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m0!*!H1.,@0)%&%!

ma!*!H1.,@;,.(%!

B!*!B,.)1#&!
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!"#$%&'()())*+,#*;0*+!&%(!.T&%"P5&!3&!%()"O=.,5,M-&!.)!".-%!$(-31$&9!5)#!&..&!5,'%(1(-&!-'!
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5)-%).1($!&'(#&!5&%! 8)5(&-#%!3&!;1#-.&'5&! 1/,G1";(!&(! .)!%$;$#1($!3&%! 1'8&5(1,'%! 1/,G1G(2!\&!
(#);)1.! 3&! (OP%&! M-&! ',-%! )..,'%! "#$%&'(&#! )! &-! ",-#! ,0X&5(18! 3T&W".,#&#! 5&! .1&'! &'(#&!
8)5(&-#%!3&!;1#-.&'5&!&(!?)'18&%()(1,'%!5.1'1M-&%!3&%!1'8&5(1,'%!N!!2,'*-.*/0/+1+Q!!

<,-%! );,'%! (,-(! 3T)0,#3! &W".,#$! 3&! ?)'1P#&! #$(#,%"&5(1;&! .)! ")(O,2$'151($! 3&! !2,
'*-.*/0/+1+!)-W!S_"1()-W!:'1;&#%1()1#&%!3&!+(#)%0,-#29!?)1%!",-#!&%%)=&#!3&!#&?".1#!.&!
".-%! #12,-#&-%&?&'(! ",%%10.&! ',(#&! ,0X&5(18! ',-%! );,'%! 3$;&.,""$! -'&! )""#,5O&!
(#)'%.)(1,''&..&!&'!?&')'(!3&!8#,'(!-'&!$(-3&!5.1'1M-&!"#,%"&5(1;&!&(!-'&!)').=%&!3&!.)!
;1#-.&'5&! 3&! !2, '*-.*/0/+1+! )-! %&1'! 3-! .)0,#)(,1#&Q! <,-%! );,'%! ",%$! .TO=",(OP%&! 3&!
.T&W1%(&'5&!3T-'!8)5(&-#!3&!;1#-.&'5&!"#,3-1(!")#!.)!0)5($#1&!&(!M-1!%&#)1(!1?".1M-$!3)'%!
5&#()1'&%! "#$%&'()(1,'%! 5.1'1M-&%! ")#(15-.1P#&%! k&'3,5)#31(&%9! 1'8&5(1,'%! ,%($,@
)#(15-.)1#&%!")#!&W&?".&lQ! F.!%T)21(!3T-'!(#);)1.!&W".,#)(,1#&!",-#! .&M-&.!)-5-'&!3,''$&!
"#$).)0.&!'T$()1(!)%%&]!8,#(&!",-#!%&#;1#!3&!",1'(!3&!3$")#(9!)-(#&?&'(!31(!)-5-'!8)5(&-#!
3&! ;1#-.&'5&! 3$5#1(! 1/, G1";(! 'T)! X-%M-&@.N! "-! p(#&! #&.1$! N! -'&! ?)'18&%()(1,'! 5.1'1M-&!
")#(15-.1P#&! 5O&]! .TO,??&Q! /)#! )1..&-#%9! .&%! 8)5(&-#%! 3&! ;1#-.&'5&! 3$5#1(%! 1/, G1";(! &(!
"#$%&'(%! 3)'%! .)! M-)%1@(,().1($! 3&%! %,-5O&%! '&! %&?0.)1&'(! ")%! N!?p?&! 3&! #$",'3#&! N!
',(#&!,0X&5(18!M-1!&%(!3T13&'(181&#!-'!8)5(&-#!"&#?&(()'(!3&!31%(1'2-&#!.&%!%,-5O&%!&'(#&!
&..&%! &(! 3,'5! .&%! ")(1&'(%! &'(#&! &-WQ! >T&%(! ",-#! 5&%! #)1%,'%! M-&! ',-%! );,'%! 3$513$! 3&!
#&5O&#5O&#!3&!',-;&)-W! 8)5(&-#%!3&!;1#-.&'5&!",(&'(1&.%!)-!'1;&)-!3-! .)0,#)(,1#&! (,-(!
&'!&%%)=)'(!3&!5)($2,#1%&#!.&!".-%!#12,-#&-%&?&'(!",%%10.&!.&%!")(1&'(%Q!

<,-%!);,'%!3,'5!8,#?-.$!-'!,0X&5(18!"#1'51").!&(!".-%1&-#%!,0X&5(18%!%&5,'3)1#&%!*!

Q*d'),#1!.$#()#.+&!0!!

•! U&5O&#5O&#! .T&W1%(&'5&! 3T-'! .1&'! %()(1%(1M-&?&'(! %12'1815)(18! &'(#&! -'&!
?)'18&%()(1,'!5.1'1M-&!&(!-'!8)5(&-#!3&!;1#-.&'5&Q!

!
Q*d'),#12!2')/(4+#$'2!*!!

•! 4$5#1#&!.&%!)%"&5(%!5.1'1M-&%!3&%!1'8&5(1,'%!N!!2,'*-.*/0/+1+!
•! U&5O&#5O&#!.&%!8)5(&-#%!3&!#1%M-&!3&%!1'8&5(1,'%!N!!2,'*-.*/0/+1+!
•! Z(-31&#! .&%! 5)#)5($#1%(1M-&%! 2$',?1M-&%! 3&! !2, '*-.*/0/+1+! &'! #$).1%)'(! -'!

%$M-&'h)2&!5,?".&(!&(!&'!#&5O&#5O)'(!.&%!8)5(&-#%!",%%10.&?&'(!1?".1M-$%!3)'%!
%)!;1#-.&'5&!!
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9\! 8,%4'2!.$-&#D#(+#$'2!!

E\! 8.#4-D#/&/6#'! 4'2! 2,+.PT&/)/a%'2! +%`! ?3.#,+%`!
R(#C'$2#,+#$'2!4'!A,$+2*/%$6!

\)! ?1%&! &'! ".)5&! 3&! .T13&'(1815)(1,'! 0)5($#1&''&! ")#! %"&5(#,?$(#1&! 3&! ?)%%&! )!
#)315).&?&'(!5O)'2$!.&!#&2)#3!3&%!?15#,01,.,21%(&%!&(!3&%!5.1'151&'%!%-#!.T$"13$?1,.,21&!
0)5($#1&''&! O,%"1().1P#&! &(! 5,??-')-()1#&Q! >&(! ,-(1.! M-1! )! #)"13&?&'(! #&?".)5$! .)!
?)X,#1($!3&%!?$(O,3&%!3T13&'(1815)(1,'!01,5O1?1M-&%6"O$',(="1M-&%!0)5($#1&''&%!)!$($!
?1%!&'!".)5&!)-W!S:+!3&!CKKg!N!CKfK!",-#!.T13&'(1815)(1,'!0)5($#1&''&!%=%($?)(1M-&!&'!
")#(15-.1&#! 3&%! +><! 1%%-%! 3&! "#$.P;&?&'(%! 01,.,21M-&%Q! <,-%! );,'%! ?&'$! -'&! $(-3&!
$"13$?1,.,21M-&! #$(#,%"&5(1;&! 5,?")#)'(! .T$"13$?1,.,21&! 3&%! +><! 13&'(181$%! )-!
.)0,#)(,1#&! 3&! ?15#,01,.,21&%! 3&%! S:+! "&'3)'(! .)! "$#1,3&! CKKJ@CKKg! k13&'(1815)(1,'!
"O$',(="1M-&! 3&%! +><l! &(! .)! "$#1,3&! CKff@CKfC! k13&'(1815)(1,'! ")#! %"&5(#,?$(#1&! 3&!
?)%%&lQ!<,-%!);,'%!%&5,'3)1#&?&'(!5,?")#$!.&%!"#,81.%!3&!%&'%101.1($!)-W!)'(101,(1M-&%!
3&! 5&%! %,-5O&%! 0)5($#1&''&%! &(! 3$(&#?1'$! .)! %12'1815)(1;1($! ?15#,01,.,21M-&! 3T-'!
$5O)'(1..,'!).$)(,1#&!3&!dK!%,-5O&%Q!

@! L4'(,#1#)+,#/(! .P-(/,T.#a%'! 4'2! ASI!0! "&'3)'(! 5&((&! "#&?1P#&! "$#1,3&! &(! 5,?"(&!
(&'-! 3-! (&?"%! '$5&%%)1#&! N! .)! 5)#)5($#1%)(1,'! 3&%! %()"O=.,5,M-&%9! %&-.&%! .&%! %,-5O&%!
#$",'3)'(! )-W! 5#1(P#&%! 3&! %12'1815)(1;1($!?15#,01,.,21M-&! #&5,??)'3$%! ")#! .)! +,51$($!
A#)'h)1%&! 3&! B15#,01,.,21&! ,'(! 8)1(! .T,0X&(! 3T)').=%&%! -.($#1&-#&%! nfGfoQ! \)! "#&?1P#&!
$()"&! )! 5,'%1%($! N! #&5O&#5O&#! .)! "#$%&'5&!3T-'&! 5,)2-.)%&! .10#&! N! ")#(1#! 3&!".)%?)!3&!
.)"1'!#&5,'%(1(-$!k71,@U)39!B)#'&@\)@>,M-&((&9!A#)'5&l!&(!3T-'&!5,)2-.)%&!.1$&!N!")#(1#!
3&! ")#(15-.&%! 3&! .)(&W! #&5,-;&#(&%! 3&! 810#1',2P'&! O-?)1'9! 3&! "#,($1'&! E! &(! 3&!
",.=%)55O)#13&%! 5)"%-.)1#&%! 3&! !2, #*;0*+! k/)%(,#&W! +()"O@/.-%9! 71,! U)3lQ! \&%!
%()"O=.,5,M-&%!'$2)(18%!",-#!5&%!3&-W!(&%(%!,'(!).,#%!$($!5,'%13$#$%!5,??&!+><!k','!
#*;0*+l!&(!8)1(!.T,0X&(!3T-'&!13&'(1815)(1,'!3T&%"P5&!N!.T)13&!3&!(&%(%!01,5O1?1M-&%!ka1(&m!C9!
71,?$#1&-W9!>#)",''&9!A#)'5&lQ!!

@! L4'(,#1#)+,#/(! .+$! 2.'),$/D-,$#'! 4'! D+22'!0! "&'3)'(! 5&((&! 3&-W1P?&! "$#1,3&! .)!
#)"131($! &(! .&! 8)10.&! 5,-(! 3T-(1.1%)(1,'! 3&! .)! %"&5(#,?$(#1&! 3&! ?)%%&! ,'(! "&#?1%!
.T13&'(1815)(1,'! %=%($?)(1M-&! 3&! (,-%! .&%! %()"O=.,5,M-&%! &W5&"($%! 5&-W! 1%,.$%! 3&!
"#$.P;&?&'(%! 3&! 2,#2&%! ,-! ;)21')-W! k#&5O&#5O&! 3&! %(#&"(,5,M-&! v@O$?,.=(1M-&%!
-'1M-&?&'(l! ,w9! %)-8! &W5&"(1,'9! 1.%! 3,1;&'(! p(#&! 5,'%13$#$%! 5,??&! 3&%! 5,.,'1%)'(%!
%1?".&%Q!\&!%"&5(#,?P(#&!3&!?)%%&!-(1.1%$!)-!.)0,#)(,1#&!3&!?15#,01,.,21&!&%(!-'!BE\4F@
e[A! B+!*! B)(#1W@E%%1%(&3! \)%&#! 4&%,#0(1,'6F,'1])(1,'@e1?&! ,8! A.12O(! +"&5(#,?&(#=!
k7#-m&#! 4).(,'15%9! z1%%&?0,-#29! A#)'5&l! )%%,51$! N! .T).2,#1(O?&! 3T13&'(1815)(1,'!
0)5($#1&''&!71,(="&#!k7#-m&#!4).(,'15%9!z1%%&?0,-#29!A#)'5&lQ!\)!3&%5#1"(1,'!3&!5&((&!
?$(O,3&!3T13&'(1815)(1,'!3&%!0)5($#1&%!&%(!3$()1..$&!".-%!.,1'!3)'%!.&!")#)2#)"O&!FF@>@GQ!
\T13&'(1815)(1,'!3&!5O)M-&!+><!)!$($!#$).1%$&!%&.,'!.&%!#&5,??)'3)(1,'%!3-!8)0#15)'(!N!
")#(1#! 3T-'&! 5,.,'1&! 0)5($#1&''&! )%%,51$&! N! f! �.! 3&! ?)(#15&! 3T1,'1%)(1,'! k3,''&-#!
3T$.&5(#,'%l!*!)513&!j@V@5=)',@O=3#,W=@51'')?1M-&!kj@S>>ElQ!\)!?)(#15&!&%(!"#$")#$&!N!
.)!5,'5&'(#)(1,'!3&!G!?26?.!3)'%!-'&!%,.-(1,'!N!dKr!3T)5$(,@'1(#1.&9!CQdr!3T)513&!(#1@
8.-,#,@)5$(1M-&! keAEl! &(! VJQdr! 3T&)-! 31%(1..$&Q! \&%! %"&5(#&%! 3&%! ?)%%&%! "&"(131M-&%!
,0(&'-%!3)'%!-'&! 8&'p(#&!3&!C!N!CK!m4)!%,'(!&'%-1(&!)').=%$%!")#! .&! .,2151&.!71,(="&#!
Ue>!GQK!k7#-m&#!4).(,'15%9!z1%%&?0,-#29!A#)'5&lQ!/&'3)'(!.)!3-#$&!3T$(-3&9!G!;&#%1,'%!
3-! .,2151&.! ,'(! $($! %-55&%%1;&?&'(! -(1.1%$&%! &(! 5,##&%",'3&'(! N! 3&%! ;&#%1,'%! (,-X,-#%!
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".-%!#15O&%!&'!%"&5(#&%!3&!#$8$#&'5&%!*!;&#%1,'!GQKQCQK!kGVJI!%"&5(#&%!3,'(!fGC!%"&5(#&%!
3T&%"P5&%! 3&! %()"O=.,5,M-&%l9! ;&#%1,'! GQfQfQK! kGJVK! %"&5(#&%! 3,'(! fGC! %"&5(#&%!
3T&%"P5&%! 3&! %()"O=.,5,M-&%l! &(! .)! ;&#%1,'! GQfQCQK! kGidd! %"&5(#&%! 3,'(! fGi! %"&5(#&%!
3T&%"P5&%! 3&! %()"O=.,5,M-&%lQ! :'! %5,#&! 3T13&'(1815)(1,'! %-"$#1&-#! ,-! $2).! N! C! &%(!
5,'%13$#$!5,??&!81)0.&!",-#!.T13&'(1815)(1,'!3T&%"P5&9!-'!%5,#&!&'(#&!fQJ!&(!fQii!5,??&!
1'(&#?$31)1#&!&(!-'!%5,#&!%(#15(&?&'(!1'8$#1&-#!N!fQJ!5,??&!1'%-881%)'(!",-#!5,'%13$#&#!
.T13&'(1815)(1,'!5,??&!81)0.&!k#&5,??)'3)(1,'%!3-!8)0#15)'(lQ!4)'%!5&((&!$(-3&9!(,-%!.&%!
+><!);&5!-'!%5,#&!3T13&'(1815)(1,'!%(#15(&?&'(!1'8$#1&-#!N!C!,'(!$($!&W5.-%Q!!

