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" :3"B+.H0R+."B3+-0."4."D."HCH)0+.".K-"*/."+.W*.",0,10)2+3BQ0U*."40W0KC."./"4.*e"

DQ3B0-+.KZ""

:." B+.H0.+" +CK*H." 1.K" D)//30KK3/D.K" 3D-*.11.K" K*+" 13" [3H011." 4.K"I,D@&$&<1"" .-"

B1*K"B3+-0D*10R+.H./-"K*+"1."W0+*K"4."13"W3+0)1.F"13"H31340."U*;01")DD3K0)//.".-"1.K"H)Y./K"

4." 1*--.Z" 7." DQ3B0-+." -+30-." 4.K" W3DD0/K" 3/-0W3+0)10U*.K" Q0K-)+0U*.K" 3Y3/-" B.+H0K"

1;C+340D3-0)/" 4." 13" H31340." 30/K0" U*." 4.K" D3/4043-K" W3DD0/K" 4." -+)0K0RH." 2C/C+3-0)/"

4CW.1)BBCK"B)*+"+.HC40.+"3*e"D)HB10D3-0)/K"B)K-TW3DD0/31.KZ""

:."4.*e0RH."DQ3B0-+.F"U*3/-"\" 1*0F" .K-" D)/K3D+C"3*"W0+*K"',)13"4." 13" [3H011."4.K"

H&.,@&$&<1"Z" 7.-" 32./-" ,0)1)20U*." .K-" \" 1;)+020/." 4;*/." [0RW+." QCH)++320U*." \" CW)1*-0)/"

+3B04.".-"H)+-.11." X*KU*."43/K"jOt"4.K"D3KF"U*0" K.+3"4CD+0-."43/K"D."B3+32+3BQ.Z"8/."

B3+-0." 4." D." DQ3B0-+." 3,)+4." 13" ,0)1)20." 4." D." W0+*KF" K)/" DYD1." 4." +CB10D3-0)/" .-" K3"

K-+*D-*+." B3+-0D*10R+." 30/K0" U*." 1.K" +CB)/K.K" 0HH*/0-30+.K" 4." 1;Ql-." 0/4*0-.K" B3+"

1;0/[.D-0)/Z" '/[0/" 13" 4.+/0R+." B3+-0." 4." D." DQ3B0-+." .K-" */" +3BB.1" K*+" 1;3W3/DC." 4." 13"

+.DQ.+DQ."D)/D.+/3/-"1.K"W3DD0/K"3/-0T',)13Z"

"

" ":.K"+CK*1-3-K".eBC+0H./-3*e"K)/-".eB)KCK"43/K"13"4.*e0RH."B3+-0."4."D.--."-QRK.F"

K)*K"13"[)+H."4;*/"3+-0D1."B*,10CF".-"4."+CK*1-3-K"),-./*K"3*"D)*+K"4."D.K"-+)0K"3//C.KZ""

:3"B+.H0R+."B3+-0."D)++.KB)/4"\"1;3+-0D1."B*,10C"43/K"0,-$'1.*,A*N&$,.,7MF" 0/-0-*1C"

r"5.1.-0)/" )[" H3X)+" /)/.KK./-031" 2./)H0D" +.20)/K" 0/" -Q." W3DD0/03" W0+*K" :0K-.+" K-+30/"

./Q3/D.K"3--./*3-0)/"i0-Q)*-"31-.+0/2"W3DD0/.".[[0D3DY" 0/"H0D.sZ":;3+-0D1.".K-"+.B+)4*0-"

43/K" K3" [)+H." B*,10C." 0/D1*3/-" K.K" B+)B+.K" +C[C+./D.K" ,0,10)2+3BQ0U*.KF" 3DD)HB32/C"

4;*/."0/-+)4*D-0)/".-"4;*/."D)/D1*K0)/"B)*+"H0.*e"D.+/.+"1."D)/-.e-."./-)*+3/-"1;C-*4."

.[[.D-*C.Z":3"4C1C-0)/"4."+C20)/K"D)//*.K"B)*+"3W)0+"C-C"/3-*+.11.H./-"B.+4*.K"B3+" 13"

K)*DQ." W0+31." G>I" ]W3DD0/" 4." -+)0K0RH." 2C/C+3-0)/" [)+-.H./-" 3--C/*C^" 3" B.+H0K" 4."

4CW.1)BB.+"4.K"[)+H.K"3--C/*C.K"4."13"K)*DQ."W3DD0/31.":0K-.+F"/)/"B3-Q)2R/.K"DQ.f"13"

K)*+0K"<*4."0HH*/)4CB+0HC.".-"0/4*0K3/-"4.K"+CB)/K.K"0HH*/0-30+.K".-"*/."B+)-.D-0)/"

3*KK0".[[0D3D.K"U*."1."W3DD0/"4."B+.H0R+."2C/C+3-0)/"DQ.f"13"K)*+0K"AI:AuDZ"

:." 4CW.1)BB.H./-" .-" 13" D3+3D-C+0K3-0)/" 4;*/" D3/4043-" W3DD0/" ,0W31./-"

3/-0W3+0)10U*.".-"3/-0T',)13"K)/-"4CD+0-K"43/K"13"4.*e0RH."B3+-0.Z""

"

" '/[0/F"13"D)/D1*K0)/F"1.K"B.+KB.D-0W.K"4."D."-+3W301F"1.K"+C[C+./D.K",0,10)2+3BQ0U*.K"

.-" 1.K" B+CK./-3-0)/K" )+31.K" )*" 3[[0DQC.K" ./" +3BB)+-" 3W.D" 1." K*X.-" 4." D.--." -QRK.F" K)/-"

+.2+)*BC.K"\"13"[0/"4."D."H3/*KD+0-Z"
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I1$(&"*L&B.&,7$14=&;-"*
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@28C%/3&!(!g!

!

M9!<9+(LM*D!M*A!L+KTLVLS<(+;A!*K!M*A!
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!
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 Vh"



I1$(&"*L&B.&,7$14=&;-"*

 Vj"

\_ M8!B83%5$&!&/!$&.!53/25C5bB%35.&.!

"

:3" W3+0)1." .K-" 1;*/" 4.K" B0+.K" [1C3*e" U*;30-" D)//*" 1;Q*H3/0-CZ" (./43/-" B1*K0.*+K"

K0RD1.KF" .11." 3" C-C" +.KB)/K3,1." 4." D./-30/.K" 4." H0110)/K" 4." H)+-K" 43/K" 1." H)/4.Z" :3"

W3+0)1." .K-" D3*KC." B3+" 1." W0+*K" 4." 13" W3+0)1.F" U*0" 3BB3+-0./-" 3*" 2./+."[$(=,4,D@&$-)Z" =1"

.e0K-."-+)0K"3*-+.K")+-Q)B)eW0+*K"+.KB)/K3,1.K"4."f))/)K.K"B1*K")*"H)0/K"KCWR+.K"DQ.f"

1;Q)HH."E"1."H)/_.YB)e"W0+*K"]G(v>^F"1."D)iB)e"W0+*K"]7(v>^".-"1."W0+*K"4."13"W3DD0/."

]>I7>^Z"7.K"W0+*KF"D)/-+30+.H./-"3*"W0+*K"4."13"W3+0)1.F")/-"4.K"+CK.+W)0+K"3/0H3*e"U*0"

B.*W./-"-+3/KH.--+."13"H31340."\"1;Q)HH.Z"

!Z!Z :3"W3+0)1."

" :3" W3+0)1." .K-" \" D." X)*+F" 13" K.*1." H31340." 0/[.D-0.*K." Q*H30/." U*0" 3" B*" J-+."

C+340U*C."2+aD."\"*/."D3HB32/."H3KK0W."4."W3DD0/3-0)/"H./C."B3+" 1;6G&"K*+"-)*K" 1.K"

D)/-0/./-KF"./-+."!jdj".-"!jLjZ"7;.K-"1)+K"4."13"VVRH."IKK.H,1C."G)/4031.F"1."h"H30"!jhOF"

U*." 13" W3+0)1." [*-" 4CD13+C." )[[0D0.11.H./-" C+340U*C.F" */." B+C40D-0)/" [30-." B3+" '4i3+4"

S.//.+"NOO"3/K"B1*K"-l-"E"r"(="*1''&=&.1(&,'*,A*)#1..4,DE*(="*#,)(*<$"1<A-.*)%,-$7"*,A*(="*

=-#1'*)4"%&")E*#-)(*B"*(="*A&'1.*$")-.(*,A*(=&)*4$1%(&%"*]W3DD0/3-0)/^"sZ"

!Z!Z!Z $0K-)+0U*."

:3"W3+0)1.".K-"*/."H31340."3/D0.//."U*0"+.H)/-."\"1;3/-0U*0-CZ":;32./-"C-0)1)20U*."

4."13"W3+0)1.".K-"1."W0+*K"4."13"W3+0)1.Z"'11."K."-+3/KH.-"40+.D-.H./-"4;Q)HH."\"Q)HH."

B3+" 3C+)K)1" )*" B3+" 1;0/-.+HC4030+." 4;),X.-K" D)/-3H0/CK" .-" /." B)KKR4." 3*D*/" +CK.+W)0+"

3/0H31F"D."U*0"3"B.+H0K"K)/"C+340D3-0)/Z"

:;)+020/." 4." 13" W3+0)1." .K-" 0/D)//*." H30K" 01" K;320-" 4;*/." H31340." 3/D0.//.F"

B+),3,1.H./-" 4*." \" */" 3=,$<,4,D@&$&'1"" 4;)+020/." 3/0H31." U*0" K." K.+30-" 343B-C" \"

1;Q)HH.Z" =1" K.H,1.+30-" U*." 1." W0+*K" 4." 13" W3+0)1." 30-" CH.+2C" 3W.D" 1.K" B+.H0R+.K"

B)B*13-0)/K"32+0D)1.K"]$./4.+K)/"w"G)KKF"!jjj^Z":.K"B+.H0R+.K"-+3D.K"4."W3+0)1.")/-"C-C"

04./-0[0C.K"K*+"4.K"H)H0.K"'2YB-0.//.K"4."13"v>===RH."4Y/3K-0."]!hdO"\"!VdO"3W3/-"SZ7Z^"

.-"K*+"13"H)H0."4*"BQ3+3)/"93HK.K">"]!!dL"3W3/-"SZ7Z^Z"5.K"D3K"4."W3+0)1.")/-"./K*0-."

C-C"4CD+0-K"./"=/4."]!ORH."K0RD1."3W3/-"S7^".-"./"7Q0/."]cRH."K0RD1."3W3/-"SZ7Z^Z"



  
 

 cO"

"

"

"

"

"

9!

4!

Q%=#3&! \!g! A12768.! 3&C37.&-/8/%E.! 0&! $,7B5$#/%5-! 0&! $,%-E&1/%5-! C83! $&! B%3#.! 0&! $8!
B83%5$&Z" I^" =/[.D-0)/" .-" +CB10D3-0)/" 4*" W0+*K" 43/K" 40[[C+./-K" )+23/.K" DQ.f" 1." B3-0./-"
0/[.D-CZ"A^"'W)1*-0)/"4."1;0/[.D-0)K0-C".-"4."13"H0K."./"B13D."4."1;0HH*/0-C"3/-0W3+0)10U*."
./"[)/D-0)/"4*"/)H,+."4."X)*+K"B)K-T0/[.D-0)/Z"]&)*+D."E"]A+.H3/"w"$./4.+K)/F"NOON^^"

"

"



I1$(&"*L&B.&,7$14=&;-"*

 c!"

5RK" 1." v>=RH." K0RD1." 3B+RK" SZ7ZF" 13" W3+0)1." K;C-3,10-" 43/K" -)*-." 1;'*+)B.F" 3W.D" 1."

4CB13D.H./-".-"1;3DD+)0KK.H./-"4.K"B)B*13-0)/KF"4.W./3/-"*/."H31340."./4CH0U*.Z"I"13"

[0/"4*"v>===RH."K0RD1.F")/".K-0H30-"13"W3+0)1."+.KB)/K3,1."4."cOO"OOO"H)+-K"DQ3U*."3//C."

./"'*+)B.Z"IW.D" 13"D)1)/0K3-0)/"4*"/)*W.3*"H)/4."B3+" 1.K"'KB32/)1KF" 1.K"`+3/x30KF" 1.K"

I/2130K".-"1.K"()+-*230KF"13"W3+0)1."3"3*KK0"[30-"4.K"+3W32.K"./"IHC+0U*.F"X*KU*;\"4CD0H.+"

4.K" -+0,*K"3HC+0/40.//.K".-"B3+-0D0B.+"\" 1;.[[)/4+.H./-"4."4.*e"2+3/4.K"D0W010K3-0)/K"E"

1.K"=/D3K".-"1.K"If-RU*.K"]$./4.+K)/"w"G)KKF"!jjj^Z""

!Z!ZNZ 710/0U*.""

:." W0+*K" 4." 13" W3+0)1." 0/[.D-." */0U*.H./-" 1;Q)HH.Z" I*D*/" D3K" 4." -+3/KH0KK0)/"

/3-*+.11." DQ.f" 1." K0/2." ])*" 3*-+." 3/0H31^" B3+" 1;Q)HH." /;3" C-C" +CB.+-)+0C" ]0/[.D-0)/"

.eBC+0H./-31."*/0U*.H./-^Z"7;.K-"D.--."B3+-0D*13+0-C"U*0"3"B.+H0K"4."B)*W)0+"C+340U*.+"

13"H31340."2+aD."\"13"W3DD0/3-0)/Z"

:." HCD3/0KH." B+0/D0B31" 4." -+3/KH0KK0)/" 3" 10.*" B3+" W)0." 3C+0.//."E" 4.K"

2)*--.1.--.K" 4." K310W." D)/-3H0/C.K" K)/-" .eB.D-)+C.K" B3+" 1." H3134." ][02*+." !I^Z" :3"

D)/-3H0/3-0)/"B.*-"C231.H./-"3W)0+" 10.*"B3+"D)/-3D-"40+.D-"3W.D"4.K"K*+[3D.K"K)*011C.K"

]10-.+0.F"WJ-.H./-K^")*"B3+"3C+)K)10K3-0)/"4.K"W0+*K"B+CK./-K"K*+"D.K"),X.-KZ":."/)H,+."

4."D)/-3H0/3-0)/K"K.D)/430+.K".K-".K-0HC"./-+."d".-"!O"B)*+"DQ3U*."0/40W04*"0/[.D-CZ"7."

DQ0[[+." B)*W3/-" W3+0.+" ./" [)/D-0)/" 4.K" D)/40-0)/K" K)D0)TCD)/)H0U*.KF" 4." 13" 4./K0-C" 4."

B)B*13-0)/F"4."13"/3-*+."4*"-.++30/"30/K0"U*."4."13"K30K)/Z"

"

:3" BC+0)4." 4;0/D*,3-0)/" 4*+." ./-+." !O" .-" !c" X)*+KF" 4C130" B./43/-" 1.U*.1" 13"

B.+K)//."/."B+CK./-."3*D*/"K02/."D10/0U*.".-"/;.K-"B3K"D)/-320.*K."]`02*+."!A^Z":."W0+*K"

K." +CB10U*." 3D-0W.H./-" 43/K" 1.K" D.11*1.K" 4." 13" H*U*.*K." +.KB0+3-)0+." .-" 1.K" )+23/.K"

QCH3-)B)nC-0U*.K"][)0.F"+3-.F"H).11.")KK.*K.".-"/q*4K"1YHBQ3-0U*.K^Z"(*0K"*/."K.D)/4."

W0+CH0." .K-" ),K.+WC.F" 1." W0+*K" D0,1." 1.K" /).*4K" 1YHBQ3-0U*.K" 3W3/-" 4;3--.0/4+." 1.K"

)+23/.K" 0/-.+/.K" B3+" 1." KYK-RH." ./4)-QC1031Z" '11." .K-" D3+3D-C+0K-0U*." 4." 13" BQ3K."

4;0/W3K0)/"4."1;Ql-."B3+"1."W0+*K".-"4*+."V"\"c"X)*+KZ""

8/."[)0K"-.+H0/C.F"13"BC+0)4."4;0/D*,3-0)/"130KK."B13D."\"*/."BQ3K."B+CTC+*B-0W.F"

BC+0)4."KYHB-)H3-0U*.".-"D)/-320.*K.Z"'11."K."D3+3D-C+0K."B3+"*/."31-C+3-0)/",+*-31."4."

1;C-3-"2C/C+31"4*"B3-0./-Z":.K"K02/.K"D10/0U*.K"K)/-"B+)DQ.K"4."D.*e"4."13"2+0BB."E"H3*e"4."

-J-.F" [0RW+.F" /3*KC.KF" 403++QC.KF" H3130K.KF" B+)K-+3-0)/F" 4)*1.*+K"H*KD*130+.K" .-" B3+[)0K"

4.K"D)/W*1K0)/KZ"
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!"#$%&'(')'*+,-$.",/'0&'-1&23/.456&'74&8'$/'&/93/.'3..&"/.'0&'-3'+3%",-&:'"#$%&!'!(!)*!

+%$,-.#/!012$31.%4!5!"#$%!6*!7+&.2$34&!5!"#$%&!8!(!9*!,$&-$34&!5!"#$%&!:;!(!:)*!<4&&.221-.#/!

4-!<+2%$&-1-.#/!5!"#$%!';*!2.21-%.24&=!>?#$%24@!ABAC!

!



I1$(&"*L&B.&,7$14=&;-"*

 cV"

7.K"KYHB-lH.K"40KB3+30KK./-"3B+RK"N"\"c"X)*+KF"K*+W0./-"31)+K"DQ.f"1."B3-0./-F"*/."

C+*B-0)/"D*-3/C."B+)2+.KK0W."CW)1*3/-"4."[3x)/"D./-+0[*2."]\"B3+-0+"4."13"[3D.^Z"=1"K;320-"

4."13"BQ3K."C+*B-0W."E".11."4C,*-."B3+"*/"C/3/-QRH.F"3*"/0W.3*"4.K"H*U*.*K.K",*DD31."

.-" )+)BQ3+Y/2C.F" K*0W0" 4;*/" .e3/-QRH." ]W0K32." .-" -+)/D^Z" 7;.K-" \" D." H)H./-" U*." 1.K"

0/40W04*K" K)/-" 1.K" B1*K" D)/-320.*eZ" :;.e3/-QRH." K." 4CW.1)BB." ./K*0-." 4." [3x)/"

D./-+0[*2."K*+"1.K"H.H,+.K"K*BC+0.*+K".-"0/[.+0.*+KZ"#)*-.K"1.K"1CK0)/K"K*0W./-"13"HJH."

CW)1*-0)/"3B+RK" 1.*+"3BB3+0-0)/Z"'11.K"3BB3+30KK./-" -.11."*/."C+*B-0)/"H3D*130+."U*0" K."

-+3/K[)+H."3*"NRH."X)*+"./"B3B*1.K".-"CW)1*./-"./"WCK0D*1.K"X*KU*;3*"cRH."X)*+Z"7.11.KTD0"

K."+.HB10KK./-"31)+K"4;*/"10U*04."-+)*,1."1.*+"D)/[C+3/-"*/"3KB.D-")H,010U*C"4*"dRH."3*"

LRH."X)*+".-"4.W0.//./-"4.K"B*K-*1.KZ"'/[0/"\"B3+-0+"4*"!cRH."X)*+F"D.K"B*K-*1.K"KRDQ./-".-"

13" D+)M-." +.K-3/-."4.H.*+." X*KU*;3*" -+./-0RH." X)*+F" 130KK3/-" K*+" 13"B.3*"4.K" D0D3-+0D.K"

0/4C1C,01.K"][02*+."N^Z":3"D)/-320)K0-C"4*"B3-0./-"40H0/*."3W.D"1;3BB3+0-0)/"4.K"D+)M-.KZ"

:3" KCWC+0-C" 4.K" KYHB-lH.K" 2C/C+3*e" .-" 13" D)/-320)K0-C" 4.K" B3-0./-K" K)/-" 40+.D-.H./-"

10C.K"\"1;C-./4*."4."1;C+*B-0)/Z""

"

:." -3*e"4."H)+-310-C" W3+0." ./" [)/D-0)/"4." 13" [)+H." D10/0U*."4." W3+0)1.Z" :;6G&" 3"

D3-C2)+0KC"h" -YB.K"4."W3+0)1.F"B+0/D0B31.H./-"./" [)/D-0)/"4.K"D3K"),K.+WCK"./" =/4."E" 13"

W3+0)1.")&'"*"$-4(&,'"F"H)40[0C.F")+40/30+."40KD+R-.F")+40/30+."K.H0TD)/[1*./-.F")+40/30+."

D)/[1*./-.F"H3102/.F"QCH)++320U*."B+CD)D.F"QCH)++320U*."-3+40W.Z"

"

:3" W3+0)1." H0/.*+." ]W3+0)13" H0/)+^" D3*KC." B3+" */" W0+*K" 3--C/*CF" ./-+3y/." */."

[)+H."B.*" KCWR+."4." 13"H31340." ]!t"4."H)+-310-C^" D)/-+30+.H./-"\" 13" W3+0)1."H3X.*+."

]W3+0)13"H3X)+^"U*0"B)KKR4."U*3-+."[)+H.K"D10/0U*.K"E"

"

! 13" W3+0)1." )+40/30+."E" .11." +.B+CK./-." jOt" 4.K" D3KZ" :.K" KYHB-lH.K" K)/-"

.KK./-0.11.H./-" 13" [0RW+." K*0W0." 4;*/." BQ3K." C+*B-0W.Z" :." -3*e" 4."H)+-310-C" B)*+" D.--."

[)+H.".K-"B+)B)+-0)//.1"\"1;0HB)+-3/D."4."1;C+*B-0)/".-"W3+0."./-+."!Ot"][)+H."40KD+R-.^"

.-"dO"\"Ldt"][)+H."D)/[1*./-.^Z"

"

! :3"W3+0)1."H)40[0C." ]dt"4.K" D3K^"E" K0H0130+." \" 13" W3+0)1.")+40/30+."H30K" 3W.D"

4.K"KYHB-lH.K"H)0/K"B+)/)/DCK"]B.*"4."1CK0)/K"D*-3/C.K^".-"*/."H)+-310-C"0/[C+0.*+."\"

!OtZ" '11." .K-" .KK./-0.11.H./-" ),K.+WC." DQ.f" 4.K" K*X.-K" 3W.D" */." 0HH*/0-C" B3+-0.11."

]/)-3HH./-"DQ.f"4.K"K*X.-K"4CX\"W3DD0/CK^"



  
 

 cc"



I1$(&"*L&B.&,7$14=&;-"*

 cd"

! :3"W3+0)1."B13-.")*"H3102/."]./W0+)/"dt"4.K"D3K^"E"1.K"1CK0)/K"K."4CW.1)BB./-"

1./-.H./-"H30K"1;0KK*."4."D.--."[)+H.".K-"U*3K0H./-"-)*X)*+K"[3-31.Z"

"

! :3" W3+0)1." QCH)++320U*." ]H)0/K" 4." !t" 4.K" D3K^"E" .11." ./-+3y/." 4.K"

K302/.H./-K"4."13"B.3*".-"4.K"H*U*.*K.KZ"'11.".K-"-)*X)*+K"[3-31.Z"

"

:." -3*e" 4." H)+-310-C" B)*+" 13" W3+0)1." 3" C-C" .K-0HC" \" VO" t" ./" H)Y.//.Z" 7.--."

H)+-310-C".K-"4*."\"4.*e"-YB.K"4."D)HB10D3-0)/K"E"1."B+.H0.+"-YB.".K-"10C"40+.D-.H./-")*"

0/40+.D-.H./-"\"13"40KKCH0/3-0)/"4*"W0+*K"43/K"1;)+23/0KH."31)+K"U*."1."K.D)/4".K-"4M"\"

*/."K*+0/[.D-0)/",3D-C+0.//.Z"5."/)H,+.*e")+23/.K"K)/-"-)*DQCK"E"13"B.3*F"1.K"Y.*eF"1.K"

3+-0D*13-0)/K".-" 1.K")KF" 1."KYK-RH."+.KB0+3-)0+.F" 1."KYK-RH."23K-+)T0/-.K-0/31F"30/K0"U*."1."

KYK-RH." /.+W.*e" D./-+31Z" '/" 1;3,K./D." 4." -+30-.H./-" 3/-0,0)-0U*." .[[0D3D.F" 1.K" 1CK0)/K"

D*-3/C.K"B.*W./-"J-+." 1." [)Y.+"4;0/[.D-0)/K",3D-C+0.//.K"K.D)/430+.KZ"7Q.f" 1.K"B3-0./-K"

U*0" /;)/-" B3K" K*DD)H,C" \" 13"H31340.F" 1.K" KCU*.11.K" D)/KCD*-0W.K" \" 13" W3+0)1." K)/-F" B3+"

)+4+." 4." [+CU*./D." 4CD+)0KK3/-."E" 1.K" D0D3-+0D.KF" 13" DCD0-C" .-" 4.K" 4C[)+H3-0)/K" 4.K"

H.H,+.K"]`.//.+*"(*1.?F"!jhh^Z"

!Z!ZVZ '+340D3-0)/"4."13"W3+0)1.""""

:3" 1*--." D)/-+." 13" W3+0)1." +.H)/-." \" !OOO" 3/K" 3W3/-" SZ7Z" 8/." HC-Q)4." 4."

B+)-.D-0)/" D)/-+." 1;0/[.D-0)/" /3-*+.11." 4." 13" W3+0)1." C-30-" *-010KC." ./" =/4."E" 01" K;320KK30-"

4;0/)D*1.+"4C10,C+CH./-"1."W0+*K"4."13"W3+0)1."K)0-"B3+"0/K*[[13-0)/"/3K31."4."D+)M-.KF"K)0-"

B3+"0/X.D-0)/K"K)*KTD*-3/C."4."[1*04.K"B+C1.WCK"43/K"1.K"1CK0)/K"4."B3-0./-KZ"7."B+)D.KK*K"

4;0HH*/0K3-0)/" 3BB.1C" r"W3+0)10K3-0)/"s" 0/4*0K30-" */." H31340." H)0/K" KCWR+." U*." 1)+K"

4;*/."0/[.D-0)/"/3-*+.11.Z"7.--."B+3-0U*."K;.K-"./K*0-."+CB3/4*."./"IK0."B*0K"./"'*+)B."

4RK"1."v>===RH."K0RD1.F"H30K".11."C-30-"\"1;)+020/."4;*/"-3*e"4."H)+-310-C"B)*W3/-"3--.0/4+."

!"\"NtZ":3"+.DQ.+DQ."4."H)Y./K"4."1*--."D)/-+."13"W3+0)1."K;.K-"0/-./K0[0C."\"13"K*0-."4.K"

-+3W3*e" 4." S.//.+" ]!LjP^Z" 7." 4.+/0.+" 3" B*" 4CH)/-+.+" U*." 4.K" [.+H0R+.K" C-30./-"

B+)-C2C.K" 4." 13" W3+0)1." 3B+RK" 3W)0+" D)/-+3D-C" 13" r"W3+0)1." 4." 13" W3DQ."s" )*" D)iB)e"

]H31340." 4.K" B0K" 4." 1;3/0H31^Z" 7.--." f))/)K." .K-" +.KB)/K3,1." 4;*/." 0/[.D-0)/" DQ.f"

1;Q)HH." 3DD)HB32/C." 4." 1CK0)/K" -+RK" K0H0130+.K" \" D.11.K" 0/4*0-.K" B3+" 13" W3+0)1.F"

B+0/D0B31.H./-"3*"/0W.3*"4.K"H30/KZ" S.//.+"B+C1.W3"4*" 10U*04."43/K" 1.K"B*K-*1.K"4." 13"

H30/" 4;*/." -+3Y.*K." D)/-3H0/C." .-" 1;0/)D*13" \" */" X.*/." 23+x)/Z" 7.1*0TD0" 3" ./K*0-." C-C"

0/)D*1C" 3W.D" 4." 13" H3-0R+." 0/[.D-C." D)/-./3/-" 4." 13" W3+0)1.Z" :;./[3/-" /." -)H,3" B3K""



  
 

 cP"
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!

!"#$%&' (!"! )&*%+,&-./."0-' 1&' 2/' *%&3"4%&' 5/66"-/."0-' 17819/%1' :&--&%;' #$%! &'!

()*+')$' ,'--'%! .)&&/-'! 01$%! +)! 0%'2/3%'! 41/56! +'! 7'$-'! ,)2'5! 89/005! &1-(%'! +)! .)%/1+'!

)0%35! ).1/%! 0%:+'.:! $-! :&9)-(/++1-! &1-()2/-:! ;'5! +:5/1-5! 0$5($+'$5'5! ;<$-'! 5'%.)-('!

/-4'&(:'! 0)%! +'! ./%$5! ;$! &1=01>! ?#)%)9! @'+2'5AB! C)*+')$! 0'/-(! 0)%! D)5(1-! E:+/-F$'!

?GHIJKGLGIA!

!

!

!

!

!

!

!



I1$(&"*L&B.&,7$14=&;-"*

 cL"

H3134.Z"S.//.+"B3+"D.--.".eBC+0./D.F"3"H0K"3*"B)0/-"1."B+0/D0B."4."13"W3DD0/3-0)/"][02*+."

V^Z"7.--."B+3-0U*."K.+3"B+)2+.KK0W.H./-"+CB3/4*."43/K"-)*-."1;'*+)B.".-"13"W3DD0/3-0)/"

3/-0W3+0)10U*."K.+3"*-010KC."43/K"1."H)/4."./-0.+"4RK"1."v=vRH."K0RD1.Z"I"B3+-0+"4."!jPOF"13"

W3+0)1."/."-)*DQ."B1*K"U*."1;I[+0U*.".-"1;IK0.Z"@+aD."\"*/".[[)+-"H)/4031"40+02C"B3+"1;6G&F"

*/."D3HB32/."4."W3DD0/3-0)/".K-"H./C."K*+"-)*K"1.K"D)/-0/./-KZ":."4.+/0.+"D3K"/3-*+.1"

4."W3+0)1.".K-"+.D./KC"./"!jLL"./"&)H310.Z""

:."h"H30"!jhOF"13"W3+0)1.".K-")[[0D0.11.H./-"4CD13+C."C+340U*C."B3+"1;6G&Z"]`.//.+F"

!jhO^Z" :3"B+0H)TW3DD0/3-0)/" 3/-0W3+0)10U*."),1023-)0+." .K-" 31)+K" 3++J-C." ./"`+3/D."4RK"

!jLj".-"1.K"+3BB.1K"K)/-"3++J-CK"./"!jhcF"1.K".[[.-K"K.D)/430+.K"4*K"\"13"W3DD0/3-0)/"C-3/-"

/)/"/C2102.3,1.KZ"5.B*0KF"13"H3/0B*13-0)/"4*"W0+*K"4."13"W3+0)1.".K-"K-+0D-.H./-"0/-.+40-."

.-" -)*K" 1.K" K-)D_K" 4." W0+*K" +C[C+./DCK" 43/K" 1."H)/4.F" K)/-" 4C-./*K" 43/K" 4.*e" D./-+.K"

D)113,)+3-.*+K" 4." 1;6G&"E" 1." r"7./-.+K" [)+" 50K.3K." 7)/-+)1" 3/4" (+.W./-0)/"s" ]757^" \"

I-13/-3"3*e"'-3-KT8/0K".-"1."D./-+."r">.D-)+"s"4."b)1-K)W)"43/K"13"+C20)/"4."<)W)K0,0+K_"

./"9*KK0.Z"]7+3/D.*"(*1.?F"NOONz"$./4.+K)/*"(*1.?F"!jjj^Z"53/K"1.K"3*-+.K"13,)+3-)0+.KF"4.K"

H)4R1.K"B+)-)-YB.KF"H0H3/-"*/."0/[.D-0)/"B3+"1."W0+*K"4."13"W3+0)1.F")/-"C-C"4CW.1)BBCK"

./"*-010K3/-"B+0/D0B31.H./-"1.K"-+)0K"3*-+.K")+-Q)B)eW0+*K"B3-Q)2R/.K"B)*+"1;Q)HH."E"1."

>I7>F"1."7(v>".-"1."G(v>Z"

!Z!ZcZ 9CCH.+2./D."B)-./-0.11."4."13"W3+0)1."

:3"W3+0)1.".K-"D13KKC."32./-",0)1)20U*."0/[.D-0.*e"4."D3-C2)+0."I"B3+"1."757Z"&)/"

*-010K3-0)/" ./" -3/-" U*;3+H." ,0)1)20U*." +.B+CK./-." */" +0KU*." 4;3*-3/-" B1*K" 0HB)+-3/-"

U*;*/." 2+3/4." B+)B)+-0)/" 4." 13" B)B*13-0)/" /;.K-" B1*K" 0HH*/0KC." .-" U*." 1.K" K-)D_K"

H)/403*e"4."W3DD0/K"/."K)/-"B3K"K*[[0K3/-KZ""

:3"W3+0)1." [*-"4CX\"*-010KC."./" -3/-"U*;3+H.",0)1)20U*."3*"v>===RH." K0RD1."B3+"&0+"

S.[[+.Y"IHQ.+K-"43/K" 13"2*.++."U*0")BB)K30-" 1.K"3/2130K"3*e" 0/40./K"4;IHC+0U*."]!LdcT

!LPL^Z"5.K"D)*W.+-*+.K"D)/-3H0/C.K"3W.D" 1."W0+*K"4." 13"W3+0)1.")/-"C-C"40K-+0,*C.K"3*e"

-+0,*K" 0/40.//.K" .//.H0.K" /)/" 0HH*/0KC.KF" U*0" [*+./-" KCWR+.H./-" 3[[30,10.K" B3+"

1;CB04CH0.Z"

(*0K" 13" 4CD)*W.+-." 4;*/" B+)2+3HH." K)W0C-0U*." K.D+.-" 4." H010-3+0K3-0)/" 4." 13"

W3+0)1."\"13"[0/"4.K"3//C.K"jO"]I10,._F"!jjj^"3"0/-./K0[0C"D.--."D+30/-."4."B)KK0,1."H0K."\"

40KB)K0-0)/"4."13"K)*DQ."W0+*1./-."K'<&1"\"4.K"B3YK"r"B)-./-0.11.H./-"B+)10[C+3/-K"s")*"\"

4.K" 2+)*B.K" -.++)+0K-.K" ]7+3/D.* "(* 1.?F" NOON^Z" :;.eT8/0)/" &)W0C-0U*." 3*+30-" B+)4*0-" .-"

K-)D_C"B1*K"4."NO"-)//.K"4."W0+*K"4." 13"W3+0)1."4."!jLV"\"!jjOZ"'/[0/F" 1.K"CWR/.H./-K"



  
 

 ch"



I1$(&"*L&B.&,7$14=&;-"*

 cj"

-+320U*.K"4."NOO!"3*e"'-3-KT8/0K"E"1.K"3--./-3-K"-.++)+0K-.K"4*"k)+14"#+34."7./-.+".-"1.K"

1.--+.K" D)/-3H0/C.K" B3+" 4.K" KB)+.K" 4."L1%&..-)*1'(=$1%&)F" )/-" +./[)+DC" 1;0/U*0C-*4." 4."

D.+-30/.K" 3*-)+0-CK" B)10-0U*.K" )DD04./-31.K" U*3/-" \" 13" B)KK0,010-C" 4;*/" 3D-." -.++)+0K-."

*-010K3/-"*/"32./-"0/[.D-0.*eZ"

'/"NOOVF"1."(+"5040.+"93)*1-".eB10U*30-"43/K"*/"+3BB)+-"U*."1."D)M-"4."B+)4*D-0)/"

B)*+" 1;C10H0/3-0)/"4." 13"H)0-0C"4.K"Q3,0-3/-K"4;*/"_H{F" \" 1;304."4;*/." 3+H.",0)1)20U*."

C-30-".K-0HC"\"!|"]93)*1-F"NOOV^F"D."U*0".K-",0./"./"4.KK)*K"4.K"D)M-K"+.13-0[K"\"*/."3+H."

D)/W./-0)//.11.")*"/*D1C30+.Z"53/K"1."D3K"4."13"W3+0)1.F" 13"BC+0)4."4;0/D*,3-0)/F" 13"[)+-."

D)/-320)K0-C" .-" 1.K" H)Y./K" B+)BQY13D-0U*.KF" -QC+3B.*-0U*.K" .-" 4032/)K-0U*.K" ./D)+."

10H0-CK" 43/K" 1.K" QlB0-3*e" +./4+30./-" +3B04.H./-" 13" K0-*3-0)/" 40[[0D01.H./-" D)/-+l13,1."

43/K"4.K"B3YK"/)/"B+CB3+CKF"D)HH."1."K)/-"13"H3X)+0-C"4.K"B3YK"4*"H)/4.Z""

8/" B13/" W3+0)1." 3" C-C" H0K" ./" B13D." ./" `+3/D." ./" NOOV" 3[0/" 4." 40D-.+" 3*e"

B+)[.KK0)//.1K"4." 13" K3/-C" 13" D)/4*0-."\" -./0+"./"D3K"4."K*KB0D0)/")*"./"D3K"4."W3+0)1."

3WC+C."E"r"C$8-!-8/%5-8$!0&!37C5-.&!H!#-&!6&-81&!B83%5$&"s"]G&S&F"NOOV^Z"=1".K-"4CD+0-"

43/K"4.K"[0DQ.KF"13"K-+3-C20."4."+CB)/K."2+34*C."U*0"K.+30-"*-010KC."./"D3K"4."+CCH.+2./D."

4."13"W3+0)1.F"13"D)/K-0-*-0)/"4;*/."CU*0B."/3-0)/31."4;0/-.+W./-0)/"D)/-+."13"W3+0)1.F"1.K"

KYHB-lH.K"4."13"H31340.F"1."W3DD0/"H0K"\"40KB)K0-0)/"4.K"3*-)+0-CK"K3/0-30+.KF"1.K"D)/-+.T

0/40D3-0)/K" \" 13" W3DD0/3-0)/" 3/-0W3+0)10U*.F" 13" B+0K." ./" DQ3+2." 4.K"H3134.K" 3--.0/-K" )*"

K*KD.B-0,1.K" 4;J-+." 3--.0/-K" B3+" 13" H31340.F" 13" B+0K." ./" DQ3+2." 4.K" K*X.-K" D)/-3D-K"

]B.+K)//.K".eB)KC.K"3*"W0+*K^".-"./[0/"1;)+23/0K3-0)/"4."13"W3DD0/3-0)/"B+)2+.KK0W.Z"

"

8/"+CK.3*"r",0)-)eTB0+3-)e"s"3"C-C"H0K"./"B13D."./"`+3/D."4.B*0K"NOOVF"43/K"1.",*-"

4."B+CB3+.+"3*"H0.*e"1.K"QlB0-3*e"/3-0)/3*e"\"13"K*+W./*."4;*/"D3K"4."W3+0)1.Z"=1"3"C-C"

+C310KC" 4.K" .e.+D0D.K" /3-0)/3*e" B.+H.--3/-" 4;CW31*.+" 1;.[[0D3D0-C" 4.K" 13,)+3-)0+.K"

4;3/31YK.K" 4.K" C-3,10KK.H./-K" W)1)/-30+.KZ" 8/" D./-+." /3-0)/31" 4." +C[C+./D." ]7<9^" 4.K"

)+-Q)B)eW0+*K" W0./-" 4;J-+." 4CK02/C" ]1;8/0-C" 4." W0+)1)20." 4." 1;=/K-0-*-" 4." 9.DQ.+DQ."

A0)HC40D31."4.K"I+HC.K^"B3+" 1;=/K-0-*-"<3-0)/31"4.">.011."&3/0-30+.F"B)*+" K0"/CD.KK30+.F"

W3104.+".-"D)/[0+H.+"1;04./-0[0D3-0)/"4*"W0+*K"4."13"W3+0)1."])*"4;*/"3*-+.")+-Q)B)eW0+*K^"

U*0"B)*++30-"K."-+)*W.+"43/K"*/"CDQ3/-011)/"",0)1)20U*.Z"

'/"B3+311R1.F"*/".[[)+-".K-"[)*+/0"B)*+"4CW.1)BB.+"4."/)*W.3*e"H)Y./K"4."1*--.".-"

4."B+)-.D-0)/".[[0D3D.K"D)/-+."D.--."H./3D."B)-./-0.11.F".-"/)-3HH./-"4.K"W3DD0/K".-"4.K"

3/-0W0+3*eZ" 7.K" /)*W.3*e" W3DD0/K" B)*++30./-" B.+H.--+." 13" W3DD0/3-0)/" 4." K*X.-K"

B+CK./-3/-"4.K" D)/-+.T0/40D3-0)/K" \" 13" W3DD0/3-0)/" 3/-0W3+0)10U*." -+340-0)//.11."E" K*X.-K"
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!"#$%&' (')' *+,&-."/+' 01%' 2&'3/+4&50/67"%$8"! #$%&%'!()! *+',%-'! './! *0!10,-! 203! )&! *)!

4,)(! 253!()!().6!)-70-&'! ,-7)8&+'!40/! *)!9#:;!)-!<+4.5*,=.)!>+1%8/0&,=.)!(.!?%-@%!
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I1$(&"*L&B.&,7$14=&;-"*

 d!"

0HH*/)4C[0D0./-K"]>=$gF"-+30-.H./-K"0HH*/)K*BB+.KK.*+K^F"K*X.-K"3--.0/-K"4."4.+H3-0-."

3-)B0U*.F"4;.DfCH3".-"K*X.-K"3--.0/-K"4;*/."H31340."0/[.D-0.*K.Z""

I0/K0"13"B+.H0R+."H31340."0/[.D-0.*K."D)HB1R-.H./-"C+340U*C."2+aD."\"13"W3DD0/3-0)/F".K-"

+.4.W./*."*/."H./3D."B)-./-0.11."B)*+"1;Q*H3/0-C"]$./4.+K)/*"(*1.?F"!jjj^Z"

!ZNZ =/[.D-0)/"B3+"1."W0+*K"4*"H)/_.YB)e"

'/" !jdhF" 4.*e" CB04CH0.KF" /)/" [3-31.KF" 4;*/." H31340." U*0" +.KK.H,1." \" */."

0/[.D-0)/"\")+-Q)B)eW0+*K"]1CK0)/K"D*-3/C)TH*U*.*K.K"D3+3D-C+0K-0U*.K^F"K)/-"),K.+WC.K"

43/K"4.*e"D)1)/0.K"4."H3D3U*.K"\"7)B./Q32*.Z":.K"3/0H3*e")/-"4CW.1)BBC"4.K"1CK0)/K"

D*-3/C.K"*/."D0/U*3/-30/."4."X)*+K"3B+RK"1.*+"3++0WC."3*e"(3YKTA3K".-"./W0+)/"Ndt"4.K"

K0/2.K")/-"4CW.1)BBC"4.K"K02/.K"D10/0U*.K"4;0/[.D-0)/"]>)/"G32/*K*"(*1.?F"!jdj^Z":."W0+*K"

0K)1C" C-30-" 40[[C+./-" 4.K" 3*-+.K" )+-Q)B)eW0+*K" D)//*K" .-" [*-" /)HHC"H)/_.YB)e" W0+*K"

]G(v>^Z"53/K"1.K"!O"3/K"U*0"K*0W0+./-"D.--."4CD)*W.+-.F"/.*["CB04CH0.K"4."H)/_.YB)e"

)/-"C-C"),K.+WC.K"43/K"4.K"D)1)/0.K"4."K0/2.K"./"D3B-0W0-C"3*e"'-3-KT8/0KF"3*e"(3YKTA3K"

.-"./"`+3/D.Z""

'/"!jLOF"4.K"D3K"Q*H30/K"4."H)/_.YB)e")/-"C-C"),K.+WCK"./"I[+0U*."CU*3-)+031.F"

3*"o3n+.F" 3D-*.11.H./-"9CB*,10U*."5CH)D+3-0U*."4*"7)/2)"]957^" ]`)K-.+*"(*1.?F"!jLN^Z"

5.B*0K" D.--." 43-.F" B1*K" 4." hOO" D3K" Q*H30/K" 4;0/[.D-0)/" B3+" 1."G(v>" )/-" C-C" 4CD13+CKF"

4)/-"cL"3*e"'-3-KT8/0K"./"NOOV".-"B1*K"4."LOO"D3K"K02/31CK"./"957"4*+3/-"D.K"cN"3//C.K"

]9.Y/)14K"w"53H)/F"NO!Nz"&H0-QF"NOOL^Z""

8/."C-*4."KC+)1)20U*."3"B.+H0K"4."H.--+."./"CW04./D."B1*K0.*+K".KBRD.K"4."B.-0-K"

+)/2.*+K"D)HH."+CK.+W)0+K"/3-*+.1K"4*"W0+*K"./"I[+0U*."]CD*+.*01K"4*"2./+."`*/0KD0*+*K"

.-" $.10)KD0*+*KF" +3-K" 2C3/-K" 4*" 2./+." 7+0D.-)HYK^Z" 8/." 0/[.D-0)/" B3+" 1." G(v>" K."

D3+3D-C+0K."B3+"4.K"H3/0[.K-3-0)/K"D10/0U*.K"B+)DQ.K"4."D.11.K"4." 13"W3+0)1.Z":3"BC+0)4."

4;0/D*,3-0)/"4*+."!N"\"!c"X)*+KZ"5.K"KYHB-lH.K"BK.*4)T2+0BB3*e"K)/-"),K.+WCK"DQ.f"1.K"

B3-0./-K"h"\"!N"X)*+K"3B+RK"1;.eB)K0-0)/"3*"W0+*K"]H3*e"4."-J-.F"H3130K.F"[0RW+.^"K*0W0"B3+"

1;3BB3+0-0)/" 4;*/" .e3/-QRH.Z" :.K" 1CK0)/KF" ./" N" K.H30/.KF" K." 4CW.1)BB./-" 4." H3/0R+."

1./-.".-"KY/DQ+)/.F"./"B3B*1.K"U*0"K."-+3/K[)+H./-"./"WCK0D*1.KF"B*0K"./"B*K-*1.K".-"./[0/"

./"D+)M-.K"]`02*+."c^Z""

:;0/[.D-0)/" B3+" 1." G(v>" .K-" D)/K04C+C." D)HH." */." f))/)K." CH.+2./-." .-"

1;0HB)+-3-0)/"4;.KBRD.K".e)-0U*.K"./"B+)W./3/D."4;I[+0U*.F"B)K."*/"B+),1RH."4."K3/-C"

B*,10U*.Z" $.*+.*K.H./-F" 2+aD." \" 13" B+)-.D-0)/" D+)0KC." 0/4*0-.F" ),K.+WC." 1)+K" 4." 13"

W3DD0/3-0)/" 3/-0W3+0)10U*.F" D)/-+." 1.K" 40[[C+./-K" )+-Q)B)eW0+)K.KF" 1.K" H)Y./K"



  
 

 dN"

!

!

!

!

!

!

!

!

!
!

!"#$%&'(')' *+,&-."/+'01%'2&'-/30/45"%$6"!!#$%&%'!()!*+',%-'!()!./&,)-&'!,-0)1&+'!./2!*)!

1%3.%45,26'!*%2'!()!*7+.,(+8,)!()!9::;<!(/-'!*)!-%2(!()!*/!=2/-1)!>!./&,)-&!?!@AB<!./&,)-&!

C!@DB!)&!./&,)-&!E!@F<!GB"!@H%621)!>!@I,-%5)!"#!$%&<!9::;BB!

!



I1$(&"*L&B.&,7$14=&;-"*

 dV"

B+)BQY13D-0U*.K" ]W3DD0/K^" D)//*K" B)*+" 13" W3+0)1." B.*W./-" J-+." 34H0/0K-+CK" B)*+"

B+CW./0+"*/."0/[.D-0)/"B3+"1."G(v>Z"

!ZVZ =/[.D-0)/"B3+"1."W0+*K"4*"D)iB)e"

:." W0+*K" D)iB)e" ]7(v>^" .K-" +.KB)/K3,1." 4;*/." H31340." KB)+340U*." DQ.f" 1.K"

,)W04CKZ" :.K" 1CK0)/K" *1DC+.*K.K" K*+" 1.K" B0K" 4." 13" W3DQ." B.*W./-" J-+." */." K)*+D." 4."

-+3/KH0KK0)/" 4*" W0+*K" 4." 1;3/0H31" \" 1;Q)HH.Z" I*" 4C,*-" 4.K" 3//C.K" LOF" 1." 7(v>" .K-"

4CD)*W.+-"DQ.f"4;3*-+.K"3/0H3*eF"4)H.K-0U*.K".-"43/K"1.K"f))KF"0/[.D-CK"B3+"1.K"+)/2.*+K"

BC+04)H.K-0U*.KF"+CK.+W)0+K"/3-*+.1K"4*"W0+*KZ":.K"0/[.D-0)/K"B3+"1."7(v>"DQ.f"1;Q)HH."

K)/-" K)*W./-"H)4C+C.K" .-" 1)D31.KF" W+30K.H,13,1.H./-" \" 13" K*0-." 4;*/." 2+0[[*+." B3+" */"

DQ3-" D)/-3H0/C" )*" */" +)/2.*+" 4)H.K-0U*.Z" :.K" 1CK0)/K" D*-3/C.K" K*0W./-" 13" HJH."

CW)1*-0)/" U*." 1.K" 1CK0)/K" W3DD0/31.KF" H30K" K)/-" ./" 2C/C+31" B1*K" C-./4*.K" .-" B1*K"

B+)[)/4.K" U*." D.11.K" ),K.+WC.K" 3W.D" 1." W0+*K" 4." 13" W3DD0/.Z" 5.K" 34C/)B3-Q0.K" K)/-"

K)*W./-"),K.+WC.K".-"B3+[)0K"4.K"1CK0)/K"K.D)/430+.K"B.*W./-"3BB3+3y-+.Z"5.K"0/[.D-0)/K"

KYK-CH0U*.K"1C-31.K")/-"C-C"4CD+0-.K"DQ.f"4.K"K*X.-K"0HH*/)4CB+0HCKF"DQ.f"4.K"B3-0./-K"

3-)B0U*.K"]&H0-QF"NOOL^".-"+CD.HH./-"DQ.f"4.K"K*X.-K"0HH*/)D)HBC-./-K"]`3W0.+*"(*1.?F"

NO!!z" @13-f* "(* 1.?F" NO!Oz" $.HH.+* "(* 1.?F" NO!Oz" <0/)W.* "(* 1.?F" NOOjz" >)2.1* "(* 1.?F" NO!!F"

NO!N^Z"9CD.HH./-F"./"`+3/D.F"*/."CB04CH0."4."D)iB)e"3"KCW0"43/K"1."/)+4"4."13"`+3/D.Z"

5.K"B.+K)//.K"B)KKC43/-"4.K"+3-K"4."D)HB32/0."3DQ.-CK"./"3/0H31.+0.F")/-"C-C"0/[.D-C.K"

B3+"1."7(v>Z":.K"B3-0./-K"B+CK./-30./-"4.K"*1DC+3-0)/K"/CD+)K3/-.K"3*"/0W.3*"4.K"H30/K"

.-"4*"D)*"][02*+."d^Z":.K"3/0H3*e"K)/-"4CDC4CK"U*.1U*.K" X)*+K"3B+RK" 1;3DQ3-"]<0/)W.*"(*

1.?F"NOOj^Z":3"4.+/0R+."CB04CH0."./"43-."3"KCW0"\"G*/0DQ"./"I11.H32/."D.--."3//C."]>)2.1*

"(*1.?F"NO!N^F"Q*0-"B.+K)//.K")/-"C-C"D)/-3H0/C.K"B3+"1.*+"+3-"4."D)HB32/0.Z"

:.K"B3-0./-KF"43/K"13"B1*B3+-"4.K"D3KF"K)/-"K)02/CK"B3+"K0HB1."3/-0K.BK0."4.K"B130.K".-"

B+)-.D-0)/" 4.K" *1DC+3-0)/K" B3+" */" B3/K.H./-" 3[0/" 4;CW0-.+" 1.K" D)/-3H0/3-0)/K"

K.D)/430+.KZ" 53/K" D.+-30/K" D3K" 1;*-010K3-0)/" 4;3/-0W0+3*e" ]D04)[)W0+F" &#NcP^" B.*-" J-+."

