$(!4%2+2!5>!6$(!,+>>(1(86!='6C5>>!0%.'(2!*15*52(,!

4Y!6$52(!-(6$5,2;!Q2!$%2!4((8!,58(!+8!26',+(2!5>!$'-%8!E%+1(!345.%!0+1'2!2'10+0512!DQY5'4%!(6!

%.;?!TO"sN!K+-5+8!(6!%.;?!TO"UI?!̂ (!,(>+8(,!E%+1(!%8,!H',%8!345.%!0+1'2!*52+6+0+6Y!%2!6$(!*1(2(8=(!

5>! %86+45,+(2! 65! 456$! 8'=.(5*156(+8! %8,! A.Y=5*156(+8;! Q2! 2'=$?! ^(! (26+-%6(,! 6$%6! Ttds!

DO;OhJtO;eTJI!4%62!^(1(!2(15*52+6+0(!>51!E%+1(!345.%!0+1'2!%8,!OtdO!DOJtO;shJI!4%62!^(1(!

2(15*52+6+0(!>51!H',%8!345.%!0+1'2!D`%4.(!sI;!Q-58A!+82(=6+0515'2!4%62?!̂ (!542(10(,!E%+1(!%8,!

H',%8!345.%!0+1'2!%86+45,+(2!58.Y!+8!!$65'2*;!4%62?!%8!542(10%6+58!6$%6!$%2!*1(0+5'2.Y!4((8!

542(10(,!D<5'11'6!(6!%.;?!TOOeI;!_(!*150+,(,!+8>51-%6+58!58!+82(=6+0515'2!!)%)$6#42-5'%8,!

@0)%$1$60-5' 4%62! %8,! (S6(8,(,! \85^.(,A(! 58! !$65' %8,! F)66$5)&42$5' 4%62N! %..! "?TOO!

F)66$5)&42$5' 2%-*.(2! ^(1(! 2(158(A%6+0(;!_(! =58>+1-(,! 6$(! *1(2(8=(! 5>! E%+1(! 345.%! 0+1'2!

%86+45,+(2!+8!58.Y!"!5>!d!>1'A+0515'2!2*(=+(2!+8!^$+=$!E%+1(!345.%!0+1'2!K@Q!$%2!4((8!1(*516(,?!

6$%6!+2?!+8!F7'($%5#2$5-5'4'6!856!<7'82"%J-4#)'51!!7!#$2J-"#"'4%62!DR(15Y!(6!%.;?!TOOhI;!X5^(0(1?!

6$+2!1(2'.6!-+A$6!$%0(!4((8!+8>.'(8=(,!4Y!2%-*.(!2+:(?!6(26!'2(,?!%8,!+86(1*1(6%6+58!=1+6(1+%;!_(!

=58>+1-(,! %86+45,+(2! +8! <7' 041:-(' 4%62! %8,! 2$5^(,! 6$%6! E%+1(! 345.%! 0+1'2! %86+45,+(2! %1(!

^+,(2*1(%,! %-58A! 6$+2! 2*(=+(2! %=1522! Q>1+=%a! M$%8%! %8,! E%-4+%?! %8,!^+6$! 5'1! ,%6%?! %.25!

#%-(1558?!M'+8(%?!%8,!6$(!LK#!D<5'11'6!(6!%.;?!TOOeN!X%Y-%8!(6!%.;?!TO"ON![A%^%!(6!%.;?!TO"hI;!

_(!=58>+1-(,!%86+45,+(2!+8!@7'"4*96#)"3-5!4%62!>15-!#%-(1558!%8,!M'+8(%?!+8!%A1((-(86!^+6$!

*1(0+5'2! >+8,+8A2! +8! 6$(2(! 4%62! >15-! 6$(! #58A5! %8,! M%458! D<5'11'6! (6! %.;?! TOOeI;! i51! <7'

*"(.)"%-5'4%62!>15-!M$%8%?!̂ (!%.25!542(10(,!E%+1(!345.%!0+1'2!1(%=6+0+6Y!5>!2%-*.(2!>15-!6$+2!

2*(=+(2!+8!M'+8(%!DX%Y-%8!(6!%.;?!TO"TI;!P8!=5861%26!^+6$!%!*1(0+5'2!26',Y?!^(!542(10(,!H',%8!

345.%!0+1'2!%86+45,+(2! D856! E%+1(! 345.%! 0+1'2! %86+45,+(2I! +8!!7'6-5)11-5'4%62! D<5'11'6!(6!%.;?!

TOOeI;!_(!%.25!+,(86+>+(,!E%+1(!345.%!0+1'2!%86+45,+(2!+8!D7'"%*$14%5)5'4%62!>15-!#%-(1558?!

%.6$5'A$! 58.Y!^$(8!'2+8A! .(22! 261+8A(86! ='6C5>>!=%.='.%6+582;! ! !_$(8! =5-4+8+8A! ,%6%! >15-!



!

!

eh!

*1(0+5'2! E%+1(! 345.%! 0+1'2!2(15*1(0%.(8=(!26',+(2!+8!4%62!^+6$!,%6%!>15-!5'1!26',Y?! 58.Y! "!

+82(=6+0515'2!4%6!2*(=+(2!D!$65'2*;I!%8,!U!>1'A+0515'2!4%6!2*(=+(2!D<7'041:-(?!<7'*"(.)"%-5?!

<7'82"%J-4#)?!F7'($%5#2$5-5?!D7'"%*$14%5)5?!!7'6-5)11-5?!!7'#$2J-"#"?!@7'"4*96#)"3-5I!(S$+4+6(,!

E%+1(!345.%!0+1'2!%86+45,+(2!D<5'11'6!(6!%.;?!TOOeN!X%Y-%8!(6!%.;?!TO"ON!X%Y-%8!(6!%.;?!TO"TN!

[A%^%!(6!%.;?!TO"hI;!Q2!2((8!+8!4%6!2%-*.(2!>15-!E%-4+%?!^(!542(10(,!+8!6$+2!26',Y!H',%8!

345.%!0+1'2!%86+45,+(2!+8!<7'041:-('4%62!>15-!M'+8(%?!#%-(1558?!%8,!6$(!LK#?!2'AA(26+8A!6$%6!

E%+1(!%8,! H',%8! 345.%! 0+1'2(2! =5C=+1='.%6(! %8,! =5'.,! 4(! ^+,(2*1(%,! %-58A! 6$+2! 2*(=+(2;!

X5^(0(1?!58.Y!"!56$(1!26',Y!$%2!6(26(,!>51!345.%!0+1'2(2!56$(1!6$%8!E%+1(!345.%!0+1'2! +8!<7'

041:-('4%62!D[A%^%!(6!%.;?!TO"hI;!P8!5'1!26',Y?!̂ (!%.25!542(10(,!H',%8!345.%!0+1'2!%86+45,+(2!

+8!!$65'2*;?!F7'($%5#2$5-5?!%8,!@7'"4*96#)"3-5'4%62!+8!#%-(1558;!Q.-526!%..!2%-*.(2!^(1(!

*52+6+0(!>51!(+6$(1!E%+1(!51!H',%8!345.%!0+1'2!4'6!856!>51!456$;!L(2*+6(!6$(!*1(2(8=(!5>!345.%!

0+1'2! %86+45,+(2?! 6$(! 15.(! 5>! 4%62! %2! 1(2(105+1! 2*(=+(2! 1(-%+82! '8=.(%1! 4(=%'2(! 0+1%.! K@Q!

,(6(=6+58!+2!1%1(;!P8!58.Y!"!26',Y!E%+1(!345.%!0+1'2!K@Q!^%2!%-*.+>+(,!+8!%!>(^!4%62!DR(15Y!(6!

%.;?!TOOhI;!`$'2?!%86+45,+(2!-+A$6!1(>.(=6!*1(0+5'2!%='6(!+8>(=6+58!^+6$!0+1%.!=.(%1%8=(;!c8.+\(!

+85='.%6+582!̂ +6$!]%14'1A!0+1'2!D<%^(2\%!(6!%.;?!TO"fN!Q--%8!(6!%.;?!TO"hN!H=$'$!(6!%.;?!TO"sI?!

(S*(1+-(86%.! +85='.%6+58! 5>! @7' "4*96#)"3-5' 4%62! ^+6$! E%+1(! 345.%! 0+1'2! .(%,2! 65! %86+45,Y!

,(0(.5*-(86!4'6! +8>1(&'(86!51!%42(86!,(6(=6+58!5>!0+1%.!K@Q!51!2$(,,+8A!D<%^(2\%!(6!%.;?!

TO"fN!l58(2!(6!%.;?!TO"hI;!@7'"4*96#)"3-5'4%62!%1(!6$(1(>51(!%4.(!65!=.(%1!E%+1(!345.%!0+1'2!%>6(1!

%! 2$516! +8>(=6+5'2! *(1+5,! ^+6$5'6! 0+1%.! 2$(,,+8A! %8,! ^+6$! .+66.(! 51! 85! 61%82-+22+58;! @5!

%86+45,+(2! 51! 0+1%.! K@Q! ^(1(! ,(6(=6(,! +8! 858C+85='.%6(,!4%62!$5'2(,!^+6$!(S*(1+-(86%..Y!

E%+1(!345.%!0+1'2t!+8>(=6(,!4%62!D<%^(2\%!(6!%.;?!TO"fI;!_$(6$(1!6$+2!.5^!.(0(.!5>!+8>(=6+5'28(22!

%.25!5=='12!>51!56$(1!4%6!2*(=+(2!6$%6!=%11Y!345.%!0+1'2!%86+45,+(2!1(-%+82!65!4(!,(6(1-+8(,;!

E%+1(! 345.%! 0+1'2! ^%2! (S*(1+-(86%..Y! +85='.%6(,! +8! 56$(1! 4%6! 2*(=+(2! D!7' 3$%&91-2-5?!

/0"42460$%'6-()1-5?!%8,!<6$($60$2-5'I"01.42*)I!+8!58.Y!"!26',YN!0+1'2!1(*.+=%6+58!^%2!2((8!

+8!%..!2*(=+(2?!%8,!>(=%.!2$(,,+8A!^%2!2((8!+8!<7'I"01.42*)'4%62!DH^%8(*5(.!(6!%.;?!"eefI;!@7'

"4*96#)"3-5' 4%62! (S*(1+-(86%..Y! +8>(=6(,! ^+6$! ]%14'1A! 0+1'2! ^(1(! 2$5^8! 65! ,(0(.5*!

%86+45,+(2!6$%6!*156(=6!%A%+826!1(+8>(=6+58!DH651-!(6!%.;?!TO"UI;!R58AC6(1-!2'10+0%.!^+6$!E%+1(!

345.%! 0+1'2! %86+45,+(2! $%2! 4((8! 1(*516(,! ^+6$! <7' 041:-(' 4%62! >15-! M$%8%! 4'6! ^+6$5'6!

+8>51-%6+58!58!*156(=6+58!DX%Y-%8!(6!%.;?!TO"OI;!Q-58A!+82(=6+0515'2!4%62?!6$(!*1(2(8=(!5>!

345.%!0+1'2!%86+45,+(2!+8!58.Y!!$65'2*;!+2!261+\+8A?!2'AA(26+8A!$+A$(1!(S*52'1(!51!2'2=(*6+4+.+6Y!

=5-*%1(,!^+6$!56$(1!+82(=6+0515'2!4%62;!!



!

!

ef!

P8!=58=.'2+58?!^(!,(-58261%6(,!$+A$(1!1%6(2!5>!345.%!0+1'2!%86+45,+(2!+8!>1'A+0515'2!6$%8!+8!

+82(=6+0515'2!4%62;!`$(!656%.!8'-4(1!5>!>1'A+0515'2!2*(=+(2!2$5^8!65!4(!E%+1(!345.%!0+1'2!

2(15*52+6+0(!$%2!+8=1(%2(,!65!U?!%8,!"!+82(=6+0515'2!4%6!2*(=+(2!D!$65'2*;I!^%2!=58>+1-(,!

65!4(!2(15*52+6+0(;!E%+1(!%8,!H',%8!345.%!0+1'2(2!=+1='.%6(!+8!,+>>(1(86!2*(=+(2!%=1522!Q>1+=%?!

^+6$!*56(86+%.! =5C=+1='.%6+58! 5>!456$!0+1'2(2! +8!25-(!2*(=+(2;!Q.6$5'A$!^(!$%0(! ,%6%! 58!

�U?OOO!4%62!>15-!�gO!2*(=+(2?!6$+2!2%-*.(!2+:(!+2!2-%..?!A+0(8!6$(!$+A$!8'-4(12!5>!4%62!6$%6!

=5826+6'6(!=5.58+(2;!`$+2!26',Y!+..'261%6(2!6$(!=5-*.(S+6Y!5>!61%=\+8A!6$(!%8+-%.!1(2(105+1!5>!

345.%! 0+1'2(2?! 856! 58.Y! 4(=%'2(! 2%-*.+8A! 5>!^+.,! 4%62! ^+6$5'6! *(1>51-+8A! ('6$%8%2+%! +2!

,+>>+='.6!%8,!6+-(C=582'-+8A!4'6!%.25!4(=%'2(!5>!6$(!%42(8=(!5>!%!1(>(1(8=(!26%8,%1,!>51!

2(15.5A+=!6(262;!`5!=.%1+>Y!6$(!2+A8+>+=%8=(!5>!345.%!0+1'2!%86+45,+(2?!,5='-(86+8A!6$(!(S6(86!

65!^$+=$!0+1%.!K@Q!%8,!2$(,,+8A!=%8!4(!,(6(=6(,! +8!2*(=+(2!^+6$!%86+45,+(2! +2!=1'=+%.! >51!

*1(,+=6+8A! %8,!=58615..+8A! 6$(! 1+2\! >51! 8(^!5'641(%\2;! 3>>5162!-'26! =586+8'(! 856!58.Y! 65!

2%-*.(!4%62!4'6!%.25!56$(1!%8+-%.2!65!(.'=+,%6(!^$(1(!6$(!0+1'2!=+1='.%6(2!+8!^+.,.+>(;!!

&

.9W;BbC6DG76;<=&

_(!6$%8\!6$(!26%>>2!>15-!6$(!]+8+261Y!5>!X(%.6$!%8,!]+8+261Y!5>!380+158-(86!%8,!6$(!8%6+58%.!

(6$+=2!=5--+66((2!>15-!6$(!LK#?!#%-(1558?!%8,!M'+8(%!>51!*(1-+22+58!65!*(1>51-!6$+2!26',Y;!

_(!6$%8\!%..!6$(!>+(.,!26%>>!>15-!6$(!LK#!DM'Y!]+,+8A+!%8,!H(10(6!o+-458:%IN!M'+8(%!DH5'%8%!
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t!$%&#&95&!)/!Z[1!#(P97+!

! #

!"#$%&"' ()*"%&+,$"#' -$",.$*/' &01,"&"#$*/' .&*"'(2#3,44''
5'.&#),67'

(,"7&"727' '
(2#3,44'27&6'

! ! ! ! ! !
"#$%&'(! )**! +,+! -.,! /0,! *11!

! ! ! ! ! !
2#$%&'(3455! +0,)! 61,6! +--/! //06! /*11!

! ! ! ! ! !
2#$%&'(789! +6)*! .1+0! +6*.! /)-.! /)11!

! ! ! ! ! !
(#*1$%&'(! .*1! /16! -)/! /)+! /)1!

! ! ! ! ! !

"#$:&'(! -1-6! ..0! +.6! .*0! .61!
! ! ! ! ! !

2#$:&'(! /*,.! ---*0! *.61! .*+,! .611!
! ! ! ! ! !

(#*1$:&'(! ,.+! 6.,! /-/! 6,-! .11!

! ! ! ! ! !
2#$'&'(! +/61! /+)0! -/61! +/+.! +/11!

! ! ! ! ! !
(#*1$'&'(! 6)+! +)+! -/1! /+*! /11!

! ! ! ! ! !

2#$;&'(! +/)! /)+! -01! +..! /11!

 

EBOV antigens Plasma  Feces*  mean MFI decrease (Log10) 
In reactive samples N+/N tested (%) N+/N tested (%)  

      
NP 57/57 (100%) 25/57 (43.9%) 1.37 

      
GP 57/57 (100%) 20/57 (35.1%) 0.67 

      
VP 57/57 (100%) 15/57 (26.3%) 0.95 

      
NP+GP 57/57 (100%) 18/57 (31.6%)  

      
NP+GP+VP 57/57 (100%) 14/57 (24.6%)  

      
At least one antigen 57/57 (100%) 29/57 (50.9%)  
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1.! Background 

 

1.1 Ethics statement 
 

This study was approved by the Ministry of Health (MoH) in the Democratic Republic of the 
Congo (DRC). Oral consent was obtained at the patients’ homes or in the Ebola Treatment Units 
prior to any sample collection by a team, including staff members of the MoH. The de-identified 
human diagnostic surveillance samples analyzed were also reviewed for the applicability of 
human subjects protection regulations under the project, “Sequencing of Samples in the 
Democratic Republic of the Congo (DRC),” United States Army Medical Research Institute of 
Infectious Diseases (USAMRIID) Office of Human Use and Ethics Log Number FY18–21. 

 

1.2 Mobile diagnostic laboratories in the field 
 

Three mobile laboratories were set up in the field by Institut National de Recherche Biomédicale 
(INRB), with partners, in Bikoro, Itipo and Mbandaka. Bikoro laboratory was based at the General 
Reference Hospital of Bikoro close to the Ebola treatment unit (ETU) managed by Medecins Sans 
Frontieres (MSF), and staffed by four scientists (3 INRB and 1 Institute of Tropical Medicine 
Antwerp). Itipo laboratory was based at the Health Reference Center of Itipo, staffed by three 
scientists (1 INRB, 1 Institut Pasteur de Dakar (IPD) and 1 local), with cold chain supported by 
ALIMA. Mbandaka laboratory was based in the ETU managed by MSF located approximately 
15km (southwest) from Mbandaka city, and staffed by three scientists (1 INRB, 1 IPD and 1 MSF). 
Each laboratory had access to generator power, one fridge (+4 oC) and one freezer (-20oC). 
Mbandaka laboratory was the only laboratory based within an ETU, in a temporary tent 
construction. The two other laboratoriess were based in hospital buildings. 
 

All of the positive samples presented in this paper were tested at the Bikoro laboratory. The 
Bikoro laboratory performed EBOV diagnostics with assays targeting the L gene, 1 a modified 
version of an NP gene assay 2 and the multiplexed cartridge -based GP/NP gene Cepheid Xpert 
Ebola assay on the GeneXpert platform. The Itipo laboratory performed diagnostics using the 
modified NP and the GeneXpert assay, and the Mbandaka laboratory solely used the GeneXpert 
assay. 
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2.! Methods 

 

2.1 Sample processing and sequencing – extended method 
 

We decided to deploy illumina technology for several reasons. The small size of the iSeq100 and 
the ability to just plug it in and function without the need of a trained technician for setup. The 
higher quality data achieved by the Illumina iSeq100 enables full genome characterization, which 
is crucial to evaluate the efficacy of medical countermeasures (MCMs) giving confidence in all 
single nucleotide polymorphism (SNPs) that are detected. Samples with degraded RNA can be 
processed with a higher success rate using Illumina library preparation kits (i.e. Truseq RNA 
Exome), as the long-read length advantage of the MinION is nullified and need for amplicon 
sequencing for low viral load samples will also be affected by poor RNA quality. Illumina based 
sequencing allowed for the use of the same protocol on all sample types without having to make 
any modifications. 
 

RNA sequencing libraries were prepared using the KAPA RNA HyperPrep kit (KAPA 
Biosystems, Wilmington, MA, USA), with xGen Dual Index UMI Adaptors (Integrated DNA 
Technologies, Skokie, IL, USA) following manufacturers’ guidelines. RNA was fragmented at 
94oC for 0.5–2 min (depending on the quality of the RNA), and 20 ng of fragmented (6 min 
fragmentation at 94oC) cervical adenocarcinoma (HeLa- S3) Total RNA (Ambion, Foster City, 
CA, USA) was spiked into each sample to facilitate optimal ligation efficiency and library 
preparation. Enrichment-based EBOV sequencing was performed using the Illumina TruSeq RNA 
Exome (formerly TruSeq RNA Access) enrichment reagents. One-quarter quantities of these 
reagents were used for singleplex enrichment with a custom EBOV biotinylated probe set, 
including 1,897 unique probes of 80 nt in length (Twist Biosciences, San Francisco, CA, USA).3 
Analysis of data was performed as described previously 3 using a Dell Precision laptop (m6800, 
32g RAM, Intel Xeon 4 core) with all scripts and programs preloaded before shipment. Only bases 
with a Phred quality score R20 or better were used for consensus calling. Subsequently, the 
sequences of the earliest isolate of the local (Équateur Province) EBOV variant was used as a 
reference (MH733477) for the final analysis and imputation of SNPs. 

 

2.2 Bayesian analysis using BEAST – extended method 
 

Phylogenetic relationships and evolutionary rates were modeled according to the Hasegawa -
Kishino-Yano 85 (HKY85) 4 model with gamma-distributed rate variation among sites (HKY85 
+ Γ4), which were independently inferred (unlinked) across three partitions (codon positions 1 and 
2, non-coding, and codon position 3). This model was supported by jModeltest2 5 and extensively 
used in previous analyses.6 Partitions shared an uncorrelated lognormal relaxed molecular clock, 
which allowed different lineages to evolve at different rates over time,7 a non-parametric 
coalescent ‘SkyGrid’ model (number of grid points + 1 = 50) as a prior density across trees,8 and 
an evolutionary rate prior (gamma distribution, shape = 0.001, scale = 1,000). Tracer v.1.6 9 was 
used to ensure run convergence (effective sample size >200) and TreeAnnotator1.8.4 10 was used 
to calculate a maximum-clade credibility (MCC) tree using a posterior probability limit of 0.7, 
which removes summary statistics from nodes with low support. To explore the intra-outbreak 
analysis of 15 coding-complete Équateur Province outbreak sequences, the same partition scheme, 
nucleotide substitution model, and rate prior were used but with a strict clock model!and with 
exponential coalescent tree prior, for a better fit to the data. Combinations of a strict clock, 
uncorrelated lognormal relaxed clock, random local clock, constant tree prior and SkyGrid tree 
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prior were evaluated for inter- and intra-outbreak using path sampling and stepping-stone sampling 
with default chain lengths and steps.11 

 

2.3 Antibody binding confirmation – extended method 
 

Human embryonic kidney derived 293T cells (CRL-3216, ATCC, Manassas, VA, USA) were 
cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Corning, NY, USA) with 10% 
HyClone characterized fetal bovine serum (FBS; GE Healthcare Lifesciences, Pittsburg, PA, 
USA), 2 mM of HyClone l-glutamine (ThermoFisher Scientific, Waltham, MA, USA), 100 U/ml 
of penicillin (ThermoFisher Scientific), and 100 µg/ml of streptomycin (ThermoFisher Scientific) 
and maintained at 37°C in a humidified 5% CO2 atmosphere. 293T cells were transfected with 
the plasmid encoding EBOV/Kik GP 1,2 or 2018 Équateur Province EBOV GP1,2 using TransIT 
-LT1 transfection reagent (Mirus Bio, Madison, WI, USA) per manufacturer guidelines. GP1,2 
expression was driven via a tetracycline inducible promoter by the addition of doxycycline 
(Invitrogen, Carlsbad, CA, USA). After 24 h of induction, cells were collected and processed for 
flow cytometry with the LIVE/DEAD fixable aqua stain  (Invitrogen) to gate for live/dead cells 
and the 6D8 monoclonal antibody (control antibody) and individual ZMapp monoclonal 
antibodies (13C6, 2G4, 4G7). Monoclonal antibodies (mAbs) were conjugated with phycoerythrin 
(PE) (6D8, mouse IgG2a) or allophycocyanin (APC) (13C6/2G4/4G7, human IgG) using a 
species- and isotype -specific Zenon antibody labeling kit (ThermoFisher Scientific) and used to 
assess antibody binding to the different EBOV GP1,2 constructs. Samples were analyzed on a BD 
LSRFortessa cell analyzer (BD Biosciences, San Jose, CA, USA), and data were analyzed with 
FlowJo software version 10.4.2 (TreeStar, Ashland, OR, USA). Intact cells were gated using 
forward scatter (FSC-A) by side scatter (SSC-A), single cells were gated from the intact cell 
population using side scatter width by area (SSC-W x SSC-A), and live cells were defined as 
those negative for the LIVE/DEAD fixable aqua stain. PE- and APC-positive populations were 
determined using untransfected HEK 293T cells stained with mAbs as described above. 
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3 Results 

 

3.1 Establishment of a genomic capacity at INRB to sequence samples from the 2018 

Équateur Province EVD outbreak - extended 
 

On May 28 th 2018, teams from the Institut Pasteur de Dakar (IPD) and the United States Army 
Medical Research Institute of Infectious Diseases (USAMRIID) received a letter of invitation 
from the Director -General of INRB to establish a genomics laboratory in Kinshasa, DRC (Figure 
1, Figure 2a). Personnel arrived in DRC on June 11th 2018 with all the required reagents and 
equipment, including an Illumina iSeq100 sequencer. All components were transported via 
checked baggage on the airplane, with sufficient reagents for whole genome sequencing of 96 
samples (listed in Appendix, page s 6- 7). The genomics lab was fully operational by June 14th 
2018 and a set of non-EBOV samples were loaded onto the iSeq100 June 19th 2018. 
 