@! A'(2#*#&#,-! +%`! +(,#*#/,#a%'2!0! .)! %&'%101.1($! 3&%! +><! )-W! )'(101,(1M-&%! )! $($!
3$(&#?1'$&! %&.,'! .&%! #&5,??)'3)(1,'%! 3&! .TZ:>E+e! kZ-#,"&)'! >,??1((&&! ,'!
E'(1?15#,01).! +-%5&"(101.1(=! e&%(1'2%l! &'! ;12-&-#! )-! ?,?&'(! 3&! .T$(-3&! N! .T)13&! 3-!
aFeZH!C!k71,?$#1&-Wl!,-!")#!.)!?$(O,3&!3&!3188-%1,'!&'!?1.1&-!2$.,%$!nfGCoQ!!

@! A#6(#1#)+,#C#,-!D#)$/*#/&/6#a%'! 4'2! .$-&[C'D'(,2! p>+*&'+%! sq! 0! .)! %12'1815)(1;1($!
?15#,01,.,21M-&!3&%!%,-5O&%!1%,.$&%!$()1(!$;).-$&!&'!%$.&5(1,'')'(!3&!?)'1P#&!).$)(,1#&!
dK! %,-5O&%! k,-! (,-(&%! .&%! %,-5O&%! %1! .&! ',?0#&! (,().! 3&! %,-5O&%! 13&'(181$&%! ",-#! -'&!
&%"P5&! 3,''$&! $()1(! 1'8$#1&-#&! N! dKl! 3&! 5O)M-&! &%"P5&! 3&! +><! 13&'(181$&%! &(! &'!
#&5O&#5O)'(! .&%! 5#1(P#&%! 3&! %12'1815)(1;1($! #&5,??)'3$%! 3)'%! .TZB>B! kZ-#,"&)'!
B15#,01,.,2=!>#1(&#1)!8,#!F'(&#"#&()(1,'l!nfGGoQ!

Y! 9(+&T2'2! 2,+,#2,#a%'2!0! .)! 31%(#10-(1,'! 3&%! 3188$#&'(&%! &%"P5&%! 3&! +><! "&'3)'(! 5&%!
3&-W!"$#1,3&%!3T13&'(1815)(1,'!)!$($!)').=%$&!N! .T)13&!3T-'!(&%(!3-!�C!);&5!-'&!.1?1(&!3&!
%12'1815)(1;1($! 81W$&! N! KQKd! k$�KQKdlQ! \)! 31%(#10-(1,'! 3&%! '1;&)-W! 3&! %12'1815)(1;1($!
?15#,01,.,21M-&! 3&%! dK! %,-5O&%! %$.&5(1,''$&%! )! )-%%1! $($! 5,?")#$&! );&5! .)! ?p?&!
?$(O,3&!%()(1%(1M-&Q!!

@!9%,/$#2+,#/(!4%! )/D#,-!45-,P#a%'!*! %&.,'! .T);1%! 3-! 5,?1($! 3T$(O1M-&! 5&((&! $(-3&! '&!
#&M-$#)1(! )-5-'&! )-(,#1%)(1,'! ")#(15-.1P#&! &'! ")#(15-.1&#! )-"#P%! 3&%! ")(1&'(%! 3)'%! .)!
?&%-#&!,w!.&%!%,-5O&%!0)5($#1&''&%!-'1M-&?&'(!,'(!$($!$(-31$&%!)"#P%!)','=?1%)(1,'!
&(!%)'%!#&5,-#%!)-W!3,''$&%!5.1'1M-&%Q!/)#!)1..&-#%!.&%!%,-5O&%!0)5($#1&''&%!$(-31$&%!,'(!
$($!5,'%13$#$&%!5,??&!{!3$5O&(%!|!01,.,21M-&%Q!!!
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>+*&'+%!s\!>#1(P#&%!?15#,01,.,21M-&%!3&! .TZB>B!",-#!3$(&#?1'&#! .)!%12'1815)(1;1($!3&%!
"#$.P;&?&'(%!?15#,01,.,21M-&%Q!

8)P+(,#&&/(! S%&,%$'! !8`+D'(!
4#$'),!

X&/$'!+22/)#-'! A#6(#1#)+,#C#,-!

?-D/)%&,%$'2! �!C!",%1(1;&%!
);&5!.)!?p?&!
0)5($#1&!

! ! [-1!

f!",%1(1;&6f!
8)1(&!

! ! <,'!k3,-(&-W!
&'!,'5,.,21&l!

f!",%1(1;&6C!
8)1(&%!

! ! <,'!

R$#('! �!fKd!-856?.f! �!fKV!
.&-5,5=(&%6?.!

! [-1!

E-(#&%!
#$%-.()(%!

! ! <,'!

S+,P-,'$!
#(,$+C+2)%&+#$'!

�fKKK!-856?.! ! ! [-1!
�!fKKK!-856?.!
&(!!f!
O$?,5-.(-#&!
",%1(1;&!);&5!.)!
?p?&!0)5($#1&!

! ! [-1!

E-(#&%!
#$%-.()(%!

! ! <,'!

O$-&[C'D'(,2!
2%.'$1#)#'&2!

�!C!",%1(18%! >,551!L#)?!y! ! [-1!
f!",%1(186f!
#$).1%$!

>,551!L#)?!y! f!&%"P5&! [-1!

E-(#&%!
#$%-.()(%!

! ! <,'!

O$-&[C'D'(,2!
.$/1/(42!

�!C!",%1(18%!%-#!
C!#$).1%$%!

! ! [-1!

f!",%1(18! >,551!L#)?!y! f!&%"P5&! [-1!
f!",%1(18! /#$%&'5&!3&!

/<<C!
! 4,-(&-W!

E-(#&!#$%-.()(! ! ! <,'!
!
f!-859!-'1($!8,#?)(!-'&!5,.,'1&!
C!/<<9!",.='-5.$)1#&%!'&-(#,"O1.&%!

!

;\! 8,%4'! $-,$/2.'),#C'! 4'! &+! .+,P/6-(#)#,-! 4'! '23456789899:;*
7:<=:>?>;@;!

E"#P%! .)!?1%&! &'! $;13&'5&! 3&! .T$"13$?1,.,21&! 3&%! +><! )-W!S:+! &(! 3&! .)! ")(O,2$'151($!
"#,0)0.&!3&!!2,'*-.*/0/+1+,',-%!);,'%!;,-.-!(&%(&#!5&((&!O=",(OP%&!3)'%!.&!5)3#&!3T-'&!
$(-3&! #$(#,%"&5(1;&! 3&! (,-%! .&%! 3,%%1&#%! 3&%! ")(1&'(%! )=)'(! "#$%&'($! -'! "#$.P;&?&'(!
",%1(18! N! !2, '*-.*/0/+1+! )-W! S:+! &'(#&! CKfK! &(! CKfVQ! \T&'%&?0.&! 3&%! %,-5O&%! $()'(!
13&'(181$!")#!%"&5(#,?$(#1&!3&!?)%%&!)-!.)0,#)(,1#&!3&!?15#,01,.,21&!3&%!S:+Q!!
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@! L4'(,#1#)+,#/(!.+$!2.'),$/D-,$#'!4'!D+22'!0! %&.,'! .&%!?p?&%!?,3).1($%! M-&! 5&..&%!
3$5#1(&%!3)'%!.&!")#)2#)"O&!FF@E@fQ!!

@!A'(2#*#&#,-!+%`!+(,#*#/,#a%'2!0!%&.,'!.&%!?p?&%!?,3).1($%!M-&!5&..&%!3$5#1(&%!3)'%!.&!
")#)2#)"O&!FF@E@fQ!!

@! A#6(#1#)+,#C#,-! )&#(#a%'! 4'2! .$-&[C'D'(,2! p>+*&'+%! :q! 0! (,-%! .&%! (="&%! 3&!
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Implementation of Matrix-Assisted Laser Desorption Ionization–Time
of Flight Mass Spectrometry in Routine Clinical Laboratories
Improves Identification of Coagulase-Negative Staphylococci and
Reveals the Pathogenic Role of Staphylococcus lugdunensis

Xavier Argemi,a Philippe Riegel,b Thierry Lavigne,a Nicolas Lefebvre,c Nicolas Grandpré,b Yves Hansmann,c Benoit Jaulhac,b

Gilles Prévost,a Frédéric Schrammb

Université de Strasbourg, Hôpitaux Universitaires de Strasbourg, Fédération de Médecine Translationnelle de Strasbourg, EA7290 Virulence Bactérienne Précoce,

Strasbourg, Francea; Laboratoire de Microbiologie, Hôpitaux Universitaires, Strasbourg, Franceb; Service des Maladies Infectieuses et Tropicales, Hôpitaux Universitaires,

Strasbourg, Francec

The use of matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS) for staphylococcal

identification is now considered routine in laboratories compared with the conventional phenotypical methods previously used.

We verified its microbiological relevance for identifying the main species of coagulase-negative staphylococci (CoNS) by ran-

domly selecting 50 isolates. From 1 January 2007 to 31 August 2008, 12,479 staphylococci were isolated with phenotypic meth-

ods, of which 4,594 were identified as Staphylococcus aureus and 7,885 were coagulase negative staphylococci. Using MALDI-

TOF MS from 1 January 2011 to 31 August 2012, 14,913 staphylococci were identified, with 5,066 as S. aureus and 9,847 as CoNS.

MALDI-TOF MS allowed the identification of approximately 85% of the CoNS strains, whereas only 14% of the CoNS strains

were identified to the species level with phenotypic methods because they were often considered contaminants. Furthermore, the

use of MALDI-TOF MS revealed the occurrence of recently characterized Staphylococcus species, such as S. pettenkoferi, S. con-

dimenti, and S. piscifermentans. Microbiological relevance analysis further revealed that some species displayed a high rate of

microbiological significance, i.e., 40% of the S. lugdunensis strains included in the analysis were associated with infection risk.

This retrospective microbiological study confirms the role of MALDI-TOF MS in clinical settings for the identification of staphy-

lococci with clinical consequences. The species distribution reveals the occurrence of the recently identified species S. petten-

koferi and putative virulent species, including S. lugdunensis.

Coagulase-negative staphylococci (CoNS) are normal inhabit-
ants of the human skin that lately have revealed themselves as

significant etiological agents causing nosocomial infections, par-
ticularly in medical devices (1–4). Until recently, the phenotypic
identification of .40 currently recognized CoNS species re-
mained a challenge, because the technique was labor-intensive
and uncommon CoNS were usually not identified (5, 6). Until
recently, CoNS identification at the species level was performed
only for clinical isolates that were considered clinically significant
according to clinical or microbiological criteria. Meanwhile, ma-
trix-assisted laser desorption ionization–time of flight mass spec-
trometry (MALDI-TOF MS) has emerged as a reliable, fast, and
cost-effective alternative for bacterial species identification and is
now widely used inmicrobiology laboratories (7, 8). This method
allows the identification of all staphylococci isolated in the clinical
setting, thus rendering the use of well-known tests, such as free or
bound coagulase tests, unnecessary. Previous reports have shown
thatMALDI-TOFMS is a reliable method to identify Staphylococ-
cus at the species level; however, questions regarding the impact of
such methods in clinical settings remain uncertain (9). Staphylo-
coccus epidermidis is probably the major CoNS species causing
nosocomial infections, although other CoNS, such as S. lugdunen-
sis, S. schleiferi, and S. saprophyticus, have been reported as even
more pathogenic in a range of both nosocomial and community-
acquired infections (10–13).

The present study retrospectively compares the results of
staphylococcal identifications in the routine workflow of a clinical

laboratory before and after implementation of MALDI-TOF MS,

details the methicillin susceptibility of the isolates, and compares

the pathogenic roles of the various identified CoNS species based

on microbiological data. Of the microbiological data, 14,913

staphylococci were identified by MALDI-TOF MS during a 16-

month period from almost all clinical specimens without taking

into account their possible involvement in a pathogenic process.

Using this systematic method, an accurate representation of the

various staphylococcal species was obtained in clinical specimens,

and novel data for S. pettenkoferi and S. lugdunensis were acquired.
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MATERIALS AND METHODS

Laboratory identification of CoNS. All clinical samples were collected at
the University Hospital of Strasbourg, France, and microbiological anal-
yses were performed at the hospital laboratory. Our university hospital
has 2,428 beds with 87,758 days of hospitalization in 2014 (13,649 days for
patients ,18 years). The number of day care center hospitalizations was
43,796 (6,594 days for patients,18 years). Themedian hospital stay is 708
days.

Phenotypic identification was performed for all specimens considered
to be significant according to the 2007 Société Française deMicrobiologie
criteria (14). The strains isolated were first tested for free and bound
coagulase. The tube coagulase test for the detection of free coagulase was
performed with reconstituted rabbit plasma in EDTA (Bio-Rad Labora-
tories, Marne-La-Coquette, France). The slide agglutination test (com-
bined detection of clumping factor, staphylococcal protein A, and capsu-
lar polysaccharides) was performed with the Pastorex Staph-Plus latex
agglutination test (Bio-Rad Laboratories). Staphylococci positive for
those two tests were considered to be S. aureus, and those negative for both
tests or with discordant results were tested with Vitek 2. Analysis was
performed from 1 January 2007 to 31 August 2008 using a Vitek 2 system
with Gram-positive (GP) and ANC cards for S. saccharolyticus, which is
anaerobic (bioMérieux, Marcy l’Etoile, France), according to the manu-
facturer’s instructions.