B+.KD+0-."]K*X.-K" 0HH*/)4CB+0HCK^Z":3"B1*B3+-"4.K"3*-.*+K"CH.--./-" 1;QYB)-QRK."K.1)/"

13U*.11." 1." B)*+D./-32." D+)0KK3/-" 4;0/40W04*K" /)/" W3DD0/CK" D)/-+." 13" W3+0)1." 43/K" 13"

B)B*13-0)/F" .eB10U*.+30-" 1;3*2H./-3-0)/" 4*" /)H,+." 4." D3K" 4;0/[.D-0)/" Q*H30/." B3+" 1."

7(v>Z"'/".[[.-"1.K"0/40W04*K"/;3Y3/-"B3K"C-C"W3DD0/CK"D)/-+."13"W3+0)1.F"/.",C/C[0D0./-"B3K"

4." 13"B+)-.D-0)/"D+)0KC."U*0"4.W+30-"J-+." 0/4*0-."B3+" 1."W3DD0/"3/-0W3+0)10U*."D)/-+." 1.K"

40[[C+./-.K")+-Q)B)eW0+)K.KZ"

"



  
 

 dc"

"

Poxviridae

Orthopoxvirus

Parapoxvirus

Avipoxvirus

Capripoxvirus

Leporipoxvirus

Suipoxvirus

Molluscipoxvirus

Poxviridae

Entomopoxvirinae Chordopoxvirinae

Orthopoxvirus

Parapoxvirus

Avipoxvirus

Capripoxvirus

Leporipoxvirus

Suipoxvirus

Molluscipoxvirus

Poxviridae

Orthopoxvirus

Parapoxvirus

Avipoxvirus

Capripoxvirus

Leporipoxvirus

Suipoxvirus

Molluscipoxvirus

Poxviridae

Entomopoxvirinae Chordopoxvirinae

Orthopoxvirus

Parapoxvirus

Avipoxvirus

Capripoxvirus

Leporipoxvirus

Suipoxvirus

Molluscipoxvirus
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"

Q%=#3&!d!g!Q86%$$&!0&.!?/402)2*8#!

"

"

*.CG1&! +7.&3B5%3! '%./3%I#/%5-!
=75=38C2%F#&!

9#/3&.!2h/&.!%-E&1/7.!

<%3#.!0&!$8!B83%5$&!
i<9+<j!

T#68%-.! )5-0%8$&!
i7380%F#7&j!

9#1#-!

<%3#.!0#!65-Y&kC5b!
i)VS<j!

'D*+.*01K" I[+0U*."4."1;)*.K-F"
I[+0U*."D./-+31."

A%-=&.D!2#68%-.!

<%3#.!0#!15lC5b!
i@VS<j!

9)/2.*+K" '*+)B.F"IK0." @28/.D!B812&.D!8-%68#b!0&!
m55.D!2#68%-.!

<%3#.!0&!$8!B811%-&!
i<9@<j!

=/D)//*" G)/4031." T#68%-.D!$8C%-.D!B812&.D!
I#EE$&.!

<%3#.!0#!186&$C5b!
i@)M<j!

7Q3H.3*e" I[+0U*.F"IK0." 9#1#-!

<%3#.!0&!$,&1/3567$%&!
i*@K<j!

9)/2.*+K" '*+)B." 9#1#-!

K8I$&8#! \!g! M%./&! 0&.! 53/25C5bB%3#.! &/! 18381/73%./%F#&.! 7C%076%5$5=%F#&._!
(+CK./-3-0)/" 4.K" B+0/D0B3*e" )+-Q)B)eW0+*K" *-010KCK" 43/K" 1.K" 13,)+3-)0+.K" .eB.+-K" 3W.D"
1.*+"+CK.+W)0+F"40K-+0,*-0)/".-"Ql-.K"+.KB.D-0[K"]&)*+D."E"=9AI^!

"

"

"



I1$(&"*L&B.&,7$14=&;-"*

 dd"

!ZcZ =/[.D-0)/"B3+"1."W0+*K"4."13"W3DD0/."

:."W0+*K"4."13"W3DD0/."]>I7>^"3"1)/2-.HBK"C-C"D)/[)/4*"3W.D"1."W0+*K"4*"D)iB)eF"

H30K"01"K;320-"./"+C310-C"4."4.*e".KBRD.K"40[[C+./-.KZ"7.--."D)/[*K0)/".K-"4*."3*"[30-"U*."

S.//.+" *-010K30-" 4*" W0+*K" B+C1.WC" K*+" 13" W3DQ." B)*+" W3DD0/.+Z" G30K" 5)i/0.F" ./" !jVj"

]5)i/0.ZF" !jVj^F" 3" 4CH)/-+C" U*." 1." W0+*K" *-010KC" 3*" vvRH." K0RD1." B)*+" 13" W3DD0/3-0)/"

3/-0W3+0)10U*."/;C-30-"B3K"4*"7(v>"H30K"*/"W0+*K"B+)DQ.F"1."W0+*K"4."13"W3DD0/.Z":."W0+*K"

4." 13" W3+0)1.F" 1." W0+*K" 4." 13" W3DD0/." .-" 1." W0+*K" 4*" D)iB)e" K)/-" -+RK" B+)DQ.K"

0HH*/)1)20U*.H./-F" D." U*0" .eB10U*."U*." 13" W3DD0/3-0)/" 3W.D" 1.">I7>")*" 1." 7(v>" K)0-"

.[[0D3D."D)/-+."13"W3+0)1.Z"

:." W0+*K" 4." 13" W3DD0/." 3" C-C" *-010KC" B./43/-" B+RK" 4." NOO" 3/K" D)HH." W3DD0/"

3/-0W3+0)10U*.Z" =1" /;0/4*0-" ./" 2C/C+31" U*;*/." C+*B-0)/" 1)D31." ,C/02/." 3*" K0-." 4." 13"

KD3+0[0D3-0)/Z" 7." W0+*K" 3" C-C" *-010KC" 1)+K" 4." 13" D3HB32/." 4;C+340D3-0)/" H30K" 01" .K-"

D.B./43/-" +.KB)/K3,1."4."U*.1U*.K" +3+.K" D)HB10D3-0)/K"B)K-TW3DD0/31.K" ]W)0+" DQ3B0-+."

cZ!ZVZ"r":.K"D)HB10D3-0)/K"B)K-TW3DD0/31.K"s^Z"

7." W0+*K" .K-" *-010KC" D)HH." H)4R1." 4*" W0+*K" 4." 13" W3+0)1." B)*+" D)HB+./4+." 1."

HCD3/0KH."4;0/[.D-0)/".-"B)*+"13"+.DQ.+DQ."4."D)/-+.TH.K*+.K"HC40D31.K"43/K"13"B1*B3+-"

4.K" 13,)+3-)0+.K" .eB.+-K" 4*" H)/4.Z" =1" .K-" 3*KK0" *-010KC" D)HH." W.D-.*+" W0+31" 43/K" 1."

4)H30/."4."13"W3DD0/)1)20.Z""

c_ @8381/73%./%F#&.!0&.!53/25C5bB%3#.!

" :;32./-"C-0)1)20U*."4."13"W3+0)1.".K-"1."W0+*K"4."13"W3+0)1.Z"=1"3BB3+-0./-"\"13"[3H011."

4.K"I,D@&$&<1""][02*+."P^Z":."-.+H."()e"W0./-"4."1;3/2130K"r"B)D_K"s"U*0"K02/0[0."B*K-*1.KZ"

:3" [3H011." -0./-" K)/" /)H" 4.K" 1CK0)/K" B*K-*1.*K.K" D3+3D-C+0K-0U*.K" 4." 1;0/[.D-0)/" B3+" 1."

W0+*K"4."13"W3+0)1.Z"

" :.K"I,D@&$&<1""K)/-"40W0KCK"./"4.*e"K)*KT[3H011.K"E"1.K"3=,$<,4,D@&$&'1""0/[.D-3/-"

1;Q)HH." .-" 1.K" 3/0H3*e" W.+-C,+CK" ]K3*W32.K" .-" 4)H.K-0U*.K^" .-" 1.K"T'(,#,4,D@&$&'1""

0/[.D-3/-"40[[C+./-K"0/K.D-.KZ""

" :.K" 3=,$<,4,D@&$&'1"" D)HB+.//./-" ./W0+)/" )/f." 2./+.K" W0+3*e" 40[[C+./-K"E"

I1$14,D@&$-)E* F@&4,D@&$-)E* 314$&4,D@&$-)E* G"4,$&4,D@&$-)E* S-&4,D@&$-)E* +,..-)%&4,D@&$-)E*

\1(14,D@&$-)*3"$@&<4,DE*S;-&$$".4,DE*3$,%,<&."4,D*.-*[$(=,4,D@&$-)?**
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!"#$%&'("!)*+,+'-.$/'+%,*+0+12"%$3'&/'4"5%+35+0"&'67&5,%+/"8$&#!
$%&'()*!"!+,+-!
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!

!"#$%&'9':';&0%63&/,<,"+/'35*64<,"8$&'-&3'-&$1'=+%4&3'"/=&5,"&$3&3'2"%<7&3':'>?@'

&,'AA@B!./00*/'!1*!2/')3*4!56('7!608(/)*99'9/6(*!:/8'(*!$;<=-!>!./00*/'!1*!1(&68*4!56('7!
*?8(/)*99'9/6(*!*05*9&@@A!$BB=-!$%&'()*!"!CCC#@&?56('7#&(2-!

+&(*!

<*:D(/0*!1'!+&(*!

.(&8A60*7!:*:D(/0/6(*7!

+&(@7!9/8A(/'?!

E,F

!
96@616G'*!

=6('7!608(/)*99'9/6(*!:/8'(*!

$;<=-!

<*:D(/0*!*?8*(0*!

=6('7!*?8(/)*99'9/6(*!*05*9&@@A!

$BB=-!



I1$(&"*L&B.&,7$14=&;-"*

 dL"

:." 2./+." [$(=,4,D@&$-)" .K-" 1." B1*K" 0HB)+-3/-" ./" W0+)1)20." HC40D31." D3+" D.+-30/K"

)+-Q)B)eW0+*K"K)/-"B3-Q)2R/.K"DQ.f"1;Q)HH."]-3,1.3*"!^"E"1."W0+*K"4."13"W3+0)1.F"1."W0+*K"

4*" H)/_.YB)eF" 1." W0+*K" 4*" D)iB)eF" 1." W0+*K" 4." 13" W3DD0/.Z" :." 2./+." [$(=,4,D@&$-)"

D)HB+./4"3*KK0" 1."W0+*K"4*"D3H.1B)eF" 1."W0+*K"4*"+3,,0-B)eF" 1."W0+*K"4*"Q)+K.B)e".-" 1."

W0+*K"4."1;.D-+)HC10.Z"

NZ!Z &-+*D-*+."4.K"W0+0)/K"

:."W0+*K"4."13"W3+0)1.".K-"*/"2+)K"W0+*K"3Y3/-"*/."[)+H."4.",+0U*."4;./W0+)/"NOO"\"

NdO"/H"4." 13+2."K*+"NdO"\"VdO"/H"4." 1)/2"][02*+."L^Z":3"B3+-0D*1."W0+31."+./[.+H."*/"

/*D1C)n4.")*"D)+.F"./"[)+H."4;Q31-R+."U*0"D)/-0./-"1;I5<"W0+31".-"1.K"/*D1C)B+)-C0/.KZ":."

D)+.".K-"4C10H0-C"B3+"*/."H.H,+3/."CB30KK.".-"./-)*+C"4."4.*e"D)+BK"13-C+3*eZ":."W0+0)/"

.K-" ./[.+HC" 43/K" */." H.H,+3/." .e-.+/." 10B)B+)-C0U*." 4;3KB.D-" 40KD)/-0/*F" 1*0"

D)/[C+3/-" */." K-+*D-*+." 3/-02C/0U*." D)HB1.e.Z" &.1)/" 13"H)+BQ)2./RK." 4." 13" B3+-0D*1."

W0+31.F".11."B.*-"J-+."./W.1)BBC."B3+"*/."K.D)/4."H.H,+3/.".e-.+/."4;)+020/."D.11*130+.Z"

:."2C/)H."4." 13"W3+0)1.".K-"*/" 1)/2",+0/"4;I5<",0D3-C/30+.F"4;./W0+)/"NOO"_B,"D)43/-"

B+RK"4."NOO"B+)-C0/.K"4)/-"D.11.K"/CD.KK30+.K"\"K3"+CB10D3-0)/Z":."DYD1."4."+CB10D3-0)/"4.K"

)+-Q)B)eW0+*K".K-"./-0R+.H./-"DY-)B13KH0U*.".-"+.U*0.+-"B.*"4."[)/D-0)/K"D.11*130+.K"\"

B3+-" D.11.K" 0HB10U*C.K"43/K" 13" KY/-QRK."B+)-C0U*.Z" 7)HH."B)*+" 13"B1*B3+-"4.K" W0+*K" \"

I5<F" 1." 2C/)H."4.K"B)eW0+*K"B+CK./-." \" K.K" .e-+CH0-CK"4.K" KCU*./D.K" +CBC-C.K" ]=#9^"

U*0" D)4./-"B+0/D0B31.H./-"B)*+"4.K"2R/.K"4."W0+*1./D."W3+03,1.KF" K*0W0.K"4;*/.",)*D1."

-.+H0/31.Z" :3" +C20)/" D./-+31." ./" +.W3/DQ.F" .K-" -+RK" D)/K.+WC." .-" D)4." B)*+" 4.K" 2R/.K"

.KK./-0.1K"\"13"+CB10D3-0)/".-"B)*+"4.K"2R/.K"4."K-+*D-*+.Z"

NZNZ 7YD1."4."+CB10D3-0)/"

:."DYD1."4."+CB10D3-0)/"3"C-C"0/-./K0W.H./-"C-*40C"B)*+"1."W0+*K"4."13"W3DD0/.F"H30K"

D.K"4)//C.K"B.*W./-"J-+.".e-+3B)1C.K"3*e"3*-+.K")+-Q)B)eW0+*KZ"

:)+K"4*"DYD1."4;0/[.D-0)/"D.11*130+."U*3-+."-YB.K"40[[C+./-K"4."W0+*K"K)/-"[)+HCK"E"

W0+*K"H3-*+."0/-+3D.11*130+."]=G>^F"W0+*K"0/-+3D.11*130+."./W.1)BBC"]='>^F"W0+*K"./W.1)BBC"

3KK)D0C" \" 13" D.11*1." ]7'>^" .-" W0+*K" ./W.1)BBC" .e-+3D.11*130+." ]''>" )*" '>^Z" =1K" K."

40K-0/2*./-" */0U*.H./-" B3+" 1." /)H,+." 4."H.H,+3/.K" U*;01K" B)KKR4./-" \" 1.*+" K*+[3D."

][02*+."h^Z"

:3" B+.H0R+." C-3B." 4*" DYD1." W0+31" ]`02*+." j^" D)++.KB)/4" \" 1;3--3DQ.H./-" B*0K" \"

1;./-+C."4*"W0+*K"43/K"13"D.11*1.Z"I*"H)0/K"4.*e"HCD3/0KH.K"40K-0/D-K"K)/-"H0K"./"q*W+."
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!

!

!

!

!

!
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!



I1$(&"*L&B.&,7$14=&;-"*

 dj"

B)*+"B.+H.--+." 3*" W0+*K"4;./-+.+"43/K" 13" D.11*1.F" K.1)/"U*;01" K;320KK."4;*/"''>")*"4;*/"

=G>Z":;=G>" 0/[.D-." 13" D.11*1."B3+"*/"HCD3/0KH."4." [*K0)/"3W.D" 13"H.H,+3/." D.11*130+."

3B+RK"U*;*/"D)HB1.e."4."h"B+)-C0/.K"W0+31.K"]INhF"IN!F":dF"I!PF"$NF"@VF"@d".-"Id^"K."K)0-"

[0eC" K*+" */" +CD.B-.*+" ./D)+." 0/D)//*F" K0-*C" \" 13" K*+[3D." 4." 13" D.11*1." ]&H0-QF" NOOL^Z"

9CD.HH./-"01"3"C-C"4CD+0-"*/"/)*W.3*"HCD3/0KH."B)*+"1;./-+C."4.K"=G>"43/K"1."DY-)K)1"E"

1." HCD3/0KH." 4." H3D+)B0/)DY-)K.Z" :.K" =G>" 0/4*0K./-" 13" 4CK)+23/0K3-0)/" 4." 13"

H.H,+3/."B13KH0U*.F"U*0"W3"[)+H.+"4.K"BK.*4)B)4.K"./"0/-.+/310K3/-" 1.K"=G>"43/K"13"

D.11*1." ]G.+D.+" w" $.1./0*KF" NOOh^Z" :;''>F" U*3/-" \" 1*0F" W3" K;3--3DQ.+" \" 13" K*+[3D." 4." 13"

D.11*1." .-" B3+" 1;3D-0)/" 4." 21YD)K3H0/)21YD3/." B+CK./-" \" 13" K*+[3D." 4." 13" D.11*1.F" K)/"

./W.1)BB." .e-.+/." W3" K." +)HB+." 3*" /0W.3*" 4*" B)0/-" 4;3/D+32.F" B*0K" 10,C+.+" 1;=G>Z"

:;./W.1)BB.".e-.+/."W3"+.K-.+"3*-)*+"4." 13"B3+-0D*1."W0+31."U*0" K.+3"30/K0"B+)-C2C."4.K"

3/-0D)+BKZ" 5.K" C-*4.K" 2C/C-0U*.K" )/-" H)/-+C" U*." 1.K" B+)-C0/.K" W0+31.K" IVc" .-" Ad"

]B+)-C0/.K"21YD)KY1C.K^"K)/-"/CD.KK30+.K"B)*+"1."HCD3/0KH."4."+*B-*+."4."13"H.H,+3/."

.e-.+/."4."1;''>Z"'/[0/"1;=G>"10,+."W3"[*K0)//.+"3W.D"13"H.H,+3/."D.11*130+."][02*+."!O^Z"

53/K"1.K"4.*e"D3KF"1."r"D)+."s".K-"+.13+2*C"43/K"1."DY-)K)1"4."13"D.11*1."Ql-."]73+-.+*"(*1.?F"

NOOVz"G)KKF"NOOPz"&./_.W0DQ*"(*1.?F"NOOcz"&./_.W0DQ*"(*1.?F"NOOd^Z"

NZVZ #+3/KD+0B-0)/F"+CB10D3-0)/".-"H)+BQ)2./RK."4.K"B3+-0D*1.K"W0+31.K"

" 8/." [)0K"43/K" 1."DY-)B13KH.F" 1."/*D1C)n4.".-" 1.K"B+)-C0/.K"U*0" 1*0"K)/-"3KK)D0C.KF"

D)HH." 1." D)HB1.e."4." -+3/KD+0B-0)/F" K)/-" -+3/KB)+-CKF" W03"*/" +CK.3*"4."H0D+)-*,*1.KF"

B+)DQ."4*"/)Y3*Z":\F"D)HH./D."13"4.*e0RH."C-3B."4*"DYD1."][02*+."j^F"13"-+3/KD+0B-0)/Z"

:;.eB+.KK0)/"4.K" 2R/.K" W0+3*e" K*0-" */." D3KD34." -.HB)+.11.Z" :.K" 2R/.K" D)43/-" B)*+" 1.K"

B+)-C0/.K" B+CD)D.K" K)/-" -+3/KD+0-K" B3+" 1;I9<"B)1YHC+3K." W0+31." ./" B+.H0.+Z" =1K" D)4./-"

B)*+" 4.K" B+)-C0/.K" /CD.KK30+.K" \" 13" +CB10D3-0)/" 4." 1;I5<" W0+31" .-" B)*+" 4.K"

0HH*/)H)4*13-.*+KZ"5RK"U*."1.K"B+)-C0/.K"B+CD)D.K"K)/-"KY/-QC-0KC.KF"13"H.H,+3/."4*"

/*D1C)n4." K;)*W+." .-" 10,R+." 1;I5<" W0+31Z" :)+KU*." 13" +CB10D3-0)/" D)HH./D.F" D." K)/-" 1.K"

2R/.K" 0/-.+HC4030+.K" U*0" K)/-" 31)+K" -+3/KD+0-KZ" 7.K" 2R/.K" D)4./-" B)*+" 4.K" [3D-.*+K" 4."

-+3/KD+0B-0)/" -3+40[K" .-" K)/-" H)0/K" /)H,+.*e" U*." 1.K" 2R/.K" B+CD)D.KZ" '/[0/F" 13"

-+3/KD+0B-0)/"4.K"2R/.K"-3+40[K"/CD.KK0-."4.K"B+)-C0/.K"B+CD)D.K".-"0/-.+HC4030+.K"30/K0"

U*."13"+CB10D3-0)/"4*"2C/)H."4*"W0+*KZ"7.K"2R/.K"D)4./-"./"2C/C+31"B)*+"4.K"B+)-C0/.K"

4." K-+*D-*+."U*0"W)/-"B.+H.--+." 13" [)+H3-0)/"4."/)*W.11.K"B3+-0D*1.K"W0+31.KF"B)*+"4.K"

[3D-.*+K"4."W0+*1./D."U*0"W)/-"304.+"1."W0+*K"\"CDQ3BB.+"3*"KYK-RH."0HH*/0-30+.".-"B)*+"
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I1$(&"*L&B.&,7$14=&;-"*

 P!"

4.K" ./fYH.K" W0+31.K" U*0" K.+)/-" /CD.KK30+.K" \" 1;0/0-03-0)/" 4." 13" -+3/KD+0B-0)/" 3B+RK"

0/[.D-0)/"4;*/."/)*W.11."D.11*1.Z"

:3"+CB10D3-0)/"4.K"W0+*K"3"10.*"43/K"4.K"+C20)/K"0/-+3D.11*130+.K"3BB.1C.K"r"*K0/.K"

W0+31.K"s" K0-*C.K" 43/K" 1." DY-)B13KH." 4." 13" D.11*1." 0/[.D-C.Z" :.K" B+.H0R+.K" K-+*D-*+.K"

W0+31.K" K)/-" 3BB.1C.K" r"D+.KD./-K"s" ]D+)0KK3/-K" ./" [+3/x30K^Z" '11.K" K;3KK)D0./-" \" 4.K"

B+)-C0/.K" W0+31.K" B)*+" 4.W./0+" 4.K" W0+*K" 0HH3-*+.K" ]=>^Z" :3" -+3/K[)+H3-0)/" 4.K" =>" ./"

=G>" 3*+3" 10.*" 3B+RK" */." C-3B." 4." D)/4./K3-0)/" 4*" /*D1C)n4." W0+31" .-" 4." D10W32.K"

B+)-C)1Y-0U*.K" 4." B1*K0.*+K" B+)-C0/.K" 4." 13" D3BK04." ]G)KK* "(* 1.?F" !jLV^Z" :.K" =G>" K)/-"

31)+K"10,C+CK"4."D.K"*K0/.K"W0+31.K".-"K)/-"-+3/KB)+-CK"X*KU*;\"1;3BB3+.01"4."@)120"B3+"1.K"

H0D+)-*,*1.KZ" :3" H3X)+0-C" 4.K" =G>" .K-" +.1aDQC" B3+" 13" D.11*1." 0/[.D-C." K.*1.H./-"

-3+40W.H./-" 3B+RK" 1YK." D.11*130+." -3/40K" U*;*/." B.-0-." [+3D-0)/" 4.K" =G>" B)*++30-""

+.X)0/4+." 13" H.H,+3/." B13KH0U*." .-" K)+-0+" 4." 13" D.11*1." ./D)+." 0/-3D-." B3+"

,)*+2.)//.H./-" -)*-" K;./W.1)BB3/-" 4." 13" H.H,+3/." D.11*130+.Z" 7." BQC/)HR/." 4."

,)*+2.)//.H./-"\"13"H.H,+3/."B13KH0U*."3"D.B./43/-"C-C"3KK.f"+3+.H./-"),K.+WC".-"

K.*1.H./-" 43/K" */" /)H,+." 10H0-C" 4." -YB.K" D.11*130+.KZ" :." B+0/D0B31" H)4." 4." K)+-0."

B+CD)D."4*"W0+*K"4."13"D.11*1.".K-"B3+"1.",030K"4*"W0+*K"./W.1)BBC"0/-+3D.11*130+.Z"'/".[[.-F"

*/."B3+-0."4.K"=G>"B)*+K*0-"K3"H3-*+3-0)/"0/-+3D.11*130+."4."[3x)/"\"J-+."./+)*1C."43/K"

*/."H.H,+3/.".e-.+/.")*"./W.1)BB."4C+0WC."4*"+CK.3*"($1')T@)120")*"4.K"./4)K)H.K"

]&H0-Q* "(* 1.?F" NOON^Z" 7.K" W0+0)/K" 4.W0.//./-" 31)+K" 4.K" ='>Z" 7.K" 4.+/0.+K" W)/-" H02+.+"

X*KU*;\" 13" H.H,+3/." D.11*130+." .-" [*K0)//.+" 3W.D" D.11.TD0Z" :." W0+0)/" ./W.1)BBC" K."

+.-+)*W." 31)+K" \" 13" K*+[3D." 4." 13" D.11*1.Z" &0" D." W0+0)/" +.K-." 3KK)D0C" \" 13" H.H,+3/."

D.11*130+.F"01"4.W0./4+3"*/"7'>F"./"+.W3/DQ.F"K;01"K."4C-3DQ."4."13"K*+[3D.F"01"4.W0./4+3"*/."

[)+H."''>"0/[.D-0.*K."][02*+."!!^Z""

:;./W.1)BB."4."D.K"''>"D)/-0./-"40[[C+./-.K"B+)-C0/.K"21YD)KY1C.KF"3,K./-.K"K*+"13"

H.H,+3/."4.K" =G>F" -.11.K"U*."AdF"IVVF"IVcF"IdPF" `!V".-"bNF" U*0" B)*+" 13"B1*B3+-" K)/-"

0HB)+-3/-.K" 43/K" 13" [)+H3-0)/" )*" 13" 10,C+3-0)/" 4." 1;''>" ]&H0-QF" NOOL^" 30/K0" U*." B)*+"

1;0/[.D-0)/"4;*/."/)*W.11."D.11*1."]&H0-Q*"(*1.?F"NOON^Z"

" 7Q3D*/."4.K"[)+H.K"W0+31.K"0/[.D-0.*K.K"B+)4*0-.K"3*"D)*+K"4*"DYD1."W0+31"X)*."*/"

+l1." B3+-0D*10.+" 43/K" 13" 40KKCH0/3-0)/" 4*" W0+*KE" 1.K" =G>F" -+RK" +CK0K-3/-K" 43/K"

1;./W0+)//.H./-F" B.+H.--./-" 13" 40KKCH0/3-0)/" 4*" W0+*K" 4;Ql-." \" Ql-.Z" :.K" 7'>" K)/-"

.KK./-0.11.H./-" 0HB10U*CK"43/K" 13" -+3/KH0KK0)/"4." D.11*1."\" D.11*1.Z"'/[0/" 1.K"''>"K)/-"

+.KB)/K3,1.K" 4." 13" 40KKCH0/3-0)/" 4*" W0+*K" DQ.f" 1;Ql-.F" \" 40K-3/D." 4*" K0-." 4;0/[.D-0)/"

]&H0-Q*"(*1.?F"NOON^Z"



  
 

 PN"



I1$(&"*L&B.&,7$14=&;-"*

 PV"

X_ M&.!37C5-.&.!%66#-%/8%3&.!%-0#%/&.!C83!$&.!53/25C5bB%3#.!

" :;CW31*3-0)/"4.K"D)HB)K3/-.K"4."1;0HH*/0-C"0HB10U*C.K"43/K"13"B+)-.D-0)/"D)/-+."

1.K")+-Q)B)eW0+*K"3"C-C"+C310KC."DQ.f"40[[C+./-K"H)4R1.K"3/0H3*e"0HH*/)D)HBC-./-K".-"

0HH*/)4CB+0HCK" ]B+0H3-.K" /)/" Q*H30/KF" K)*+0K^" 1)+K" 4;0/[.D-0)/K" .eBC+0H./-31.KZ"

:;*-010K3-0)/"4."H)4R1.K"3/0H3*e"0HH*/)4CB+0HCK"B)*+"1;C-*4."4."DQ3U*."D)HB)K3/-."

4*" KYK-RH." 0HH*/0-30+." 3" B.+H0K" 4." H.--+." ./" CW04./D." 1." D3+3D-R+." 0HB)+-3/-" 4."

DQ3D*/."4;./-+.".11.KZ""

" 7Q.f" 1;Q)HH.F" 13" D)//30KK3/D."4.K" D)++C13-K" 0HH*/K"4." 13"B+)-.D-0)/"W3DD0/31."

3/-0W3+0)10U*.".K-"-+RK"10H0-C."H30K"1."+l1."D+*D031"4."1;0HH*/0-C"Q*H)+31.".-"D.11*130+."3"

C-C" H0K" ./" CW04./D." 43/K" 1." D3K" 4." D)HB10D3-0)/K" B)K-TW3DD0/31.K" H)+-.11.K" DQ.f" 4.K"

K*X.-K"0HH*/)4C[0D0./-K"]:3/.F"!jPj^Z"

VZ!Z :3"+CB)/K."0HH*/0-30+."Q*H)+31."

" :;C-*4."B+)KB.D-0W."4."G3D_"]G3D_*"(*1.?F"!jLN^"3"H)/-+C"U*."1."-0-+."./"3/-0D)+BK"

/.*-+310K3/-K" .K-" 0HB)+-3/-" B)*+" 13" K*+W0." .-" U*." 1.K" 0/40W04*K" B+CK./-3/-" */" -0-+."

K*BC+0.*+"\"VN"]$8%&4$,;-"*<"*.1*<&.-(&,'^"C-30./-"B+)-C2CK"D)/-+."13"W3+0)1.Z""

"

" :.K" K)*+0K" 4C[0D0./-.K" ./" D.11*1.K" A" B+CK./-./-" */." 0/D3B3D0-C" 4." D130+3/D." 4*"

W0+*K" 1)+KU*;".11.K"K)/-" 0/[.D-C.K"B3+" 1."W0+*K"4."1;.D-+)HC10."]W0+*K" 1C-31"B)*+"13"K)*+0K^"

H312+C" */." 3D-0W0-C" 4." D.11*1.K" #" 75hg" 4C-CD-3,1." ]7Q3*4Q+0* "(* 1.?F" NOOP^Z" 5." B1*KF"

'42Q011T&H0-Q"3"H)/-+C"U*.F"DQ.f"1."H3D3U*."+QCK*KF"13"+CB)/K."Q*H)+31.".K-".KK./-0.11."

B)*+"13"B+)-.D-0)/"W3DD0/31."]'42Q011T&H0-Q*"(*1.?F"NOOd^Z"'/".[[.-F"4.K"K0/2.K"4CB1C-CK"./"

D.11*1.K"A"B+CK./-./-"*/."+CB)/K."Q*H)+31."3/-0TW3DD0/."B1*K"[30,1."3B+RK"*/."0/[.D-0)/"

1C-31."3W.D"4*"G(v>F"/."B.+H.--3/-"B3K" 13"D130+3/D."4*"W0+*K".-"./-+3y/3/-"4.K" 1CK0)/K"

D*-3/C.K" KCWR+.K" X*KU*;\" 13"H)+-" 4." D.+-30/K" 3/0H3*e" ]'42Q011T&H0-Q* "(* 1.?F" NOOd^Z" '/"

+.W3/DQ.F"*/."0/X.D-0)/"4;3/-0D)+BK"KBCD0[0U*.K"\"D.K"3/0H3*eF"3W3/-"*/."0/[.D-0)/"1C-31."

3W.D"4*"G(v>F"B.+H.-"4." +C4*0+." 1.K" KYHB-lH.K"4." 13"H31340." .-" 0/4*0-" */." +CB)/K."

B+)-.D-+0D."DQ.f" -)*K" 1.K"3/0H3*eF"K*22C+3/-"30/K0"U*." 13"+CB)/K."Q*H)+31."KBCD0[0U*."

.K-"4)/D"K*[[0K3/-."B)*+"13"B+)-.D-0)/"W3DD0/31."DQ.f"1."K0/2.Z""



  
 

 Pc"



I1$(&"*L&B.&,7$14=&;-"*

 Pd"

'/[0/F"*/."C-*4."4."7+)--Y"3"H)/-+C"U*." 1." -3*e"4;3/-0D)+BK"KBCD0[0U*.K"4*"W0+*K"4." 13"

W3DD0/."]0HH*/)21),*10/.K"@".-"3/-0D)+BK""/.*-+310K3/-K^"B.+K0K-30-"4.K"4CD.//0.K"DQ.f"

1;Q)HH.F" U*." 1.K" D.11*1.K" A"HCH)0+.K" KBCD0[0U*.K" 4." 13" W3DD0/." C-30./-" D)/K.+WC.K" .-"

[)/D-0)//.11.K" B1*K" 4." dO" 3/K" .-" U*;.11.K" C-30./-" D3B3,1.K" 4;0/4*0+." */." +CB)/K."

3/-0D)+BK"[)+-."3B+RK"*/."+.W3DD0/3-0)/"3W.D"1."W3DD0/"5+YW3e"]7+)--Y*"(*1.?F"NOOV^Z"

VZNZ :3"+CB)/K."0HH*/0-30+."D.11*130+."

A.1Y3_)W"3"H)/-+C"U*."1.K"1YHBQ)DY-.K"#"75cg".-"#"75hg"B.*W./-"B+CW./0+"13"H)+-310-C"

DQ.f"4.K"3/0H3*e"4CB1C-CK"./"D.11*1.K"A".-"0/[.D-CK"3W.D"1."W0+*K"4."13"W3DD0/."]A.1Y3_)W*

"(*1.?F"NOOV^Z"5;3*-+."B3+-F"01"3"H)/-+C"U*."13"4CB1C-0)/"./"D.11*1.K"#"75hg"DQ.f"13"K)*+0K"

/."+CK*1-."B3K"./"*/."3*2H./-3-0)/"4."13"W0+CH0.".-"*/."31-C+3-0)/"4."13"B+)-.D-0)/F"D."

U*0" 0/40U*." U*." 1.K" D.11*1.K" #75hg" /." K)/-" B3K" .KK./-0.11.K" 43/K" 13" B+)-.D-0)/" .-" 13"

D130+3/D."4*"W0+*KF"31)+K"U*;*/."4)*,1."4CB1C-0)/"4.K"D.11*1.K"#"75cg".-"#"75hg"./-+3y/."

*/." [)+-." H)+,040-C" .-" */." 3*2H./-3-0)/" 4." 13" H)+-310-C" 4.K" 3/0H3*e ]kY3--* "(* 1.?F"

NOOcz"v**"(*1.?F"NOOc^Z"53/K"1."D3K"4;*/."0/[.D-0)/"B3+"1."W0+*K"4."1;.D-+)HC10.F"-)*-.K"1.K"

D)HB)K3/-.K" 4." 1;0HH*/0-C" K)/-" /CD.KK30+.KZ" '/" .[[.-F" */." H)+-310-C" 4." !OOt" .K-"

),K.+WC."DQ.f"1.K"3/0H3*e"4CB1C-CK"./"1YHBQ)DY-.K"#"75hg ]7Q3*4Q+0*"(*1.?F"NOOPz"`3/2"

w"&0231F"NOOdz"b3+*B03Q*"(*1.?F"!jjP^Z":.K"K)*+0K"4CB1C-C.K"./"D.11*1.K"#"75cg"K*+W0W./-"\"

1;0/[.D-0)/"H30K"B+CK./-./-"*/."D130+3/D."W0+31."B3+-0.11."]B.+K0K-3/D."4*"W0+*K"43/K" 1.K"
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NO" 3/K^" ]#3/2*"(*1.?F" NOOP^Z"5."B1*KF" 4.K" CB0-)B.K" KBCD0[0U*.K"4.K" D.11*1.K"#"75cg" .-" #"

75hg")/-"B*"J-+."H0K"./"CW04./D."K*+"13"21YD)B+)-C0/."Ad".-"13"B+)-C0/."INL"]#3/2*"(*1.?F"
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Vaccin Souche parentale Produit sur 
capacité à se 

répliquer 
Avantages Inconvénients pays 

EM63 
NYCBH (New York 

City Board of 
Health) 

    URSS, Inde 

Dryvax 
(Wyeth), 

Sanofi Pasteur 
(SPSV) 

NYCBH (New York 
City Board of 

Health) 

Lymphe de 
veau, lésions 
cutanées sur 
génisse ou 

mouton 
OUI 

A l'origine de 
l'éradication de la 

Variole 

Ne respectent 
pas les bonnes 

pratiques de 
laboratoire = 

contamination 
de bactéries ou 
autres agents 
infectieux  - 

Responsables 
de complications 
post-vaccinales 

Amérique et 
Afrique de 

l'Ouest 

Lister Elstree / 
RIVM 

Lister Elstree 
membrane 

chorioalantoïque 
d'œufs 

23 pays 
dont la 
France 

Temple of 
Heaven (Tian 

Tan) 
 -    Chine 

Ikeda Ikeda strain    

trop pathogène       
(20 encéphalites 

/10
6
 primo-

vaccinés/an) 

Japon 
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W3DD0/3-.*+F"1."10.*".-"13"43-."4."W3DD0/3-0)/F"30/K0"U*."1."/)H"4.K"B.+K)//.K"W3DD0/C.KZ"

:3"`+3/D."B)KKC430-"./"NOO!"*/"K-)D_"4."dFd"H0110)/K"4."4)K.K"4."W3DD0/K"()*+U*0.+".-"
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'-3-KT8/0K"B./43/-" 1;C+340D3-0)/^"*-010K3/-"!O" [)0K"H)0/K"4."W0+*K" ]!�1"3*" 10.*"4."!O�1^"

C-30-" 3*KK0" .[[0D3D." U*." 1;34H0/0K-+3-0)/" B3+" W3DD0/)K-Y1." ]`02*+." !c^Z" 7.--." C-*4." 3"

B.+H0K"4."H)/-+.+"U*."1."/)H,+."4."4)K.K"4."W3DD0/K"./"K-)D_"C-30-"!O"[)0K"B1*K"C1.WC"E"
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2C/C+3-0)/" C-30./-" +.KB)/K3,1.K" 4." D)HB10D3-0)/K" B)K-TW3DD0/31.K" ]!" D3K" K*+" !O" OOO^"

B3+[)0K"H)+-.11.K"]G&S&F"NOOV^"H30K" 01K"+.K-./-"./D)+."3D-*.11.H./-" 1.K"K.*1K"W3DD0/K"\"

3W)0+"H)/-+C"1.*+".[[0D3D0-C"D)/-+."13"W3+0)1.Z""

cZ!ZNZ '[[0D3D0-C"W3DD0/31."

:3" B+0K." 4*" W3DD0/" 3/-0W3+0)10U*." K." D3+3D-C+0K." B3+" 1;3BB3+0-0)/" 4;*/." B*K-*1."

r"S.//.+0.//."s"-YB0U*."3*"K0-."4;0/)D*13-0)/"./W0+)/"*/."K.H30/."3B+RK"W3DD0/3-0)/Z":3"

1CK0)/" +.KK.H,1." -+RK" [)+-.H./-" \" D.11." 4." 13" W3+0)1." .-" CW)1*." 4." H3/0R+." K0H0130+."

][02*+."!d^Z"&)*W./-F".11."B.*-"J-+."3DD)HB32/C."4;*/."1C2R+."34C/)B3-Q0."3KK)D0C."\"4."

13" [3-02*." .-" 4." 13" [0RW+.Z" 5)*f." \" W0/2-" X)*+K" 3B+RK" 1;0/)D*13-0)/F" */." D+)M-." ,+*/a-+."

3BB3+3y-" U*0" 130KK." B13D." \" */." D0D3-+0D." ,13/DQ.F" 4CB+0HC." .-" 0/4C1C,01.Z" :;3,K./D."

4;3BB3+0-0)/"4."D.--."+C3D-0)/"D3+3D-C+0K-0U*."B.*-"0/40U*.+"E"K)0-"*/."0HH*/0-C"3DU*0K.F"
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I1$(&"*L&B.&,7$14=&;-"*

 LV"

1."B1*K"K)*W./-"B3+"W3DD0/3-0)/F"U*0"B.+H.-"*/."0/Q0,0-0)/"4."13"+CB10D3-0)/"W0+31."1)D31.F"

K)0-"*/"CDQ.D"4."13"W3DD0/3-0)/Z"

"

:;0HH*/0-C" .K-" 3DU*0K." !N" \" !c" X)*+K" 3B+RK" 13" W3DD0/3-0)/Z" :.K" 3/-0D)+BK"

/.*-+310K3/-K" 3/-0TW3DD0/." ]ID<>I7>^" 0/4*0-K" B3+" 13" W3DD0/3-0)/" 3/-0W3+0)10U*." K)/-"

KBCD0[0U*.K"4*"2./+."[$(=,4,D@&$-)".-"B.+H.--./-"*/."B+)-.D-0)/"D+)0KC."3W.D"1.K"3*-+.K"

)+-Q)B)eW0+*KZ":."K.*01"4;ID<>I7>"/CD.KK30+."\"*/."B+)-.D-0)/".[[0D3D."D)/-+." 1."W0+*K"

4."13"W3+0)1."+.K-."0/D)//*Z"G30K"*/."C-*4."B+)KB.D-0W."130KK."B./K.+"U*;*/"-0-+."C231")*"

K*BC+0.*+"\"VN"]0/W.+K."4."13"401*-0)/^"K*[[0+30-"B)*+"B+)-C2.+"D)/-+."13"W3+0)1."]G3D_*"(*

1.?F"!jLN^Z""

:)+K"4."13"D3HB32/."4;C+340D3-0)/F"jd"t"4.K"B+0H)TW3DD0/CK"B+CK./-30./-"*/"-0-+."

./"3/-0D)+BK"K*BC+0.*+")*"C231"\"!O" ]7Q.++Y*"(*1.?F"!jLL^Z"7." -0-+."B.+K0K-.+30-"B./43/-"

40e"3/K"DQ.f"1.K"B.+K)//.K"3Y3/-"+.x*"*/"+3BB.1".-" X*KU*;\"-+./-."3/K"DQ.f"D.11.K"3Y3/-"

+.x*"4.*e"+3BB.1KZ""

:.K" ID<>I7>" B.*W./-" J-+." ./D)+." B+CK./-K" 43/K" 1." KC+*H" X*KU*;\" K)0e3/-.T

U*0/f." 3/K" 3B+RK" W3DD0/3-0)/F" 31)+K" U*." 13" +CB)/K." D.11*130+." 3/-0W0+31." #TKBCD0[0U*."

4CD10/.+30-"1./-.H./-"3W.D"*/."4.H0TW0."4."Q*0-"\"U*0/f."3/K"]$3HH3+1*/4*"(*1.?F"NOOV^Z"

:3"H.011.*+."B+.*W."4."1;.[[0D3D0-C"4."D.K"W3DD0/K"3/-0W3+0)10U*.K"4."B+.H0R+."2C/C+3-0)/"

+.K-." 1." +CK*1-3-" 4." 13" D3HB32/." H)/4031." 4." W3DD0/3-0)/" H./C." B3+" 1;6G&" 3W.D" 13"

40KB3+0-0)/"4."D.--."H31340.Z"

cZ!ZVZ :.K"D)HB10D3-0)/K"B)K-TW3DD0/31.K"E""

" 5.K"D)HB10D3-0)/K"B)K-TW3DD0/31.K"]`02*+."!P^")/-"C-C"+3BB)+-C.K"43/K"*/"D.+-30/"

/)H,+." 4." D3KZ" '11.K" K)/-" B.*" /)H,+.*K.KF" K)*W./-" 0/D3B3D0-3/-.KF" B3+[)0K"H)+-.11.KZ"

:.K"B+0/D0B31.K"+C[C+./DC.K"K)/-"D0-C.K"D0T3B+RK"]G&S&F"NOOV^E""

"

! :.K"0/)D*13-0)/K"K.D)/430+.K"K)/-"1.K"D)HB10D3-0)/K"1.K"B1*K"[+CU*./-.K"]!"D3K"

K*+"NOOO^Z"'11.K"D)/K0K-./-"./"13"-+3/KH0KK0)/"4*"W0+*K"4*"K0-."4."W3DD0/3-0)/"\"*/."3*-+."

B3+-0." 4*" D)+BK" ]B+0/D0B31.H./-" W0K32.F" ,+3KF" BC+0/C.^" )*" \" */." -0.+D." B.+K)//.Z" 8/."

-+3/KH0KK0)/")D*130+."B.*-"3W)0+"10.*"B3+"K0HB1."D)/-3D-".-"./-+3y/.+"13"DCD0-CZ""

"
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I1$(&"*L&B.&,7$14=&;-"*

 Ld"

:3" W3DD0/." 2C/C+310KC." ./-+3y/." 1;3BB3+0-0)/" 4;C+*B-0)/K" /)/" B*K-*1.*K.K" 4)/-"

1;CW)1*-0)/".K-"K)*W./-"[3W)+3,1.Z":3"[+CU*./D.".K-"4."!"D3K"B)*+"dOOO"1)+K"4."13"B+0H)T

W3DD0/3-0)/".-"!"D3K"K*+"!OO"OOO"1)+K"4."+3BB.1K"\"!O".-"NO"3/KZ""

"

"

! :;"%k"#1* @1%%&'1(-#* C-30-" B+0/D0B31.H./-" ),K.+WC" DQ.f" 4.K" B3-0./-K"

B+CK./-3/-" 4." 1;.DfCH3" )*" */." 4.+H3-0-." 3-)B0U*.Z" =1" K." -+34*0-" B3+" */." +CB10D3-0)/"

3D-0W."4*"W0+*K"4."[3x)/"1)D31.")*"40KKCH0/C.F"4)//3/-"10.*"\"4.K"1CK0)/K")H,010U*C.KZ":3"

[+CU*./D." .K-0HC."4." D.--." D)HB10D3-0)/" .K-" 4."!" D3K"B)*+"NdOOO"43/K" 1." D34+."4;*/."

B+0H)TW3DD0/3-0)/" .-" 4." !" D3K" B)*+" NdO" OOO" 43/K" 1." D34+." 4;*/" +3BB.1F" 3W.D" */."

H)+-310-C"4."VOtZ""

"

! :."@1%%&'&1*'"%$,)-#" C-30-" ./D)+."H)0/K" [+CU*./-"E" !" \" N" D3K"B)*+"!"H0110)/"

]B+0/D0B31.H./-" DQ.f" 4.K" B.+K)//.K" 0HH*/)4C[0D0./-.K^Z" =1" K." D3+3D-C+0K." B3+" */."

+CB10D3-0)/"4*"W0+*K"43/K"1.K"-0KK*K"K)*KTX3D./-K"4."1;CB04.+H."4)//3/-"10.*"\"13"B+CK./D."

4."B130.K"K*+"*/."2+3/4."B3+-0."4*"D)+BKF"U*0"4.W0.//./-"*1DC+.*K.KZ"7.--."D)HB10D3-0)/"

C-30-"[3-31."43/K"!OOt"4.K"D3KZ""

"

! :;./DCBQ310-."B)K-TW3DD0/31.".K-"*/."D)HB10D3-0)/"+3+."]!N"D3K"B)*+"!"H0110)/"

DQ.f"1.K"B+0H)TW3DD0/CK"D)/-+."N"D3K"B)*+"!"H0110)/"DQ.f"1.K"+.W3DD0/CK^Z"5.K"KCU*.11.K"

/.*+)1)20U*.K"K)/-"),K.+WC.K"DQ.f"./W0+)/"Ndt"4.K"D3KF".-"13"H)+-310-C"K*+W0./-"43/K"!d"

\"Ndt"4.K"D3KZ""

"

! 8/." -+3/KH0KK0)/" B13D./-30+." .K-" C231.H./-" B)KK0,1." 4)//3/-" 10.*" \" */."

W3DD0/."D)/2C/0-31."]D)HB10D3-0)/".e-+JH.H./-"+3+.^".-"\"1;3W)+-.H./-"4*"[q-*K")*"3*"

4CDRK"4*"/)*W.3*T/C"3B+RK"1;3DD)*DQ.H./-Z""

"

(1*K" +CD.HH./-F" 4;3*-+.K" D)HB10D3-0)/K" )/-" C231.H./-" C-C" 4CD+0-.K" 3*e" '-3-KT

8/0K" B3+H0" 4.K" B)B*13-0)/K" D0W01.K" .-" H010-30+.K" W3DD0/C.K"E" HY)D3+40-.KF" BC+0D3+40-.KF"

3/20/.K"4."B)0-+0/.F"D+0K.K"D3+403U*.K".-"-Q+)H,)DY-)BC/0.K"]757F"NOOj3F"NO!O^Z""
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Type Vaccin 
Souche 

parentale 
Description 

Souche produit 
sur 

capacité à se 
répliquer chez 

l’homme 
Avantages Inconvénients 

2
è

m
e
 g

é
n

é
ra

ti
o

n
 

ACAM 1000 
NYCBH (New 

York City Board 
of Health)  - 
DRYVAX 

vaccin historique, purifié sur 
plaque 

cellules MRC5 

OUI 

vaccin à l'origine de 
l'éradication, normes 

de qualité de 
production améliorées 
réplicatifs et faciles à 

produire 

responsable de 
complications post-

vaccinales 

ACAM 2000 cellules Vero 

CCSV (cell-
cultured smallpox 

vaccine) 

adapté pour se 
répliquer sur 

MRC5 

Elstree (BN) Lister Elstree 
vaccin historique, normes de 

qualité de fabrication 
améliorées 

fibroblastes 
primaires 

d'embryon de 
poulet 

3
è

m
e
 g

é
n

é
ra

ti
o

n
 

MVA                 
TBC-MVA, 

IMVAMUME,     
ACAM 3000 

dérivé de la 
souche CVA 

dermovaccinia 

souche obtenue après plus de 
570 passages successifs sur 
cellules d'embryon de poulet - 

perte d'~15% du génome 
parental (gènes de virulence et 

d'évasion du système 
immunitaire) 

CEF 
fibroblaste 
primaire 

embryon de 
poulet 

NON 

bonne innocuité et peu 
immunogène  

moins de gènes 
immunomodulateurs 
peut être inoculé aux 

personnes contre-
indiquées 

peu immunogènes 
efficacité non testée 

non replicatif 
coût de production 

plus élevé 

LC16M8 Lister 
délétion du gène B5R - reduit 
la libération de la forme EEV 

série de 
passages sur 

cellules de rein 
de lapin à 

température 
faible 

OUI 
Bonne innocuité après 
1er et 2ème génération 

efficacité non testée 

NYVAC Copenhagen 
clone délété de 18 gènes 

immunomodulateurs 

culture de 
cellules 

primaires 
NON 

bonne innocuité même 
pour les personnes 
immunodéprimées 

dVV-L Lister 
délétion du gène de l'Uracil 

DNA glycolase 
 NON 

bonne innocuité (en 
théorie) peut être 
produit en culture 

cellulaire 
complémentaire 

efficacité non testée 
- non replicatif 

!"#$%"&'(')'*+,-%'%-'."/".-0/+,-+1&%,'2%,'."32+2"-,'4"..+3,'"3-+4"/+5$+1&%,6'!"#"$%&#'(%')*+(,-+(,$".-'-"%(,/"$$'.(,".%'/"#'01')*+(,

-+,234+,+%,534+,6&.&#"%'0.,+.,$0*#(,-+,-&/+1077+4+.%



I1$(&"*L&B.&,7$14=&;-"*

 LL"

cZNZ :.K"W3DD0/K"3/-0W3+0)10U*.K"4."NRH."2C/C+3-0)/"E""

" ()*+" +.KB.D-.+" 1.K" ,)//.K" B+3-0U*.K" 4." 13,)+3-)0+.F" 4.K" W3DD0/K" 40-K" 4." NRH."