Two INRB scientists were trained in the following aspects of next generation sequencing (NGS): 
library preparation, iSeq100 loading, and data analysis. EBOV-positive samples arrived from the 
field on July 8th 2018. The trainees started library preparation of seven samples and loaded the 
iSeq100 on July 13th 2018. An additional two sequencing runs were performed with 16 and 10 
samples on July 19th 2018 and July 31st 2018, respectively. These initial sequencing efforts at 
INRB yielded 16 near-complete viral genome sequences (15 coding-complete and 1 draft) with an 
average genome coverage of 99.64% (97.88% to 99.91%). 

 

3.2 Limited signature erosion indicated that deployed PCR-based diagnostic assays were 
appropriate for detecting EBOV/“Tum” 

 

A further twenty-one detection assays were also tested in silico. Eleven sets exhibited at least 
one mismatch across the primers and probe after alignment to the EBOV/“Tum” genomes (Table 
S5). Four primer sets had two mismatches in one or more primer/probe sets. The majority of the 
diagnostic assays with mismatches in primer/probe regions targeted the EBOV L gene, the 
largest EBOV gene and the one that accumulated the highest number of SNPs among 
EBOV/“Tum” genomes. Together, our results indicate that PCR- based EBOV diagnostic assays 
would benefit from being continuously assessed with each newly emerging EBOV variant, as 
early as possible, to ensure that the most appropriate diagnostic assays are used during the 
outbreak. 

 

 

3.3 Changes in antigenic sites of the 2018 Équateur Province Ebola virus variant 

glycoprotein should not affect rVSVΔG-ZEBOV-GP vaccine or mAb114 efficacy 
 

The Merck V920 recombinant vesicular stomatitis Indiana virus encoding EBOV/Kik GP1,2 
(rVSVΔG-ZEBOV-GP) was deployed for the vaccination of health-workers and first responders, 
and for ring vaccination in Bikoro, Itipo, and Mbandaka. To evaluate the changes in this protein, 
we compared EBOV/“Tum” GP 1,2 to the EBOV/Kik sequence, AY354458 (Table S8). A total 
of nine amino acid differences were observed. Seven of these amino acid differences (E047D,!
D338G, A417T, T424M, P430L, A474T, A499T) are present in all of the 16 EBOV/“Tum” GP1,2 
protein sequences, and two are only present in single EBOV/“Tum” GP1,2 sequence (R266G from 
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patient BIK012 and N317T from patient BIK091). The SNP that causes the R266G mutant in 
patient BIK012 (A->G position 6834) had a frequency of 0.5 at a site of only 2x coverage, multiple 
re -sequencing attempts failed to expand this coverage. Although this change was observed only 
once, we include it for further antigen assessment, as the assessment was designed to have the 
most conservative approach to MCM evaluation. None of these amino acid changes occur inside 
regions deemed important in the structure and function of GP1,2.12-15 These changes therefore 
should have little or no effect on the efficacy of the V920 vaccine-generated immunity against 
EBOV/“Tum” infection. Further testing should be conducted to ensure V920 would provide 
protection against EBOV/“Tum” infection. 
 

Rapid in silico analyses including evaluation of known monoclonal antibody (mAb) crystal 
structures and/or amino acid positions known to be important for mAb binding may be useful to 
identify amino acid changes that may affect binding of therapeutic mAbs. For effective in silico 
analyses, mAbs must be well characterized with a known crystal structure and/or binding epitope. 
Here, we provide an in silico analysis of mAb114 using the known crystal structure. mAb114 was 
the only monoclonal antibody treatment approved by the DRC Ministry of Health ethics 
committee during the 2018 Équateur Province outbreak. It was developed from antibodies that 
were isolated from a survivor 11 years after the 1995 outbreak in DRC (EBOV/Kik).16 Since we 
were unable to obtain mAb114 for testing, we analyzed previously published structural and 
antibody binding data to assess binding. Utilizing the crystal structure of mAb114 bound to EBOV 
GP1,2 (Figure S4), we identified critical residues on the GP core (residues 113–121) likely to be 
important for mAb114 binding.16,17 Since it was also reported that mAb114 and mAb 13C6 
compete for binding, we also evaluated residues at the glycan cap and critical residues for 13C6 
binding (270 and 272). EBOV/“Tum” GP mutations were not found in the residues deemed 
important for mAb114 recognition of EBOV GP, making it likely mAb114 can bind to the DRC 
outbreak GP. However, in vitro testing should be performed to confirm this analysis since residues 
in close proximity to the binding site can affect binding, and those effects cannot be evaluated in 

silico. 

 
 

 

 

 

 

 

 

 

 

 

 

4 List of consumables and equipment transported to DRC to perform sequencing. 

 



!

!

 

! ! =?!9>VAdN.9# ! !

! 821(46"25$'#1('#45"2$'#15#^:Q�=# ! !

! V1(3*1)532$2# +5$D# ! g31(5&5F#

! "P(+&98! N()797+,^&%!KL"!Q(5)!G7..&%! ! E!8*-&!

!

1CI!

]S&9!C*7+!19.&]!\Z1!".7$8&%#�I&5J!"55&##! !

E!$+78&!! ! !

!

1++*:(97!

(4&T!%&7P&98!57%8%(.P&! !

V!`(8#!! ! !

!

1++*:(97!

QJ(p!_)98%)+!'W! !

a!]!E@*+!! ! !

!

1++*:(97!

I%*4&T�!KL"!M9%(5J:&98!=E?!&9%(5J:&98#H! ! ?!`(8#!

! ! ! !

! 19'(8%)P&9! 0&G764W!I)87+!KL"! ! E@@*+!

!

d"Q"!

d"Q"!KL"!0,$&%Q%&$!`(8!=YX!+(-%7%(&#H! ! E!`(8#!

! ! ! !

! d"Q"! TQ_K!_):$+&8&!`(8!=*9('&%#7+H!%&7P&98#! ! ?!`(8#!

!

I<(#8!N()#5(&95&#!

\4"ZK11C!I<(#8!'E!$%)-&#!=MNO26#$&5(/(5!$%)-&#H! !

W@@*+!! ! !

! 821(46"25$'#1('#45"2$'#15#X�=# ! !

! V1(3*1)532$2# +5$D# ! g31(5&5F#

!

"P&95)*%8!

"ZQ*%&!pQ!-&7.#! !

?@!:+#!! ! !

! "P(+&98! N()797+,^&%!KL"!X@@@!Q(5)!`(8! ! E!`(8#!

!

"P(+&98!

CL"!E@@@!d(8! !

E!`(8#!! ! !

!

"P(+&98!

0(PJ!4&9#(8('(8,!CL"!d(8! !

?!`(8#!! ! !

! 1++*:(97! (4&T!/+)<!5&++! ! V!/+)<!5&++#!



!

!

! ! !

!

1++*:(97!

I%*4&T�!KL"!M9%(5J:&98!=E?!&9%(5J:&98#H! ! ?!`(8#!

! ! ! !

!

d"Q"!

KL"!0,$&%Q%&$! (̀8!=YX!+(-%7%(&#H! ! E!`(8#!

! ! ! !

! 821(46"25$'#1('#45"2$'#15#2""D#5$D6$21532$# ! !

! V1(3*1)532$2# +5$D# ! g31(5&5F#

! "P(+&98! N()797+,^&%!KL"!Q(5)!Z(5%)/+*(.(5!5J($#! ! E!`(8#!

! "P(+&98! N()797+,^&%!04!CL"!Z(5%)/+*(.(5!5J($#! ! ?!`(8#!

! "P(+&98! N()797+,^&%!CL"!E@@@!Z(5%)/+*(.(5!5J($#! ! E!`(8#!

! "P(+&98! N()797+,^&%!8&#8!_J($!d(8! ! E!`(8!

!

":-()9!

L*5+&7#&6/%&&!<78&%! ! a!]!F@:+!

! ! ! !

! "$$+(&.!N()#,#8&:#! TQ_K!$+78&#! ! E!]!?@!$+78&#!

! M$$&9.)%/! E>F:+!8*-&#! ! a!]!F@!8*-&#!

! [(#J&%!45(&98(/(5! Q($&88&!-7#(9! ! a!]!$75 !̀)/!E@!

 



!

!

! �(7P&9! �1"7:$!2(%7+!KL"!M]8%758()9!`(8! ! E!`(8!!

! K7(9(9! I($#!E@@@*+!/(+8&%! ! ?!-)]&#!)/!YX!!

! K7(9(9! I($#!GI4!8($#!?@*+!/(+8&%! ! V@!-)]&#!)/!YX!!

! K7(9(9! I($#!GI4!?@@*+![(+8&%! ! A@!-)]&#!)/!YX!!

! IJ&%:)!45(&98(/(5! F@:+!/7+5)9!8*-&! ! E!$75`!)/!?F!!

!

\4"!45(&98(/(5!

@>?:+!Q_K!8*-&#! !

F!]!E?@!8*-&#!

!

! ! ! !

! ! .g>+_V.!8# ! ! !

! V1(3*1)532$2# +5$D# ! g31(5&5F# !

! "P(+&98! N()797+,^&%!?E@@! ! E!(8&:!

! N*++.)P! (�!N()#J7`&%! ! E!(8&:!

! C&++! G7$8)$!=/)%!797+,#(#H! ! E!(8&:!

! 1++*:(97! (4&TE@@!#&T*&95&%! ! E!(8&:!

! K7(9(9! E@*+!Q($&88&! ! E!(8&:!

! K7(9(9! ?@*+!$($&88&! ! E!(8&:!

! K7(9(9! E@@*+!Q($&88&! ! E!(8&:!

! K7(9(9! ?@@*+!$($&88&! ! E!(8&:!

! K7(9(9! E@@@*+!Q($&88&! ! E!(8&:!

! K7(9(9! ?@*+!V!5J799&+!$($&88&! ! E!(8&:!

! K7(9(9! ?@@*+!V!5J799&+!$($&88&! ! E!(8&:!



!

!

5 References 

 

2! de Wit E, Rosenke K, Fischer RJ, et al. Ebola laboratory response at the Eternal Love 
Winning Africa Campus, Monrovia, Liberia, 2014-2015. J Infect Dis 2016; 214(suppl 3): 
S169-S76. 

3! Weidmann M, Muhlberger E, Hufert FT. Rapid detection protocol for filoviruses. J Clin 

Virol 2004; 30(1):94-9. 
4! Mate SE, Kugelman JR, Nyenswah TG, et al. Molecular evidence of sexual transmission 
of Ebola virus. N Engl J Med 2015; 373(25): 2448-54. 
5! Hasegawa M, Kishino H, Yano T-a. Dating of the human-ape splitting by a 
molecular clock of mitochondrial DNA. Journal of molecular evolution 1985; 22(2): 
160-74. 
6! Darriba D, Taboada GL, Doallo R, Posada D. jModelTest 2: more models, new 
heuristics and parallel computing. Nat Methods 2012; 9(8): 772. 

7! Liu SQ, Rayner S, Zhang B. How Ebola has been evolving in West Africa. Trends 

Microbiol 2015; 23(7): 

387-8. 

8! Minin VN, Bloomquist EW, Suchard MA. Smooth skyride through a rough skyline: 
Bayesian coalescent-based inference of population dynamics. Mol Biol Evol 2000; 25: 1459-
71. 
9! Gill MS, Lemey P, Faria NR, Rambaut A, Shapiro B, Suchard MA. Improving 
Bayesian population dynamics inference: a coalescent-based model for multiple loci. Mol 

Biol Evol 2013; 30(3): 713-24. 
10! Rambaut A, Drummond AJ, Xie D, Baele G, Suchard MA. Posterior 
summarization in Bayesian phylogenetics using Tracer 1.7. Syst Biol 2018; 67(5): 901-
4. 

11! Rambaut A. TreeAnnotator. 1.6.1 ed; 2010. 
12! Baele G, Lemey P, Bedford T, Rambaut A, Suchard MA, Alekseyenko AV. Improving the 
accuracy of demographic and molecular clock model comparison while accommodating 
phylogenetic uncertainty. Mol Biol Evol 2012; 29(9): 2157-67. 

 

13! Chandran K, Sullivan NJ, Felbor U, Whelan SP, Cunningham JM. Endosomal 
proteolysis of the Ebola virus glycoprotein is necessary for infection. Science 2005; 
308(5728): 1643-5. 
14! Dias JM, Kuehne AI, Abelson DM, et al. A shared structural solution for neutralizing 
ebolaviruses. Nat Struct Mol Biol 2011; 18(12): 1424-7. 
15! Lee JE, Fusco ML, Hessell AJ, Oswald WB, Burton DR, Saphire EO. Structure of 
the Ebola virus glycoprotein bound to an antibody from a human survivor. Nature 2008; 
454(7201): 177-82. 
16! Miller EH, Obernosterer G, Raaben M, et al. Ebola virus entry requires the host-
programmed recognition of an intracellular receptor. EMBO J 2012; 31(8): 1947-60. 
17! Corti D, Misasi J, Mulangu S, et al. Protective monotherapy against lethal Ebola 
virus infection by a potently neutralizing antibody. Science 2016; 351(6279): 1339-42. 
18! Misasi J, Gilman MS, Kanekiyo M, et al. Structural and molecular basis for Ebola virus 
neutralization by protective human antibodies. Science 2016; 351(6279): 1343-6. 



!

!

19! Pinsky BA, Sahoo MK, Sandlund J, et al. Analytical performance characteristics of the 
Cepheid GeneXpert Ebola assay for the detection of Ebola virus. PLoS One 2015; 10(11): 
e0142216. 
20! Gire SK, Goba A, Andersen KG, et al. Genomic surveillance elucidates Ebola virus origin 
and transmission during the 2014 outbreak. Science 2014; 345(6202): 1369-72. 
21! Sanchez A, Ksiazek TG, Rollin PE, et al. Detection and molecular characterization 
of Ebola viruses causing disease in human and nonhuman primates. J Infect Dis 1999; 179 
Suppl 1: S164-9. 
22! Trombley AR, Wachter L, Garrison J, et al. Comprehensive panel of real-time TaqMan 
polymerase chain reaction assays for detection and absolute quantification of filoviruses, 
arenaviruses, and New World hantaviruses. Am J Trop Med Hyg 2010; 82(5): 954-60. 
23! Towner JS, Sealy, T.K., Ksiazek, T.G., Nichol, S.T. . High-throughput molecular detection 
of hemorrhagic fever virus threats with applications for outbreak settings. Journal of Infectious 

Diseases 2007; 196(Suppl 2): S205-S12. 
24! Zhai J, Palacios G, Towner JS, et al. Rapid molecular strategy for filovirus detection and 
characterization. J Clin Microbiol 2007; 45(1): 224-6. 
25! Panning M LT, Olschlager S, Eickmann M, Becker S, Raith S, Courbot MC, Nilsson M, 
Gopal R, Lundkvist A, di Caro A, Brown D, Meyer H, Lloyd G, Kummerer BM, Gunther S, 
Drosten C. Diagnostic reverse-transcription polymerase chain reaction kit for filoviruses based 
on the strain collections of all European biosafety level 4 laboratories. Journal of Infectious 

Diseases 2007; 196(Suppl 2): S199-204. 
26! Gilda Grard RB, Jean-Jacques Muyembe Tamfum, Joseph Fair, Nathan Wolfe, Pierre 
Formenty, Janusz Paweska, and Eric Leroy. Emergence of Divergent Zaire Ebola Virus Strains 
in Democratic Republic of the Congo in 2007 and 2008. The Journal of Infectious Diseases 2011; 
204: S776–S84. 
27! Gustavo Palacios TB, Vishal Kapoor, Omar Jabado, Zhiqiang Liu, Marietjie Venter, Junhui 
Zhai, Neil Renwick, Allen Grolla, Thomas W. Geisbert, Christian Drosten, Jonathan Towner, 
Jingyue Ju, Janusz Paweska, Stuart T. Nichol, Robert Swanepoel, Heinz Feldmann, Peter B. 
Jahrling, and W. Ian Lipkin. MassTag Polymerase Chain Reaction for Differential Diagnosis of 
Viral Hemorrhagic Fevers. Emerging Infectious Diseases 2006; 12(4): 692-5. 
28! Leroy EM1 BS, Lu CY, McCormick JB, Georges AJ, Georges-Courbot MC, Lansoud-
Soukate J, Fisher-Hoch SP. Diagnosis of Ebola haemorrhagic fever by RT-PCR in an epidemic 
setting. Journal of Medical Virology 2000; 60(4): 463-7. 
29! Morvan JM, Deubel V, Gounon P, et al. Identification of Ebola virus sequences present as 
RNA or DNA in organs of terrestrial small mammals of the Central African Republic. Microbes 

Infect 1999; 1(14): 1193-201. 
30! Sanchez A, Lukwiya M, Bausch D, et al. Analysis of human peripheral blood samples from 
fatal and nonfatal cases of Ebola (Sudan) hemorrhagic fever: cellular responses, virus load, and 
nitric oxide levels. J Virol 2004; 78(19): 10370-7. 
31! Strong JE, Wong G, Jones SE, et al. Stimulation of Ebola virus production from persistent 
infection through activation of the Ras/MAPK pathway. Proc Natl Acad Sci U S A 2008; 105(46): 
17982-7. 
32! Gunther S, Asper M, Roser C, et al. Application of real-time PCR for testing antiviral 
compounds against Lassa virus, SARS coronavirus and Ebola virus in vitro. Antiviral Res 2004; 
63(3): 209-15. 



!

!

33! Koehler JW, Hall AT, Rolfe PA, et al. Development and evaluation of a panel of filovirus 
sequence capture probes for pathogen detection by next-generation sequencing. PLoS One 2014; 
9(9): e107007. 
34! Katoh K, Standley DM. MAFFT multiple sequence alignment software version 7: 
improvements in performance and usability. Mol Biol Evol 2013; 30(4): 772-80



!

!

Table S1. Information on the 16 EBOV/”Tum” genomes generated from the May-July 2018 EBOV outbreak in the Democratic Rep

of the Congo. 
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Table S2. List of the 1,026 sequences included in the maximum-likelihood phylogenetic analysis 

 

GenBank Accession 

Country Date Distance Residual number (tip) 

KJ660348.2 Guinea 2014.25 0.031769633 1.99E-04 

KX000399.1 Guinea 2014.186301 0.031929905 4.10E-04 

KX000400.1 Guinea 2014.210959 0.031930905 3.92E-04 

KY425657.1 Guinea 2014.210959 0.031985712 4.46E-04 

KY425645.1 Guinea 2014.210959 0.031985712 4.46E-04 

KX000398.1 Guinea 2014.186301 0.031931905 4.12E-04 

KT013255.3 Guinea 2014.210959 0.03187745 3.38E-04 

KT013254.3 Guinea 2014.210959 0.03187745 3.38E-04 

KR817199.1 Guinea 2014.276712 0.03187647 2.84E-04 

KR817200.1 Guinea 2014.279452 0.03171824 1.24E-04 

KR817198.1 Guinea 2014.273973 0.031770814 1.81E-04 

KR817183.1 Guinea 2014.243836 0.031981259 4.15E-04 

KR817195.1 Guinea 2014.254795 0.031977484 4.03E-04 

KR817179.1 Guinea 2014.235616 0.032035666 4.76E-04 

KR817207.1 Guinea 2014.353425 0.032142493 4.88E-04 

KR817210.1 Guinea 2014.364384 0.032470109 8.07E-04 

KR817212.1 Guinea 2014.383562 0.032373443 6.95E-04 

KR817226.1 Guinea 2014.438356 0.032214678 4.92E-04 

KR817209.1 Guinea 2014.356164 0.032091556 4.35E-04 

KR817208.1 Guinea 2014.356164 0.032251924 5.95E-04 

KR817211.1 Guinea 2014.375342 0.032074454 4.02E-04 

KR817215.1 Guinea 2014.391781 0.032090046 4.05E-04 

KR817214.1 Guinea 2014.386301 0.032090046 4.09E-04 

KR817204.1 Guinea 2014.328767 0.032089957 4.55E-04 

KR817206.1 Guinea 2014.345205 0.032143549 4.96E-04 

KR817205.1 Guinea 2014.345205 0.032250369 6.03E-04 

KR817194.1 Liberia 2014.246575 0.031823041 2.55E-04 
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KR534543.1 Guinea 2014.756164 0.032356795 3.77E-04 

KR534549.1 Guinea 2014.764384 0.032357795 3.72E-04 

KR534581.1 Guinea 2014.731507 0.032410313 4.51E-04 

KR534574.1 Guinea 2014.813699 0.032197384 1.71E-04 

KR534573.1 Guinea 2014.813699 0.03230299 2.77E-04 

KR534572.1 Guinea 2014.810959 0.03230299 2.79E-04 

KU296481.1 SierraLeone 2015.178082 0.03273496 4.15E-04 

KU296764.1 SierraLeone 2015.224658 0.032842471 4.85E-04 

KR534556.1 Guinea 2014.772603 0.032411525 4.19E-04 

KR534571.1 Guinea 2014.810959 0.03235906 3.35E-04 

KR534546.1 Guinea 2014.764384 0.032412482 4.26E-04 

KR534591.1 Guinea 2014.764384 0.03236006 3.74E-04 

KR534544.1 Guinea 2014.756164 0.032305661 3.26E-04 

KR534545.1 Guinea 2014.761644 0.032305661 3.22E-04 

KR534558.1 Guinea 2014.780822 0.032573901 5.74E-04 

KR534569.1 Guinea 2014.808219 0.032518355 4.97E-04 

KR534537.1 Guinea 2014.739726 0.032306658 3.40E-04 

KR534583.1 Guinea 2014.750685 0.032306658 3.32E-04 

KR817218.1 Guinea 2014.413699 0.032142528 4.39E-04 

KR817216.1 Guinea 2014.391781 0.032035678 3.50E-04 

KR534509.1 Guinea 2014.558904 0.032194952 3.75E-04 

KR534510.1 Guinea 2014.567123 0.032142537 3.16E-04 

KR817225.1 Guinea 2014.438356 0.032194899 4.72E-04 

KR817223.1 Guinea 2014.435616 0.032250263 5.30E-04 

KR817213.1 Guinea 2014.383562 0.032409407 7.31E-04 

KR817217.1 Guinea 2014.40274 0.032516335 8.22E-04 

KR817224.1 Guinea 2014.435616 0.032196865 4.76E-04 

KR817107.1 Guinea 2014.542466 0.032461865 6.55E-04 

KR817230.1 Guinea 2014.465753 0.032140761 3.96E-04 

KR817237.1 Guinea 2014.479452 0.032089511 3.33E-04 

KR817222.1 Guinea 2014.435616 0.032088081 3.67E-04 

KR817196.1 Guinea 2014.263014 0.032034682 4.53E-04 
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KR817185.1 Guinea 2014.243836 0.032410061 8.44E-04 

KR817184.1 Guinea 2014.243836 0.032088499 5.23E-04 

KR817186.1 Guinea 2014.241096 0.031904463 3.41E-04 

MF102255.1 Guinea 2014.35 0.032036062 3.84E-04 

KR817188.1 Guinea 2014.232877 0.031949295 3.92E-04 

KJ660347.2 Guinea 2015.586301 0.031660765 -9.89E-04 

KT013256.4 Guinea 2014.213699 0.031821654 2.80E-04 

KY425648.1 Guinea 2014.213699 0.031822654 2.81E-04 

KY425633.1 Guinea 2014.213699 0.031822654 2.81E-04 

KP096421.1 Guinea 2014.25 0.031820654 2.50E-04 

KC242786.1 DemocraticRepublicoftheCongo 2007.85 0.020573842 -0.005830376 

KC242789.1 DemocraticRepublicoftheCongo 2007.85 0.020628312 -0.005775907 

KC242789.1 DemocraticRepublicoftheCongo 2007.85 0.020628312 -0.005775907 

KC242785.1 DemocraticRepublicoftheCongo 2007.85 0.02068277 -0.005721448 

KC242790.1 DemocraticRepublicoftheCongo 2007.85 0.020736283 -0.005667935 

HQ613403.1 DemocraticRepublicoftheCongo 2007.85 0.020523419 -0.005880799 

KC242784.1 DemocraticRepublicoftheCongo 2007.85 0.020682756 -0.005721462 

KC242787.1 DemocraticRepublicoftheCongo 2007.85 0.020523417 -0.005880801 

KC242788.1 DemocraticRepublicoftheCongo 2007.85 0.020951153 -0.005453065 

KC242788.1 DemocraticRepublicoftheCongo 2007.85 0.020951153 -0.005453065 

HQ613402.1 DemocraticRepublicoftheCongo 2008.99 0.02101183 -0.006312702 

KC242800.1 Gabon 2002.75 0.023759111 0.001472089 

KF113529.1 DemocraticRepublicoftheCongo 2003.75 0.024256171 0.001161856 

KF113529.1 DemocraticRepublicoftheCongo 2003.75 0.024256171 0.001161856 

KP 113528.1 DemocraticRepublicoftheCongo 2003.75 0.024765992 0.001671677 

KY425647.1 DemocraticRepublicoftheCongo 1976.85 0.001159299 -2.19E-04 

KY425639.1 DemocraticRepublicoftheCongo 1976.85 0 -0.001378123 

KC242791.1 DemocraticRepublicoftheCongo 1977.75 6.74E-04 -0.001430266 

KC242801.1 DemocraticRepublicoftheCongo 1976.85 7.81E-04 -5.97E-04 

KM655246.1 DemocraticRepublicoftheCongo 1976.85 9.44E-04 -4.34E-04 

AF086833.2 DemocraticRepublicoftheCongo 1976.85 7.82E-04 -5.96E-04 

KC242796.1 DemocraticRepublicoftheCongo 1995.44 0.012719904 -0.003665803 
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KR867676.1 Zaire 1995.44 0.012719657 -0.00366605 