In 2010, MALDI-TOF MS identification was implemented with a
MALDI-TOF Microflex LT/LRF coupled to the MALDI Biotyper algo-
rithm, as recommended by the manufacturer (Bruker Daltonics), which
replaced phenotypic identification of Staphylococcus species. This identi-
fication was performed for all staphylococci except those obtained from
throat and vaginal swabs that were examined only for beta-hemolytic
streptococci according to the 2010 Société Française de Microbiologie
criteria (15). Strains of CoNS were plated on Columbia agar with 5%
sheep blood and incubated for 24 h at 37°C. One colony from each strain
was placed on a 96-spot polished target plate and allowed to dry in room
air. Next, 1 ml of matrix (3 mg/ml a-cyano-4-hydroxycinnamic acid in
50% [vol/vol] acetonitrile–2.5% trifluoroacetic acid [vol/vol]) was over-
laid onto the dried sample and allowed to dry.

The acquisition of protein mass spectra was performed on the Micro-
flex LT instrument using the flexControl 3.0 software (Bruker Daltonics),
with a mass-to-charge ratio (m/z) range of 2 to 20 kDa. Automated data
analysis of raw spectra was performed by the MALDI Biotyper RTC 3.0
software (Bruker Daltonics). During the study, the version 3.0.2.0 of the
library (3,476 spectra, including 132 spectra from 38 Staphylococcus spe-
cies) was successively updated to version 3.1.1.0 (3,740 spectra, including
the same number of Staphylococcus spectra) and then to version 3.1.2.0
(3,955 spectra, including 139 spectra from the same 38 Staphylococcus
species as those of the previous versions) (see Table S1 in the supplemental
material).

An identification score of $2 was considered a high-confidence iden-
tification to the species level, whereas scores of 1.7 to 1.99 were considered
intermediate confidence genus-level identification only. Scores of ,1.7
were considered an unacceptable identification, according to the manu-
facturer’s recommendations. The results of the identifications from 1 Jan-
uary 2011 to 31 August 2012 were retrospectively analyzed, and strains
with an identification (ID) score of ,2 were excluded from the analysis.

Antimicrobial susceptibility testing. Antimicrobial susceptibility
testing was performed with either Vitek 2 or agar diffusion, according to
the recommendations of the European Committee on Antimicrobial Sus-
ceptibility Testing for the 2011 to 2012 study period (http://www.eucast
.org/).

Assessment of microbiological relevance. The microbiological rele-
vance of 50 samples consecutively selected for each species of CoNS was
evaluated according to the European manual of clinical microbiology
(EMCM) criteria for interpretation (17) (Table 1). Analysis was started
from the most recent sample to each previous sample, until reaching a
total of 50 samples. For blood cultures, CoNS were not considered con-
taminants if there were at least two positive samples for the same bacte-
rium (same species and same antimicrobial susceptibility) in two different
sets of blood cultures. For the catheter samples, culture was significant at
$1,000 CFU/ml or inferior provided it was associated with one blood
culture positive for the same bacterium, according to the Cleri criteria
(18) modified by Brun-Buisson (19). For urine samples, bacteriuria was
significant at $105 CFU/ml, when associated with leukocyturia at $104/

TABLE 1 Criteria for microbiological relevance of bacteria isolated from clinical specimens according to the European Manual of Clinical
Microbiology

Specimen type Culture result Direct examination result

Associated

flora Considered significant

Blood culture $2 positive bottles with same bacterium Yes

1 positive/1 performed No, but considered doubtful if

patient is coming from an

oncology ward

1 positive/$2 performed No

Urine $105 CFU/ml $104 leukocytes/ml Yes

Other results No

Intravascular catheter .1,000 CFU/ml Yes

,1,000 CFU/ml plus positive blood

culture with same bacterium

Yes

Other results No

Superficial $2 positive Cocci Gram positive Yes

1 positive/1 performed Cocci Gram positive 1 species Yes

Other results No

Deep $2 positive with same bacterium Yes

1 positive Cocci Gram positive 1 species Yes

1 positive Presence of neutrophil polynuclear cells Doubtful

Other results No

MALDI-TOF MS for CoNS Identification
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ml, or when $103 CFU/ml was detected for S. saprophyticus. For other
specimens, the criteria previously reported for Corynebacterium were
used, because CoNS are also inhabitants of skin and mucosal membranes
(17). The doubtful category was considered to be not relevant, and those
strains were considered to be contaminants in the analysis.

The CoNS studied were S. capitis, S. caprae, S. cohnii, S. epidermidis, S.
haemolyticus, S. hominis, S. lugdunensis, S. pettenkoferi, S. saprophyticus, S.
schleiferi, S. simulans, and S. warneri. Only 45 samples were studied for S.
cohnii and 42 samples for S. schleiferi. Representations of other species
were insufficient to be included in this assessment.

Statistical analysis. Statistical analysis was performed on the results of
staphylococcal identification between periods 1 and 2 to determine
whether staphylococcal identification with MALDI-TOF MS was signifi-
cantly different from the phenotypic identification for each species. The
two periods were compared using a chi-square test, with a P value of
,0.05 considered statistically significant.

We also tested the microbiological relevance of 50 randomly selected
clinical strains for statistical significance. Repartition between the two
groups, relevant or not relevant, on microbiological criteria was tested
using a chi-square test, with a P value of ,0.05 considered statistically
significant.

RESULTS

Laboratory identification of CoNS with phenotypic methods.
From1 January 2007 to 31August 2008 (period 1, Table 2), 12,479

staphylococci were isolated, of which 4,594 (36.8%) were identi-
fied as S. aureus and 7,885 were identified as coagulase negative.
Identification of CoNS during this period was performed with
phenotypic methods only. Among CoNS, 6,781 isolates were not
identified to the species level because they were considered con-
taminants, according to the 2007 Société Française deMicrobiolo-
gie criteria (14). Conversely, 1,104 (14%) isolates were considered
significant and identified as follows: S. epidermidis (694, [62.9%]),
S. capitis (52 [4.7%]), S. hominis (84 [7.6%]), S. haemolyticus (84
[7.6%]), and 190 others, comprisedmainly of S. saprophyticus (80
[7.2%]), S. lugdunensis (25 [2.3%]), and S. warneri (25 [2.3%]).

Laboratory identification of CoNS with MALDI-TOF MS.
From1 January 2011 to 31August 2012 (period 2, Table 2), 14,913
staphylococci were isolated, of which 5,066 (33.9%) were identi-
fied as S. aureus and 9,847 were identified as CoNS. One-third of
the isolation sites were superficial (cutaneous) or deep anatomical
regions (osteoarticular, vascular, digestive, or cerebrospinal), fol-
lowed by respiratory tract and blood (20% each), biomaterial/
catheter (9%), and urine (7%) samples. Individually, each of the
other type of samples (stool, ocular, and genital) represented
,5% of the anatomical sites for Staphylococcus isolation. Identi-
fication of CoNS during this period was performed with MALDI-
TOFMS only. Among the CoNS, 1,459 (14.8%) isolates that were

TABLE 2 Laboratory identification of staphylococci with phenotypic methods and MALDI-TOF MS in a clinical laboratory

Organism(s)

No. (%) of strains in period:

Comparison of periods 1

and 2 (all staphylococci)

(P value)

1, isolated from

2007 to 2008 by

phenotypic

methods

(n 5 12,479)

2, isolated from 2011 to 2012 by MALDI-TOF

MS identification (n 5 14,913)

All staphylococci All staphylococci Blood cultures

S. aureus 4,594 (36.8) 5,066 (34) ,0.001

Nonidentified CoNS 6,781 (54.3) 1,459 (9.8)

Identified CoNS 1,104 (8.9) 8,388 (56.2)

S. epidermidis 694 (62.9) 5,259 (62.7) 1,388 (26.4) 0.915

S. hominis 84 (7.6) 698 (8.3) 396 (56.7) 0.418

S. haemolyticus 84 (7.6) 975 (11.6) 150 (15.4) ,0.001

S. capitis 52 (4.7) 552 (6.6) 194 (35.1) 0.017

S. warneri 25 (2.3) 278 (3.3) 62 (22.3) 0.064

S. lugdunensis 25 (2.3) 205 (2.4) 17 (8.3) 0.716

S. simulans 7 (0.6) 78 (0.9) 2 (2.6) 0.330

S. saprophyticus 80 (7.2) 80 (1) 3 (3.8) ,0.001

S. caprae 7 (0.6) 56 (0.7) 1 (1.8) 0.897

S. pettenkoferi 0 54 (0.6) 30 (55.6)

S. schleiferi 1 (0.1) 30 (0.4) 3 (10) 0.176

S. cohnii 10 (0.9) 35 (0.4) 5 (14.3) 0.030

S. pasteuri 14 (1.3) 25 (0.3) 9 (36) ,0.001

S. intermedius 3 (0.3) 17 (0.2) 0 0.639

S. sciuri 1 (0.1) 14 (0.2) 5 (35.7) 0.555

S. auricularis 3 (0.3) 9 (0.1) 0.163

S. xylosus 6 (0.5) 9 (0.1) 0.002

S. saccharolyticus 5 (0.5) 7 (0.08) 0.004

S. condimenti 0 3 (0.04)

S. piscifermentans 0 3 (0.04)

S. carnosus 0 1 (0.01)

S. vitulinus 1 (0.1) 0

S. lentus 1 (0.1) 0

S. chromogenes 1 (0.1) 0

Argemi et al.
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not tested with MALDI-TOF MS were from throat and vaginal
swabs that were examined only for beta-hemolytic streptococci,
according to the 2010 Société Française de Microbiologie criteria
(15). The 8,388 CoNS remaining were identified as follows: S.
epidermidis (5,259 [62.7%]), S. haemolyticus (975 [11.6%]), S.
hominis (698 [8.3%]), S. capitis (552 [6.6%]), and another 904.
These other 904 CoNS were mainly S. warneri (278 [3.3%]), S.
lugdunensis (205 [2.4%]), S. saprophyticus (80 [1%]), and S. simu-
lans (78 [0.9%]).

Comparison between periods 1 and 2. Statistical analysis re-
vealed that S. aureus identification was significantly different for
the 2 periods (P , 0.005).With regard to CoNS, the identification
rates during period 2 were significantly different from those in
period 1 for S. haemolyticus, S. capitis, S. saprophyticus, S. cohnii, S.
pasteuri, S. xylosus, and S. saccharolyticus. Conversely, the identi-
fication rates were not significantly different for S. epidermidis, S.
hominis, S. warneri, S. lugdunensis, S. simulans, or S. caprae. Some
CoNS identified with MALDI-TOF MS, S. pettenkoferi, S. condi-
menti, S. carnosus, and S. piscifermentans, were never identified
with phenotypic method.

Percentage of strains isolated from blood cultures. The per-
centage of strains isolated from blood cultures (Bactec bottles in-
cubated in Bactec 9240 instruments; Becton Dickinson) was de-
termined from 1 January 2011 to 31 August 2012 and compared
with that of all remaining sites of isolation after the removal of
duplicate data (Table 2). The isolation rate in blood cultures was
particularly high for S. hominis (396/698 [56.7%]) and S. petten-
koferi (30/54 [55.6%]). In contrast, some species, S. intermedius
(0), S. caprae (1/56 [1.8%]), S. simulans (2/78 [2.6%]), S. sapro-
phyticus (3/80 [3.8%]), and S. lugdunensis (17/205 [8.3%]), were
rarely isolated in blood cultures.

Antimicrobial susceptibility testing. Table 3 shows the results
of antimicrobial susceptibility testing performed during the study
period. S. haemolyticus displayed the highest rate of oxacillin re-
sistance, at 87% among the 661 isolates tested; S. epidermidis was
also resistant, at a high rate of 71% among 3,640 isolates tested,

while S. hominis was 54.1% resistant among 525 isolates tested.
None of the S. schleiferi isolates tested (n 5 19) displayed oxacillin
resistance, while resistance remained low for S. lugdunensis, (2%
[n 5 147]), S. simulans (2% [n 5 48]), and S. caprae (5.7% [n 5

35]). Resistance remained intermediary for S. warneri (23%
among 204 strains), S. saprophyticus (32.5% among 77 strains), S.
cohnii (36%among 25 strains), S. capitis (37%among 392 strains),
and S. pettenkoferi (43.2% among 44 strains).

Microbiological relevance. The putative pathogenic role of
CoNS was determined as detailed above, consecutively selecting
50 isolates for each species while taking into consideration the
microbiological criteria of significance, as detailed in Table 1 (17).
The results displayed various rates of relevance. S. pettenkoferi was
responsible for a putative clinical infectious process in only 2% of
the case files studied, S. cohnii in 10%, and S. epidermidis in 14%.
Conversely, S. lugdunensis displayed the highest rate of pathoge-
nicity: 40% of the 50 strains selected were considered significant,
based onmicrobiological criteria. Statistical analysis revealed that
the repartition between relevant and nonrelevant groups was sta-
tistically significant, with a P value of ,0.001.

DISCUSSION

This study assessed the implementation of mass spectrometry in a
microbiological laboratory for the identification of CoNS. The
results show that using MALDI-TOF MS in a hospital laboratory
increased the identification of CoNS to approximately 85%,
whereas only 14% of these staphylococci were identified to the
species level prior to MALDI-TOF MS being available. This pre-
vious lack of identification was compounded by the high cost and
time required for phenotypic tests, as well as the usual poor clin-
ical significance of a majority of CoNS isolated from clinical spec-
imens. Conversely, mass spectrometry is notably able to more
accurately carry out S. aureus identification than when using slide
or tube coagulase tests, and it is faster and cheaper than any cur-
rent automated system using phenotypic tests (20, 21).

Some studies based on phenotypic identifications previously

TABLE 3 Oxacillin resistance and microbiological relevance of clinical strains of CoNS isolated in a clinical laboratory

CoNS studied

Data for strains isolated during the 2007-2008 and 2011-2012 study periods

Oxacillin resistance data Microbiological relevance data

No. of antibiograms

performed No. (%) No. of strains

No. (%) considered:

Relevant Doubtful Not relevant

S. epidermidis 3,640 2,584 (71) 50 7 (14) 5 (10) 38 (76)

S. hominis 525 284 (54.1) 50 11 (22) 0 39 (78)

S. haemolyticus 661 575 (87) 50 11 (22) 11 (22) 28 (56)

S. capitis 392 145 (37) 50 9 (18) 6 (12) 35 (70)

S. warneri 204 47 (23) 50 9 (18) 6 (12) 35 (70)

S. lugdunensis 147 3 (2) 50 20 (40) 13 (26) 17 (34)

S. saprophyticus 77 25 (32.5)

S. simulans 48 1 (2.1) 50 11 (22) 3 (6) 36 (72)

S. pettenkoferi 44 19 (43.2) 50 1 (2) 4 (8) 45 (90)

S. caprae 35 2 (5.7) 50 11 (22) 5 (10) 34 (68)

S. cohnii 25 9 (36) 45 4 (9) 7 (16) 34 (76)

S. schleiferi 19 0 42 11 (26) 5 (12) 26 (62)

S. pasteuri 15 1 (6.7)

S. intermedius 15 2 (13.3)

Total no. 5,847 3,696 526

MALDI-TOF MS for CoNS Identification
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assessed the clinical significance and species distribution of CoNS
in various clinical specimens. Kleeman et al. (22) studied the spe-
cies distribution of 499 CoNS identified by phenotypic methods
and found results similar to those reported here with regard to the
isolation frequency for each species. S. epidermidis constituted
64.5%of all CoNS identified (versus 62.7% in our study), followed
by S. haemolyticus (13.4% versus 11.6% in our study), S. hominis
(7.4%versus 8.3% in our study), and S. warneri (4.0%versus 3.3%
in our study). In our study, based on a greater number of isolates,
we also found other species not identified in the Kleeman et al.
(22) study, such as S. pettenkoferi, S. schleiferi, S. pasteuri, S. inter-
medius-S. pseudintermedius, and S. sciuri.