2C/C+3-0)/"]-3,1.3*"V^"*-010K3/-" 1.K"K)*DQ.K"4."W0+*K"\" 1;)+020/."4." 1;C+340D3-0)/")/-"C-C"

B+)4*0-K"K*+"D.11*1.K"]D.11*1.K"B+0H30+.K"4;.H,+Y)/"4."B)*1.-"E"D.11*1.K"7'`"z"D.11*1.K"4."

+.0/"4." K0/2."W.+-"E" D.11*1.K">.+)")*"D.11*1.K" [0,+),13K-0U*.K"Q*H30/.K"E" D.11*1.K"G97d^"

3KK*+3/-"*/."K-C+010-C"4*"B+)4*0-Z"7.K"W3DD0/K")/-"C-C"C13,)+CK"\"B3+-0+"4."4.*e"K)*DQ.K"

.KK./-0.11.H./-F":0K-.+".-"<p7A$F"U*0"K)/-"4.K"K)*DQ.K"CU*0W31./-.K"]+3BB)+-"6G&"rB")(**

4$1%(&%")* &'* @1%%&'"* 4$,<-%(&,'* A,$* )#1..4,D* 1'<* ,(="$* 4,("'(&1.* 41(=,7"')s^" .-" B.*"

r"+C3D-)2R/.K"sZ"8/"2+)*B."4;.eB.+-K"3"C-C"H0K"./"B13D."B3+" 1;I2./D."'*+)BC.//."B)*+"

1;CW31*3-0)/" 4.K" GC40D3H./-K" ]'G'I^" 3W.D" B)*+" H0KK0)/" 4." 4)//.+" 4.K"

+.D)HH3/43-0)/K" K*+" 1.K" H)Y./K" 4." B+)4*D-0)/F" 1." -YB." 4;C-*4.K" B+CD10/0U*.K" ]K*+"

3/0H3*e^".-"D10/0U*.K"\"H.--+."./"q*W+."B3+"1.K"40[[C+./-K"13,)+3-)0+.K"4CW.1)BB3/-"D.K"

W3DD0/KF"./"W*."4;),-./0+"*/."IGGZ"

" 5.*e"-YB.K"4."W3DD0/K")/-"C-C"4CW.1)BBCK".-")/-"[30-"1;),X.-"4;C-*4.K"B+CD10/0U*.K"

.-"D10/0U*.K"E"*/"W3DD0/"H)/)D1)/31F"3B+RK"KC1.D-0)/"4;*/"D1)/."W0+31"3--C/*C".-"*/"W3DD0/"

B)1YD1)/31F"+.KB.D-3/-"13"40W.+K0-C"3/-02C/0U*."4."13"B)B*13-0)/"W0+31."0/0-031.Z"

cZNZ!Z :."W3DD0/"H)/)D1)/31E"r"I7IG"NOOOs""

" 7."W3DD0/"3"C-C"C13,)+C"B3+"1.K"13,)+3-)0+.K"ID3H,0KTA3e-.+"\"B3+-0+"4."13"K)*DQ."

<p7A$"]W3DD0/"5+YW3e"*-010KC"3*e"'-3-KT8/0K^Z"=1".K-"B+)4*0-"K*+"D.11*1.K"G97dZ"8/"D1)/."

W0+31" ]I7IG"!OOO^"3--C/*C"3"C-C" KC1.D-0)//C"B3+H0"*/."B)B*13-0)/"B)1YD1)/31.F" D."U*0"

./-+3y/."*/."B.+-."4."13"40W.+K0-C"3/-02C/0U*.F"H30K"D."D1)/."0/4*0-"*/."0HH*/)2C/0D0-C"

K0H0130+."3*"W3DD0/"<p7A$"DQ.f"*/"H)4R1."H*+0/"]G)/3-Q*"(*1.?F"NOOc^Z"""

" IB+RK" 4.K" .KK30K" D10/0U*.K" D)/D1*3/-K" .-" B)*+" 4.K" +30K)/K" 4." B+)4*D-0)/"

0/4*K-+0.11.F" 1.K" 13,)+3-)0+.K"ID3H,0KTA3e-.+" )/-" 4CW.1)BBC" 1." W3DD0/" : r"I7IG"NOOOsF"

U*0"/;.K-"3*-+."U*."1."HJH."D1)/."H30K"B+)4*0-"K*+"D.11*1.">.+)"]G)/3-Q*"(*1.?F"NOOc^Z""

" 7."W3DD0/"0/4*0-"*/."B1*K"[30,1."/.*+)W0+*1./D."DQ.f"1."H)4R1."H*+0/".-"1."H)4R1."

B+0H3-."/)/"Q*H30/" ](<$^"B3+" +3BB)+-"3*"W3DD0/"5+YW3eZ"5.K"D3K"4."HY)BC+0D3+40-.K"

)/-" C-C" +3BB)+-CK" 3W.D" E" r"I7IG" NOOOsF" 43/K" 1.K" HJH.K" B+)B)+-0)/K" U*." 1." W3DD0/"

5+YW3eF" 1)+K" 4;.KK30K" D10/0U*.K" 4." BQ3K." ==" ./" 3W+01" NOOc" ]I+-./K-.0/* "(* 1.?F" NOOd^Z" 7."

D3/4043-"3"-)*-"4."HJH."C-C"3BB+)*WC"B3+"13"`5I"./"NOOhZ"8/."C-*4."D10/0U*."4."BQ3K."="

3"H)/-+C"U*." E"r"I7IG"NOOOs".K-"3*KK0" 0HH*/)2R/."]-0-+."./"3/-0D)+BK"/.*-+310K3/-K^"



  
 

 Lh"
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 Lj"

U*." 1."D3/4043-"W3DD0/" E"r"I7IG"!OOOs".-" 1."W3DD0/"5+YW3e"]`+.Y*"(*1.?F"NOOj^Z":3"B+0K."

W3DD0/31." .K-" ,)//." DQ.f" !OOt"4.K" K*X.-K" ]HJH." -3011." 4." B*K-*1.K" U*;3W.D" E" r"I7IG"

!OOOs" .-" 5+YW3e^" .-" E" r"I7IG" NOOOs" K.H,1." H)0/K" +C3D-)2R/." U*." 1." W3DD0/" 5+YW3e"

]C+Y-QRH."B)K-TW3DD0/31"H)0/K"C-./4*^Z""

cZNZNZ :.K"W3DD0/K"B)1YD1)/3*e"E""

! K)*DQ.":0K-.+": r">>:s"4."&3/)[0T(3K-.*+"""

" 7."W3DD0/".K-"B+)4*0-"K*+"D.11*1.K"B+0H30+.K"4;.H,+Y)/"4."B)*1.-Z"=1"3"C-C"CW31*CF"43/K"

/)-+."13,)+3-)0+.F"DQ.f"1."H)4R1."H*+0/".-"3*D*/."40[[C+./D."K02/0[0D3-0W."B3+"+3BB)+-"3*"

W3DD0/" Q0K-)+0U*.F" ./" -.+H.K" 4;0//)D*0-CF" 4;0HH*/)2C/0D0-C" .-" 4;.[[0D3D0-C" /;3" C-C"

),K.+WC.Z"I"1;0/K-3+"4*"W3DD0/"4."!R+."2C/C+3-0)/F"1.K"K)*+0K"0HH*/0KC.K"3W.D"D.--."K)*DQ."

K)/-" D)HB1R-.H./-" B+)-C2C.K" ]./" -.+H.K" 4." H)+-310-C" .-" 4." H)+,040-C^" D)/-+." */."

CB+.*W."1C-31."4."D)iB)eW0+*K".-"D."W3DD0/"0/4*0-"4.K"+CB)/K.K"0HH*/0-30+.K"D.11*130+.K"

.-"Q*H)+31.K"KBCD0[0U*.K"U*0"K)/-"CU*0W31./-.K"\"D.11.K"0/4*0-.K"B3+"1."W3DD0/"Q0K-)+0U*."

]`.++0.+T9.H,.+-*"(*1.?F"NOOL^Z"

" 5.K" .KK30K" D10/0U*.K"4."BQ3K." ==" )/-" C-C" +C310KCK" DQ.f" 1;Q)HH.Z"8/."C-*4."3" C-C"

H./C."B3+"&3/)[0T(3K-.*+"./"`+3/D.F" 1;),X.D-0["C-3/-"4."-0-+.+"1.K"ID<>I7>"3*"D)*+K"4*"

-.HBK"3B+RK"W3DD0/3-0)/Z"7.--."3/31YK."3"C-C".[[.D-*C."B3+"1;*/0-C"4."W0+)1)20."4."1;=9AI""

4."NOOc"\"NOOjZ"

" "

! K)*DQ."<p7A$"E"r"77&>s"]7)//3*2Q-^"

" 7."W3DD0/"B+)4*0-"K*+"D.11*1.K"G97d"4C+0W."4*"W3DD0/"5+YW3eZ"7)/-+30+.H./-"3*"

W3DD0/" I7IG" NOOOF" D." W3DD0/" .K-" B)1YD1)/31Z" :)+K" 4;.KK30K" DQ.f" 13" K)*+0KF" D." W3DD0/"

/;0/4*0-"B3K"4."D)HB10D3-0)/K"B)K-TW3DD0/31.KZ":.K"HJH.K"+CK*1-3-K")/-"C-C"+.D./KCK"1)+K"

4;C-*4.K"4;0//)D*0-C"DQ.f"1;Q)HH.F"K*+"VdO"W)1)/-30+.K"]@+../,.+2*"(*1.?F"NOOdz"b.//.4Y*

"(* 1.?F" NO!!^Z" '/" D." U*0" D)/D.+/." 1;0HH*/)2C/0D0-CF" D." W3DD0/" 4." 4.*e0RH." 2C/C+3-0)/"

0/4*0-"1.K"HJH.K"+CB)/K.K"0HH*/0-30+.K"D.11*130+.K".-"Q*H)+31.K"U*."5+YW3e"]b.//.4Y*

"(*1.?F"NO!!^Z"'/[0/F"D."W3DD0/"B+)-R2."D)HB1R-.H./-"1."B+0H3-."/)/"Q*H30/"D)/-+."*/."

0/[.D-0)/"3W.D"4*"H)/_.YB)e"W0+*K"3C+)K)10KC"]S3Q+10/2*"(*1.?F"NOOO^Z"

"

" '/" D)/D1*K0)/F" D.K" W3DD0/K" 4." 4.*e0RH." 2C/C+3-0)/" 0/4*0K./-" 4.K" +CB)/K.K"

0HH*/0-30+.K" B+)-.D-+0D.K" K0H0130+.K" 3*e" K)*DQ.K" B3+./-31.K" W3DD0/31.K" 4." !R+."

2C/C+3-0)/Z" =1K"4.W+30./-"3W)0+" 13"HJH.".[[0D3D0-C"W3DD0/31."U*." 1.K"W3DD0/K"Q0K-)+0U*.K"



  
 

 hO"



I1$(&"*L&B.&,7$14=&;-"*

 h!"

DQ.f"1;Q)HH.F"H30K"01K"/;)/-"X3H30K"C-C"-.K-CK"43/K"D."D)/-.e-."B*0KU*."13"W3+0)1."3"C-C"

C+340U*C.Z" 7.K" D3/4043-K" W3DD0/K" +.KB.D-./-" 1.K" ,)//.K" B+3-0U*.K" 4." [3,+0D3-0)/"

3D-*.11.K".-"DQ3U*."C-3B."4*"B+)D.KK*K"4."[3,+0D3-0)/"B.*-"J-+."D)/-+l1C.F"D."U*0"C10H0/."

1."+0KU*."4;0/[.D-0)/K",3D-C+0.//.KZ""

" 7.B./43/-" D.K" W3DD0/K" 4." 4.*e0RH." 2C/C+3-0)/F" B3+D." U*;01K" K)/-" +CB10D3-0[KF"

K.H,1./-"./2./4+.+" 1.K"HJH.K".[[.-K"K.D)/430+.K"U*." 1.K"W3DD0/K"-+340-0)//.1K".-"3W.D"

*/."HJH."[+CU*./D.Z"

" :.K" W3DD0/K"H)/)D1)/3*e" 4.W+30./-" ./-+3y/.+F"1*4$&,$&F"H)0/K" 4." D)HB10D3-0)/K"

B)K-TW3DD0/31.K"U*."1.K"W3DD0/K"B)1YD1)/3*eF"H30K"+0KU*./-"4."/."B3K"J-+."3*KK0".[[0D3D.K"

U*."1.K"W3DD0/K"4."!R+."2C/C+3-0)/"./"+30K)/"4."13"B.+-."4."40W.+K0-C"D1)/31."B3+"1."DQ)0e"

4;*/"K.*1"D1)/."B.*"W0+*1./-Z"

cZVZ :.K"W3DD0/K"3/-0W3+0)10U*.K"4."VRH."2C/C+3-0)/"""

" 7.K" W3DD0/K" K)/-" 3*KK0" 4.K" W0+*K" 4." 13" W3DD0/." W0W3/-K" B+)4*0-K" ./" D*1-*+."

D.11*130+.Z"7.B./43/-F" 01K"K)/-" [)+-.H./-"3--C/*CK"B3+" 13"B.+-."4."B1*K0.*+K"2R/.K".-"4."

1.*+" D3B3D0-C" \" K." H*1-0B10.+" .[[0D3D.H./-" 43/K" D.+-30/.K" D.11*1.K" .*D3+Y)-.K" .-"

/)-3HH./-" 43/K" 1.K" D.11*1.K" 4;)+020/." Q*H30/." ]-3,1.3*" V^Z" I0/K0F" 01K" B)*++30./-" J-+."

34H0/0K-+CK" 3*e" B.+K)//.K" B+CK./-3/-" 4.K" D)/-+.T0/40D3-0)/K" \" 13" W3DD0/3-0)/"

3/-0W3+0)10U*."3W.D"1.K"W3DD0/K"4."!R+."2C/C+3-0)/Z"

"

" ()*+"13"B1*B3+-"4."D.K"W3DD0/K"40-K"4."-+)0K0RH."2C/C+3-0)/F"01"K;320-"4."W0+*K"/)/"

+CB10D3-0[K" )*" 3W.D" */." D3B3D0-C" 4." +CB10D3-0)/" [)+-.H./-" +C4*0-.F" 2C/C-0U*.H./-"

H)40[0CK" B3+" 4C1C-0)/K" /3-*+.11.K" )*"B+)W)U*C.K" 4;*/" )*"B1*K0.*+K" 2R/.K" D)43/-" B)*+"

4.K" [3D-.*+K" 4." W0+*1./D.Z" 7.K" W3DD0/K" K)/-" ,.3*D)*B" H)0/K" 0HH*/)2R/.K" U*." 1.K"

W3DD0/K"4."!R+.".-"NRH."2C/C+3-0)/Z" =1K"4)0W./-"J-+."34H0/0K-+CK"\"4.K"4)K.K"!OO"\"!OOO"

[)0K" K*BC+0.*+.K" \" D.11.K" 4.K" W3DD0/K" -+340-0)//.1K" B)*+" 0/4*0+." 4.K" +CB)/K.K"

0HH*/0-30+.K" B+)-.D-+0D.K" 3*KK0" .[[0D3D.K" ]`.++0.+T9.H,.+-* "(* 1.?F" NOOh^Z" =1" .e0K-."

B1*K0.*+K" D3/4043-K" ./" 4CW.1)BB.H./-F" 1." B1*K" D)//*" .-" 1." B1*K" *-010KC" ./" -3/-" U*."

W.D-.*+"W0+31"C-3/-"13"K)*DQ."G)40[0.4">3DD0/03"I/_3+3"]G>I^Z"

cZVZ!Z G>I"E"r"=G>IG8<'s""

" 7.--."K)*DQ."3"C-C"),-./*."B3+"1."(+"I/-)/"G3Y+F"\"B3+-0+"4*"W0+*K"7Q)+0)3113/-)0K"

>3DD0/03"I/_3+3"]7>I^F"K)*DQ."*-010KC."./"#*+U*0."1)+K"4*"B+)2+3HH."4;C+340D3-0)/Z"'11."
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!
!"#$%&'()'*'+,-./0'1&2'1.3.4"562'#.65/"7$&2'604$%&33&2'1&' 30'25$,-&'89:"!#$%&'!

(')! (*+*&,-.)! ,.(/,&')! ($.)! +'! 0*.-1'! ('! 234! 5$%! 5+/)! ('! 677! 5$))$0')! '.! 8'++/+')!

(9'1:%;-.! ('! 5-/+'&! <8$%&'! %*$+,)*'! $='8! +9'.>;1'! ('! %')&%,8&,-.! ?,.(@@@A"! B')! 0C.')!

$DD'8&*)!5$%!+')!1/&$&,-.)!)-.&!(*8%,&)!($.)!+9$%&,8+'!<E,1,'%!"#!$%&F!G7HHA!<'!()A!

!

!

!



I1$(&"*L&B.&,7$14=&;-"*

 hV"

3" C-C" 3--C/*C." 3B+RK" B1*K" 4." dOO" B3KK32.K" K*+" D.11*1.K" 4;.H,+Y)/" 4." B)*1.-Z" :;C-*4."

2C/)H0U*."4."D.--."K)*DQ."3"B.+H0K"1;04./-0[0D3-0)/"4."2R/.K"H*-CK"43/K"1."2C/)H."W0+31"

]G3Y+*"(*1.?F"!jLh^Z"I*"-)-31F"*/."W0/2-30/."4."2R/.K")/-"C-C"4C1C-CK"1)+K"4."D.K"B3KK32.K"

K*DD.KK0[KF"4;3*-+.K")/-"C-C"-+)/U*CK")*"H)40[0CK"B3+"4.K"H*-3-0)/K"B)/D-*.11.KF"D."U*0"

D)++.KB)/4"\"*/."B.+-."4;./W0+)/"VO_B,"4;0/[)+H3-0)/"2C/C-0U*."K)0-"\"B.*"B+RK"!dt"4*"

2C/)H."4."13"K)*DQ."B3+./-31.F"+CB3+-0.K"B+0/D0B31.H./-"K*+"K0e"13+2.K"4C1C-0)/K"]5.1"="\"

>="K*+"13"[02*+."!L^Z"

" 7."W0+*K"/;.K-F"./"-QC)+0.F"B1*K"D3B3,1."4."K."+CB10U*.+"./"D.11*1.K"4."H3HH0[R+.K"

.-"K*+-)*-"./"D.11*1.K"Q*H30/.K"]I/-)0/.*"(*1.?F"!jjhz"A13/DQ3+4*"(*1.?F"!jjhz"5+.e1.+*"(*

1.?F"!jjhz"G.Y.+*"(*1.?F"!jj!^Z"7.B./43/-"*/."C-*4."B)+-3/-"K*+"1;Q)H)2C/C0-C"4*"W3DD0/"

G>I"3"H)/-+C"U*."D.+-30/.K"K)*DQ.K"-.11.K"U*."G>ITdLN".-"G>IT!N!"C-30./-"D3B3,1.K"

4." K." +CB10U*.+" K*+" U*3-+." -YB.K" D.11*130+.K" Q*H30/K" 40[[C+./-K"E" 1.K" D.11*1.K" $373-"

]_C+3-0/)DY-.K" Q*H30/K^F" $'b" NjV" ]D.11*1.K" .H,+Y)//30+.K" 4." +.0/" Q*H30/^F" !cVA"

]D.11*1.K"4;)K-C)K3+D)H."Q*H30/^".-"$.:3"]D.11*1.K"4;34C/)D3+D0/)H."4*"D)1"4."1;*-C+*K^"

30/K0" U*." DQ.f" 4.K" K)*+0K" 0HH*/)4C[0D0./-.KZ" '/" +C310-CF" K.*1" */" /)H,+." +.K-+.0/-" 4."

-YB.K"D.11*130+.K")/-"C-C"-.K-CK".-"01"K."B)*++30-"U*."D.+-30/K"D1)/.K"B3+H0"13"B)B*13-0)/"

QC-C+)2R/." 4." 13" H3X)+0-C" 4.K" K)*DQ.K" 4." G>I" 3D-*.11.KF" B*0KK./-" K." +CB10U*.+Z"

#)*-.[)0KF"D.K"D1)/.K"W0+*1./-K"+.B+CK./-./-"*/."H0/)+0-C"4.K"W3+03/-K".-"3*D*/"4;./-+.T

.*e"/;3"C-C"0K)1C"1)+K"4.K".KK30K"B+CD10/0U*.K")*"D10/0U*.K"]>.+Q.*K-*"(*1.?F"NO!N^Z"'/".[[.-F"

D."W3DD0/"3"C-C"34H0/0K-+C"\"./W0+)/"!NO"OOO"B.+K)//.K"./"I11.H32/."4."!jPh"\"!jhO".-"

3*D*/".[[.-"K.D)/430+."/;3"C-C"),K.+WC"DQ.f"D.K"K*X.-KZ"5.K".KK30K"D10/0U*.K"4."BQ3K."=".-"

==" DQ.f" 1;Q)HH." )/-" C-C" +C310KCK" 3W.D" K*DDRK" DQ.f" 4.K" K*X.-K" K30/K" ]`+.Y* "(* 1.?F" NOOjz"

>)11H3+*"(*1.?F"NOOPz"W)/"b+.HB.1Q*,.+*"(*1.?F"NO!O^Z"8/".KK30"D10/0U*."4."BQ3K." ===".K-"

B+CW*"B+)DQ30/.H./-"]<=$^Z"

"

" (1*K0.*+K" C-*4.K" H./C.K" DQ.f" 13" K)*+0KF" W3DD0/C." 3W.D" G>I" .-" K)*H0K." \" */."

CB+.*W." 1C-31." 3W.D" 1." W0+*K" 4." 1;.D-+)HC10.F" )/-" H)/-+C" U*." 1.K" DY-)_0/.KF" 1.K"

H3D+)BQ32.KF"1.K"D.11*1.K"<3-*+31"b011.+F" 1.K"1YHBQ)DY-.K"#"75hg".-"#"75cg"]:#T75hg".-"

:#T75cg^"30/K0"U*."1.K"3/-0D)+BK"X)*./-"*/"+l1."0HB)+-3/-"43/K"13"B+)-.D-0)/"4."1;3/0H31"

.-"13"D130+3/D."4*"W0+*KZ"

"

" 53/K" */" H)4R1." H*+0/F" 13" K)*DQ." G>I" .K-" D3B3,1." 4;0/4*0+." */." +CB)/K."

0HH*/0-30+." B+)-.D-+0D." D)/-+." */" DQ311./2." 1C-31" 3W.D" 1." D)iB)eW0+*KF"H30K" 1.K" 4)K.K"



  
 

 hc"



I1$(&"*L&B.&,7$14=&;-"*

 hd"

34H0/0K-+C.K"B)*+"),-./0+"*/"-.1"+CK*1-3-"K)/-"B1*K"0HB)+-3/-.K"U*."13"4)K."0/)D*1C."4."

W3DD0/"4."!R+." 2C/C+3-0)/"E" !OL" B[*" ./" 0/-+3H*KD*130+."H0/0H*H"B)*+"G>I"D)/-+."!Od"

B[*" B)*+" 1." W3DD0/" Q0K-)+0U*." ]`.++0.+T9.H,.+-* "(*1.?F" NOOh^Z" (1*K0.*+K" 0/)D*13-0)/K" 4."

G>I"B.*W./-"0/4*0+."*/."+CB)/K."0HH*/0-30+."C231.".-"HJH."B3+[)0K"K*BC+0.*+."\"D.11."

0/4*0-."B3+" 1." W3DD0/"5+YW3e"31)+K" 0/)D*1C"B3+" KD3+0[0D3-0)/" ]kY3--*"(*1.?F" NOOc^" .-"*/."

B+)-.D-0)/" \" 1)/2" -.+H.F" K0H0130+." \" D.11." 0/4*0-." B3+" 1." W3DD0/" Q0K-)+0U*.F" B.*-" J-+."

),K.+WC."DQ.f"13"K)*+0K"K0"G>I".K-"0/)D*1C"./"+3BB.1"]`.++0.+T9.H,.+-*"(*1.?F"NOOh^Z""

"

" 5.K" C-*4.K" K0H0130+.K" H./C.K" DQ.f" 1." B+0H3-." /)/" Q*H30/" )/-" H)/-+C"

U*;0/4CB./43HH./-"4*"B+)-)D)1." 4." W3DD0/3-0)/F" 1.K" K0/2.K"B+CK./-30./-" */." +CB)/K."

./"3/-0D)+BK"40+02CK"D)/-+."4.K"3/-02R/.K"W0+3*e"]Ad".-"IVV"E"''>".-":!"E" =G>^F"*/"-0-+."

4;3/-0D)+BK" /.*-+310K3/-" .-" */." U*3/-0-C" 4." :#T75hgF" K0H0130+.K" ]'3+1* "(* 1.?F" NOOc^Z" 5."

B1*KF" 1.K" 3/0H3*e" C-30./-" B+)-C2CK" D)/-+." 1;0/[.D-0)/" 3W.D" 1." H)/_.YB)eW0+*KZ" 8/."

K.D)/4."0/X.D-0)/"4."G>I"3*2H./-."1."-0-+."4;3/-0D)+BKF"D)HH."D.13"3"4CX\"C-C"4CH)/-+C"

DQ.f"13"K)*+0KZ"'/[0/F"13"B+)-.D-0)/"0/4*0-."B3+"G>I"K.H,1."B1*K"+3B04."U*."D.11."0/4*0-."

B3+"5+YW3eF"H30K"D.13".K-"B+),3,1.H./-"4M"3*" [30-"U*." 13"4)K."W3DD0/31." 0/)D*1C."3W.D"

G>I".K-"B1*K"0HB)+-3/-."][3D-.*+"!OOO^Z"

"

" :.K"C-*4.K"D10/0U*.K"B*,10C.K"3W.D"r"=G>IG8<'s"H)/-+./-"U*."H312+C"4.K"4)K.K"

*-010KC.K" -+RK" C1.WC.K" .-" */" +3BB.1F" 1.K" +CB)/K.K" 0HH*/0-30+.K" B)*++30./-" /." B3K" J-+."

3KK.f" 0HB)+-3/-.K" B)*+" 3KK*+.+" */." B+)-.D-0)/" K*[[0K3/-." D)/-+." 13" W3+0)1.Z" I0/K0" */."

4)K."4."!Oh"5=7#dO" ]./"K)*K"D*-3/C.^"/."B.+H.-"*/."KC+)D)/W.+K0)/"./"ID<>I7>"U*."

43/K"L!t"4.K"D3K"]W)/"b+.HB.1Q*,.+*"(*1.?F"NO!O^"31)+K"U*."D."-3*e"3--.0/-"B1*K"4."jOt"

3W.D" 1." W3DD0/" -+340-0)//.1" ]`+.Y* "(* 1.?F" NOOj^Z" :.K" +CB)/K.K" 0HH*/0-30+.K" D.11*130+.K"

KBCD0[0U*.K" K)/-" ./D)+." H)0/K" [+CU*./-.KZ" '/" .[[.-" K.*1.H./-" !dt" 4.K" K*X.-K" K)/-"

+CB)/4.*+K"./"D."U*0"D)/D.+/."13"+CB)/K."75cg"KBCD0[0U*.".-"dNt")/-"*/."+CB)/K."75hg"

KBCD0[0U*.Z"5.*e"4)K.K"4;r"=G>IG8<'s"\"Nh"X)*+K"4;0/-.+W311.F"0/X.D-C.K"./"K)*K"D*-3/CF"

/." D)/4*0K./-" U*;\" */." KC+)D)/W.+K0)/" 4." hOt" 4.K" K*X.-K" W3DD0/CK" ]>)11H3+* "(* 1.?F"

NOOP^Z"

cZVZNZ G>I"E"r"I7IG"VOOO"s"

:." W3DD0/" r"I7IG" VOOO"s" .K-" C231.H./-" D)/K-0-*C" 4." 13" K)*DQ." G>IZ" =1" 3" C-C"

4CW.1)BBC"B3+"13"K)D0C-C"ID3H,0KZ"8/."C-*4."D10/0U*."K*+"1;0//)D*0-C".-"1;0HH*/)2C/0D0-C"



  
 

 hP"



I1$(&"*L&B.&,7$14=&;-"*

 hL"

4."D."D3/4043-"W3DD0/"3"H)/-+C"U*."1."W0+*K"C-30-",0./"-)1C+C"B3+"1;)+23/0KH."U*.11."U*."

K)0-" 13" W)0." 4;0/)D*13-0)/" .-" U*;01" 0/4*0-" */." B+)-.D-0)/" B3+-0.11." D)/-+." 1." W3DD0/"

Q0K-)+0U*." 5+YW3eF" K." -+34*0K3/-" B3+" */." 40H0/*-0)/" 4." 13" -3011." 4." 13" B*K-*1." 4."

KD3+0[0D3-0)/F"40-."r"S.//.+0.//."s"]&.3H3/*"(*1.?F"NO!O^Z""

:)+K"4;*/."3*-+."C-*4."K*+" 1.K"40[[C+./-.K"W)0.K"4;34H0/0K-+3-0)/"4*"W3DD0/F"*/."

+C3D-0)/" 1)D31." 3*" K0-." 4." W3DD0/3-0)/" 3" B*" J-+." ),K.+WC.F" 3B+RK" */." 0/X.D-0)/" K)*KT

D*-3/C.F" 3DD)HB32/C." B3+[)0K" 4;*/" C+Y-QRH.F" U*0" 40KB3+30KK30-" ./" c" \" L" X)*+KZ" I*D*/"

.[[.-" K.D)/430+." 2+3W." 10C" \" 13" W3DD0/3-0)/" /;3" C-C" ),K.+WCZ" 8/." +CB)/K." Q*H)+31."

]3/-0D)+BK" /.*-+310K3/-K" 40+02CK" D)/-+." 13" K)*DQ." k.K-.+/" 9.K.+W." 4*" W0+*K" 4." 13"

W3DD0/.^" 3" C-C"4C-.D-C." DQ.f"h!t"4.K" K*X.-K" 3B+RK"N"W3DD0/3-0)/K".-" K.H,1."3*KK0" J-+."

4)K.T4CB./43/-.Z"8/."+CB)/K."D.11*130+."3"3*KK0"B*"J-+."4C-.D-C."H30K"K3/K"D)++C13-0)/"

3W.D" 13"W)0."4;34H0/0K-+3-0)/".-" 13"4)K."]k01D_*"(*1.?F"NO!O^"D)HH."D;.K-" 1."D3K"B)*+" 1."

D3/4043-"W3DD0/"r"=G>IG8<'sZ""

cZVZVZ r":7!PHh"s""

" r":7!PHh"s".K-"*/."K)*DQ."3--C/*C."B+)4*0-."\",3KK."-.HBC+3-*+."K*+"D.11*1.K"4."

+.0/"4." 13B0/"]b.//.+*"(*1.?F"NOOP^F" 0K)1C."3B+RK"B1*K"4."cd"B3KK32.K"]$3KQ0f*H.*"(*1.?F"

!jhL^Z""

" '11."3"C-C"4CW.1)BBC."3*"S3B)/"\"B3+-0+"4."13"K)*DQ.":0K-.+"]b04)_)+)*"(*1.?F"NOOdz"

G)+0_3i3*"(*1.?F"NOOdz"&*20H)-)"w"p3H3/)*DQ0F"!jjc^".-"DQ)0K0."B)*+"13"[30,1."-3011."4.K"

B132.K"4."1YK."U*;.11."0/4*0-"./"D*1-*+."D.11*130+.Z"7.--."K)*DQ."3"D)/K.+WC"-)*K"1.K"D34+.K"

4."1.D-*+."4*"W0+*K"4."13"W3DD0/."K3*["B)*+"1."2R/."Ad9F"*/."21YD)B+)-C0/."/CD.KK30+."\"13"

B+)4*D-0)/" 4." B3+-0D*1.K" W0+31.K" ./W.1)BBC.K" .-" B3+" D)/KCU*./-F" /CD.KK30+." \" 13"

40KKCH0/3-0)/"4*"W0+*K"DQ.f"1;Ql-."0/[.D-CZ"

" 7." D3/4043-" W3DD0/" 3" C-C" -.K-C" K*+" !OO"OOO" ./[3/-K" ./-+." !jLV" .-" !jLd"

]p3H32*DQ0F"!jLd^"B*0K"K*+"B+RK"4."NOOO"34*1-.KF"K3/K"U*;3*D*/".[[.-"K.D)/430+."/."K)0-"

+3BB)+-CZ"7."W0+*K".K-"H)0/K"B3-Q)2R/."U*."13"K)*DQ."B3+./-31."D3+"01"K;320-"4;*/."K)*DQ."

/)/" /.*+)0/W3K0W.F" 3W.D" */." /.*+)W0+*1./D." -+RK" +C4*0-." B3+" +3BB)+-" \" 13" K)*DQ."

B3+./-31.":0K-.+".-"<p7A$"]$3KQ0f*H.*"(*1.?F"!jhL^Z"

" 7." W0+*K" 0/4*0-" */." +CB)/K." Q*H)+31." .-" */."B+)-.D-0)/" D)HB3+3,1.K" \"5+YW3e"

DQ.f" 1;3/0H31" ]'HB02*"(*1.?F"NOOPz"G.K.43*"(*1.?F"NOOj^F"4;3B+RK"4.K"C-*4.K" [30-.K"K*+" 1."

H)4R1."H*+0/".-"1."13B0/Z"5.K".KK30K"D10/0U*.K"4."BQ3K.K"=".-"==")/-"C-C"+C310KCK"]b.//.+*"(*

1.?F" NOOP^" .-" 1.K" B+.H0.+K" +CK*1-3-K" B*,10CK" K.H,1./-" 0/40U*.+" U*." 1." D3/4043-" W3DD0/F"
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D)HH." 1." W3DD0/" 5+YW3eF" 0/4*0-" */." +CB)/K." Q*H)+31." KBCD0[0U*." D+)0KC." ]3/-0D)+BK"

/.*-+310K3/-K^"D)/-+."40[[C+./-K")+-Q)B)eW0+*K"]W0+*K"4."13"W3DD0/.F"H)/_.YB)e"W0+*K".-"

W0+*K"4."13"W3+0)1."H3X.*+^Z"7.B./43/-"3*",)*-"4."VO"X)*+K"B)K-TW3DD0/3-0)/F"13"+CB)/K."

Q*H)+31." 0/4*0-."B3+" 1."W3DD0/"5+YW3e"K.H,1."B1*K" 0HB)+-3/-."U*."D.11." 0/4*0-."B3+" 1."

D3/4043-":7!PHhF"D)/-+."13"K)*DQ."4."W3DD0/."<p7A$Z":."D3/4043-"W3DD0/"0/4*0+30-"*/."

B+)10[C+3-0)/"1YHBQ)DY-30+."B1*K"0HB)+-3/-."U*."5+YW3eF"31)+K"U*."1."-3*e"4;=`<#"K.D+C-C"

B3+"1.K"D.11*1.K"#F"H.K*+C"B3+"':=&(6#".K-"B1*K"C1.WC"3W.D"5+YW3e"]b.//.4Y*"(*1.?F"NO!!z"

b.//.4Y*"(*1.?F"NO!N^Z""

" :3"-3011."4.K"1CK0)/K"40-.K"r"X.//.+0.//.K"s"K*0-."\"13"B+0K."4*"W3DD0/"Q0K-)+0U*.".K-"

+C4*0-."1)+KU*."1.K"K*X.-K")/-"C-C"B+CT0HH*/0KCK"3W.D":7!PHhF"D."U*0"K02/0[0.+30-"U*."1."

D3/4043-" W3DD0/" 4." VRH." 2C/C+3-0)/" B)*++30-" +C4*0+." 1.K" .[[.-K" K.D)/430+.K" 4*" W3DD0/"

+CB10D3-0["4."!R+."2C/C+3-0)/"]@)+4)/*"(*1.?F"NO!!^Z"'/[0/F"HJH."K0"13"K)*DQ.":7!PHh".K-"

,0./" -)1C+C."B3+" 1;)+23/0KH."./"+30K)/"4."K)/" 0/D3B3D0-C"\"K."B+)B32.+"3*T4.1\"4*"K0-."

4;0/)D*13-0)/F" */." [)+-." 4)K." 4." W0+*K" W3DD0/31" .K-" /CD.KK30+." B3+" +3BB)+-" 3*" W3DD0/"

-+340-0)//.1Z"

"

" '/"D)/D1*K0)/F"1."D3/4043-":7!PHh".K-"*/",)/"D3/4043-"B)*+"D)HB1C-.+"13"23HH."

4.K"W3DD0/K"4."VRH." 2C/C+3-0)/"z" 3*D*/".[[.-" K.D)/430+."/;3"C-C"),K.+WC" 1)+K"4.K".KK30K"

D10/0U*.KZ" =1" B+)-R2." 1;3/0H31" D)/-+." 4.K" CB+.*W.K" 1C-31.KF" H30K" 1.K" +CB)/K.K"

0HH*/0-30+.K"U*;01"0/4*0-"DQ.f"1;Q)HH."/."K.H,1./-"B3K"3*KK0"[)+-.K"U*."D.11.K"0/4*0-.K"

B3+"5+YW3e"]+CB)/K."3/-0D)+BKF"=`<^".-"01"/;3"X3H30K"[30-"K.K"B+.*W.K"4;.[[0D3D0-C"D)/-+."13"

W3+0)1.Z"

"

"

" :.K" W3DD0/K" 4." VRH." 2C/C+3-0)/" K.H,1./-" 4)/D! B1*K" KM+K" .-" /;0/4*0+30./-" B3K"

4;.[[.-K" K.D)/430+.K" D)HH." D.*e" ),K.+WCK" 3W.D" 1.K" W3DD0/K" 4." !R+." .-" NRH." 2C/C+3-0)/Z"

7.B./43/-" 01K" K)/-" ,.3*D)*B" H)0/K" 0HH*/)2R/.K" U*." D.K" 4.+/0.+K" .-" 4.K" 4)K.K"

,.3*D)*B"B1*K"C1.WC.K"4."W0+*K" ]3*"H)0/K"!OO" [)0K^" K)/-"/CD.KK30+.K"B)*+"),-./0+"4.K"

+CB)/K.K"0HH*/0-30+.K"CU*0W31./-.K".-"*/."B+)-.D-0)/"K0H0130+."W0K"\"W0K"4;*/."CB+.*W."

1C-31.Z" I" 1;Q.*+." 3D-*.11.F" 3*D*/" 4." D.K" W3DD0/K" /;3" ),-./*" 4;IGGZ" 5.K" C-*4.K"

B+CD10/0U*.K"K*BB1CH./-30+.KF"DQ.f"1."B+0H3-."/)/"Q*H30/F"0/[.D-C"3W.D"4*"H)/_.YB)e"

W0+*K" )*" 3W.D" 4*" W0+*K" 4." 13" W3+0)1." ]-+)B" B.*" 4." +CK*1-3-K" .eBC+0H./-3*e" \" 1;Q.*+."

3D-*.11.^".-"4.K"C-*4.K"D10/0U*.K"K)/-"./D)+."/CD.KK30+.K"B)*+"4C-.+H0/.+"1.*+".[[0D3D0-C"
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B+)-.D-+0D." .-" 1.K" D)/40-0)/K" 4;*-010K3-0)/"E" 13" 4)K."H0/0H31." \" 0/)D*1.+F" 1." /)H,+." 4."

+3BB.1KF"13"4*+C."4."13"+CB)/K."0HH*/0-30+."KBCD0[0U*.Z""

:;3W3/-32."4."D.K"D3/4043-K".K-" 1.*+" 0//)D*0-CF"B.+H.--3/-"4." 1.K" 0/)D*1.+"\"4.K"

B)B*13-0)/K"B+CK./-3/-"4.K"D)/-+.T0/40D3-0)/K"X*KU*;31)+K"\"13"W3DD0/3-0)/"3/-0W3+0)10U*."

)*" 4." 1.K" *-010K.+" ./" B+0H)TW3DD0/3-0)/" 43/K" 1." ,*-" 4." 40H0/*.+" 1.K" .[[.-K" K.D)/430+.K"

4;*/." K.D)/4." W3DD0/3-0)/" 3W.D" */." K)*DQ." W3DD0/31." Q0K-)+0U*.Z" 7.B./43/-F" 1.*+"

.[[0D3D0-C"W3DD0/31."DQ.f"1;Q)HH."+.K-.+3"-)*-.[)0K"-QC)+0U*."B*0KU*;01K"/;)/-"X3H30K"C-C"

-.K-CK"D)/-+."13"W3+0)1.Z"

"

'/" D)/D1*K0)/F" 1.K" W3DD0/K" 4." B+.H0R+." 2C/C+3-0)/" K)/-" .[[0D3D.K" B*0KU*;01K" )/-"

B.+H0K"1;C+340D3-0)/"4."13"H31340."H30K"01K"./2./4+./-"4.K"D)HB10D3-0)/K"B)K-TW3DD0/31.K"

-+)B"KCWR+.K"B)*+"J-+."0/)D*1CK"\"*/."B)B*13-0)/"B+CK./-3/-"4.K"D)/-+.T0/40D3-0)/K"\"13"

W3DD0/3-0)/"3/-0W3+0)10U*."]>=$"KC+)B)K0-0[F"-+30-.H./-K"0HH*/)K*BB+.KK.*+KF"H31340.K"

3*-)T0HH*/0-30+.K^Z"5.K"W3DD0/K"4."VRH."2C/C+3-0)/"K)/-"./"4CW.1)BB.H./-"B)*+"B3110.+"

D.K" D)HB10D3-0)/K" B)K-TW3DD0/31.K"z" 01K" )/-" */." 0//)D*0-C" 1.*+" B.+H.--3/-" 4;J-+."

34H0/0K-+CK" \" D.K" B)B*13-0)/K" D)/K04C+C.K" \" +0KU*.Z" 7.B./43/-" D.K" D3/4043-K" W3DD0/K"

K)/-"B.*" 0HH*/)2R/.K" D)HB3+C" 3*e" W3DD0/K"4."B+.H0R+." 2C/C+3-0)/" .-" 1.*+" .[[0D3D0-C"

W3DD0/31."/;3"X3H30K"C-C"-.K-C."D)/-+."13"W3+0)1.Z"
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"
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"
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! !
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!"#$%"&'(')' *+,-%'.%,'/0+./1+%,'.%' 2+345%,'6/1755"8+9&%,':' 4+5&,';#7$"<'"#$%&!'!
#()*+,-./0! "+1.23! 4#$%&!'! #()*+,-./0! 4)/5+63! 7#$%&!'! #()*+,-./0! 7208)63! 9:#$%&!'!

#()*+,-./0!9;82!5<:,)-.2!=)/!>+1!?).208@!28!$#$%&!'!#()*+,-./0!$/65-(/AB)C!

!

!

!

Année(s) Lieu Espèce 
Cas, nombre de morts, 
Taux de mortalité (%) 

1976 Zaïre (actuel RDC)    ZEBOV 318 cas, 280 morts, 88% 

1976 Soudan SEBOV 284, 151, 53% 

1976 Angleterre SEBOV 
1 cas (a survécu); infection 
accidentelle de laboratoire 

1977 Zaïre ZEBOV 1 cas (décédé) 

1979 Soudan SEBOV 34, 22, 65% 

1989 Etats-Unis REBOV 
Cas uniquement chez des 

macaques ; pas de cas humain 

1990 Etats-Unis REBOV 

Cas uniquement chez des 
macaques, 4 cas humains 

asymptomatiques identifiés par 
sérologie 

1989-1990 Philippines REBOV 

Cas uniquement chez des 
macaques ; 3 cas humains 

asymptomatiques identifiés par 
sérologie 

1992 Italie REBOV 
Cas uniquement chez des 

macaques, pas de cas humain 

1994 Gabon ZEBOV 52, 31, 60% 

1994 Côte d'Ivoire         CIEBOV 

Epidémie chez les chimpanzés 
sauvages; 1 cas humain (a 

survécu) 
1995 RDC ZEBOV 315, 250, 81% 

1996 Gabon ZEBOV 37, 21, 57% 

1996-1997 Gabon ZEBOV 60, 45, 74% 

1996 Afrique du sud ZEBOV 2, 1, 50% 

1996 Etats-Unis REBOV 
Cas uniquement chez des 

macaques, pas de cas humain 

1996 Philippines 
REBOV 

 

Cas uniquement chez des 
macaques ; 1 cas humain 

asymptomatique identifié par 
sérologie 

2000-2001 Ouganda SEBOV 425, 224, 53% 

2001-2002 Gabon ZEBOV 65, 53, 82% 
2001-2002 RDC ZEBOV 57, 43, 75% 

2002-2003 RDC ZEBOV 143, 129, 89% 

2003 RDC ZEBOV 35, 29, 83% 
2004 Sud du Soudan SEBOV 17, 7, 41% 

2007 RDC ZEBOV 264, 187, 71% 

2007-2008 Ouganda BEBOV 131, 42, 32% 

2008 Philippines REBOV 
Des cochons ont été infectés; 6 
cas asymptomatiques humain 

identifiés par sérologie 
2008-2009 RDC ZEBOV 32, 15, 47% 

2011 Ouganda! SEBOV 1 (décédé) 

2012- Ouganda! SEBOV 60, 16, 27% (au 17 août) 
 RDC BEBOV 24, 11, 46% (au 28 août) 
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\_!T%./53%F#&!&/!*C%076%5$5=%&!

!Z!Z $0K-)+0U*.""

'/"!jLPF"4.*e"CB04CH0.K"D3*KC.K"B3+"1."W0+*K"',)13"3BB3+30KK./-"K0H*1-3/CH./-"

3*"&)*43/".-" 3*"o3n+.F" 3D-*.11."9CB*,10U*."5CH)D+3-0U*."4*"7)/2)" ]957^F" ./"I[+0U*."

CU*3-)+031.Z"'/"957F"43/K"1."W01132."p3H,*_*F"B+)DQ."4."13"+0W0R+."',)13F"V!h"B.+K)//.K"

4." 1;QlB0-31" H0KK0)//30+." 4." 13" W011." K.+)/-" 0/[.D-C.K" .-" NhO" B.+K)//.K" 4CDR4.+)/-"

]B3-0./-K" .-" B.+K)//.1K" HC40D3*e^Z" 7.--." CB04CH0." +.K-." \" D." X)*+" 13" B1*K" H.*+-+0R+."

]-3*e"4."1C-310-C"4."hht^Z"5.K")*W+0.+K"4;*/."*K0/."4."D)-)/"K0-*C."\"<f3+3F"3*"&)*43/F"

K)*[[+./-" 4." [0RW+.K" QCH)++320U*.KZ" 7;.K-" 3B+RK" 1.*+" Q)KB0-310K3-0)/" U*." 1." B0D" 4."

1;CB04CH0." .K-" 3--.0/-F" 1;./W0+)//.H./-" Q)KB0-310.+" [3W)+0K3/-" 13" B+)B323-0)/" 4*" W0+*KF"

-)*DQ3/-"30/K0"Nhc"B.+K)//.K"4)/-"!d!"4CDR4.+)/-Z"

:.K"4.*e"CB04CH0.K")/-"C-C"D3*KC.K"B3+"4.*e".KBRD.K"4."[01)W0+*K"40[[C+./-.K"E"1."

W0+*K"',)13"o3n+."]o'A6>^".-"1."W0+*K"',)13"&)*43/"]&'A6>^Z"5.K"CB04CH0.K"+CD*++./-.K"

D3*KC.K"B3+"1."&'A6>".-"1."o'A6>")/-"C-C"+.D./KC.K"B3+"1;6G&F"./"I[+0U*."CU*3-)+031."./"

!jLL" .-" ./" !jLjF" [30K3/-" Vd" H)+-K" 3*" -)-31Z" =1" [3*4+3" ./K*0-." 3--./4+." 1." H010.*" 4.K"

3//C.K" !jjOF" B)*+" ),K.+W.+" 4;3*-+.K" CB04CH0.K"H)+-.11.K" D3*KC.K" B3+" 1." o'A6>" .-" 1."

&'A6>Z" 5.B*0K" !jLPF" !LLc" B.+K)//.K" 4CDR4.+)/-" 4.K" K*0-.K" 4;*/." 0/[.D-0)/" B3+" 1."

o'A6>" )*" 1." &'A6>Z" 5.K" B.+-.K" 0HB)+-3/-.K" K)/-" C231.H./-" \" 4CB1)+.+" B3+H0" 13"

B)B*13-0)/"4.K"K0/2.K"3[+0D30/KZ":.K"CB04CH0.K"K)/-"+.D./KC.K"43/K"1."-3,1.3*"cZ"

'/"!jhjF"4.K"K0/2.K"H3D3U*.K"]+1%1%1*A1)%&%-.1$&)^" 0HB)+-CK"4.K"(Q010BB0/.K".-"

K-3,*1CK"./"U*3+3/-30/."43/K"*/."3/0H31.+0."4." 13"W011."4."9.K-)/"3*e"'-3-KT8/0K" K)/-"

0/[.D-CK" B3+" */" W0+*K" ',)13Z" #+RK" W0-." 13" H31340." K." B+)B32." 3*e" 3*-+.K" K0/2.K" ./"

U*3+3/-30/."43/K"1;3/0H31.+0.Z":."W0+*K"/."K.H,1."B3K"B3-Q)2R/."B)*+"1;Q)HH.F"U*3-+."

D3K" 3KYHB-)H3-0U*.K" 3Y3/-" C-C" D)/K-3-CK" 3B+RK" 3/31YK." KC+)1)20U*." B3+H0" 1.K"

B.+K)//.1K" 4." 1;3/0H31.+0." 3*e" '-3-KT8/0K" .-" -+)0K" D3K" 3*e" (Q010BB0/.KZ" =1" K;320-" 4;*/."

/)*W.11.".KBRD."4."W0+*K"',)13"E"',)13"9.K-)/"]9'A6>^Z"5;3*-+.K"CB04CH0.K"D3*KC.K"B3+"

1."9'A6>")/-"C-C" +3BB)+-C.K"./"'*+)B.F"3*e"'-3-KT8/0K".-"3*e"(Q010BB0/.K" ]-3,1.3*"c^Z"

(1*K" +CD.HH./-F" ./" NOOhF" */." CB0f))-0." 3" -)*DQC" 4.K" B)+DK" [.+H0.+K" 3*e" (Q010BB0/.K"

]A3++.--.*"(*1.?F"NOOj^Z"&)0e3/-.T40e"B)*+"D./-"4."1;C1.W32."B)+D0/"-.K-C".K-"B)K0-0["B)*+"13"

B+CK./D." 4;3/-0D)+BK" 3/-0T9'A6>" 3W.D" 40[[C+./-.K" -.DQ/0U*.K" ]':=&IF" -.K-" 4."