AY354458.1 DemocraticRepublicoftheCongo 1995.44 0.012826464 -0.003559243 

JQ352763.1 DemocraticRepublicoftheCongo 1995.44 0.01285438 -0.003531327 

JQ352763.1 Zaire 1995.44 0.01285438 -0.003531327 

KC242792.1 Gabon 1994.95 0.015137756 -8.52E-04 

KC242797.1 Gabon 1996.75 0.015408156 -0.002035105 

KC242795.1 Gabon 1996.75 0.015408156 -0.002035105 

KC242793.1 Gabon 1996.75 0.015407156 -0.002036105 

KC242798.1 Gabon 1996.75 0.015965519 -0.001477743 

KC242794.1 Gabon 1996.75 0.015965519 -0.001477743 

KM519951.1 DemocraticRepublicoftheCongo 2014.64 0.013441281 -0.018444459 

KP271018.1 DemocraticRepublicoftheCongo 2014.64 0.013874153 -0.018011587 

KP271020.1 DemocraticRepublicoftheCongo 2014.64 0.013764861 -0.01812088 

KR819004.1 DemocraticRepublicoftheCongo 2014.64 0.013710865 -0.018174875 

MH733477 DemocraticRepublicoftheCongo 2018.39 0.014357107 -0.020555983 

MH733478 DemocraticRepublicoftheCongo 2018.39 0.014356892 -0.020556198 

MH733479 DemocraticRepublicoftheCongo 2018.39 0.014409428 -0.020503662 

MH733480 DemocraticRepublicoftheCongo 2018.39 0.014306405 -0.020606686 

MH733481 DemocraticRepublicoftheCongo 2018.39 0.014411402 -0.020501689 

MH733482 DemocraticRepublicoftheCongo 2018.39 0.014306405 -0.020606686 

MH733483 DemocraticRepublicoftheCongo 2018.39 0.014307405 -0.020605686 

MH733484 DemocraticRepublicoftheCongo 2018.39 0.014468001 -0.020445089 

MH733485 DemocraticRepublicoftheCongo 2018.39 0.014309405 -0.020603686 

MH733486 DemocraticRepublicoftheCongo 2018.39 0.014363047 -0.020550043 

MH733487 DemocraticRepublicoftheCongo 2018.39 0.014310405 -0.020602686 

MH733488 DemocraticRepublicoftheCongo 2018.44 0.014410433 -0.020543022 

MH733489 DemocraticRepublicoftheCongo 2018.46 0.014412461 -0.02055714 

MH733490 DemocraticRepublicoftheCongo 2018.39 0.014305411 -0.02060768 

MH733491 DemocraticRepublicoftheCongo 2018.39 0.01425191 -0.02066118 

KJ660346.2 Guinea 2014.24 0.031716217 1.53E-04 

KT013259.3 Guinea 2014.205479 0.031929922 3.95E-04 

KR817219.1 Guinea 2014.424658 0.032210577 4.99E-04 
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KR817182.1 Guinea 2014.243836 0.032153143 5.87E-04 

KR817236.1 SierraLeone 2014.476712 0.031931334 1.77E-04 

KR817233.1 Liberia 2014.465753 0.031984754 2.40E-04 

KR817220.1 Guinea 2014.424658 0.032120306 4.08E-04 

KM034561.1 SierraLeone 2014.34 0.032121306 4.78E-04 

KM034561.1 SierraLeone 2014.40274 0.032121306 4.27E-04 

KR817231.1 Liberia 2014.465753 0.032119306 3.74E-04 

KR817227.1 SierraLeone 2014.446575 0.03214491 4.15E-04 

KR817239.1 Liberia 2014.490411 0.032144963 3.80E-04 

KM034559.1 SierraLeone 2014.40274 0.031916898 2.23E-04 

KR817242.1 Guinea 2014.520548 0.031932295 1.43E-04 

KR105215.1 SierraLeone 2014.509589 0.032040121 2.60E-04 

KR817123.1 Liberia 2014.6 0.032362457 5.09E-04 

KR817132.1 Guinea 2014.660274 0.032363457 4.61E-04 

KR817146.1 Guinea 2014.808219 0.032577094 5.56E-04 

KR817147.1 Guinea 2014.808219 0.032577442 5.56E-04 

KR534575.1 Guinea 2014.786301 0.032419855 4.16E-04 

KR817141.1 Guinea 2014.794521 0.032580777 5.70E-04 

KR817148.1 Guinea 2014.816438 0.032527974 5.00E-04 

KR817168.1 Guinea 2014.936986 0.032635116 5.10E-04 

KR817163.1 Guinea 2014.915068 0.032581312 4.74E-04 

KR817165.1 Guinea 2014.920548 0.032578247 4.66E-04 

KR534557.1 Guinea 2014.775342 0.032473315 4.78E-04 

KR817166.1 Guinea 2014.923288 0.032795571 6.81E-04 

KR817169.1 Guinea 2014.942466 0.03290167 7.72E-04 

KR817100.1 Guinea 2015.027397 0.032580336 3.82E-04 

KR817161.1 Guinea 2014.89589 0.032527825 4.36E-04 

KR534588.1 Guinea 2014.652055 0.032365457 4.70E-04 

KX009899.1 Liberia 2014.679452 0.032684222 7.67E-04 

KT725281.1 Liberia 2014.652055 0.032684532 7.89E-04 

KR817137.1 Guinea 2014.772603 0.032523247 5.30E-04 

KR817134.1 Guinea 2014.663014 0.032630269 7.26E-04 
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KR817138.1 Guinea 2014.772603 0.03279125 7.98E-04 

KR817135.1 Guinea 2014.772603 0.032631024 6.38E-04 

KR817075.1 Guinea 2014.69589 0.032579129 6.48E-04 

KR534538.1 Guinea 2014.750685 0.032630958 6.56E-04 

KR534530.1 Guinea 2014.720548 0.032471257 5.20E-04 

KP260799.1 Mali 2014.808219 0.032470253 4.49E-04 

KR534561.1 Guinea 2014.786301 0.032470787 4.67E-04 

KR534539.1 Guinea 2014.750685 0.032577087 6.02E-04 

KR534512.1 Guinea 2014.610959 0.032527676 6.65E-04 

KR534536.1 Guinea 2014.731507 0.032581351 6.22E-04 

KR534552.1 Guinea 2014.767123 0.032529676 5.41E-04 

KR534563.1 Guinea 2014.79726 0.032637409 6.25E-04 

KR534523.1 Guinea 2014.657534 0.032583675 6.84E-04 

KR534553.1 Guinea 2014.769863 0.032527676 5.37E-04 

KR534565.1 Guinea 2014.794521 0.032527676 5.17E-04 

KR534518.1 Guinea 2014.635616 0.032525676 6.43E-04 

KP260802.1 Mali 2014.863014 0.032737342 6.72E-04 

KP260800.1 Mali 2014.863014 0.032632538 5.67E-04 

KP260801.1 Mali 2014.887671 0.032684942 5.99E-04 

KR534513.1 Guinea 2014.616438 0.032362457 4.96E-04 

KR817149.1 Guinea 2014.819178 0.032521635 4.91E-04 

KR817150.1 Guinea 2014.824658 0.032521635 4.87E-04 

KR817096.1 Guinea 2015.00274 0.032627413 4.49E-04 

KR817098.1 Guinea 2015.008219 0.032627413 4.44E-04 

KR817093.1 Guinea 2014.978082 0.032684074 5.25E-04 

KR817094.1 Guinea 2014.983562 0.032684075 5.21E-04 

KR817173.1 Guinea 2014.953425 0.032630546 4.92E-04 

KR817091.1 Guinea 2014.964384 0.032579024 4.31E-04 

KR817097.1 Guinea 2015.00274 0.032631818 4.53E-04 

KR817171.1 Guinea 2014.950685 0.032576024 4.39E-04 

KR817177.1 Guinea 2014.961644 0.032575024 4.30E-04 

KR817128.1 Liberia 2014.624658 0.032468246 5.95E-04 



!
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KR817127.1 Liberia 2014.624658 0.032521758 6.48E-04 

KR817170.1 Guinea 2014.942466 0.032522804 3.93E-04 

KT725270.1 Liberia 2014.747945 0.032632043 6.59E-04 

KR817130.1 Guinea 2014.641096 0.032682136 7.96E-04 

KX013094.1 Nigeria 2014.594521 0.032522727 6.74E-04 

KX013093.1 Nigeria 2014.594521 0.032419486 5.70E-04 

KX013098.1 Nigeria 2014.594521 0.032420486 5.71E-04 

KX013092.1 Nigeria 2014.589041 0.032635252 7.91E-04 

KX013097.1 Nigeria 2014.591781 0.032418486 5.72E-04 

KX013099.1 Nigeria 2014.589041 0.032417486 5.73E-04 

KT587346.1 Liberia 2014.676712 0.03236505 4.50E-04 

KT725279.1 Liberia 2014.868493 0.032633637 5.63E-04 

KT725259.1 Liberia 2014.619178 0.032311579 4.43E-04 

KX009912.1 Liberia 2014.89863 0.032477565 3.83E-04 

KT725287.1 Liberia 2014.783562 0.032476705 4.75E-04 

KT725385.1 Liberia 2014.687671 0.032260673 3.36E-04 

KT725263.1 Liberia 2014.687671 0.032366532 4.42E-04 

KY744597.1 Liberia 2015.884932 0.032416474 -4.74E-04 

KY744596.1 Liberia 2015.890411 0.03241643 -4.79E-04 

KR817121.1 Guinea 2014.589041 0.032307059 4.62E-04 

KR817245.1 Liberia 2014.526027 0.032255013 4.61E-04 

KR817145.1 Guinea 2014.805479 0.032521963 5.03E-04 

KR817089.1 Guinea 2014.758904 0.032630521 6.49E-04 

KR817087.1 Guinea 2014.747945 0.032791172 8.18E-04 

KY007522.1 Liberia 2016.248634 0.033115909 -6.85E-05 

KR817153.1 Guinea 2014.838356 0.032634326 5.88E-04 

KR817143.1 Guinea 2014.794521 0.032471483 4.61E-04 

KR817159.1 Guinea 2014.865753 0.032473875 4.06E-04 

KR817082.1 Guinea 2014.742466 0.032896801 9.28E-04 

KR817088.1 Guinea 2014.758904 0.03257609 5.94E-04 

KR817084.1 Guinea 2014.745205 0.032949298 9.79E-04 

KR817067.1 Guinea 2014.665753 0.032415881 5.09E-04 



!
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KR817072.1 Guinea 2014.682192 0.032362766 4.43E-04 

KR817126.1 Guinea 2014.621918 0.032310308 4.39E-04 

KR817070.1 Guinea 2014.673973 0.032468965 5.56E-04 

KR817069.1 Guinea 2014.665753 0.032469901 5.63E-04 

KR817077.1 Guinea 2014.69863 0.032309072 3.76E-04 

KR817078.1 Guinea 2014.69863 0.032256672 3.24E-04 

KR817167.1 Guinea 2014.936986 0.03257553 4.50E-04 

KR817164.1 Guinea 2014.923288 0.032523025 4.09E-04 

KR817152.1 Guinea 2014.832877 0.032521901 4.80E-04 

KR817151.1 Guinea 2014.832877 0.032628527 5.87E-04 

KR653263.1 SierraLeone 2014.676712 0.032632563 7.17E-04 

KR105256.1 SierraLeone 2014.550685 0.032416113 6.02E-04 

KM233054.1 SierraLeone 2014.430137 0.032149884 4.34E-04 

KT725379.1 Liberia 2014.717808 0.032417526 4.69E-04 

KR817106.1 Guinea 2015.082192 0.03268401 4.41E-04 

KT725363.1 Liberia 2014.624658 0.032312078 4.39E-04 

KT725383.1 Liberia 2014.624658 0.032365989 4.93E-04 

KT725335.1 Liberia 2014.627397 0.032365989 4.90E-04 

KU220281.1 Liberia 2014.646575 0.032259782 3.69E-04 

KU220276.1 Liberia 2015.526027 0.032314338 -2.87E-04 

KU220271.1 Liberia 2015.49589 0.032315338 -2.61E-04 

KU220272.1 Liberia 2015.49863 0.032367928 -2.11E-04 

KU220278.1 Liberia 2014.643836 0.032260782 3.72E-04 

KT725391.1 Liberia 2014.775342 0.032208272 2.13E-04 

KT725369.1 Liberia 2014.649315 0.032209272 3.16E-04 

KX009892.1 Liberia 2014.652055 0.032370679 4.75E-04 

KX009897.1 Liberia 2014.673973 0.032314087 4.01E-04 

KP240933.1 Liberia 2014.761644 0.032578176 5.94E-04 

KX009905.1 Liberia 2014.772603 0.032313751 3.21E-04 

KT725276.1 Liberia 2014.726027 0.032421887 4.67E-04 

KU220282.1 Liberia 2014.646575 0.032313092 4.22E-04 

KT725337.1 Liberia 2014.632877 0.032314092 4.34E-04 



!
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KT725368.1 Liberia 2014.747945 0.033068957 0.001096073 

KT725257.1 Liberia 2014.621918 0.032294616 4.23E-04 

KT725348.1 Liberia 2014.621918 0.0323477 4.77E-04 

KY558987.1 Liberia 2014.665753 0.032293141 3.87E-04 

KT725255.1 Liberia 2014.684932 0.03251165 5.90E-04 

KT725333.1 Liberia 2014.876712 0.032783656 7.07E-04 

KT725326.1 Liberia 2014.649315 0.032459975 5.67E-04 

KT725268.1 Liberia 2014.750685 0.032512886 5.38E-04 

KT725393.1 Liberia 2014.865753 0.032512734 4.45E-04 

KM034557.1 SierraLeone 2014.4 0.032190246 4.98E-04 

KM233062.1 SierraLeone 2014.441096 0.032191246 4.66E-04 

KT725311.1 Liberia 2014.605479 0.03229983 4.42E-04 

KT725325.1 Liberia 2014.717808 0.032407102 4.59E-04 

KT725308.1 Liberia 2014.717808 0.032462071 5.14E-04 

KT725362.1 Liberia 2014.717808 0.032408011 4.59E-04 

KT725260.1 Liberia 2014.682192 0.032514305 5.95E-04 

KY558985.1 Liberia 2014.665753 0.032566637 6.60E-04 

KX009907.1 Liberia 2014.882192 0.032514172 4.33E-04 

KT725283.1 Liberia 2014.649315 0.032394324 5.01E-04 

KT725330.1 Liberia 2014.857534 0.03266182 6.00E-04 

KY558984.1 Liberia 2014.915068 0.032767789 6.60E-04 

KT725288.1 Liberia 2014.972603 0.032877129 7.23E-04 

KX009911.1 Liberia 2014.89863 0.032823102 7.29E-04 

KX009904.1 Liberia 2014.772603 0.032608242 6.15E-04 

KT725296.1 Liberia 2014.69863 0.032502745 5.70E-04 

KT725352.1 Liberia 2014.69863 0.032465586 5.33E-04 

KY558988.1 Liberia 2014.580822 0.03241263 5.75E-04 

KY558986.1 Liberia 2014.832877 0.032767134 7.26E-04 

KT725388.1 Liberia 2014.50411 0.032448897 6.73E-04 

KT725285.1 Liberia 2014.789041 0.032612798 6.07E-04 

KT725324.1 Liberia 2014.545205 0.032503984 6.95E-04 

KT725331.1 Liberia 2014.638356 0.032556917 6.73E-04 
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KX009900.1 Liberia 2014.682192 0.032662741 7.43E-04 

KX009910.1 Liberia 2014.89863 0.032878689 7.84E-04 

KT725323.1 Liberia 2014.742466 0.032825748 8.57E-04 

KT725303.1 Liberia 2014.846575 0.032608847 5.56E-04 

KU220284.1 Liberia 2015.041096 0.032661127 4.52E-04 

KT725341.1 Liberia 2014.649315 0.032337846 4.45E-04 

KT725342.1 Liberia 2014.90137 0.032876 7.79E-04 

KT725254.1 Liberia 2014.857534 0.032607711 5.46E-04 

KR006947.1 Liberia 2014.852055 0.032660656 6.04E-04 

KM233084.1 SierraLeone 2014.452055 0.032199269 4.65E-04 

KM233055.1 SierraLeone 2014.430137 0.032200269 4.84E-04 

KR105200.1 SierraLeone 2014.454795 0.032201269 4.65E-04 

KM233072.1 SierraLeone 2014.449315 0.032202269 4.70E-04 

KR817111.1 Liberia 2014.553425 0.032576591 7.61E-04 

KR817081.1 Guinea 2014.742466 0.032863783 8.95E-04 

KR817115.1 Liberia 2014.561644 0.032845035 0.001022551 

KR817085.1 Guinea 2014.747945 0.032874342 9.01E-04 

KR817108.1 Liberia 2014.553425 0.032577675 7.62E-04 

KR817109.1 Liberia 2014.553425 0.032472455 6.57E-04 

KR817112.1 Liberia 2014.553425 0.032471744 6.56E-04 

KR817110.1 Liberia 2014.553425 0.032365442 5.50E-04 

KR817125.1 Liberia 2014.616438 0.032470317 6.04E-04 

KR817116.1 Guinea 2014.580822 0.032526632 6.89E-04 

KR817117.1 Guinea 2014.580822 0.032528632 6.91E-04 

KR817071.1 Guinea 2014.673973 0.032686476 7.73E-04 

KR817119.1 Guinea 2014.580822 0.032527632 6.90E-04 

KR817118.1 Guinea 2014.580822 0.032525632 6.88E-04 

KT725297.1 Liberia 2014.649315 0.032525157 6.32E-04 

KR817232.1 Liberia 2014.465753 0.032364444 6.19E-04 

KR817234.1 Liberia 2014.465753 0.032365936 6.21E-04 

KM233080.1 SierraLeone 2014.452055 0.032306064 5.72E-04 

KR817241.1 Liberia 2014.50411 0.033650121 0.001874084 
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KM034558.1 SierraLeone 2014.40274 0.032363728 6.70E-04 

KM034551.1 SierraLeone 2014.39726 0.032364728 6.75E-04 

KM034551.1 SierraLeone 2016.095628 0.032364728 -6.96E-04 

KM233074.1 SierraLeone 2014.449315 0.032400915 6.69E-04 

KM233103.1 SierraLeone 2014.454795 0.032400915 6.65E-04 

KR817238.1 SierraLeone 2014.482192 0.032470052 7.12E-04 

KT725356.1 Liberia 2014.652055 0.032420783 5.25E-04 

KU156714.1 SierraLeone 2014.460274 0.032313882 5.73E-04 

KR817228.1 SierraLeone 2014.449315 0.032417853 6.86E-04 

KR817068.1 Guinea 2014.665753 0.032578151 6.72E-04 

KM233107.1 SierraLeone 2014.457534 0.032255604 5.17E-04 

KM233097.1 SierraLeone 2014.452055 0.032255706 5.22E-04 

KM034553.1 SierraLeone 2014.4 0.032305405 6.13E-04 

KM034553.1 SierraLeone 2016.174863 0.032305405 -8.19E-04 

KM233066.1 SierraLeone 2014.446575 0.032304539 5.75E-04 

KM233067.1 SierraLeone 2014.452055 0.032304539 5.71E-04 

KM233087.1 SierraLeone 2014.452055 0.032303441 5.69E-04 

KM233088.1 SierraLeone 2014.457534 0.032303441 5.65E-04 

KM233105.1 SierraLeone 2014.457534 0.032194246 4.56E-04 

KM233078.1 SierraLeone 2014.452055 0.032192246 4.58E-04 

KU156715.1 SierraLeone 2014.460274 0.032188209 4.48E-04 

KY401659.1 Liberia 2014.632877 0.032292992 4.13E-04 

KP178538.1 Liberia 2014.586301 0.032292992 4.51E-04 

KT725349.1 Liberia 2014.649315 0.032400387 5.07E-04 

KY401672.1 Guinea 2014.819178 0.032346717 3.16E-04 

KY401675.1 Guinea 2014.810959 0.032347717 3.24E-04 

KY401674.1 Guinea 2014.808219 0.032348717 3.27E-04 

KY401673.1 Guinea 2014.939726 0.032454907 3.27E-04 

KM233044.1 SierraLeone 2014.421918 0.032237787 5.28E-04 

KR817129.1 Liberia 2014.638356 0.032416891 5.32E-04 

KT725347.1 Liberia 2014.649315 0.03225769 3.64E-04 

KR817158.1 Guinea 2014.865753 0.032579055 5.11E-04 
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KR817172.1 Guinea 2014.950685 0.032685841 5.49E-04 

KR817174.1 Guinea 2014.950685 0.032685951 5.49E-04 

KR817155.1 Guinea 2014.852055 0.032580055 5.23E-04 

KR817157.1 Guinea 2014.865753 0.032630533 5.63E-04 

KR817104.1 Guinea 2015.065753 0.032472333 2.43E-04 

KR817103.1 Guinea 2015.057534 0.032472333 2.50E-04 

KR817102.1 Guinea 2015.038356 0.032419841 2.13E-04 

KR817105.1 Guinea 2015.071233 0.032419841 1.86E-04 

KR817092.1 Guinea 2014.972603 0.03236563 2.11E-04 

KR817162.1 Guinea 2014.915068 0.032365452 2.58E-04 

KM233053.1 SierraLeone 2014.424658 0.032148913 4.37E-04 

KM233056.1 SierraLeone 2014.430137 0.032096507 3.80E-04 

KM233092.1 SierraLeone 2014.452055 0.032205485 4.71E-04 

KR105248.1 SierraLeone 2014.542466 0.032258896 4.52E-04 

KR105325.1 SierraLeone 2014.706849 0.032366144 4.26E-04 

KR653280.1 SierraLeone 2014.706849 0.032314496 3.75E-04 

KR653250.1 SierraLeone 2014.720548 0.032314496 3.64E-04 

KR105321.1 SierraLeone 2014.706849 0.032318496 3.79E-04 

KR105324.1 SierraLeone 2014.712329 0.032372148 4.28E-04 

KR105328.1 SierraLeone 2014.720548 0.032319496 3.69E-04 

KR653255.1 SierraLeone 2014.79726 0.032531114 5.18E-04 

KR105311.1 SierraLeone 2014.684932 0.032316496 3.94E-04 

KR534540.1 Guinea 2014.750685 0.032368076 3.93E-04 

KM233086.1 SierraLeone 2014.452055 0.032152956 4.19E-04 

KM233095.1 SierraLeone 2014.452055 0.032152956 4.19E-04 

KM233096.1 SierraLeone 2014.452055 0.032152956 4.19E-04 

KM233096.1 SierraLeone 2015.175342 0.032152956 -1.65E-04 

KR534514.1 Guinea 2014.619178 0.032204382 3.35E-04 

KR105244.1 SierraLeone 2014.536986 0.032205382 4.03E-04 

KR653303.1 SierraLeone 2014.734247 0.03263416 6.72E-04 

KR105315.1 SierraLeone 2014.693151 0.032528894 6.00E-04 

KR653286.1 SierraLeone 2014.690411 0.032528894 6.02E-04 
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KR653296.1 SierraLeone 2014.657534 0.032475313 5.75E-04 

KR105293.1 SierraLeone 2014.621918 0.032259026 3.88E-04 

KM233063.1 SierraLeone 2014.443836 0.032097507 3.70E-04 

KR105218.1 SierraLeone 2014.515068 0.032207468 4.23E-04 

KR105249.1 SierraLeone 2014.545205 0.032263239 4.54E-04 

KR653265.1 SierraLeone 2014.652055 0.032424279 5.29E-04 

KR105342.1 SierraLeone 2014.731507 0.032316508 3.57E-04 

KR105343.1 SierraLeone 2014.731507 0.032370023 4.10E-04 

KR653233.1 SierraLeone 2014.756164 0.03237004 3.91E-04 

KR653241.1 SierraLeone 2014.643836 0.032264003 3.75E-04 

KR105330.1 SierraLeone 2014.723288 0.032477624 5.25E-04 

KR105207.1 SierraLeone 2014.468493 0.032102507 3.55E-04 

KR105225.1 SierraLeone 2014.523288 0.032103507 3.12E-04 

KR105241.1 SierraLeone 2014.517808 0.032209547 4.22E-04 

KM233106.1 SierraLeone 2014.457534 0.032100507 3.62E-04 

KR105221.1 SierraLeone 2014.520548 0.032100507 3.11E-04 

KR105222.1 SierraLeone 2014.523288 0.032102507 3.11E-04 

KR105229.1 SierraLeone 2014.526027 0.032105507 3.12E-04 

KR105224.1 SierraLeone 2014.523288 0.032159098 3.68E-04 

KM233047.1 SierraLeone 2014.432877 0.032106507 3.88E-04 

KR105271.1 SierraLeone 2014.591781 0.032157085 3.10E-04 

KM233116.1 SierraLeone 2014.421918 0.032103507 3.94E-04 

KM233035.1 SierraLeone 2014.416438 0.032157131 4.52E-04 

KR653304.1 SierraLeone 2014.832877 0.032211759 1.70E-04 

KR653274.1 SierraLeone 2014.775342 0.032211758 2.17E-04 

KM233038.1 SierraLeone 2014.419178 0.032103507 3.96E-04 

KM233108.1 SierraLeone 2014.460274 0.032102507 3.62E-04 

KM233057.1 SierraLeone 2014.435616 0.032098507 3.78E-04 

KR653291.1 SierraLeone 2014.723288 0.032529686 5.77E-04 

KR105298.1 SierraLeone 2014.630137 0.032425687 5.48E-04 

KR105300.1 SierraLeone 2014.643836 0.032641022 7.52E-04 

KR653230.1 SierraLeone 2014.753425 0.033069983 0.001092676 
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KR653257.1 SierraLeone 2014.843836 0.032480303 4.30E-04 