Interestingly, about 40% of the S. haemolyticus isolates in our
study came from respiratory specimens, while only 4% of the S.
hominis isolates did. Likewise, S. haemolyticus was found in urine
specimens in 11% of the cases and S. hominis in ,0.1%. There-
fore, it could be postulated that S. haemolyticus is a normal inhab-
itant of mucosal membranes, such as those of the mouth or uri-
nary tract, whereas S. hominis is a normal inhabitant of the skin.

Statistical analysis of staphylococcal distribution between pe-
riods 1 and 2 revealed that MALDI-TOF MS allowed a signifi-
cantly higher rate of identification to be determined for S. aureus,
S. haemolyticus, S. capitis, S. saprophyticus, S. cohnii, S. pasteuri, S.
xylosus, and S. saccharolyticus. In addition, the use ofMALDI-TOF
MS revealed the further occurrence of certain species not well
known until recently, such as S. pettenkoferi, S. condimenti, and S.
piscifermentans. These species are not included in commercially
available identification systems based on phenotypic features, and
false identification might often occur with these systems (see Ta-
ble S1 in the supplemental material) (23–25). A total of 54 S.
pettenkoferi strains were identified during the study period, of
whichmore than half originated fromblood cultures. Of note, this
species had never been isolated in our laboratory prior to the use
of MALDI-TOF MS. From a clinical standpoint, it should be em-
phasized that this pathogen was described in several pathological
instances, especially in immunocompromised patients, blood-
stream infections, osteomyelitis, and wound infections (24–26).
Its identification with the use ofMALDI-TOFMSmight therefore
have valuable clinical consequences.

Based on phenotypic identifications, Tan, Ng, andNg (27) also
revealed some differences in clinical significance between 175 var-
ious CoNS. The authors notably found that 91% of the 53 strains
of S. lugdunensis studied appeared to be clinically significant. They
also found S. haemolyticus and S. capitis to be less virulent than S.
epidermidis and S. warneri, which was not the case in our study.
This may be explained by the smaller number of strains examined
in that study.

Since its characterization in 1988 by Freney et al. (28), S. lug-
dunensis has been considered a potential emerging pathogen.
Based on a retrospective study, Elamin et al. (29) showed that
implementation ofMALDI-TOFMS in 2010 for routine diagnos-
tic use allowed the identification of 559 S. lugdunensis strains
among 20,806 CoNS during a 24-month period, whereas 31 iso-
lates were identified in the preceding 24 months using conven-
tional methods (29). They also performed a clinical analysis for
478 individual isolates of S. lugdunensis and found no infectious
diagnosis for 80 strains (16.7%), wound infection for 124 strains
(25.9%), 99 abscesses (20.7%), and 12 significant bacteremias
(2.5%), with 2 endocarditis cases (0.4%). In our study, S. lug-
dunensis was found to be microbiologically relevant in 40% of the

cases, in contrast to the remaining CoNS, whose microbiological
relevance was never .26%. The 50 S. lugdunensis isolates selected
here for microbiological analysis originated from various inde-
pendent sampling sites: superficial specimens (n 5 20), deep-tis-
sue specimens (n 5 15), bone/synovial fluid/prosthetic joints (n 5

10), intravascular catheters (n 5 2), urine (n 5 1), heart valve (n 5

1), and blood culture (n 5 1). Such associations of S. lugdunensis
with severe infections were previously reported in various patient
cases and series, including specimens from various origins, i.e.
endocarditis, skin and soft tissue infections, arthritis, prosthetic
joint infections, sepsis without identified gateway, pseudo-toxic
shock syndrome, necrotizing sinusitis, and brain abscesses (30–
35). S. lugdunensis is the second cause of endocarditis due to
CoNS, with a poor prognosis in 40% of cases (36). Putative viru-
lence factors have been described in S. lugdunensis that may ex-
plain its pathogenicity, including a fibrinogen binding protein, a
von Willebrand factor binding protein, and possibly a delta-like
hemolysin and a beta-hemolysin, although these hemolysins have
not been correlated with any clinical type or severity of infection
(37–39). The fibrinogen binding protein, also called the clumping
factor, yields a positive result in slide coagulase and rapid latex
agglutination tests, leading to its misidentification as S. aureus.

Interestingly, in our study, S. schleiferi was the second most
important CoNS for its pathogenicity. This pathogen expresses a
clumping factor, as does S. lugdunensis, and it also displays beta-
hemolysin activity that may be responsible for its erroneous iden-
tification as S. aureus in the routine laboratory setting (37, 40).
Clinical reports that describe infectionswith this pathogen remain
scarce, although they appear unusual in their presentation and
severity for a CoNS-mediated infection (40, 41). The production
of a fibrinogen affinity factor might be involved in colonization of
the vascular endothelium, one of the primary events in the patho-
genesis of infective endocarditis, and its implication has been re-
ported in experimental models of endocarditis (42).

Our study also reveals that .50% of the S. hominis and S.
pettenkoferi isolates were recovered from blood cultures. There is
no clear explanation for this observation. Previous studies report-
ing the diversity of CoNS in blood cultures remain sparse and
mostly have described the presence of S. epidermidis and S. hae-
molyticus, likely because they are the two most frequently isolated
CoNS in microbiology laboratories (43–46). The rate of isolation
in blood cultures was not correlated with pathogenicity in our
study, since S. hominis and S. pettenkoferi displayed a low rate of
pathogenicity.Moreover,most of these isolates came froma single
positive blood culture; therefore, this could be considered a prob-
able contaminant.

The antimicrobial susceptibility testing revealed a globalmeth-
icillin sensitivity of 66%, which is similar to the 70% rate reported
in the literature (1, 4). Nevertheless, it is noteworthy to compare
the rate of methicillin resistance for each strain to its pathogenic-
ity. The present results show that some of the rates are inversely
related. S. lugdunensis and S. schleiferi, CoNS species that have the
highest rates of pathogenicity, at 40% and 26%, respectively, also
remained methicillin sensitive in 98% and 100% of the cases ex-
amined, respectively. Conversely, S. haemolyticus and S. epidermi-
dis were methicillin resistant in 87% and 71% of cases, respec-
tively, but displayed low pathogenicity scores of about 22% and
14%, respectively. The impact of S. aureus methicillin resistance
on clinical virulence is still a matter of debate. Pozzi et al. (47)
recently published an in vitro study showing thatmethicillin resis-
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tance might attenuate S. aureus virulence (through repression of
agr transcriptional activity and reduced protease production) and
biofilm production in device-associated infections. Such observa-
tions have not been made in CoNS, although our data potentially
support this hypothesis.

Several limitations of the present study should be acknowl-
edged. Regarding themethod described for phenotypic identifica-
tion, it is well known that free coagulase is present in highly patho-
genic species of staphylococci from animals (S. intermedius from
dogs, S. delphini from dolphins, S. hyicus from pigs, and S. lutrae
from otters), and S. lugdunensis, S. schleiferi, and S. saprophyticus
can give positive results when tested with the slide agglutination
test (48). Therefore, non-aureus Staphylococcus strainsmight have
been misidentified as S. aureus. It also has to be noted that some
deficient S. aureus strains lack both free coagulase and clumping
factor, and some of these strains might have been misidentified in
our study as coagulase-negative staphylococci. However, this bias
should be very limited in our study, as both the free coagulase and
slide agglutination tests were routinely performed for all isolates,
and confirmation with Vitek 2 was systematically performed for
deep-tissue samples or when discrepant results were obtained
with tube and slide tests.

Another limitation in our study is that we selected for the
MALDI-TOF analysis all the CoNS identified to the species level,
meaning those with an identification score of $2. However, dur-
ing this study period, it appears that 8%of the staphylococci tested
with MALDI-TOF did not reach this threshold, were identified to
genus level only, and were omitted from the analysis. Regarding
the microbiological significance analysis, the main limitation is
the methodology used to determine pathogenicity. Only microbi-
ological criteria were examined and not clinical criteria. It could
be postulated that while the microbiological criteria of signifi-
cancewere fulfilled according to EMCMguidelines in this study, it
does not necessarily imply that the CoNS were involved in an
ongoing infectious process. Nevertheless, the findings described
here strongly correlate with previous data from the literature and
may represent the first step toward a larger clinical/microbiolog-
ical prospective analysis to confirm the role of certain CoNS spe-
cies identified through the use of MALDI-TOF MS. This is espe-
cially true for S. lugdunensis, which appears to be one of the most
pathogenic of the CoNS species. Another limitation regarding
identification rate has to be pointed out. We compared the iden-
tification rates from periods 1 and 2, but in addition to using
MALDI-TOF MS, more isolates were actually worked out in pe-
riod 2 (1,104 CoNS in period 1 versus 8,388 in period 2). This
difference might account for some of the differences in the ID
rates between periods 1 and 2. Even if statistical analysis reveals
significantly different ID rates, these data have to be read into
carefully and confirmed.

In conclusion, the requirement of an accurate and cost-effec-
tivemethod, such asMALDI-TOFMS, to identify even rare CoNS
cannot be overlooked at a time when the clinical significance of
some CoNS appears to be very heterogenous (49). Exhaustive
identification of CoNS by MALDI-TOF MS as well as microbio-
logical criteria allow few suspect staphylococcal species to be iden-
tified as having a significant pathogenicity close to that of S. au-
reus, at least for S. lugdunensis. The heterogeneity of S. lugdunensis
isolates is under investigation through a clinical and prospective
study, as well as the possibility of a specific virulence content for
the species.
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Vitek 2 

GP and ANCa

Maldi Biotyper databases 

used in this study

Maldi Biotyper database 

current version

Period 1 Period 2

V3.0.2.0_3476 

at 1st Jan., 2011

V3.1.1.0_3740 

updated 29th July, 2011

V3.1.2.0_ 3955 

updated 15th Nov., 2011

V4.0.0.1_5627 

updated 4th Feb., 2014

species (subspecies) species (subspecies) species (subspecies) species (subspecies)

S. arlettae + 2 2 2 3

S. aureus (ssp. anaerobius / ssp. aureus) + (-/-) 12 (1/7) 12 (1/7) 12 (1/7) 14 (1/9)

S. auricularis + 1 1 2 3

S. capitis (ssp. capitis / ssp. urealyticus) + (+/+) 6 (4/1) 6 (4/1) 6 (4/1) 7 (5/1)

S. caprae + 1 1 2 8

S. carnosus (ssp. carnosus / ssp. utilis) + (+/-) 3 (1/2) 3 (1/2) 3 (1/2) 3 (1/2)

S. chromogenes + 1 1 1 1

S. cohnii (ssp. cohnii / ssp. urealyticus) + (+/+) 5 (3/2) 5 (3/2) 5 (3/2) 6 (3/2)

S. condimenti - 2 2 2 2

S. delphini - 1 1 1 3

S. epidermidis + 9 9 9 10

S. equorum (ssp. equorum) + (-) 2 (2) 2 (2) 2 (2) 4 (2)

S. felis - 1 1 1 8

S. fleurettii - 1 1 1 1

S. gallinarum + 0 0 0 0

S. haemolyticus + 8 8 8 12

S. hominis (ssp. hominis / ssp. novobiosepticus) + (+/+) 6 (3/1) 6 (3/1) 6 (3/1) 7 (3/1)

S. hyicus + 2 2 2 2

S. intermedius + 2 2 2 3

S. kloosii + 4 4 4 4

S. lentus + 2 2 2 2

S. lugdunensis + 5 5 6 7

S. lutrae - 3 3 3 6

S. muscae - 1 1 1 1

S. nepalensis - 2 2 2 2

S. pasteuri + 2 2 2 8

S. pettenkoferi - 4 4 5 6

S. piscifermentans - 1 1 2 2

S. pseudintermedius - 1 1 1 5

S. saccharolyticus  + 2 2 2 5

S. saprophyticus (ssp. bovis / ssp. saprophyticus) + (-/-) 8 (1/7) 8 (1/7) 8 (1/7) 10 (1/9)

S. schleiferi (ssp. coagulans / ssp. schleiferi) + 6 (2/3) 6 (2/3) 6 (2/3) 7 (3/3)

S. sciuri (ssp. carnaticus / ssp. rodentium / ssp. sciuri) + 4 (1/1/2) 4 (1/1/2) 4 (1/1/2) 4 (1/1/2)

S. simiae - 4 4 4 4

S. simulans + 5 5 5 9

S. succinus (ssp. casei / ssp. succinus) - 2 (1/1) 2 (1/1) 2 (1/1) 2 (1/1)

S. vitulinus + 3 3 3 5

S. warneri + 4 4 4 6

S. xylosus + 4 4 4 4

S. sp. 2 5

Total Staphylococcus species 27 38 38 38 38

Total mass spectra in Maldi Biotyper Database NA 132 132 139 201

Table S1 Vitek 2 and Maldi Biotyper Databases

The number of spectra for each Staphylococcus species (and subspecies in brackets) present in the successive Maldi Biotyper databases used in this study are indicated in 

column. The content of the latest Maldi Biotyper database release (current version at march 2013) is indicated for comparison in the last column. The presence of 

Staphylococcus species (and subspecies in brackets) in the Vitek 2 database is indicated by “+”, and absence of the species is indicated by “-”. 

NA: not applicable.
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Letter to the Editor

Staphylococcus lugdunensis: a virulent pathogen causing bone and joint infections

Dear Sir,

Staphylococcus lugdunensis is a coagulase-negative staphylo-

coccus that has emerged over the past 10 years as a significant

pathogen. Several clinical studies have emphasized its pathoge-

nicity compared with other coagulase-negative staphylococci

causing mainly skin and soft-tissue infections [1]. In a previous

study, we used matrix-assisted laser desorption/ionization with

time-of-flight mass spectrometry (MALDI-TOF MS) to identify

strains and observed that S. lugdunensis exhibited the highest rate

of virulence (40%) of the strains isolated, which were involved in

an infectious process [2]. Here, we conducted a retrospective study

to analyse all S. lugdunensis strains isolated in the laboratory be-

tween 2010 and 2014 and assessed the clinical significance of

each sample.