/.*-+310K3-0)/^"]&3Y3H3*"(*1.?F"NO!N^Z""

"
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8/." U*3-+0RH." .KBRD." 4." W0+*K" ',)13" .K-" 4CD)*W.+-." ./" !jjcZ" 8/." B+0H3-)1)2*." .K-"

0/[.D-C."3B+RK"3W)0+"B+3-0U*C"4.K"3*-)BK0.K"4."DQ0HB3/fCK"+.-+)*WCK"H)+-K"43/K"13"[)+J-"

#3n" ./" 7l-." 4;=W)0+.Z" :3" B3-0./-." +3B3-+0C." .-" K)02/C." ./" &*0KK.F" K*+W0W+3" \" 1;0/[.D-0)/Z"

7.--." /)*W.11." .KBRD." .K-" 3BB.1C." ',)13W0+*K" 7l-." 4;=W)0+." ]7='A6>^" )*" #3n" `)+.K-"

]#I`>^F" 4;3B+RK" 13" /)H./D13-*+." +.W*." B3+" b*Q/" ./" NO!O" ]b*Q/* "(* 1.?F" NO!O^Z" 7.-"

CB0K)4.".K-"1."K.*1"D3K"D)//*"4;0/[.D-0)/"B3+"1."7='A6>Z""

'/[0/F"./-+."NOOL".-"NOOhF"*/."CB04CH0."43/K"1."40K-+0D-"4."A*/40,*2Y)F"./"6*23/43F"

-)*DQ3"!V!"B.+K)//.K"4)/-"cN"H)*++)/-"]#)i/.+*"(*1.?F"NOOh^Z":."W0+*K"./"D3*K.".K-"*/."

/)*W.11.".KBRD.F"',)13W0+*K"A*/40,*2Y)"]A'A6>^Z""

!ZNZ 'B04CH0)1)20."

:3"40K-+0,*-0)/"2C)2+3BQ0U*."4.K"40[[C+./-.K"CB04CH0.K"4."[0RW+.K"QCH)++320U*.K"

W0+31.K"\"[01)W0+*KF"D)++.KB)/4"\"13"f)/."CU*3-)+031."4*"21),.Z":.K"f)/.K"./4CH0U*.K"4.K"

W0+*K"',)13"o3n+.F"&)*43/F"A*/40,*2Y)".-"7l-."4;=W)0+."K)/-"B+)DQ.K"4.K"[)+J-K"Q*H04.K"

4;I[+0U*."D./-+31.Z":."9'A6>"K.H,1."./4CH0U*."43/K" 1."K*4"4." 1;IK0.F"3*e"(Q010BB0/.K"

][02*+."!h^Z"

5." /)H,+.*K.K" C-*4.K" )/-" C-C" H./C.K" 3[0/" 4." 4CD)*W+0+" 1;Ql-." /3-*+.1" 4.K"

[01)W0+*KZ"'-3/-"4)//C"U*."1.K"2+3/4K"K0/2.K"K*DD)H,./-"+3B04.H./-"\"*/."0/[.D-0)/"B3+"

1." W0+*K" ',)13" ./" 4CW.1)BB3/-" 4.K" K02/.K" D10/0U*.K" K0H0130+.K" \" D.*e" ),K.+WCK" DQ.f"

1;Q)HH.F"01K"/."B.*W./-"B3K"J-+."D)/K04C+CK"D)HH."1."+CK.+W)0+"/3-*+.1"4*"W0+*KZ"&*0-."

3*e" [)+-.K" CB04CH0.K"4."!jLPF" 4.K" +.DQ.+DQ.K")/-" C-C" ./-+.B+0K.K" K*+" 1." -.++30/"E" .11.K"

K)/-",3KC.K" K*+" 13" D3B-*+."4;3/0H3*e"K3*W32.K" ]W.+-C,+CK".-" 0/W.+-C,+CK^" K*KD.B-0,1.K"

4;J-+."4.K"Ql-.K"/3-*+.1K"B)-./-0.1K"4.K" [01)W0+*KZ"I*"-)-31F"B+RK"4."LOOO" 0/W.+-C,+CK".-"

VO"OOO"W.+-C,+CK")/-" C-C" 3/31YKCK" .-"4.K" KCU*./D.K"/*D1C)-040U*.K" KBCD0[0U*.K")/-"B*"

J-+."4C-.D-C.K"B3+"4.K")*-01K"4.",0)1)20."H)1CD*130+."DQ.f"4.K"+)/2.*+K"]+-)*#-)%-.-)F"

I$1,#M)*)4".-"[..-.1*)M.@&),$"D^"H30K"D.K"+CK*1-3-K"/;)/-"B3K"B*"J-+."D)/[0+HCKZ"

&*0-." 3*e" CB04CH0.K" 4*" 4C,*-" 4.K" 3//C.K" NOOOF" 4.K" B+C1RW.H./-K" )/-" C-C"

.[[.D-*CK"K*+"1.K"3/0H3*e"K3*W32.K"\"B+)e0H0-C"4.K"W01132.K"-)*DQCK"B3+"1;0/[.D-0)/".-"4.K"

[+32H./-K" 4;I9<" 30/K0" U*." 4.K" 3/-0D)+BK" 3/-0To'A6>" )/-" B*" J-+." 4C-.D-CK" DQ.f" 1.K"

DQ3*W.KTK)*+0K" [+*20W)+.K" ]:.+)Y* "(* 1.?F" NOOdz" #)i/.+* "(* 1.?F" NOOL^E" QM4)&7'1(-)*

#,')($,)-)E*T4,#,4)*A$1';-"((&*"(*+M,'M%("$&)*(,$;-1(1"][02*+."!j^Z"5;3B+RK":.+)Y".-"K.K"

D)113,)+3-.*+K" ]:.+)Y* "(* 1.?F" NO!!,^F" 1.K" DQ3*W.KTK)*+0K" K.H,1./-" J-+." 1." +CK.+W)0+"

/3-*+.1"4.K"[01)W0+*K"./"I[+0U*.F",0./"U*;3*D*/."B3+-0D*1."W0+31."/;3"./D)+."B*"J-+."0K)1C.Z""
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I1$(&"*L&B.&,7$14=&;-"*

 jj"

'/[0/"./"NO!!F"*/."C-*4."K0H0130+."3"C-C"H./C."3*e"(Q010BB0/.K"z"4.K"B+C1RW.H./-K")/-"

C-C" .[[.D-*CK" DQ.f"4.K" DQ3*W.KTK)*+0K" D3B-*+C.K"43/K" 13" [)+J-"4."50H013/F" K0-*C."\"*/."

-+./-30/." 4." _01)HR-+.K" 4.K" [)Y.+K" 4;0/[.D-0)/" 4." 1;C-3,10KK.H./-" 4." U*3+3/-30/." 4.K"

K0/2.K"B)*+"1;.eB)+-3-0)/".-"4.K"C1.W32.K"B)+D0/K")~"1."9'A6>"3"C-C"0K)1CZ"8/.".KBRD."4."

DQ3*W.TK)*+0K" 3" B*" J-+." H0K." ./" CW04./D." D)HH." +CK.+W)0+" B)-./-0.1" 4*" 9'A6>"E"

!,-)"((-)*1#4."D&%1-<1(-)"][02*+."!j^"]#3/02*DQ0*"(*1.?F"NO!!^Z"

9CD.HH./-F"*/."C-*4."3"H)/-+C"U*."4.K"3/-0D)+BK"3/-0T/*D1C)B+)-C0/."4."o'A6>".-"

9'A6>" )/-" C-C" 4C-.D-CK" 43/K" 1." KC+*H" 4." /)*W.11.K" .KBRD.K" 4." DQ3*W.TK)*+0K"E"

T4,#,$4=,$-)* 71#B&1'-)E* j1'M%("$&)* @".<O1#4&&* "(* T&,<,.,'* =".@-#F" +./[)+x3/-"

1;QYB)-QRK."K.1)/" 13U*.11." 1.K"DQ3*W.KTK)*+0K"K.+30./-" 1."+CK.+W)0+"/3-*+.1"4.K" [01)W0+*K"

]$3YH3/*"(*1.?F"NO!N^Z""

c_ @8381/73%./%F#&.!0&.!Q%$5B%3#.!

NZ!Z 713KK0[0D3-0)/"

:;32./-" C-0)1)20U*." 4." 13" [0RW+." QCH)++320U*." W0+31." \" ',)13" W0+*K" .K-" 1." W0+*K"

',)13"]'A6>^Z"=1"3BB3+-0./-"\"13"[3H011."4.K"H&.,@&$&<1""][02*+."NO^Z"=1"-0./-"K)/"/)H"4."13"

W311C."4."13"+0W0R+."',)13"./"9CB*,10U*."5CH)D+3-0U*."4*"7)/2)"]3/D0.//.H./-"o3n+.^F"

U*0" .K-"B+RK"4*" K0-."4." 13"B+.H0R+."CB04CH0." +.D)//*."./"!jLPF"43/K"*/"QlB0-31"4." 13"

H0KK0)/"40+02C"B3+"4.K"+.1020.*K.K"[13H3/4.KZ"

:3"[3H011."4.K"H&.,@&$&<1"".K-"40W0KC."./"-+)0K"2./+.KE"1."2./+."TB,.1@&$-)F"1."2./+."

+1$B-$7@&$-)F"4)/-"1.K"W0+*K"0/[.D-./-"1;Q)HH.".-"1.K"(<$".-"*/"/)*W.3*"2./+.F"1."2./+."

3-"@1@&$-)E" D)HB+./3/-" 1."W0+*K":1)W0*F"4CD)*W.+-" ./"NO!!"./"'KB32/.".-" +.KB)/K3,1."

4;0/[.D-0)/K"H)+-.11.K"DQ.f"1.K"DQ3*W.KTK)*+0KZ"

:."2./+."TB,.1@&$-)" D)HB+./4"D0/U".KBRD.K"W0+31.K"40K-0/D-.K"E"',)13W0+*K"o3n+.F"

',)13W0+*K"&)*43/F"',)13W0+*K"A*/40,*2Y)F"',)13W0+*K"7l-."4;=W)0+."])*"#3n"`)+.K-^".-"

',)13W0+*K"9.K-)/Z""

:;.KBRD."',)13W0+*K"o3n+.".K-"13"B1*K"0HB)+-3/-."./"W0+)1)20."HC40D31.F"D3+"01"K;320-"

4." 1;.KBRD." 13"B1*K"H)+-.11."B)*+" 1;Q)HH.".-" 1."B+0H3-."/)/"Q*H30/"](<$^F" 1." -3*e"4."

H)+-310-C"B)*W3/-"3--.0/4+."jOtZ":.K"3*-+.K".KBRD.K"&)*43/".-"A*/40,*2Y)"K)/-"3*KK0"

B3-Q)2R/.K"B)*+"1;Q)HH."3W.D"*/"-3*e"H)Y./"4."H)+-310-C"B1*K"[30,1."]+.KB.D-0W.H./-"

dV"t" .-" Vc" t^Z" :;.KBRD." ',)13W0+*K" 7l-." 4;=W)0+." .K-" H)+-.11." B)*+" 1." (<$Z" 7Q.f"

1;Q)HH.F"K.*1.H./-"4.*e"D3K"/)/"H)+-.1KF")/-"C-C"+3BB)+-CK"B3+"1;6G&Z":;.KBRD.""
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I1$(&"*L&B.&,7$14=&;-"*

 !O!"

',)13W0+*K"9.K-)/"/;.K-"B3K"B3-Q)2R/."B)*+" 1;Q)HH."]c"D3K"3KYHB-)H3-0U*.K"4CD+0-K^"

H30K".K-" 1C-31"B)*+" 1."(<$".-" 1.K"B)+D0/KZ":3"H3X)+0-C"4.K".KBRD.K"K)/-"./4CH0U*.K"./"

I[+0U*."CU*3-)+031."31)+K"U*."1;.KBRD."',)13W0+*K"9.K-)/".K-"./4CH0U*."43/K"13"+C20)/"

4.K"(Q010BB0/.KZ""

NZNZ &-+*D-*+."4.K"W0+*K"

:.K" [01)W0+*K" K)/-" B1C)H)+BQ.KZ" '/" H0D+)KD)B0." C1.D-+)/0U*.F" )/" B.*-" 1.K"

),K.+W.+"K)*K"13"[)+H."4;*/"3//.3*F"4;*/"K0eF"4;*/"8".-"K)*K"13"[)+H."4;*/"[013H./-F"4;)~"

1.*+"/)H"4." [01)W0+*K" ]4*" 13-0/" [01~H^Z" :.K" W0+0)/K" [010[)+H.K"B.*W./-" 3--.0/4+." X*KU*;\"

!c"OOO" /H" 4." 1)/2*.*+" .-" )/-" */" 403HR-+." */0[)+H." 4." hO" /H" ][02*+." N!^Z" 7.--."

K-+*D-*+." +./[.+H." */" D)HB1.e." +0,)/*D1C)B+)-C0U*." QC10D)n431" 4." cO" \" dO" /H" 4."

403HR-+.Z"8/."C-*4." K-+*D-*+31." -+RK" +CD./-."H./C."B3+"*/."CU*0B." D3/340.//." K*+" 13"

B)1YB1)n40."4.K"W0+0)/KF".eB10U*.+30-" 1.K"40[[C+./D.K"4."1)/2*.*+"./-+."1.K"[013H./-K"B3+"

13" B+CK./D." 4;*/." )*" B1*K0.*+K" /*D1C)B+)-C0/.K" ]A./03D* "(* 1.?F" NO!N^Z" '/" .[[.-F" 3B+RK"

1;C-*4." 4." B1*K" 4." NOOO" W0+0)/KF" 01" 3BB3+3y-+30-" U*." 13" H3X)+0-C" 4.K" B3+-0D*1.K" W0+31.K"

4;',)13" K)0./-" D)/K-0-*C.K" 4." B1*K0.*+K" */0-CK" 4." 2C/)H." ])*" /*D1C)D3BK04.^"

3KK.H,1C.K" 4."H3/0R+." D)/-0/*." )*" 10C.KF" 3W.D" */" +C-+CD0KK.H./-" ./-+." 1.K" 2C/)H.KZ"

7.--."CU*0B."B+)B)K."*/"H)4R1."4;.HB3U*.-32."4*"2C/)H."4*"W0+*K"',)13"][02*+."NN^Z""

:.K" [01)W0+*K" [)/-" B3+-0." 4.K" B1*K" 2+)K" W0+*K" 4." 1;)+4+." 4.K"+,','"71@&$1.")Z" =1K"

B)KKR4./-" */" 2C/)H." 10/C30+." \" I9<" K0HB1." ,+0/" /)/" K.2H./-CF" 4." B)13+0-C" /C23-0W.F"

4;*/." 1)/2*.*+" 4." !j" _B," D)43/-" B)*+" L" 2R/.K" )+23/0KCK" 43/K" */" )+4+." B+CD0K"E" 13"

KCU*./D." 3 !-leader – la nucléoprotéine (NP) – la" B+)-C0/." W0+31." (VP) 35 – VP40- la 

glycoprotéine (GP) - VP30 - VP24 - la polymérase (L)  et la séquence  5 !-trailer ][02*+."N!^Z"

�*3-+."4."D.K"B+)-C0/.K"E"<(F">(VOF">(Vd".-":" K)/-"3KK)D0C.K"\" 1;I9<"2C/)H0U*."B)*+"

[)+H.+"13"+0,)/*D1C)B+)-C0/."-3/40K"U*."1.K"-+)0K"3*-+.K"B+)-C0/.K"E"@(F">(NcF">(cO"K)/-"

3KK)D0C.K"\" 13"H.H,+3/.Z":3"H.H,+3/."U*0"./-)*+."13"/*D1C)D3BK04.".K-"*/.",0D)*DQ."

10B040U*."4C+0WC."4."13"H.H,+3/."D.11*130+."43/K"13U*.11."K)/-"3/D+CK"4.K"-+0HR+.K"4."@("

[)+H3/-"4.K"KB0D*1.K"\"13"K*+[3D."4.K"W0+0)/KF"/CD.KK30+.K"\"1;3--3DQ.H./-".-"\"1;./-+C."4*"

W0+*K"43/K"13"D.11*1.Z"8/."Q*0-0RH."B+)-C0/."/)/"K-+*D-*+31.".K-"KCD+C-C."B3+"1."W0+*K"E"13"

&H311"@(" ]K@(^" ]>)1DQ_)W*"(*1.?F" !jjd^Z" :.K" 2R/.K" K)/-" KCB3+CK"B3+"4." D)*+-.K" +C20)/K"

4;*/")*"B1*K0.*+K"/*D1C)-04.K".-"D.+-30/K"2R/.K"K."DQ.W3*DQ./-"E">(VdT>(cOF"@(T>(VO".-"

>(NcT:"][02*+."N!^Z":.K".e-+CH0-CK"2C/)H0U*.K"r":.34.+"s".-"r"#+301.+"s"K)/-"4.K"+C20)/K"

/)/TD)43/-.K"-+RK"D)/K.+WC.KF"0HB)+-3/-.K"B)*+"D)/-+l1.+"13"-+3/KD+0B-0)/F"13"+CB10D3-0)/"



  
 

 !ON"



I1$(&"*L&B.&,7$14=&;-"*

 !OV"

.-" 1." D)/40-0)//.H./-" 4.K" 2C/)H.K" W0+3*e" 43/K" 1.K" /)*W.3*e" W0+0)/KZ" 7." K)/-" 4.K"

+C20)/K"-+RK"D)HB1CH./-30+.K"U*0"B.+H.--+30./-"3*e"W0+0)/KF"43/K"D.+-30/.K"D)/40-0)/KF"

4." [)+H.+" 4.K" K-+*D-*+.K" ./" CB0/21." \" DQ.W.*e" E" 1." V;T1.34.+" .K-" D)/K-0-*C" 4." VO" \" LO"

/*D1C)-04.K".-"1."d;T-+301.+".K-"4."1)/2*.*+"W3+03,1.F"K.1)/"1;.KBRD."]&3/DQ.f*"(*1.?F"NOOP^Z""

7;.K-" 2+aD." \" 4.K" 3/31YK.K" BQY1)2C/C-0U*.K" 4." 13" +C20)/" D)43/-." 4*" 2R/." 4." 13" @("

U*;01" 3" C-C" B)KK0,1." 4." H.--+." ./" CW04./D." 1;.e0K-./D." 4.K" 4.*e" 2./+.K" 40K-0/D-K"

TB,.1@&$-)".-"+1$B-$7@&$-)*.-"4."D0/U".KBRD.K"40[[C+./-.K"B3+H0"1."2./+."TB,.1@&$-)Z"

NZVZ 7YD1."4."+CB10D3-0)/"

NZVZ!Z 9CD.B-.*+K"4*"W0+*K"',)13"

:.K"[01)W0+*K"B)KKR4./-"*/"-+)B0KH."D.11*130+."-+RK"13+2.Z"'/".[[.-F"01K"K)/-"D3B3,1.K"

4;0/[.D-.+" 40[[C+./-.K" 102/C.K" D.11*130+.K" -.11.K" U*." 4.K" D.11*1.K" CB0-QC1031.K" 0KK*.K" 4."

40[[C+./-K"-0KK*KF"4.K"D.11*1.K"./4)-QC1031.KF"4.K"D.11*1.K"H)/)DY-30+.K".-"1.K"QCB3-)DY-.K"

4;Ql-.K"W3+0CK"]Q)HH.F"K0/2.F"DQ3*W.TK)*+0KF"D),3Y.F"K)*+0K^Z"7."13+2."-+)B0KH.".K-"4M"\"

1.*+"@("B3+-0D*10R+.H./-"21YD)KY1C.F"D3B3,1."4."K."10.+"\"40[[C+./-K"+CD.B-.*+K"-.11.K"U*."

1.K" 1.D-0/.K"4." -YB."7" ]5)1/0_*"(*1.?F" NOOh^Z"(1*K0.*+K"B+)-C0/.K"4." K*+[3D.")/-"30/K0"B*"

J-+." 04./-0[0C.K" D)HH." [3D-.*+K" 4." 1030K)/" 4.K" [01)W0+*K" 3W.D" 13" H.H,+3/." D.11*130+."

]5)1/0_*"(*1.?F"NOOh^Z"7.K"+CD.B-.*+K"/."K)/-"B3K"B+CK./-K"K*+" -)*K" 1.K" -YB.K"D.11*130+.K"

K./K0,1.K"\" 1;0/[.D-0)/"B3+"1.K"[01)W0+*KF"H30K"D.K"H)1CD*1.K"B3+-0D0B./-"\" 13"B.+H0KK0W0-C"

4.K"D.11*1.K".-"K)/-"D)/K04C+C.K"D)HH."4.K"D)T[3D-.*+K"4."1;./-+C."4*"W0+*KZ""

5.+/0R+.H./-F"73+.--.".-"K)/"CU*0B.")/-"04./-0[0C"*/"[3D-.*+"*,0U*0-30+.".KK./-0.1"

\"1;./-+C."4*"W0+*K"',)13"43/K"13"D.11*1."E"1."-+3/KB)+-.*+"4."DQ)1.K-C+)1"<0.H3//T(0D_"7!"

]<(7!^Z"7.--."B+)-C0/.".K-"D)//*."B)*+"K)/"+l1."4."-+3/KB)+-.*+"4*"DQ)1.K-C+)1"4.B*0K"

1.K"./4)K)H.K".-" 1.K" 1YK)K)H.K"-3+40[K"B)*+"1."+.40K-+0,*.+"K*+"13"H.H,+3/."D.11*130+."

]73+.--.*"(*1.?F"NO!!^Z"

8/." C-*4." H./C." K*+" 4.K" [0,+),13K-.K" 4." B3-0./-K" 3--.0/-K" 4." 13" H31340." 4."

<0.H3//T(0D_F" K." -+34*0K3/-" B3+" */." 3DD*H*13-0)/" 4*" DQ)1.K-C+)1" 10,+." 43/K" 1.K"

[0,+),13K-.KF" 0/4*0K3/-" \" 1)/2" -.+H." 4.K" -+)*,1.K" /.*+)1)20U*.K" .-" BKYDQ03-+0U*.KF"

]H*-3-0)/" 4C1C-R+." 4*" 2R/." <(7!^" 3" H)/-+C" U*." D.K" D.11*1.K" C-30./-" +CK0K-3/-.K" \"

1;0/[.D-0)/"B3+"*/"W0+*K"4."13"K-)H3-0-."WCK0D*130+."+.D)H,0/3/-".eB+0H3/-"13"@("4*"W0+*K"

',)13Z"(3+"3011.*+KF"7)-.".-"K)/"CU*0B.")/-"D)/[0+HC"1."+l1."D+*D031"4."D.--."B+)-C0/.F"./"
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!"#$%&' ()'*' +,-./0' 1&2'/31"4",05"362' 2$7"5' 80%' 90' #9:,38%35."6&' 1$' ;"%$2' <7390'

93%2' 1&' 9=.508&' 1=&65%.&' 1062' 90' ,&99$9&"! #$! %&! '(! )*+(,! -./0$! 1,2! 30*)41! 5$+! 0$!

6$2715,*81,! #! 5(*,! 0$! 3$2715,*81! 9! '$8,! 0:18'/,/;1! <$="! #1! +4,*'(! '1! >?@A$! ,(.*2!
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;1;.+$81!3100(0$*+1"!<M/(+31!N!<O7*21!P!M37/+8.1+EJ!KQ>K==!

!

!

!

!

!

!

7'



I1$(&"*L&B.&,7$14=&;-"*

 !Od"

4CH)/-+3/-"U*."1)+KU*."13"B+)-C0/."<7(!"C-30-"0/Q0,C."B3+"4.K"H)1CD*1.K"DQ0H0U*.KF"1.K"

D.11*1.K"4.W./30./-"+CK0K-3/-.K"\"1;0/[.D-0)/"B3+"1."W0+*K"',)13"]7)-.*"(*1.?F"NO!!^Z"

8/" H)4R1." B1*K" 4CW.1)BBC" 4." 1;3--3DQ.H./-" 4*" W0+*K" .-" 4." 13" [*K0)/" 4." 13"

H.H,+3/." W0+31." 3W.D" 13" H.H,+3/." D.11*130+." 3" C-C" +CD.HH./-" 4CD+0-" ]kQ0-." w"

&DQ)+/,.+2F"NO!N^F"H)/-+3/-"U*."13"@("B+CK./-."\"13"K*+[3D."4."13"B3+-0D*1."W0+31."K."10."\"

K)/" ]K.K^" +CD.B-.*+]K^" \" 13" K*+[3D." 4." 13" D.11*1.F" B*0K" 1." W0+*K" .K-" 0/-.+/310KC" B3+"

H3D+)B0/)DY-)K.".-"-+3/KB)+-C" X*KU*;\"*/"D)HB3+-0H./-"./4)K)H31Z"53/K" 1;./4)K)H.T

1YK)K)H." -3+40[F" 13" @(" ]U*0" .K-" */." DQ30/." B)1YB.B-040U*." */0U*.^" W3" K*,0+" 4.K"

-+3/K[)+H3-0)/K"./fYH3-0U*.KZ"'11.".K-" D)/K-0-*C."4."4.*e"K)*KT*/0-CK"E"@(!" ]!VO_53^"

.-" @(NZ" 7.K" 4.*e" K)*KT*/0-CK" K)/-" .KK./-0.11.K" B)*+" K." [0e.+" K*+" 1." +CD.B-.*+"

H.H,+3/30+."]@(!^".-"B)*+"13"[*K0)/"3W.D"13"H.H,+3/."D.11*130+."]@(N^Z""

8/."[)0K"43/K"1;./4)K)H.F"@(!".K-"D10WC."B3+"13"73-Q.BK0/.":"]$))4*"(*1.?F"NO!O^Z"

:." +CK04*" @(!" 4." NO_53" 3" B.+4*" K)/" 4)H30/." 4." -YB."H*D0/." .-" K3" D)0[[." 4." 21YD3/"

]$))4* "(* 1.?F" NO!Oz" &DQ)+/,.+2* "(* 1.?F" NOOP^Z" 8/" 4.*e0RH." D10W32." 4." 13" @(!" B3+" 13"

73-Q.BK0/."A"/."W3"130KK.+"U*;*/"+CK04*"4."!j_53"]@/0+KK*"(*1.?F"NO!N"z"&DQ)+/,.+2*"(*1.?F"

NOOP^Z":."B$"[30,1."\"1;0/-C+0.*+"4."1;./4)K)H.".-"1;3D-0)/"4."[3D-.*+"3440-0)//.1"]<(7!^"

W3" ./-+3y/.+" 4.K" H)40[0D3-0)/K" D)/[)+H3-0)//.11.K" 4*" +CK04*" @(!" 4." !j_53" .-" 30/K0"

10,C+.+" 13" ,)*D1." 4." [*K0)/" B)+-C." B3+" 13" K)*KT*/0-C" @(N" ][02*+." NV^Z" :.K" H.H,+3/.K"

D.11*130+." .-" W0+31." W)/-" [*K0)//.+F" D."HCD3/0KH." B.+H.-" 4." 10,C+.+" 13" /*D1C)B+)-C0/."

40+.D-.H./-"43/K"1."DY-)B13KH.")~"W3"3W)0+"10.*"13"+CB10D3-0)/"4*"W0+*KZ""

NZVZNZ 9CB10D3-0)/".-"-+3/KD+0B-0)/"

5RK"U*." 13"/*D1C)D3BK04." .K-"43/K" 1." DY-)B13KH." ][02*+."Nc^F" K.B-" \"Q*0-"I9<H"

H)/)D0K-+)/0U*.K"B)1Y34C/Y1CK".-"D)0[[CKF"K)/-"KY/-QC-0KCKF"K*0W3/-"1;)+4+."V;Td;F"\"B3+-0+"

4."1;I9<"2C/)H0U*."./D3BK04CZ"7Q3U*."2R/."B)KKR4."K3"B+)B+."KCU*./D."4;0/0-03-0)/".-"

K)/"D)4)/"&#6("43/K"1.K"+C20)/K"0/-.+2C/0U*.K"3--./3/-.KZ":3"-+3/KD+0B-0)/"K."[30-"4)/D"

4."H3/0R+."KCU*./-0.11."B3+"1."D)HB1.e."B+)-C0U*."4."13"/*D1C)D3BK04."]<(F">(VOF">(Vd"

.-" 13" B)1YHC+3K." :^" .-" K.1)/" */" 2+340./-" 4CD+)0KK3/-" 4." V;" ./" d;F" 0/4*0K3/-" */." [)+-."

.eB+.KK0)/"4."13"<(".-"*/."[30,1.".eB+.KK0)/"4."13"B)1YHC+3K.":Z":.K"I9<H"K)/-"./K*0-."

-+34*0-K"./"B+)-C0/.K"B3+"1.K"+0,)K)H.K"D.11*130+.K"10,+.KZ""

:)+K"4."13"-+3/KD+0B-0)/"4*"2R/."4."13"@(F"1;I9<H"KY/-QC-0KC".K-"K)*H0K"\"*/"HCD3/0KH."

4;C40-0)/F"U*0"K."-+34*0-"B3+"1;3440-0)/"4;*/."34C/)K0/.Z":)+KU*."1;I9<H"/;.K-"B3K"C40-CF"

*/."[)+H."K)1*,1."4."13"@(F"13"K@(F".K-"KY/-QC-0KC.Z"
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 !OL"

:)+KU*."1."-3*e"4."<("/C)KY/-QC-0KC.".K-"-+)B"C1.WC"43/K"1."DY-)B13KH."01"K."B+)4*0-"*/"

Ki0-DQ" D)/D.+/3/-" 1;3D-0W0-C" 4*" D)HB1.e." ./fYH3-0U*." <(T>(VOT>(VdT:" .-" D.1*0TD0"

D)HH./D." \" +CB10U*.+" 1;I9<" 2C/)H0U*." ./" */" ,+0/" r"3/-0K./K"s" 4." B)13+0-C" B)K0-0W."

D)HB1CH./-30+.Z" 7." ,+0/" 4;I9<" B)K0-0[" W3" 31)+K" K.+W0+" 4." H3-+0D." \" 13" KY/-QRK." 4."

/)*W.3*e" 2C/)H.K" W0+3*e" 4;I9<" 4." B)13+0-C" /C23-0W." U*0" W)/-" K;3DD*H*1.+" 43/K" 4.K"

r"D)+BK" 4;0/D1*K0)/"s" B*0K" W)/-" J-+." -+3/KB)+-CK" X*KU*;\" 13"H.H,+3/." B13KH0U*." B)*+"

[)+H.+"4.K"/)*W.11.K"B3+-0D*1.K"W0+31.KZ"

NZVZVZ IKK.H,132."4.K"W0+*K".-",)*+2.)//.H./-"

I*" /0W.3*" 4.K" D)+BK" 4;0/D1*K0)/F" 1.K" /*D1C)B+)-C0/.K" .-" 1.K" B+)-C0/.K" W0+31.K"

K;3KK.H,1./-"B)*+"[)+H.+"4.K"/*D1C)D3BK04.K".-"K)/-"-+3/KB)+-C.K"X*KU*;\"13"H.H,+3/."

B13KH0U*.Z":3"[3x)/"4)/-"13"/*D1C)D3BK04."W3"K."B+CK./-.+"K)*K"13"H.H,+3/."D.11*130+."

W3" 4C-.+H0/.+" 13" [)+H."4*" W0+0)/" ][013H./-F"8F" K0e" )*" 3//.3*^Z" :." -+3/KB)+-" 4.K" D)+BK"

4;0/D1*K0)/"W.+K"13"H.H,+3/."10B040U*."K.H,1."J-+."3KK*+C"B3+"13"B+)-C0/."W0+31.">(cOZ"

:." W0+0)/" W3" ./K*0-." K)+-0+" 4." 13" D.11*1." B3+" ,)*+2.)//.H./-" 3*" /0W.3*" 4.K" +34.3*e"

10B040U*.K"]`+.0-3K*"(*1.?F"NO!!^Z"=1"K;320-"4."H0D+)4)H30/.K"D)/-./3/-"4.K"KBQ0/2)10B04.K"

.-"4*"DQ)1.K-C+)1"U*0"K)/-"B+CK./-K"/3-*+.11.H./-"43/K" 1.K"H.H,+3/.K",0)1)20U*.KZ":3"

/*D1C)D3BK04." W3" 31)+K" K;./W.1)BB.+" 4." H.H,+3/." D.11*130+.F" ,)*+2.)//.+" .-" K."

4C-3DQ.+"4."13"D.11*1.Z"

:3"@("4*"W0+*K"',)13F"B3KK."B3+"*/."C-3B."4."H3-*+3-0)/"43/K"1;3BB3+.01"4."@)120Z"

:." B+CD*+K.*+" KY/-QC-0KC" 1)+K" 4." 13" -+3/KD+0B-0)/F" 13" B+CT@(F" W3" K*,0+" 40[[C+./-.K"

H)40[0D3-0)/KF"D10W32.F"21YD)KY13-0)/KF"3DC-Y13-0)/K"43/K"1."D)HB3+-0H./-"2)120./Z":3"B+CT

@(".K-"4;3,)+4"<T21YD)KY1C."43/K"1."+C-0D*1*H"./4)B13KH0U*."B*0K"4.K"6T21YD)KY13-0)/K"

K)/-"3X)*-C.K"K*+"13"B+)-C0/."43/K"1;3BB3+.01"4."@)120Z":3"B+CT@(".K-"./K*0-."D10WC."43/K"1."

+CK.3*"-+3/KT2)120./"B3+"*/."[*+0/."3*"/0W.3*"4*"+CK04*"I+20/0/.dO!"./"4.*e"K)*KT*/0-CKF"

13" @(!" " .e-+3D.11*130+." ]dO!" 3D04.K" 3H0/CK^" .-" 13" @(N" K.2H./-" -+3/KH.H,+3/30+." .-"

0/-+3D.11*130+."]!Ld"3D04.K"3H0/CK^"U*0"W)/-"+.K-.+"10C.K"B3+"*/"B)/-"40TK*1[*+."./-+."1.K"

3D04.K" 3H0/CK" 7YK-C0/." ./" B)K0-0)/" dV" .-" POj" ]:..* "(* 1.?F" NOOh^Z" :.K" @(!FN"W)/-" 31)+K"

K;3KK.H,1.+"./"-+0HR+.KF"B)*+"J-+."-+3/KB)+-CK"X*KU*;\"13"H.H,+3/."43/K"4.K"WCK0D*1.K"

KCD+C-+0D.K" .-" J-+." .eB+0HCK" \" 13" K*+[3D." 4." 13" D.11*1." 3*" /0W.3*" 4.K" +3[-K" 10B040U*.KF"

]`+.0-3K*"(*1.?F"NO!!^Z":.K"W0+0)/K"U*0",)*+2.)//./-"K.+)/-"D)*W.+-K"4."@(Z"

8/." B3+-0." 4.K" -+0HR+.K" 4." @(!FN" H.H,+3/30+.K" B.*W./-" J-+." D10WCK" B3+" */."

HC-311)B+)-C3K."#I7'"]#*H)+"/.D+)K0K"[3D-)+"I1BQ3T7)/W.+-0/2"'/fYH.^"10,C+3/-"30/K0"
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 !Oj"

*/." [)+H." K)1*,1." +.-+)*WC." B3+[)0K" 43/K" 1." KC+*H" 4;3/0H3*e" 0/[.D-CK" ]5)1/0_* "(* 1.?F"

NOOcz":..*"(*1.?F"NOOj^Z"

X_ (-E&1/%5-!C83!$&.!E%$5B%3#.!

VZ!Z #+3/KH0KK0)/"4.K"[01)W0+*K"

:.K"[01)W0+*K"K)/-"\"1;)+020/."4."f))/)K.KZ"=1K"K)/-"B.+K0K-3/-K"DQ.f"*/")*"B1*K0.*+K"

3/0H3*eF"1.KU*.1K"B)*++30./-"J-+."4C[0/0K"D)HH."4.K"r"+CK.+W)0+K"sF".-"B)*++30./-"31)+K"

K."-+3/KH.--+."40+.D-.H./-"\"1;Q)HH.")*"3*"B+0H3-."/)/"Q*H30/"](<$^Z"

=1"K;.K-"3WC+C"U*."1.K"B.+K)//.K"D)/-3H0/C.K"B3+"1."W0+*K"K)/-"B+0/D0B31.H./-"4.K"

B.+K)//.K" -+3W30113/-" 43/K" 13" [)+J-" CU*3-)+031." )*" K.K" ./W0+)/KF" 1." B1*K" K)*W./-" ./"

D)/-3D-" 3W.D" 1.K" 3/0H3*eZ" :3" D)/K)HH3-0)/" 4;3/0H3*e" K3*W32.K" ]K0/2.K" .-" DQ3*W.KT

K)*+0K^" 3DD./-*." 1." +0KU*." 4." -+3/KH0KK0)/" 4*" W0+*KZ" 8/" D.+-30/" /)H,+." 4."H)4.K" 4."

-+3/KH0KK0)/" K)/-" D)//*K"E" -+3/KH0KK0)/" 0/-.+TK0H0.//." .-" 0/-.+Q*H30/.F" -3/40K" U*."

4;3*-+.K"+.K-./-"),KD*+.K"-.1"1."B3KK32."DQ3*W.TK)*+0KTK0/2.uQ)HH.".-"K0/2.TQ)HH.Z""

:;QYB)-QRK." K.1)/" 13U*.11." 1." K0/2." K.+30-" D)/-3H0/C" B3+" 1;0/2.K-0)/" 4." [+*0-K"

K)*011CK" B3+" 13" K310W." 4." DQ3*W.KTK)*+0K" B)+-.*K.K" 4*" W0+*K" .K-" 13" B1*K" B+),3,1.Z" :.K"

B+0H3-.K"/)/"Q*H30/K"K.H,1./-"-+RK"K./K0,1.K"\"1;0/[.D-0)/"/3-*+.11."B3+"1.K"[01)W0+*K".-"

X)*./-"*/"+l1.".KK./-0.1"43/K"1.K"CB04CH0.K"Q*H30/.KF"D)HH."D.13"3"C-C"1."D3K"\"G3+,*+2"

./" !jPL" .-" ./" 7l-." 4;=W)0+." ./" !jjcZ" :.K" Q*H30/K" K.+30./-" ./K*0-." 0/[.D-CK" ./"

H3/0B*13/-"1.K"D3+D3KK.K"4."B+0H3-.KZ""

:."H)4."4."-+3/KH0KK0)/"0/-.+Q*H30/"K."[30-"./K*0-."B3+"D)/-3D-"40+.D-"./-+."1.K"

B.+K)//.KF" W03" 1.K" [1*04.K" D)+B)+.1KZ" :;0/[.D-0)/" B.*-" J-+." /)K)D)H031." B*0KU*."

1;./W0+)//.H./-"Q)KB0-310.+"3"K)*W./-"[3W)+0KC"13"B+)B323-0)/"4*"W0+*K"1)+K"4."B1*K0.*+K"

CB04CH0.K"\"o'A6>".-"&'A6>Z"

:3"-+3/KH0KK0)/"B3+"W)0."3C+0.//."4.K"[01)W0+*K".K-"B)KK0,1."H30K".11."/;3"B3K"C-C"

H0K." ./" CW04./D.Z" 7.B./43/-F" .11." 3" C-C" +C310KC." .eBC+0H./-31.H./-" DQ.f" 1." K0/2."

+QCK*K"z".11."D3*K."31)+K"*/."B3-Q)1)20."B+)DQ."4."D.11."),K.+WC."3B+RK"0/[.D-0)/"B3+"W)0."

0/-+3TBC+0-)/C31.".-"./-+3y/."13"H)+-"4."1;3/0H31"]S)Q/K)/*"(*1.?F"!jjd^Z":;3C+)K)10K3-0)/"

4." [01)W0+*K"B3+"*/"3D-." -.++)+0K-." .K-"4)/D"\" D+30/4+.Z"7."H)4."4." -+3/KH0KK0)/"3" C-C"

),K.+WC"3W.D"1."9'A6>Z"'/"!jhj".-"!jjOF"-)*K"1.K"K0/2.K"4;*/."3/0H31.+0."\"9.K-)/")/-"

C-C"D)/-3H0/CKF"HJH."D.*e"U*0"C-30./-"43/K"4.K"D32.K"\"40K-3/D."4.K"H3D3U*.K"0/[.D-CKF"

D." U*0" K.+30-" ./" [3W.*+" 4;*/." -+3/KH0KK0)/" 0/-.+TK0H0.//." B3+" 3C+)K)1" ]b*Q/F" NOOh^Z"
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:;),K.+W3-0)/" 4.K" B+CDC4./-.K" CB04CH0.KF" [30-" B./K.+" U*." 13" -+3/KH0KK0)/" B3+" 3C+)K)1"

/;.K-"B3K"1."H)4."B+0/D0B31"4."-+3/KH0KK0)/"4.K"[01)W0+*KF"H30K"4.K"C-*4.K"K)/-"./"D)*+K"

K*+"1.K"B+0H3-.K"/)/"Q*H30/KF"B)*+"CW31*.+"1."+0KU*."4."13"-+3/KH0KK0)/"4."o'A6>"B3+"

W)0."3C+0.//.".-"-./-.+"4."D)HB+./4+."1."HCD3/0KH."4;0/[.D-0)/"]9..4*"(*1.?F"NO!!^Z"

:3"W)0."4." -+3/KH0KK0)/" K.H,1." X)*.+"*/" +l1." 0HB)+-3/-"43/K" 1."4CW.1)BB.H./-".-"

1;0KK*." 4." 13" H31340.Z" :3" W)0." B3+./-C+31." K.H,1." J-+." \" 1;)+020/." 4;*/." 0/[.D-0)/" B1*K"

+3B04."]V"\"P"X)*+K"D)/-+."d"\"j"X)*+K"B)*+"*/."0/[.D-0)/"B3+".eB)K0-0)/^"4."HJH.F"1."-3*e"

4."H)+-310-C".K-"B1*K"0HB)+-3/-"E"!OOt"4.K"D3K"3KK)D0CK"\"*/."0/X.D-0)/"D)/-+."hOt"4.K"

D3K"3KK)D0CK"\"*/.".eB)K0-0)/"D)//*."]`.14H3//"w"@.0K,.+-F"NO!!^Z"

VZNZ 710/0U*.""

:.K"W0+*K"o'A6>F"&'A6>".-"A'A6>"K)/-"+.KB)/K3,1.K"4." [0RW+.K"QCH)++320U*.K"

KCWR+.K"U*0"40[[R+./-"43/K"1.*+"BC+0)4."4;0/D*,3-0)/F"13"KCWC+0-C"4."13"H31340.".-"1."-3*e"

4."H)+-310-CZ"

:3"BC+0)4."4;0/D*,3-0)/"4.K"[0RW+.K"QCH)++320U*.K"\"W0+*K"',)13"4*+."./-+."N".-"

N!"X)*+K"]./"H)Y.//."c"\"j"X)*+K^Z":;C-3-"4*"B3-0./-"K."4C2+34."./K*0-."+3B04.H./-"E" 01"

B+CK./-."4.K"K02/.K"D10/0U*.K".-"4.K"KYHB-lH.K"/)/TKBCD0[0U*.K"4." 13"H31340."E" [0RW+.F"

[3-02*.F"H3*e"4."-J-.F"HY3120.F"/3*KC.KF"U*0"B.*W./-"J-+."D)/[)/4*K"3W.D"1.K"KYHB-lH.K"

4." 13" H313+03F" 4." 13" [0RW+." -YBQ)n4." )*" 4;3*-+.K" H31340.K" +CD*++./-.K" ./" I[+0U*.Z" :3"

[0RW+." QCH)++320U*." \" [01)W0+*K" /;.K-" B3K" K*KB.D-C." X*KU*;\" 1;3BB3+0-0)/" 4." +)*2.*+K"

D*-3/C.KF"4;QCH)++320."]!"B3-0./-"K*+"VF"2C/C+31.H./-"./"BQ3K."-.+H0/31.^")*"3B+RK"4.K"

D3K" 4." -+3/KH0KK0)/" ./-+." B3-0./-K" )*" 3*" B.+K)//.1"HC40D31" ]b)+-.B.-.+* "(*1.?F" NO!!^Z"

53/K" 13"H3X)+0-C"4.K" D3KF" 13"H)+-"4*"B3-0./-" K*+W0./-" ./"4.*e" K.H30/.KZ" &0" D.1*0TD0" .K-"

-)*X)*+K"./"W0."3*T4.1\"4*"!cRH."X)*+F"K.K"DQ3/D.K"4."K*+W0."K)/-"K*BC+0.*+.K"\"LdtZ""

53/K" 1.K" [)+H.K" [3-31.KF" 1.K" KYHB-lH.K" .-" 1.K" QCH)++320.K" K;322+3W./-"

+3B04.H./-".-"13"H)+-"K*+W0./-"./"ch"Q.*+.KZ"=/W.+K.H./-F"43/K"1.K"[)+H.K"/)/"[3-31.KF"

1.K"KYHB-lH.K"K;3--C/*./-"+3B04.H./-".-"13"W0+CH0."40H0/*.Z"

:3"D)/W31.KD./D.".K-"1)/2*.".-"H3+U*C."B3+"4.K"CB0K)4.K"[C,+01.KZ"'11."B.*-"4*+.+"4."

U*.1U*.K"K.H30/.K" X*KU*;\"P"H)0KZ":.K"KCU*.11.K"4;*/." 0/[.D-0)/"302*�"K."D3+3D-C+0K./-"

B+0/D0B31.H./-"B3+"*/."3K-QC/0.F"*/."B.+-."4."B)04KF"4.K"H3*e"4."-J-.F"*/."HY3120.F"*/."

3+-Q+3120.F" */." 4.KU*3H3-0)/" 4." 13" B.3*F" */." 31)BCD0." )*" */." 3/CH0." B.+K0K-3/-."

]-3,1.3*"d^Z""
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"#$%&'(!)!"*$+,-,./,.(+!"#!$%&0!122344''



I1$(&"*L&B.&,7$14=&;-"*

 !!V"

VZVZ (3-Q)2./RK."

:.K" [01)W0+*K" K.H,1./-" ./-+.+" 43/K" 1;Ql-." ./" B3KK3/-" \" -+3W.+K" 1.K" ,3++0R+.K"

H*D)K31.KF" 1.K" 1CK0)/K" D*-3/C.K" )*" B3+" W)0." B3+./-C+31."E" 13" +C*-010K3-0)/" 4." K.+0/2*.K"

*K32C.K"3"X)*C"*/"+l1."0HB)+-3/-"1)+K"4.K"B+.H0R+.K"CB04CH0.K"4."W0+*K"',)13"./"!jLPZ"

:.*+"-+)B0KH."D.11*130+.".K-"13+2."H30K"1.K"D.11*1.K"4./4+0-0U*.K"]57^".-"1.K"H3D+)BQ32.KF"

K.H,1./-"J-+." 1.K"B+0/D0B31.K"D0,1.K"4.K" [01)W0+*KZ"7.K"D.11*1.K" X)*./-"*/"+l1." 0HB)+-3/-"

43/K"13"40KKCH0/3-0)/"4*"W0+*K"DQ.f"1;Ql-."4."B3+"1.*+"D3B3D0-C"\"3--.0/4+."-)*K"1.K"-0KK*K"

B3+" 1." KYK-RH." 1YHBQ3-0U*." .-" 13" D0+D*13-0)/" K3/2*0/.Z" :." W0+*K" .K-" 30/K0" -+3/KB)+-C"

X*KU*;3*e")+23/.K"1YHBQ)n4.K"K.D)/430+.KF"1."[)0.".-"13"+3-.F")~"01"K."+CB10U*."4."H3/0R+."

3,)/43/-.Z"'/"BQ3K."-.+H0/31.F"1."W0+*K"0/[.D-."1.K"D.11*1.K"./4)-QC1031.KF"CB0-QC1031.K".-"

1.K" [0,+),13K-.K" 4.K" )+23/.K" 0/-.+/.K" B+)W)U*3/-" 4.K" QCH)++320.K" .-" */." 4C[30113/D."

B+)2+.KK0W."4." -)*K" 1.K")+23/.K"U*0" D)/4*0K./-" \" 13"H)+-"4." 1;Ql-."./" K.*1.H./-"4.*e"

K.H30/.K"]`.14H3//"w"@.0K,.+-F"NO!!z":.+)Y*"(*1.?F"NO!!3z"G)Q3H34f34.Q*"(*1.?F"NOOL^"

][02*+."Nd^Z"

[_ M&.!37C5-.&.!%66#-%/8%3&.!15-/3&!$&!B%3#.!*I5$8!

cZ!Z :3"+CB)/K."0HH*/0-30+."0//C."

:;0HH*/0-C"0//C.".K-"13"B+.H0R+."102/."4."4C[./K."D)/-+."4.K"32./-K"0/[.D-0.*e".-"

B3-Q)2R/.K"U*0"/)*K"./-)*+./-Z"'11.".K-"H0K."./"X.*"0HHC403-.H./-".-".K-"[)/D-0)//.11."

U*.1U*.K"X)*+KZ":3"+CB)/K."0HH*/0-30+."0//C."B+CD)D."3"4.*e"[)/D-0)/KE""

" !T" 13" +.D)//30KK3/D." /)/" KBCD0[0U*." 4*" r"/)/TK)0"s"E" .11." [30-" 0/-.+W./0+" 4.K"

+CD.B-.*+K"4."+.D)//30KK3/D."4."H)-0["](3--.+/"9.D)2/0-0)/"9.D.B-)+K"E"(99^F"0HB10U*CK"

43/K" 13" 4C-.D-0)/" 4.K" H)-0[K" 4*" r"/)/TK)0"s" K*+" 1.K" 32./-K" B3-Q)2R/.K" ](3-Q)2./T

3KK)D03-.4" H)1.D*13+" B3--.+/K"E" (IG(K^Z" :3" +.D)//30KK3/D." 4*" /)/TK)0" [30-" 3*KK0"

0/-.+W./0+"4.K"DY-)_0/.K"B+)T0/[13HH3-)0+.KF"4.K"DQ0H0)_0/.K".-"H.-"./"B13D."1.K"3D-.*+K"

4."13"[)/D-0)/"3/-0W0+31."4.K"D.11*1.K"]0/4*0K3/-"1."+.D+*-.H./-"4."D.11*1.K"0HH*/0-30+.K"

.-"1;3B)B-)K."4."13"D.11*1."0/[.D-C.^Z"

" NT" 0/4*0+." .-" )+23/0K.+" 13" +CB)/K." 0HH*/0-30+." 3/-02R/.TKBCD0[0U*." [30K3/-"

0/-.+W./0+"1.K"D.11*1.K"#".-"1.K"3/-0D)+BK"]ID^Z"



  
 

 !!c"

!

!

!

!

!

!

!

!

!

!

!

!

"!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!"#$%&' ()'*' +,-./"01&' 23"/4"5"6"7/' 2&' 8.' 97"&' 2&' 0"#/.8"0.6"7/' 2&' 83:;!' <.%' 8&0'

<%76,"/&0'=>?@'&6'=>(AB'#$%&'()!*!#+,-,.,.!"#!$%&/!012233!



I1$(&"*L&B.&,7$14=&;-"*

 !!d"

"

cZ!Z!Z :3"+CB)/K."0/-.+[C+)/"

:)+KU*." 13" D.11*1." +.D)//3y-" */" (IG(" 4*" /)/TK)0F" )*" 4C-.D-." 4." 1;I5<"

QC-C+)1)2*." 43/K" K)/" DY-)B13KH.F" */." D3KD34." 4." K02/310K3-0)/" 0/-+3D.11*130+." /)/T

KBCD0[0U*.".K-" 3D-0WC.".-" W3" K-0H*1.+" 13" KY/-QRK."4;0/-.+[C+)/" ]=`<^"$Z"8/." [)0K" KCD+C-CF"

1;=`<$" W3" 3D-0W.+" 13" W)0." 4." K02/310K3-0)/" =`<T4CB./43/-." SIbu&#I#" .-" K-0H*1.+" 13"

KY/-QRK." 4;=`<!/$ U*0" W3" B.+H.--+." 1." +.D+*-.H./-" .-" 1;3D-0W3-0)/" ]H3-*+3-0)/^" 4."