KR105331.1 SierraLeone 2014.723288 0.032480308 5.27E-04 

KU052669.1 UnitedKingdom 2015.767123 0.032638981 -1.57E-04 

KU052670.1 UnitedKingdom 2015.767123 0.032638981 -1.57E-04 

KP658432.1 UnitedKingdom 2014.991781 0.032531774 3.62E-04 

KP759768.1 SierraLeone 2014.824658 0.033017228 9.82E-04 

KP759728.1 SierraLeone 2014.769863 0.032694279 7.04E-04 

KU296820.1 SierraLeone 2014.994521 0.032748259 5.76E-04 

KU296772.1 SierraLeone 2015.035616 0.033017529 8.12E-04 

KU296563.1 SierraLeone 2015.024658 0.033178938 9.83E-04 

KU296710.1 SierraLeone 2015.013699 0.032965449 7.78E-04 

KU296359.1 SierraLeone 2015.027397 0.032965449 7.67E-04 

KP759714.1 SierraLeone 2014.758904 0.032534032 5.52E-04 

KU296407.1 SierraLeone 2015.049315 0.032855017 6.39E-04 

KP759759.1 SierraLeone 2014.813699 0.032639578 6.14E-04 

KU296467.1 SierraLeone 2015.112329 0.032909514 6.42E-04 

KP759733.1 SierraLeone 2014.769863 0.032479356 4.89E-04 

KT357818.1 SierraLeone 2015.169863 0.032747604 4.34E-04 

KU296762.1 SierraLeone 2014.917808 0.032747462 6.37E-04 

KU296616.1 SierraLeone 2015.145205 0.032747596 4.54E-04 

KU296369.1 SierraLeone 2015.145205 0.032748593 4.55E-04 

KU296601.1 SierraLeone 2015.142466 0.032748667 4.57E-04 

KU296377.1 SierraLeone 2015.057534 0.032533327 3.11E-04 

KP759681.1 SierraLeone 2014.830137 0.032478469 4.39E-04 

KP759767.1 SierraLeone 2014.821918 0.032640894 6.08E-04 

KP759670.1 SierraLeone 2014.750685 0.032640885 6.66E-04 

KP759655.1 SierraLeone 2014.816438 0.032588775 5.61E-04 

KR653279.1 SierraLeone 2014.668493 0.032531818 6.23E-04 

KP759665.1 SierraLeone 2014.830137 0.032477467 4.38E-04 

KP759750.1 SierraLeone 2014.789041 0.032476889 4.71E-04 

KP759659.1 SierraLeone 2014.821918 0.032476884 4.44E-04 

KR534582.1 Guinea 2014.736986 0.032263647 3.00E-04 
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KP759729.1 SierraLeone 2014.769863 0.032319706 3.29E-04 

KP759713.1 SierraLeone 2014.758904 0.032266912 2.85E-04 

KP759673.1 SierraLeone 2014.835616 0.032429328 3.86E-04 

KR105323.1 SierraLeone 2014.709589 0.032322472 3.81E-04 

KR653236.1 SierraLeone 2014.843836 0.032537692 4.87E-04 

KU296682.1 SierraLeone 2015.210959 0.032548414 2.02E-04 

KU296632.1 SierraLeone 2015.120548 0.032602287 3.29E-04 

KY366420.1 SierraLeone 2015.24 0.032495542 1.25E-04 

KU296475.1 SierraLeone 2015.20274 0.032497542 1.58E-04 

KU296493.1 SierraLeone 2015.186301 0.032497542 1.71E-04 

KU296623.1 SierraLeone 2015.191781 0.032496542 1.65E-04 

KU296714.1 SierraLeone 2015.046575 0.032494542 2.81E-04 

KU296351.1 SierraLeone 2015.161644 0.032547403 2.41E-04 

KU296567.1 SierraLeone 2015.161644 0.032494542 1.88E-04 

KU296661.1 SierraLeone 2015.112329 0.032494542 2.27E-04 

KU296587.1 SierraLeone 2015.084932 0.032547342 3.02E-04 

KU296514.1 SierraLeone 2015.210959 0.032655034 3.08E-04 

KU296643.1 SierraLeone 2015.156164 0.032651881 3.49E-04 

KP759600.1 SierraLeone 2014.835616 0.032451308 4.08E-04 

KU296472.1 SierraLeone 2015.063014 0.032511594 2.84E-04 

KU296303.1 SierraLeone 2015.024658 0.032565469 3.69E-04 

KU296733.1 SierraLeone 2015.00274 0.032620366 4.42E-04 

KU296516.1 SierraLeone 2015.005479 0.032625292 4.45E-04 

KU296653.1 SierraLeone 2015.224658 0.032734127 3.76E-04 

KU296760.1 SierraLeone 2015.150685 0.032735127 4.37E-04 

KU296388.1 SierraLeone 2015.115068 0.032736127 4.67E-04 

KU296586.1 SierraLeone 2015.147945 0.032737127 4.41E-04 

KU296765.1 SierraLeone 2015.112329 0.032739127 4.72E-04 

KU296788.1 SierraLeone 2015.142466 0.032740127 4.49E-04 

KU296391.1 SierraLeone 2015.112329 0.032793905 5.27E-04 

KU296485.1 SierraLeone 2015.153425 0.03279492 4.95E-04 

KU296473.1 SierraLeone 2015.109589 0.032856073 5.91E-04 



!

!

KU296780.1 SierraLeone 2015.131507 0.032857073 5.75E-04 

KU296557.1 SierraLeone 2015.136986 0.033073383 7.86E-04 

KT357815.1 SierraLeone 2015.153425 0.033020505 7.20E-04 

KU296803.1 SierraLeone 2015.230137 0.032912871 5.51E-04 

KU296755.1 SierraLeone 2015.117808 0.032914877 6.43E-04 

KU296759.1 SierraLeone 2015.150685 0.032915875 6.18E-04 

KU296520.1 SierraLeone 2015.260274 0.032916949 5.30E-04 

KT357813.1 SierraLeone 2015.134247 0.032972802 6.88E-04 

KU296295.1 SierraLeone 2015.112329 0.032868073 6.01E-04 

KU296310.1 SierraLeone 2015.142466 0.032975697 6.84E-04 

KU296562.1 SierraLeone 2015.150685 0.032922878 6.25E-04 

KU296538.1 SierraLeone 2015.164384 0.032923882 6.15E-04 

KU296517.1 SierraLeone 2015.139726 0.032872073 5.83E-04 

KU296441.1 SierraLeone 2015.10411 0.03292594 6.66E-04 

KU296842.1 SierraLeone 2015.147945 0.033544547 0.001248746 

KT357817.1 SierraLeone 2015.156164 0.032973798 6.71E-04 

KU296635.1 SierraLeone 2015.109589 0.032865073 6.00E-04 

KU296768.1 SierraLeone 2015.254795 0.032861073 4.79E-04 

KT357816.1 SierraLeone 2015.153425 0.032964683 6.64E-04 

KU296652.1 SierraLeone 2015.150685 0.032738127 4.40E-04 

KU296832.1 SierraLeone 2015.150685 0.033001881 7.04E-04 

KU296719.1 SierraLeone 2015.147945 0.033001881 7.06E-04 

KU296640.1 SierraLeone 2015.147945 0.032841284 5.45E-04 

KU296360.1 SierraLeone 2015.156164 0.03289628 5.94E-04 

KU296542.1 SierraLeone 2015.150685 0.032790516 4.93E-04 

KU296692.1 SierraLeone 2015.221918 0.032794516 4.39E-04 

KU296383.1 SierraLeone 2015.139726 0.032795516 5.06E-04 

KU296604.1 SierraLeone 2015.158904 0.032903252 5.99E-04 

KU296771.1 SierraLeone 2015.189041 0.032904234 5.75E-04 

KR025228.1 UnitedKingdom 2015.191781 0.033008505 6.77E-04 

KU296680.1 SierraLeone 2015.156164 0.032868138 5.66E-04 

KU296548.1 SierraLeone 2015.213699 0.032793516 4.45E-04 



!

!

KU296578.1 SierraLeone 2015.150685 0.032792516 4.95E-04 

KU296449.1 SierraLeone 2015.216438 0.032791516 4.40E-04 

KU296686.1 SierraLeone 2015.150685 0.032844301 5.46E-04 

KU296695.1 SierraLeone 2015.172603 0.032844301 5.29E-04 

KU296402.1 SierraLeone 2015.180822 0.032843302 5.21E-04 

KU296713.1 SierraLeone 2015.178082 0.032844311 5.24E-04 

 KU296565.1 SierraLeone 2015.230137 0.032898247 5.36E-04 

KU296483.1 SierraLeone 2015.230137 0.03284635 4.84E-04 

KU296393.1 SierraLeone 2015.191781 0.03284635 5.15E-04 

KU296531.1 SierraLeone 2015.142466 0.032899126 6.08E-04 

KU296751.1 SierraLeone 2015.10411 0.03284532 5.85E-04 

KU296818.1 SierraLeone 2015.153425 0.032792516 4.92E-04 

KU296525.1 SierraLeone 2015.142466 0.032792516 5.01E-04 

KU296576.1 SierraLeone 2015.106849 0.032788516 5.26E-04 

KU296754.1 SierraLeone 2015.186301 0.032895113 5.68E-04 

KT357821.1 SierraLeone 2015.183562 0.033001804 6.77E-04 

KY401640.1 SierraLeone 2015.424658 0.03289648 3.77E-04 

KY401642.1 SierraLeone 2015.479452 0.03289648 3.33E-04 

KY401639.1 SierraLeone 2015.386301 0.033002645 5.14E-04 

KY401645.1 SierraLeone 2015.671233 0.032842963 1.25E-04 

KU296574.1 SierraLeone 2015.213699 0.032898638 5.50E-04 

MF599516.1 SierraLeone 2015.39726 0.032899638 4.03E-04 

MF599517.1 SierraLeone 2015.408219 0.032899638 3.94E-04 

MF599522.1 SierraLeone 2015.241096 0.033057465 6.86E-04 

MF599506.1 SierraLeone 2015.205479 0.0329519 6.10E-04 

MF599507.1 SierraLeone 2015.227397 0.0329519 5.92E-04 

KT357822.1 SierraLeone 2015.186301 0.032845963 5.19E-04 

KT357814.1 SierraLeone 2015.139726 0.032899754 6.11E-04 

KU296800.1 SierraLeone 2015.205479 0.032846963 5.05E-04 

KU296338.1 SierraLeone 2015.136986 0.032845963 5.59E-04 

KU296511.1 SierraLeone 2015.145205 0.032846963 5.53E-04 

KU296425.1 SierraLeone 2015.169863 0.033008616 6.95E-04 



!

!

KU296494.1 SierraLeone 2015.147945 0.032900843 6.05E-04 

KY401641.1 SierraLeone 2015.443836 0.032840963 3.06E-04 

KU296638.1 SierraLeone 2015.219178 0.032894531 5.41E-04 

KU296535.1 SierraLeone 2015.221918 0.032841731 4.86E-04 

KU296451.1 SierraLeone 2015.186301 0.032788928 4.62E-04 

KU296841.1 SierraLeone 2015.191781 0.032788928 4.58E-04 

KU296627.1 SierraLeone 2015.210959 0.032893616 5.47E-04 

KU296396.1 SierraLeone 2015.221918 0.032893619 5.38E-04 

KU296329.1 SierraLeone 2015.019178 0.032626682 4.35E-04 

KU296742.1 SierraLeone 2015.027397 0.032628694 4.30E-04 

KU296670.1 SierraLeone 2015.063014 0.032576878 3.50E-04 

KU296400.1 SierraLeone 2015.024658 0.032577878 3.82E-04 

KU296416.1 SierraLeone 2015.10137 0.032791105 5.33E-04 

KU296367.1 SierraLeone 2015.019178 0.032574878 3.83E-04 

KU296756.1 SierraLeone 2015.027397 0.032573878 3.75E-04 

KU296730.1 SierraLeone 2015.041096 0.032574878 3.65E-04 

KU296611.1 SierraLeone 2015.063014 0.032627679 4.00E-04 

KU296468.1 SierraLeone 2015.252055 0.032510594 1.31E-04 

KU296799.1 SierraLeone 2015.09863 0.032562405 3.06E-04 

KP759761.1 SierraLeone 2014.819178 0.03233006 3.00E-04 

KU296344.1 SierraLeone 2015.038356 0.032598279 3.91E-04 

KU296739.1 SierraLeone 2015.038356 0.032598228 3.91E-04 

KP759720.1 SierraLeone 2014.767123 0.032493567 5.05E-04 

KU296408.1 SierraLeone 2015.063014 0.032494689 2.67E-04 

KU296317.1 SierraLeone 2015.068493 0.032441862 2.10E-04 

KU296631.1 SierraLeone 2015.10411 0.03249468 2.34E-04 

KT357820.1 SierraLeone 2015.178082 0.032872069 5.52E-04 

KU296602.1 SierraLeone 2015.038356 0.032447061 2.40E-04 

KP759706.1 SierraLeone 2014.854795 0.033029363 9.70E-04 

KU296664.1 SierraLeone 2015.027397 0.033350387 0.001151903 

KU296641.1 SierraLeone 2015.169863 0.03329899 9.85E-04 

KU296647.1 SierraLeone 2015.131507 0.03329899 0.00101646 



!

!

MF599505.1 SierraLeone 2015.331507 0.033512249 0.00106826 

MF599514.1 SierraLeone 2015.380822 0.033568908 0.001085108 

MF599519.1 SierraLeone 2015.216438 0.033568908 0.001217813 

KU296319.1 SierraLeone 2015.536986 0.033998336 0.001388465 

KU296446.1 SierraLeone 2015.479452 0.033891708 0.001328284 

KU296544.1 SierraLeone 2015.454795 0.033892771 0.001349253 

KT357859.1 SierraLeone 2015.523288 0.03389476 0.001295948 

KU296650.1 SierraLeone 2015.526027 0.034002514 0.00140149 

KU296370.1 SierraLeone 2015.520548 0.033894778 0.001298177 

KU296430.1 SierraLeone 2015.476712 0.033894779 0.001333567 

KU296313.1 SierraLeone 2015.580822 0.03388971 0.001244451 

MF599504.1 SierraLeone 2015.336986 0.033566984 0.001118571 

KU296561.1 SierraLeone 2015.336986 0.033621862 0.00117345 

KU296729.1 SierraLeone 2015.284932 0.033516249 0.00110986 

KU296723.1 SierraLeone 2015.284932 0.033516249 0.00110986 

KU296790.1 SierraLeone 2015.336986 0.033568105 0.001119693 

KU296560.1 SierraLeone 2015.293151 0.033568103 0.001155078 

KP759745.1 SierraLeone 2014.791781 0.032331165 3.23E-04 

KP759743.1 SierraLeone 2014.791781 0.032277376 2.69E-04 

KY401653.1 SierraLeone 2015.534247 0.032747662 1.40E-04 

KY401651.1 SierraLeone 2015.457534 0.032749662 2.04E-04 

KY401650.1 SierraLeone 2015.419178 0.032749662 2.35E-04 

KY401652.1 SierraLeone 2015.49863 0.032748662 1.70E-04 

KP759746.1 SierraLeone 2014.794521 0.032479832 4.69E-04 

KU296807.1 SierraLeone 2015.019178 0.032640194 4.48E-04 

KU296696.1 SierraLeone 2015.024658 0.032641242 4.45E-04 

KU296458.1 SierraLeone 2015.019178 0.032641242 4.49E-04 

KU296767.1 SierraLeone 2015.021918 0.032642157 4.48E-04 



!

!

KU296512.1 SierraLeone 2015.019178 0.032642157 4.50E-04 

KU296432.1 SierraLeone 2015.00274 0.032589345 4.11E-04 

KU296364.1 SierraLeone 2015.019178 0.032697065 5.05E-04 

KU296309.1 SierraLeone 2015.019178 0.032643148 4.51E-04 

KU296558.1 SierraLeone 2015.019178 0.032643094 4.51E-04 

KU296358.1 SierraLeone 2015.027397 0.032644094 4.46E-04 

KU296381.1 SierraLeone 2015.021918 0.032644094 4.50E-04 

KU296697.1 SierraLeone 2015.139726 0.032748758 4.60E-04 

KU296582.1 SierraLeone 2015.030137 0.032695893 4.95E-04 

KU296781.1 SierraLeone 2015.057534 0.03274865 5.26E-04 

KU296669.1 SierraLeone 2015.087671 0.032803486 5.56E-04 

KU296811.1 SierraLeone 2015.065753 0.032803479 5.74E-04 

KU296639.1 SierraLeone 2015.306849 0.032856133 4.32E-04 

KU296345.1 SierraLeone 2015.317808 0.032962647 5.30E-04 

KU296637.1 SierraLeone 2015.057534 0.032854478 6.32E-04 

KU296728.1 SierraLeone 2015.115068 0.032960545 6.91E-04 

KY401656.1 SierraLeone 2015.493151 0.033228123 6.54E-04 

KU296457.1 SierraLeone 2015.10137 0.0328015 5.43E-04 

KU296608.1 SierraLeone 2015.090411 0.033068831 8.19E-04 

KU296597.1 SierraLeone 2015.09589 0.0328005 5.47E-04 

KU296492.1 SierraLeone 2015.117808 0.032908273 6.37E-04 

KU296549.1 SierraLeone 2015.093151 0.032855467 6.04E-04 

KU296495.1 SierraLeone 2015.060274 0.032855475 6.30E-04 

KU296817.1 SierraLeone 2015.090411 0.032802671 5.53E-04 

KU296646.1 SierraLeone 2015.084932 0.032749869 5.05E-04 

KU296593.1 SierraLeone 2015.060274 0.032803675 5.79E-04 

KU296747.1 SierraLeone 2015.087671 0.032751869 5.05E-04 

KU296491.1 SierraLeone 2015.076712 0.032859615 6.21E-04 

KU296622.1 SierraLeone 2015.082192 0.032856004 6.13E-04 

KU296773.1 SierraLeone 2015.076712 0.032801732 5.63E-04 

KT357855.1 SierraLeone 2015.145205 0.032800725 5.07E-04 

KU296619.1 SierraLeone 2015.09589 0.032800725 5.47E-04 



!

!

KP759749.1 SierraLeone 2014.794521 0.032478698 4.68E-04 

KP759760.1 SierraLeone 2014.810959 0.032585279 5.62E-04 

KU296736.1 SierraLeone 2015.142466 0.032905363 6.14E-04 

KP759740.1 SierraLeone 2014.742466 0.032421223 4.53E-04 

KP759717.1 SierraLeone 2014.764384 0.032420329 4.34E-04 

KR653285.1 SierraLeone 2014.810959 0.032527103 5.03E-04 

KP728283.1 Switzerland 2014.887671 0.032420957 3.35E-04 

KU296612.1 SierraLeone 2015.221918 0.032529529 1.74E-04 

KU296677.1 SierraLeone 2015.172603 0.032530573 2.15E-04 

KU296478.1 SierraLeone 2015.158904 0.032748138 4.43E-04 

KU296305.1 SierraLeone 2015.158904 0.032479731 1.75E-04 

KU296552.1 SierraLeone 2015.153425 0.032479731 1.80E-04 

KU296624.1 SierraLeone 2015.172603 0.032479731 1.64E-04 

KU296505.1 SierraLeone 2015.054795 0.032691001 4.70E-04 

KU296382.1 SierraLeone 2015.052055 0.032639207 4.21E-04 

KU296672.1 SierraLeone 2015.035616 0.032639207 4.34E-04 

KP759702.1 SierraLeone 2014.852055 0.032474735 4.18E-04 

KP759603.1 SierraLeone 2014.827397 0.032420192 3.83E-04 

KR105285.1 SierraLeone 2014.616438 0.032261713 3.95E-04 

KR653232.1 SierraLeone 2014.726027 0.032367881 4.13E-04 

KU296464.1 SierraLeone 2015.043836 0.032530604 3.19E-04 

KU296813.1 SierraLeone 2015.054795 0.032638351 4.18E-04 

KU296386.1 SierraLeone 2015.035616 0.032746141 5.41E-04 

KP759688.1 SierraLeone 2014.742466 0.032261713 2.93E-04 

KU296572.1 SierraLeone 2015.024658 0.032584711 3.88E-04 

KR653246.1 SierraLeone 2014.671233 0.032315704 4.05E-04 

KU296812.1 SierraLeone 2014.917808 0.032421632 3.12E-04 

KU296774.1 SierraLeone 2014.917808 0.03296135 8.51E-04 

KP759690.1 SierraLeone 2014.838356 0.032421491 3.76E-04 

KP759738.1 SierraLeone 2014.778082 0.032368705 3.71E-04 

KR534534.1 Guinea 2014.728767 0.032424984 4.68E-04 

KR534522.1 Guinea 2014.654795 0.032217338 3.20E-04 



!

!

KR534521.1 Guinea 2014.654795 0.032218317 3.21E-04 

KM233098.1 SierraLeone 2014.454795 0.032166889 4.31E-04 

KR105205.1 SierraLeone 2014.463014 0.032168889 4.26E-04 

KM233112.1 SierraLeone 2014.460274 0.032170889 4.30E-04 

KR105226.1 SierraLeone 2014.523288 0.032332701 5.41E-04 

KR105251.1 SierraLeone 2014.545205 0.032226442 4.17E-04 

KR534584.1 Guinea 2014.750685 0.032227448 2.52E-04 

KR534525.1 Guinea 2014.70137 0.032227448 2.92E-04 

KR105240.1 SierraLeone 2014.534247 0.032174889 3.75E-04 

KR534507.1 Guinea 2014.558904 0.032176889 3.57E-04 

KR534519.1 Guinea 2014.638356 0.032230525 3.46E-04 

KR105213.1 SierraLeone 2014.506849 0.032287943 5.10E-04 

KR105269.1 SierraLeone 2014.591781 0.032342522 4.96E-04 

KR105266.1 SierraLeone 2014.589041 0.032342522 4.98E-04 

KR105268.1 SierraLeone 2014.591781 0.032449444 6.03E-04 

KR653235.1 SierraLeone 2014.673973 0.032341534 4.28E-04 

KR817244.1 SierraLeone 2014.526027 0.032443596 6.50E-04 

KM233102.1 SierraLeone 2014.454795 0.032249201 5.13E-04 

KM233102.1 SierraLeone 2015.260274 0.032249201 -1.37E-04 

KR105303.1 SierraLeone 2014.646575 0.032241149 3.50E-04 

KP759757.1 SierraLeone 2014.731507 0.03229656 3.37E-04 

KP759747.1 SierraLeone 2014.734247 0.032350345 3.89E-04 

KP759755.1 SierraLeone 2014.731507 0.032404142 4.45E-04 

KR653262.1 SierraLeone 2014.783562 0.032350179 3.49E-04 

KR653266.1 SierraLeone 2014.731507 0.032350126 3.91E-04 

KU296770.1 SierraLeone 2014.969863 0.032457708 3.06E-04 

KU296776.1 SierraLeone 2014.936986 0.032457716 3.32E-04 

KU296717.1 SierraLeone 2014.986301 0.03272672 5.61E-04 

KU296510.1 SierraLeone 2014.975342 0.032567251 4.11E-04 

KU296335.1 SierraLeone 2014.989041 0.03262211 4.55E-04 

KU296554.1 SierraLeone 2014.975342 0.03262411 4.68E-04 

KU296621.1 SierraLeone 2014.975342 0.03262411 4.68E-04 



!

!

KU296323.1 SierraLeone 2015.010959 0.03262311 4.38E-04 

KU296792.1 SierraLeone 2015.09863 0.032889589 6.34E-04 

KU296630.1 SierraLeone 2014.972603 0.032622205 4.68E-04 

KU296413.1 SierraLeone 2014.969863 0.032676073 5.24E-04 

KU296320.1 SierraLeone 2014.969863 0.032675917 5.24E-04 

KU296789.1 SierraLeone 2015.010959 0.032568264 3.83E-04 

KU296316.1 SierraLeone 2015.024658 0.032621123 4.25E-04 

KU296480.1 SierraLeone 2014.972603 0.032621284 4.67E-04 

KR653227.1 SierraLeone 2014.649315 0.032403666 5.10E-04 

KR653247.1 SierraLeone 2014.813699 0.032564744 5.39E-04 

KR653259.1 SierraLeone 2014.868493 0.032565608 4.95E-04 

KR653224.1 SierraLeone 2014.972603 0.032565608 4.11E-04 

KR653302.1 SierraLeone 2014.808219 0.032352965 3.31E-04 

KU296575.1 SierraLeone 2015.287671 0.032623064 2.14E-04 

KU296433.1 SierraLeone 2015.073973 0.032623241 3.87E-04 

KU296738.1 SierraLeone 2014.939726 0.032306868 1.79E-04 

KU296379.1 SierraLeone 2014.975342 0.032364597 2.08E-04 

KU296384.1 SierraLeone 2015.024658 0.032732387 5.36E-04 

KR653234.1 SierraLeone 2014.778082 0.032299281 3.02E-04 

KR653273.1 SierraLeone 2014.747945 0.032512769 5.40E-04 

KR653295.1 SierraLeone 2014.89863 0.032673703 5.79E-04 

KU296606.1 SierraLeone 2014.972603 0.032834479 6.80E-04 

KR534554.1 Guinea 2014.769863 0.03235005 3.59E-04 

KP759672.1 SierraLeone 2014.832877 0.032672277 6.31E-04 

KR653283.1 SierraLeone 2014.769863 0.032672149 6.82E-04 

KU296373.1 SierraLeone 2014.99726 0.032619982 4.46E-04 

KU296836.1 SierraLeone 2015.008219 0.032827986 6.45E-04 

KM233115.1 SierraLeone 2014.460274 0.032182889 4.42E-04 

KR534532.1 Guinea 2014.723288 0.032181889 2.29E-04 

KR534587.1 Guinea 2014.649315 0.032180889 2.88E-04 

KR534586.1 Guinea 2014.558904 0.032285486 4.65E-04 

KM233061.1 SierraLeone 2014.438356 0.032175889 4.53E-04 



!