We collected all staphylococci identified in our institution from

January 2010 to January 2014. The identification of all bacteria was

performed using MALDI-TOF MS as previously described [2]. Med-

ical records from the patients included in the study were catego-

rized according to the patient's clinical and microbiological data.

Bacteraemiawas considered to be proven if at least two blood sam-

ples were positive. Bacteraemiawas considered doubtful if only one

bottle was positive but patients presented with signs of sepsis and

no differential diagnosis. Bone, joint and prosthetic joint infections

were proven if at least two samples were positive, according to In-

fectious Diseases Society of America guidelines [3]. If the Infectious

Diseases Society of America criteria were not fulfilled, but medical

records were suggestive of a bone and joint infection caused by S.

lugdunensis, then we categorized the case as being doubtful. For

skin and soft-tissue, we used national microbiological guidelines

to interpret samples in association with medical record data. If pa-

tients presented with local or general signs of infection and a

monomicrobial sample, we considered the case as being proven,

whereas cases involving polymicrobial samples were considered

doubtful. Statistical analyses were performed using STATA software,

version 11.0 (Stata Corp., College Station, TX). Patients' baseline

characteristics were compared with Fisher exact test or by c
2 anal-

ysis for differences in proportions. p values were two-sided and

considered statistically significant if p <0.05. The study was

approved by the French Ethical Committee (CPP IV Est, Strasbourg,

France) (see Table 1).

In total, 11 605 strains of staphylococci were identified during

the study period, including 3486 (30%) Staphylococcus aureus,

4727 (40.7%) Staphylococcus epidermidis, 558 (4.8%) Staphylococcus

haemolyticus, 215 (1.8%) S. lugdunensis and 2619 (22.5%) other

coagulase-negative staphylococci. After removing duplicate sam-

ples from the same patients, 168 cases of S. lugdunensis remained

in our study data set. Among these, 67 (39.9%) strains arose from

bone and joints, 44 (26.2%) came from skin and soft tissue, and

27 (16.1%) from blood cultures. Thirty (17.8%) of our patients

were excluded: 25 because of sample mislabelling, three because

they were <18 years of age, and two because medical records

were not available. Samples mislabelled were defined as those

without information regarding their origin. Among the 67 strains

arising from bone, joint and prosthetic joints, 39 patients pre-

sented with a proven infection, 23 were doubtful, and five were

considered as contaminations. Among the 39 proven infections

the samples were collected directly from surgery for 35 patients:

bone biopsies, soft-tissue biopsies and sonication of removed pros-

thesis. Joint aspiration was performed for four patients. Twenty-

five (64.1%) infections occurred on prosthetic materials: 15 pros-

thetic joints (knee, n¼ 12; hip, n¼ 2; shoulder, n¼ 1), ten osteo-

synthesis/arthrodesis (knee, n¼ 2; ankle, n¼ 2; spinal, n¼ 2;

tibial, n¼ 2; toe, n¼ 2). Nineteen infections (48.7%) were consid-

ered acute and 20 (51.3%) were chronic. Regarding the 44 skin

and soft-tissue infections, 18 were considered proven, 15 doubtful,

and 11 as contaminations. Ten (55.6%) patients had a clinical ab-

scess (five of which were in the breast), and it is of interest to

note that one patient had a necrotizing infection. Thirteen epi-

sodes of proven bacteraemia were identified, whereas six

remained doubtful and eight samples were considered as contam-

inations. Among the patients with proven bacteraemia, three cases

of endocarditis were recorded. Fifty-six patients (80%) among the

70 with proven infections underwent surgical intervention for S.

lugdunensis infection and 55 had confirmatory cultures from sur-

gery. Antibiotic treatment targeted specifically S. lugdunensis in

60 patients among 70. This retrospective study confirmed that S.

lugdunensis is frequently involved in pathogenic processes as 41%

of the clinical isolates examined were not considered as contami-

nants. This rate is in accordance with our previously published

data and the literature [2,4]. Bone and joint infections were

frequent sources in this study, one possible explanation for this

is the choice of methodology used by our laboratory to analyse

joint fluid and prosthetic devices. Indeed, bacteriologists systemat-

ically inoculate paediatric blood culture bottles (BACTEC PED PLUS,

BD Diagnostics, Le Pont de Claix, France) for joint-fluid analysis

and sonicate prosthetic materials before the inoculation of culture

media. We also found that most of the patients presenting with

proven bone and joint infections did not have fever or neutrophilic

leucocytosis even if those parameters were collected before antibi-

otic or surgical treatment. Our study is limited by its retrospective

design, but a prospective study is ongoing and aims to evaluate the

pathogenicity of S. lugdunensis and describe its specific infectious

features (NCT02026895).
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Table 1

Characteristics of patients presenting with proven Staphylococcus lugdunensis infection (n¼ 70)

Bone and joint

infections (n ¼ 39)

Skin and soft-tissue

infection (n ¼ 18)

Bacteraemia (n ¼ 13) p a

Age (years) 63.1 52.4 62.6 0.086

Sex (male/female) 21/18 8/10 10/3 0.187

Nosocomial infection 19 (48.7%) 7 (38.9%) 10 (66.0%) 0.099

Community infection 20 (51.3%) 11 (61.1%) 3 (23.1%) 0.099

Co-morbidities

Diabetes 11 (28.2%) 5 (27.8%) 4 (30.8%) 0.665

Renal insufficiency 8 (20.5%) 2 (11.1%) 5 (38.5%) 0.183

Cancer 3 (7.7%) 3 (16.7%) 4 (30.8%) 0.113

Congestive heart failure 6 (15.4%) 0 5 (38.5%) 0.015

Charlson co-morbidity index 4.1 3.2 6.3 0.017

Foreign bodies/prosthetic joints 25 (64.1%) 0 10 (76.9%) <0.001

Clinical characteristics

Fever 5 (12.8%) 6 (33.3%) 11 (84.6%) <0.001

Neutrophilic leucocytosis 4 (10.3%) 7 (38.9%) 6 (46.2%) 0.008

Neutropenia 0 0 1 (7.7%) 0.108

Elevated C-reactive protein 29 (74.4%) 13 (72.2%) 13 (100%) 0.111

Mean C-reactive protein measurement (mg/L) 66.9 64.4 135.1 0.081

Mortality due to S. lugdunensis infection 1 (2.6%) 0 3 (23.1%) 0.011

a p values were considered statistically significant if p <0.05
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a b s t r a c t

Objective: Staphylococcus lugdunensis is a coagulase-negative staphylococcus that displays an unusually

high virulence rate close to that of Staphylococcus aureus. It also shares phenotypic properties with

S. aureus and several studies found putative virulence factors. The objective of the study was to describe

the clinical manifestations of S. lugdunensis infections and investigate putative virulence factors.

Method: We conducted a prospective study from November 2013 to March 2016 at the University

Hospital of Strasbourg. Putative virulence factors were investigated by clumping factor detection,

screening for proteolytic activity, and sequence analysis using tandem nano-liquid chromatography-mass

spectrometry.

Results: In total, 347 positive samples for S. lugdunensis were collected, of which 129 (37.2%) were from

confirmed cases of S. lugdunensis infection. Eighty-one of these 129 patients were included in the study.

Bone and prosthetic joints (PJI) were the most frequent sites of infection (n ¼ 28; 34.6%) followed by skin

and soft tissues (n ¼ 23; 28.4%). We identified and purified a novel protease secreted by 50 samples

(61.7%), most frequently associated with samples from deep infections and PJI (pr 0.97 and pr 0.91,

respectively). Protease peptide sequencing by nano-liquid chromatography-mass spectrometry revealed

a novel protease bearing 62.42% identity with ShpI, a metalloprotease secreted by Staphylococcus hyicus.

Conclusion: This study confirms the pathogenicity of S. lugdunensis, particularly in bone and PJI. We also

identified a novel metalloprotease called lugdulysin that may contribute to virulence. X. Argemi, Clin

Microbiol Infect 2017;23:334.e1e334.e8

© 2016 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.

Introduction

Coagulase-negative staphylococci (CoNS) are major human skin

flora crucial for maintaining homeostasis of the skin microbiome.

However, CoNS are also recognized as significant pathogens mainly

causing nosocomial infections in patients with epithelial barrier

breaches [1]. Staphylococcus epidermidis, Staphylococcus hominis
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and Staphylococcus haemolyticus are the most frequently isolated

CoNS in human diseases, but matrix-assisted laser desorption

ionization time-of-flight mass spectrometry (MALDI-TOF/MS) has

revealed other infectious CoNS species, such as Staphylococcus

lugdunensis [2]. This CoNS is part of the normal skin flora, partic-

ularly in the pelvic region, groin area, lower extremities and axillae

[3]. Clinical reports have shown that rates of virulence for noso-

comial and community infections as well as the level of severity are

similar to that of S. aureus [2,4]. Among other phenotypic similar-

ities, S. lugdunensis shares with S. aureus a linked coagulase that

yields a positive result in slide coagulase and rapid latex aggluti-

nation tests, often leading to misidentification as S. aureus [5].

Staphylococcus lugdunensis expresses various adhesion factors that

are possibly involved in endocarditis, including vonWillebrand and

fibrinogen adhesion proteins as well as cytotoxic factors, i.e. a d-like

haemolysin, b-haemolysin and haemolysin III [6]. It is also able to

produce a biofilm that is mainly proteinaceous and is the only CoNS

carrying an ESAT-6 system [7]. In addition, S. lugdunensis encodes a

streptolysin S-like toxin system and iron-regulated surface deter-

minant similar to S. aureus in terms of organization and sequence.

Genes for enterotoxins G and I were identified from clinical samples

[8]. The clinical presentation of severe S. lugdunensis infection may

be caused by virulence factor production. For example, necrosis was

observed in some skin or deep infections, suggesting that

S. lugdunensis elicits a non-appropriate inflammatory response or

produces aggressive compounds, such as cytolysins and entero-

toxins, as found in some S. aureus infections [9]. Staphylococcus

lugdunensiswas also involved in bone and joint infections that may

be facilitated by the production of the metalloprotease aureolysin,

as recently demonstrated for S. aureus [10]. The main objective of

this prospective study is to describe the clinical manifestations of

S. lugdunensis infection and to assess the role of various in vitro

factors that could be associated with virulence. To this end, we

conducted a prospective study of all S. lugdunensis infections

encountered and evaluated putative virulence factors at the labo-

ratory level.

Materials and methods

Population study and ethical approval

This prospective study was conducted from November 2013 to

March 2016 at the University Hospital of Strasbourg, France.

Microbiological analyses were performed at the hospital laboratory

and virulence factor investigations were performed at the Medical

University Laboratory, EA7290. The study and consent forms were

approved by the French Ethics Committee (IDCRB-2013-A01057-

38) and promoted by the University Hospital of Strasbourg (PRI

2013eHUS no. 5616). This study was also registered at clinicaltrial.

gov under number NCT02026895.

Inclusion criteriawere age>18 years and S. lugdunensis infection

as confirmed by clinical signs and previously published microbio-

logical criteria [2]. Bone, joint and prosthetic joint infections (PJIs)

were defined by two or more positive intraoperative cultures or a

combination of positive preoperative aspiration and intraoperative

cultures according to the PJI guidelines of the Infectious Diseases

Society of America (IDSA) [11]. For patients with only one bone

sample positive for S. lugdunensis, infectionwas confirmed by three

criteria: clinical signs of infection, positive pure culture, and from

samples that did not come from known niches for this organism

(groin area, lower extremities or axillae) [3]. Bacteraemia was

confirmed if at least two blood samples were positive or if only one

bottle culture was positive, but the criteria of Souvenir et al. were

fulfilled [12]. Skin and soft-tissue infections were confirmed if the

patients presented with local signs of infection and two positive

microbiological samples or one positive sample but in pure culture.

Central venous catheter infections were defined by local signs of

infection and culture with � 1000 CFU/mL according to the Cleri

criteria modified by Brun-Buisson et al. [13]. For urinary tract in-

fections, we used national guidelines. Bacteriuria was considered

significant at �105 CFU/mL when associated with leucocyturia at

�104 CFU/mL. Exclusion criteria were age under 18 years and no

social insurance.

Data collection and follow up

Patients were clinically evaluated on enrolment. The following

biological parameters were recorded: haemoglobin level, platelet,

leucocyte, neutrophil and lymphocyte counts, creatinine clearance,

and C-reactive protein level. Patients were monitored for 1 month,

and the following immunological parameters were then collected:

leucocyte, neutrophil, lymphocyte, CD4þ T-cell, CD8þ T-cell, CD56þ

T-cell and CD20þ B-cell counts, complement levels (C3, C4, CH50)

and immunoglobulin dosage. Patients were categorized according

to the presence or absence of seven features indicative of virulence:

sepsis, deep infection, material infection, abscess, portal of entry for

the infection, bacteraemia, immune deficiency, and bone and joint

infection.

Strain identification and antimicrobial susceptibility

All strains were identified by MALDI-TOF/MS as previously

described according to the manufacturer's instructions (Bruker

Daltonics, Wissembourg, France) [2]. Antimicrobial susceptibility

testing was performed using a VITEK 2® automated ID/AST in-

strument (BioM erieux, Marcy l’Etoile, France) or agar diffusion tests

according to the recommendations of the European Committee on

Antimicrobial Susceptibility Testing for the 2013!2016 study

period [14]. Samples from prosthetic devices were systematically

sonicated and inoculated into paediatric blood culture bottles

(BACTEC PED PLUS, BD Diagnostics, Le Pont de Claix, France) in

addition to the regular culture method.

Virulence factors analysis

Clumping factor detection. A rapid latex agglutination test was

used to detect fibrinogen adhesion factor. Pastorex™ Staph Plus

(Bio-Rad, Marnes la Coquette, France) is a rapid slide latex agglu-

tination assay designed for the detection of S. aureus clumping

factor, capsular polysaccharide and protein A. However, protein A

has not been detected in S. lugdunensis and monoclonal antibodies

for capsular polysaccharides are species specific. Hence, a positive

result with S. lugdunensis favours the presence of clumping factor.

Screening for proteolytic activity. After identification, each strain

was cultured on MuellereHinton agar plates for 18 h at 37"C. A

single colonywas then inoculated into 100mL braineheart infusion

broth and incubated for 18 h at 37"C with shaking. Culture super-

natant was collected and filtered through 0.22-mm pore filters.