D.11*1.K"4./4+0-0U*.K"]57^"]G)Q3H34f34.Q*"(*1.?F"NOOL^Z"

5.K"B+)-C0/.K"4*"W0+*K"',)13"K)/-"0HB10U*C.K"43/K"1;0/Q0,0-0)/"4."13"+CB)/K."=`<Z"

'/" .[[.-F" >(Vd" [)/D-0)//." D)HH." */" 3/-32)/0K-." 4." 1;=`<" 4." -YB." =" ./" .HBJDQ3/-"

1;3D-0W3-0)/"4."[3D-.*+K"4."+C2*13-0)/"4."1;=`<F"=`9TV".-"=`9TL"][02*+."NP^"]$3+-H3/*"(*1.?F"

NOOhz"93H3/3/*"(*1.?F"NO!!^Z">(Nc"0/-.+[R+."3W.D" 13"D3KD34."4."K02/310K3-0)/"4." 13"W)0."

=`<F"./",1)U*3/-"1;3DD*H*13-0)/"4."13"B+)-C0/."&#I#T!"BQ)KBQ)+Y1C."3*"/0W.3*"/*D1C30+."

.-"B3+"D)/KCU*./-",1)U*."1."KYK-RH."0/-+3D.11*130+."4."+C2*13-0)/"4." 13"KCD+C-0)/"4;=`<"

][02*+."NP^"]`.14H3//"w"@.0K,.+-F"NO!!z":.+)Y*"(*1.?F"NO!!3z"93H3/3/*"(*1.?F"NO!!^Z"

cZ!ZNZ :3"+CB)/K."DY-)_0/0U*."

:)+KU*." 1.K" D.11*1.K" K./-0/.11.K" ]57" .-" H3D+)BQ32.K^" K)/-" 3D-0WC.K" B3+" 13"

+.D)//30KK3/D." 4;*/" 32./-" B3-Q)2R/.F" .11.K" K." H.--./-" \" KCD+C-.+" 4.K" DY-)_0/.KF" 4.K"

DQ0H0)_0/.K".-"4.K" [3D-.*+K"4."D+)0KK3/D."3[0/"4."+.D+*-.+".-"4;3D-0W.+"4;3*-+.K"D.11*1.K"

4."1;0HH*/0-C".-"0/4*0+."*/."+CB)/K."0HH*/0-30+."3/-0W0+31."[)+-.".-".[[0D3D.Z"

:;0/[.D-0)/" 4.K" 57" .-" 4.K" H3D+)BQ32.K" B3+" 1." W0+*K" +CK*1-." ./" */." B+)4*D-0)/"

+3B04." ]V" \" P" Q.*+.K" B)K-T0/[.D-0)/^" 4." DY-)_0/.K" B+)T0/[13HH3-)0+.KF" 4." DQ0H0)_0/.KF"

-.1K"U*."1;=/-.+1.*_0/."]=1T^T!F"1;=:T!OF"1;=1TP".-"4."[3D-.*+K"4."D+)0KK3/D."]@GT7&`F"GT7&`^"

U*0" W)/-" +.D+*-.+" 4;3*-+.K" H3D+)BQ32.K" .-" H)/)DY-.K" K./K0,1.K" \" 1;0/[.D-0)/F" .-" B3+"

D)/KCU*./-" 0/4*0+."*/."+CB)/K." 0/[13HH3-)0+." 0/D)/-+l13,1."4CD+0-" D)HH."*/"r")+32."

DY-)_0/0U*."sF"1.U*.1"K;3WR+."/C[3K-."B)*+"1;)+23/0KH.Z""

:3"KCD+C-0)/"4."#<`T!" ]-*H)+"/.D+)K0K" [3D-)+^".-"4."H)/)eY4."4;3f)-."]<6T^"W3"

H),010K.+" 1.K" /.*-+)BQ01.K" 0HH3-*+.K" D0+D*13/-K" .-" [3D010-.+" 13" K)+-0." 4.K" H)1CD*1.K"

0/[13HH3-)0+.K".-"4.K"B+)-C0/.K"4."13"D0+D*13-0)/"K3/2*0/."./"D3*K3/-"*/."W3K)4013-3-0)/"

.-" */." 3*2H./-3-0)/" 4." 13" B.+HC3,010-C" 4.K" D.11*1.K" ./4)-QC1031.K" 4.K" W30KK.3*e"

K3/2*0/KF"D."U*0"W3"0/4*0+."4.K"QCH)++320.K"]A+3YF"NOOd^Z""



  
 

 !!P"

"



I1$(&"*L&B.&,7$14=&;-"*

 !!L"

=1" K.H,1.+30-" U*;01" Y" 30-" */" B+)[01" DY-)_0/0U*." K.1)/" 1." [01)W0+*KZ" 8/" /0W.3*"

4;.eB+.KK0)/"4."DY-)_0/.K"]#<`T!".-"=`<T#^"40[[C+./-"3"B*"J-+."),K.+WC"1)+K"4;0/[.D-0)/K"

Q*H30/.K" B3+" 1." &'A6>F" o'A6>" )*" 1." A'A6>F" K*22C+3/-" 4.K" +CB)/K.K" 0HH*/0-30+.K"

40[[C+./-.K"K.1)/"1;.KBRD."]@*B-3*"(*1.?F"NO!Nz"$*-DQ0/K)/"w"9)110/F"NOOLz"&3/DQ.f*"(*1.?F"

NOOc^F" D." U*0" B)*++30-" .eB10U*.+" 1.K" 40[[C+./D.K" 4." W0+*1./D." .-" 4." -3*e" 4." H)+-310-C"

./-+."1.K"40[[C+./-.K".KBRD.K"]@*B-3*"(*1.?F"NO!N^Z""

5."B1*KF"*/."C-*4."H./C."DQ.f"13"K)*+0KF"3W.D"*/"W0+*K"o'A6>"343B-C"3*"H)4R1."

H*+0/" ]H3'A6>^" B3+" B1*K0.*+K" B3KK32.K" K*DD.KK0[K" ]A+3Y* "(* 1.?F" !jjhz" ',0Q3+3* "(* 1.?F"

NOOL^F" 3" B.+H0K"4."H.--+." ./" CW04./D."U*." D.+-30/.K" DY-)_0/.KF" =1T!O" .-" =`<T#F" C-30./-"

/CD.KK30+.K" 3*" D)/-+l1." 4." 1;0/[.D-0)/" .-" \" 13" K*+W0." 4." 1;3/0H31" ](3/DQ31* "(* 1.?F" NOOjz"

k3+[0.14*"(*1.?F"NOOV^Z"7."U*0"K02/0[0."U*;*/."+C2*13-0)/"-.HB)+.11."4." 13"B+)4*D-0)/"4."

DY-)_0/.K"K.+30-"0HB)+-3/-."B)*+"1."D)/-+l1."4."1;0/[.D-0)/"B3+"1.K"[01)W0+*KZ"

"

'/[0/F" 1;0/[.D-0)/"4.K"H3D+)BQ32.K"X)*."*/"+l1."0HB)+-3/-"43/K"1;3D-0W3-0)/"4."13"

D)32*13-0)/" 0/-+3W3KD*130+." 40KKCH0/C." 3W.D" 13" KY/-QRK." 3,)/43/-." 4;*/" [3D-.*+"

-0KK*130+." 4." K*+[3D." U*0" W3" 3D-0W.+" 13" D3KD34." 4." D)32*13-0)/" .-" B+)W)U*.+" 4.K"

H0D+)-Q+)H,)K.K" 3*" /0W.3*" 4.K" 40[[C+./-K" )+23/.K" .-" B3+" D)/KCU*./-" CB*0K.+" 1.K"

B13U*.--.K" .-" 1.K" 40[[C+./-K" [3D-.*+K"4." D)32*13-0)/F" B+)W)U*3/-" 30/K0" 4.K"QCH)++320.K"

43/K"-)*-"1;)+23/0KH."]A+3Y"w"@.0K,.+-F"NOOdz":.+)Y*"(*1.?F"NO!!3z"G3+-0/.f*"(*1.?F"NO!Nz"

G)Q3H34f34.Q*"(*1.?F"NOOL^Z""

cZNZ :3"+CB)/K."0HH*/0-30+."343B-3-0W."

:.K" 57" X)*./-" */" +l1." 0HB)+-3/-" 43/K" 1;3D-0W3-0)/" 4." 13" +CB)/K." 0HH*/0-30+."

D.11*130+.Z" :.K" 57" B+CK./-./-" 1;3/-02R/." 3*e" 1YHBQ)DY-.K" #$" B3+" 1;0/-.+HC4030+." 4.K"

H)1CD*1.K"4*"7)HB1.e."G3X.*+"4;$0K-)D)HB3-0,010-C"]7G$^"4."D13KK."=")*"=="B+CK./-.K"\"

1.*+"K*+[3D.".-"W)/-"30/K0"K-0H*1.+"1.K"1YHBQ)DY-.K".-"B)13+0K.+"13"+CB)/K."0HH*/0-30+."

W.+K"*/."+CB)/K."\"HC403-0)/"D.11*130+."#$!" ]1YHBQ)DY-.K":#"75cg" .-" 1YHBQ)DY-.K":#"

75hg^")*"W.+K"*/."+CB)/K."\"HC403-0)/"Q*H)+31."#$N"]:YHBQ)DY-.K"A"g"3/-0D)+BK^Z"

cZNZ!Z :3"+CB)/K."0HH*/0-30+."\"HC403-0)/"D.11*130+."

:;0/[.D-0)/"4.K"57"B3+"1."W0+*K"',)13"X)*."*/"+l1."0HB)+-3/-"43/K"13"4C+C2*13-0)/"

4." 13"+CB)/K."=`<".-"B.+H.-"3*"W0+*K"4;CDQ3BB.+"3*"KYK-RH."0HH*/0-30+."343B-3-0[Z":3"

H3-*+3-0)/" 4.K" 57" .K-" 31-C+C." B3+" 1.K" [01)W0+*KF" 1.K" .HBJDQ3/-" 31)+K" 4." B+CK./-.+"



  
 

 !!h"



I1$(&"*L&B.&,7$14=&;-"*

 !!j"

1;3/-02R/.".-"4;0/4*0+."*/."B+)10[C+3-0)/"H3KK0W."4.K" 1YHBQ)DY-.K"#"311)2C/0U*.KZ" =1"./"

+CK*1-."*/."0/Q0,0-0)/"4."1;0/0-03-0)/"4."13"+CB)/K."0HH*/0-30+."343B-3-0W."D.11*130+."]:#^"

.-" \" HC403-0)/" Q*H)+31." [30K3/-" 0/-.+W./0+" 1.K" 1YHBQ)DY-.K" A" ]:A^Z" 5." B1*KF" */."

4CB1C-0)/" 4.K" 1YHBQ)DY-.K" .-" 4.K" D.11*1.K"<b" .K-" ),K.+WC." 4RK" 1." 4C,*-" 4." 1;0/[.D-0)/"

43/K" 1.K" [)+H.K" [3-31.K" 31)+K" U*." D.K" D.11*1.K" /." K)/-" B3K" K./K0,1.K" \" 1;0/[.D-0)/Z"

:;3B)B-)K." H3KK0W." 4." D.K" D.11*1.K" 3" B*" J-+." H0K." ./" CW04./D." .-" K.+30-" D)++C1C." \"

1;.eB+.KK0)/"4."[3D-.*+K"K)1*,1.K"K.D+C-CK"B3+"1.K"57".-"1.K"H3D+)BQ32.KF"-.1K"U*."#<`T!F"

`3KF"`3KT:023/4F"#9I=:".-" 1."<6T" ]A+3Y"w"@.0K,.+-F"NOOd^Z"7.B./43/-F" 01" K.H,1.+30-"U*."

D.--." 3B)B-)K." /." K)0-" B3K" */" [3D-.*+"H3X.*+" 4." 13" B3-Q)2./RK." 4." 1;0/[.D-0)/" B3+" 1.K"

[01)W0+*KZ" '/" .[[.-F" 4.K" -+3W3*e" H./CK" 3W.D" 4.K" K)*+0K" -+3/K2C/0U*.K" .eB+0H3/-"

[)+-.H./-" */" [3D-.*+" 3/-0T3B)B-)-0U*." ],D1TN^"H)/-+./-" U*." 1;0/Q0,0-0)/" 4." 1;3B)B-)K."

1YHBQ)DY-30+." /." B+)-R2." B3K" D.K" 3/0H3*e" 4;*/." 0/[.D-0)/" 1C-31." 3W.D" 1." H3'A6>"

]A+34[*-.*"(*1.?F"NO!O^Z"'/"4C[0/0-0W.F"1;3B)B-)K."4.K"1YHBQ)DY-.K"K.+30-"B+),3,1.H./-"*/"

.[[.-" K.D)/430+." 4." 13" K*+.eB+.KK0)/" 4.K" DY-)_0/.K" B+)T0/[13HH3-)0+.K" B1*-l-" U*." 13"

D3*K."4."1;0KK*."[3-31."4."1;0/[.D-0)/"]A+34[*-."w"A3W3+0F"NO!!^Z"

#)*-.[)0KF"01"3++0W."U*;*/."+CB)/K.":#"75hg"B*0KK."J-+."2C/C+C."\"*/"K-34."-3+40["

4;*/." 0/[.D-0)/" 2+3W.F" ./" 4CB0-" 4." 1;3B)B-)K." H3KK0W." 4.K" 1YHBQ)DY-.K" D0+D*13/-K" .-"

K.+30-"/CD.KK30+."B)*+"13"K*+W0.Z"'/".[[.-"4.K"0/40W04*K"3Y3/-"K*+WCD*"\"*/."0/[.D-0)/"B3+"

1."&'A6>")/-"2C/C+C"*/"B+)[01"D.11*130+."$:IT59g"75hg"B1*K"0HB)+-3/-"U*."1.K"0/40W04*K"

3Y3/-"K*DD)H,C"\" 1;0/[.D-0)/"]A30f.*"(*1.?F"!jjjz"&3/DQ.f*"(*1.?F"NOOc^Z"7.K"),K.+W3-0)/K"

)/-"C-C"D)/[0+HC.K"B3+"*/."C-*4."H./C."K*+"4.K"K)*+0K"3Y3/-"+.x*"*/."4)K."1C-31.F".-"U*0"

2C/R+./-" -)*-" 4." HJH." */." +CB)/K." :#" 75hg" KBCD0[0U*." 4." H3'A6>" ./" 4CB0-" 4."

1;3B)B-)K." 4.K" D.11*1.K" #Z" =1" 3" C-C" H)/-+C" U*." D.--." +CB)/K." .K-" .KK./-0.11." B)*+"

1;0/0-03-0)/"4." 13"D130+3/D."4*"W0+*K"]A+34[*-.*"(*1.?F"NOOLz"@*B-3*"(*1.?F"NOOc^Z"53/K"*/."

3*-+." C-*4.F" 01" 3" C-C"B)KK0,1."4."B+)-C2.+"4.K" K)*+0K"/3nW.K" D)/-+."*/." 0/[.D-0)/" 1C-31."

3W.D"1."H3'A6>"B3+"*/"-+3/K[.+-"34)B-0["4.":#"75hg"B*+0[0CK"]A+34[*-.*"(*1.?F"NOOh^Z""

:."+l1."4.K":#"75cg"43/K"1."HCD3/0KH."4."B+)-.D-0)/"D)/-+."1."W0+*K"',)13"/;.K-"

B3K" ,0./" D)//*" H30K" 1.K" -+3W3*e" 4." @*B-3" )/-" B.+H0K" 4." H.--+." ./" CW04./D." U*." 13"

W0+CH0.".-"13"H)+,040-C"4.K"K)*+0K"0/[.D-C.K"3W.D"4*"H3o'A6>"3*2H./-30./-"\"*/"K-34."

-3+40[" 4." 1;0/[.D-0)/" 1)+KU*." 1.K" K)*+0K" C-30./-" 4CB1C-C.K" ./" 1YHBQ)DY-.K" #" 75cg" .-" ./"

D.11*1.K" AF" K*22C+3/-" U*." D.K" 4.*e" D)HB)K3/-.K" 4." 1;0HH*/0-C" X)*./-" */" +l1." 43/K" 1."

D)/-+l1."4."13"+CB10D3-0)/"W0+31."\"1)/2"-.+H."]@*B-3*"(*1.?F"NOOc^Z"

"



  
 

 !NO"

!

!

!

!

!

!

ZEBOV protein Epitope sequence Amino acid position Restriction

Glycoprotein

VSTGTGPGAGDFAFHK 141–155 H-2d

LYDRLASTVI 161–169 H-2d

EYLFEVDNL 231–239 H-2d

WIPYFGPAAEGIYTE 531–545 H-2b

TELRTFSI 577–584 H-2k

Nucleoprotein

VYQVNNLEEIC 44–52 H-2b

GQFLFASL 148–156 H-2b

FLSFASLFL 150–159 HLA-A2.1

RLMRTNFLI 202–210 HLA-A2.1

SFKAALSSLA 279–287 H-2d

FQQTNAMVT 388–396 H-2b

KLTEAITAA 404–412 HLA-A2.1

DAVLYYHMM 663–671 H-2b

VP24

KFINKLDALH 159–168 H-2d

NYNGLLSSI 171–179 H-2d

PGPAKFSLL 214–222 H-2d

VP30

KFSKSQLSLLCETHLR 181–196
H-2d

H-2b

DLQSLIMFITAFLNI 231–245
H-2d

H-2b

VP35

CDIENNPGL 45–53 H-2b

MVAKYDHL 138–145 H-2b

TVPQSVREAFNNL 190–202 H-2d

RNIMYDHL 225–323 H-2b

PGFGTAFHQLVQVICK 233–248 H-2d

VP40

LRIGNQAFLQEFVLPP 150–165 H-2b

AFLQEFVLPPVQLPQ 160–175 H-2d

YFTFDLTALK 171–180 H-2d

TESPEKIQAI 232–241 H-2d

a
!!

!

!"#$%"&' (')' *+,-%' .%,' /0+-10%,' .%,' 021-/+3%,' .&' 4+2&,' 5#1$"' 2%6133&,'
,0/6+7+8&%9%3-'0"2'$%,'*!':;<='6>-1-1?+8&%,@!"#$%&'(!)!"*+&,-(./!0!1.-23(&4!567788!

!

!

!

!



I1$(&"*L&B.&,7$14=&;-"*

 !N!"

:.K"C-*4.K"+CD./-.K"H./C.K"K*+"1.K"D3/4043-K"W3DD0/K"./"D)*+K"4."4CW.1)BB.H./-")/-"B*"

H.--+."./"CW04./D." 1." +l1."D+*D031"4." 13" +CB)/K."4.K" 1YHBQ)DY-.K"#"75hg" DY-)-)e0U*.K"

]7#:^Z"'/".[[.-F"B1*K0.*+K"C-*4.K")/-"B*"H)/-+.+" 1." D3+3D-R+."B+)-.D-.*+"4." 13" +CB)/K."

7#:F" B3+" -+3/K[.+-" B3KK0[F" 3B+RK" */." W3DD0/3-0)/" )*" 1)+K" 4." 1;C-*4." 4.K" +CB)/K.K"

0HH*/0-30+.K"K*0-."\"*/."0/[.D-0)/"1C-31."DQ.f"13"K)*+0K"]A+34[*-.*"(*1.?F"NOOhz"610/2.+*"(*

1.?F"NOOdz"k3+[0.14*"(*1.?F"NOOd^Z"5.K"CB0-)B.K"KBCD0[0U*.K"4."7#:")/-"B*"J-+."B+C40-K"B3+"

0/[)+H3-0U*.")*"B3+" 1;*-010K3-0)/"4."B.B-04.K"KY/-QC-0U*.K"4." 13"@("4;',)13"]-3,1.3*"P^"

]k01K)/"w"$3+-F"NOO!z"k01K)/*"(*1.?F"NOOO^Z"IW.D"1."4CW.1)BB.H./-"4."D.--."-.DQ/)1)20.F"

4."B1*K"./"B1*K"4;CB0-)B.K"KBCD0[0U*.K"4."13"+CB)/K."7#:"K)/-"H0K"./"CW04./D."43/K"4.K"

H)4R1.K"H*+0/K" KBCD0[0U*.K" ]&0HH)/K* "(*1.?F" NOOcz" &*110W3/* "(*1.?F" NOOPz" &*/43+* "(*1.?F"

NOOLz"#3_343*"(*1.?F"NOOVz"k01K)/*"(*1.?F"NOOOz"k**"(*1.?F"NO!N^Z":3"D)//30KK3/D."4."D.K"

CB0-)B.K" B.+H.-" 13" B+)4*D-0)/" 4." B.B-04.K" KY/-QC-0U*.K" KBCD0[0U*.K" D3B3,1.K" 4."

+.K-0H*1.+"0/"W0-+)"1.K"1YHBQ)DY-.K"DY-)-)e0U*.K"KBCD0[0U*.K"K.1)/"1;Q3B1)-YB."H*+0/".-"

B3+"D)/KCU*./-"4."H.K*+.+"13"+CB)/K."D.11*130+."75h"DY-)-)e0U*."3/-0T',)13Z""

cZNZNZ :3"+CB)/K."0HH*/0-30+."\"HC403-0)/"Q*H)+31."

:." -3*e" 4;3/-0D)+BK" .K-" 2C/C+31.H./-" [30,1." )*" 3,K./-" 43/K" 1.K" D3K" 4;0/[.D-0)/"

[3-31."B3+"1."W0+*K"',)13F"D)/4*0K3/-"\"1;QYB)-QRK."U*."1."-0-+."./"3/-0D)+BK".K-"D)++C1C"\"

13" B+)-.D-0)/" W0KT\TW0K" 4." 1;0/[.D-0)/Z" (3+[)0K" 01" 3++0W." U*;*/." +CB)/K." Q*H)+31." B*0KK."

J-+."2C/C+C."43/K"1."D3K"4;0/[.D-0)/"1C-31."\"[01)W0+*KF"D.13"B)*++30-"K0HB1.H./-"K02/0[0.+"

U*." 1.K" 3/-0D)+BK" 2C/C+CK"B3+" 1.K" 0/40W04*K"U*0" )/-" K*+WCD*" \" 1;CB04CH0." K.+30./-"B1*K"

.[[0D3D.K" U*." D.*e" 2C/C+CK" B3+" 1.K" B3-0./-K" U*0" /;)/-" B3K" K*+WCD*Z" :3" +CB)/K."

0HH*/0-30+." Q*H)+31." K.H,1." J-+." 4." 1)/2*." 4*+C."E" */." C-*4." H./C." ./" NOOLF" 3"

H)/-+C"U*."NO"B3-0./-K"3Y3/-"K*+WCD*"\"-+)0K"CB04CH0.K"40[[C+./-.K"4."o'A6>"3*"@3,)/F"

./-+." !jjP" .-" NOO!F" 3W30./-" ./D)+.F" !!" 3//C.K" B1*K" -3+4F" */" -3*e" 4C-.D-3,1."

4;0HH*/)21),*10/."]=2@^"3/-0To'A6>"]k3*U*0.+*"(*1.?F"NOOj^Z"

"

5."B1*KF"1."-+3/K[.+-"4."K3/2"-)-31"4."B3-0./-K"Q*H30/K"D)/W31.KD./-K".-"B)K0-0[K"./"

=2@"3/-0T@("3"B.+H0K"4."B+)-C2.+"h"B3-0./-K"K*+"jF"0/[.D-CK"B3+"1."o'A6>"./"!jjd"]31)+K"

U*." NOt" K.*1.H./-" 4.K" B3-0./-K" /)/T-+30-CK" )/-" K*+WCD*" \" 1;0/[.D-0)/^" ]G*B3B3* "(*1.?F"

!jjj^Z":;.eBC+0./D."/;3"D.B./43/-"B3K"C-C"D)/-+l1C.".-" 1.K"B3-0./-K"-+3/K[*KCK")/-"+.x*"



  
 

 !NN"

!

!

!

!

!

!

!
!

!"#$%&' ()'*!+,%$-,$%&' .&' /0' #/1-23%2,4"5&' .6782/09! "#$!%&'#()*#+),(! '-(,.)/01!21*!

2,.#)(1*!21!3#!45!&16&-*1(+-*!"21!3#!.7.1!8,0310&$!*0&!3#!.,2-3)*#+),(!9:!21!3#!45!";$<!

=#! 45! 2>?;,3#! 1*+! @,&.-! 2>0(! +&).A&1! 20! 8,.631B1! 45CD45E<! !"# $%&'(%'&)# *+# )$%#

&),&-$).%-)#$/'$#0122-&).%$#".34)$5#"F,0&81!G!"=11#)%#"45H!EIIJ$$#

!

!

!



I1$(&"*L&B.&,7$14=&;-"*

 !NV"

4."H.011.*+K"K)0/K"U*."1.K"B3-0./-K"/)/"-+30-CKF"H30K"D.13"K*BB)K."-)*-"4."HJH."U*."1.K"

3/-0D)+BK"B)*++30./-"J-+."B+)-.D-.*+K"D)/-+."*/."0/[.D-0)/"B3+"1."W0+*K"',)13Z"

"

8/" 3/-0D)+BK" /.*-+310K3/-" Q*H30/F" 3" C-C" 0K)1C" \" B3+-0+" 4." H).11." )KK.*K." 4;*/"

K*+W0W3/-" 1)+K" 4." 1;CB04CH0." 4." o'A6>" ./" !jjdZ" :;3/-0D)+BK" /)HHC" r"NZUc"sF" .K-"

D3B3,1." 4." /.*-+310K.+" jOt" 4.K" B3+-0D*1.K" W0+31.K" ]G3+*Y3H3* "(* 1.?F" !jjj^Z" =1" .K-"

KBCD0[0U*." 4;*/." KCU*./D." 4." !d" +CK04*K" 4." 13" @(Z" =1" /.*-+310K." 1." W0+*K" ./" 2J/3/-" 1."

+C3++3/2.H./-"4."13",)*D1."4."[*K0)/".HBJDQ3/-"30/K0"1.K"H.H,+3/.K"W0+31.".-"D.11*130+."

4." [*K0)//.+" 43/K" 1.K" ./4)K)H.KZ" 5." B1*KF" 01" K.H,1.+30-" U*." bodN" ./" K." [0e3/-" \" K)/"

CB0-)B.F" D+C.+30-" */" ./D)H,+.H./-" K-C+0U*." U*0" D3DQ.+30-" 1." 4)H30/." 4." 1030K)/" 3*"

+CD.B-.*+"D.11*130+."]:..*"(*1.?F"NOOh^Z"5.K".KK30K"4."-+30-.H./-"3W.D"D.-"3/-0D)+BK")/-"C-C"

H./CK"DQ.f"1."B+0H3-."/)/"Q*H30/"](<$^".-"/;)/-"B3K"B.+H0K"4."B+)-C2.+"D.K"3/0H3*e"

./"B+C".-"B)K-T.eB)K0-0)/"3*"o'A6>F"D."U*0""3"+.H0K"./"D3*K."1;04C."4;*-010K.+"1."-+3/K[.+-"

B3KK0["4;3/-0D)+BK"B)*+"-+30-.+"1.K"B3-0./-K"0/[.D-CK"B3+"1.K"[01)W0+*K"]6Ki314*"(*1.?F"NOOLz"

(3++./*"(*1.?F"NOON^Z""

7.B./43/-"*/."C-*4."+CD./-."3"H)/-+C"U*;01"C-30-"B)KK0,1."4."B+)-C2.+"4.K"(<$"

D)/-+."*/."0/[.D-0)/"1C-31."3W.D"40[[C+./-K"[01)W0+*K"B3+"-+3/K[.+-"B3KK0["4;=2@"B)1YD1)/3*e"

KBCD0[0U*.K" 4*" W0+*KF" ),-./*K" \" B3+-0+" 4." K0/2.K" W3DD0/CKF" D.D0" X*KU*;\" ch"Q.*+.K" B)K-T

0/[.D-0)/"]5Y.*"(*1.?F"NO!N^Z"53/K"D.K"-+3W3*eF"-+)0K"4)K.K"4;3/-0D)+BK"B)1YD1)/3*e")/-"C-C"

34H0/0K-+C.K"3*e"K0/2.K"]\"ch"Q.*+.K"z"c".-"h"X)*+K"3B+RK"0/[.D-0)/^F"D."U*0"3"B.+H0K"4."

B+)-C2.+"!OOt"4.K"H3D3U*.K"+QCK*K"0/[.D-CK"B3+"1."W0+*K"G3+,*+2".-"1."o'A6>"]K)*DQ."

4." 1;CB04CH0." 4." !jjd^Z" 7." U*0" D)/[0+H." 1;QYB)-QRK." K.1)/" 13U*.11.F" 13" K*+W0." K.H,1."

D)++C1C."\"13"U*310-C".-"13"U*3/-0-C"4.K"3/-0D)+BKZ"

cZVZ :3"21YD)B+)-C0/."4*"W0+*K"',)13F"D0,1."B+0W01C20C."4*"KYK-RH."0HH*/0-30+."

:3"21YD)B+)-C0/."4;',)13"]@(^".K-"1;*/0U*."B+)-C0/."4."K*+[3D."4*"W0+*K"',)13Z"'11."

.K-"D)HB)KC."4."4.*e"K)*KT*/0-CKF"@(!".-"@(NF"+.10C.K"./-+.".11.K"B3+"*/"B)/-"40K*1[*+.Z"

'11.".K-".eB+0HC."\"13"K*+[3D."4."13"B3+-0D*1."W0+31.".-"\"13"K*+[3D."4.K"D.11*1.K"0/[.D-C.KF"

K)*K"13"[)+H."4;*/"QC-C+)-+0HR+."E"-+)0K"D)HB1.e.K"4."@(!T@(N"][02*+."NL^Z""

:3"@("4;',)13"X)*."*/"+l1."0HB)+-3/-"43/K"13"+C2*13-0)/"4."13"+CB)/K."0HH*/0-30+.Z"'-3/-"

1;*/0U*." B+)-C0/." 4." K*+[3D." 4*" W0+*KF" .11." K.H,1." J-+." 13" D0,1." B+0W01C20C." 4*" KYK-RH."

0HH*/0-30+."4."1;Ql-.Z":3"@("B)KKR4."*/."+C20)/"D./-+31."QY4+)BQ01."-+RK"W3+03,1."./-+."

1.K" 40[[C+./-.K" .KBRD.K" 4." W0+*K" ',)13Z" :.K"<T21YD)KY13-0)/K" \" 13" K*+[3D." 4." 13" @(" K)/-"



  
 

 !Nc"



I1$(&"*L&B.&,7$14=&;-"*

 !Nd"

+.D)//*.K" B3+" 1.K" +CD.B-.*+K" 4." -YB." :.D-0/.T7" B+CK./-K" K*+" 4." /)H,+.*K.K" 102/C.K"

D.11*130+.K"]57F"H3D+)BQ32.KF"QCB3-)DY-.K^Z"7.K"D.11*1.K"4.W0.//./-"31)+K"B.+H0KK0W.K"3*"

W0+*K" .-" K)/-" */" K0-." 4." +CB10D3-0)/" B+0W01C20C" 4*" W0+*KZ" :.K" @(" .eB+0HC.K" ./" 2+3/4"

/)H,+."\" 13"K*+[3D."4." 13"D.11*1." 0/[.D-C."B)*++30./-"B.+H.--+."3*"W0+*K"4;CDQ3BB.+"3*"

KYK-RH." 3/-0W0+31" 4." 13" D.11*1." ./" D3H)*[13/-" D.+-30/K" 4." K.K" B+)B+.K" CB0-)B.K"

]./D)H,+.H./-" K-C+0U*.^" .-" D.+-30/.K" B+)-C0/.K" D.11*130+.K" ]B3+" .e.HB1."E" 7G$" =" .-"

0/-.2+0/. $^"]9.Y/3+4*"(*1.?F"NOOj^Z"5."B1*KF"13"B+CK./D."4."13"@("\"13"K*+[3D."4.K"D.11*1.K"

31-R+.+30-" 1;.eB+.KK0)/" 4." D.+-30/K" H3+U*.*+K" D.11*130+.KF" 0/4*0K3/-" B3+[)0K" */." B.+-."

4;34QC+./D." 0/-.+D.11*130+." U*0" +CK*1-.+30-" ./" */." 4CK)+23/0K3-0)/" 4.K" D.11*1.K"

./4)-QC1031.KF"+.KB)/K3,1.K"4.K"QCH)++320.K"D3+3D-C+0K-0U*.K"4.K"[0RW+.K"QCH)++320U*.K"

\"[01)W0+*KZ"]&0HH)/K*"(*1.?F"NOON^Z"

:3" K)*KT*/0-C" @(N" B)KKR4." */." KCU*./D." /*D1C)-040U*." 4." NP" 3D04.K" 3H0/CK"

K0H0130+." 3*"H)-0[" 0HH*/)K*BB+.KK.*+" 4." D.+-30/K" +C-+)W0+*K" ]cOt" 4;Q)H)1)20.^" U*0"

B)*++30-"X)*.+"*/"+l1."43/K"13"D3B3D0-C"4*"W0+*K"\"CDQ3BB.+"3*"KYK-RH."0HH*/0-30+."4."

1;Ql-."H30K"1."HCD3/0KH."/;.K-"B3K"./D)+.",0./"4C[0/0"]>)1DQ_)W*"(*1.?F"!jjN^Z"

:3" @(" 4;',)13" B)KKR4." */" 4)H30/." 4." -YB." H*D0/." .eB)KC" 3*e" 3/-0D)+BK" \" 13"

K*+[3D."4." 13"B+)-C0/.Z"7."4)H30/."-+RK"21YD)KY1C"B)KKR4."B1*K0.*+K"CB0-)B.K"+.D)//*K"

B3+" 1.K":#"75h"DY-)-)e0U*.K"U*0"K)/-" 0HB)+-3/-K"B)*+"B+)-C2.+" 1;Ql-."D)/-+." 1."o'A6>"

]W)0+"B3+32+3BQ."cZNZ!"r"13"+CB)/K."0HH*/0-30+."\"HC403-0)/"D.11*130+.s^Z"

"

'/"D)/D1*K0)/F"13"@("4;',)13"X)*."*/"+l1."B+0H)+4031"43/K"13"+CB)/K."0HH*/0-30+."

4." 1;Ql-." 0/[.D-C" .-" 1.K" +CB)/K.K" @(TKBCD0[0U*.K" K.H,1./-" 1.K" B1*K" .[[0D3D.K" B)*+" 13"

B+)-.D-0)/" D)/-+." 1;0/[.D-0)/Z" 5." /)H,+.*e" DQ.+DQ.*+K" ,3K./-" 1.*+" K-+3-C20." W3DD0/31."

K*+" 1;.eB+.KK0)/"4."D.--."B+)-C0/.F" KBCD0[0U*."4."K)/".KBRD." ]B3K"4."B+)-.D-0)/"D+)0KC."

./-+."1.K"40[[C+./-.K".KBRD.K"4."W0+*K"',)13^"43/K"1."2C/)H."4;*/"W.D-.*+"W0+31F"3[0/"U*."

D.1*0TD0" 1;.eB+0H." \" K3" K*+[3D." .-" K-0H*1." KBCD0[0U*.H./-" */." +CB)/K." 0HH*/0-30+."

B+)-.D-+0D.".[[0D3D."40+02C."D)/-+."1."W0+*K"',)13Z"

U_ @5337$8/.!%66#-.!0&!$8!C35/&1/%5-!15-/3&!$,%-E&1/%5-!C83!$&!B%3#.!*I5$8!

:.K" C-*4.K" B)*+" 4CW.1)BB.+" */" W3DD0/" D)/-+." 1." W0+*K" ',)13" /." B.*W./-" B3K" J-+."

40+.D-.H./-" +C310KC.K" DQ.f" 1;Q)HH.Z" :3" `))4" 3/4" 5+*2" 34H0/0K-+3-0)/" ]`5I^F"

1;Q)H)1)2*."3HC+0D30/"4."1;'G'IF"3"H0K"./"B13D."1;r"8-%68$!&EE%181k!3#$&"s"B)*+"2*04.+"



  
 

 !NP"



I1$(&"*L&B.&,7$14=&;-"*

 !NL"

1.K" 13,)+3-)0+.K" 43/K" 1.*+K" .KK30K" B+CD10/0U*.KZ" 5;3B+RK" D.K" +R21.KF" */." W3DD0/3-0)/"

+C*KK0." ./2./4+." */." +CB)/K." 0HH*/0-30+." B+)-.D-+0D." D3B3,1." 4." B+)-C2.+" 1;3/0H31"

D)/-+."*/."0/[.D-0)/"W0+31."1C-31."]&*110W3/*"(*1.?F"NOOj^Z"=1"K.H,1.+30-"U*."1.K"4.*e"-YB.K"

4."+CB)/K.KF"D.11*130+.".-"Q*H)+31.F"K)0./-"/CD.KK30+.K"B)*+"13"D130+3/D."4*"W0+*K"',)13"

]`31f3+3/)* "(* 1.?F" NO!!z" &*110W3/* "(* 1.?F" NOOj^Z" :.K" C-*4.K" +CD./-.K" K*+" 1.K" D3/4043-K"

W3DD0/K" 3/-0TW0+*K" ',)13" ./" D)*+K" 4." 4CW.1)BB.H./-" ]W)0+" 1." B3+32+3BQ." P" r"1.K"

D3/4043-K"W3DD0/K"D)/-+." 1."W0+*K"',)13"s^"H)/-+./-"U*." 13"B+)-.D-0)/" [30-" 0/-.+W./0+" 13"

+CB)/K."0HH*/0-30+."Q*H)+31.".-"D.11*130+."]75cg".-"75hg^Z""

5.K"C-*4.K"H./C.K"DQ.f"1."H)4R1."H*+0/".-"+CD.HH./-"DQ.f"1."B+0H3-."/)/"Q*H30/F"

H)/-+.+30./-" U*." 13" B+)-.D-0)/" K.H,1." D)++C1C." \" 13" +CB)/K." Q*H)+31." ]A+34[*-." w"

A3W3+0F"NO!!^Z"7.B./43/-"D.13"/;.K-"B3K"-)*X)*+K"1."D3KF" 01"3++0W."U*;*/"-3*e"4;3/-0D)+BK"

C1.WC" /." +CK*1-." B3K" ./" */." +CB)/K." B+)-.D-+0D." ]k3+[0.14" w" 610/2.+F" NO!!^"z"

0/W.+K.H./-" 4.K" +CB)/K.K" B+)-.D-+0D.K" /;0/4*0K./-" B3K" 4;3/-0D)+BK" /.*-+310K3/-K"

]&*110W3/*"(*1.?F"NOOj^Z"

`0/31.H./-F"4;3B+RK"&*110W3/F" 01".e0K-.+30-"*/."D)++C13-0)/"./-+." 1." -0-+."./"3/-0D)+BK"

]-0-+."./" 0HH*/)21),*10/."@^".-" 13"K*+W0."]&*110W3/*"(*1.?F"NOOj^".-"4;3B+RK"k3+[0.14F"D."

K.+30-" 13"+CB)/K."7#:"U*0" X)*.+30-"*/"+l1."B+0H)+4031"43/K" 13"B+)-.D-0)/".-"/)-3HH./-"

43/K"1."D)/-+l1."4."13"+CB10D3-0)/"W0+31.".-"4."13"D130+3/D."4*"W0+*K"]k3+[0.14"w"610/2.+F"

NO!!^Z" 7.K" 4)//C.K" ,0,10)2+3BQ0U*.K" K*22R+./-" U*;*/" W3DD0/" .[[0D3D." D)/-+." 1." W0+*K"

',)13" 4.W+30-" J-+." */" W3DD0/" D3B3,1." 4;0/4*0+." */." +CB)/K." 0HH*/0-30+." D)HB1R-."

[30K3/-" 0/-.+W./0+" -)*-.K" 1.K" D)HB)K3/-.K" 4." 1;0HH*/0-C"E" 13" +CB)/K." Q*H)+31." .-" 1.K"

+CB)/K.K"D.11*130+.K"KBCD0[0U*.K"]75cgF"75hg".-"7#:^"

d_ M&.!18-0%08/.!B811%-.!15-/3&!$&!B%3#.!*I5$8!

" I" 1;Q.*+." 3D-*.11.F" 01" /;.e0K-." B3K" 4." W3DD0/K" 3*-)+0KCK" D)/-+." 1." W0+*K" ',)13Z" 5."

/)H,+.*K.K"K-+3-C20.K"W3DD0/31.K")/-"C-C"C13,)+C.K".-"B1*K0.*+K"D3/4043-K"W3DD0/K"K)/-"

./D)+."\"1;.KK30"K*+"4.K"H)4R1.K"3/0H3*eZ""

" (1*K0.*+K" C-*4.K" )/-" 4;3,)+4" C-C" +C310KC.K" K*+" 4.K" B3+-0D*1.K" W0+31.K" 0/3D-0WC.KZ"

:.K" -+3W3*e" 4." :*B-)/" )/-" H)/-+C" U*." 1.K" D),3Y.K" B)*W30./-" J-+." B3+-0.11.H./-"

B+)-C2CK"D)/-+."*/."0/[.D-0)/"\"W0+*K"',)13"]:*B-)/*"(*1.?F"!jhO^Z":;CU*0B."4."G0_Q301)W"3"

4CH)/-+C"U*." 1;)/"B)*W30-"),-./0+"*/." 0HH*/0-C"B+)-.D-+0D."DQ.f" 1.",3,)*0/"3W.D"4.K"

B3+-0D*1.K"W0+31.K"[0eC.K"3*"B3+3[)+H314CQY4."31)+K"U*."1.K"-+3W3*e"4."7Q.B*+/)W"/;)/-"



  
 

 !Nh"

!

!

!

!

!

rVSV/∆G/GP rHPIV3/GP

Ebolavirus

Replication-deficient vaccines

rAd5

E2AE2B

GP

∆E1 ∆E3

L1 L2 L3
L4 L5

E4

VLPs

GP40

Replication-competent vaccines

N P M GP GPP

L2430(s)GP4035NP

N M HN LFL

!
!"#$%&' ()'*' +,%-,.#"&/' 0-11"2-3&/' $,"3"/.&/' 45$%' 3&/' 6"77.%&2,/' 1-26"6-,/' 0-11"2/'
-2,"80"%$/'9:53-'&2'15$%/'6&'6.0&3544&;&2,<'"#$%&'(!)!"*$(+(+!"#!$%&,!-./-0!

!

!

"



I1$(&"*L&B.&,7$14=&;-"*

 !Nj"

B3K" +C*KK0" \" 0/4*0+." */." 0HH*/0-C" K*[[0K3/-." B)*+" B+)-C2.+" 1.K" (<$F" ./" 1.K" W3DD0/3/-"

3W.D"4*"W0+*K"0/3D-0WC"B3+"23HH3T0++3403-0)/"]@.0K,.+-*"(*1.?F"NO!O^Z"

" :;04C." 4;*-010K.+" 4*" W0+*K" 3--C/*C" D)HH." D3/4043-" W3DD0/" .K-" +.K-C." \" 1;C-3-" 4."

rB+.*W." 4." D)/D.B-s" ]A+3Y* "(* 1.?F" !jjh^F" 1." +0KU*." U*." 1." W0+*K" H*-." .-" +.4.W0.//."

B3-Q)2R/." B)*+" 1;Q)HH." C-3/-" -+)B" 2+3/4" B)*+" J-+." *-010KC" D)HH." -+30-.H./-" DQ.f"

1;Q)HH." ]>)1DQ_)W* "(* 1.?F" NOO!^Z" 53/K" 1;.KB)0+" 4;3HB10[0.+" 1.K" +CB)/K.K" 0HH*/0-30+.K"

Q*H)+31.K" .-" D.11*130+.K" DQ.f" */" H)4R1." 3/0H31F" 4.K" 10B)K)H.K" ./D3BK*1CK" )/-" C-C"

*-010KCK"D)HH."KYK-RH."4."10,C+3-0)/"4."13"B3+-0D*1."0/3D-0WC."H30K"13"K-+3-C20."3"CDQ)*CF"

D.*eTD0"/."B+)-C2.3/-"B3K"1."(<$"D)/-+."*/"DQ311./2."1C-31"]@.0K,.+-*"(*1.?F"NOON3z"93)*"(*

1.?F"NOON^Z"I*X)*+4;Q*0F"-)*-.K"D.K"K-+3-C20.K")/-"C-C"3,3/4)//C.KZ"

 :.K"+.DQ.+DQ.K"K."B)+-./-"4CK)+H30KF"K*+"1;*-010K3-0)/"4."BK.*4)TB3+-0D*1.K"W0+31.K"

.-" K*+" 1;*-010K3-0)/" 4." W.D-.*+K" W0+3*e" +.D)H,0/3/-K" .eB+0H3/-" */." )*" B1*K0.*+K"

B+)-C0/.K" W0+31.K" 4*" W0+*K" ',)13F" B+0/D0B31.H./-" 13" 21YD)B+)-C0/.Z" :.K" W.D-.*+K" W0+3*e"

D)/D.+/./-"4.K"W0+*K"+.D)H,0/3/-K"/)/"B3-Q)2R/.K")*"/)/"+CB10D3-0[KF"-.1K"U*."1."W0+*K"

4." 13" K-)H3-0-." WCK0D*1.*K.F" 1." W0+*K" B3+30/[1*./f3" Q*H30/" 4." -YB." V" )*" 1;34C/)W0+*K"

Q*H30/"4."KC+)-YB."dZ""

PZ!Z :."W.D-.*+"W0+*K"4."13"K-)H3-0-."WCK0D*1.*K."

:."W0+*K"4."13"K-)H3-0-."WCK0D*1.*K."]>&>^"[*-"*-010KC"B)*+"13"B+.H0R+."[)0K"D)HH."

W.D-.*+"W0+31"W3DD0/31"B3+"1;CU*0B."4."9),.+-K"43/K"1.",*-"4."4CW.1)BB.+"*/"W3DD0/"3/-0T

2+0BB31"]9),.+-K*"(*1.?F"!jjj^Z"

"

=1" K;320-" 4*" W0+*K" B+)-)-YB." 4." 13" [3H011." 4.K"!=1B<,@&$&<1"?" :.">&>"B)KKR4." 4."

/)H,+.*K.K" D3+3D-C+0K-0U*.K" [3W)+3,1.K" ./" -3/-" U*." W.D-.*+" 4;.eB+.KK0)/" .-" W.D-.*+"

W3DD0/31F"-.11.K"U*;*/."[3D010-C"\"K."+CB10U*.+"43/K"13"B1*B3+-"4.K"D.11*1.K"4."H3HH0[R+.KF"

13"B)KK0,010-C"4;0/4*0+."*/."[)+-."+CB)/K."Q*H)+31."&'*@&@,F"13"D3B3D0-C"4;0/4*0+."\"13"[)0K"

*/."0HH*/0-C"KYK-CH0U*.".-"*/."0HH*/0-C"H*D)K31.Z"

8/" >&>" +.D)H,0/3/-" D3B3,1." 4." K." +CB10U*.+" ./" D.11*1.K" Q*H30/.K" 3" C-C"

4CW.1)BBC" B)*+" 13" W3DD0/3-0)/" 3/-0T',)13Z" ()*+" .eB+0H.+" 13" @(" 4;',)13F" 1." 2R/." 4." 13"

B+)-C0/."@"4."K*+[3D."3"C-C"+.HB13DC"B3+"1."2R/."4."13"@("4."o'A6>"E">&>T@("][02*+."Nh^Z"

8/." C-*4." 4." S)/.K" 3" H)/-+C" U*." !OOt" 4.K" (<$" W3DD0/CK" 3W.D" */." 4)K." 4." !OL"

B3+-0D*1.K"W0+31.K"4."D."D3/4043-"W3DD0/"C-30./-"B+)-C2CK"D)/-+."*/"DQ311./2."1C-31"]S)/.K*



  
 

 !VO"



I1$(&"*L&B.&,7$14=&;-"*

 !V!"

"(*1.?F" NOOd^F" ./" 0/4*0K3/-" */." 3*2H./-3-0)/"H)4C+C." 4.K" =2@" '@(TKBCD0[0U*.K" .-" */."

[)+-."+CB)/K."D.11*130+."KCD+C-+0D."4;=`<# .-"4."#<`!Z""

"

50[[C+./-.K" W)0.K" 4;0/)D*13-0)/" B.*W./-" J-+." *-010KC.K" B)*+" 13" W3DD0/3-0)/F"

D)/[C+3/-" */." B+)-.D-0)/" D)HB1R-." 4." 1;3/0H31" ]�0** "(* 1.?F" NOOj^Z" 5." B1*KF" 1." >&>T@("

B+)-R2." 1." (<$" \" !OOt" D)/-+." */" DQ311./2." 3C+)K)1" 3W.D" 4*" o'A6>F" U*0" K.+30-"

B)-./-0.11.H./-" 13"W)0."4;0/[.D-0)/"B+0W01C20C."B)*+"*/."3--3U*.",0)-.++)+0K-." ]@.0K,.+-*

"(*1.?F"NOOh^Z"

"

:." >&>T@(" 3" 3*KK0" C-C" -.K-C" B)*+" */." *-010K3-0)/" ./" B)K-T.eB)K0-0)/F" 1)+K" 4;*/."

C-*4."4."`.14H3//"]`.14H3//*"(*1.?F"NOOL^Z":3"W3DD0/3-0)/".K-".[[0D3D."\"!OOt"X*KU*;\"

Nc"Q.*+.K"B)K-T0/[.D-0)/"DQ.f" 13" K)*+0KF"B.+H.-" 13"B+)-.D-0)/"4."dOt"4.K"(<$".-"hVt"

4.K"D),3Y.KF"W3DD0/CK"NO"\"VO"H0/*-.K"3B+RK"0/)D*13-0)/"4*"o'A6>"z"D."U*0"D)++.KB)/4"

3*" -.HBK" 4." +C3D-0)/" 1)+K" 4;*/" 3DD04./-" 4." 13,)+3-)0+." ]@.0K,.+-* "(* 1.?F" NOOh^Z" 7."

D3/4043-"W3DD0/"3"4;3011.*+K"C-C"+CD.HH./-"*-010KC"./"I11.H32/."K*+"*/"DQ.+DQ.*+"K*0-."\"

*/.".eB)K0-0)/"3DD04./-.11."3*"o'A6>"]@*/-Q.+*"(*1.?F"NO!!^Z":."W3DD0/"./"D)*+K"4;C-*4."

3" C-C" 34H0/0K-+C" chQ" 3B+RK" U*." 13" X.*/." [.HH." K." K)0-" B0U*C." 3W.D" 1;302*011." 4;*/."

K.+0/2*."D)/-./3/-"4*"o'A6>Z"8/." 1C2R+."W0+CH0."4.">&>"+.D)H,0/3/-F"4." 13" [0RW+.".-"

*/." HY3120." )/-" B*" J-+." ),K.+WC.K" 43/K" 1.K" ch" Q.*+.K" K*0W3/-" 13" W3DD0/3-0)/Z" I*D*/"

3D04." /*D1C0U*." 4." o'A6>" /;3" C-C" 4C-.D-C" B3+" (79" ./" -.HBK" +C.1F" D.--." 3,K./D." 4."