!

KR105228.1 SierraLeone 2014.523288 0.032171889 3.80E-04 

KR534529.1 Guinea 2014.720548 0.032169889 2.19E-04 

KR105227.1 SierraLeone 2014.523288 0.032380918 5.89E-04 

KR534508.1 Guinea 2014.558904 0.032163889 3.44E-04 

KR534570.1 Guinea 2014.810959 0.032430188 4.06E-04 

KX121424.1 Guinea 2015.293151 0.033074542 6.62E-04 

KU296438.1 SierraLeone 2015.326027 0.032913895 4.74E-04 

KU296795.1 SierraLeone 2015.254795 0.032700844 3.19E-04 

KU296415.1 SierraLeone 2015.230137 0.032700844 3.39E-04 

KU296476.1 SierraLeone 2015.156164 0.032591375 2.89E-04 

KR534585.1 Guinea 2014.756164 0.032483724 5.04E-04 

KR534577.1 Guinea 2014.712329 0.032430273 4.86E-04 

KR534527.1 Guinea 2014.715068 0.032321248 3.75E-04 

KR534579.1 Guinea 2014.728767 0.032268799 3.11E-04 

KR534520.1 Guinea 2014.649315 0.032160889 2.68E-04 

KM233110.1 SierraLeone 2014.460274 0.032159889 4.19E-04 

KR534515.1 Guinea 2014.621918 0.032210303 3.39E-04 

KR534516.1 Guinea 2014.630137 0.032156889 2.79E-04 

KY401667.1 SierraLeone 2014.764384 0.032476294 4.90E-04 

KT589390.1 SierraLeone 2014.709589 0.032637505 6.96E-04 

KY401662.1 SierraLeone 2014.69863 0.032638505 7.05E-04 

KY401660.1 SierraLeone 2014.687671 0.032639505 7.15E-04 

KY401665.1 SierraLeone 2014.753425 0.032801131 8.24E-04 

KY401663.1 SierraLeone 2014.706849 0.032640505 7.01E-04 

KP240931.1 SierraLeone 2014.69863 0.032688891 7.56E-04 

KR105288.1 SierraLeone 2014.616438 0.032423903 5.57E-04 

KR105287.1 SierraLeone 2014.616438 0.032423903 5.57E-04 

KR105252.1 SierraLeone 2014.545205 0.032369586 5.60E-04 

KR105235.1 SierraLeone 2014.531507 0.032317112 5.19E-04 

KR105258.1 SierraLeone 2014.550685 0.032261894 4.48E-04 

KM233104.1 SierraLeone 2014.457534 0.032154889 4.16E-04 

KP759756.1 SierraLeone 2014.742466 0.032206674 2.38E-04 



!

!

KP759615.1 SierraLeone 2014.753425 0.032581473 6.04E-04 

KP759666.1 SierraLeone 2014.750685 0.032579071 6.04E-04 

KP759693.1 SierraLeone 2014.846575 0.032633457 5.81E-04 

KP759675.1 SierraLeone 2014.830137 0.032687236 6.48E-04 

KP759751.1 SierraLeone 2014.789041 0.032742017 7.36E-04 

KP759674.1 SierraLeone 2014.830137 0.032742034 7.03E-04 

KR653248.1 SierraLeone 2014.830137 0.032793826 7.55E-04 

KR653258.1 SierraLeone 2014.827397 0.032793826 7.57E-04 

KR653299.1 SierraLeone 2014.871233 0.032686079 6.14E-04 

KP759701.1 SierraLeone 2014.852055 0.032527684 4.71E-04 

KP759687.1 SierraLeone 2014.827397 0.032795719 7.59E-04 

KR653272.1 SierraLeone 2014.816438 0.032579303 5.51E-04 

KP759715.1 SierraLeone 2014.764384 0.032419286 4.33E-04 

KP759676.1 SierraLeone 2014.827397 0.032795015 7.58E-04 

KP759677.1 SierraLeone 2014.830137 0.0325797 5.40E-04 

KR105294.1 SierraLeone 2014.621918 0.032315346 4.44E-04 

KR653240.1 SierraLeone 2014.846575 0.032315301 2.63E-04 

KR653260.1 SierraLeone 2014.739726 0.032475971 5.10E-04 

KU296734.1 SierraLeone 2015.008219 0.032317553 1.35E-04 

KU296334.1 SierraLeone 2015.010959 0.032426332 2.41E-04 

KT946869.1 SierraLeone 2014.964384 0.032534684 3.87E-04 

KU296596.1 SierraLeone 2015.038356 0.032911715 7.04E-04 

KU296356.1 SierraLeone 2015.013699 0.032478042 2.91E-04 

KU296445.1 SierraLeone 2015.19726 0.032691352 3.56E-04 

KU296300.1 SierraLeone 2015.186301 0.032744227 4.17E-04 

KR653226.1 SierraLeone 2014.794521 0.032476777 4.66E-04 

KR653268.1 SierraLeone 2014.810959 0.03263653 6.13E-04 

KR653256.1 SierraLeone 2014.838356 0.032690127 6.44E-04 

KU296551.1 SierraLeone 2014.934247 0.032528675 4.05E-04 

KU296454.1 SierraLeone 2015.69589 0.033067566 3.29E-04 

KR653228.1 SierraLeone 2014.832877 0.032529476 4.88E-04 

KU296332.1 SierraLeone 2014.989041 0.032636746 4.69E-04 



!
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KU296814.1 SierraLeone 2014.989041 0.032584057 4.17E-04 

KU296663.1 SierraLeone 2014.99726 0.032584051 4.10E-04 

KP759727.1 SierraLeone 2014.772603 0.032426049 4.33E-04 

KP759704.1 SierraLeone 2014.852055 0.032481931 4.25E-04 

KP759709.1 SierraLeone 2014.860274 0.03253471 4.71E-04 

KR105346.1 SierraLeone 2014.736986 0.032370562 4.07E-04 

KP759723.1 SierraLeone 2014.761644 0.032481878 4.98E-04 

KP759680.1 SierraLeone 2014.827397 0.032317459 2.80E-04 

KP759678.1 SierraLeone 2014.750685 0.032316458 3.41E-04 

KP759734.1 SierraLeone 2014.739726 0.032315458 3.49E-04 

KP759731.1 SierraLeone 2014.769863 0.032422049 4.31E-04 

KP759608.1 SierraLeone 2014.745205 0.032422539 4.52E-04 

KP759735.1 SierraLeone 2014.769863 0.032571907 5.81E-04 

KP759737.1 SierraLeone 2014.769863 0.032531959 5.41E-04 

KP759753.1 SierraLeone 2014.789041 0.032639516 6.33E-04 

KP759694.1 SierraLeone 2014.753425 0.032585733 6.08E-04 

KU296410.1 SierraLeone 2015.010959 0.032637418 4.52E-04 

KP759736.1 SierraLeone 2014.769863 0.032585622 5.95E-04 

KP759724.1 SierraLeone 2014.767123 0.032692176 7.04E-04 

KP759697.1 SierraLeone 2014.849315 0.032582773 5.28E-04 

KP759660.1 SierraLeone 2014.830137 0.03252898 4.90E-04 

KU296809.1 SierraLeone 2015.147945 0.03258267 2.87E-04 

KU296521.1 SierraLeone 2015.219178 0.032796884 4.44E-04 

KU296394.1 SierraLeone 2015.175342 0.03269127 3.73E-04 

KU296595.1 SierraLeone 2015.175342 0.03269227 3.74E-04 

KU296355.1 SierraLeone 2015.150685 0.03269227 3.94E-04 

KP759700.1 SierraLeone 2014.852055 0.032528855 4.72E-04 

KP759595.1 SierraLeone 2014.827397 0.032478079 4.41E-04 

KP759599.1 SierraLeone 2014.827397 0.032532095 4.95E-04 

MF599508.1 SierraLeone 2015.260274 0.032852953 4.66E-04 

KP759762.1 SierraLeone 2014.821918 0.032529855 4.97E-04 

KR653252.1 SierraLeone 2014.632877 0.03231508 4.35E-04 



!
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KR105338.1 SierraLeone 2014.731507 0.03258334 6.24E-04 

KR653261.1 SierraLeone 2014.728767 0.03231608 3.59E-04 

KR653289.1 SierraLeone 2014.747945 0.032526751 5.54E-04 

KP759716.1 SierraLeone 2014.758904 0.032579536 5.98E-04 

KR534531.1 Guinea 2014.720548 0.032474317 5.24E-04 

KR534578.1 Guinea 2014.715068 0.032474317 5.28E-04 

KR534564.1 Guinea 2014.794521 0.032526738 5.16E-04 

KR534566.1 Guinea 2014.8 0.032579322 5.64E-04 

KR534524.1 Guinea 2014.693151 0.032579079 6.50E-04 

KR534526.1 Guinea 2014.70411 0.032418857 4.81E-04 

KR534517.1 Guinea 2014.632877 0.032417856 5.38E-04 

KR105318.1 SierraLeone 2014.70137 0.032525795 5.91E-04 

KR653287.1 SierraLeone 2014.671233 0.032579444 6.68E-04 

KR105308.1 SierraLeone 2014.676712 0.032580404 6.65E-04 

KR105312.1 SierraLeone 2014.690411 0.032847541 9.21E-04 

KR105291.1 SierraLeone 2014.619178 0.032686118 8.17E-04 

KP759618.1 SierraLeone 2014.745205 0.032690449 7.20E-04 

KR653229.1 SierraLeone 2014.726027 0.032474134 5.19E-04 

KP759703.1 SierraLeone 2014.852055 0.032527244 4.70E-04 

KP759748.1 SierraLeone 2014.789041 0.032581117 5.75E-04 

KR653239.1 SierraLeone 2014.638356 0.032313079 4.29E-04 

KP759598.1 SierraLeone 2014.830137 0.032475956 4.37E-04 

KR105289.1 SierraLeone 2014.619178 0.032475039 6.06E-04 

KR653231.1 SierraLeone 2014.865753 0.032581178 5.13E-04 

KP759705.1 SierraLeone 2014.860274 0.032738149 6.75E-04 

KU143788.1 SierraLeone2014 2014.75 0.032950077 9.76E-04 

KP759689.1 SierraLeone 2014.841096 0.032630507 5.82E-04 

KP759691.1 SierraLeone 2014.745205 0.032630904 6.60E-04 

KP759739.1 SierraLeone 2014.780822 0.032578131 5.79E-04 

KM233070.1 SierraLeone 2014.449315 0.032203323 4.72E-04 

KM233069.1 SierraLeone 2014.443836 0.032204323 4.77E-04 

KM233042.1 SierraLeone 2014.419178 0.032204323 4.97E-04 



!
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KM233109.1 SierraLeone 2014.460274 0.032203305 4.63E-04 

KP759662.1 SierraLeone 2014.827397 0.032257099 2.20E-04 

KT357828.1 SierraLeone 2015.035616 0.032580117 3.75E-04 

KT357848.1 SierraLeone 2015.090411 0.032849581 6.00E-04 

KT357831.1 SierraLeone 2015.046575 0.032849581 6.36E-04 

KT357830.1 SierraLeone 2015.043836 0.032849645 6.38E-04 

KT357833.1 SierraLeone 2015.052055 0.032849664 6.31E-04 

KT357839.1 SierraLeone 2015.054795 0.032689414 4.69E-04 

KT357849.1 SierraLeone 2015.093151 0.032690414 4.39E-04 

KT357853.1 SierraLeone 2015.134247 0.032797026 5.12E-04 

KU296687.1 SierraLeone 2015.076712 0.032796392 5.58E-04 

KU296698.1 SierraLeone 2015.076712 0.032743485 5.05E-04 

KT357827.1 SierraLeone 2015.035616 0.032850418 6.45E-04 

KT357842.1 SierraLeone 2015.065753 0.032905895 6.76E-04 

KT357851.1 SierraLeone 2015.09863 0.032906895 6.51E-04 

KT357837.1 SierraLeone 2015.052055 0.032959753 7.41E-04 

KT357835.1 SierraLeone 2015.052055 0.032904895 6.87E-04 

KT357843.1 SierraLeone 2015.068493 0.032903967 6.72E-04 

KT357841.1 SierraLeone 2015.065753 0.032851155 6.22E-04 

KT357832.1 SierraLeone 2015.049315 0.0329049 6.89E-04 

KR653237.1 SierraLeone 2014.89589 0.032526127 4.34E-04 

KR653271.1 SierraLeone 2014.863014 0.032473503 4.08E-04 

KR653293.1 SierraLeone 2014.772603 0.032366712 3.74E-04 

KR653284.1 SierraLeone 2014.734247 0.032367581 4.06E-04 

KR105344.1 SierraLeone 2014.731507 0.032367581 4.08E-04 

KR105341.1 SierraLeone 2014.731507 0.032313093 3.53E-04 

KP759669.1 SierraLeone 2014.824658 0.032364878 3.30E-04 

KP759610.1 SierraLeone 2014.849315 0.032420167 3.65E-04 

KU296564.1 SierraLeone 2015.041096 0.032473563 2.64E-04 

KR653245.1 SierraLeone 2014.832877 0.032313229 2.72E-04 

KU296835.1 SierraLeone 2014.978082 0.033118685 9.60E-04 

KU296699.1 SierraLeone 2015.243836 0.03344333 0.001070118 



!
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KU296840.1 SierraLeone 2015.167123 0.033230093 9.19E-04 

KU296829.1 SierraLeone 2015.167123 0.033231093 9.20E-04 

KU296418.1 SierraLeone 2015.178082 0.033284934 9.65E-04 

KU296559.1 SierraLeone 2015.265753 0.03328494 8.94E-04 

KU296527.1 SierraLeone 2015.20274 0.033228089 8.88E-04 

KU296748.1 SierraLeone 2015.010959 0.033175375 9.90E-04 

KU296721.1 SierraLeone 2015.106849 0.03312253 8.60E-04 

KU296497.1 SierraLeone 2015.010959 0.03312253 9.37E-04 

KU296500.1 SierraLeone 2015.010959 0.03312253 9.37E-04 

KY401654.1 SierraLeone 2015.441096 0.033280122 7.48E-04 

KY401655.1 SierraLeone 2015.468493 0.033280122 7.26E-04 

KR653294.1 SierraLeone 2014.652055 0.032314346 4.19E-04 

KR653297.1 SierraLeone 2014.70411 0.032365649 4.28E-04 

KP759718.1 SierraLeone 2014.742466 0.0322637 2.95E-04 

KP759661.1 SierraLeone 2014.830137 0.032587582 5.48E-04 

KP759699.1 SierraLeone 2014.846575 0.032802969 7.50E-04 

KP759696.1 SierraLeone 2014.846575 0.032802959 7.50E-04 

KP759663.1 SierraLeone 2014.742466 0.032749085 7.81E-04 

KP759758.1 SierraLeone 2014.808219 0.032533706 5.12E-04 

KP759719.1 SierraLeone 2014.758904 0.032316483 3.35E-04 

KP759711.1 SierraLeone 2014.756164 0.032316486 3.37E-04 

KP759730.1 SierraLeone 2014.772603 0.032315483 3.23E-04 

KP759682.1 SierraLeone 2014.830137 0.032315483 2.76E-04 

KU296341.1 SierraLeone 2015.054795 0.032639891 4.19E-04 

KU296465.1 SierraLeone 2014.926027 0.032532149 4.16E-04 

KU296658.1 SierraLeone 2015.167123 0.032586028 2.75E-04 

KU296349.1 SierraLeone 2015.167123 0.032639835 3.29E-04 

KU296794.1 SierraLeone 2015.013699 0.032477253 2.90E-04 

KU296674.1 SierraLeone 2015.087671 0.032476967 2.30E-04 

KU296823.1 SierraLeone 2015.087671 0.032478976 2.32E-04 

KU296499.1 SierraLeone 2015.090411 0.03242616 1.77E-04 

KU296659.1 SierraLeone 2015.082192 0.03242616 1.83E-04 



!
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KU296304.1 SierraLeone 2015.082192 0.03242616 1.83E-04 

KU296447.1 SierraLeone 2015.09589 0.032908711 6.55E-04 

KU296350.1 SierraLeone 2015.032877 0.032802355 5.99E-04 

KU296746.1 SierraLeone 2015.079452 0.032695272 4.55E-04 

KU296588.1 SierraLeone 2015.079452 0.032695272 4.55E-04 

KU296826.1 SierraLeone 2015.010959 0.032531882 3.47E-04 

MF599518.1 SierraLeone 2015.39726 0.032475007 -2.21E-05 

KP759708.1 SierraLeone 2014.860274 0.032691247 6.28E-04 

KP759710.1 SierraLeone 2014.756164 0.03242322 4.44E-04 

KU296331.1 SierraLeone 2015.041096 0.03242422 2.15E-04 

KU296786.1 SierraLeone 2015.049315 0.03242522 2.09E-04 

KU296655.1 SierraLeone 2015.052055 0.03242522 2.07E-04 

KU296785.1 SierraLeone 2015.082192 0.032586719 3.44E-04 

KU296568.1 SierraLeone 2015.087671 0.032586719 3.40E-04 

KU296716.1 SierraLeone 2015.041096 0.032478031 2.68E-04 

KU296420.1 SierraLeone 2015.054795 0.03242422 2.04E-04 

KP759605.1 SierraLeone 2014.841096 0.032636934 5.89E-04 

KU296387.1 SierraLeone 2015.030137 0.032691308 4.91E-04 

KU296530.1 SierraLeone 2015.030137 0.032691308 4.91E-04 

KP759695.1 SierraLeone 2014.849315 0.032635578 5.81E-04 

KR653282.1 SierraLeone 2014.824658 0.032687158 6.52E-04 

KP342330.1 Guinea 2014.84 0.032150903 1.04E-04 

KM233113.1 SierraLeone 2014.460274 0.032151904 4.11E-04 

KR653267.1 SierraLeone 2014.641096 0.032474421 5.88E-04 

KR105239.1 SierraLeone 2014.542466 0.032207433 4.00E-04 

KR105247.1 SierraLeone 2014.542466 0.0327982 9.91E-04 

KR105233.1 SierraLeone 2014.531507 0.032368508 5.70E-04 

KP184503.1 UnitedKingdom 2014.646575 0.032259706 3.69E-04 

KP120616.1 UnitedKingdom 2014.646575 0.0323123 4.21E-04 

KR105243.1 SierraLeone 2014.534247 0.032260754 4.60E-04 

KR105242.1 SierraLeone 2014.531507 0.032261794 4.64E-04 

KR105284.1 SierraLeone 2014.616438 0.032210306 3.44E-04 



!
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KR653251.1 SierraLeone 2014.638356 0.032211306 3.27E-04 

KR105278.1 SierraLeone 2014.613699 0.032212306 3.48E-04 

KR653269.1 SierraLeone 2014.712329 0.032426705 4.83E-04 

KR105276.1 SierraLeone 2014.608219 0.032214306 3.54E-04 

KR105306.1 SierraLeone 2014.654795 0.0323206 4.23E-04 

KR105283.1 SierraLeone 2014.616438 0.032207306 3.41E-04 

KM233089.1 SierraLeone 2014.452055 0.032101507 3.67E-04 

KM233041.1 SierraLeone 2014.419178 0.032102507 3.95E-04 

KM233036.1 SierraLeone 2014.416438 0.032105507 4.00E-04 

KM233079.1 SierraLeone 2014.452055 0.032105507 3.71E-04 

KM233101.1 SierraLeone 2014.454795 0.032157352 4.21E-04 

KM233091.1 SierraLeone 2014.452055 0.032263908 5.30E-04 

KM233045.1 SierraLeone 2014.421918 0.032100507 3.91E-04 

KP759698.1 SierraLeone 2014.849315 0.032314726 2.60E-04 

KM233093.1 SierraLeone 2014.452055 0.032154355 4.20E-04 

KM233064.1 SierraLeone 2014.449315 0.032104597 3.73E-04 

KR105223.1 SierraLeone 2014.523288 0.032152207 3.61E-04 

KM233076.1 SierraLeone 2014.449315 0.032103597 3.72E-04 

KM233046.1 SierraLeone 2014.427397 0.032102507 3.88E-04 

KR105216.1 SierraLeone 2014.512329 0.032312911 5.30E-04 

KR653242.1 SierraLeone 2014.849315 0.03241939 3.65E-04 

KP759764.1 SierraLeone 2014.821918 0.032367203 3.35E-04 

KU296668.1 SierraLeone 2015.430137 0.032932161 4.09E-04 

KU296353.1 SierraLeone 2015.449315 0.033089067 5.50E-04 

KU296442.1 SierraLeone 2015.435616 0.033090067 5.62E-04 

KU296580.1 SierraLeone 2015.512329 0.033214746 6.25E-04 

KU296775.1 SierraLeone 2015.654795 0.03337618 6.71E-04 

KU296462.1 SierraLeone 2015.673973 0.03337618 6.56E-04 

KU296690.1 SierraLeone 2015.506849 0.033268582 6.83E-04 

KU296306.1 SierraLeone 2015.506849 0.033215757 6.30E-04 

KU296666.1 SierraLeone 2015.471233 0.033229795 6.73E-04 

KU296414.1 SierraLeone 2015.432877 0.033143861 6.18E-04 



!
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KU296543.1 SierraLeone 2015.454795 0.033072066 5.29E-04 

KU296518.1 SierraLeone 2015.30137 0.032652415 2.33E-04 

KU296743.1 SierraLeone 2015.273973 0.032584387 1.87E-04 

KU296450.1 SierraLeone 2015.306849 0.032638199 2.14E-04 

KU296753.1 SierraLeone 2015.421918 0.032638195 1.21E-04 

KU296428.1 SierraLeone 2015.460274 0.032691944 1.44E-04 

KU296732.1 SierraLeone 2015.375342 0.032641144 1.62E-04 

KU296625.1 SierraLeone 2015.427397 0.03269501 1.74E-04 

KU296843.1 SierraLeone 2015.487671 0.032749773 1.80E-04 

KU296793.1 SierraLeone 2015.435616 0.032767058 2.39E-04 

KU296804.1 SierraLeone 2015.435616 0.032715247 1.87E-04 

KU296819.1 SierraLeone 2015.4 0.032857666 3.58E-04 

KU296617.1 SierraLeone 2015.405479 0.032787459 2.84E-04 

KU296831.1 SierraLeone 2015.323288 0.032769056 3.32E-04 

KU296486.1 SierraLeone 2015.421918 0.032640144 1.23E-04 

KU296399.1 SierraLeone 2015.432877 0.03269293 1.67E-04 

KU296712.1 SierraLeone 2015.427397 0.032642144 1.21E-04 

KU296440.1 SierraLeone 2015.476712 0.032748868 1.88E-04 

KU296592.1 SierraLeone 2015.421918 0.032641144 1.24E-04 

KU296522.1 SierraLeone 2015.526027 0.032853303 2.52E-04 

KU296649.1 SierraLeone 2015.430137 0.032747721 2.24E-04 

KU296340.1 SierraLeone 2015.454795 0.032801563 2.58E-04 

KU296618.1 SierraLeone 2015.468493 0.032801563 2.47E-04 

KU296325.1 SierraLeone 2015.490411 0.03274576 1.73E-04 

KU296385.1 SierraLeone 2015.419178 0.0326909 1.76E-04 

KU296322.1 SierraLeone 2015.416438 0.032744755 2.32E-04 

KU296740.1 SierraLeone 2015.4 0.0326919 1.93E-04 

KU296801.1 SierraLeone 2015.008219 0.032315573 1.33E-04 

KU296479.1 SierraLeone 2015.024658 0.032315573 1.19E-04 

KP759721.1 SierraLeone 2014.761644 0.032316559 3.33E-04 

KP759685.1 SierraLeone 2014.832877 0.032478006 4.37E-04 

KP759722.1 SierraLeone 2014.761644 0.032262772 2.79E-04 
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KR105340.1 SierraLeone 2014.731507 0.032260772 3.01E-04 

KY401649.1 SierraLeone 2015.624658 0.033011651 3.31E-04 

KY401648.1 SierraLeone 2015.547945 0.033011651 3.93E-04 

KM233050.1 SierraLeone 2014.435616 0.032152923 4.32E-04 

KM233051.1 SierraLeone 2014.441096 0.032153923 4.29E-04 

KM233052.1 SierraLeone 2014.446575 0.032153923 4.24E-04 

KM034562.1 SierraLeone 2014.40274 0.031931312 2.37E-04 

KM034562.2 SierraLeone 2014.34 0.031931312 2.88E-04 

KR817080.1 Guinea 2014.723288 0.032143961 1.91E-04 

KR817083.1 Guinea 2014.742466 0.032359609 3.91E-04 

KR817120.1 Guinea 2014.589041 0.032038236 1.94E-04 
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Table S3. Dataset of 50 coding complete EBOV sequences used for inter-outbreak rate 

estimations 
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K99&'CB$ =,!!.<04/!$ 2W3$ 0##.$ =CHHV$0$ !;!<;#.$