Protease activity was measured using azocasein (Sigma-Aldrich,

V elizy, France) as previously described [15]. One millilitre of the

supernatant was added to 200 mL of 7.5 M NaOH, and absorbance at

440 nm was measured to estimate protease activity. The limit of

detection for this test was defined as 3# SD of the mean for

negative controls.

Protease purification was achieved by ion-exchange chroma-

tography on an Akta Purifier (GE Healthcare, V elizy, France). The

strain VISLISI_22 was chosen for protease purification as it dis-

played a high proteolytic activity according to the azocasein assay.

Two-step chromatography was performed. Briefly, culture super-

natant from braineheart infusion broth was harvested by
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centrifugation (10 min at 7000 g and 4�C) and filtered through

0.45-mm pore filters (Merck-Millipore). Filtrate was then eluted

with ammonium sulphate (700mM, CaCl2 2mM, pH 8) after phenyl

source capture (GE Healthcare). A second step of purification on a

MonoQ column (GE Healthcare) with NaCl elution (NaCl 280 mM,

CaCl2 2 mM, pH 8) allowed identification of fractions, which were

retested for protease activity by the azocasein assay. The molecular

weight of each fraction was evaluated by SDSePAGE with Coo-

massie Blue staining. The 1D gel samples were washed and sub-

jected to enzymatic digestion by trypsin. Extracted tryptic peptides

were analysed by nano liquid chromatography-mass spectrometry

(LC-MS/MS), and sequences were compared against the

S. lugdunensis database using MASCOT. The liquid fraction of the

purified protease was analysed by LC-MS using an Alliance 2695

separation module coupled to a micrOTOF-Q mass spectrometer

(see Supplementary material, Data S1).

Whole genome sequencing

The whole genome sequence was obtained from strain

VISLISI_22, the strain used for the protease purification. DNA was

extracted and purified using the MasterPure™ DNA Purification kit

(Epicentre, Le Perray en Yvelines, France). Whole genome

sequencing was performed using Illumina technology: ILLUMINA

HISEQ 2500 (GATC Biotech AG, Konstanz, Germany). Raw data were

assembled using SPADES ASSEMBLER (v 3.9.0) and the sequence was

finished using the PAGIT toolkit from Sanger Institute [16,17]. The

assembled genome was compared with one of the available

genome, S. lugdunensis N920143 (NCBI Reference Sequence:

NC_017353.1) using INTEGRATIVE GENOME VIEWER [18]. Command lines

for the bioinformatics tools used are available in Supplementary

material, Data S2.

Gene distribution

After protease identification and whole genome sequencing, we

performed a PCR on all strains to examine the distribution of the

gene coding for the protease previously identified and sequenced.

DNA extraction and purificationwere performed as described in the

previous paragraph. The primers synthesized were as follow: 5’-

GATCGTCAACATTTGAATGAAT-3’ as the forward primer and 5’-

GTGCAGTATTCGTATCACCTGGA-3’ as the reverse primer, amplifying

a 372-bp region (Fig. 3). PCR was performed using a Taq PCR Kit

(E5000S PCR Kit, New England BioLabs, Evry, France). Thermal

cycling conditions included an initial denaturation step (30 s at

95�C), followed by 30 cycles of amplification (denaturation for 30 s

at 95�C, annealing for 30 s at 45�C and extension at 68�C for 1 min).

A final extension step of 5 min at 68�C was performed before

cooling at 4�C. PCR products were analysed by electrophoresis into

1 % agarose gels.

Statistical analysis

Continuous variables are expressed as mean (SD). Categorical

variables are expressed with frequency and percentages. Inferential

statistical analyses were conducted using Bayesian methods [19].

Logistic regressions were used to model the relationships between

the putative virulence factor and infection characteristics. Infection

characteristics were evaluated at baseline, during follow up and at

the final visit. Patients were categorized using the following

groups: presence of sepsis, deep infection, foreign body infection,

presence of abscess, presence of a portal of entry for the infection,

bacteraemia, presence of immune deficiency and PJI. All those

categories were analysed according to various variables detailed in

Table 2. The results are presented as OR with their 95% credibility

interval, and with the probability pr that the OR is >1 (which in-

dicates a positive association), i.e. pr Pr(OR >1). Larger values of this

probability (near 1) indicate higher likelihood of the OR being >1.

Smaller values of this probability (near 0) indicate higher likelihood

of the OR being <1 (negative relationship). A probability near 0.5 is

to be interpreted as a weak probability of a positive or negative

relationship. Bayesian analysis does not use the (frequentist) p-

value and the pr probability must not be confused with a p-value.

The log(OR) before was a moderately informative Gaussian distri-

bution (N (m ¼ 0, s2¼2.33)), which implies on prior grounds that

the OR has a prior 95% chance to be in the (1/20; 20) interval. Ac-

cording to the Bayesian theory, inference is based on the posterior

OR distribution.

The Bayesian analyses were run with JAGS 4.2.0. and R 3.2.0

softwares. After a burn-in of 5000 updates, 100 000 iterations were

performed and convergence was checked using trace plots of the

sample values for each iteration. Convergence was observed in all

cases.

Results

Patients

During the study period, 347 samples positive for S. lugdunensis

were collected, and 129 (37.2%) came from confirmed infections

(Fig. 1). Eighty-two of these 129 patients (63.6%) gave their consent

to participate in the study; three patients were excluded because of

age (<18 years), 47 did not give their consent, and one patient

withdrew consent. Among the 81 patients included in the analysis,

28 (34.6%) presented with bone and joint infections, 23 (28.4%)

with skin and soft-tissue infections, 8 (9.9%) with bacteraemia, 5

(6.2%) with urinary tract infections, and 17 (21%) with other in-

fections (five postoperative lymphocele infections, five deep ab-

scesses and seven other infections). One patient presenting with a

PJI also had one positive blood culture. Mean age of patients

included was 60 years, and a high proportion also had diabetes

(n ¼ 25; 30.9%) or cancer (n ¼ 26; 32.1%) (Table 1). Most patients

did not have fever on presentation (n ¼ 23; 28.4%). At a biological

level, leucocyte and neutrophil counts were usually normal (mean

9 ! 109/L and 6.2 ! 109/L, respectively; normal range 3.9 ! 109 to

10.5 ! 109/L) but C-reactive protein was significantly elevated

(mean 77.2 mg/L; normal value <4 mg/L). Most underwent surgery

because of S. lugdunensis infection (n ¼ 52; 64.2%). Regardless of

treatment modality, most were cured after 1 month of follow up

(n ¼ 67; 82.7%). T-cell and B-cell counts and complement dosage

were usually normal at follow up. All clinical and biological char-

acteristics were explored in all patient groups as described in the

Materials and methods (see Supplementary material, Table S1).

Microbiological results

All clinical isolates remained susceptible to methicillin, vanco-

mycin, fluoroquinolones and aminoglycosides. Thirty-five (42.7%)

were resistant to fosfomycin, 6 (7.3%) to erythromycin, and four to

fusidic acid. Six strains were small colony variants, three from PJI,

and three from skin and soft-tissue infections. Two strains were

rough colony variants, one from skin and soft-tissue infection, and

one from infected postoperative lymphocele. Slide agglutination

tests yielded positive results in 53 of 81 (65.4%) strains (see

Supplementary material, Table S2).

Protease identification and purification

Fifty of 81 strains identified (61.7%) displayed proteolytic ac-

tivity in the azocasein assay. Protease purification was performed

X. Argemi et al. / Clinical Microbiology and Infection 23 (2017) 334.e1e334.e8334.e3



with strain VISLISI_22 as it displayed strong proteolytic activity in

the azocasein assay. The source patient for the VISLISI_22 sample

presented with bacteraemia, endocarditis and septic embolism.

Ion-exchange chromatography yielded four fractions with proteo-

lytic activity, all with the same molecular weight of 37 kDa (Fig. 2).

Lane C in the SDSepolyacrylamide gel showed a putative degraded

form of the protease, representing 20% of the fraction. NanoLC-MS/

MS analysis after trypsin digestion of gel band C identified a neutral

metalloprotease protein with 78% sequence coverage (see

Supplementary material, Fig. S1). The LC-MS analysis of liquid

fraction C detected 2 components, eluted at 14 and 30.3 minutes

(see Supplementary material, Fig. S2). The average mass measured

for the major compound eluted at 30.3 min was 39 778.61 ± 0.47

Da. The average mass calculated for the sequence from serine res-

idue 92 to C-terminal asparagine residue 437 was 39 778.44 Da. A

homology search found 68% sequence identity with the ShPI met-

alloprotease (also named hycolysin, GenBank Accession number

CAA51745.1) described in another CoNS, S. hyicus. Alignment of the

peptidic sequences of ShPI from S. hyicus and the S. lugdunensis

VISLISI_22 protease using CLUSTAL revealed 216 identical positions,

97 similar positions, and a global identity score of 62.42%. ShpI is a

secreted pre-protein metalloprotease (harbouring an N-terminal

signal peptide) of the M30 family (MEROPS Accession number

MER0001182) with a typical HEXXH motif (H242 E243 Y244 Q245

H246) at the catalytic site. The VISLISI_22 protease lugdulysin has

an identical HEXXH catalytic site but different amino acid positions

(H150 E151 Y152 Q153 H154). The results obtained in our study

with strain VISLISI_22 and nano LC-MS/MS suggest that lugdulysin

is also a metalloprotease secreted in the form of a pre-protein. The

peptide sequence we obtained could represent the final secreted

form of lugdulysin as the molecular weight of both lugdulysin and

the mature form of ShpI from S. hyicus are close (37 and 39 kDa,

respectively).

Whole genome sequence of strain VISLISI_22

SPAdes assembly of raw fastq files produced 34 contigs with an

N50 of 167 kb. PAGIT applications suite produced a main chromo-

some of 2.6 Mb and 33.7% GC. Whole genome comparison with

S. lugdunensis N920143 shows that VISLISI_22 shared 94.7% of its

genome with this reference strain. Using INTEGRATIVE GENOME VIEWER

we aligned VISLISI_22 genomewith the genome from S. lugdunensis

strain N920143 and its annotation. We were able to locate the shpI

locus that is present in VISLISI_22 without any nucleotidic

Fig. 1. Recruitment of patients with positive samples for Staphylococcus lugdunensis.
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polymorphisms. The nucleic acid sequence was translated and the

resulting amino acids sequence is presented in Fig. 3. Protein

analysis confirms that lugdulysin is a secreted protein (peptide

signal sequence was identified using SIGNALP v 4.1 server) [20]. The

last 346 amino acids translated from this locus are identical to the

346 amino acids obtained by nano LC-MS/MS and constitute the

mature protein. The 64 amino acids that remain between the

putative signal peptide and this mature protein sequence match

with the propeptide region.

Lugdulysin gene distribution among the strains. All 81 isolates

tested with PCR were positive for the gene coding for lugdulysin.

Statistical analysis

Statistical analysis revealed that positivity for the clumping

factor was strongly associated with bacteraemia and immune

deficiency (pr ¼ 0.95 for both variables) (Table 2). On the contrary,

foreign body infections were not strongly associated with clumping

factor positivity (pr ¼ 0.05). Production of lugdulysin was also

strongly associated with deep infections and immune deficiency

(pr ¼ 0.97 and pr ¼ 0.98, respectively), bacteraemia, and bone, joint

or PJ infection site (pr ¼ 0.90 and pr ¼ 0.91, respectively). Diabetes

was strongly associated with bone, joint or PJ infection site and

with a portal of entry for the infection (pr ¼ 0.98 and pr ¼ 0.99,

respectively). Duration of hospital stay was strongly associated

with deep and foreign body infections (pr ¼ 1 and pr ¼ 0.99,

respectively) and with immune deficiency (pr ¼ 0.93). Regarding

patient follow up, surgery was highly associated with bone, joint or

PJ infection (pr ¼ 1). Finally, patients with abscesses were unlikely

to have deep infections, foreign body infections, bacteraemia

(pr ¼ 0 for all), or bone, joint, or PJ infections (pr ¼ 0.02).

Discussion

Although S. lugdunensis is not a commonly detected CoNS [2],

this prospective study confirms the clinical significance of infection.

In fact, a high proportion of the patients included in the study

required surgery because of S. lugdunensis infection, particularly

those with bone, joint or prosthetic joint infections.

This pathogen has been isolated more frequently from skin and

soft tissue infections than from bone, joint or PJ infections [4,21].

One possible explanation for the high incidence of bone, joint and

PJ infections in the current study is the methodology used in our

laboratory to analyse joint fluid and prosthetic devices. Bacteriol-

ogists systematically inoculate paediatric blood culture bottles

(BACTEC PED PLUS, BD Diagnostics, Le Pont de Claix, France) for

analysis of joint fluid, tissue specimens and sonicated prosthetic

materials before inoculation of culture media. Paediatric blood

culture bottles for joint fluid inoculation have proven useful for

Kingella kingae and Brucella melitensis septic arthritis and may also

Table 1

Clinical and biological characteristics of patients with Staphylococcus lugdunensis

infections

Patients with

Staphylococcus lugdunensis

infection (n ¼ 81)

Clinical parameters

Age, years, mean (IQR) 60 (22)

Male 37 (45.7%)

Female 44 (54.3%)

Charlson score, mean (IQR) 3.5 (3)

Cancer 26 (32.1%)

Diabetes 25 (30.9%)

BMI, mean (IQR) 28.4 (7.7)

T C, mean (IQR) 37.5 (1)

T C >38 C 23 (28.4%)

Biological parameters

Haemoglobin, g/dL, mean (IQR) 11.7 (2.6)

Platelets, 109/L, mean (IQR) 293 (135)

Leucocytes, 109/L, mean (IQR) 9 (5)

Neutrophils, 109/L, mean (IQR) 6.2 (3.9)

Lymphocytes, 109/L, mean (IQR) 1.6 (1.1)

Creatinine clearance, mL/min, mean (IQR) 79.4 (10)

CRP, mg/L, mean (IQR) 77.2 (94.6)

Microbiological data

Monomicrobial 62 (76.5%)

Polymicrobial 19 (23.5%)

1-month follow up

Death due to infection 0

Cured 67 (82.7%)

Length of hospital stay, days, mean (IQR) 15.2 (19)

Surgery performed 52 (64.2%)

Leucocytes, 109/L, mean (IQR) 7.3 (3)

Neutrophils, 109/L, mean (IQR) 4.6 (2.1)

Lymphocytes, 109/L, mean (IQR) 1.7 (1.2)

Gammaglobulins, g/L, mean (IQR) 11 (3.4)

IgG, g/L, mean (IQR) 11.5 (3)

LT CD4, cells/mm3, mean (IQR) 849 (641)

LT CD8, cells/mm3, mean (IQR) 409 (408)

Abbreviations: BMI, Body Mass Index was calculated as the weight in kilograms

divided by height in m2; CRP, C-reactive protein; IQR, interquartile range.