W0+CH0." +./43/-" 0HB)KK0,1." 13" D)/[0+H3-0)/" 4." 1;0/[.D-0)/" 4." 13" X.*/." [.HH." 3W.D" 1."

o'A6>Z""

:3"B)B*13-0)/"3[+0D30/.".K-"-)*DQC."4."[3x)/"+CD*++./-."B3+"4.K"CB04CH0.K"4*.K"\"

40[[C+./-.K" K)*DQ.K"4." [01)W0+*KZ"()*+"B+)-C2.+" 13"B)B*13-0)/F"*/"W3DD0/"H*1-0W31./-"./"

*/."K.*1."0/X.D-0)/"K.+30-"0/-C+.KK3/-Z"8/."C-*4."H./C."B3+"@.0K,.+-"./"NOOj"3"H)/-+C"

U*."4.K"(<$"W3DD0/CK"3W.D"*/."4)K."CU*0W31./-."4.">&>"+.D)H,0/3/-".eB+0H3/-""13"@("

4."o'A6>F"4."&'A6>")*"4."7='A6>"C-30./-"B+)-C2CK"D)/-+."*/"DQ311./2."3W.D"D.K"-+)0K"

W0+*K"Nh"X)*+K"3B+RK"W3DD0/3-0)/"]@.0K,.+-*"(*1.?F"NOOj^Z"8/."3*-+."C-*4."H./C."DQ.f"13"

K)*+0K" 3" H0K" ./" CW04./D." */." B+)-.D-0)/" D+)0KC." ./-+." 4.*e" .KBRD.K" 4." W0+*K" ',)13F"

o'A6>" .-" A'A6>" ]$./K1.Y* "(*1.?F" NO!O^Z" 7.K" +CK*1-3-K" K)/-" B1*-l-" ./D)*+32.3/-K" 43/K"

1;)B-0U*."4."D)/K-+*0+."*/"W3DD0/"H*1-0W31./-Z"

:."B+0/D0B31"),K-3D1."\" 1;*-010K3-0)/"4;*/"-.1"W.D-.*+".K-"K3"D3B3D0-C"\"K."+CB10U*.+".-"

4)/D" \" K." -+3/KH.--+." \" 4;3*-+.K" 0/40W04*K" K./K0,1.K" 3*" >&>" )*" 3*e" 3/0H3*e"



  
 

 !VN"



I1$(&"*L&B.&,7$14=&;-"*

 !VV"

4)H.K-0U*.KZ" :;0/[.D-0)/" Q*H30/." B3+" 1." >&>" .K-" +3+." .-" /;.K-" B3K" KBCD0[0U*.H./-"

3KK)D0C."\"*/."H31340."2+3W.",0./"U*."4.K"D3K"4;./DCBQ310-.K"3KK)D0C.K"3*">&>")/-"C-C"

+3BB)+-CK" ]@3043H)W0DQ*"(*1.?F" !jPPz"�*0+)f*"(*1.?F" !jhhz"9.0[*"(*1.?F" !jhL^Z"53/K" 1.",*-"

4;CW31*.+" 13" B3-Q)2C/0D0-C" 4*" W0+*K" 3--C/*C" +CB10D3-0[F" 1." D3/4043-" W3DD0/" >&>T@(" 3" C-C"

-.K-C"K*+"4.K"(<$"0HH*/)4CB+0HCK"]0/[.D-CK"B3+"1."W0+*K"4."1;0HH*/)4C[0D0./D."K0H0./^"

.-" /;3" ./-+3y/C" 3*D*/" .[[.-" K.D)/430+.Z" >&>T@(" 3" 0/4*0-" */." +CB)/K." 0HH*/0-30+."

B+)-.D-+0D." .[[0D3D." D)/-+." */" DQ311./2." 1C-31" 3W.D" 4*" o'A6>" ]@.0K,.+-* "(* 1.?F" NOOh^Z"

7*+0.*K.H./-F"13"B+)-.D-0)/"),K.+WC."DQ.f"1."B+0H3-."/)/"Q*H30/"K.H,1."4CB./4+."4."

13"+CB)/K."75cg"B1*-l-"U*."4*"-0-+."./"3/-0D)+BK"3/-0T@("o'A6>"]@.0K,.+-*"(*1.?F"NOOh^Z"

7." W.D-.*+" 3" C-C" 0/)D*1C" ./" 0/-+3DC+C,+31" DQ.f" 4.K" (<$" .-" /;3" 0/4*0-" 3*D*/."

/.*+)W0+*1./D." ]B3K" 4." 1CK0)/" K*+" 1.K" D)*B.K" Q0K-)1)20U*.K" 4." -0KK*K" /.+W.*e^"

D)/-+30+.H./-"\"1;0/[.D-0)/"3W.D"1.">&>"B3+./-31"/)/"H)40[0C"]G0+.*"(*1.?F"NO!N^Z""

PZNZ :."W.D-.*+"34C/)W0+*K"Q*H30/"4."KC+)-YB."d"

=1"K;320-"4;*/"W.D-.*+"W0+31"U*0"3"C-C"-+RK"*-010KC"./"-QC+3B0."2C/0U*.".eBC+0H./-31."

]$0--" w" @3*140.F" NOOO^Z" :.K" 34C/)W0+*K" B)KKR4./-" */" -+)B0KH." D.11*130+." 13+2." .-" K)/-"

D3B3,1.K"4;0/4*0+."\"13"[)0K"*/."+CB)/K."0HH*/0-30+."0//C.".-"*/."+CB)/K."0HH*/0-30+."

343B-3-0W." DQ.f" 1.K" H3HH0[R+.KZ" :.K" 34C/)W0+*K" K)/-" +.KB)/K3,1.K" 4;0/[.D-0)/K"

+.KB0+3-)0+.K",C/02/.KF"4."23K-+)./-C+0-.K".-"4."D)/X)/D-0W0-.KZ"I"1;Q.*+."3D-*.11.F"*/"K.*1"

D3K"4."4CDRK"3"C-C"+.D./KC"./"!jjjF"K*0-."\"1;0/)D*13-0)/"4."W.D-.*+K"34C/)W0+*KZ"G312+C"

D.-" 3DD04./-F" 1;0/-C+J-" B)*+" D.K" W.D-.*+K" .K-" +.K-C" 0HB)+-3/-" .-" 1.K" .[[)+-K" K." K)/-"

D)/D./-+CK"K*+"1."4CW.1)BB.H./-"4;*/"W.D-.*+"4."[30,1."-)e0D0-CZ"

"

:;34C/)W0+*K"Q*H30/"4."KC+)-YB."d"3--C/*C"/)/"+CB10D3-0[".K-"1."B1*K"D)HH*/Z"=1"B.*-"

J-+."4C1C-C"4."40[[C+./-K"2R/.K"E"

! '!" ]43/K" -)*K" 1.K" W.D-.*+K^"E" +C20)/" .KK./-0.11." \" 13" +C2*13-0)/" 4." 13"

-+3/KD+0B-0)/".-"\"13"+CB10D3-0)/"4*"W0+*KZ"

! 'V" ]43/K" D.+-30/K" W.D-.*+K^"E" 2R/." /)/T.KK./-0.1" \" 13" +CB10D3-0)/" 4."

1;34C/)W0+*KZ"&)/"1)D*K".K-"*-010KC"B)*+"1;0/K.+-0)/"4."2R/.".e)2R/.Z"

! 'c" ]./" ($1')" B)*+" 13" B+)4*D-0)/" 4." W0+*K" +.D)H,0/3/-K^"E" +C20)/" U*0" B.*-"

B3+[)0K"J-+."4C1C-C."B)*+"3*2H./-.+"13"D3B3D0-C"4*"W0+*K"\"0/-C2+.+"*/"2R/.".e)2R/.".-"

+C4*0+."13"+CB)/K."0HH*/0-30+."4."1;Ql-."]&'*@&@,^Z"
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Deletion of Major Nonessential Genomic Regions in the Vaccinia
Virus Lister Strain Enhances Attenuation without

Altering Vaccine Efficacy in Mice!
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The vaccinia virus (VACV) Lister strain was one of the vaccine strains that enabled smallpox eradication.
Although the strain is most often harmless, there have been numerous incidents of mild to life-threatening
accidents with this strain and others. In an attempt to further attenuate the Lister strain, we investigated the
role of 5 genomic regions known to be deleted in the modified VACV Ankara (MVA) genome in virulence in
immunodeficient mice, immunogenicity in immunocompetent mice, and vaccine efficacy in a cowpox virus
challenge model. Lister mutants were constructed so as to delete each of the 5 regions or various combinations
of these regions. All of the mutants replicated efficiently in tissue culture except region I mutants, which
multiplied more poorly in human cells than the parental strain. Mutants with single deletions were not
attenuated or only moderately so in athymic nude mice. Mutants with multiple deletions were more highly
attenuated than those with single deletions. Deleting regions II, III, and V together resulted in total attenuation
for nude mice and partial attenuation for SCID mice. In immunocompetent mice, the Lister deletion mutants
induced VACV specific humoral responses equivalent to those of the parental strain but in some cases lower
cell-mediated immune responses. All of the highly attenuated mutants protected mice from a severe cowpox
virus challenge at low vaccine doses. The data suggest that several of the Lister mutants combining multiple
deletions could be used in smallpox vaccination or as live virus vectors at doses equivalent to those used for
the traditional vaccine while displaying increased safety.

Vaccinia virus (VACV) has displayed extraordinary efficacy
as a live attenuated vaccine since it has enabled the eradication
of smallpox, one of the most deadly infectious diseases for
mankind. Although smallpox vaccination is no longer routinely
employed, some countries continue to vaccinate selected pop-
ulations because of the fear of biological warfare or bioterror-
ism. During the course of their use, the smallpox vaccines were
responsible for numerous vaccine-associated accidents like ec-
zema vaccinatum and progressive vaccinia in individuals with
immune deficiencies or skin disorders. Encephalitis was also
long recognized as a very serious vaccine-related risk with an
unknown predisposition (35), and vaccine-induced myoperi-
carditis has been documented as an adverse event (27, 32). It
is therefore not surprising that a good deal of research has
been devoted to designing strategies that reduce the risks as-
sociated with smallpox vaccination (52). Further attenuation of
the smallpox vaccine has also been sought because VACV is an
attractive live virus vector for vaccination against infectious

diseases and displays promising activity as a vector for prophy-

laxis and therapy of cancer (25).

Modified vaccinia virus Ankara (MVA) was one of the first

VACV strains shown to be highly attenuated in small-animal

models and safe in human trials (42, 66). MVA was isolated

during the 1960s from the chorioallantois vaccinia virus An-

kara strain (CVA) by extensive serial passage in chicken em-

bryo fibroblasts, a process which entailed 6 major deletions as

well as numerous smaller deletions and point mutations within

122 of the 195 open reading frames (ORFs) (4, 45, 50). One of

the outstanding properties of MVA is its failure to multiply in

most mammalian cells, particularly human cells. Studies in

HeLa cells have shown that MVA infection is followed by a

nearly complete virus life cycle up to the accumulation of

immature (68) or aberrant (63) viral particles and the release

of a few aberrant enveloped viral particles (44). This abortive

virus life cycle is clearly sufficient to immunize mice against a

variety of orthopoxvirus challenge infections, to vaccinate non-

human primates against severe monkeypox virus infection (14,

15, 67), and to induce a VACV-like immune response in hu-

man volunteers (71). In most studies which have evaluated

MVA as a vaccine against challenge orthopoxvirus infections,

it has displayed efficacy only at much higher doses than the

traditional smallpox vaccine (7, 14, 20, 75) (with one surprising

exception [56]), in keeping with the fact that MVA is unable to

propagate at the site of inoculation and large virus doses are

well tolerated. Such high doses have even been shown to have
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the added advantage of inducing a more rapid immune re-
sponse than traditional smallpox vaccines (15, 55, 62, 65).

In view of the very promising behavior of MVA as a highly
attenuated smallpox vaccine as well as a vaccine vector, it is
important to gain a full understanding of the molecular basis of
its attenuation and vaccine efficacy. Clearly the failure of MVA
to multiply in most mammalian cells is one essential feature
that explains in vivo attenuation although the full spectrum of
viral genes that accounts for this phenotype has only been
partially characterized (74). The MVA genome also lacks a
number of genes encoding immunomodulatory functions
found in other VACV genomes, indicating that it does not
interfere with the antiviral immune response as efficiently as
other VACV strains (4, 8). In fact, numerous studies have
shown that MVA activates the innate immune response more
effectively than standard VACV (8, 11, 13, 21, 72).

Two strategies were considered to further investigate how
the major deletions in the MVA strain affect its attenuation
and vaccine efficacy. The first one would involve introducing
regions deleted from the MVA strain back into this virus,
whereas the second would involve deleting the same regions
from another virus, the parental strain of MVA (CVA) or a
related strain. We chose the latter strategy because it might
allow the isolation of more-attenuated VACV strains from an
established smallpox vaccine whose efficacy had been histori-
cally demonstrated. Instead of using the CVA strain as the
starting point, as recently reported by Meisinger-Henshel et al.
(46), we chose to start from the VACV Lister (VACV-Lis)
strain because this WHO reference strain was one of the most
widely used strains during the smallpox eradication campaign
(17). Recent data have established that the Lister strain in-
duces human antibody responses comparable to that of the
Dryvax strain, another commonly used smallpox vaccine (51).
Genomic deletions of this strain could increase its safety and
make it more suitable for further use. It was also postulated
that using an established smallpox vaccine with a smaller num-
ber of deletions than the number that occurs in the MVA
strain may lead to a safe vaccine that is effective at lower doses
than those used with the MVA strain.

MATERIALS AND METHODS

Virus and cell culture. A clonal isolate of the Lister strain of the smallpox

vaccine, designated VACV-107 (22, 23), was used as the parental strain for

isolation of deletion mutants. Virus was propagated on the chicken embryonic

stem cell line EB 14 (provided by Vivalis, France) cultured in Dulbecco’s mod-

ified Eagle medium (DMEM)-F12 medium supplemented with 10% fetal calf

serum (FCS), nonessential amino acids, 1 mM sodium pyruvate, and 40 !g/ml

gentamicin. Virus stocks were produced on EB 14 cells; however, because mono-

layers of these cells tend to detach, virus titrations were preferentially carried out

on baby hamster kidney cells (BHK21) cultured in DMEM and supplemented

with 1.5 mg/ml Bacto tryptose phosphate, 10% FCS, and 40 !g/ml gentamicin.

Vero cells used in virus neutralization assays were cultured in M199 medium

supplemented with 5% FCS, 100 IU penicillin/ml, and 100 IU/ml streptomycin.

HeLa and MRC5 cells used to follow virus multiplication were cultured in

DMEM with 10% FCS or in RPMI 1640-Glutamax medium supplemented with

10% fetal calf serum and 40 !g/ml gentamicin.

Molecular cloning and PCR. PCR amplification of viral DNA and molecular

cloning in plasmids were carried out according to previously described methods

(61). DNA fragments encompassing approximately 500 bp on either side of the

regions targeted for deletion were amplified from the VACV-107 genome using

the oligonucleotides listed in Table 1. Fragments on the left sides of the regions

to be deleted were amplified so as to have a left XhoI site and a right BamHI site,

while fragments on the right sides of the regions to be deleted were designed to

have a left BamHI site and a right SacI site. PCR-amplified fragments were

inserted into minimal bacterial vector pEM8, derived from pPoly3 (36) and

containing unique adjacent sites for XhoI, BamHI, SacI, EcoRI, and PstI in that

order. After PCR amplification the left side of each region targeted for deletion

was inserted into pEM8 using XhoI and BamHI whereas the right side was

inserted using BamHI and SacI. A cassette flanked by unique SacI and PstI sites

and encoding both green fluorescent protein (GFP) under the control of a

VACV synthetic early promoter (29) and the enzyme guanine phosphoribosyl-

transferase (GPT) under the control of the VACV 7.5-kDa promoter (12) was

then inserted adjacent to the rightmost fragment into the EcoRI and PstI sites of

pEM8 using a single-stranded oligonucleotide linker to ligate the SacI site to the

EcoRI site.

Isolation of deletion mutants. Virus deletion mutants were isolated by tran-

sient dominant selection, a procedure that results in a region being deleted or

modified in another manner without any foreign selection marker being retained

(16). EB 14 cells were plated at approximately 300,000 cells per 35-mm2 petri

dish, incubated overnight at 37°C in a cell culture incubator containing 5% CO2,

and then infected with approximately 0.1 PFU/cell for 1 h. After this period of

time the suspension containing unadsorbed virus was removed, the cells were

washed twice with serum-free medium, and 1 !g of the appropriate plasmid was

transfected using Lipofectamine (Invitrogen, Carlsbad, CA). One day later cells

were observed under the microscope by UV illumination to visualize expression

of GFP, a marker of successful transfection, and then frozen at "20°C. After-

wards, infected cells were subjected to several additional rounds of freezing and

thawing, and virus-containing cell lysates were used to infect fresh EB 14 cells in

the presence of selective pressure for the expression of the GPT gene. Viral

plaques formed in the presence of the selective medium were visualized by

microscopy under UV light, and fluorescent plaques were picked and amplified

on EB 14 cells in liquid medium in the presence of selective pressure. This

procedure of cloning the virus under selective pressure and amplification was

repeated several times. Two or three independent virus clones able to form

fluorescent plaques were then used to infect fresh cells after limiting dilution and

in the absence of selective pressure but under an agarose overlay. Nonfluorescent

plaques were picked after 2 days of infection, and the virus was amplified in the

absence of selective pressure. A sample of the amplified virus stock was used to

extract total DNA, and the DNA was subjected to PCR using one of the appro-

priate pairs of primers indicated in Table 1, column 5. The primers were designed

to detect the presence of the deleted viral DNA, undeleted viral DNA, or a

mixture of the two. Primers A and B together were designed to flank the areas

deleted. Primer A# was chosen so that it lies within the deleted sequence and

together with B enables amplification of a fragment in the parental virus. Virus

stocks containing mixtures of deletion and parental virus generated the two PCR

products 1 and 2 listed in column 6 of Table 1, whereas stocks containing only

virus with the targeted region deleted generated only PCR product 2 (approxi-

mately 500-bp fragments in all cases except for one deletion IV stock which

generated a 1,000-bp fragment).

Virus clones containing only DNA with deletions were subjected to two ad-

ditional cloning steps in the absence of selective pressure. The deletions were

again confirmed in another round of PCR analysis of DNA from the more

thoroughly cloned virus mutants. To detect large DNA fragments (2.5 to 9 kbp)

in the VACV-107 strain or the corresponding shortened fragments in the dele-

tion mutants, PCR amplification was carried out using the Expand Long Tem-

plate system (Roche Applied Science) by a common protocol for all viruses of 30

cycles with 8-min elongation periods. Finally, virus stocks were made by ampli-

fication on EB 14 cells. Viruses with simultaneous deletions in multiple regions

were constructed by repeating the operations outlined on virus that already had

deletions. A portion of the thymidine kinase (TK) gene was also deleted in a

similar manner to isolate a VACV mutant with this gene deleted.

Evaluation of neutralizing antibodies and T lymphocyte responses. Vacci-

nated mice were anesthetized with pentobarbital and bled by intracardiac punc-

ture, and VACV-neutralizing antibodies in serum samples were titrated accord-

ing to a previously described method (39) validated in four laboratories (58).

Briefly, serum samples were first incubated at 56°C for 30 min to inactivate

complement and then subjected to serial 2-fold dilutions in phosphate-buffered

saline (PBS). The samples were mixed with an equal volume of VACV contain-

ing approximately 35 PFU in 0.1 ml for 1 h at 37°C, and the mixture was added

to Vero cell monolayers. Two days later virus plaques were counted. The neu-

tralization titer was expressed as the reciprocal serum dilution that led to a 50%

reduction in the number of plaques compared to the control. The threshold of

the titration was 10.

To measure T lymphocyte responses, the percentages of CD4$ and CD8$

lymphocytes expressing intracellular gamma interferon (IFN-%) were determined

by flow cytometry as previously described (18). Briefly, mature bone marrow
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dendritic cells from uninfected BALB/c mice were infected with VACV and then

incubated with spleen cell suspensions from infected animals for 6 h at a ratio of

one mature dendritic cell for two splenocytes. Brefeldin A (5 !g/ml) was added

for the last 4 h to block cytokine secretion. Cells were stained with fluorescein

isothiocyanate (FITC)-coupled anti-CD8b2 and allophycocyanin (APC)-coupled

anti-CD4 monoclonal antibodies (MAbs), fixed, and permeabilized. Intracellular

IFN-" was stained with a phycoerythrin (PE)-coupled anti-IFN-" MAb, and cells

were fixed in 2% formaldehyde diluted in PBS. Flow cytometry was performed

on an FC500 (Beckman Coulter, Miami, FL), and the data were analyzed with

Cytomics RXP software (Beckman Coulter).

Vaccination of mice against a lethal intranasal CPXV infection. The ability of

the deletion viruses to confer protective immunity after vaccination was assayed

in female BALB/c mice. Groups of 6 animals were tested and treated in the same

manner for each condition studied. Before vaccination, 4-week-old mice were

anesthetized by intraperitoneal injection of ketamine (75 mg/kg of body weight)

and atropine (1.5 mg/kg). The mice were then scarified at the base of the tail by

a series of scratches using the tip of a 23-gauge needle, and 3 !l of virus at various

concentrations was deposited at the scarification site according to an established

method (48, 49) that performed consistently in studies we conducted previously

(18, 20, 23). A characteristic pustule, testifying a take, was observed 8 to 10 days

later at the site of scarification in mice vaccinated with the highest virus doses

and in some mice vaccinated with lower doses. Twenty-eight days after vaccina-

tion, the mice were anesthetized as described above and challenged by intranasal

instillation with 2 # 106 50% tissue culture infective doses (TCID50) of cowpox

TABLE 1. Primers used to make targeted deletions in the VACV Lister strain and screen for deletion mutantsa

Lister deletion MVA deletion(s)
Plasmid used

to create
deletion

Primers for plasmid construction (5$–3$)
Primers for virus

screening and genome
characterization

Fragment sizes (bp)

Lis %I
%3,560

(6118 to 9677)
I (d3,585) pEM22 Left, GCGCTCGAGGAGAGTAAC

AGTCGAACA and GCGGGATC
CGATCATTAAATGTTTCAT
CAG; right, CGCGGATCCTAAA
TTTCAGTTTATGTTTGT and
GGCGAGCTCTAGCGTTTGTA
ATTTCTGG

A, GCAATCATTCCT
CATAAGA; A$,
ATAGAAACTGGA
GAAATCAA; B,
CAATATTGAATG
TGTTGCTG

1, 380; 2, 525; 3,
4,085

Lis %II,V
%8,552

(19758–28309)
II & V

(d2,763 & d4,817)
pEM18 Left, TCGAGAACTTGATATTGG

ATATATCAC, GAACTTGATAT
TGGATATATCAC, GATCCAT
AGAGAAAATAGCTCCAGA
ATA, and CATAGAGAAAATA
GCTCCAGAATA; right, GATCC
GAATCATCCATTCCACTGA
ATA, CGAATCATCCATTCCAC
TGAATA, CCATGGTAGCTAC
GGCGAGAT, and AGCTCCAT
GGTAGCTACGGCGAGAT

A, GATAGAATCAG
ACTCTAAAG; A$,
TAGAACATCAGT
CTCCAA; B, ATG
GATCTGTCACG
AATT

1, 355; 2, 510; 3,
9,062

Lis %III
%3,519

(161293–164811)
III (d3,501) pEM20 Left, GCGCTCGAGATAAAGTAG

CCATTCTTCC and GCGGGAT
CCTACCAGCCACCGAAA
GAG; right, CGCGGATCCTTTG
GAAAGTTTTATAGGTAG and
CGCGAGCTCATGTCATAAAG
AATGCACAT

A, GCTGATAATAG
AACTCACG; A$,
GATAATGGTCAC
GTGTTA; B, AAG
ACGTCGCTTTT
AGCA

1, 375; 2, 520; 3,
4,039

Lis %IV
%1,742 twice

(1833–3574 and
185848–187589)

d1,771 pEM23 Left, GCGCTCGAGTCGAAATTC
AGAGTGCAC and GCGGGATC
CGACGCGATCGTGTAACA;
right, CGCGGATCCACATTGTT
GACAGAAACG and CGCGAG
CTCACAGACTGAGATAC
GCAA

A, GCGCTCGAGTC
GAAATTCAGAGT
GCAC; B, CGCGA
GCTCACAGACTG
AGATACGCAA

1, 2,692; 2, 1,000;
3, 2,742

%2,074
(181231–183304)

IV (d809) pEM21 Left, GCGGAGCTCCATGGAGCT
AATCTAAACG and GCGGGAT
CCAAGATAGGTAGAGATGG
AAG; right, GCGCTCGAGGAG
AGTAACAGTCGAACA and
GCGGGATCCGATCATTAAAT
GTTTCATCAG

A, GCTATGAAGGA
AAGACAT; A$,
GTCTCTCTACAG
GCTTCT; B, GCAA
TCATTCCTCA
TAAG

1, 350; 2, 510; 3,
2,584

a The names of the VACV Lister deletion mutants, the sizes of the deletions in base pairs, and their positions on the VACV-107 genome are listed in the first column.
The second column indicates the corresponding deletion in the MVA strain in roman numerals (according to Meyer et al. '50() and/or the size of the deletion in base
pairs relative to the VACV Copenhagen strain (according to Antoine et al. '4(). The names of the plasmids used to isolate each deletion mutant are indicated in the
third column (note that two plasmids targeting closely spaced deletions were used to isolate mutant %IV, whereas one plasmid was used to make a single deletion
overlapping two closely spaced deletions in the case of mutant %II,V. The oligonucleotide primers used to amplify PCR fragments which flank the targeted regions on
their left and right sides are listed in the fourth column (note that the left and right fragments of the deletions created in plasmid pEM18 were amplified twice by PCR
using oligonucleotide primers that enabled creation of the required restriction sites at the ends by annealing the two fragments together). Virus deletions were checked
by PCR analysis of total DNA extracted from infected cells using the three oligonucleotide primers A, A$, and B listed in the fifth column. The expected sizes of PCR
fragments are indicated in the sixth column: fragment 1, PCR product using A$ and B in parental virus; fragment 2, PCR product using A and B in deletion virus;
fragment 3, PCR product using A and B in parental virus.
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"virus (CPXV; Brighton strain VR302, obtained from the ATCC and amplified in

Vero cells), which corresponds to 30 times the 50% lethal dose (LD50) (19). For

the challenge, 50 !l of virus or 50 !l of NaCl (9°/°°) was deposited in both

nostrils using a micropipette with a sterile tip. Clinical signs of disease

(weight loss, ruffling of the fur, and reduced mobility) and the number, size,

and body localization of lesions, as well as mortality, were noted for the

following 3 weeks. The animals were euthanized at the end of experiments by

cervical dislocation.

Assessment of attenuation in nude mice and SCID mice. Five-week-old Swiss

nude mice [Crl:NU(Ico)-Foxn1
nu] or SCID mice (CB17/lcr-Prkdcscid/lcrCrl C.B-

17) (Charles River Laboratories) were anesthetized (100 mg/kg ketamine and 1.5

mg/kg atropine) and inoculated with VACV-Lis, VACV-107, or deletion mu-

tants derived from VACV-107 by tail scarification as described above using 5.0

log PFU of each virus. A characteristic pustule, testifying a take, was observed 8

to 10 days later at the site of scarification in all mice vaccinated with VACV-Lis

and VACV-107. Clinical signs of disease (weight loss and presence of specific

skin lesions) and mortality were followed over an 8-week period.

Statistical analysis. Statistical analyses were carried out using analysis of

variance (ANOVA) by Dunnett’s multiple comparison test for weight loss, neu-

tralization, and T cell immune responses. The log rank test was used for survival.

Calculations were performed with GraphPad (La Jolla, CA) software. P values

!0.05 were considered significant.

RESULTS

Isolation of VACV deletion mutants and analysis of their

multiplication in cell culture. Six major regions are deleted in
the MVA strain relative to other closely related VACV strains.
These regions are localized at the left and right ends of the
viral genome and have been previously designated with roman
numerals from I to VI (50). We deleted each of these regions
(Fig. 1, top) except region VI from the genome of VACV-107,
a clonal isolate of the Lister strain, using the transient domi-
nant selection method described by Falkner and Moss (16).
Region I (3,585 bp), which encodes several putative proteins of
unknown function as well as a serine protease inhibitor (Spi1)
important for virus host range in at least one human cell line
(2, 64), was deleted individually. Regions II and V, which are
adjacent at the left end of the genome, were deleted together
with the intervening region (overall 8,552 bp). This affected 10
ORFs, including one encoding a kelch protein that antagonizes
viral immunopathology (C2L in the VACV Copenhagen
strain) (57), one encoding a complement control protein (C3L
in the VACV Copenhagen strain) (34), and one encoding a
host range protein and inhibitor of type I interferons (K1L)
(24, 47), as well as two genes that lie at the boundary of regions
II and V (the virulence factor N1L gene [5] and the " amani-
tin-sensitive gene N2L [69]), the former frameshifted at its 3#

end and the latter internally deleted in MVA (4). Region III
(3,519 bp with respect to VACV-107, corresponding to a
3,501-bp deletion with respect to VACV Copenhagen), over-
lapping four ORFs, including ORFs encoding a tumor necrosis
factor (TNF) receptor (CrmC [1]), a suppressor of Toll/IL-1
signaling (9), and a kelch protein which affects the virus-in-
duced cytopathic effect (6), was deleted on its own. Region IV
was deleted in two steps. The first step was to delete 1,742 bp
with respect to VACV-107 (1,771 bp with respect to VACV
Copenhagen) at both ends of the Lister genome; the deleted
regions overlap five genes corresponding to truncated seg-
ments of full-length genes found in other orthopoxviruses.
Viral deletion mutants were screened by PCR to identify those
with mirrored deletions at both ends of the genome. The sec-
ond step involved deleting 2,074 bp overlapping a TNF recep-
tor (CrmE) gene (1, 60) and an antiapoptotic virulence factor

gene (26). The two deletions were then combined in one virus
to streamline subsequent analyses. Once virus mutants with
single deletions or in some cases combined deletions were
isolated, they were used as parental viruses to isolate mutants
with increasing numbers of deletions in such a way that various
combinations of the five targeted deletions were constructed.
The predicted structures of the mutant genomes were con-
firmed by PCR and illustrated for one mutant which had all
five deletions (VACV $I-V) (Fig. 1, bottom). Primers were
chosen for each region deleted so as to amplify an 0.5- or 1-kbp
fragment in the mutant virus VACV $I-V, whereas fragments
ranging in size from 2.6 kbp to 9.1 kbp were amplified in the

FIG. 1. Localization of deletions within the Lister VACV-107 ge-
nome and genomic characterization of a mutant within five distinct
regions. (Top) The VACV-107 genome with the positions of the
HindIII restriction fragments. The numbers in parentheses below the
viral genome indicate the approximate locations of deletions previ-
ously mapped in the MVA strain relative to the Copenhagen strain
(from left to right according to the nomenclature of Antoine et al. [4]).
The actual ORFs that were deleted in the Lister genome are indicated
beneath the indicated MVA deletions and numbered according to
Garcel et al. (22) The roman numeral nomenclature of Meyer et al.
(50) is indicated underneath each of the regions deleted and used
throughout the paper. Note that the position of the TK deletion is
indicated but that there is no corresponding deletion in the MVA
strain and that deletion $VI has not been created in the Lister strain.
(Bottom) Agarose gel of PCR products on DNA extracted from
BHK21 cells infected with VACV $I-V or VACV-107. PCR was per-
formed to amplify region I, III, IV (0.8-kpb part), IV (1.7-kbp part), or
the combined regions II and V using primers A and B, specific for each
region (Table 1, column 5). Note that the 30 PCR cycles, each for 8
min, were performed to favor amplification of long fragments. The
amount of PCR loaded on the agarose gel was adjusted to facilitate
visualization of the products produced unequally from one reaction
to another. Molecular size markers (kbp) are depicted in the left
lane.
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VACV-107 strain as predicted from the sizes of the intact
regions in the parental virus, including the surrounding 0.5- or
1-kbp regions (Table 1, column 6). Finally, a deletion was also
introduced into the thymidine kinase (TK) gene of the Lister
strain to create a virus strain with previously documented at-
tenuation (10).

The ability of the mutants to multiply in several cell lines was
examined. All mutants were routinely propagated on the
chicken embryonic stem cell line EB 14, and all of them were
found to form plaques and multiply to high yields in these cells
(data not shown). Titration of virus was performed on hamster
BHK21 cells, and all of the deletion mutants produced clearly
visible plaques after a 2-day incubation period. Since several of
the regions deleted included previously characterized host
range genes essential for multiplication in human cell lines (2,
24, 64), the deletion mutants were tested for their ability to
multiply in HeLa cell cultures. Initial experiments showed that
all of the mutants isolated after one round of deletion multi-
plied well in these human cells except mutant !I, which pro-
duced yields about 5-fold lower than the parental Lister strain.
The influence of the !I deletion within the background of
other deletions was then investigated. Virus titers in the in-
fected-cell cultures of BHK21 cells were assayed after several
cycles of freezing and thawing samples either 3 h after infec-
tion to estimate the amount of input virus or 48 h after infec-
tion (multiplicity of infection [MOI] " 0.01) to determine virus
yield. All of the mutants containing the !I deletion multiplied
to levels 4- to 5-fold lower than the parental Lister strain (Fig.
2), indicating that this deletion indeed affected virus multipli-
cation in human HeLa cells. However, there was no additional
effect of the other deletions on virus multiplication, indicating
that only !I contributed to the reduced virus yields. Similar
experiments carried out in the MRC5 cell line also indicated
that the !I deletion entailed reduced virus yields in this human
diploid cell line (data not shown).

Assessment of attenuation of the deletion mutants in nude

mice and SCID mice. First the pathogenicity of the deletion

mutants was assessed in athymic nude mice defective for the
production of antigen-specific T lymphocytes and T cell-de-
pendent antibodies because these animals are highly suscepti-
ble to VACV infection, unlike immunocompetent mice (54,
59). Groups of six mice were inoculated by scarification at the
base of the tail with virus suspensions titrating at 108 PFU/ml,
thus delivering approximately 105 PFU, a dose equivalent to
that used for smallpox puncture vaccination in humans, which
is also recognized to be a highly effective means of vaccination
in mice (40). The morbidity and mortality of the infected an-
imals as well as those of a control mock-infected group were
followed over an 8-week period in separate experiments per-
formed at least twice for each mutant. Mock-infected animals
gained weight regularly over the period of observation,
whereas animals infected with the VACV-107 isolate or the
original VACV Lister strain (VACV-Lis) gained weight more
slowly over the first 2 weeks, then dramatically lost weight until
their deaths between day 35 and 44 postinfection (Fig. 3). Loss
of weight in these animals correlated with virus dissemination
to other sites on the tail and the body. All of the mice infected
with the single deletion mutant !IV or the TK gene-deleted
mutant died, and some died in the groups infected with the
single-deletion mutants !I and !III although overall weight
loss was delayed (Fig. 3A and B). Therefore, each of these
deletions only mildly reduced the pathogenicity of the VACV-
107 clone in nude mice. The double-deletion mutant !I,IV
also induced weight loss and mortality similar to those induced
by the single-deletion mutants !I and !IV. Mice infected with
mutants with two or more regions deleted survived infection
(except for !I,IV) but in most instances failed to gain weight as
fast as mock-infected animals (P # 0.05). Mice infected with
mutants !I,III, !II,V, !I,II,V, and !I,II,IV,V gained weight as
fast as control animals at first but failed to reach the same body
weight as uninfected animals. Mice infected with mutants
!III,IV, !I,III,IV, and !II,IV,V gained weight more slowly
than control animals, then started to lose weight compared
with the initial body weight. Therefore, these deletion muta-
tions induced significant morbidity in nude mice, albeit not to
the extent of the parental VACV strain. In contrast, mice
infected with four mutants gained weight over the period of
observation in a similar manner to that of the mock-infected
control mice (!II,III,V, !I,II,III,V, !II,III,IV,V, and !I-V;
P $ 0.05) (Fig. 3C). These data show that the combined de-
letion of the three genomic regions II, III, and V is sufficient to
completely eliminate morbidity, as measured by loss of body
weight, in nude mice. The number of secondary lesions on the
tail and the rest of the body of these mice varied between 0 and
4, and their sizes were reduced (1 to 3 mm) (Table 2). The
number of secondary lesions has been found to correlate
closely with body weight loss in infected nude mice (see Fig. 1
at http://igbmc.fr/Schultz_jv2011). Overall, three independent
experiments were performed with the four most highly atten-
uated mutants presented in Fig. 3C, and in two of them nude
mice gained weight as if they were uninfected (P $ 0.05),
whereas in a third experiment animals infected with mutants
!II,III,IV,V and !I,II,III,V also behaved like uninfected ani-
mals (P $ 0.05) while animals infected with mutants !I-V and
!II,III,V survived infection but failed to gain as much weight
as uninfected animals (P # 0.05; data not shown).

Severely immunodeficient SCID mice were then used to

FIG. 2. Virus yields in HeLa cells infected with VACV Lister de-
letion mutants. HeLa cell monolayers were infected with 0.01 PFU/cell
and incubated for either 3 h (black bars) or 48 h (striped bars). Virus
titers in the cell cultures were then determined on BHK21 cell mono-
layers.
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examine the pathogenicity of the deletion mutants that dis-
played the highest level of attenuation in the nude mouse
model. As expected, tail scarification with 105 PFU of VACV-
Lis or the clonal isolate VACV-107 resulted in considerable
weight loss beginning about 10 days postinfection and continu-
ing until the animals died (Fig. 4). On the other hand, all mice
infected with the deletion mutants gained more weight than
animals infected with the parental viruses but then slowly lost
weight over the period of observation, probably due to slow
virus multiplication in these animals. In fact, the lesion at the
site of vaccination gradually increased in size, and there were
several secondary lesions that appeared over time. These ani-
mals were nevertheless alive after 56 days of infection, when
the experiment was ended.

Immune responses induced by the deletion mutants. We
then assessed the immune responses induced by the most
highly attenuated viruses in immunocompetent BALB/c mice
after vaccination by tail scarification with a virus dose equiva-
lent to that used in immunodeficient mice (105 PFU per ani-
mal). A local lesion appeared at the site of scarification for
most mice a few days after vaccination, then regressed, and the
mice did not display any signs of morbidity whatever virus was
employed. Four weeks later the mice were bled and neutral-
izing antibody (Nab) titers in the serum samples were deter-
mined and expressed as the reciprocal of the serum dilution
leading to a 50% reduction in plaque count (Fig. 5). Whereas
uninfected animals displayed mean Nab titers less than 10,
mice infected with the parental VACV-Lis strain or the clonal
isolate induced similar levels of Nab (P ! 0.05), which were

FIG. 4. Weight change in SCID mice vaccinated with VACV Lister
deletion mutants. Groups of 6 SCID mice were infected by scarifica-
tion with 105 PFU of the VACV deletion mutants in two experiments,
each including an uninfected control group and a group infected with
the VACV-107 parental strain and the traditional smallpox vaccine.
The mean change in weight as a percentage of the initial weight is
plotted against time for one of the experiments as well as the standard
deviations for some groups (standard deviations not shown were in the
same range as those plotted). Note that considerable weight loss re-
sulted in death of all mice in groups infected with VACV-107 and
VACV-Lis before the end of the experiment. Animals in all other
groups survived. f, VACV-107; F, VACV-Lis; ‚, "II,III,V; !,
"I,II,III,V; Œ, "II,III,IV,V; E, "I-V.

FIG. 3. Weight changes in nude mice vaccinated with VACV Lister
deletion mutants. Groups of 6 nude mice were infected by scarification
with 105 PFU of the VACV deletion mutants in three separate exper-
iments (A, B, C), each including an uninfected control group and a
group infected with the VACV-107 parental strain. The mean change
in weight for each group of animals as a percentage of the initial weight
is plotted against time. The standard deviation of the mean is plotted
above the line for mock-infected mice and below the line for VACV-
107-infected mice (standard deviations for other groups of mice were
within the same range). Where death occurred, the number of animals
that succumbed is indicated as a ratio of the six animals in the group.

TABLE 2. Numbers of secondary lesions on the tail and the rest of
the body for nude mice after vaccination with the

different deletion mutantsa

Vaccine strain No. of skin lesions on individual mice
Mean no. of
lesions # SD

VACV-107 5 12 7 12 6 9 8.5 # 3.0
VACV-Lis 6 14 10 7 9 7 8.8 # 2.9
"II,III,V 2 2 3 1 0 1 1.5 # 1.0
"I,II,III,V 1 2 0 3 0 0 1.0 # 1.3
"II,III,IV,V 3 2 4 2 1 2 2.3 # 1.0
"I,II,III,IV,V 1 1 1 0 0 1 0.7 # 0.5

a Nude mice were inoculated at the basis of the tail with 105 PFU of each
deletion mutant, VACV-107 clone, or the traditional smallpox vaccine (VACV-
Lis). The secondary skin lesions were counted at day 49 for deletion mutants or
at day 30 for the VACV-Lis and VACV-107 groups, before death.
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within the range of the titers found in human subjects vacci-
nated against smallpox (39, 58). The Nab titers with all of the
deletion mutants were similar to those with the parental Lister
strain and the clonal VACV-107 isolate (P ! 0.05).

The cell-mediated immune responses were also assayed 4
weeks after tail scarification of BALB/c mice with 105 PFU/
animal. After 4 weeks vaccinated mice display a steady-state
level in their cell-mediated immune response (18), suggesting
that this is an appropriate time to assay this response and
challenge them (see below). Spleens were recovered, and
spleen cell suspensions were stimulated with VACV-infected
dendritic cells. The levels of VACV-specific CD4" and CD8"

lymphocytes were measured by assaying for the percentage of
IFN-#-secreting cells in the spleen cell population using flow
cytometry (Fig. 6). The clonal isolate VACV-107 and the tra-
ditional Lister vaccine induced comparable VACV-specific
CD4" lymphocyte responses (P ! 0.05), which were about 3-
to 4-fold higher than the background level in mock-infected
animals (P $ 0.001). The highly attenuated deletion mutants
%II,III,V and %I,II,III,V induced a VACV-specific CD4" re-
sponse slightly but significantly lower than that induced by the
parental VACV strains (P & 0.05), whereas the mutants
%II,III,IV,V and %I-V induced responses comparable to those
induced by the parental strains. In the case of the specific
CD8" cell response, both the uncloned VACV-Lis strain and
the clonal isolate induced similar responses, which were about
8-fold higher than the basal level measured for splenocytes
from mock-infected animals (P & 0.05). The specific CD8"

response with all of the deletion mutants except %II,III,V was
significantly lower than that induced by the parental viruses
(P & 0.05) but between 4- and 6-fold higher than that of
uninfected animals.

Protection of mice from CPXV challenge by vaccination with

the deletion mutants. Previous studies have demonstrated that

cowpox virus (CPXV) infection of mice by the intranasal route
provides a model infection for smallpox and that traditional
smallpox vaccines can protect against disease and death in this
model system (19, 41). In order to assess the efficacy of the
most highly attenuated deletion mutants, BALB/c mice were
vaccinated by scarification at the base of the tail with 1 ' 102

to 1 ' 104 PFU of each deletion mutant, VACV-107, or
VACV-Lis. Each dose was administered to six mice per group,
and 1 month later the animals were challenged with 30 LD50 of
CPXV. All animals in the unvaccinated groups succumbed
after challenge between the 6th and 10th day after infection,
and none of the unvaccinated, unchallenged animals died (data
not shown). Most of the animals vaccinated with the highest
virus dose (104 PFU/scarification) lost between 25 and 35% of
their body weight by about the ninth day postinfection because
of the severity of the challenge and then progressively recov-
ered. There was no statistically significant difference in the
rates of weight loss or weight recovery between animals vacci-

FIG. 5. Levels of neutralizing antibodies in mice vaccinated with
VACV Lister deletion mutants. BALB/c mice were vaccinated by
scarification at the base of the tail with 105 PFU (six animals per
group) in two experiments. Four weeks later the mice were bled and
VACV-neutralizing antibodies in the serum of each animal were
titrated. The results of the two experiments are represented as the
reciprocal of the serum dilution which led to a 50% reduction in the
VACV plaque count. Horizontal lines indicate the mean values for all
mice in a group. Neutralization titers in serum samples from unin-
fected animals were below 10, the threshold of neutralization.

FIG. 6. Level of VACV-specific CD4" and CD8" lymphocytes in
mice vaccinated with VACV Lister deletion mutants. BALB/c mice
were vaccinated by scarification at the base of the tail with 105 PFU (six
animals per group) in two experiments. Four weeks later the mice were
bled, spleens were recovered, and the percentages of CD4 and CD8 T
lymphocytes able to secrete IFN-# in the presence of dendritic cells
presenting VACV antigens were determined. The mean values for
animals in the two experiments and the corresponding standard devi-
ations are plotted.
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nated with the different virus mutants or the VACV parental
viruses (P ! 0.05) (see Fig. 2 at http://igbmc.fr/Schultz_jv2011).
The survival of mice in three independent experiments where
each virus was tested at least twice is shown in Table 3. In two
experiments all animals vaccinated with 104 PFU of the
VACV-107 Lister clone survived, and 4 out of 6 mice survived
in the third experiment, consistent with the level of protection
afforded by the uncloned VACV-Lis strain. Similarly, the ma-
jority of the animals vaccinated with 104 PFU of the deletion
mutants survived (Table 3) and all of them survived after
vaccination with 105 PFU (data not shown) except one animal
in group "II,III,IV,V. Intermediate and poor levels of survival
were observed for animals vaccinated with 103 or 102 PFU,
respectively, of VACV-107, VACV-Lis, or the deletion mu-
tants. The viral dose able to protect 50% of the animals (PD50)
was calculated using the method of Reed and Muench and
found to be 3.0 # 0.7 log PFU in the case of the Lister clone
and 3.2 # 0.5 log PFU with the traditional vaccine. The PD50s
for the mutants were within the same range as that for the
parental clone or VACV-Lis, demonstrating that the deletion
of up to five selected regions in the VACV Lister virus genome
did not alter the ability to efficiently protect mice against a
challenge infection.

DISCUSSION

We have investigated the role of 5 regions in the VACV
Lister genome, known to be deleted in the MVA genome
(deletions I to V), on replication in human cells, virulence in
the nude and SCID mouse models, induction of specific im-
mune responses in immunocompetent mice, and vaccine effi-
cacy in a CPXV challenge model. The influence of deleting
region VI was not investigated because it was thought unlikely
to affect virulence since it encompasses one gene fragmented
in all VACV strains (an orthologue of the CPXV virus gene
encoding the A-type inclusion protein [3]) as well as a trun-
cated copy of another gene (p4c) shown to be important for
association of viral particles with A-type inclusions (43), which
are absent from VACV-infected cells (28, 33).

Infection of human cells indicated that deletion of region I
entails a significant reduction in virus multiplication. This re-
sult was not too surprising, as region I contains the SpiI gene,
which has previously been shown to be required for multipli-
cation of VACV WR in the human lung cell line A549 (64).
Deletion of region I could therefore contribute to further at-

tenuation of the VACV Lister strain if the strain is used to
vaccinate humans. Deletion mutants of the CVA strain, similar
to the ones we have constructed, were extensively studied for
their host ranges in vitro and found to be replication defective
in two rabbit cell lines, consistent with deletion of the K1L
gene (46). However, the same CVA mutants were able to
multiply efficiently in 12 other mammalian cell lines, including
5 human cell lines (46). The distinct genetic background of the
CVA strain could account for failure of the CVA deletions to
affect viral multiplication in human cells as we have noticed for
Lister mutants with region I deleted.

Infection of athymic nude mice with the mutants demon-
strated that the deletion of single genomic regions was insuf-
ficient to induce a high level of attenuation compared with the
parental viral clone VACV-107 or the traditional smallpox
vaccine. Particularly interesting in this respect is region IV,
which contains, in addition to a number of truncated genes, a
biologically active TNF receptor (CrmE) gene previously
shown to be required for VACV virulence in a murine intra-
nasal model (60) and a gene encoding a Golgi resident anti-
apoptotic protein whose deletion did not affect weight loss in
the murine intranasal model but rather increased the severity
of other signs of illness (26). Thus, the opposite effects of
deleting these two genes in the "IV mutant may result in no
phenotype at all, or alternatively these two genes may play no
significant role in the particular mouse scarification model we
have employed. The combined deletion of at least two regions
(for instance, regions I and III) resulted in survival of all nude
mice although some morbidity occurred. Several VACV mu-
tants harboring multiple deletions were clearly more attenu-
ated than VACV-107 or the traditional smallpox vaccine but
still displayed some pathogenicity. Only four deletion mutants
proved to be totally attenuated in the T cell-deficient mouse
model, as ascertained from survival and body weight loss
("II,III,V, "I,II,III,V, "II,III,IV,V, and "I-V), all of them
having at least regions II, III, and V deleted. In contrast,
deletion of the TK gene, known to be attenuating upon VACV
infection in other animal models (10, 70, 73), did not signifi-
cantly alter virus pathogenicity for nude mice. In SCID mice,
which are more severely immunocompromised than nude
mice, the highly attenuated deletion mutants characterized in
the nude mouse model did not induce any mortality over the
period of observation but mice failed to gain weight as well as
uninfected animals and eventually started to lose weight. These
results reflect the fact that the deletion mutants are able to

TABLE 3. Protection of mice from CPXV challenge by vaccination with the deletion mutants

Vaccine
strain

No. of surviving mice/group of six mice at indicated vaccine dose (PFU) in expt:

PD50

(log PFU) # SDa1 2 3

104 103 102 104 103 102 104 103 102

VACV-107 6 6 1 6 3 2 4 0 0 3.0 # 0.7
VACV-Lis 6 3 1 NDb ND ND 6 0 0 3.2 # 0.2
"II,III,V 4 1 0 ND ND ND 6 2 1 3.4 # 0.4
"I,II,III,V ND ND ND 6 1 1 6 1 1 3.4 # 0.1
"II,III,IV,V ND ND ND 6 4 1 6 1 1 3.0 # 0.5
"I-V ND ND ND 5 5 2 5 5 0 2.6 # 0.2

a SD, standard deviation of the mean calculated using the method of Reed and Muench considering 100% survival at the 105 PFU dose (data not shown).
b ND, not done.
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"multiply in SCID mice as multiple secondary lesions appeared
over time.

The data from studies in human cells, nude mice, and
SCID mice suggest that the deletion of regions I, II, III, and
V may be sufficient to obtain satisfactory attenuation of the
Lister strain in humans. Two deletion mutants tested would
best fit this requirement, namely, mutants !I,II,III,V and
!I,II,III,IV,V.

Despite clear-cut attenuation in immunocompromised mice,
the four most attenuated VACV deletion mutants induced
humoral responses equivalent to those of the standard Lister
vaccine. On the other hand, the cell-mediated immune re-
sponses induced by the mutants were in several instances sig-
nificantly lower than those of the Lister parents. Nevertheless,
all of the highly attenuated mutants displayed remarkable vac-
cine efficacy, as illustrated by protection of immunocompetent
mice from a severe CPXV challenge infection. Calculation of
the 50% protective dose and analysis of weight loss and recov-
ery after challenge with CPXV did not allow us to discern any
difference in vaccine efficacy between the most attenuated mu-
tants studied. It is possible, however, that the use of lower
challenge doses or other animal models would enable such a
discrimination. On the other hand our results suggest that the
major MVA deletions contribute to attenuation of this virus,
but they cannot explain why high MVA doses are needed to
achieve maximum vaccine potency. It is probably the failure of
MVA to multiply in most mammalian hosts, including mice,
which entails the requirement for high MVA vaccine doses. In
contrast, our experimental data suggest that the VACV Lister
deletion mutants that replicate in human cells (although more
poorly in the case of !I) may be able to effectively vaccinate
human subjects at a dose equivalent to that used for the tra-
ditional smallpox vaccine while displaying increased safety for
immunocompromised and other contraindicated subjects.