FJ&'D)*&'(&I$ XQ-!.>#./!$ 123$ 0##5M#"$ 6M6$ ";.!;#5$

FJ&'D)*&'(&I$ =30>05"4/!$ 123$ 0##5M#"$ >$Y)C(D$ 4;!<;#5$

FJ&'D)*&'(&I$ =30>05"</!$ 123$ 0##5M#"$ #$Y)C(D$ 4;!<;#5$

FJ&'D)*&'(&I$ =30>054#/!$ 123$ 0##5M#"$ <$Y)C(D$ 4;!<;#5$

FJ&'D)*&'(&I$ =30>05""/!$ 123$ 0##5M#"$ >.$Y)C(D$ 4;!<;#5$

K99&'CB$ XQ-!.>#0/!$ 123$ 0##5M#"$ .>M=Z$ !0;.!;#"$

6&*D9&$ =P--#.>-/0$ LST$ 0#!.M!-$ 3!<$ .;!5;!>$

6&*D9&$ =P--#.>"/0$ LST$ 0#!.M!-$ 3#<$ .;!4;!>$

6&*D9&$ =P--#.>5/0$ LST$ 0#!.M!-$ 3#5$ .;0#;!>$

6&*D9&$ =6#.><<!/!$ ZY?$ 0#!.M!-$ ?6#4-$ <;0-;!>$

6&*D9&$ =6#.><<./!$ ZY?$ 0#!.M!-$ L.-5#$ <;05;!>$

6&*D9&$ =6#.><-!/!$ ZY?$ 0#!.M!-$ L.-".$ <;0";!>$

6&*D9&$ =6#.><-0/0$ ZY?$ 0#!.M!-$ L.-"-$ <;0";!>$

6&*D9&$ =60..#4-/!$ ZY?$ 0#!.M!-$ L."00$ -;!<;!>$
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6&*D9&$ =60..!#0/!$ ZY?$ 0#!.M!-$ L."04$ -;!-;!>$

YD'CH&$ =6<!44<!/!$ 123$ 0#!>$ YD*DH8&$ ";!<;!>$

YD'CH&$ =2"!4##>/!$ 123$ 0#!>$ YD*&H8&J!!$ ";!-;!>$

YD'CH&$ =[05!#0#/!$ 123$ 0#!>$ YD*DH8&!4$ ";0#;!>$

YD'CH&$ =[05!#!"/!$ 123$ 0#!>$ YD*DH8&!-$ ";0#;!>$

FG)'(&I$ 6X5..>55$ 123$ 0#!"$ JS=##4$ <;!#;!"$

FG)'(&I$ 6X5..>5"$ 123$ 0#!"$ JS=#!!$ <;!!;!"$

FG)'(&I$ 6X5..>54$ 123$ 0#!"$ JS=#!-$ <;!<;!"$

FG)'(&I$ 6X5..>">$ 123$ 0#!"$ JS=#!4$ <;!<;!"$

FG)'(&I$ 6X5..>"0$ 123$ 0#!"$ JS=#0<$ <;!5;!"$

FG)'(&I$ 6X5..>".$ 123$ 0#!"$ JS=#0-$ <;!5;!"$

FG)'(&I$ 6X5..>"<$ 123$ 0#!"$ JS=#.!$ <;!";!"$

FG)'(&I$ 6X5..>"#$ 123$ 0#!"$ JS=#>-$ <;!4;!"$

FG)'(&I$ 6X5..>"-$ 123$ 0#!"$ JS=#.4$ <;!4;!"$

FG)'(&I$ 6X5..>"5$ 123$ 0#!"$ JS=#.5$ <;!4;!"$

FG)'(&I$ 6X5..>"!$ 123$ 0#!"$ JS=#><$ <;0#;!"$

FG)'(&I$ 6X5..>""$ 123$ 0#!"$ JS=#<.$ <;0!;!"$

FG)'(&I$ 6X5..>"4$ 123$ 0#!"$ JS=#<<$ <;00;!"$

FG)'(&I$ 6X5..>4#$ 123$ 0#!"$ JS=#4!$ <;0";!"$

FG)'(&I$ 6X5..>4!$ 123$ 0#!"$ JS=!.5$ -;>;!"$

!
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Table S4. Assays deployed during the Équateur Province 2018 EVD outbreak. 
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Table S5. RT-PCR primers and probes aligned to EBOV/“Tum” sequences, and number and position of mismatches. The same number of mismatches 
all 16 sequences analyzed, except where marked with an asterisk. The number in brackets indicates the number of sequences with a mismatch out of the total number 
of sequences tested for that primer/probe. Where the total number of sequences is 15, the draft BIK012 sequence had unknown bases in that binding region.
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Table S6. Primers used for point mutagenesis of EBOV GP. Each primer set was used to create a codon mutation in 

a plasmid encoding a codon optimized EBOV/Kik GP. The codon targeted for mutation is underlined in the forward 

primer. 
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Table S7. Position of intra-outbreak nucleotide differences and amino acid changes in EBOV/”Tum” sequences. We 

evaluated the number of single nucleotide polymorphisms (SNP) within the 16 consensus genomes generated from 

the 2018 Équateur Province outbreak. Genomic sequences from the 2018 Équateur Province EVD outbreak were 

aligned in Geneious 11.1.4 using MAFFT v7.388,33 and intra-outbreak nucleotide polymorphisms were determined. 

In total, twenty-three SNPs and one indel were found in the intra-outbreak genome data. Of the 16 SNPs occurring 

within those genes, 9 were synonymous changes and 7 were non-synonymous changes. 
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* Basecall at nucleotide position 6,834 is split A/G, with 2x coverage after deduplication 
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Table S8. Position of amino acid changes inferred from a comparison between EBOV/”Tum” sequences and 

EBOV/Kik sequences. Amino acid changes in all 16 sequences are presented here. The majority of amino acid changes 

were tested in vitro to assess changes in monoclonal antibody binding. Mutants were created with the mutations for 

the earliest sampled sequences, as indicated. 
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0EE$ 112$ (<?.$ (<?.$ (<?.$ (<?.$ (<?.$ GHI$

0EE$ &"'$ 0<?-$ 0<?-$ 0<?-$ 0<?-$ 0<?-$ GHI$

0EE$ &!&$ -<?3$ -<?3$ -<?3$ -<?3$ -<?3$ GHI$
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0EE$ 9&&$ F4$ F4$ D<?-$ F4$ F4$ F;$

aa – amino acid, NP - not present 
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Figure S1 . A summarized maximum-clade credibility tree using 50 EBOV representatives 
(Appendix Table S3). For simplicity, the tree tips were pruned to only show the variant-
defining branches. The mean year and 95% highest posterior density distributions of the 
time to the most recent common ancestor (tMRCA) are illustrated and scaled to the tree. 



!!5$

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !

Figure S2. The evolutionary dynamics of single representatives datasets when estimating substitution rate. 
(a) An evolutionary rate comparison between singlerepresentatives (pink) and the impact of adding intra-
outbreak sequences to small (purple) and larger (orange) datasets. (b) A maximum-clade credibility tree of 
single representatives outlining what samples were added to three inter-outbreak datasets. Posterior 
probabilities at nodes are shown. Tree is scaled by substitutions per site per year. (c) Inter-outbreak rates 
were compared with three single representative datasets: variants prior to EBOV/Mak (red), including 
EBOV/Mak (purple), and including EBOV/Lom and EBOV/"Tum" (pink). 
!
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Figure S3. Gating strategy for the flow cytometry experiments. Cells were gated using forward scatter area 
(FSC-A) and side scatter area (SSC-A) to define the cell population. Single cells were gated using SSC-A by 
SSC width (SSC-W) and dead cells were excluded from analysis with LIVE/DEAD Fixable Aqua Stain. 
Phycoerythrin (PE) and allophycocyanin (APC) gates were defined to establish clear boundaries between the 
negative and positive cell populations. 
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Figure S4. Comparison of mAb114 in complex with EBOV GP1,2 (grey) (PDB:5FHC). GP1 (light grey) of EBOV is shown docked to the 

heavy chain (dark yellow) and light chain (light yellow) of mAb114. (a) Surface structure of antibody-protein complex with suspected 

epitope (blue) and known residues (red) that are part of the GP1 glycan cap (pink). (b) Internal cartoon structure representation

that the predicted epitope (blue) falls in the binding pocket of the mAb114 antibody, while the known residues (red) a

antibody binding pocket. (c) A close up of this position is illustrated to show surface and internal structure of the interac
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Figure S5. Visualization of EBOV GP1,2 in complex with ZMapp component antibody 13C6 (PDB: 5QJ3). 
GP1 (grey) of EBOV is shown docked to the heavy chain (dark yellow) and light chain (light yellow) of 13C6. 
(a) Wild-type arginine residue (R) at amino acid position 266 (blue) and amino acids crucial to 13C6 binding, 
T270 and K272 (red), are all within the gylcan cap (202aa-312aa) of GP1. (b) R266 was mutated to glycine 
(G) to reflect a SNP detected in EBOV/”Tum” (blue) while residues important for 13C6 binding are in red 
(T270, K272).!
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1! Methods 
 
1.1.Ethics Statement 

 

The Ministry of Health (MoH) of the Democratic Republic of the Congo (DRC) approved this study. 
Oral consent was obtained at the homes of patients or in the Ebola [virus disease] Treatment Units 
prior to any sample collection by a team, including staff members of the MoH. The de-identified human 
diagnostic surveillance samples analyzed in this outbreak response project were also reviewed for the 
applicability of human subjects protection regulations under the project, “Sequencing of Samples in 
the Democratic Republic of the Congo (DRC)”, United States Army Medical Research Institute of 
Infectious Diseases (USAMRIID), Office of Human Use and Ethics Log Number FY18–21. 

 
1.2.Further details about mobile diagnostic laboratories in the field 

 
 

Mobile laboratories were set up in the field by Institut National de Recherche Biomédicale (INRB) 
with partners. Six of the samples were part of the first set of specimens collected in Mabalako Health 
Zone, Nord-Kivu Province, that resulted in the recognition of the Ebola virus disease (EVD) 

outbreak.1 An additional 21 samples, collected in the mobile laboratory based in Mangina, were also 
included in the study. Twelve samples were obtained from the Beni Health Zone (Nord-Kivu 
Province), and an additional eight samples were obtained from Mandima Health Zone (Ituri Province). 
Additionally, two samples were obtained from Butembo and one from Oicha. RNA from these samples 
was extracted using the Qiagen QIAamp viral RNA extraction kit (Qiagen, Hilden, Germany) and 
used for sequencing. Finally, a clinical isolate from the 2017 Bas-Uele EVD outbreak was also added 
to the study, with the goal of obtaining a high quality EBOV/“Muy” coding-complete genome 
sequence for phylogenetic analysis (Genbank accession: MK088515). 
 

1.3.Further details on MinION sequencing and bioinformatic methods 
 
 

To obtain sequences of the etiological agent of ongoing EVD cases in real-time and in-field, viral 
RNA was extracted from 140 µl of whole blood collected from four patients confirmed as Ebola virus 

(EBOV)-positive by Cepheid GeneXpert Ebola assay 2 using the QIAamp Viral RNA Mini Kit 
(Qiagen, Hilden, Germany) and following manufacturer’s instructions. After preparation of cDNA 
with GoScript Reverse Transcriptase (Promega, Madison, WI, USA), amplification of a small 
fragment of the VP35 gene was attempted in a semi-nested polymerase chain reaction (PCR) with a 

modified protocol adapted from He and colleagues.3 First-round VP35 PCR-products from positive 
samples were barcoded and pooled, and sequencing libraries were generated from the barcoded 
products using the Genomic DNA Sequencing Kit EXP-NBD103/SQK-LSK208 (Oxford Nanopore 

Technologies [ONT], United Science Park, Oxford, United Kingdom) as previously reported4. 

Phylogenetic analysis of the amplicon data was performed also as previously described.4 Briefly, base 
calling of Minion data was performed using the ONT Albacore version 2.1.10. Adapter removal and 
demultiplexing were achieved with Porechop 0.2.3 (https://github.com/rrwick/Porechop). Consensus 
sequences were produced by mapping reads using BWA 0.7.17 to an EBOV reference genome 

(EBOV/May, Genbank accession: NC_002549.1). Variants were called using Nanopolish 0.9.5 The 
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generated 212 nucleotide consensus sequence was identical when using an EBOV/“Itu” reference 
sequence (Genbank accession: MK007330). This was confirmed by aligning both consensus 

sequences using MAFFT v7.6 Phylogenetic analyses were done using maximum-likelihood methods 
with an approximate likelihood ratio test nonparametric branch support based on a Shimodaira-

Hasegawa–like procedure using PhyML version 3.1 software.7 The Hasegawa-Kishino-Yano 85 

(HKY85) model plus a discrete gamma (Γ4) model were used as the nucleotide substitution models.8 
 

1.4.Further details about the Nextera Flex for Enrichment methodology 
 
 

Note: The final protocol in the commercially-released product may differ from the one presented here. 
Sample RNA was reverse-transcribed by random primed cDNA synthesis using reagents from the 
Illumina Truseq RNA Access kit (Illumina, San Diego, CA, USA). RNA (8·5 µl) was incubated with 

8·5 µl of Elution Primer Fragmentation Mix (EPH) at 65°C for 5 min. For 1st strand synthesis, 8 µl of 
a 9:1 mix of First Strand Synthesis Act D Mix (FSA) and SuperScript IV Reverse Transcriptase 
(ThermoFisher Scientific, Waltham, MA, USA) were added, and incubated at 25°C for 10 min, 42°C 

for 60 min, 70°C for 15 min, and cooled to 4°C. For 2nd strand synthesis, 25 µl Second Strand Marking 
Master Mix (SMM) was added, and incubated at 16°C for 60 min, followed by a clean-up with 
AMPure XP beads (Beckman Coulter, Brea, CA, USA), and eluted in 12 µl of Resuspension Buffer 
(RSB). Libraries were prepared by tagmentation of 10 µl of cDNA using 10 µl of Nextera Flex for 
Enrichment bead-linked transposomes (BLTs), 10 µl of Tagmentation buffer 1, and 20 µl of nuclease-
free water. Samples were incubated at 55°C for 5 min and 10°C for 2 min. Then, 10 µl of Stop 
Tagmentation buffer 2 were added and incubated at room temperature for 5 min. Adapter-tagged 
cDNA attached to the beads were collected against a magnet, supernatant was removed, and 100 µl of 
Tagmentation Wash Buffer was added. Beads were shaken at 1800 rpm for 2 min, and the wash step 
was repeated for a total of three washes. Next, 30 µl of PCR master mix and 10 µl of Nextera DNA 
CD indexes were added to the beads, followed by incubation at 72°C for 3 min, 98°C for 3 min, 15 
cycles of 98°C for 20 sec, 60°C for 30 sec, 72°C for 1 min, and then 72°C for 3 min. Libraries were 
held at 10°C. Libraries were cleaned-up with 90 µl of AMPure XP beads and eluted in 15 µl of RSB. 
Libraries were enriched for EBOV-specific sequences by hybridizing of biotinylated EBOV probes, 
capturing of probes on streptavidin magnetic beads, and eluting the enriched library from the probes. 
Libraries (9 µl) were mixed with 12·5 µl New Hybridization Buffer 1, 2·5 µl of Enrichment 
Hybridization Buffer 2 and 1 µl of custom EBOV biotinylated probe set. This mixture was incubated 
at 95°C for 5 min, 95°C for 1 min for the first cycle and decreasing 2°C /cycle for the following 17 
cycles, and then 58°C for 90 min. For each hybridization reaction, 62·5 µl of Streptavidin Magnetic 
beads were mixed with the sample and incubated at 58°C for 15 min. Beads were collected against a 
magnet, supernatant was removed, and beads were washed with 50 µl of Enrichment Elution Buffer 
pre-warmed to 58°C, for a total of 4 washes. After the final wash, 5·75 µl of elution buffer and Illumina 
HP3 (2N NaOH) (19:1 ratio) were added, and beads were resuspended, and incubated for 2 min. Beads 
were collected against a magnet, and 5·25 µl of supernatant were transferred to new tubes. Elute Target 
Buffer 2 (ET2, 1 µl) was added to each sample. After enrichment, samples were amplified and then 
cleaned-up. Then, 1·25 µl of PCR Primer Cocktail Mix (PPC) and 5 µl of Enhanced PCR Mix (EPM) 
were added to each sample, and samples were incubated at 95°C for 5 min, then 98°C for 10 sec for 
17 cycles, 60°C for 30 sec, 72°C for 1 min, followed by 72°C for 5 min. Libraries were held at 4°C. 
Enriched and amplified libraries were cleaned-up with 22·5 µl of Sample Purification Beads (SPB) 
and eluted in 32 µl of RSB. Libraries were size-assessed using a high-sensitivity DNA chip on an 
Agilent Bioanalyzer, and quantified using qPCR. Libraries were pooled at 200 pM with 10% PhiX, 
before diluting to 60 pM and loading on the Illumina iSeq100 with 2 x 151 paired-end sequencing. 
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1.5.Further details on the identification of single nucleotide polymorphisms and unique 

molecular identifiers in mAb114-treated patients 
 
First, we analyzed if single nucleotide polymorphisms (SNPs) occurred in the EBOV consensus 
sequences after mAb114 treatment. VSALIGN is an in-house software pipeline (USAMRIID, 
Frederick, MD, USA) that was utilized for pre-processing sequence reads/read pairs to remove low 

quality data and sequencing artifacts.9 In this study, VSALIGN removed adaptors, excluded paired 
ends with a quality score of less than Phred 30, and removed exact PCR duplicate sequences, chimeric 
reads, and non-viral sequences. All sequencing reads with a quality score of less than Phred 20 were 
also removed. With the raw data cleaned, reads from the pre-treatment samples (BEN163, BEN164, 
BEN165, BEN167) were assembled into EBOV consensus genomes. These EBOV consensus 
genomes were used as references for respective consensus sequences generated at later time points 

from the same patient. SNPs were manually inspected in Geneious v9.10 A consensus change is 
defined here as a change relative to the EBOV reference sequence present in ≥50% of the population. 
Below that threshold, SNPs were considered subclonal substitutions and part of a minority variant 
subpopulation of EBOV. For EBOV population reconstruction, we used unique molecular identifiers 
(UMI) to calculate true depth coverage and MAGERI to identify ultra-rare variants in sequencing 

data.11 UMI sequences were first extracted from raw sequencing reads, and UMIs with minimal 
quality (across the whole length of UMI sequence) of less than Phred 20 were removed. Next, UMIs 
were grouped and then assembled into coding-complete EBOV consensus sequences that were 
mapped to corresponding patient reference sequences (Table S8). Variant calling was performed, and 
MAGERI Q scores were analyzed for any mutations and ultra-low variants in EBOV populations 
before and after mAb114 treatment (minority variant population ≤2%). We normalized the data and 
estimated variant diversity by dividing the number of variants found across all EBOV sites by the 
average true sequencing coverage (Table S8). Additionally, a box and whisker plot was generated to 
compare if any normalized diversity could be detected between pre- and post-mAb114 treated EBOV 
population (Figure S5). We advise caution in the interpretation in these results, as there was a limited 
amount of sampling. 
 

1.6.Illumina Truseq whole genome sequencing library preparation and bioinformatic 

analysis 
 

RNA sequencing libraries were prepared using the KAPA RNA HyperPrep kit (KAPA Biosystems, 
Wilmington, MA, USA), with xGen Dual Index UMI Adaptors (Integrated DNA Technologies, 
Skokie, IL, USA) following manufacturers’ guidelines. A total of 20 ng of exogenous human cervical 
adenocarcinoma (HeLa) cell Total RNA Control (Ambion, Foster City, CA, USA) was spiked into 
each RNA sample, and then RNA was fragmented at 94°C for 0·5–2 min, depending on sample RNA 
quality. Following library preparation, the Illumina TruSeq RNA Exome enrichment reagents (using 
one-quarter quantities to enable singleplex enrichment) were used with a custom EBOV biotinylated 
probe set. For singleplex enrichment, the quantity of the reagents was reduced to one-quarter of 
manufacturer’s recommendations. The EBOV probe set included 1,897 unique probes of 80-nt in 
length that were manufactured by Twist Biosciences (San Francisco, CA, USA). These probes enabled 

enrichment of the library for EBOV-specific sequences12. Pooled libraries were sequenced on the 
Illumina iSeq100 or Miseq sequencing platforms using 2 x 151 bp paired-end sequencing. Analysis of 

data was performed as previously described12. Reads were cleaned using Trimmomatic v0.3813 and 

Cutadapt14 to remove Illumina adaptors and low-quality bases, followed by Prinseq-lite v0.20.415 to 
remove duplicate reads. Reads were analyzed using an in-house pipeline for virus genomes taking 
single and paired-end reads and performing human genome and human transcriptome read removal 
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using Bowtie2.16 To generate EBOV consensus genomes, cleaned reads were assembled de novo using 

SPAdes v3.9.0.17 Gaps and ends of incomplete contigs were filled in with sequences from the closest 
available complete genome on Genbank (Ebola virus/H.sapiens-wt/COD/2017/Likati-Muyembe; 

GenBank #MH481611) and used as a reference to align the clean reads with Bowtie2.16 As this 
sequence is associated to a submitted manuscript on Genbank, we obtained written permission prior 
to its use from a senior author (Dr. Jean-Jacques Muyembe-Tamfum, personal communication). 
Duplicates were removed with Picard (Broad Institute, Cambridge, MA, USA) and a new consensus 

sequence was generated using a combination of Samtools v0.1.1818 and custom scripts 
(https://github.com/jtladner/Scripts/blob/master/reference-based_assembly/consensus_fasta.py). 
Only bases with a Phred quality score R20 or better were used for consensus calling. The EBOV 
consensus genome sequences from the 2017 Likati Province and 2018 Nord-Kivu Province EVD 
outbreaks were aligned with those from previous Congo River area EVD outbreaks and representative 

sequences from the Western African EVD outbreak using MAFFT v7.6 Geneious v7 was used to 
manually identify intra-outbreak EBOV/“Itu” SNPs. PCR primers deployed and supplemental EBOV 
PCR assays were also analyzed: ten sets of PCR primers and one of the eight sequencing targets had 
at least one mismatch across the primers and probe after alignment to the EBOV/“Itu” genomes (Table 
S2). 
 
 

1.7.Further details on median-joining haplotype network reconstruction 
 
 

EBOV/“Itu” sequences with available metadata were analyzed in PopART v1.7.2 
(http://popart.otago.ac.nz) using the median-joining haplotype network reconstruction method as 

previously described.19 
 

1.8.Further details on transfection and analysis of antibody binding 
 

Confirmation in vitro 
 

Experimental setup including mammalian cell transfection, flow cytometry, and data analysis were 

performed as previously described.3 Briefly, Human embryonic kidney derived 293T cells (CRL-
3216, ATCC, Manassas, VA, USA) were cultured in Dulbecco’s modified Eagle’s medium (DMEM) 
(Corning, NY, USA) with 10% HyClone characterized fetal bovine serum (FBS; GE Healthcare 
Lifesciences, Pittsburg, PA, USA), 2mM HyClone l-glutamine (ThermoFisher Scientific, Waltham, 
MA, USA), 100U/mL penicillin (ThermoFisher Scientific), and 100µg/mL streptomycin 

(ThermoFisher Scientific). All cells were maintained in a humidified 5% CO2 atmosphere incubator at 

37°C. 293T cells were transfected with plasmids encoding EBOV/Kik GP1,2 or EBOV/“Itu” GP1,2 
using TransIT-LT1 transfection reagent (Mirus Bio, Madison, WI, USA) per manufacturer guidelines. 

After 24 hours of GP1,2 expression, cells were collected and then co-stained with LIVE/DEAD fixable 
aqua (Invitrogen), a pycoerythrin (PE) conjugated control monoclonal antibody (mAb 6D8, mouse 
IgG2a), and each one of the allophycocyanin (APC) conjugated ZMapp mAbs (13C6, 2G4, or 4G7, 
human IgG). All mAbs were conjugated with Zenon antibody labeling kits (ThermoFisher Scientific) 
that are species- and isotype-specific. After staining, cells were washed and fixed with 1% methanol 
free formaldehyde (ThermoFisher Scientific), data were collected with the BD LSRFortessa cell 
analyzer (BD Biosciences, San Jose, CA, USA), and analyzed using FlowJo (software version 10.4.2, 
TreeStar, Ashland, OR, USA). Intact cells were gated using forward scatter (FSC-A) by side scatter 
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(SSC-A), single cells were gated from the intact cell population using side scatter width by area (SSC-
W x SSC-A), and live cells were defined as the population negative for the LIVE/DEAD fixable aqua 
stain. PE- and APC-positive populations were determined using untransfected 293T cells stained with 
mAbs as described above. 