Fig. 2. Staphylococcus lugdunensis (strain VISLISI_22) protease purification. Elution after phenyl source® capture yielded two fractions with protease activity (lanes 1 and 2). Pu-

rification on a MonoQ® column allowed identification of four fractions with protease activity (from lane A to lane D). Lane MW, molecular weight.
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be useful for the identification of several other types of bacteria,

including staphylococci [22]. The presence of CoNS in deep sam-

ples, such as bone and joint fluid samples, is usually interpreted

with caution. For PJI, the IDSA recommends that at least two

samples yield the samemicroorganism tomitigate the possibility of

contamination (except for known highly virulent pathogens such as

S. aureus) [11]. In the recent IDSA recommendations for the diag-

nosis and treatment of native vertebral osteomyelitis, S. lugdunensis

is considered differently from other CoNS, as image-guided aspi-

ration biopsy is not recommendedwhen blood cultures are positive

for this pathogen [23]. Our results underscore the utility of this

choice. Bone or joint fluid samples positive for S. lugdunensis should

be interpreted as recommended for virulent pathogens, such as

S. aureus, and considered significant not only for vertebral osteo-

myelitis but also for PJIs. Caution may also be warranted regarding

interpretation of S. lugdunensis-positive samples derived from or

near the normal niches of this species, such as hip, shoulder and

ankle, but these infection sites appeared to be far less frequent than

knee arthroplasty and diabetic foot infections [24].

The role of diabetes in bone and PJ infections has been reported

previously [25]. In diabetes, traumatic or surgical injurymay lead to

deep chronic painless wounds that are prone to chronic infection.

Hyperglycaemia is also a risk factor for PJIs, possibly because of

associated immune deficiency [26]. Biofilm formation from

S. lugdunensis, S. aureus and S. epidermidiswas enhanced by glucose

in vitro, and biofilm formation plays a crucial role in PJIs [27].

Another explanation for this unusually high incidence of

S. lugdunensis infections in bones and joints may be the production

of virulence factors, as shown for S. aureus. Multiple putative

virulence factors for S. lugdunensis have been described, mainly

adhesion factors such as von Willebrand and fibrinogen adhesion

proteins. Furthermore, numerous putative adhesion proteins have

been identified from the genome sequence of S. lugdunensis

N920143 [28].

Fig. 3. Nucleotides sequence of locus shpI from genome sequence of Staphylococcus lugdunensis strain VISLISI_22 and protein sequence translation.
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In the present study, we identified a new protease that we

named lugdulysin and that was strongly associated with bone,

joint, or PJ infection. This protease is secreted in the form of a pro-

protein and is encoded by a gene previously described in

S. lugdunensisN920143, named ShpI due to the similarities with this

known gene in S. hyicus (see Supplementary material, Fig. S1 and

Fig. 3). Lugdulysin was produced by 50 of 81 strains studied

whereas the coding sequence was identified by PCR in 100% of the

strains, an observation that could be related to transcriptional or

post-transcriptional gene silencing phenomena. This observation

needs further investigations, as gene silencing in bacteria is quite

unusual. Lugdulysin closely resembles hyicolysin (62.4% sequence

homologies according to CLUSTAL online comparison tool) and shares

the same HEXXH catalytic domain, albeit at different positions [29].

Hyicolysinwas, until now, the only member of the M30 family. This

metallo-endopeptidase was described in S. hyicus, a CoNS found in

pigs, cattle and chickens with exudative dermatitis and necrosis at

the tips of the ears. The first descriptions of hyicolysin suggested a

role in pathology, but this issue has not been examined since.

Metalloproteases are part of a large family with 99 members ac-

cording to the MEROPS database [30]. Involvement in human pa-

thology relies on their capacity to remodel the extracellular matrix.

Indeed, metalloproteases are crucial for tumour invasion and

metastasis, particularly of breast cancer, and for bone remodelling

[31,32]. Consequently, the presence of a secreted metalloprotease

from S. lugdunensis has to be considered as a putative virulence

factor. Its correlation with bone and joint infections also appears

consistent with this type of protease, but further characterizations

and animal model studies are needed to confirm such biological

effects.

This study also confirms a high rate of positive results for the

slide agglutination test (53 of 81 samples), a rare characteristic

among CoNS that S. lugdunensis shares with Staphylococcus schlei-

feri and Staphylococcus saprophyticus. This feature could lead to

their misidentification as S. aureus without MALDI-TOF/MS [33].

The high slide agglutination rate is because of the presence of a

fibrinogen binding protein (or clumping factor), an adhesion pro-

tein that has been linked to the development of endocarditis in

animal models of S. aureus infection [34]. On the contrary, there are

no reports linking this adhesion factor to prosthetic joint infections.

Rather, we found that positivity on slide agglutination test was

strongly associated with bacteraemia but not with bone and joint

infections. However, these results are preliminary as this test was

designed for S. aureus, and the presence of a fibrinogen-binding

protein was not linked to any specific clinical manifestation.

This study has several additional limitations. Although prospec-

tive, it was restricted to inpatients, which could overestimate the

clinical significance of S. lugdunensis. We also included patients from

a referral centre for prosthetic joint infections, which could also

result in an overestimation of the true proportion of bone and joint

infections among S. lugdunensis infections. We also used a quite

permissive definition for skin and soft-tissue infections as one posi-

tivewas enough to be considered as significant if in pure culture, but

evenwith this limitation incidenceof this kindof infections remained

lowcomparedwith PJIs. Identification of a newprotease, particularly

a metalloprotease, is of particular interest for Staphylococcus patho-

genesis andmanagement, but our findings are not sufficient to prove

that this protease is directly linked to any specific clinical manifes-

tationsof S. lugdunensis infection. Further biochemical and functional

characterizations of this protease are needed.
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1. Introduction

Staphylococcus lugdunensis is a coagulase-negative staphy-

lococcus (CoNS) now considered a significant pathogen. The

use of new tools such as matrix assisted laser desorption

ionization-time of flight mass spectrometry (MALDI-TOF MS)

for bacterial identification in laboratories has revealed that this

pathogen was involved in a wide range of clinical diseases of

particular severity [1]. S. lugdunensis has mainly been reported

in skin and soft tissue infections but it also causes bacteremia

with endocarditis, with an unusual rate of morbidity and mor-

tality close to what is usually observed with Staphylococcus

aureus. In vitro studies have shown the ability of this pathogen

to produce biofilm, and several genes coding virulence factors

are present including putative adhesion factors [2]. Prosthetic

joint infections are not frequent manifestations of S. lugdunen

sis. Two series of patients have been reported, indicating that

knee prostheses were more often affected and that prognosis

was similar to other CoNS prosthetic infections if surgery was

performed [3]. One case of S. lugdunensis small colony variant-

related infection has been reported in a patient presenting with

∗ Corresponding author at: Maladies infectieuses et tropicales, nouvel hôpital

civil, 67000 Strasbourg, France.

Email address: xavier argemi@hotmail.com (X. Argemi).

cardiac device-related infection [4]. We report a case of S. lug

dunensis prosthetic knee infection that relapsed one year later

with the same strain that changed from regular to small colony

variant and became antibiotic-resistant.

2. Case report

A 70-year-old woman was admitted to the orthopedic depart-

ment in May 2012 for a spontaneous acute arthritis of the right

knee. She underwent total knee arthroplasty in 2009 for degen-

erative arthritis. This prosthesis was changed in 2010 because

of multidrug-resistant Staphylococcus epidermidis prosthetic

infection treated for six weeks with daptomycin and rifampicin

following surgery. Treatment was successful. However, the

patient was newly admitted in May 2012 for acute arthritis

of the same knee. She experienced a sudden pain in the right

knee when exercising, followed by a swelling of the knee two

weeks later. She did not have any skin lesion before or dur-

ing this episode and did not experience any trauma of the

right knee. She was addressed to her surgeon who observed

an inflammatory knee with no fever. Knee X-ray was normal.

Fluid joint aspiration revealed pus. S. lugdunensis was isolated

on culture. Laboratory findings included a leukocyte count of

9600/mL, a C-reactive protein (CRP) of 164mg/L, and sterile

blood culture. At the microbiology laboratory, bacterial colony

http://dx.doi.org/10.1016/j.medmal.2017.05.005
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Fig. 1. Bacterial colony morphology of two Staphylococcus lugdunensis strains isolated from bone samples.

Aspect morphologique de 2 cultures de Staphylococcus lugdunensis issus de prélèvements osseux.

morphology was as usual after 12 hours of culture on

a sheep blood agar solid medium (Fig. 1). Bacterial

identification was performed using MALDI-TOF MS and

antimicrobial susceptibility testing revealed that the strain was

fully susceptible (methicillin, vancomycin, rifampicin, fusidic

acid, all quinolones, amikacin, gentamicin, trimethoprim-

sulfamethoxazole). Decision was made to treat the patient with

debridement, prosthesis retention, and exchange of the poly-

ethylene liner associated with a three-month antibiotic therapy

including ofloxacin and rifampicin. All bacteriological samples

(synovial tissue, joint fluid, and polyethylene) were positive

for S. lugdunensis with the same regular colony morphology.

Treatment was initially successful but the patient experienced

mechanical joint pain three months after antibiotic discontinua-

tion that slowly worsened until October 2013 when she decided

to contact the surgical team because of a sinus tract with puru-

lent discharge. She did not have any fever; blood leukocyte

count was 6200/mL, and CRP 37mg/L. X-ray of the prosthe-

sis did not reveal prosthesis loosening. Preoperative synovial

fluid aspiration was sterile but purulent, and decision was made

to perform a one-stage exchange of the prosthesis with the

prescription of an empirical antibiotic therapy. Several sam-

ples were analyzed: periprosthetic biopsies, sonication of the

removed material inoculated in pediatric blood culture bottle,

and synovial tissue cultures. The first results came from the

pediatric blood cultures after three days, followed by all sam-

ples sub-cultured on sheep blood agar solid media that yielded

a small colony variant of S. lugdunensis (Fig. 1). Antimicro-

bial susceptibility testing showed that the strain was resistant to

fluoroquinolones and amikacin as per EUCAST guidelines [5]

(MIC 4mg/mL for ciprofloxacin and 24mg/mL for amikacin).

The strains were compared with MALDI/TOF MS using a

MicroflexTM system and BiotyperTM software. A standard pro-

tein extraction from the strains with ethanol/formic acid was

performed as previously described and one microliter of protein

extract was then loaded into 10 different wells of a polished steel

target plate (Bruker Daltonics, Bremen, Germany), coveredwith

1.5mL of a saturated solution of a-cyano-4-hydroxycinnamic

acid/MALDI-TOF matrix in 50% (v/v) acetonitrile/2.5% (v/v)

trifluoroacetic acid as an electron donor. Score oriented den-

drograms were generated from main spectral projection (MSP)

calculated with BiotyperTM with the following parameter: hier-

archical clustering, Euclidean distance, and single linkage. We

included a database of 80 spectra generated in the same exper-

imental conditions with S. lugdunensis coming from various

clinical samples (infected patients and contaminated sam-

ples). We also included four different bacteria: S. epidermidis,

Staphylococcus intermedius, Staphylococcus capitis, and Lac

tobacillus. All S. lugdunensis strainswere fromVISLISI clinical

trial registered at clinicaltrial.gov under number NCT02026895;

strains could thus be classified. The study and consent form

were approved by the French Ethical Committee (IDCRB-2013-

A01057-38). Results are detailed on Fig. 2. The 2012 strain

was named I 19 2012 and the 2013 strain was I 19. Results

showed that both strains did not aggregate in the same cluster.

We also performed a multilocus sequence typing (MLST) anal-

ysis using intragenic sequences of seven housekeeping genes

and a multi-virulence-locus sequence typing (MVLST) analysis

using a trilocus sequence typing scheme based on the intragenic

regions of atlLR3, isdJ, and SLUG 16930, which is more dis-

criminant thanMLST [6]. Allelic profile and sequence type (ST)

were assigned using the internationalMLSTdatabase [7].MLST

and MVLST analysis showed that the two strains belonged to

ST1 and virulence type 1.

The patient was treated with fusidic acid and rifampicin for

three months. The one-year follow-up showed that the patient

fully recovered (Fig. 3). Q3

3. Discussion

This case patient illustrates for the first time the ability of

S. lugdunensis to switch from a normal metabolic state to a
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Fig. 2. Imaging of total arthroplasthy of the right knee at different surgical time.

Aspect radiographique d’une prothèse totale de genou droit aux différents moments de sa prise en charge chirurgicale.

Fig. 3. MALDI-TOF analysis of 48 strains of staphylococci and score oriented dendograms generated frommain spectra projection (MSP) calculatedwithBiotyperTM.

Analyse par MALDITOF de 48 souches de Staphylococcus lugdunensis et construction d’un dendogramme à partir de données issues de BiotyperTM (mode main

spectra projection).

defectivemetabolic formof bacteria called small colony variants

(SCV) in a clinical observation resulting in antibiotic treatment

failure. Although several alterations in bacterial metabolism

explain this slow growth rate in SCVs, only limited numbers

of defects are found in SCVs coming from clinical specimen.

Persistent and relapsing infections caused by SCV variants have

been reported in awide range of infections, prosthetic joint infec-

tions beingmainly caused by S. aureus and S. epidermidis SCVs

[8].Clinical studies have shown that SCVsemergence frequently

occurred after antibiotic exposure, particularly aminoglyco-

sides for S. aureus but several other mechanisms are probably

implicated like internalization of the pathogen resulting in its

exposition to cationic proteins that seem to trigger S. aureusSCV

emergence even in the absence of antibiotics. S. lugdunensis

SCV conversion has been reported in vitro following exposure

to stress (low temperature, acidic conditions, osmotic challenge)

and to antibiotics: penicillin and vancomycin [9].Our case report

revealed that S. lugdunensis infection persisted despite initial

antibiotic treatment, and SCV conversion could have occurred

because of inherent characteristics of the bacterium and because

of exposure to quinolones or rifampicin. MALDI-TOF MS and

cluster analysis through the dendrogram performed did not show

aggregation of the strains from 2012 and 2013 even if MALDI-

TOFMShas been used in the literature as a reliable tool for strain

clustering during outbreak investigations. This result might not

be surprising as MALDI-TOF MS as used in hospital laborato-

ries mainly focuses its analysis on ribosomal proteins that might

change even for a unique strain after SCV conversion. On the
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contrary, MLST analysis allows clustering using housekeeping

genes that might not diverge between two related strains even

after SCVconversion.This iswhy clusteringwithMLSTscheme

displayed the two strains in the same cluster.