Numerous studies of VACV mutants with single nonessen-
tial genes deleted have shown that the vast majority of these
genes contribute to virulence in one animal model or another.
However, few studies have examined the consequences of such
attenuation for vaccine efficacy. Most of the attenuating dele-
tions in the NYCBH and Wyeth strains, examined by Lee et al.
(37), actually resulted in reduced immunogenicity at low vac-
cine doses, with the exception of a mutant with the TK gene
deleted. On the other hand, deletion of the E3L gene, encod-
ing a double-stranded RNA (dsRNA) binding protein, resulted
in striking attenuation in a mouse model of severe combined
immunodeficiency and considerable vaccine potency by scari-
fication of immunocompetent mice despite the fact that the
deletion mutant appeared inefficient at inducing VACV-neu-
tralizing antibodies (31). Deletion of several genes encoding
immunomodulatory functions from the Wyeth strain resulted
in only moderate attenuation in an intracranial weanling
mouse model, and most of the mutants maintained immuno-
genicity although no vaccine protection studies were per-
formed (30). Deletion of the genes encoding serpin 1 (B22R;
equivalent to ORF 008 in the Lister strain) and serpin 2 (B13R
in VACV Cop) from the VACV WR strain led to significant
attenuation, characterized by a delay in death after infection of
nude mice and lack of pathogenicity in immunocompetent
mice after intraperitoneal inoculation (38). The deletion vi-
ruses maintained their ability to induce potent humoral and

cell-mediated immune responses, but orthopoxvirus challenge
infections were not performed. Deletion of region II in the
Tian Tan strain of VACV resulted in attenuation in immuno-
competent mice and immunity when used as a vaccine vector,
but no challenge studies were performed (77). Recently, by
recombineering the CVA genome in bacterial artificial chro-
mosomes, Meisinger-Henschel et al. reported the construction
of deletion mutants mirroring the major MVA deletions (46).
They noticed only moderate attenuation of the deletion mu-
tants in immunocompetent mice infected intranasally and
identified region V as the major region involved. Their studies
clearly indicate that the 6 major deletions in the MVA strain
are not sufficient to account for the characteristic MVA phe-
notype and that other mutations, still to be identified, are
needed. The CVA deletion mutants were, however, not exam-
ined for their ability to induce an immune response or protect
mice from a challenge orthopoxvirus infection.

In conclusion, our results extend previous findings by dem-
onstrating that considerable virus attenuation may be achieved
for immunocompromised animals if multiple regions of the
Lister genome are deleted. Despite this attenuation, the dele-
tion mutants are able to induce VACV-specific immune re-
sponses and display vaccine potency similar to that of the
traditional smallpox vaccine. Recent studies have shown that
VACV multiplication may be a requirement in some instances
for the induction of potent immune responses (53, 76). The
combination of multiple deletions in a single virus makes it
unlikely that the mutants revert to a virulent phenotype, thus
providing a potentially safer yet efficient smallpox vaccine as
well as the basis for the development of a novel VACV vector.

ACKNOWLEDGMENTS

This work was financed in part by a grant from INSERM-Transfert.
J.D. is the recipient of a Ph.D. scholarship from the Délégation Gé-
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C-*4."*1-C+0.*+."DQ.f"1."K0/2.F"H)/-+."U*."13"D)/K-+*D-0)/"3W.D"13"@("4;',)13"/;C-30-"B3K"

B+)-.D-+0D." ,0./" U*." 4.K" 3/-0D)+BK" /.*-+310K3/-K" 3/-0T@(" 30./-" C-C" 4C-.D-CK" 3W3/-" 1."

DQ311./2." ]@.0K,.+-* "(* 1.?F" NOON,^Z" 7.--." K-+3-C20." 3" C-C" 3,3/4)//C.Z" (1*K0.*+K"

QYB)-QRK.K"B)*++30./-".eB10U*.+"D.-"CDQ.D"E""

! */."-+)B"[30,1.".eB+.KK0)/"4."13"@("4*"W0+*K"',)13"./"+30K)/"4."1;*-010K3-0)/"4*"

B+)H)-.*+"BLZdF"B+)H)-.*+"+.13-0W.H./-"[30,1.Z"

! 1;*-010K3-0)/"4*" 1)D*K"4." 13" -QYH040/."_0/3K."U*0"/."K.+30-"31)+K"B3K"343B-C"\"

1;.eB+.KK0)/"4."13"@("4*"W0+*K"',)13Z"

! 1;3,K./D.""4."13"@("4;',)13"K*+"1;./W.1)BB."4*"W0+*K"+.D)H,0/3/-"

! */."H3*W30K."B+CK./-3-0)/"4."13"@("4;',)13"3*e"3/-0D)+BKF"\" 13"K*+[3D."4."13"

D.11*1.F"/."B.+H.--3/-"B3K"4;0/4*0+."*/."+CB)/K."B+)-.D-+0D.".[[0D3D.Z"

"

53/K"*/" -+3W301"B+CDC4./-F"b3-f".-" K)/"CU*0B."3W30./-"4CW.1)BBC"*/"W0+*K"4." 13"

W3DD0/." .eB+0H3/-" 1;.D-)4)H30/." 4." 13" B+)-C0/." 4;./W.1)BB." 4*" >=$" ]$=>T!" "'@^" .-"

B+)4*0K3/-" 4.K" W0+*K" 3Y3/-" 0/D)+B)+C" D.--." B+)-C0/." W0+31." 43/K" 1.*+" ./W.1)BB."

]A3+DQ0DQ3-" w" b3-fF" NOONz" b3-f* "(* 1.?F" !jjL^Z" 7.--." 0/D)+B)+3-0)/" 3" C-C" B)KK0,1." ./"

D)/K-+*0K3/-"*/"W0+*K"+.D)H,0/3/-"4)/-"1."2C/)H."3"0/-C2+C"*/"2R/."DQ0HC+0U*."D)43/-"

B)*+" 13"B3+-0." .D-)B13KH0U*."4." 13"B+)-C0/."4;./W.1)BB."4*">=$".-" B)*+" 1.K"4)H30/.K"

-+3/KH.H,+3/30+." .-" DY-)B13KH0U*."4." 13" B+0/D0B31."B+)-C0/."4;./W.1)BB."4.K" [)+H.K"

''>"4*" W0+*K" 4." 13" W3DD0/.F" /)HHC."AdZ" 7." W0+*K" +.D)H,0/3/-" C-30-" D3B3,1." 4;0/4*0+."

DQ.f"1."13B0/"4.K"3/-0D)+BK"KBCD0[0U*.K"4."1;3/-02R/."4;./W.1)BB."4*">=$Z""

"

<)-+."),X.D-0["3"C-C"4."+C310K.+"*/"-.1"-YB."4."D)/K-+*D-0)/"3W.D"1;.D-)4)H30/."4."

13"@("4."o'A6>"B)*+"0/4*0+."*/."+CB)/K."0HH*/0-30+."B+)-.D-+0D.".[[0D3D.Z"

<)*K"3W)/K"4CD04C"4;*-010K.+"1."W0+*K"G>:F"4CW.1)BBC"3*"13,)+3-)0+.F"B)*+"D)/K-+*0+."D."

D3/4043-"W3DD0/F"B)*+"1.K"+30K)/K"K*0W3/-.K"E"

! 1."W.D-.*+"G>:"+CB10D3-0["3"C-C"H)/-+C"B1*K"0HH*/)2R/."U*."1."W.D-.*+"G>I"

/)/"+CB10D3-0[".-"4.W+30-"4)/D"J-+."B1*K"0HH*/)2R/."W0KT\TW0K"4."13"@("4;',)13"



  
 

 !hN"



I1$(&"*TD48$&#"'(1."*

!hV"

! 1." W.D-.*+" G>:" /;3Y3/-" B3K" ./-+30/C" 4." H)+,040-C" CW04./-." DQ.f" 13" K)*+0K"

0HH*/)4C[0D0./-.F" 3W30-" */." 0//)D*0-C" U*0" B)*++30-" J-+." 3DD.B-3,1." B)*+" 1."

4CW.1)BB.H./-"4;*/"W3DD0/"DQ.f"1;Q)HH."

! 8/" ,+.W.-" 3Y3/-" C-C" 4CB)KC" B)*+" D." W.D-.*+F" K)/" *-010K3-0)/" B)*+" 1."

4CW.1)BB.H./-"4;*/"W3DD0/"D)/-+."',)13" +.WJ-30-"*/"D3+3D-R+."4;)+020/310-C"\".eB1)0-.+"

]A+.W.-"4CB)KC"1."!j"K.B-.H,+."NOOh"z"<�'(OhVOddLOZL^Z"

"

" '/[0/F" 43/K" */" D)HH*/0U*C" 4." B+.KK." B3+*" 1." !V" )D-),+." NO!OF" 1.K"

13,)+3-)0+.K" A3W3+03/T<)+40D" )/-" 3//)/DC" */" /)*W.3*" B+)X.-" K*,W./-0)//C" B3+" 1."

<3-0)/31"=/K-0-*-.")["$.31-Q"]<=$F"'-3-KT8/0K^"D)/D.+/3/-"1."4CW.1)BB.H./-"4;*/"W.D-.*+"

W0+31" 4." -YB." G>I" ]G>ITA<�^" H*1-0W31./-" .eB+0H3/-" B1*K0.*+K" 21YD)B+)-C0/.K" 4."

[01)W0+*K"]4."2./+."TB,.1@&$-)".-"+1$B-$7@&$-K^Z"7."4CW.1)BB.H./-"K*,W./-0)//C"B3+"1."

<=$F" 4;*/" D3/4043-" W3DD0/" 4." -YB." W0+*K" 4." 13" W3DD0/." B3+" */." [0+H." BQ3+H3D.*-0U*."

H)/-+30-"U*."/)-+."K-+3-C20."W3DD0/31."B)*W30-"J-+."B+)H.--.*K.Z"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"

"



  
 

 !hc"
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!
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!
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!
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!
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!

!!!!!!#!

!

!
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!

!

!

!

!

!"#$%&'()'*'+&,%-.&/010"2/'.34-510"6$&'7&.'32/.0%$30"2/.'89:'&0'89:;<$!%"&!'()!*!

+,-.! .-/0.1! 2.! 34! ()! 25! 60157! '8934! 64::0-07;! ./! 7957! 3.! :9-/1<3.! 25! =19>9/.51! =?@A!

B34-C5;! 2.7! .D/1;>0/;7! 2.! 34! 2;3;/09-! EEE! %F.3! EEE&! =951! 3G0-7.1/09-! 24-7! 3.! 39:57! 2.! 34!

2;3;/09-! EEE$! %#&! '()#@!*! +,-.! :H0>;10C5.! 2.! 3G.:/929>40-.! 2.! 34! ()! 25! 60157! '8934!

B5709--;!45D!29>40-.7!/14-7>.>814-401.!./!:I/9=347>0C5.!2.!#@A!64::0-07;!./!B34-C5;!

2.7!.D/1;>0/;7!2.!34!2;3;/09-!EEE$!

!

!

!

!

!

!

! ! ! ! ! !
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!

! 89:;< 

!
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!
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I1$(&"*TD48$&#"'(1."*

!hd"

"

NZNZ 9CK*1-3-K".eBC+0H./-3*e"

NZNZ!Z 7)/K-+*D-0)/"4.K"W0+*K"+.D)H,0/3/-K""

" <)*K"3W)/K"DQ)0K0"4;.eB+0H.+"13"@("4*"W0+*K"',)13"o3n+."]@(^F"K)*DQ."G3Y0/23"4."

!jLP"]/*HC+)"@./A3/_E"I`OhPhVVF"]>)1DQ_)W*"(*1.?F"NOO!^^Z"=1"K;320-"4."13"K)*DQ."13"B1*K"

H.*+-+0R+."X*KU*;\"3*X)*+4;Q*0Z"

" :."2R/."4."13"@("4;',)13"3"C-C"H)40[0C"B)*+"4C1C-.+"1."K02/31"4;C40-0)/"+.KB)/K3,1."

4."1;0/0-03-0)/"4."1;.eB+.KK0)/"4."13"[)+H."/)/"K-+*D-*+31."K.D+C-C."E"K@("]>)1DQ_)W*"(*1.?F"

NOO!^" B*0K" r"W3DD0/0KC"s"E" 1.K" D)4)/K" K)/-" )B-0H0KCK" B)*+" J-+." D)HB3-0,1.K" 3W.D" 13"

+CB10D3-0)/"4*"W0+*K"4."13"W3DD0/."B3+"./+0DQ0KK.H./-"4."13"KCU*./D."/*D1C)-040U*."./"I"

.-"#"]Pht"/3-*+.11.H./-"43/K"1.K"D)4)/K^"2+aD."3*"1)20D0.1">.D-)+<#0F"4."[3x)/"\"D."U*."

1.K"3D04.K"3H0/CK"D)++.KB)/43/-"3*e"/)*W.3*e"D)4)/K"/."K)0./-"B3K"H)40[0CK"]B+)B+0C-C"

4."+CBC-0-0)/"4*"D)4."2C/C-0U*.^Z"

" <)*K"3W)/K"4CD04C"4;0/KC+.+"1."2R/."4."13"@("4;',)13"43/K"1."2C/)H."4."G>:"3*"

1)D*K" D)++.KB)/43/-" \" 13" 4C1C-0)/" ===" .-" 4;*-010K.+" 1." B+)H)-.*+" B+CD)D.u-3+40[" B$d"4*"

2R/."$d9"4*"W0+*K"4."13"W3DD0/.F"D)43/-"B)*+"*/."B+)-C0/."H*1-0[)/D-0)//.11."0HB10U*C."

43/K" 13" +CB10D3-0)/F" 13" -+3/KD+0B-0)/" .-" 13" H)+BQ)2C/RK." 4.K" W0+0)/K" 4*" W0+*K" 4." 13"

W3DD0/."]5�7)K-3*"(*1.?F"NO!O^Z""

" <)*K"3W)/K"DQ)0K0"4."[30+."4.*e"D)/K-+*D-0)/K"3[0/"4."B)*W)0+".K-0H.+"1;0/-C+J-"4."

1;.eB+.KK0)/"4*"2R/."4."[*K0)/"B3+"+3BB)+-"3*"2R/."./-0.+"4."13"@("4;',)13F"B3+"1."W.D-.*+"

W0+31"][02*+."VO^"E"

! */." D)/K-+*D-0)/"40-." r"D13KK0U*."s" 43/K" 13U*.11." 1." 2R/." ./-0.+" 4." 13"@(" .K-"

0/KC+C"43/K"1."2C/)H."3*"1)D*K"4."13"4C1C-0)/"==="E")<M:*RV"

! */." D)/K-+*D-0)/" 40-." r"DQ0HC+0U*."s" 43/K" 13U*.11.F" */" 2R/." 4." [*K0)/" ./-+."

1;.D-)4)H30/."4." 13"@(".-" 1.K"4)H30/.K" -+3/KH.H,+3/30+.".-" 0/-+3DY-)B13KH0U*."4." 13"

21YD)B+)-C0/."Ad"4*"W0+*K"4."13"W3DD0/.F".K-"D1)/C"43/K"1."2C/)H."4*"W0+*K"4."13"W3DD0/."

3*"/0W.3*"4."13"4C1C-0)/"==="E")<M:*RV4U!

"

" Ad" .K-" */." B+)-C0/."H.H,+3/30+." 21YD)KY1C." 4." -YB." =F" D)HH." 13" @(" 4*" W0+*K"

',)13Z":3"KY/-QRK."4." 13"B+)-C0/."Ad"B3KK."B3+"*/."C-3B."4."H3-*+3-0)/"43/K" 1."@)120F"
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!
"#$%&'!()!*!+,&-'!.'!&'/-&#0-#12!.'/!34,/5#.'/!%-#4#/6/!31%&!4,!012/-&%0-#12!.'/!

7#&%/!&'0158#2,2-/9!"#$%&'&(#!)('*$+!,*&-!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

"#$%&'! (:! *! ;'/! 34,$'/! .'! 4</'! #/146'/! /12-! 3%&'/! '-! 4'/! 7#&%/! 12-! #2/6&6! 4'! $=2'!

>6-6&141$%'! .,2/! 4'%&! $6215'.! /(0! '(##1#(0! 234567! $8*! 9*9! &8:('*9(0! ;<('! 18! #=0;*!

'(##1#;&+(! >(! #?&0$#(@(8*! >?18(! A#;%(! >(! #=0(.! /(0! A#;%(0! >(! #=0(! &0$#9(0! >(! <&+10!

+('$@B&8;8*0!0$8*!C!8$1<(;1!+9'$#*9(0!(*!;8;#=09(!A;+!DEF.!D&0*(!7!G!DHI!A&0*(!6!G!H)J5

KLD2MI!A&0*(!N!G!H)J5KLD!"7-I!A&0*(!O!G!H)J5KLD!"6-I!A&0*(!M!G!H)J5KLD!"N-.!J;!B;8>(!C!

6IM! PAB! 01+! #(! %(#! >?;%;+$0(! '$++(0A$8>! C! KLDQKLD2M! :#;8R19(0! >(0! (S*+9@&*90! >(! #;!

>9#9*&$8!TTTI!#;!B;8>(!C!UIM!PAB!'$++(0A$8>!;1S!(S*+9@&*90!>(!#;!>9#9*&$8!TTT.!J(0!;@$+'(0!

1*&#&09(0!'&B#(8*!#(0!(S*+9@&*90!>(!#;!>9#9*&$8!TTT!(*!0$8*!>9'+&*(0!>;80!#?;+*&'#(!"/&@&(+!"#!

$%&I!6U77-.!

!

!!!!!7!!!!!!!!6!!!!!!!!!!N!!!!!!!!!!O!!!!!!!!!M!!

V6IM!PAB!

VUIM!PAB!

pEM110

7193 bp

GPT

T2A

GFP

Ebola Gp-B5tm

Deletion III rightDeletion III (left)

p7.5

pH5

EcoRI (6150)

SmaI (1044)

NsiI (608)

NsiI (5613)

NsiI (5813)

!"#$%&'

(")*+,-
pEM112

7145 bp

GPT

T2A

GFP

Ebola Gp-Gptm

Deletion III right

Deletion III (left)

p7.5

pH5

BamHI (5031)

ClaI (4602)

EcoRI (5107)

NcoI (4536) PstI (2513)

SmaI (1)XmaI (7144)

ApaLI (2942)ApaLI (4169)

AvaI (4512)

AvaI (7144)

HindIII (534)

HindIII (1188)

HindIII (6812)

!"#$.&' 

(")*-/$1
B#(!'$1'W(!



I1$(&"*TD48$&#"'(1."*

!hL"

B*0K"*/."[+3D-0)/"4."Ad".K-"-+3/KB)+-C."X*KU*;\"13"H.H,+3/."4."13"D.11*1."0/[.D-C."B3+"1."

+CK.3*"($1')T2)120./F"D)HH."B)*+"13"@("4*"W0+*K"',)13Z"53/K"1."D3K"4."Ad"*/."[+3D-0)/"

0HB)+-3/-."4."Ad"+.K-."D.B./43/-"3KK)D0C."\" 1;3BB3+.01"4."@)120")~".11.".K-" 0/D)+B)+C."

43/K"13"4)*,1."./W.1)BB."W0+31.F"4C+0WC."4*"@)120F"U*0"./-)*+."1.K"B3+-0D*1.K"H3-*+.K"4*"

W0+*K" 4." 13" W3DD0/.Z" 7.K" W0+0)/K" 4)*,1.H./-" ./W.1)BBCK" B.+4./-" */." 4.K" ./W.1)BB.K"

4;)+020/."@)120.//."1)+K"4."1.*+"[*K0)/"\"13"H.H,+3/."D.11*130+."D."U*0" 10,R+."4.K"W0+*K"

3Y3/-"*/."K.*1."./W.1)BB."]''>^".-"B)*+W*K"4."Ad"\"1.*+"K*+[3D.Z"7.--."B+C40KB)K0-0)/"\"

K." -+)*W.+" \" 13" K*+[3D." 4." 1;''>" .K-" 4*." \" */" K02/31" 4." +C-./-0)/" 4." 13" B+)-C0/." 43/K"

1;3BB3+.01" 4." @)120" D)4C" 43/K" 13" KCU*./D." /*D1C)-040U*." 3*" /0W.3*" 4*" 4)H30/."

-+3/KH.H,+3/30+."4."Ad"]b3-f*"(*1.?F"!jjL^Z"

" '/" +C310K3/-" 13" [*K0)/" ./-+." 1;.D-)4)H30/." 4." 13" @(" .-" 1.K" 4)H30/.K"

-+3/KH.H,+3/30+." .-" 0/-+3DY-)B13KH0U*." 4." AdF" 13" B+)-C0/." 4." [*K0)/" '@(Ad" 4.W+30-"

K*0W+."13"HJH."W)0."4."H3-*+3-0)/"U*."Ad".-"K.+30-"31)+K"34+.KKC."\"13"K*+[3D."4.K"W0+*K"

./W.1)BBCK"43/K" 1.K" D.11*1.K" 0/[.D-C.K"B3+"G>:Z"I0/K0F" 1.K" +CB)/K.K" 0HH*/0-30+.K" 3/-0T

',)13"B)*++30./-"J-+."B1*K"[)+-.K".-"B1*K".[[0D3D.KZ""

"

" 7.K"4.*e"2R/.K")/-"C-C" KY/-QC-0KCK"B3+"(+)-.)2./0e" ]=11_0+DQ^".-" D1)/CK"43/K"*/"

B13KH04.",3D-C+0./"/)HHC"B'Gh"][)*+/0"B3+"1."5+"9),.+-"5+0110./^"B3+"1023-0)/"0/"W0-+)"

].e-+CH0-CK" 'D)9=T&H3=^Z" :.K" B13KH04.K" )/-" C-C" 3HB10[0CK" ./" ,3D-C+0.K" D)HBC-./-.K" 'Z"

D)10"5$d!Z":.K"B13KH04.K"*/."[)0K"D1)/CK"K)/-"+./)HHCK"E"1."B13KH04."B)KKC43/-"1;0/K.+-"

'@(Ad".K-"/)HHC"C*):@dF".-"1."B13KH04."B)KKC43/-"1;0/K.+-"'@(".K-"+./)HHC"C*):Qd!

]`02*+."V!^Z"

" 5.K" D.11*1.K" 4." Q3HK-.+" A$bN!" )/-" ./K*0-." C-C" 0/[.D-C.K" 3W.D" 1." W0+*K" 4." 13"

W3DD0/."G>:F"4CW.1)BBC"3*"13,)+3-)0+."]4CD+0-"D0T4.KK*K^".-"-+3/K[.D-C.K"3W.D"1;*/"4."D.K"

4.*e"B13KH04.KZ"(*0K"4.K"W0+*K" 0KK*K"4." 13"+.D)H,0/30K)/"./"D*1-*+."D.11*130+."3W.D" 1.K"

B13KH04.K")/-"C-C"0K)1CK"2+aD."3*e"2R/.K"4."KC1.D-0)/"B+CK./-K"K*+"1.K"B13KH04.K"\"K3W)0+"

1." 2R/." D)43/-" 13" 2*3/0/.TQYB)e3/-Q0/." BQ)KBQ)+0,)KY1-+3/K[.+3K." ]@(#" KC1.D-0)//C"

3W.D"1;3D04."HYD)BQC/)10U*.^".-"1."2R/."D)43/-"13"B+)-C0/."W.+-."[1*)+.KD./-."])*"2+../"

[1*)+.KD./-" B+)-.0/F" @`(F" +.BC+C." 3*" H0D+)KD)B." \" [1*)+.KD./D.^Z" 7.K" B+.H0.+K" W0+*K"

+.D)H,0/3/-K" )/-" ./K*0-." C-C" 3HB10[0CK" ./" 3,K./D." 4." B+.KK0)/" KC1.D-0W." ]K3/K" 3D04."

HYD)BQC/)10U*.^"4."[3x)/"\"B.+H.--+."13"B.+-."4.K"2R/.K"@(#".-"@`(".-"1."H30/-0./"4."

1;0/K.+-"D)43/-"13"@("4;',)13")*"13"@("[*K0)//C."\"AdZ":;I5<"4."D.K"W0+*K"+.D)H,0/3/-K"3"

./K*0-." C-C" WC+0[0C" B3+" (79" 3W.D" 4.K" 3H)+D.K" D0,13/-" 1.K" +C20)/K" [13/U*3/-.K" 4." 13"



  
 

 !hh"
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!"#$%&'*

!

!
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!

!

*

*

+,-./0*11*2*#03*4,/.3*/05678,9:9;3*0<=/,709;*>0*-?90*@A%&'*6.*@A%&'()B*"#$%$&'()!
*)! &#)+,-)((./%! *)(! ,-/01.%)(! 234! )0! 23456! )(0! -1$&.(1)! )%! .778%/9&8/-)(:)%:);! <)(!
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4C1C-0)/" ===" ]4CD+0-.K" 43/K" 1;3+-0D1." ]50H0.+* "(*1.?F" NO!!^^Z" :.K" B+)4*0-K" 4." (79" )/-" C-C"

4CB)KCK"K*+"*/"2.1"4;323+)K."][02*+."VN^Z":."B+.H0.+"B*0-K"D)/-0./-"1."H3+U*.*+"4."B)04K"

H)1CD*130+.Z" :3" B0K-." N" D)/-0./-" 1;I5<" 4*" W0+*K" G>:T'@(Ad"z" 1.K" B0K-.K" VF" c" .-" d"

D)/-0.//./-"1;I5<"4."-+)0K"W0+*K"G>:T'@("0K)1CK"3B+RK"K0e"B*+0[0D3-0)/K"K*DD.KK0W.KZ"&*+"

1.K"U*3-+."W0+*K"G>:T'@(Ad".-"G>:T'@(F" -+)0K"K)/-"B*+K"]B0K-."NF"V".-"c^".-"B)KKR4./-"

1;0/K.+-" ]'@(Ad" )*" '@(^F" 31)+K" U*." 1;)/" ),K.+W." */." ,3/4." 4." B)04K"H)1CD*130+." B1*K"

[30,1." ]./W0+)/" OFd" _01)" B30+.K" 4." ,3K.K" T" _B,^" K*+" 13" B0K-." dF" K02/0[03/-" U*." D." W0+*K" 3"

B.+4*"K)/"0/K.+-"1)+K"4.K"C-3B.K"4."B*+0[0D3-0)/")*"/;3W30-"B3K"4;0/K.+-"0/0-031.H./-Z":.K"

W0+*K" 4.K" B0K-.K" N" ]G>:T'@(Ad^" .-" V" ]G>:T'@(^" K.+)/-" *-010KCK" 43/K" 13" K*0-." 4." D.K"

-+3W3*eZ"

"

NZNZNZ 73+3D-C+0K3-0)/"4.K"W0+*K"./"D*1-*+."D.11*130+."

:.K"W0+*K"K)/-"B+)4*0-K"./"D.11*1.K"A$bTN!Z"<)*K"3W)/K"B*"),K.+WC"\"B1*K0.*+K"+.B+0K.K"

U*."1."W0+*K"G>:T'@("K."+CB10U*30-"4.*e"[)0K"B1*K"U*."1."W0+*K"G>:T'@(AdZ"<)*K"3W)/K"

-)*-.[)0K"),-./*"1.K"HJH.K"-0-+.K"4."W0+*K"U*."13"K)*DQ."W0+31."B3+./-31."G>:"]X*KU*;\"

!Oj"B[*"4."W0+*K"3B+RK"B*+0[0D3-0)/"4."13"D*1-*+."W0+31."B3+"*1-+3D./-+0[*23-0)/^Z""

:3" D3+3D-C+0K3-0)/" 4." 1;.eB+.KK0)/" 4;'@(" D13KK0U*." B3+" 1." W0+*K" G>:T'@(" )*" 4;'@(Ad"

DQ0HC+0U*." B3+" 1." W0+*K" G>:T'@(Ad" .K-" .[[.D-*C." ./" D*1-*+." D.11*130+.F" B3+" U*3-+."

-.DQ/0U*.K" 40[[C+./-.K"E" 0HH*/)[1*)+.KD./D.F" 0HH*/)Q0K-)DQ0H0.F" k.K-.+/" A1)-" .-"

H0D+)KD)B0."C1.D-+)/0U*.Z"

NZNZNZ!Z I/31YK."B3+"0HH*/)[1*)+.KD./D."

:;.eB+.KK0)/" 4." 13" @(" 4*" W0+*K" ',)13" .K-" 4C-.D-C." B3+" 0HH*/)[1*)+.KD./D."

0/40+.D-.Z"5.K"D.11*1.K"A$bTN!")/-"C-C"0/[.D-C.K"3W.D"1.K"W0+*K"+.D)H,0/3/-K"G>:T'@(".-"

G>:T'@(Ad"\"*/."H*1-0B10D0-C"4;0/[.D-0)/"]H)0^"4."!FO"B[*"B3+"D.11*1.Z"IB+RK"!P"Q.*+.K"

4;0/D*,3-0)/F" 1.K" D.11*1.K" K)/-" [0eC.K" B*0K" H3+U*C.K" 3W.D" */" 3/-0D)+BK"H)/)D1)/31" 4."

K)*+0K" 40+02C" D)/-+." 13" @(" 4;',)13" .KBRD." o3n+." ]HID"!To'A6>" @(^Z" :.K" D.11*1.K" K)/-"

13WC.K"B*0K"H3+U*C.K"3W.D"*/"3/-0D)+BK"K.D)/430+."40+02C"D)/-+."1.K"0HH*/)21),*10/.K"

@"]=2@^"4."K)*+0KF"D)*B1C"\"*/"[1*)+)DQ+)H.F"1;I1.e3"`1*)+"dcPZ"<)*K"3W)/K"B*"),K.+W.+"

13" [1*)+.KD./D."3*"/0W.3*"4." 13" K*+[3D."4.K" D.11*1.K" 0/[.D-C.KF" D."U*0" K02/0[0."U*;'@(".-"

'@(Ad"K)/-",0./"KY/-QC-0KC.K"+.KB.D-0W.H./-"B3+" 1.K"W0+*K"G>:T'@(".-"G>:T'@(Ad".-"

K.H,1./-" 34+.KKC.K" \" 13" K*+[3D." 4.K" D.11*1.K" 0/[.D-C.K" D)++.KB)/43/-.K" B)*+" J-+."
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B+CK./-C.K" 3*e" 3/-0D)+BK" ]`02*+." VV" A" .-" 5^Z" <)*K" 3W)/K" B*" 3*KK0" ),K.+W.+" */."

[1*)+.KD./D." 3*" /0W.3*" BC+0/*D1C30+.F" ][02*+." VV" I" .-" 7^F" 1)+KU*." 1.K" D.11*1.K" K)/-"

B.+HC3,010KC.K" B3+" -+30-.H./-" DQ0H0U*." ]#+0-)/" v!OO^" D." U*0" D)++.KB)/4+30-" \" */."

1)D310K3-0)/"3*"/0W.3*"4."1;3BB3+.01"4."@)120Z"

NZNZNZNZ I/31YK."B3+"0HH*/)Q0K-)DQ0H0."

()*+"+C310K.+"1."-0-+32."4.K"W0+*KF"4.K"D.11*1.K"A$bTN!"K)/-"0/[.D-C.K"3W.D"1;*/"4.K"]ct^"

.-"1.K"W0+*K"K)/-"4C-.D-CK"3W.D"1;3/-0D)+BK"HID"!To'A6>"@(Z"7.-"3/-0D)+BK".K-"./K*0-."

4C-.D-C"B3+"*/"3/-0D)+BK"K.D)/430+."3/-0T=2@"4."K)*+0K"D)*B1C"\"*/."B.+)eY43K.F"13"

Q)+K.+340KQ"B.+)e043K."]$9(^Z"'/"B+CK./D."4*"K*,K-+3-"4."13"$9(F"13"B132."4."1YK."B+./4"

*/."D)*1.*+",+*/.Z"7.13"/)*K"3"B.+H0K"4."W)0+"U*."1.K"D)/K-+*D-0)/K"G>:T'@(".-"G>:T

'@(Ad"C-30./-"K-3,1.K"E"jh"\"!OOt"4.K"B132.K"4."1YK.K"K)/-",+*/.KF"K*+"-+)0K"B3KK32.K"4."

W0+*K"K*DD.KK0[KZ"

NZNZNZVZ I/31YK."B3+"k.K-.+/"A1)-"

5.K"D.11*1.K"A$bTN!")/-"C-C"0/[.D-C.K"3W.D"1;*/"4.K"4.*e"W0+*K"+.D)H,0/3/-K"\"*/."

H)0" 4." OF!Z" >0/2-TU*3-+." Q.*+.K" 3B+RK" 0/[.D-0)/F" 1.K" D.11*1.K" K)/-" 3++)/40.K" ].[[.-"

DY-)B3-Q0U*.^Z":."K*+/32.3/-"4."D*1-*+.".K-"B+C1.WC"3[0/"4."+CD*BC+.+"1.K"[)+H.K"W0+31.K"

.e-+3D.11*130+.K" ./W.1)BBC.K" ]''>^Z" :.K" B3+-0D*1.K" W0+31.K" K)/-" D)/D./-+C.K" B3+" */."

*1-+3D./-+0[*23-0)/"\"cjOOO"2"B./43/-"*/."Q.*+.Z":.K"B3+-0D*1.K"W0+31.K"K)/-"4C/3-*+C.K"

43/K"4*"-3HB)/"4.":3.HH10".-"4CB)KC.K"K*+"*/"2.1"&5&T(I@'F"B*0K" 1.K"B+)-C0/.K"K)/-"

-+3/K[C+C.K"K*+"*/."H.H,+3/."4."B)1Y[1*)+*+."4."W0/Y104R/."](>5`^Z":.K"B+)-C0/.K"K)/-"

H3+U*C.K" 3W.D" 1." HI7"!To'A6>" @(" .-" 3W.D" */" 3/-0D)+BK"H)/)D1)/31" 4." 13B0/" 40+02C"

D)/-+."Ad"]HID"!TAd^"B)*+"WC+0[0.+"13"B+CK./D."4.K"[)+H.K"''>"]13"B+)-C0/."Ad"/;C-3/-"

/3-*+.11.H./-" .eB+0HC." U*." K*+" 1;./W.1)BB." 4.K" ''>^Z" IB+RK" +CWC13-0)/F" )/" B.*-"

3B.+D.W)0+"*/.",3/4."3*e"./W0+)/K"4."!NO"_53"K*+"1."[01H"][02*+."Vc^"D)++.KB)/43/-"\"13"

H.H,+3/."H3+U*C." 3W.D" 1."HID"!T@(" .-" */." ,3/4." 3*e" ./W0+)/K" 4." Vd" _53" B)*+" 13"

H.H,+3/."H3+U*C."3W.D" 1."HID"!TAdZ"7.K" +CK*1-3-K" K*22R+./-"U*." 1.K"4.*e"B+)-C0/.K"

K)/-" 0/D)+B)+C.K" K*+" 1;./W.1)BB." 4.K" ''>" K3/K" 40[[C+./D." K02/0[0D3-0W." ./-+." 1.K" 4.*e"

D)/K-+*D-0)/K"G>:T'@(Ad".-"G>:T'@(Z"5."B1*KF"'@(".-"'@(Ad")/-"*/"B)04K"H)1CD*130+."

4;./W0+)/" !NO" _53F" D)++.KB)/43/-" \" 13" [)+H." 21YD)KY1C." 4." 13" 21YD)B+)-C0/." 4*" W0+*K"



  
 

 !jN"



I1$(&"*TD48$&#"'(1."*

!jV"

',)13" ]B)04K" H)1CD*130+." 4." Ld" _53" 1)+KU*;'@(" /;.K-" B3K" 21YD)KY1C." ]7Q3/" w" k3+4F"

NO!N^^Z"

NZNZNZcZ I/31YK."B3+"H0D+)KD)B0."C1.D-+)/0U*."

:3"B+CK./D."4;'@(")*"4;'@(Ad"K*+"1.K"B3+-0D*1.K"W0+31.K"./W.1)BBC.K"3"3*KK0"C-C"

3/31YKC."B3+"H0D+)KD)B0."C1.D-+)/0U*."3B+RK"*/" 0HH*/)H3+U*32."3W.D"4.K"B3+-0D*1.K"

4;)+"]5+"53/0R1."&B.Q/.+F"=@AG7F"=11_0+DQ^Z"5.K"D.11*1.K"0/[.D-C.K"K)/-"[0eC.K".-"1.K""

B3+-0D*1.K"W0+31.K"''>"\"13"BC+0BQC+0."4.K"D.11*1.K"K)/-"H3+U*C.K"3W.D"1."HID"!To'A6>"

@(")*"3W.D"*/"3/-0D)+BK"B)1YD1)/31"40+02C"D)/-+."AdZ"

<)*K" B)*W)/K" ),K.+W.+" ]`02*+." Vd^" U*;'@(" .-" '@(Ad" K)/-" 0/D)+B)+C.K" 43/K"

1;./W.1)BB." 4.K" B3+-0D*1.K" W0+31.K" H30K" ./" [30,1." U*3/-0-CF" H)0/K" 4;*/." 21YD)B+)-C0/."

+CWC1C." ./"H)Y.//." B3+" ''>" ]OFc!" .-" OFL!" B)*+" +.KB.D-0W.H./-"G>:T'@(Ad" .-"G>:T

'@(^F" K3/K" 40[[C+./D." K02/0[0D3-0W." ./-+." G>:T'@(Ad" .-" G>:T'@(" ]IlgEgc*m* (")(* <"*

)(-<"'(^Z"5;3*-+."B3+-F"/)*K"),K.+W)/K"*/."40H0/*-0)/"4*"/)H,+."4."21YD)B+)-C0/.K"Ad"

4C-.D-3,1.K"K*+"1.K"B3+-0D*1.K"W0+31.K"./W.1)BBC.K"4.K"W0+*K"+.D)H,0/3/-K"D)HB3+C"3*e"

B3+-0D*1.K"''>"4."G>:"]+CK*1-3-K"/)/"H)/-+CK^Z"5;3*-+."B3+-F"01"K.H,1.+30-"U*;01"Y"30-"B1*K"

4." B+)-C0/.K" Ad" 4C-.D-3,1.K" K*+" 1.K" W0+0)/K"G>:T'@(" U*." K*+" 1.K" W0+0)/K"G>:T'@(Ad"

]hFLL�"VFV".-"PFVP"�"dFh"B)*+"G>:T'@(".-"G>:T'@("Ad"z"IngEgc*(")(*<"*)(-<"'(^F" D."U*0"

K02/0[0." U*." 13" D)/K-+*D-0)/" '@(Ad" B)*++30-" B+),3,1.H./-" 2J/.+" 1;0/D)+B)+3-0)/" 4." 13"

B+)-C0/."Ad"/3-0W."K*+"13"H.H,+3/."4.K"B3+-0D*1.K"W0+31.K"G>:T'@(AdZ""

'/"D)/D1*K0)/F"1.K"4.*e"W0+*K"+.D)H,0/3/-K"B)KKR4./-"13"21YD)B+)-C0/."4;',)13"\"

13" K*+[3D." 4.K" W0+0)/K" ./W.1)BBCK"H30K" ./" [30,1." U*3/-0-CZ" :3" [)+H." [*K0)//C." '@(AdF"

43/K"13U*.11."*/"K02/31"4;34+.KK32."\"13"K*+[3D."4.K"W0+)/K"./W.1)BBCK"4."13"W3DD0/."3"C-C"

3X)*-CF"/;3"B3K"4)//C"1."+CK*1-3-"3--./4*Z"'/".[[.-F"1.K"21YD)B+)-C0/.K"4C-.D-C.K"K*+"G>:T

'@(Ad" /." K)/-" B3K" K02/0[0D3-0W.H./-" B1*K" /)H,+.*K.K" U*." D.11.K" 4C-.D-C.K" K*+" 1.K"

W0+0)/K"G>:T'@(Z"

NZNZVZ 'W31*3-0)/"4."1;0//)D*0-C"4.K"W0+*K"+.D)H,0/3/-K"

:."W0+*K"G>:F"W.D-.*+"W0+31"*-010KC"B)*+" 13" D)/K-+*D-0)/"4.K"W0+*K" +.D)H,0/3/-KF"

K;.K-" H)/-+C" /)/" W0+*1./-" 43/K" */" H)4R1." H*+0/" 0HH*/)4CB+0HCF" 13" K)*+0K" <*4."

]50H0.+* "(*1.?F" NO!!^Z" I[0/" 4." 4C-.+H0/.+" K0" 1;0/K.+-0)/" 4." 13" 21YD)B+)-C0/." 4." 1;.KBRD."

o3n+." 4*" W0+*K" ',)13" /." H)40[0." B3K" 1;0//)D*0-C" 4." G>:" DQ.f" 1." H)4R1." H*+0/F" /)*K"

3W)/K"W3DD0/C"4.K"K)*+0K"<*4."3W.D"*/."4)K."4."!Od"B[*"4."G>:T'@(")*"4."G>:T'@(Ad"
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]4)K." W3DD0/31." *-010KC." DQ.f" 1;Q)HH." B)*+" 13" W3DD0/3-0)/" 3/-0W3+0)10U*.^" B3+"

KD3+0[0D3-0)/"\" 13",3K."4." 13"U*.*.Z" :.K" K)*+0K")/-" C-C"),K.+WC.K" .-"B.KC.K"B./43/-"dP"

X)*+K"]`02*+."VP^Z"I*D*/"K02/."D10/0U*."/;3"C-C"),K.+WC"DQ.f"1.K"K)*+0K"W3DD0/C.K"3W.D"1.K"
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7.K" +CK*1-3-K" 4CH)/-+./-" U*." 1;0/K.+-0)/" 4*" 2R/." 4." 13" 21YD)B+)-C0/." 4*" W0+*K"

',)13" 43/K" 1." 2C/)H." W0+31" /;3" B3K" H)40[0C" 1;0//)D*0-C" 4*" W0+*K" 4." 13" W3DD0/." G>:F"
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A0)-.DQ/)1)20.K" 3" 3DD.B-C" 1." 4CD13KK.H./-" 4." /)K" D3/4043-K" W3DD0/K" 4." /0W.3*" 4."
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<)*K"3W)/K"3*KK0"H.K*+C"*/."+CB)/K."Q*H)+31."3/-0TW3DD0/." [)+-." ][02*+."VhA^"

0/4*0-."B3+"1.K"D3/4043-K"W3DD0/K"+.D)H,0/3/-KZ":."-0-+."H)Y./"./"3/-0D)+BK"3/-0TW3DD0/."

0/4*0-"B3+"1."D3/4043-"G>:T'@(Ad".K-"B1*K"[)+-"U*."D.1*0"4.K"K)*+0K"W3DD0/C.K"3W.D"G>:T"
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!LVL�!!j!" .-" 4." Nc!L�NhNN" B)*+" 1.K" K)*+0K" W3DD0/C.K" 3W.D" G>:Z" 7.K" +CK*1-3-K"

K*22R+./-" U*." 13" +CB)/K." Q*H)+31." 3/-0TW3DD0/."/;.K-" B3K" 31-C+C." B3+" 1;0/K.+-0)/"4." 13"

21YD)B+)-C0/."QC-C+)1)2*.Z"

NZNZdZ 'W31*3-0)/" 4.K" +CB)/K.K" 0HH*/0-30+.K" D.11*130+.K" 3/-0TW3DD0/." .-" 3/-0T

21YD)B+)-C0/."4*"W0+*K"',)13"

:.K"+3-.K"4.K"K)*+0K"W3DD0/C.K"3W.D"d"1)2"5=7#dO"4."DQ3D*/"4.K"D3/4043-K"W3DD0/K"

,0W31./-K" ]B3+32+3BQ." D0T4.KK*K^" )/-" C-C" B+C1.WC.K" .-" 40KK)D0C.K" HCD3/0U*.H./-Z" :.K"

KB1C/)DY-.K" 4.K" +3-.K" )/-" C-C" H0K" ./" D*1-*+." 3W.D" 4.K" B.B-04.K" KY/-QC-0U*.K" 4." 13"

21YD)B+)-C0/."4*"W0+*K"',)13" ]+CB)/K."KBCD0[0U*."3/-0T@("4;',)13^Z":3"KCD+C-0)/"4;=`<#"
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NZNZ"7)/D1*K0)/"

53/K" D." -+3W301F" /)*K" 3W)/K" 4CW.1)BBC" 4.K" D3/4043-K" W3DD0/K" ,0W31./-K"
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<)*K"3W)/K"D1)/C"4.*e"D)/K-+*0-K"KY/-QC-0U*.K"4."13"21YD)B+)-C0/."4*"W0+*K"',)13"

43/K" 1." W.D-.*+" W0+31"G>:"E" */." [)+H." D13KK0U*."'@(".-" */." [)+H." DQ0HC+0U*."'@(AdF"

H*-C.K"3*"/0W.3*"4*"K0-."4;.40-0/2"4."1;I9<H"B)*+"/."B3K"KY/-QC-0K.+"13"[)+H."K)1*,1."

K@(Z" IW.D" 13" D)/K-+*D-0)/" '@(AdF" /)*K" B./K0)/K" B)*W)0+" 3*2H./-.+" 1." -3*e" 4."

21YD)B+)-C0/."\"13"K*+[3D."4.K"''>"4."G>:F".-"B.+H.--+."30/K0"4;3*2H./-.+"1;.[[0D3D0-C"4*"

D3/4043-"W3DD0/Z":3"-+)B"[30,1."B+CK./D."4."21YD)B+)-C0/."4."W0+*K"',)13"0/D)+B)+C."43/K"

1;./W.1)BB."4*"W0+*K"4."13"W3DD0/."+.D)H,0/3/-"B)*W30-"J-+."./".[[.-"13"D3*K."4."1;CDQ.D"

4.K" B+.H0R+.K" -./-3-0W.K" 4." W3DD0/3-0)/" D)/-+." 13" [0RW+." QCH)++320U*." \" W0+*K" ',)13"

3W.D"*/"W0+*K"4."13"W3DD0/."+.D)H,0/3/-"]@011023/F"!jjL^Z":."DQ)0e"4*"B+)H)-.*+"*-010KC"

30/K0" U*." 4*" 1)D*K" 4;0/K.+-0)/" B)*W30-" 3*KK0" J-+." \" 1;)+020/." 4;*/." ,0)KY/-QRK."

0/K*[[0K3/-."4."13"@("4*"W0+*K"',)13Z"<)*K"3W)/K"*-010KC"1."1)D*K"4."13"5C1C-0)/"===".-"/)/"

B3K" 1." 1)D*K" 4." 13" -QYH040/." _0/3K.F" U*0" .K-" 2C/C+31.H./-" *-010KC" B)*+" 1;0/K.+-0)/" 4;*/"

2R/."QC-C+)1)2*.Z"<)*K" 3W)/K" 3*KK0" *-010KC" */"B+)H)-.*+"40[[C+./-" 4." D.1*0" *-010KC"B3+"

@011023/"B)*+"D)/-+l1.+"1;.eB+.KK0)/"4;'@(".-"4;'@(AdZ"<)*K"3W)/K"*-010KC"1."B+)H)-.*+"

B$d"U*0".K-"*/"B+)H)-.*+"B+CD)D.u-3+40[" [)+-" 0HB10U*C"43/K"40[[C+./-K"K-34.K"4*"DYD1."

4."13"+CB10D3-0)/"4*"W0+*K"4."13"W3DD0/."31)+K"U*."@011023/"3W30-"*-010KC"1."B+)H)-.*+"BLZd"

U*0".K-"3*KK0"*/"B+)H)-.*+"B+CD)D.u-3+40["H30K" 0/4*0K3/-"*/.".eB+.KK0)/"2C/0U*."B1*K"
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',)13F" K*+" 1.K" B3+-0D*1.K" W0+31.K" .e-+3D.11*130+.K" ./W.1)BBC.K" 4.K" 4.*e" W0+*K"

+.D)H,0/3/-KZ" <)*K" 3W)/K" 3*KK0" B*" 4C-.D-.+" 13" @(" 4*" W0+*K" ',)13" B3+"

0HH*/)Q0K-)DQ0H0.F" D." U*0" /)*K" 3" B.+H0K" 4." H)/-+.+" U*." 1.K" D)/K-+*D-0)/K" C-30./-"
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<)*K" 3W)/K" ./K*0-." CW31*C" 1.K" +CB)/K.K" Q*H)+31.K" 3/-0TW3DD0/." .-" 3/-0T@(" 4*"

W0+*K" ',)13Z" <)*K" 3W)/K" B*"H.--+." ./" CW04./D." */" -0-+." [)+-" ./" =2@" 3/-0T@(" 4*" W0+*K"

',)13".-"3/-0TW3DD0/."0/4*0-"B3+"1.K"4.*e"W0+*KZ":."-0-+."./"3/-0D)+BK"H.K*+C"B3+"@011023/"

./"!jjLF"DQ.f"1."D),3Y.F"3B+RK"W3DD0/3-0)/"3W.D"K)/"D3/4043-"W3DD0/"/;C-30-"31)+K"U*."4."

cO"]0/W.+K."4."13"401*-0)/^"K)0-"NOO"[)0K"B1*K"[30,1."U*."13"+CB)/K."Q*H)+31."0/4*0-."B3+"

G>:T'@("DQ.f"13"K)*+0KZ":3"+CB)/K."Q*H)+31."[)+-."3/-0T@("4*"W0+*K"',)13"/)*K"0/40U*."

3*KK0"U*;'@(".-"'@(Ad"K."+.B10./-"D)/W./3,1.H./-"\" 13"K*+[3D."4.K"D.11*1.K"3[0/"4;J-+."
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:.K" 0H32.K" 4." H0D+)KD)B0." H)/-+./-" U*." 1." /)H,+." 4." @(" 4*" W0+*K" ',)13"

0/D)+B)+C."43/K"1;./W.1)BB."4.K"B3+-0D*1.K"4."W0+*K"+.D)H,0/3/-KF"G>:T'@(Ad".-"G>:T

'@(F"+.K-."[30,1."]H)0/K"4;*/."21YD)B+)-C0/."4C-.D-C."B3+"B3+-0D*1."W0+31.^F".-"1."/)H,+."

4." Ad" K*+" 1;./W.1)BB." K.H,1." 40H0/*C" B3+" +3BB)+-" 3*" W.D-.*+" G>:Z" 7.K" +CK*1-3-K"

B)*++30./-"J-+.".eB10U*CK"B3+"3*"H)0/K"4.*e"QYB)-QRK.K"E"

"

! <)*K" 3W)/K" *-010KC" */" 3/-0D)+BK" H)/)D1)/31" B)*+" 4C-.D-.+" 13" @(" 4*" W0+*K"

',)13Z"&0"/)*K"3W0)/K"B*"*-010K.+"*/"3/-0D)+BK"B)1YD1)/31"D)HH."B)*+"AdF"/)*K"3*+0)/K"

B*"[0e.+"B1*K0.*+K"CB0-)B.K".-"4)/D"4C-.D-.+"B1*K"4."H)1CD*1.K"4;'@(".-"4;'@(AdZ"

"

! :."2R/."D)43/-"13"B+)-C0/."Ad"/3-0W."4."13"W3DD0/."/;3"B3K"C-C"4C1C-C"4*"W0+*K"

.-" 4)/D" Ad" /)/" H)40[0C" B.*-" J-+." 0/D)+B)+C" \" 13" K*+[3D." 4.K" B3+-0D*1.K" W0+31.KF"

D)/D)H0-3HH./-"3W.D"13"@("4*"W0+*K"',)13Z" =1"K."B)*++30-"U*;01"Y"30-"*/"./D)H,+.H./-"

K-C+0U*." )*" */." D)HBC-0-0)/" U*0" 2J/.+30-" 1;0/D)+B)+3-0)/" 4.K" 21YD)B+)-C0/.K" 43/K"

1;./W.1)BB."4.K"''>Z"

"

7)/-+30+.H./-" \" /)-+." ),X.D-0[" 0/0-031F" 1.K" B3+-0D*1.K" W0+31.K" G>:T'@(Ad" /."

B)KKR4./-"B3K"B1*K"4."@("K*+" 1.*+"./W.1)BB."U*." 1.K"B3+-0D*1.K"G>:T'@(".-" 1." -0-+."./"
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I1$(&"*TD48$&#"'(1."*

NOV"

3/-0D)+BK" 3/-0T@(" 4*" W0+*K" ',)13" ),-./*" 3B+RK" W3DD0/3-0)/" 3W.D" 1." B+.H0.+" D3/4043-"

W3DD0/"/;.K-"B3K"B1*K"C1.WC"U*."D.1*0"),-./*K"3W.D"G>:T'@(Z"

8/" -+3W301" +CD./-" K*+" 1.K" 21YD)B+)-C0/.K"Ad".-"IVV"4*"W0+*K"4." 13" W3DD0/.F"H)/-+."U*."