 

1.9.Further details on the phylogeographic analysis using BEAST v1.10.0 
 
 

To infer the historical movement of EBOV across the African continent, we implemented an 

asymmetric continuous time Markov chain (CTMC) approach using country as a discrete trait.20 
Bayesian stochastic search variable selection (BSSVS) and SpreadD3 
(https://rega.kuleuvwn.be/cev/ecv/software/SpreaD3_tutorial) were used to identify strongly 
supported migrations i.e. any with a Bayes factor ≥5 (Table S5, page 31). Baltic 
(https://github.com/evogytis/baltic) was used for parsing and visualizing results from BEAST trees 
(code available at https://github.com/jtladner/Manuscripts/tree/master/vanVuren_SLE-EBOV). For 
each sampled tree, we identified the number and directionality of all between-country movements (i.e., 
all tree branches connecting nodes assigned to different countries). All other parameters were the same 

as described in the main text and in a previous work.21 
 

1.10.! Further details on a Bayesian analysis using a fixed local clock 
 
 

A HKY85 + Γ4 nucleotide substitution model was independently inferred (unlinked) across 3 partitions 
(codon positions 1 and 2, non-coding, and codon position 3). A non-parametric coalescent ‘SkyGrid’ 

model was used as a prior density across trees.22 Using a fixed local clock to compare branch rates 

between select lineages to the rest of EBOV (see, for instance, Yang and Yoder, 2000),23 an 
uninformative rate prior was used for selected lineages, while an informative prior (normal 

distribution, mean = 0·6 x 10-3, stdev = 0·01 x 10-3) was used for the rest of the tree. We compared 
three different groups of variants: (i) EBOV/“Itu” and EBOV/“Muy”, (ii) EBOV/Mak and Luebo 
outbreaks, and (iii) EBOV/“Tum” and EBOV/Lom (Appendix Figure S8). All other parameters were 

unchanged. Tracer v.1.6 24 was used to ensure run convergence (effective sample size >200). 
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2! Results 
 

2.1.Revisit to Dudas and Rambaut’s 2014 EBOV rooting analysis 
 
With the sequencing and phylogenetic characterization of the EBOV/Mak variant, early EBOV rooting 
was problematic. A previous study posited that EBOV/Mak could be an endemic EBOV lineage in 

Western Africa,25 hence evolving in parallel to the Middle African variants. However, later studies 

argued for a single common ancestor for recently emerged variants.21,26,27 For example, Rambaut and 
Dudas (2014) cautiously argued that a temporal root is the “best-fit” to explain EBOV evolution using 

several different datasets, one of which including only GP1,2 sequences with additional sequences 

from infected animals.28 
 

We attempted to recreate this analysis using additional a few GP1,2 sequences from each of the more 
recent outbreaks in Figure S3. The Bayesian-estimated maximum-clade credibility (MCC) tree 
supported a single, recent evolutionary lineage for EBOV over two separately evolving EBOV 
reservoirs. As expected when using a single gene for phylogenetic estimation, the tree’s topology is 
different than that reported in Figure 1b and Figure S6; some branching positions also had very low 
support (posterior probability). Nevertheless, a single temporal common ancestry is still well 
supported. 
 

2.2.Further insights into EBOV evolution and spread in Africa 
 

Using a single, representative, coding-complete sequence from each EVD outbreak caused by EBOV, 
we reconstructed the geographic spread of EBOV over time. At the country-level, we found very 
strong evidence (Bayes factor = 60, median count = 2) for two movement events from DRC to Gabon 
(GAB, Appendix Figure S9). Additionally, there is strong support (Bayes factor = 12, median count = 
1) for a single movement from GAB to the Republic of the Congo (ROC) and moderate support (Bayes 
factor = 6, median count = 1) for a single movement from DRC to Western Africa (Guinea). Albeit 
the historically limited sampling of outbreaks outside the DRC, current evidence suggests that EBOV 
has been exported on multiple occasions within the last few decades (Figure S9, page 44). Using the 
same statistical framework, we also performed a spatio-temporal analysis of the EBOV variants within 
DRC, no signals were confidently reconstructed (Bayes factor <5, median count <1).
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Table S1. Information on the 51 EBOV sequences generated during the 2018 EVD Nord-Kivu/Ituri Province outbreak.
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Table S2. In silico evaluation of 27 PCR primer assays from 21 published works showing all mismatches to EBOV/”Itu” sequences
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Indicated number of mismatches occured in all 43 sequences tested, except where marked: 

 
*1 only BEN070 exhibited the mismatch 

 
*2 only BEN286 exhibited the mismatch 

 
#!only 43 sequences were tested as a single near coding-complete sequence had missing data in the binding region $ only 42 sequences were tested as two near 

coding-complete sequences had missing data in the binding region 
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Table S3. Primers used for mutagenesis with EBOV GP1,2. For the first assembly, the indicated primer sets were 
used to create fragments of EBOV GP1,2 containing amino acid mutations identified in the 2018 Nord-Kivu 
Province EBOV GP1,2. The second assembly followed the same method, using the sequence confirmed plasmid 
from the first assembly as the template. The resulting sequence confirmed EBOV GP1,2 plasmid was subsequently 
used as the template for point mutagenesis of G557R. Codons targeted for mutation are underlined. 
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     Table S4. Ebola virus (EBOV) coding-complete genome sequences used in estimating the phylogenetic tree in Figure 1b
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International Organization for Standardization (ISO) 3166-1 alpha-3 country codes: COD, Democratic Republic of the Congo; COG; Republic 

of the Congo; GAB, Gabon; GIN, Guinea; SLE, Sierra Leone; LIB, Liberia. 
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 Table S5. Posterior probability and Bayes Factor values generated from the Bayesian stochastic search 

variable selection (BSSVS) analysis estimating EBOV ancestral migrations in Africa. Strongly 

supported migrations (Bayes factor ≥5) are shown in bold and italicized. A visual representation is 

presented in the Appendix Figure S9. 
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Table S6. Position of intra-outbreak nucleotide differences and amino acid changes in EBOV/“Itu” sequences 
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   ,0, Table S7. Positions of nucleotide differences and amino acid changes from EBOV/Kik GP1,2 (GenBank 

accession AY354458) to EBOV/“Itu” sequences. 
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Table S8. Pre- and post-treatment sequencing of mAb114 in four patients. The use of UMIs enabled the 

calculation of average sequencing true depth, which removed read duplicates and artificial sequencing errors. 

Average sequencing true depth and the number of minority population variants were normalized to estimate 

EBOV population variant diversity before (pre) and after (post) mAb114 treatment. 

 

 Average 

No. of 

Diversity (True  

Treatment 

Sample ID sequencing True depth/No. of Day* variants# status 

 depth  variants)   

BEN163 2.43 5 0.486 1 Pre 

MANA2-13 3.93 7 0.561 3 Post 

MANA2-16 35.13 30 1.171 6 Post 

MANA2-20 0.81 1 0.805 9 Post
& 

BEN164 20.03 21 0.954 1 Pre 

MANA1-13 398.74 86 4.637 3 Post 

MANA1-16 7.41 20 0.371 6 Post 

MANA1-17 227.77 61 3.734 7 Post 

      

BEN165 0.00 0 – 1 Pre
& 

MANA3-12 0.09 0 – 2 Post
& 

MANA3-16 0.79 1 0.794 6 Post
& 

MANA3-20 222.82 48 4.642 10 Post 

      

BEN167 20.86 35 0.596 1 Pre 

MANA5-14 88.23 77 1.146 4 Post 

MANA5-16 1.33 2 0.663 6 Post
& 

MANA5-20 0.03 3 0.010 10 Post
& 

#!The number of EBOV minority variant mutations that differed from the corresponding reference sequence in any of the 

18,966 EBOV positions. 

* Time-points refer to the first day of patient diagnosis with EBOV. For instance, Day 1 is the first pre-treatment sample 

that was collected on August 12. The first post-treatment time-point is sampled on Day 3 (August 14). As calendar days 

may differ between patients, a numerical day (value > 0) allowed for easier statistical comparisons. 
 

& Samples had a depth of less than 3, and were not considered when estimating statistical differences between pre- and 

post-treatment groups 
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J<--E6h]]qqq?6(,.216,.+;,+.;2,-.(;?(40P?! 9;! (8-4+B! 3'28-4+6! =+=)4+6! 3+! 12! ,(==8;28-7! (;-!

E+4k8!,+--+!4.E(6-+!,(==+!8;+!2,-.5.-7!18,42-.5+!28!)7;7/.,+!3+!,+4-2.;+6!E8.662;,+6!;2-.(;21+6!

(8! .;-+4;2-.(;21+6?!U.;6.B! 1+6!2--2Q8+6! 6E(;-2;7+6! ,(;-4+! 1+6! .;6-2112-.(;6!+-! 1+6!7Q8.E+6!3+! 12!

4.E(6-+!6+!6(;-!.;-+;6./.7+6!E24/(.6!266(,.7+6!28Z!,(;/1.-6!24=76!+-!+;-42.;2;-!E24/(.6!3+6!E+4-+6!

+;!5.+6!<8=2.;+6!JK73+,.;6!62;6!{4(;-.A4+6?!K+3.,21!2,-.5.-.+6!686E+;3+3!2/-+4!9)(12!-4+2-=+;-!

,+;-4+!2--2,F?!{+)4824b!"#B!"MNW?!<--E6h]]qqq?=6/?(40]!=+3.,21!H!2,-.5.-.+6!H!686E+;3+3!H!2/-+4!H!

+)(12!H!-4+2-=+;-!H!,+;-4+H!2--2,FX!K73+,.;6!^2;6!{4(;-.A4+6?!@CD!9)(12!(8-)4+2F!,4.6.6!8E32-+?!

UE4.1!N#B!"MNW?!<--E6h]]qqq!?=6/!?(40]!34,!H!"MN#!H!+)(12!H!(8-)4+2F!H!,4.6.6H!8E32-+P?!9-!*86Q8'28!

=(.6!3+!K2.!"MNWB!1+!37E24-+=+;-!3+!67,84.-7!+-!684+-7!3+6!R2-.(;6!I;.+6!2!37;(=)47!+;5.4(;!

%$%!.;,.3+;-6!3+!67,84.-7B!3(;-!NjW!1.76!28Z!,(;/1.-6!24=76B!jM!1.76!28Z!-+;6.(;6!E(1.-.Q8+6B!NO#!1.76!

28Z! 476.6-2;,+6! 3+6! ,(==8;28-76! .;,182;-! 1+6! 3.//74+;-+6! 2--2Q8+6! E+4E7-47+6! ,(;-4+! 1+6!

.;6-2112-.(;6!+-!1+6!7Q8.E+6!3+!12!4.E(6-+B!+-!"O!1.76!28Z!,4.=+6!(8!5(16!JT18;02!S21+;02!+-!21?B!"MNWP?!

9-!1(46Q8'(;!,(=E24+!1'7E.37=.+!2,-8+11+!28!R(43!S.58!+-!T-84.!:!,+11+!3+!1'7E.37=.+!3+!1'U/4.Q8+!

3+!1'n8+6-!Jc8.;7+B!&.)74.2!+-!̂ .+442!&+(;+PB!;(86!5(b(;6!).+;!Q8+!1+!37/.!=2*+84!28!,(846!3+!,+--+!
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7E.37=.+!+6-!1'.;67,84.-7!684-(8-!25+,!12!E476+;,+!3'8;+!,+;-2.;+!3+!04(8E+6!24=76!4+)+11+6!32;6!

12!470.(;!J/.084+!"$P?!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !

{.084+!$M?!`2)1+28!,(=E242-./!3+!1'7E.37=.+!38!R(43!S.58!+-!T-84.B!+;!C@DB!:!,+11+!3+!1'U/4.Q8+!3+!

1'n8+6-!Jc8.;7+B!&.)74.2!+-!^.+442!&+(;+PB!;+8/!=(.6!2E4A6!1+!37)8-!3+!1'7E.37=.+!JK.;.6-A4+!3+!12!

^2;-7!3+!12!C@DP?!

!

@2;6!8;!E2b6B!,(==+!12!C@DB!(Y!1+!,1.=2-!E(1.-.Q8+!3+=+84+!+;,(4+!.;,+4-2.;B!.1!/28-!,42.;34+!

Q8'8;+! -+11+! 6.-82-.(;!28-(84!3+! 1'7E.37=.+!3+! 12!=2123.+!:!5.486!9)(12! 6(.-! 47,8E747+!E24! 1+6!

04(8E+6!24=76!:!3+6!/.;6!E(1.-.Q8+6?!
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&+6!3(;;7+6!7E.37=.(1(0.Q8+6!3+!,+--+!7E.37=.+B!+;-4+!U(V-!"MN#!+-!K2.!"MNWB!475A1+;-!8;+!

280=+;-2-.(;! 3+6! ,26! JE4()2)1+6! +-! ,(;/.4=76P! ,(;67,8-.5+! :! ,<2Q8+! E4.;,.E21! 757;+=+;-!

5.(1+;-B!;(-2==+;-!h!1+!=2662,4+!3+6!,.5.16!:!G+;.!+;!^+E-+=)4+!"MN#B!1+6!5.(1+;,+6!E+;32;-!12!

E74.(3+!71+,-(421+!+;!@7,+=)4+!"MN#!+-!1+6!.;,+;3.+6!3+6!,+;-4+6!3+!-42.-+=+;-!+;!{754.+4!"MNW!

J/.084+!"%P!JT18;02!S21+;02!+-!21?B!"MNWP?!

!

!!! !

{.084+!$N?!95(18-.(;!3+6!,26!3'.;/+,-.(;!28!5.486!9)(12!32;6!1+6!7E.,+;-4+6!=2*+846!+;!42EE(4-!25+,!

1+6!E4.;,.E28Z!.;,.3+;-6!5.(1+;-6B!28!R(43!S.58!+-!T-84.B!+;!C@D!J232E-7!3+!T18;02!S21+;02!+-!21?B!

"MNWP!
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U8!=(=+;-!(Y! 1+6!+//(4-6!,(;6.3742)1+6!6(;-! /(84;.6!E(84!2=71.(4+4! 12!,(112)(42-.(;!+;-4+! 1+6!

7Q8.E+6! 3+! 12! 4.E(6-+! +-! 12! ,(==8;28-7! 1(,21+B! 3+6! .;,.3+;-6! .6(176! E+46.6-+;-! +;,(4+! 25+,!

47,+==+;-! 1'.;,+;3.+!3'8;!57<.,81+!:!G+;.!2EE24-+;2;-!:! 1'7Q8.E+!3+! 12! 4.E(6-+!,<2407+!3+! 12!

E475+;-.(;! +-! ,(;-4g1+! 3+! 1'.;/+,-.(;! J<--E6h]]2,-821.-+?,3]"MNW]Mj]"f]43,H<8.-H28-+846H

E4+68=+6H3+H1.;,+;3.+H38;H5+<.,81+H3+H12H4.E(6-+H,(;-4+H+)(12H28ZP?!!

`(86!,+6!757;+=+;-6!37=(;-4+;-!Q8+!12!3.=+;6.(;!6(,.(H,81-84+11+!3(.-!(,,8E+4!8;+!E12,+!3+!

,<(.Z!32;6!1'712)(42-.(;!3+6!6-42-70.+6!E(84!1+!,(;-4g1+!3+!,+--+!7E.37=.+!Q8.!,(;-.;8+!:!E4+;34+!

3+6!21184+6!.;Q8.7-2;-+6?!9-!-2;-!Q8+!;(86!;'284(;6!E26!()-+;8!8;!+;020+=+;-!,(==8;28-2.4+!

,(;67Q8+;-B!.1!;(86!6+42!3.//.,.1+!3+!6-(EE+4!,+--+!7E.37=.+!32;6!,+--+!470.(;?!!

9:N:'0'(%-&$#'(!

D+6! -42528Z!3+! -<A6+!E+4=+--+;-!3+!,(=E4+;34+!Q8+!=21047! 12!E476+;,+!3d2;-.,(4E6!38!5.486!

9)(12B!1+!4g1+!3+6!,<285+6H6(84.6!+;!-2;-!Q8d+6EA,+!476+45(.4!4+6-+!/1(8B!,24!12!37-+,-.(;!3+!1dUCR!

5.421!3+=+84+!+;,(4+!-4A6!424+?!9;!(8-4+B!1(46Q8+!;(86!,(=).;(;6!1+6!47681-2-6!684!1+6!E4.=2-+6!

;(;!<8=2.;6!3+!;(-4+!7-83+!+-!,+8Z!3d7-83+6!E47,73+;-+6B!;(86!4+=24Q8(;6!Q8+!1+6!2;-.,(4E6!

2;-.H5.486!9)(12!;+!6(;-!E26!47E2;386!E24=.!1+6!E4.=2-+6!;(;!<8=2.;6B!,+!Q8.!,(;/.4=+!Q8+!1+6!

E4.=2-+6!;(;!<8=2.;6!;+!6(;-!E26!3+6!+6EA,+6!476+45(.46?!&+6!-+,<;.Q8+6!3+!67Q8+;k20+!=.6+6!

+;!E12,+!;(86!E+4=+--+;-!3+!47E(;34+!+//.,2,+=+;-!:!,+4-2.;6!E4()1A=+6!3+!62;-7!E8)1.Q8+B!-+16!

Q8+!h!.3+;-./.+4!1+6!,<2.;+6!3+!-42;6=.66.(;!+-!75218+4!1+6!(8-.16!3+!3.20;(6-.,B!1+!-42.-+=+;-!+-!1+6!

,2;3.32-6! 52,,.;6! 8-.1.676B! -(8-! 28! 1(;0! 3+! ,+--+! 7E.37=.+! Q8.! 675.-! 2,-8+11+=+;-! +;! C@D?!

R72;=(.;6B!25+,!12!/47Q8+;,+!,4(.662;-+!3+6!7E.37=.+6!3+!5.486!9)(12B!-4(.6!7E.37=.+6!+;!8;+!

2;;7+! +;! C@DB! .1! 3+5.+;-! +Z-4p=+=+;-! 840+;-! 3d.3+;-./.+4! 1+! (8! 1+6! 476+45(.46! 2;.=28Z! +-! 3+!

,(=E4+;34+!1d7,(1(0.+!3+6!5.486!9)(12B!,24!,'+6-!1+!6+81!=(b+;!E(84!E475+;.4!3+!=2;.A4+!+//.,2,+!

1+6!7E.37=.+6!/8-84+6?!
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9:O:'P.+$2.%/#5.$!

&+6!E+46E+,-.5+6!3+!,+!-4252.1!6(;-!E4.;,.E21+=+;-!(4.+;-7+6!5+46!1'.3+;-./.,2-.(;!3+6!476+45(.46!

3+6!5.486!9)(12!+-!12!,(=E47<+;6.(;!38!4g1+!3+!12!/28;+!628520+!32;6!12!-42;6=.66.(;!3+!,+--+!

=2123.+!:!1'<(==+?!e8!1'7-+;38+!3+!12!C@DB!1+!;(=)4+!3'2;.=28Z!E471+576!+-!1+!;(=)4+!3+!6.-+6!

+ZE1(476!28!,(846!3+!,+6!3.//74+;-+6!+;Q8p-+6!6(;-!+;,(4+!/2.)1+6?!9;!E186B!12!C@D!2!,(;;8!3.Z!

7E.37=.+6!3+E8.6!NWOj!Q8.!(;-!-(8,<7!NM!E4(5.;,+6!684!1+6!"j?!R(86!E475(b(;6!E4+=.A4+=+;-!3+!

E(8468.54+!;(6!+;Q8p-+6!32;6!12!/28;+!628520+!+;!6+!/(,21.62;-!684!1+6!,<285+6H6(84.6B!,2;3.32-6!

476+45(.46! E(-+;-.+16B! +;! 280=+;-2;-! 1+! ;(=)4+! 3+! E471A5+=+;-6! +-! 12! 3.5+46.-7! 3'+6EA,+6!

J/480.5(4+6!+-!.;6+,-.5(4+6PB!+-!+;!,.)12;-!1+6!6.-+6!Q8.!(;-!37*:!7-7!-(8,<7+6!E24!1+6!7E.37=.+6!3+!

12!=2123.+!:!5.486!9)(12?!D+--+!2,-.5.-7!,(;6-.-8+42!8;+!7-2E+!E.1(-+!E(84!12!=.6+!+;!E12,+!3'8;!

6b6-A=+!3+! 6845+.112;,+! 3+! 12! /28;+! (4.+;-7! 684! 1+6! +6EA,+6! ,(;;8+6! ,(==+! 476+45(.46B! <g-+!

.;-+4=73.2.4+6!(8!5+,-+846!3+6!=2123.+6!J,<285+6H6(84.6B!E4.=2-+6!;(;!<8=2.;6B!4(;0+846B!+-,?P?!

@+8Z.A=+=+;-B! ;(86! 211(;6! ,(;,+;-4+4! ;(6! +//(4-6! E+;32;-! 1+6! E74.(3+6! 7E.37=.Q8+6! +;! 6+!

/(,21.62;-!E24-.,81.A4+=+;-! 684! 1+6! ,<285+6H6(84.6!2.;6.!Q8+! -(8-+!,24,266+!3'2;.=28Z!3+!=(4-!

686E+,-+! 4+-4(857+!+;! /(4p-!(8!:!E4(Z.=.-7!3+6!<2).-2-.(;6?!9;/.;B! 684!)26+!3+6! ,(=E7-+;,+6!

2,Q8.6+6B!;(86!,(=E-(;6!375+1(EE+4!8;!476+28!3+!6845+.112;,+!+-!37-+,-.(;!42E.3+!3+!;(85+11+6!

7=+40+;,+6B!9)(12!(8!28-4+6!=2123.+6B!2.;6.!Q8'8;!,+;-4+!3+!07;(=.Q8+!E(84!12!,242,-74.62-.(;!

3+!3.//74+;-6!E2-<(0A;+6!4+6E(;62)1+6!3+6!7E.37=.+6!+;!C@D?!
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Q;1R=HS;THRK!">!1;!TU>S>!

P&?-#%,/#'($!$%#.(/#@#C&.$!

N?! @+!Rb6!sKB!V?,-,!L#(A.?.(#!PB!S+.-2!USB!G8-+1!DB!`<284.0;2,!cB!e.112)(;2HU4+;26!DLB!`<(=26!

&+=24,.6B!K24+! c+42+4-6B! R.,(1+! e.321B! U=2;3.;+! 96-+)2;B! K2-<.+8! G(84024+1B! {42;k(.6! C(0+4B! {2).2;!

&++;3+4-_B! C2=232;! @.211(B! ^.=(;Ha.+44+! R3.=)(HS8=80(B! L86-86! R6.(HK)+-2B! R.FF.! `200B! &2=.;+!

S(.5(08.B!U)3(812b+!`(84+B!94.,!@+12E(4-+B!^-+5+!U<8F2HK8;3+F+B!L+2;HL2,Q8+6!K8b+=)+!`2=/8=B!9.-+1!

KE(83.HR0(1+B! U<.3*(! Ub(8)2B! K24-.;+! a++-+46?! ^845+b! (/! 9)(12! 5.486+6! .;! /480.5(4(86! 2;3!

.;6+,-.5(4(86!)2-6!.;!c8.;+2B!D2=+4((;B!2;3!-<+!@+=(,42-.,!C+E8)1.,!(/!-<+!D(;0(B!"MNf>

"MNO?!><.+A!H(@.%/!"#$?!"MN#!@+,!|#23)'6"3)#}?!<--E6h]]3(.?(40]NM?$"MN]+.3"%N"?N#MO%M?!

"?! U<.3*(!Ub(8)2B! ^-+5+!U<8F2HK8;3+F+B! D<4.6-+11+! G8-+1B!P-,%#4.!V?,-,! L#(A.?.(#B! ^+5+4.;!

&(81B! R.FF.! `200B! D<4.6-.2;HL81.2;! e.112)(;2HU4+;26B! U834+b! &2,4(.ZB! ^.=(;Ha.+44+! R3.=)(H

S8=80(B!U1E<2!S?!S+.-2B!U)3(812b+!`(84+B!9==2;8+1!D(82,bHsb=2;;B!^+)26-.+;!D215.0;2,H

^E+;,+4B! {2).2;! s?! &++;3+4-_B! a.+44+! {(4=+;-bB! 94.,! @+12E(4-+B! L+2;HL2,Q8+6! K8b+=)+H

`2=/8=B!9.-+1!KE(83.!R0(1+B!2;3!K24-.;+!a++-+46?!9Z-+;6.5+!^+4(1(0.,21!^845+b!(/!K81-.E1+!

U/4.,2;!R(;<8=2;!a4.=2-+!^E+,.+6!C+5+216!&(q!a4+521+;,+!(/!T==8;(01()81.;!c!U;-.)(3.+6!

-(! %! 9)(12! e.486! ^E+,.+6.T6.! W'&+(,-! '@! H(@.%/#'&$! "#$.,$.$~! "MNW! X! ooJooP! hN>NM?! @nTh!

NM?NMW$].;/3.6]*._MMj?!

$?! P-,%#4.!V?,-,!L#(A.?.(#B!D<4.6-.2;HL81.2;!e.112)(;2HU4+;26B!R.,(1+!e.321B! L2,Q8+6! &.F(/2-2B!

L86-86! R6.(HK)+-2B! ^<+.12! K2F.212HK2;32;32B! @2;.+1! K8F23.B! a2-4.,F! K8F23.B! D<241+6!

S8=2F2=)2B!G2-<+!@*(F(1(B!U<.3*(!Ub(8)2B!94.,!@+12E(4-+B!K24-.;+!a++-+46B! L+2;HL2,Q8+6!

K8b+=)+!`2=/8=B!^-+5+!U<8F2!K8;3+F+?!C2E.3!,(;/.4=2-.(;!(/!-<+![2.4+!9)(12!e.486!.;!-<+!

(8-)4+2F! (/! -<+! 9Q82-+84! E4(5.;,+! .;! -<+!@+=(,42-.,! C+E8)1.,! (/! D(;0(h! .=E1.,2-.(;6! /(4!

E8)1.,! <+21-<! .;-+45+;-.(;6?! 0-#(#%,-! H(@.%/#'&$! "#$.,$.$B! ,.bf"OB!

<--E6h]]3(.?(40]NM?NMW$],.3],.bf"O?!a8)1.6<+3h!"W!L8;+!"MN#?!

%?! P-,%#4.! V?,-,BL#(A.?.(#B! D2-<+4.;+! G! a42--B! K.,<2+1! C! w.1+bB! K(8662! K! @.20;+B! ^<+.12!

K2F.212HK2;32;32B!U=84.!U_._2B!R.,<(126!@.!a2(12B!L(6+E<!U!D<.--bB!K2=23(8!@.(EB!U<.3*(!
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Ub(8)2B!R.,(1+!e.321B!n86=2;+!{2b+B!n8=24!{2b+B!^-(4=b!S24<+=+4+B!U24(;!U48;2B!L86-86!

R6.(B!{+1.Z!K812;08B!@2;.+1!K8F23.B!a2-4.,F!K8F23.B!L(<;!S(=)+B!U;26-26.+!K818=)2B!̂ (E<.+!

@842//(84B! L2,Q8+6! &.F(/2-2B! 91.62)+-<! a8F8-2B! S2-.+! D25.;+66B! K200.+! &! G24-1+--B! L+2;+--+!

c(;_21+_B!̀ .=(-<b!K.;(08+B!̂ <2;=802!̂ (_<2=2;;2;B!̂ -+E<+;!K!c4(66B!c24b!a!̂ ,<4(-<B!L+;6!

s!S8<;B!94.,!{!@(;2136(;B!94.,!@+12E(4-+B!K24.2;(!^2;,<+_H&(,F<24-B!K24-.;+!a++-+46B!L+2;H

L2,Q8+6! K8b+=)+H`2=/8=B! U=23(8! U1E<2! ^211B! c86-25(! a212,.(6B! ^-+5+! U<8F2H

K8;3+F+?!"MN#!9)(12!5.486!3.6+26+!(8-)4+2F!.;!xQ82-+84!a4(5.;,+B!@+=(,42-.,!C+E8)1.,!(/!

-<+! D(;0(h! 2! 4+-4(6E+,-.5+! 0+;(=.,! ,<242,-+4._2-.(;?! XXX:/6.-,(%./:%'<Y#(@.%/#'(!

a8)1.6<+3!(;1.;+!UE4.1!NfB!"MNW!http://dx.doi.org/10.1016/S1473-3099(19)30124-0?!

f?! P-,%#4.!V?,-,BL#(A.?.(#B!U=84.!U_._2B!R.,<(126!@.!a2(12B!K.,<2+1!C!w.1+bB!^<+.12!K2F.212H

K2;32;32B!S2-.+!D25.;+66B!D2-<+4.;+!G!a42--B!L26(;!̀ !&23;+4B!L+//4+b!C!S80+1=2;B!S2412!a4.+-(B!

L(6+E<!U!D<.--bB!a+-+4!U!&246(;B!G4+--!G+.-_+1B!U<.3*(!Ub(8)2B!R.,(1+!e.321B!^-(=b!S24<+=+4+B!

K2=23(8!@.(EB!K(8662!K!@.20;+B!K24-.;!{2b+B!n86=2;+!{2b+B!U24(;!U48;2B!L86-86!R6.(B!

{+1.Z!K812;08B!@2;.+1!K8F23.B!a2-4.,F!K8F23.B!L(<;!S(=)+B!U;26-26.+!K818=)2B!D<4.6-.2;H

L81.2;!e.112)(;2HU4+;26B!91.62)+-<!a8F8-2B! L+2;+--+!c(;_21+_B!K200.+!&!G24-1+--B!^<2;=802!
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I4B?,%!%$&!1;+!<+8,($+!?J!_?2(,,%!_?2(,,%!_?2(,,%!%$&!:;(YM%$p++!7%$!-2?#,?&D1+6!

7?M0,%1(?$6! ($! 3($=+B+! A?2+61)! 9?21;[4%61+2$! _%B?$.N! g2D\! PQ! SFRT.!

;11M6UXX&?(.?2#XGF.GFGQX*FFPFVFHPFPFFFaFE.!

/0$1)! d0=+)! "$=02!_0M1%[e2(#;1)! L(81?2(%! *(YY6)! A%D(%! -%YB%)! L(81?2(%!b$?11)!b?$#?$+;!

-%YB%)! *%(&0! /+(6+$B+2#[3%$6%2%D)! +1! %,.! EFGH.! I:,($(8%,! 72+6+$1%1(?$)!

f(?8;+Y(8%,)!%$&!/%+Y%1?,?#(8%,!7%2%Y+1+26!%$&!-;+(2!"66?8(%1(?$!O(1;!g018?Y+!

($!7%1(+$16!O(1;!4B?,%!L(206!<(6+%6+U!"$!gB6+2]%1(?$%,!:?;?21!*10&D.N!-;+!d%$8+1!

^$J+81(?06! <(6+%6+6! GH! SGGTU! GEZEWGEZZ.! ;11M6UXX&?(.?2#XGF.GFGVX*GRQP[

PFZZSGHTFFGRR[Z.!

/0$1)! d0=+)! %$&! L(81?2(%! b$?11.! EFGV.! I*+2(?06! %$&! :?YY?$! *+o0+,%+! %J1+2! 4B?,%! L(206!

^$J+81(?$.N! -;+! d%$8+1! ^$J+81(?06! <(6+%6+6! GV! SPTU! EQFWQG.!

;11M6UXX&?(.?2#XGF.GFGVX*GRQP[PFZZSGHTFFHRV[F.!

^=+#%Y()!-+1602?)!3%6%D0=(!*%('?)!3%6%;(2?!9((=02%)!3%2D!4!_!3(2%$&%)!",%$!f!:%,%?2)!3%2]($!

/+2$%$&+p)!<%2(%!d!3%$%,?)!+1!%,.!EFFE.!<+]+,?MY+$1!?J!%$!^YY0$?J,0?2+68+$8+!

3+1;?&!J?2!1;+!<+1+81(?$!?J!"$1(B?&(+6!1?!4B?,%!L(206!*0B1DM+!K+61?$!BD!1;+!h6+!?J!

K+8?YB($%$1! 908,+?M2?1+($[4\M2+66($#! /+d%! :+,,6.! 3(82?B(?,.! ^YY0$?,.)! RVSZT)!

VPP�VPa)!EFFE.!;11M6UXX&?(.?2#XGF.GGGGX'.GPRa[FREG.EFFE.1BFEQRH.\.!

^,;+Y! 3+66%?0&()! _%D%! b.! "Y%2%6($#;+)! %$&! :;2(61?M;+2! A.! f%6,+2.! EFGH.! IA(,?](206!

7%1;?#+$+6(6!%$&!^YY0$+!4]%6(?$U!^$6(#;16!J2?Y!4B?,%!L(206!%$&!3%2B02#!L(206N.!

9%1!K+]!3(82?B(?,.!EFGH!9?]`!GPSGGTU!VVPWVQV.!&?(U!GF.GFPaX$2Y(82?PHER!



!

!

!

!

$Nj!

!I^$1+2$%1(?$%,! :?YY(11++! ?$! -%\?$?YD! ?J! L(206+6! EFGa.N.! "88+66+&! 3%D! GZ)! EFGZ.!

;11M6UXX1%,=.(81]?$,($+.?2#X(81][2+M?216X(81]y?$,($+y2+M?21X$+#%1(]+[6+$6+[2$%[

](206+6XY?$?$+#%](2%,+6XOXJ(,?](2(&%+XGFaVX#+$06[+B?,%](206.!

^$1+2$%1(?$%,!*?8(+1D!J?2!^$J+81(?06!<(6+%6+6)!72?34<[Y%(,.!4B?,%!0M&%1+!SHQTU!<+Y?82%1(8!

K+M0B,(8! ?J! :?$#?! S9?21;! b(]0T.! EFGa.!

;11MUXXOOO.M2?Y+&Y%(,.?2#XM?61XEFGaFaFG.HZRGREQ! S%88+66+&! 3%28;! EV)!

EFGZT.!

^$1+2$%1(?$%,!*?8(+1D!J?2!^$J+81(?06!<(6+%6+6)!72?34<[Y%(,.!4B?,%!0M&%1+!SVFTU!<+Y?82%1(8!

K+M0B,(8! ?J! :?$#?! S9?21;! b(]0T! 8%6+! 0M&%1+)! 2+6M?$6+)! 2(6=.! EFGa.!

;11MUXXOOO.M2?Y+&Y%(,.?2#XM?61XEFGaFaFH.HZRaGZa! S%88+66+&! 3%28;! EG)!

EFGZT.!

^$1+2$%1(?$%,!*?8(+1D!J?2!^$J+81(?06!<(6+%6+6)!72?34<[Y%(,.!4B?,%!0M&%1+!SaRTU!<+Y?82%1(8!

K+M0B,(8! ?J! :?$#?! S9?21;! b(]0T! 8%6+! 0M&%1+)! 2(6=! ;+%,1;! O?2=+26.! EFGa.!

;11MUXXOOO.M2?Y+&Y%(,.?2#XM?61XEFGaFZFa.VFGVFEH! S%88+66+&! 3%28;! Ea)!

EFGZT.!

^2O($!<3)!b?8;+2!-<)!e(,6?$!":.!4]?,01(?$!?J!1;+!8D1?8;2?Y+!B!#+$+!?J!Y%YY%,6.!>!3?,!4]?,.!

GZZG`PEUGEaWRR.!;11MUXX&\.&?(.?2#X!GF.GFFQXfAFEHGHPaH!

>%8?B6)!3(8;%+,)!",(6?$!K?&#+2)!<%](&!>.!f+,,)!*%$'%D!f;%#%$()!^%$!:2?M,+D)!"$%!A(,(M+)!K?B+21!

>.!_(JJ?2&)!+1!%,.!EFGV%.!Id%1+!4B?,%!L(206!K+,%M6+!:%06($#!3+$($#?+$8+M;%,(1(6U!"!

:%6+!K+M?21.N!-;+!d%$8+1!Paa!SGFFRPTU!RZaWHFP.!;11M6UXX&?(.?2#XGF.GFGVX*FGRF[

VQPVSGVTPFPaV[H.!

>%;2,($#)! 7.f.)! -.e.! _+(6B+21)! 4.<.! >?;$6?$)! :.>.! 7+1+26)! <.e.! <%,#%2&)! %$&!e.:.! /%,,.! GZZF.!

I72+,(Y($%2D!K+M?21U!^6?,%1(?$!?J!4B?,%!L(206!J2?Y!3?$=+D6!^YM?21+&!1?!h*".N!-;+!

d%$8+1!PPH!SaVaaTU!HFEWH.!;11M6UXX&?(.?2#XGF.GFGVXFGRF[VQPVSZFTZFQPQ[7.!

>%Y+6)!"Y+;!*.)!*;%O$!-?&&)!9($%!3.!7?,,%=)!_,+$$!".!3%26;)!%$&!>?%$$+!3%8&?$%,&.!EFGa.!

I4B?,%](206! <(%#$?6(6! 3%&+! *(YM,+)! :?YM%2%B,+! %$&! A%61+2! 1;%$! 3?,+80,%2!
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!

!

$NO!

<+1+81(?$! 3+1;?&6U! 72+M%2($#! J?2! 1;+! A0102+.N! L(2?,?#D! >?02$%,! GH! SGTU! QH.!

;11M6UXX&?(.?2#XGF.GGaVX6GEZaH[FGa[FZaH[a.!

>+%$!d?0(6)!A2%$1p)!>+$$(J+2!C.!/0%$#)!C%8?0B%!b.!9+B(+)!d%Y($+!b?(]?#0()!_%D%12(!>%D%2%Y%$)!

9%&($+! "B(?,%)! "Y%$&%! L%$61++,%$&1)! +1! %,.! EFGQ.! I^YM,+Y+$1%1(?$! ?J! f2?%&!

*82++$($#!O(1;!4B?,%!K%M(&!<(%#$?61(8!-+616!($!A?2@8%2(%;)!_0($+%.N!"J2(8%$!>?02$%,!

?J!d%B?2%1?2D!3+&(8($+!V!SGTU!GWQ.!;11M6UXX&?(.?2#XGF.RGFEX%',Y.]V(G.RaR.!

>.3.)!3?2]%$)!<+0B+,!L.)!_?0$?$!7.)!9%=?0$+!4.)!f%22(+2+!7.)!3022(!*.)!7+2M+1+!g.)!+1!%,.!GZZZ.!

I^&+$1(J(8%1(?$! ?J! 4B?,%! L(206! *+o0+$8+6! 72+6+$1! %6! K9"! ?2! <9"! ($! g2#%$6! ?J!

-+22+612(%,!*Y%,,!3%YY%,6!?J!1;+!:+$12%,!"J2(8%$!K+M0B,(8.N!3(82?B+6!%$&!̂ $J+81(?$!

G!SGRTU!GGZPWGEFG.!

>?;$6?$!fb)!_(1%0!d_)!_(8;?#?!")!+1!%,.!3%2B02#)!4B?,%!%$&!K(J1!L%,,+D!A+]+2!](206!%$1(B?&(+6!

($!4%61!"J2(8%$!M2(Y%1+6.!-2%$6!K!*?8!-2?M!3+&!/D#!GZaE`QVSPTUPFQ[GF.!

>?;$6?$!4<G)!>?;$6?$!fb)!*(,]+261+($!<)!-0=+(!7)!_+(6B+21!-e)!*%$8;+p!"9)!>%;2,($#!7f.!GZZV.!

I:;%2%81+2(p%1(?$! ?J! %! 9+O! 3%2B02#! L(206! ^6?,%1+&! J2?Y! %! GZaQ! A%1%,! :%6+! ($!

b+$D%.N!"28;!L(2?,!*0MM,)!$?.!GGU!GFGWR.!

>?$%1;%$!*.!-?O$+2)!7(+22+!4.!K?,,($)!<%$(+,!_.!f%068;)!"$1;?$D!*%$8;+p)!*;%2?$!3.!:2%2D)!

3%21($! L($8+$1)! e(,,(%Y! A.! d++)! :;2(61($%! A.! *M(2?M?0,?0)! -;?Y%6! _.! b6(%p+=)!

3%1;+O!d0=O(D%)!A+,(\!b%&080)!K?B+21!<?O$($#)!%$&!*10%21!-.!9(8;?,.!EFFR.!IK%M(&!

<(%#$?6(6! ?J! 4B?,%! /+Y?22;%#(8! A+]+2! BD! K+]+26+! -2%$682(M1(?$[7:K! ($! %$!

g01B2+%=!*+11($#!%$&!"66+66Y+$1!?J!7%1(+$1!L(2%,!d?%&!%6!%!72+&(81?2!?J!g018?Y+.N!

>?02$%,!?J!L(2?,?#D!F!SaTU!RPPFWRPRG.!;11M6UXX&?(.?2#XGF.GGEaX>L^.Qa.a.RPPF.!

>?$+6!34)!*8;0;!">)!"YY%$!fK)!*+%,D!-b)!5%=(!*K)!9(8;?,!*-)!+1!%,.!4\M+2(Y+$1%,!($?80,%1(?$!

?J!4#DM1(%$!2?06+11+!B%16!SK?06+1106!%+#DM1(%806T!O(1;!](206+6!?J! 1;+!4B?,%](206!

%$&! 3%2B02#](206! #+$+2%.! L(206+6.! EFGH`! QUPREFWRE.!

;11MUXX&\.&?(.?2#XGF.PPZFX]QFQEQQZ.!
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!

!

$N#!

>?6+M;!72+68?11)!-2+$1?$!f06;Y%=+2)!K?B+21!A(68;+2)!b+22(!3(%p#?O(8p)!*+1;!>0&6?$)!L($8+$1!

>.!30$61+2.!7?61Y?21+Y!*1%B(,(1D!?J!4B?,%!L(206.!4Y+2#!^$J+81!<(6.!EFGH!3%D`!EGSHTU!

aHVWaHZ.!&?(U!GF.PEFGX+(&EGFH.GHFFRG!

>06106!96(?)!>(YYD!b%M+16;()!*;+(,%!3%=(%,%)!+1!%,.!EFGQ!g01B2+%=!?J!4B?,%!L(206!<(6+%6+!($!

9?21;+2$!<+Y?82%1(8!K+M0B,(8!?J!:?$#?.!-;+!>?02$%,!?J!^$J+81(?06!<(6+%6+6!EFGZ`!

qqSqqTUGWV.!&?(U!GF.GFZPX($J&(6X'(pGFQ!

b%Y($6! "g)! K?O8,(JJ+! >3)! 91(%Y?%[f%(&0! C)! :0$$($#;%Y! "")! e??&! >d)! K+61(J! g.!

:;%2%81+2(61(86!%$&!2(6=!M+28+M1(?$6!?J!_;%$%(%$6!M?1+$1(%,,D!+\M?6+&!1?!B%1[B?2$+!

p??$?6+6! 1;2?0#;! B06;Y+%1.! 48?/+%,1;.! EFGH`GEUGFRWEF.!

;11MUXX&\.&?(.?2#XGF.GFFQX!6GFPZP[FGR[FZQQ[F.!

b%$+2)! >?,(+)! %$&! *%2%;! *8;%%8=.! EFGV.! Ih$&+261%$&($#! 4B?,%U! -;+! EFGR! 4M(&+Y(8.N!

_,?B%,(p%1(?$!%$&!/+%,1;!GE!SGTU!HP.!;11M6UXX&?(.?2#XGF.GGaVX6GEZZE[FGV[FGZR[R.!

b%$#)! >(!/??$)!e+?$!C?0$#!:;%$#)!*0$#O??=!:;?()! >?6+M;!K;?)!%$&!b+0$!/O%!d++.!EFGH.!

I-;+! EFGP[EFGH! 4B?,%! g01B2+%=! ($! e+61! "J2(8%.N! >?02$%,! ?J! f%81+2(?,?#D! %$&!

L(2?,?#D!RH!SRTU!PFRWPGP.!;11M6UXX&?(.?2#XGF.RGVQX'B].EFGH.RH.R.PFR.!

b+$$+&D)!*1+M;+$!f)!A%1?2Y%!f?,%D)!3%2=!b(+;)!_2+#!_2%$&(16)!3?6+6!f%&(?)!K(M,+D!f%,,?0)!

K(6%! 48=+6)! +1! %,.! EFGQ.! I7;%6+! E! 7,%8+B?[:?$12?,,+&! -2(%,! ?J! -O?! L%88($+6! 1?!

72+]+$1!4B?,%!($!d(B+2(%.N!9+O!4$#,%$&!>?02$%,!?J!3+&(8($+!PQQ!SGHTU!GRPaWGRRQ.!

;11M6UXX&?(.?2#XGF.GFHVX94>3?%GVGRFVQ.!

b;%$)!",(!*.)!A.!bO+1+Y($#%!-6;(?=?)!<%](&!d.!/+DY%$$)!f+2$%2&!d+!_0+$$?)!7(+22+!9%B+1;)!

f%2B%2%! b+261(�$6)! C?$! A,++2%8=+26)! +1! %,.! GZZZ.! I-;+! K++Y+2#+$8+! ?J! 4B?,%!

/+Y?22;%#(8! A+]+2)! <+Y?82%1(8! K+M0B,(8! ?J! 1;+! :?$#?)! GZZH.N! -;+! >?02$%,! ?J!

^$J+81(?06!<(6+%6+6!GQZ!S6GTU!*QVW*aV.!;11M6UXX&?(.?2#XGF.GFaVXHGRPFV.!

b(,+D)!3.!7.)!4.!-.e.!f?O+$)!_.!4&&D)!3.!^6%}86?$)!b.!3.!>?;$6?$)!>.!f.!38:?2Y(8=)!A.!302M;D)!+1!

%,.! GZaE.! IA(,?](2(&%+U! "! -%\?$?Y(8! /?Y+! J?2! 3%2B02#! %$&! 4B?,%! L(206+6iN!

^$1+2](2?,?#D!Ga!SGWETU!ERWPE.!;11M6UXX&?(.?2#XGF.GGHZXFFFGRZPFF.!
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!

!

!

$NW!

b(,,(8=!K)!48=,+D!^".!:;%$#+M?($1U!"$!K!M%8=%#+!J?2!8;%$#+M?($1!%$%,D6(6.!>!*1%1!*?J1!EFGR`!Ha!

SPTU!G[GZ.!&?(U!NM?N#j$O]*66?5Mf#?.M$!

b?8;+2!-<)!-;?Y%6!eb)!3+D+2!")!4&O%2&6!*L)!7}}B?!*)!L(,,%B,%$8%!Aq)!+1!%,.!<D$%Y(86!?J!

Y(1?8;?$&2(%,! <9"! +]?,01(?$! ($! %$(Y%,6U! %YM,(J(8%1(?$! %$&! 6+o0+$8($#! O(1;!

8?$6+2]+&! M2(Y+26.! 72?8! 9%1,! "8%&! *8(! h! *! ".! GZaZ`! aVUVGZVWEFF.!

;11MUXX&\.&?(.?2#XGF.GFQPXM$%6.aV.GV.VGZV!

b?2+66%%2!-)!K+YY!3.!4$;%$8+Y+$16!%$&!Y?&(J(8%1(?$6!?J!M2(Y+2!&+6(#$!M2?#2%Y!72(Y+2P.!

f(?($J?2Y%1(86!EFFQ`!EPU!GEaZWZG.!&?(UGF.GFZPXB(?($J?2Y%1(86XB1YFZG!

b6(%p+=)!-.!_.)!7.!4.!K?,,($)!7.!f.! >%;2,($#)!4.! >?;$6?$)!<.!e.!<%,#%2&)! %$&!:.! >.!7+1+26.!GZZE.!

I4$pDY+! ^YY0$?6?2B+$1! "66%D! J?2! 4B?,%! L(206! "$1(#+$6! ($! -(660+6! ?J! ^$J+81+&!

72(Y%1+6.N!>?02$%,!?J!:,($(8%,!3(82?B(?,?#D!PF!SRTU!ZRQWZHF.!

b6(%p+=)!-.!_.)!7.!4.!K?,,($)!".!>.!e(,,(%Y6)!<.!*.!f2+66,+2)!3.!d.!3%21($)!K.!*O%$+M?+,)!A.!>.!f021)!+1!

%,.!GZZZ.!I:,($(8%,!L(2?,?#D!?J!4B?,%!/+Y?22;%#(8!A+]+2!S4/ATU!L(206)!L(206!"$1(#+$)!

%$&! ^#_! %$&! ^#3! "$1(B?&D! A($&($#6! %Y?$#! 4/A! 7%1(+$16! ($! b(=O(1)! <+Y?82%1(8!

K+M0B,(8!?J!1;+!:?$#?)!GZZH.N!-;+!>?02$%,!?J!^$J+81(?06!<(6+%6+6!GQZ!S6GTU!*GQQW

*GaQ.!;11M6UXX&?(.?2#XGF.GFaVXHGRPEG.!

b6(%p+=)!-;?Y%6!_.)!:D$1;(%!7.!e+61)!7(+22+!4.!K?,,($)!7+1+2!f.!>%;2,($#)!%$&!:.!>.!7+1+26.!GZZZ.!

I4d^*"!J?2!1;+!<+1+81(?$!?J!"$1(B?&(+6!1?!4B?,%!L(206+6.N!-;+!>?02$%,!?J!^$J+81(?06!

<(6+%6+6!GQZ!S6GTU!*GZEW*GZa.!;11M6UXX&?(.?2#XGF.GFaVXHGRPGP.!

b0#+,Y%$)!>+JJ2+D!K.)!3(8;%+,!K.!e(,+D)!*0p%$$+!3%1+)!>%6?$!-.!d%&$+2)!f2+11!f+(1p+,)!d%O2+$8+!

A%=?,()! A%;$! -%O+;)! +1! %,.! EFGH.! I3?$(1?2($#! ?J! 4B?,%! L(206! 3%=?$%! 4]?,01(?$!

1;2?0#;! 461%B,(6;Y+$1! ?J! "&]%$8+&! _+$?Y(8! :%M%B(,(1D! ($! d(B+2(%.N! 4Y+2#($#!

^$J+81(?06!<(6+%6+6!EG!SQTU!GGPHWGGRP.!;11M6UXX&?(.?2#XGF.PEFGX+(&EGFQ.GHFHEE.!

b0;$)!>+$6!/.!A(,?](206+6U!"!:?YM+$&(0Y!?J!RF!C+%26!?J!4M(&+Y(?,?#(8%,)!:,($(8%,)!%$&!

d%B?2%1?2D!*10&(+6.!"28;!L(2?,!*0MM,.!EFFa`EFUGP[PVF.!



!

!

!

!

$"M!

b0;$)!>+$6!/)!*1+M;%$!f+8=+2)!-;?Y%6!e!_+(6B+21)!b%2,!3!>?;$6?$)!*10%21!-!9(8;?,)!%$&!

:,%2+$8+!>!7+1+26.!EFGG.!I72?M?6%,!J?2!%!K+](6+&!-%\?$?YD!?J!1;+!A%Y(,D!

A(,?](2(&%+U!:,%66(J(8%1(?$)!9%Y+6!?J!-%\%!%$&!L(206+6)!%$&!L(206!"BB2+](%1(?$6N.!

"28;!L(2?,.!EFGF!<+8`!GHH!SGETU!EFaPWEGFP.!;11M6UXX&?(.?2#XGF.GFFQX6FFQFH[

FGF[FaGR[\.!!

b0;$!>/)!"$&+26+$!b_)!f%(p+!*)!+1!%,.!9?Y+$8,%102+!%$&!&%1%B%6+!8?YM%1(B,+!$%Y+6!J?2!1;+!

1O?!4B?,%!](206!]%2(%$16!1;%1!+Y+2#+&!($!_0($+%!%$&!1;+!<+Y?82%1(8!K+M0B,(8!?J!

1;+!:?$#?!($!EFGR.!L(206+6!!"#&`!VURQVFWZZ.!

b0;$!>/.!4B?,%](206!%$&!Y%2B02#](206!($J+81(?$6.!̂ $U!>%Y+6?$!>d)!A%08(!"*)!b%6M+2!<d)!/%06+2!
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