1;0/D)+B)+3-0)/"4."Ad"43/K" 1;./W.1)BB."4." 13"B3+-0D*1."W0+31.F"/CD.KK0-."*/." 0/-.+3D-0)/"

3W.D" 13" B+)-C0/."IVV" ]7Q3/"w"k3+4F" NO!OF" NO!N^Z" '/" .[[.-F" 01" K.H,1.+30-" 4;3B+RK" D.--."

C-*4."U*.F"1."4)H30/."D)01.4TD)01"]K*B.+TQC10D."!^"4."Ad"0/-.+320KK."3W.D"IVV"B)*+"U*."

13"B+)-C0/."4."K*+[3D."Ad"K)0-"D)++.D-.H./-"0/D)+B)+C."43/K"1;./W.1)BB."4.K"B3+-0D*1.K"

W0+31.K"''>Z""

53/K" 13" D)/K-+*D-0)/" '@(Ad" /)*K" 3W)/K" 0/KC+C" 1.K" !NP" 4.+/0.+K" /*D1C)-04.K" 4." 13"

KCU*./D."4."Ad9"]cN"3D04.K"3H0/CK^F"D)HH."1;3"4CD+0-"b3-f"43/K"K)/"-+3W301"]b3-f*"(*1.?F"

!jjL^F")+"D.--."KCU*./D."]4."1;3D04."3H0/C"NLd"\"V!L^"/."D)4."B3K"./-0R+.H./-"B)*+"1."

4)H30/." D)01.4TD)01" 4." Ad" ]4." 1;3D04." 3H0/C" NdO" \" NhO^" ][02*+." Vj^Z" I0/K0" D.--."

D)/K-+*D-0)/" /." B.+H.-" W+30K.H,13,1.H./-" B3K" 1;0/-.+3D-0)/" ./-+." IVV" .-" 1." 4)H30/."

-+3/KH.H,+3/30+."4."Ad"[*K0)//C"\"13"@("4;',)13"z"D."U*0"B)*++30-".eB10U*.+30-"13"[30,1."

0/D)+B)+3-0)/"4;'@(Ad"\"13"K*+[3D."4.K"W0+0)/K"./W.1)BBCK. 

NZVZ G3-C+0.1K".-"HC-Q)4.K"

@&$$#$&.D!C35/7%-&!&/!B%3#.?*

:."W0+*K"G>:".K-"*/"W0+*K"4."13"W3DD0/."43/K"1.U*.1"1.K"+C20)/K"=F"==F"===".-">"K)/-"4C1C-C.K"

]4CD+0-" 43/K" 1;3+-0D1." ]50H0.+* "(* 1.?F" NO!!^^" B+)4*0-" K*+" 4.K" D.11*1.K" A$bTN!" ]+.0/" 4."

Q3HK-.+"/)*W.3*T/C"z"I#77"77:T!O^"D*1-0WC."3W.D"4*"H010.*"@13K2)i"H0/0H*/".KK./-031"

H.40*H"]@G'GF"@0,D)^"D)HB1CH./-C"3W.D"!O"t"4."-+YB-)K.",+)-Q"BQ)KBQ3-.F"Nd"HG"

4;QCBRKF"!O"t"4." KC+*H"4."W.3*" [q-31" ]&>`^".-"!OO"8=uH1"4."BC/0D0110/."g"!OO" =8uH1"

K-+.B-)HYD0/." ]I#A^Z" :." W0+*K" 3" C-C" -0-+C" K*+" A$bTN!" .-" K*+" D.11*1.K" >.+)" ]I#77" h!^"

D*1-0WC.K"3W.D"4*"H010.*"G!jj"]@0,D)^"D)HB1CH./-C"3W.D"d"t"4."&>`".-"!"t"4;I#AZ""

"

V350#1/%5-!&/!C#3%E%18/%5-!0&!$8!=$k15C35/7%-&!0#!B%3#.!*I5$8_!!

:3" @(" 4*" W0+*K" ',)13" .K-" B+)4*0-." ./" D.11*1.K" NjVF" D*1-0WC." ./" B+CK./D." 4." H010.*"

5*1,.DD);K"H)40[0.4"'321."G.40*H"]5G'GF"@0,D)^"D)HB1CH./-C"3W.D"!Ot"&>`".-"!t"

4;I#AZ" :3" -+3/K[.D-0)/" 4.K" D.11*1.K" .K-" +C310KC." 1)+KU*." POt" 4.K" D.11*1.K" K)/-" \"

D)/[1*./D." 3W.D" 4*" S.-('=" ]()1YKD0./D.^Z" !NO�2" 4." B13KH04." B50KB13YT$IT@(T"#G"

]3HB0D0110/."+CK0K-3/-F"C-0U*.--."$I"4."13"2+0BB."3X)*-C."./"<T-.+H0/31F"B13KH04."[)*+/0"

B3+"1."5+"'+0D3"611H3//"&3BQ0+.F"&79=((&F":3"S)113F"'-3-KT8/0K^"3HB10[0C"./",3D-C+0."5$d"



  
 

 NOc"



I1$(&"*TD48$&#"'(1."*

NOd"

31BQ3".-"B*+0[0C"B3+"H3e0B+.B"]�032./^"K)/-"H0eCK"3W.D"1."S.-('=F"1."HC13/2.".K-"./K*0-."

0/D*,C"B./43/-"VO"H0/*-.K"\"-.HBC+3-*+."3H,03/-.Z":."K*+/32.3/-"4."D*1-*+."D)/-./3/-"

13" B+)-C0/." '@(" K)1*,1." .K-" +CD*BC+C." -+)0K" X)*+K" B)K-T-+3/K[.D-0)/Z" :." K*+/32.3/-" .K-"

./K*0-." -+30-C" 3W.D" */" D)D_-301" 4;0/Q0,0-.*+" 4." B+)-C3K." ]9)DQ.^" B*0K" [01-+C" .-" 401*C" 3*"

4.H0"43/K"4*"(A&"[+)04Z":3"B+)-C0/.".K-"B*+0[0C."K*+"D)1)//."4;323+)K."3Y3/-"*/."3[[0/0-C"

B)*+"13"$I"4."13"2+0BB.Z"'@(".K-"C1*C."3W.D"*/."K)1*-0)/"4."(A&"!H2uH1"4*"B.B-04."$I"

4." 13" 2+0BB.Z" :3" B*+.-C" 4." 1;C1*-0)/" .K-" 3/31YKC." B3+" i.K-.+/" ,1)-" 3W.D" */" 3/-0D)+BK"

B+0H30+." 3/-0T$I"401*C"3*"!uNOO" ](0.+D.^" .-"*/"3/-0D)+BK" K.D)/430+." 3/-0T=2@"4." 13B0/"

]S3D_K)/"=HH*/)9.K.3+DQ^Z""

"

@$5-8=&!0&.!C$8.6%0&.!&/!V@+!C5#3!$,%-.&3/%5-!0&.!=G-&._!!

:." B+)-)D)1." .K-" 4CD+0-" 43/K" 1;3+-0D1." ]50H0.+* "(* 1.?F" NO!!^" ]r"H3-.+031K" 3/4"

H.-Q)4K"s"" B3+32+3BQ."E)5$&1#$83! 1$5-%-=! 8-0! V@+^Z" :.K" 0/K.+-K" K)/-" [13/U*C.K" 4.K"

K0-.K" 4." +.K-+0D-0)/" 'D)9=" .-" &H3=" .-" K)/-" K)*K" 1." D)/-+l1." 4*" B+)H)-.*+" [)+-" B$d" 4*"

W0+*K"4." 13"W3DD0/.Z":.K"KCU*./D.K"2C/)H0U*.K"4.K" 0/K.+-K"'@(".-"'@(Ad"K)/-"4CD+0-.K"

43/K"1;3//.e."VZ"

!

! (.5$&6&-/!0&.!B%3#.!3&156I%-8-/.Z""

:." B+)-)D)1." 4." -+3/K[.D-0)/" .K-" 4CD+0-" 43/K" 1;3+-0D1." ]50H0.+* "(* 1.?F" NO!!^Z" :.K"

-+3/K[.D-0)/K"K)/-"+C310KC.K"3W.D"4.K"D.11*1.K"A$bTN!Z":.K"W0+*K"+.D)H,0/3/-K"K)/-"0K)1CK"

2+aD."\"*/."B+.KK0)/"KC1.D-0W."3X)*-C."3*"H010.*"4."D*1-*+.Z":.K"W0+*K"K)/-"+CB10U*CK"43/K"

4*"H010.*" 10U*04."3W.D"*/."B+.KK0)/"KC1.D-0W.Z":.K" 1YK3-K"D.11*130+.K"+CD*BC+CK"/)*K")/-"

K.+W0K" \" 0/[.D-C.K" 4." /)*W.11.K" D.11*1.K" ./" B+CK./D." 4." H010.*" KC1.D-0[" 10U*04.Z"

:;3HB10[0D3-0)/" 4*" W0+*K" .K-" +C310KC." B1*K0.*+K" [)0K" ./" H010.*" 10U*04." KC1.D-0[" B*0K"

U*.1U*.K"B132.K"4." 1YK.K")/-"C-C" 0K)1C.K"43/K"4*"H010.*"K)104.F"K3/K"B+.KK0)/"KC1.D-0W.F"

3B+RK"),K.+W3-0)/"3*"H0D+)KD)B."4." 1;3,K./D."4." [1*)+.KD./D.Z":3"B+CK./D."4." 1;0/K.+-"

.K-"WC+0[0C."B3+"(79"3W.D"4.K"3H)+D.K"D0,13/-" 1.K"+C20)/K"[13/U*3/-.K"4."13"5C1C-0)/"==="

]B+)-)D)1.".-"4.KD+0B-0)/"4.K"3H)+D.K"43/K"1;3+-0D1."]50H0.+*"(*1.?F"NO!!^^Z"

"

! (66#-5E$#53&.1&-1&_!!

:.K".eBC+0./D.K"4;0HH*/)[1*)+.KD./D.")/-"C-C"+C310KC.K"3W.D"4.K"D.11*1.K"A$bTN!"H0K.K"

./" D*1-*+." K*+"4.K" DQ3H,+.K":3,-._"B*0K" 0/[.D-C.K"\"*/."H*1-0B10D0-C"4;0/[.D-0)/" ]H)0^"

4;!"B[*uD.11*1."3W.D"1.K"W0+*K"G>:T'@(F"G>:T'@(Ad")*"G>:"K*+"13"/*0-"\"VL�7"K)*K"d"t"
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I1$(&"*TD48$&#"'(1."*

NOL"

4." 76NZ" :.K" D.11*1.K" K)/-" ./K*0-." [0eC.K" 3W.D" 4*" B3+3[)+H314CQY4." c" t" ]`)+H310/"

K)1*-0)/F"K02H3^"NO"H0/*-.KF"13WC.K"3W.D"4*"-3HB)/"BQ)KBQ3-."](A&^"N"[)0K"d"H0/*-.K"\"

-.HBC+3-*+." 3H,03/-.Z" ()*+" +C310K.+" */" H3+U*32." 0/-+3D.11*130+.F" 1.K" D.11*1.K" )/-" C-C"

0/D*,C.K" 3W.D" OFd"tF" -+0-)/" vT!OO" B./43/-" d" H0/*-.K" B*0K" 13WC.K" 3W.D" 4*" (A&Z" ()*+"

10H0-.+"1.K"[0e3-0)/K"/)/"KBCD0[0U*.K"4.K"3/-0D)+BKF"1.K"13H.K"K)/-"B+C313,1.H./-"K3-*+C.K"

3W.D"4*"(A&"�"N"t"31,*H0/."KC+0U*.",)W0/."]A&I^F"d"H0/*-.K"\"-.HBC+3-*+."3H,03/-."

B*0K"1.K"D.11*1.K"K)/-"0/D*,C.K"3W.D"1;3/-0D)+BK"HID"!To'A6>"@("]dI!NF"[)*+/0"B3+"1."(+"

>Z">)1DQ_)W^"401*C"3*"!"EdOO"43/K"4*"(A&"�"N"t"A&I"K*+" 13"/*0-"\"c�7")*"VO"H0/*-.K"\"

VL�7Z" :;0/D*,3-0)/" 3W.D" 1;3/-0D)+BK" K.D)/430+." 3/-0T=2@" 4." K)*+0K" D)*B1C" \" */"

[1*)+)DQ+)H."I1.e3"`1*)+"dcP"]0/W0-+)2./^"401*C"3*"!"E!OOO"43/K"4*"(A&"�"N"t"A&I"3"C-C"

+C310KC."B./43/-"VO"H0/*-.K"\"VL�7Z":."H3+U*32."4.K"/)Y3*e"3"C-C"+C310KC"3W.D"4*"5I(="

401*C" 3*" !"E!OO" 43/K" 4*" (A&" B./43/-" !O" H0/*-.K" \" -.HBC+3-*+." 3H,03/-.Z" IB+RK" V"

13W32.K"3W.D"4*"(A&"�"N"t"A&IF" 1.K" 13H.11.K"K)/-"H)/-C.K"43/K"4*"H010.*"4."H)/-32."

'*_0--Z":.K"13H.K")/-"C-C"),K.+WC.K"3W.D"1."H0D+)KD)B."=vh!"]61YHB*K^Z"

"

! (66#-52%./512%6%&_!!

:."-0-+32."4.K"W0+*K"3"C-C"+C310KC"K*+"4.K"D.11*1.K"A$bTN!"43/K"4.K"B13U*.K"!N"B*0-KZ":.K"

D.11*1.K"K)/-"0/[.D-C.K"3W.D"G>:T'@(")*"G>:T'@(AdZ"IB+RK"!Q"4;0/[.D-0)/"\"VL"t"K)*K"d"

t" 4." 76NF" 4*" H010.*" 4." D*1-*+." B)*+" D.11*1.K" A$bN!" D)/-./3/-" VFN" t" 4."

D3+,)H.-QY1D.11*1)K."]7G7F">k9"=/-.+/3-0)/31":-4^"K)/-"3X)*-CK"43/K"DQ3U*."B*0-KZ":3"

D)*DQ." 4." 7G7" .K-" C10H0/C." chQ" 3B+RK" 0/[.D-0)/" .-" 1.K" D.11*1.K" K)/-" [0eC.K" 3W.D" 4*"

B3+3[)+H314CQY4." c" t" B./43/-" NO" H0/*-.K" \" -.HBC+3-*+." 3H,03/-." B*0K"

B.+HC3,010KC.K"3W.D"4*"-+0-)/"vT!OO"B./43/-"d"H0/*-.KZ":.K"[)Y.+K"W0+3*e"K)/-"H3+U*CK"

3W.D" 1."HID"!To'A6A"@(" ]!"EdOO^"B./43/-"!Q"\"VL�7"B*0K" 3W.D" 1;3/-0D)+BK" K.D)/430+."

3/-0T=2@"4."K)*+0K"D)*B1C"\"13"$9("]!"EdOO^"B./43/-"!Q"\"VL�7Z":.K"D.11*1.K"K)/-"./K*0-."

0/D*,C.K"3W.D"OFL"H2uH1"4."VFV;T403H0/),./f040/."]5IAF"&02H3"I14+0DQ^"401*C"43/K"4*"

(A&F" B./43/-" NO" H0/*-.K" \" VL�7Z" :)+KU*." 1.K" B132.K" 4." 1YK." 4.W0.//./-" W0K0,1.K"

]D)1)+3-0)/",+*/.^"1."5IA".K-"C10H0/C".-" 1.K"D.11*1.K" 13WC.K"3W.D"4."1;.3*Z":.K"B132.K"4."

1YK."K)/-"D)HB-C.K"H3/*.11.H./-"3W.D"*/."1)*B.",0/)D*130+.Z"

"

! P&./&3-!4$5/_!!

:;0/D)+B)+3-0)/"4."'@("43/K"1.K"./W.1)BB.K"4.K"''>".K-"3/31YKC."B3+"k.K-.+/"A1)-F"4.K"

D.11*1.K"D)/[1*./-.K"0/[.D-C.K"3W.D"1.K"W0+*K"G>:T'@(F"G>:T'@(Ad".-"G>:"\"*/."H)0"4."
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I1$(&"*TD48$&#"'(1."*

NOj"

OF!" .-" B+CK./-3/-" */" .[[.-" DY-)B3-Q0U*." ]'7(^" 4." !OO" t" ]D.11*1.K" 3++)/40.K^Z" :.K"

K*+/32.3/-K"K)/-"B+C1.WCKF"D./-+0[*2CK"4.*e"[)0K"\"cdOO"2"B*0K"\"cjOOO"2"B./43/-"NQ"\"

c�7Z":.K"D*1)-K"4."W0+*K"K)/-"+.B+0K"43/K"4*"-3HB)/"#+0K"!O"HG"\"B$"hZ":.K"B+)-C0/.K"

K)/-" 4C/3-*+C.K" 43/K" 4*" -3HB)/" :3.HH10" Pv" .-" DQ3*[[C.K" d" H0/*-.K" \" jd�7Z" :.K"

B+)-C0/.K"K)/-"./K*0-."KCB3+C.K"K*+"*/"2.1"&5&TB)1Y3D+Y13H04."!N"t".-"-+3/K[C+C.K"K*+"

*/."H.H,+3/."(>5`Z":.K"H.H,+3/.K" K)/-" K3-*+C.K"3W.D"4*" -3HB)/"4.",1)D32." ](A&F"

OF!"t"#i../"NO"z"dt"130-^"VO"H0/*-.K"\"-.HBC+3-*+."3H,03/-."B)*+"10H0-.+"1.K"[0e3-0)/K"

/)/" KBCD0[0U*.K" 4.K" 3/-0D)+BKZ" IB+RK" -+)0K" 13W32.K" 4." !d"H0/*-.K" 3W.D" 4*" (A&F" OF!"t"

#i../"NOF"1.K"H.H,+3/.K"K)/-"0/D*,C.K"3W.D"1."HI7"!To'A6>"@(")*"1."HID"!TAd"401*C"

3*"!"E!OOO"43/K"4*"-3HB)/"4.",1)D32."K*+"13"/*0-"\"c�7F" 13WC.K"-+)0K"[)0K"B*0K"0/D*,C.K"

3W.D" 1;3/-0D)+BK" K.D)/430+." D)*B1C" \" 13" $9(" ]3/-0TK)*+0K" )*" 3/-0T13B0/F" S3D_K)/"

=HH*/)+.K.3+DQ^" 401*C" 3*" !"E!OOOO" 43/K" 1." -3HB)/" 4." ,1)D32.Z" :3" B+CK./D." 4.K"

B+)-C0/.K".K-"+CWC1C."B3+"DQ0H0)1*H0/.KD./D."./"*-010K3/-"1."_0-"<)W.e"'7:"]=/W0-+)2./^Z!

!

! *bC73%6&-/8/%5-!8-%68$&!

:.K".eBC+0./D.K"3/0H31.K")/-"C-C"+C310KC.K"DQ.f"4.K"K)*+0K"./"D)/[)+H0-C"3W.D"1.K"+R21.K"

/3-0)/31.K" K*+" 1;.HB1)0" 4;3/0H3*e" 4." 13,)+3-)0+." B)*+" 13" +.DQ.+DQ." .-" )/-" +.x*" */."

3*-)+0K3-0)/"4*"D)H0-C"4;C-Q0U*."4*"10.*"4."1;.eBC+0H./-3-0)/"]=9AI^Z""

!

*B8$#8/%5-!0&!$,%--51#%/7!0&.!18-0%08/.!B811%-.!)<M:*RV!&/!)<M:*RV4U_":."

B+)-)D)1.".K-"4CD+0-"43/K"1;3+-0D1."]50H0.+*"(*1.?F"NO!!^Z":;.eBC+0./D."3"C-C"+C310KC."43/K"1."

13,)+3-)0+." <&AV" 4." 1;*/0-C" 4." W0+)1)20.F" =9AIZ" A+0RW.H./-" 4.K" K)*+0K" /*4." K)/-"

3/.K-QCK0C.K" B*0K" 0/)D*1C.K" 3W.D" G>:T'@(AdF" G>:T'@(F" G>:" )*" >I7>T:0K" B3+"

KD3+0[0D3-0)/" \" 13" ,3K." 4." 13" U*.*.F" 3W.D" d" 1)2" 4." DQ3D*/" 4.K" D3/4043-K" W3DD0/KZ" 8/."

B*K-*1."D3+3D-C+0K-0U*.".K-"),K.+WC."K*+"1."K0-."4."KD3+0[0D3-0)/F"3*",)*-"4."h"\"!O"X)*+KF"

-CH)02/3/-"4;*/.",)//."B+0K."W3DD0/31.Z":.K"K02/.K"D10/0U*.K"K)/-"),K.+WCK".-"1.K"K)*+0K"

K)/-"B.KC.K"B./43/-"h"K.H30/.KZ!

"

! *B8$#8/%5-!0&!$8!37C5-.&!2#6538$&!8-/%:RV!0,*I5$8!&/!8-/%:<9@<_""

:." -0-+."./"=2@"3/-0T'@(".-"3/-0T>I7>".K-"4C-.+H0/C"B3+"':=&IZ"5.K"K)*+0K" 0HH*/0KC.K"

K)/-" 3/.K-QCK0C.K" 3*" B./-),3+,0-31F" 1." K3/2" .-" 13" +3-." K)/-" B+C1.WCKZ" :.K" KC+*HK" 4.K"

K)*+0K" K)/-" 4CD)HB1CH./-CK" \" dP�7" B./43/-" VO" H0/*-.KZ" 5.K" B13U*.K" jP" B*0-K"

]G3e0K)+,F"<8<7^"K)/-"+.D)*W.+-.K"3W.D"!OO"/2"4."B+)-C0/."'@("H*D"u"B*0-K"]4C1C-C."



  
 

 N!O"



I1$(&"*TD48$&#"'(1."*

N!!"

4."1.*+"4)H30/."H*D0/.T10_."3[0/"U*."13"B+)-C0/."K)0-"K)1*,1.Z"'@("H*D".K-"B+)4*0-."3*"

13,)+3-)0+." \" B3+-0+" 4*" B13KH04." [)*+/0" B3+" 1." 5+" '+0_3" 611H3//" &3BQ0+.F" &79=((&F" :3"

S)113F" '-3-KT8/0K" ]:..*"(*1.?F" NOOj^" .-^" )*" 3W.D" !OP" B[*uB*0-K" 4." W0+*K" =$5TS" B*+0[0C" K*+"

2+340./-" 4." K*D+)K." .-" 0/3D-0WC" 3*" BK)+31R/." g"8>" ]!Q" \" -.HBC+3-*+." 3H,03/-.^" 401*C"

43/K"*/" -3HB)/" D3+,)/3-." ]<3N76V^F" K*+" 13"/*0-" \"c�7Z" :.K"B*0-K" K)/-" K3-*+CK" 3W.D"*/"

-3HB)/"4.",1)D32."](A&F"OZ!t"#i../"NOF"N"t"A&IF"!Ot"&>`^"B./43/-"!Q"\"-.HBC+3-*+."

3H,03/-.Z":.K"KC+*HK"4."K)*+0K"K)/-"401*CK"]!"ENO"]KC+)D)/W.+K0)/^")*"./"401*-0)/"10H0-."

]-0-+32.^^" 43/K" 1." -3HB)/" 4." ,1)D32." OFd" v" B*0K" 0/D*,CK" !Q" \" -.HBC+3-*+." 3H,03/-.Z"

IB+RK"V"13W32.K"3W.D"4*"(A&F"OFd"t"#i../"NOF"*/"3/-0D)+BK"K.D)/430+."3/-0T=2@"4."K)*+0K"

]!"EdOOO" 43/K" 4*" -3HB)/" 4." ,1)D32." OFd" v^" D)*B1C" \" 13"$9(" .K-" 0/D*,C" !Q" \" VL�7Z" :."

K*,K-+3-"4." 13"$9(" 1."VFV;FdFd;T#.-+3H.-QY1,./f040/." ]#GA^".K-"./K*0-."3X)*-C"43/K" 1.K"

B*0-K"]VO"H0/*-.K"\"-.HBC+3-*+."3H,03/-.^"B*0K"13"+C3D-0)/".K-"3++J-C."B3+"3D040[0D3-0)/"

4*"#GA"]&02H3^"3W.D"OFdG"4."$N&6cF"0/4*0K3/-"*/."D)1)+3-0)/"X3*/."4."13"K)1*-0)/"10K0,1."

3*"1.D-.*+"4."B13U*."':"hOO"]A=6T#'b"0/K-+*H./-K^"\"13"1)/2*.*+"4;)/4."4."cdO"/HZ"""

"

*B8$#8/%5-!0&!$8!37C5-.&!1&$$#$8%3&!K!8-/%:RV!0,*I5$8!&/!8-/%:4U_!!

()*+"H.K*+.+"13"+CB)/K."D.11*130+."#F"1."B)*+D./-32."4.":#"75cg".-":#"75hg"KCD+C-.*+"

4;=`<#".K-"4C-.+H0/C"B3+"DY-)HC-+0."./"[1*eZ":.K"KB1C/)DY-.K"B+C1.WCK"43/K"1.K"+3-.K"4."

K)*+0K" 0HH*/0KC.K" K)/-" 0/D*,CK" 3W.D" */" HC13/2." 4." B.B-04.K" KY/-QC-0U*.K" 4;'@(F"

D)HB)KCK"4."!d"3D04.K"3H0/CK".-" K." DQ.W3*DQ3/-" ](+)-C)2./0eF" =11_0+DQF" `+3/D.^" .-" 1.K"

3/-0D)+BK"3/-0T75Nh".-"3/-0T75cj4F"NQ"\"VL�7"K)*K"d"t"4."76NZ"

()*+"13"+CB)/K."D.11*130+."3/-0T>I7>F"1."B+)-)D)1.".K-"4CD+0-"43/K"1;3+-0D1."]50H0.+*"(*1.?F"

NO!!^Z"A+0RW.H./-F"4.K"57"0HH3-*+.K"),-./*.K"\"B3+-0+"4."H).11.")KK.*K."4."[CH*+"4."

K)*+0K" ][)*+/0.K" B3+" p3//0D_" #+.KD)K^" K)/-" 0/[.D-C.K" 3W.D" 4*" W0+*K" 4." 13" W3DD0/." B*0K"

0/D*,C.K" 3W.D" 1.K" KB1C/)DY-.K" 4.K" 3/0H3*e" W3DD0/CK" B./43/-" NQ" \" VL�7Z" :3" KCD+C-0)/"

4;=`<#" .K-" ,1)U*C." 3W.D" 4." 13" A+.[.140/." I" ]A`IF" &02H3^" B./43/-" cQ" \" VL�7Z" :.K"

KB1C/)DY-.K"K)/-"./K*0-."H3+U*CK"3W.D"4.K"3/-0D)+BK"H)/)D1)/3*e"3/-0T75h,N"D)*B1C"\"

13" [1*)+)KD.0/" 0K)-Q0)DY3/3-." ]`=#7F" A5" A0)KD0./D.K^F" 3/-0T75c" D)*B1C" \"

1;311)BQBQYD)DY3/0/." ]I(7F" A5" A0)KD0./D.K^F" [0eCK" .-" B.+HC3,010KCK" 3W.D" 1." _0-" A5"

DY-)[0euDY-)B.+H"]A5",0)KD0./D.K^Z":;=`<#" 0/-+3D.11*130+.".K-"H3+U*C"3W.D"*/"3/-0D)+BK"

H)/)D1)/31"3/-0T=`<#"D)*B1C"\"13"BQYD).+Y-Q+0/."]('F"A5"A0)KD0./D.K^Z":.K"D.11*1.K"K)/-"

./K*0-."[0eC.K"3W.D"4*"B3+3[)+H314CQY4."N"t"401*C"43/K"4*"(A&Z":;3/31YK.".K-"+C310KC."



  
 

 N!N"



I1$(&"*TD48$&#"'(1."*

N!V"

3W.D" 1."DY-)HR-+."`7dOO"]A.D_H3/"7)*1-.+KF"G03H0F"`:^".-" 1.K"4)//C.K"K)/-"3/31YKC.K"

3W.D"1."1)20D0.1"7Y-)H0DK"9v("]A.D_H3/"7)*1-.+K^Z"

"

*B8$#8/%5-!0&!$8!37C5-.&!1k/5/5b%F#&!8-/%:RV!0,*I5$8_!!

5.K"KB1C/)DY-.K"4."K)*+0K"/3nW.K"B)*+"1."W0+*K"',)13"K)/-"KCB3+CK"./"4.*e"B)B*13-0)/K"E"

(!".-"(NZ":3"B)B*13-0)/"(!".K-"0/D*,C."3W.D"*/"HC13/2."4."B.B-04.K"KY/-QC-0U*.K"4;'@("

\" !O" �2uH1Z" (!" .K-" ./K*0-." H3+U*C." 3W.D" */." D)/D./-+3-0)/" [30,1." 4."

73+,)eY1[1*)+.KD.0/"403D.-3-.F"K*DD0/04Y1".K-.+"]7`&'F"=/W0-+)2./^"E"OFc"�G"]7`&'1)i^Z":3"

B)B*13-0)/" (N" .K-" H3+U*C." 3W.D" */." D)/D./-+3-0)/" C1.WC." 4." 7`&'"E" c" �G" ]7`&'Q02Q^F"

B./43/-"!d"H0/*-.K"\"-.HBC+3-*+."3H,03/-.Z":.K"B)B*13-0)/K"(!".-"(N"K)/-"H0eC.K"\"*/"

+3-0)"!"E!".-"0/X.D-C.K"3*e"K)*+0K"W3DD0/C.KZ":.K"+3-.K"4.K"K)*+0K"K)/-"B+C1.WC.K"!PQ"3B+RK"

0/X.D-0)/" .-" 1.K" D.11*1.K" K)/-" 3/31YKC.K" 3*" DY-)HR-+." `7dOO" ]A.D_H3/" 7)*1-.+K^Z" :."

B)*+D./-32."4."1YK."KBCD0[0U*."D)++.KB)/4"3*"+3-0)"E"\:iV\!@QA*$5l!n!Vc!@QA*2%=2!0&.!

.5#3%.! %66#-%.7&.j! n! iV\! @QA*$5l! n! Vc! @QA*2%=2! 0&.! .5#3%.! /765%-.! -5-!

B811%-7&.j!b!\]]_!

"

9-8$k.&.!./8/%./%F#&._""

:;3/31YK." K-3-0K-0U*." 4.K" 4)//C.K" 4." H0D+)KD)B0." .-" 4.K" -0-+32.K" 4;3/-0D)+BK" 3" C-C"

+C310KC." 3W.D" 1." -.K-" 4." K-*4./-" .-" 1;3/31YK." 4.K" 4)//C.K" 4." 13" B.+-." 4." B)04K" 3" C-C"

+C310KC."3W.D"1."-.K-"4."D)HB3+30K)/"H*1-0B1."4.K"W3+03/D.K"4."5*//.--"]I<6>I^Z""



  
 

 N!c"
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N!d"
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"

"

"

"

"

"

"

"
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* * * 3,'%.-)&,'*"(*I"$)4"%(&@")*

N!L"

:." ,*-" 4." D.--." C-*4." C-30-" 4." 4CW.1)BB.+" */" D3/4043-" W3DD0/" 3/-0W3+0)10U*." .-" */"

D3/4043-"W3DD0/",0W31./-"3/-0W3+0)10U*.".-"3/-0TW0+*K"',)13F"+CB10D3-0[".-"3--C/*CF"\"B3+-0+"

4;*/" D1)/." 4*" W0+*K" 4." 13" W3DD0/." K)*DQ." :0K-.+" ]>I7>T:0K" !OL^F" K)*DQ." W3DD0/31."

3/-0W3+0)10U*." 3Y3/-" [30-" K.K" B+.*W.K" 1)+K" 4." 13" D3HB32/." 4;C+340D3-0)/" 4." 13" W3+0)1."

H./C."B3+"1;6G&Z"

"

53/K" */" B+.H0.+" -.HBKF" /)*K" 3W)/K" D3+3D-C+0KC" 1.K" D3/4043-K" W3DD0/K"

3/-0W3+0)10U*.K"3--C/*CKF"),-./*K"\"B3+-0+"4."4C1C-0)/K"D0,1C.K"43/K"1."2C/)H."4.">I7>T

:0K" !OLF" K.1)/" 1." KDQCH3" 4." 4C1C-0)/" 4." 13" K)*DQ." 3--C/*C." /)/" +CB10D3-0W."G>IZ" :.K"

D3/4043-K" W3DD0/K" KC1.D-0)//CK" K)/-" +CB10D3-0[K" .-" 3--C/*CKZ" :.*+" 0//)D*0-CF" 1.*+"

0HH*/)2C/0D0-C".-" 1.*+".[[0D3D0-C"W3DD0/31.")/-"C-C"CW31*C.K"43/K"4.K"H)4R1.K"H*+0/KZ"

&.*1.H./-"4.*e"D3/4043-K"K."K)/-"H)/-+CK"3*KK0".[[0D3D.K".-"0HH*/)2R/.K"U*."1."W3DD0/"

-+340-0)//.1".-"/."K)/-"B3K"B3-Q)2R/.K"B)*+"13"K)*+0K"0HH*/)4C[0D0./-.F"\"*/."4)K."4."

!Od"B[*"4."W0+*KF"U*0"C-30-"13"4)K."34H0/0K-+C."\"1;Q)HH."43/K"1."D34+."4."13"W3DD0/3-0)/"

3/-0W3+0)10U*.Z"<)*K"3W)/K"DQ)0K0"1."H.011.*+"4.K"4.*e"D3/4043-K"W3DD0/K"]1."B1*K"3--C/*C"

./"D*1-*+."D.11*130+."Q*H30/.^".-"/)*K" 1;3W)/K"/)HHC"G)40[0.4">3DD0/03":0K-.+" ]G>:^Z"

7."D3/4043-"W3DD0/"B)*++30-"D)HB1C-.+"13"23HH."4.K"W3DD0/K"3/-0W3+0)10U*.K"3--C/*CK"4."

-+)0K0RH."2C/C+3-0)/Z"=1"K.H,1."3*KK0".[[0D3D."U*."1.K"W3DD0/K"4."!R+."2C/C+3-0)/"H30K"/."

4.W+30-"B3K"0/4*0+."3*-3/-"4."D)HB10D3-0)/K"B)K-TW3DD0/31.KZ"()*+"K)/"4CW.1)BB.H./-F"01"

.K-" /CD.KK30+." 4;CW31*.+" K)/" .[[0D3D0-C" \" 1)/2" -.+H.F" 43/K" 1." H)4R1." H*+0/" 43/K" */"

B+.H0.+"-.HBK"3[0/"4."D3+3D-C+0K.+"1."B+)-)D)1."4."W3DD0/3-0)/"3/-0W3+0)10U*."]*/."K.*1."

W3DD0/3-0)/")*"/CD.KK0-C"4;*/")*"B1*K0.*+K"+3BB.1KF"D)HH."D;.K-"1."D3K"4."13"K)*DQ."G>IF"

4)/-"1;.[[0D3D0-C"4CD+)y-"3W.D"1."-.HBKZ^Z":."KYK-RH."0HH*/0-30+."H*+0/"C-3/-"40[[C+./-"4."

D.1*0"4."1;Q)HH.F"01".K-"/CD.KK30+."4."K."+3BB+)DQ.+"4*"H)4R1."Q*H30/"3W3/-"4."B3KK.+"

3*e".KK30K"D10/0U*.KF".-"4." -.K-.+" 1;0//)D*0-C".-" 1;.[[0D3D0-C"4*"D3/4043-"W3DD0/"G>:"DQ.f"

4.K" H)4R1.K" (<$F" U*0" .K-" 1." H)4R1." 3/0H31" 1." B1*K" B+)DQ." 2C/C-0U*.H./-" .-"

0HH*/0-30+.H./-"4."1;Q)HH.Z"

"

53/K" */" 4.*e0RH." -.HBKF" /)*K" 3W)/K" 4CW.1)BBC" */" D3/4043-" W3DD0/" ,0W31./-"

3/-0W3+0)10U*." .-" 3/-0T[0RW+." QCH)++320U*." \" W0+*K" ',)13F" \" B3+-0+" 4*" D3/4043-" W3DD0/"

G>:Z" <)*K" 3W)/K" D)/K-+*0-" 4.*e" D3/4043-K" W3DD0/K" ,0W31./-K" .eB+0H3/-" 4;*/." B3+-F" 1."

2R/." ./-0.+" 4." 13" 21YD)B+)-C0/." 4*" W0+*K" ',)13" .-" 4;3*-+." B3+-F" */" 2R/." DQ0HC+0U*."

.eB+0H3/-" 1;.D-)4)H30/." 4." 13" 21YD)B+)-C0/." 4*" W0+*K" ',)13" [*K0)//C" 3*e" 4)H30/.K"



  
 

 N!h"



* * * 3,'%.-)&,'*"(*I"$)4"%(&@")*

N!j"

-+3/KH.H,+3/30+.".-" 0/-+3DY-)B13KH0U*."4."13"21YD)B+)-C0/."Ad"4*"W0+*K"4."13"W3DD0/."

]+.KB.D-0W.H./-" /)HHCK"G>:T'@(" .-"G>:T'@(Ad^Z" 7.K" 4.*e" W0+*K" +.D)H,0/3/-K" )/-"

C-C" D3+3D-C+0KCK" ./" D*1-*+." D.11*130+.Z" =1K" K)/-" D3B3,1.K" 4;0/4*0+." 13" KY/-QRK." 4." 13"

21YD)B+)-C0/." 4*" W0+*K" ',)13"z" D.11.TD0" K.H,1." [)+-.H./-" 21YD)KY1C.F" K02/0[03/-" U*;.11."

K*0W+30-"13"W)0."4."H3-*+3-0)/"4."13"21YD)B+)-C0/."4*"W0+*K"',)13".-"H02+.+30-"\"-+3W.+K"1."

@)120Z" =1K" K)/-" 3*KK0" D3B3,1.K" 4;0/D)+B)+.+" D.--." B+)-C0/." 43/K" 1;./W.1)BB." 4." 1.*+K"

[)+H.K" ''>" ,0./" U*;./" [30,1." U*3/-0-CZ" 7.B./43/-F" 4.K" C-*4.K" B)*+" D3+3D-C+0K.+" 13"

B+)4*D-0)/"4;'@(".-"'@(Ad"K)/-"./D)+."/CD.KK30+.K"3[0/"4."4C-.+H0/.+"1.K"U*3/-0-CK"4."

B+)4*D-0)/"4.K"21YD)B+)-C0/.K")*"./D)+."1."+3-0)/"@("DY-)B13KH0U*."u"@("H.H,+3/30+.Z""

:.*+" 0//)D*0-C" \" ./K*0-." C-C" -.K-C." 43/K" */" H)4R1." H*+0/" 0HH*/)4CB+0HCF"

H)/-+3/-" U*."G>:T'@(" .-"G>:T'@(Ad" K)/-" 3*KK0" KM+K" U*."G>:"E" B3K" 4;3BB3+0-0)/" 4."

B3-Q)2C/0D0-C"B3+" 1;0/K.+-0)/"4." 13"21YD)B+)-C0/."QC-C+)1)2*."4;*/"W0+*K"4."D13KK."cZ":3"

+CB)/K."3/-0D)+BK"3"./K*0-."C-C"CW31*C."B3+"*/"-.K-"':=&IF"H)/-+3/-"U*."G>:T'@(Ad".-"

G>:T'@(" K)/-" D3B3,1.K" 4;0/4*0+." */" [)+-" -0-+." ./" 3/-0D)+BK" 3/-0T@(" 4*" W0+*K" ',)13" .-"

3/-0TW3DD0/.Z""

<)*K"3W)/K"3*KK0"B+CW*"4;CW31*.+"B+)DQ30/.H./-"3*"(c"S.3/"GC+0.*e"4.":Y)/F"1."

-0-+." ./" 3/-0D)+BK" /.*-+310K3/-K" 3/-0T@(" 43/K" 1.K" KC+*HK" 4." K)*+0K" B+C1.WCK" 3B+RK"

W3DD0/3-0)/"3W.D"d1)2"B[*"4."G>:T'@(".-"G>:T'@(AdZ"

"

:3" D)/K-+*D-0)/" DQ0HC+0U*." '@(Ad" K*BB)KC." 3HC10)+.+" 1;0/D)+B)+3-0)/" 4;'@("
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A: Preclinical Studies 

Target Disease Animal Model Vaccine Antigen Immune Response Efficacy References 

Viral Infections 

Mice MVA-RG  
RG  

(rabies glycoprotein) 
Neutralizing Ab Protection  [171] 

Rabies 

Mice NYVAC-RG RG  ND Protection [32] 

HLA-I transgenic 

mice 
MVA-HCV TG4040 NS3, NS4, NS5B 

Potent and long-

lasting CD4+ and 

CD8+ T cell responses 

Cross-protection  [172] 

Chimpanzees 

P: DNA-CE1E2 + 

DNA-NS3 

B: MVA-CE1E2 + 

MVA-NS3 

C (core), E1, E2, NS3  
Robust HCV-specific 

immune responses 

Protection during the 

acute period but not in 

the chronic phase 

[173] 
HCV 

HLA.A2.1 mice MVA-E1E2 
Native and modified 

E1 and E2 
Th1 response ND [174] 

Mice and rabbits 
P: MVA-S 

B: Ad-S 
S (spike glycoprotein)  Neutralizing Ab ND [175] 

Rhesus monkeys MVA-S S Neutralizing Ab Protection [176] 

Ferrets MVA-S or MVA-N 
S or N (nucleocapsid 

protein) 
Neutralizing Ab No protection [177] 

SARS 

Mice MVA-S S Neutralizing Ab Protection [178] 

Mice and rat MVA-H 
H (hemagglutinin 

glycoprotein) 

Th1 and neutralizing 

Ab 
Protection [179] 

Newborn macaques MVA-FH 
F (fusion protein)  

and H  

 CTL and neutralizing 

Ab 
Protection [180] Measles 

Macaques MVA-FH F and H  
CTL and neutralizing 

Ab 
Protection [181] 

Dengue Rhesus monkeys 
MVA-DEN2 or 

MVA-DEN4 

C-terminally truncated 

envelope protein from 

dengue type 2 (DEN2) 

or type 4 (DEN4) 

virus 

Neutralizing Ab 

(MVA-DEN2) 

Protection  

(MVA-DEN2) 
[182] 

Horses MVA-HA or NP 
HA (hemagglutinin), 

NP (nucleoprotein)  

Ab and cellular re-

sponses 
Protection [183] 

EIV 

Horses MVA-HA or NP HA, NP 
Ab and cellular re-

sponses 
ND [184] 

HLA.A2.1 mice pp65-IE1-MVA 

pp65 (tegument protein) 

and IE1 (immediate 

early gene product) 

Robust primary CMI ND [185] 

Mice Tx recipient MVA-CMV 

UL55 (surface glycopro-

tein), UL83 (tegument 

protein) and UL123/e4 

(nuclear protein) 

Humoral and cellular 

responses 
ND [186] 

CMV 

Mice MVA-gB680 
gB (soluble glycopro-

tein B) 

Neutralizing Ab and 

CTLs 
ND [187] 
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A: Preclinical Studies 

Target Disease Animal Model Vaccine Antigen Immune Response Efficacy References 

Viral Infections 

CDV Ferrets NYVAC-CDV F and HA Neutralizing Ab Protection [188] 

Horses NYVAC-64 gene 64 CMI No protection [189] 

Hamsters MVA-gC 
Complement receptor 

glycoprotein C 

Humoral and cellular 

responses 
ND [190] 

EHV 

Ponies MVA-IE 
Immediate early (IE) 

gene 
CMI Protection [191] 

Mice MVA-F and MVA-G 
F (fusion protein) and 

G (attachment protein)  

Humoral and Th1 

responses 
No protection [192] 

Infant macaques MVA-F and MVA-G F and G Low Ab levels No protection [193] 

Mice MVA-RSV F and G Humoral response Protection [194] 
RSV 

Calves MVA-bRSV F and G  
Humoral and cellular 

responses 
Protection [195] 

Mice  
MVA-JEV + (DNA-

B7.1 or DNA-B7.2) 

prM (precursor of the 

membrane) and E 

(envelope protein) 

Specific JEV-immune 

responses 
ND [196] 

Swine MVA-JEV prM and E Neutralizing Ab Protection [197] 

Mice  MVA-JEV prM and E Neutralizing Ab Protection [198] 

Rhesus monkeys NYVAC-JEV prM, E, NS1 Neutralizing Ab Protection [199] 

JEV 

Swine NYVAC-JEV prM, E, NS1 Neutralizing Ab Protection [200] 

Mice MVA-HA HA (H5N1) 
Ab and CTL 

responses  
Protection [201] 

Mice MVA-HA-NP  HA and NP (H1N1) 
Ab and CTL 

responses  
Protection [202] 

Mice MVA-HA, NP HA, NP 
Ab and CTL 

responses  
Protection [203] 

Cynomolgus macaque MVA-HA-VN/04 HA (H5N1) 
Cross-reactive Ab 

response 
Protection [204, 205] 

Pigs NYVAC-HA HA (H5N1) Ab response 
Partial protection 

(19/21) 
[206] 

Mice 
MVA-H1-Ca 

MVA-N1-Ca 
HA and NA (H1N1) 

Ab and CTL re-

sponses  
Protection [207] 

Influenza 

Ferrets MVA-HA HA (H1N1) Robust Ab response Protection [208] 

Bacterial Diseases 

Guinea pigs  
P: BCG 

B: MVA-85A 

Mycobacterial myco-

lyltransferase antigen 

85A 

Cellular response Protection [209] 

Cattle 
P: BCG 

B: MVA-85A 
85A Cellular response ND [210] 

Tuberculosis 

Mice 
P: BCG 

B: MVA-85A 
85A 

Specific CD4+ and 

CD8+ T cell responses 
Protection [211] 
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A: Preclinical Studies 

Target Disease Animal Model Vaccine Antigen Immune Response Efficacy References 

Bacterial Diseases 

Mice MVA-64 
Early secreted protein 

MPT64 

Ab and CTL re-

sponses 
ND [212] 

Rhesus macaques 
P: BCG 

B: MVA-85A  
85A Cellular response Protection [213] 

Cattle 
P: BCG 

B: MVA-85A 
85A 

Long lasting cellular 

response 
Protection  [214] 

Tuberculosis 

Mice 

P : ESAT6-85B fusion 

protein 

B : MVA/IL15/5Mtb 

85A, 85B, ESAT6, 

HSP60 and Mtb39 

Long lasting cellular 

immune response 
Protection [215] 

Parasitic Diseases 

Mice MVA-ROP2 

ROP2 (transmem-

brane protein of 

PVM) 

Ab response ND [216] 

Toxoplasmosis 

Mice 
P: DNA-GRA4 

B: MVA-GRA4 

GRA4 (dense granule 

antigen 4) 

Ab and cellular res-

ponses 
Protection [217] 

Mice 
P: DNA-TRYP 

B: MVA-TRYP 

TRYP (tryparedoxin 

peroxidase) 
Cellular response Protection [218] 

Mice 
P: DNA-LACK 

B: MVA-LACK 
LACK (p36) Cellular response 

Protection against 

Leishmania major  
[219] 

Mice 
P: DNA-LACK 

B: MVA-LACK 
LACK (p36) Cellular response 

Protection against 

Leishmania infantum 
[220] 

Dogs 
P: DNA-LACK 

B: MVA-LACK 
LACK (p36) Cellular response 

Protection against 

Leishmania infantum 
[221] 

Leishmaniosis 

Dogs 
P: DNA-TRYP 

B: MVA-TRYP 

TRYP (tryparedoxin 

peroxidase) 

Th1 and memory cellu-

lar immune responses 
Protection [222] 

B: linical Studies 

Target Disease linical Trials Vaccine Antigen Immune Response Efficacy References 

Phase I 
MVA-HIVA +/- 

DNA-HIVA prime 

HIV-1 clade A gag 

p24 and p17 fused to 

25 overlapping CD8+ 

T cell epitopes 

Safe and well toler-

ated. Infrequent im-

mune response 

- [223, 224] 

Phase I 
P: DNA-HIVA  

B: MVA-HIVA 

HIV-1 clade A gag 

p24 and p17 fused to 

25 overlapping CD8+ 

T cell epitopes 

Multifunctional cellu-

lar responses 
- [225, 226] 

Phase I NYVAC-C 
Env, Gag-Pol-Nef 

(clade C) 

Anti-HIV T cell res-

ponse (5/12) 
- [227] 

Phase I 
P: DNA-C 

 B: NYVAC-C 

Env, Gag-Pol-Nef 

(clade C) 

Specific HIV-immune 

responses (19/20) 
- [149, 150] 

HIV-1 

Phase I/II 
P: DNA HIVIS  

B: MVA-CMDR 

P:Env, Gag, Rev, RT 

(clade A, B) B: Env, 

Gag, Pol (clade C, A, 

E) 

Specific HIV immune 

response (37/38) 
- [148, 228] 
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B: Clinical Studies 

Phase I MVA-CMRD 
Env, Gag and Pol 

(CRF01-AE) 

Durable cell mediated 

and humoral immune 

responses 

- [229] 

Phase I ADMVA 
Env, Gag, Pol, Nef 

andTat (clade B´/C) 

Neutalizing Ab and 

specific HIV immune 

response depending on 

the dose: LD (3/12), 

MD (6/12) and HD 

(8/13) 

- [147] 

HIV-1 

Phase I MVA (TBC-M4) 
Env, Gag, Tat-Rev, 

Nef-RT (Clade C) 

HIV immune response 

depending on the 

dose: LD (9/11) and 

HD (12/12). Ab re-

sponse 

- [230] 

Influenza Phase I MVA-NP+M1 
NP (Nucleoprotein) and 

M1 (Matrix protein 1) 

High specific T cell 

responses 
- [152] 

HCV Phase I MVA-HCV (TG4040) NS3, NS4, NS5B 
Safe and well toler-

ated 
- 

www.clinicaltr

ials.org  

Smallpox Phase I/IIb MVA-BN  - 
Cellular and humoral 

responses 
Protection  [231-233] 

JEV Phase I NYVAC-JEV prM, E, NS1 
Humoral and CTL 

responses 
- [234, 235] 

Phase IIb 
P: FP9  

B: MVA-ME-TRAP 
ME.TRAP Cellular response No protection [236] 

Phase II P: FP9 B: MVA-CS CS Low cellular response No protection [237] 

Phase II 
P: RTS,S/AS02A  

B: MVA-CS 
CS 

High Ab levels but 

low cellular response 
Partial efficacy (33%) [238] 

Phase II P: DNA B: MVA 
ME.TRAP 

CS 

Cellular and humoral 

responses 
Protection [239] 

Phase II P: FP9 B: MVA ME.TRAP Cellular response Protection [144] 

Phase II 
P: DNA  

B: MVA + FP9 
ME.TRAP Cellular response No protection [144] 

Phase II P: DNA B: MVA ME.TRAP Cellular response No protection [240] 

Phase II P: DNA B: MVA ME.TRAP Cellular response No protection [241] 

Malaria 

Phase I/IIa NYVAC-Pf7 

7 Ag from P. falcipa-

rum (CS, SSP2, 

LSA1, MSP1, SERA, 

AMA1, Pfs25) 

Poor Ab levels and 

cellular response 
No protection [242] 

Phase I 
P: BCG 

B: MVA-85A 

Mycobacterial mycolyl-

transferase antigen 85A 

Excellent safety pro-

file and highly 

immunogenic 

ND [243, 244] 

Tuberculosis 

Phase I MVA-85A 

Mycobacterial myco-

lyltransferase antigen 

85A 

Potent and durable T 

cell responses 
ND [153-155] 

 
 
 

infection. Ways to enhance cellular immunity to malaria antigen in combination with an adjuvant [156]. Recombinant 
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