This unique observation of S. lugdunensis relapsing infection

with the same strain after SCV conversion provides new insight

into the high pathogenicity of this strain, and particularly into

bone and joint infections as previously reported [10].
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Xavier Argemi1,2,*, Véronique Martin3, Valentin Loux3, Sandrine Dahyot4, Jérémie Lebeurre4,
Aurélien Guffroy5,6, Mickael Martin5,6, Aurélie Velay7,8, Daniel Keller2, Philippe Riegel2, Yves Hansmann1,2,
Nicodème Paul9, and Gilles Prévost2
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Abstract

Coagulasenegative staphylococci arenormal inhabitantof thehumanskinflora that account for an increasingnumberof infections,

particularly hospital-acquired infections. Staphylococcus lugdunensis has emerged as a most virulent species causing various infec-

tions with clinical characteristics close to what clinicians usually observe with Staphylococcus aureus and both bacteria share more

than 70% of their genome. Virulence of S. aureus relies on a large repertoire of virulence factors, many of which are encoded on

mobile genetic elements. S. lugdunensis also bears various putative virulence genes but only one complete genomewith extensive

analysis has been published with one prophage sequence (/SL2) and a unique plasmid was previously described. In this study, we

performeddenovo sequencing,whole genomeassembly and annotation of seven strains of S. lugdunensis fromVISLISI clinical trial.

We searched for the presence of virulence genes and mobile genetics elements using bioinformatics tools. We identified four new

prophages, named /SL2 to /SL4, belonging to the Siphoviridae class and five plasmids, named pVISLISI_1 to pVISLISI_5. Three

plasmids are homologous to knownplasmids that include, amongst others, one S. aureusplasmid. The twoother plasmidswere not

describedpreviously. This studyprovides anewcontext for the studyofS. lugdunensis virulence suggesting theoccurrenceof several

genetic recombination’ with other staphylococci.

Key words: Staphylococcus lugdunensis, plasmids, prophages, virulence, next generation sequencing.
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Background

Staphylococcus lugdunensis is a coagulase negative staphylo-

cocci (CoNS) that displays an unusual rate of virulence close to

Staphylococcus aureus (Babu and Oropello 2011; Argemi et al.

2015; Douiri et al. 2016). This commensal bacterium has been

mainly involved in nosocomial infections affecting debilitated

patients with epithelial barrier breaches. But this bacteria also

causes severe community-acquired infection such as endocar-

ditis, skin, and soft tissues infections with necrosis or septic

shock that might be due to virulence factors production

(Delaunay et al. 2014; Hung et al. 2012; Sabe et al. 2014;

Woznowski et al. 2010; Pareja et al. 1998). Until now, four

complete genome sequences have been published and seven

partially finished sequences using next generation sequencing

(NCBI). The genome sequence of Staphylococcus lugdunensis

N920143 (NCBI reference sequence NC_017353.1) by

Heilbronner et al. identified various putative virulence factors,

a single prophage named /SL1, and 14 insertion sequences

(Heilbronner et al. 2013). One cadmium resistance plasmid

named pLUG10 (NCBI reference sequence NC_002093.1)

was also described in several strains of S. lugdunensis homol-

ogous to pOX6 S. aureus plasmid (Poitevin-Later et al. 1992).

Mobile genetics elements (MGE) such as phages, plasmids,

and pathogenicity islands have been widely studied in S. au-

reus as they encode numerous virulence factors but their oc-

currence in CoNS remains scarce (Malachowa and DeLeo

2010). This accessory genetic material might represent up to

25% in the S. aureus genome and contributes to the pheno-

typic plasticity of this pathogen but also its virulence as a ma-

jority of the virulence factors described in this bacteria are

located onMGE (Otto 2014). Phage-encoded virulence factors

have not been observed in CoNS and only few prophages have

been described in clinical isolates, mainly from Staphylococcus

epidermidis and S. hominis showing close relationships with S.

aureus phages and prophages (Deghorain and Van Melderen

2012; Deghorain et al. 2012). Plasmids are implicated in the

dissemination of multidrug resistance genes especially in S.

aureus in hospital settings but can also bear toxin genes

(Shintani et al. 2015; McCarthy and Lindsay 2012). Their de-

scriptions in CoNS are rare and probably underestimated, most

of the plasmids described were found in S. epidermidis strains

(European Nucleotide Archive 2016). Finally, pathogenicity is-

lands are widespread in S. aureus and usually carry one or

more virulence factors such as superantigens (Sato’o et al.

2013). Although reports of toxigenic genes presence in

CoNS pathogenicity islands can be found in the literature

many author still question their existence and only three strains

of S. epidermidis with an enterotoxin C-like-bearing pathoge-

nicity island have been described (Madhusoodanan et al.

2011; Nanoukon et al. 2016). Thus, we conducted a genomic

study on S. lugdunensis aiming to find elements that might

explain its virulence. Bioinformatics tools have been developed

to identify in silico prophages, plasmids or pathogenicity

islands in newly assembled genomes (Che et al. 2014; Arndt

et al. 2016; Carattoli et al. 2014).We describe then thewhole-

genome sequencing and annotation of seven clinical strains of

S. lugdunensis and identification of MGE using computational

approaches. We identified four new prophages with similari-

ties with CoNS and S. aureus phages, but also five plasmids

previously identified in other CoNS and in S. aureus. We did

not identify pathogenicity islands bearing virulence factors, but

those data give a totally new insight in CoNS genetic plasticity

and argue for the possibility of horizontal genetics transfers

with other CoNS and S. aureus.

Materials and Methods

Bacterial Strains

Six strains of Staphylococcus lugdunensis came from clinical

samples issued from VISLISI trial (Virulence of Staphylococcus

lugdunensis in Severe Infections) (Argemi et al. 2016). This pro-

spective study was conducted from November 2013 to March

2016 at the University Hospital of Strasbourg, France that pro-

moted the study (PRI 2013–HUS n� 5616). The study was car-

ried out in accordance with the French Ethical Committee

recommendations and written informed consent from all sub-

jects in accordance with the Declaration of Helsinki (study reg-

istration number: IDCRB-2013-A01057-38). This study was also

registered at clinicaltrial.gov under number NCT02026895. The

six selected strains for whole-genome sequencing were named

in accordance to the trial name and the rank of inclusion.

Clinical origins of the strains are reported in table 1.

Genome Sequencing and Annotation

Whole-genome sequencing was performed using Illumina

technology: Illumina HiSeq 2500 (GATC Biotech AG,

Konstanz, Germany). It produced paired end sequences

of 125 bp. Adapters were removed and low quality se-

quences excluded by GATC and final quality of the fastq

files controlled with FastQC (v 0.11.4). Then, sequence as-

semblies were performed using SPAdes (v 2.9.0) with the

following kmer: 21-33-55 (Bankevich et al. 2012). SPAdes

output contigs< 500 pb or with coverage<10� were re-

moved. Sequences were finished using PAGIT toolkit from

Sanger Institute (Swain et al. 2012). ABACAS (Algorithm-

Based Automatic Contiguation of Assembled Sequences)

software (v 1.3.1) was used to orientate and order contigs

using a reference genome N920143 (NCBI reference se-

quence NC_017353.1) (Assefa et al. 2009). IMAGE

(Iterative Mapping and Assembly for Gap Elimination) soft-

ware (v 2.4.1) allowed gap closing using raw fastq files and

scaffolding in a second step (Tsai et al. 2010). Final se-

quence annotation was performed using AGMIAL pipeline

(Bryson et al. 2006). This workflow produced in fine a

unique chromosome for each sequence and short

Argemi et al. GBE
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nonaligned contigs that were further analysed to search for

plasmids, or any other genetic elements of interest. Each

nonaligned contig was loaded into ARTEMIS software (v

16.0.0) to identify open reading frames (ORF) that were

successively analyzed using protein BLAST (Carver et al.

2008). Genomes functional annotations were performed

using InterProScan (v 4.8) (Jones et al. 2014).

Genome Comparison and MGE Search

CSI Phylogeny (v 1.4) from the Center for Genomic

Epidemiology (Lyngby, Danemark) was used to produce a

phylogenetic tree of both sequenced strains and available an-

notated genomes. This web based tool calls and filters single

nucleotide polymorphisms (SNP), does site validation and in-

fers a phylogeny based on the concatenated alignment of the

high quality SNPs (Kaas et al. 2014). The reference strain cho-

sen to compare with was S. lugdunensis N920143 (NCBI

Reference Sequence: NC_017353.1) and we also included

in the tree the three other fully sequenced and annotated ge-

nomes of S. lugdunensis: HKU09-01 (NCBI Reference

Sequence: NC_013893.1), FDAARGOS_141 (NCBI Reference

Sequence: NZ_CP014022.1), and FDAARGOS_143 (NCBI

Reference Sequence: NZ_CP014023.1). Detailed parameters

and command line of the tools used are available in supple-

mentary material part S1, Supplementary Material online.

Prophage search and annotation was performed using

PHASTER (Phage Search Tool Enhanced release) (Zhou et al.

2011; Arndt et al. 2016). This web-based tool allows rapid

identification of putative prophages sequences and provides

annotations. A quality score> 90 defined an intact prophage

sequence. PHASTER also provided sequence analysis parame-

ters: region length and position, GC content and the most

common related prophages, and phages with available

sequences.

Plasmid search was performed on all nonaligned contigs

remaining after genome assembly particularly in contigs dis-

playing an unusual high level of coverage possibly linked to

sequence duplication in bacterial genome as it might be seen

with plasmids. Those additional contigs were annotated using

PROKKA (v 1.11) and sequence similarities were searched

through BLASTVR database. Plasmids categorization was

done in accordance to the terminology used by Smillie et al.

that distinguish mobilizable from conjugative plasmids de-

pending on the presence of a type IV secretion system

(T4SS) (Smillie et al. 2010). Homogeneity of the coverage

depth of each contig was controlled by mapping the reads

from the raw fastq files against the assembly itself using

Bowtie2 (v 2.2.6) and IGV (v 2.3) for alignments visualization

(Robinson et al. 2011; Langmead and Salzberg 2012).

Pathogenicity island identification was performed using

IslandViewer3 (Dhillon et al. 2015). This web based tool asso-

ciates IslandPick, SIGI-HMM, and IslandPath-DIMOB for path-

ogenicity islands identification and displays results in circular

graphical images (Langille et al. 2008). Input data are de novo

annotated genomes issued from AGMIAL pipeline.

Results

Genome Sequences

Genome sequences are detailed in table 1. Illumina paired end

sequencing produced 98.8–99.3% high quality reads covering

more than 94% of the reference genome with an average

depth of 590 � Total reads range from 10.9 to 14.5 M per

sample. Discarded reads remain scarce, representing 1.1–3.2%

Table 1

Whole-Genome Sequencing of Seven Strains of Staphylococcus lugdunensis (Paired-Base Sequencing, Illumina HiSeq 2500) and Comparison with

S. lugdunensis Reference Strain N920143 (NCBI Reference Sequence: NC_017353.1)

Strain Ref N920143 VISLISI_21 VISLISI_22 VISLISI_25 VISLISI_27 VISLISI_33 VISLISI_37 C33

Clinical origin Breast abscess Bacteremia Endocarditis Knee prosthesis Knee prosthesis Liver abscess Endocarditis Cutaneous swab

Contigs number 69 (V) 34 (S) 27 (S) 19 (S) 26 (S) 26 (S) 24 (S) 40 (S)

N50 (kb) 72 167 352 599 402 245 444 170

Full length of the

scaffold (bp)

2.595.888 2.546.158 2.567.776 2.491.642 2.594.484 2.662.421 2.579.522 2.529.316

GC content (%) 33.8 33.7 33.7 33.8 33.6 33.7 33.7 33.8

Genome fraction VS

reference (%)

— 94.7 97.4 93.7 97.1 97.3 98.9 94.3

Coding sequences 2359 2451 2483 2422 2427 2524 2415 2429

tRNA 56 47 59 48 60 56 52 58

rRNA 14 6 7 4 7 5 6 7

tmRNA 0 1 1 1 1 1 1 1

Functional annotations

All proteins — 2438 2476 2416 2498 2599 2483 2420

GO terms — 1610 (66%) 1608 (64.5%) 1596 (66.1%) 1632 (65.3%) 1649 (63.4%) 1622 (65.3%) 1602 (66.2%)

NOTE.—Ref, reference; V, velvet and S, Spades; kb, kilobase; bp, base pairs; tRNA, transfer RNA; rRNA, ribosomal RNA; tmRNA, transfer-messenger RNA; GO terms, number of

gene ontology terms found by InterProScan software.

Mobile Genetics Elements of Staphylococcus lugdunensis GBE
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of all reads. SPAdes assembly produced seven genomes with

19–34 contigs and N50 ranging from 167 to 444kb after re-

moving contigs< 500 pb or with coverage<10�. ABACAS

contigs ordering and IMAGE gap closing followed by scaffold-

ing produced seven final genomes with sequence length rang-

ing from 2.4 to 2.6 Mbp with GC content comprised between

33.6% and 33.8%. All genome assemblies shared from 93.7

to 98.9% of their sequence with S. lugdunensis N920143.

Genome Annotations

Annotations reports are displayed in table 1. All strains contain

2373 to 2524 coding sequences (CDS), with 47–60 tRNA, 5–7

rRNA, and 1 tmRNA for each strain. Those results are closed to

annotations reports available for the previously sequenced

strains. InterProScan identified 63.4–66.2% ontologies among

all identified putative proteins Regarding biological process,

49% of GO terms did not belong to any GO slims terms,

17% of proteins were dedicated to metabolic processes,

5% to biosynthetic processes, 5% to carbohydrate metabolic

processes and 24% to various other processes. For cellular

component 31% were integral membrane proteins, 31%

membrane proteins, 23% cytoplasmic, and 15% were from

various locations. Finally, regarding molecular functions, 41%

of the proteins did not belong to GO slim terms, 12% dis-

played catalytic activity, 9% were ATP binding proteins, 6%

nucleotide binding, 6% DNA binding, and 26% had various

molecular functions. Detailed results are displayed in supple-

mentary material part S2, Supplementary Material online.

Genome Comparisons

All seven genomes were loaded into CSI Phylogeny with the

three available genomes and the reference strain as described

in the method section. Results are displayed in supplementary

material part S3, Supplementary Material online. It shows that

the seven strains from VISLISI trial are not isolated in a cluster

compared to the strains coming from the literature. VISLISI_21

and FDAARGOS_141 belong to the same cluster, close to

VISLISI_25 and a cluster comprising VISLISI_22 and

FDAARGOS_143. C33 and VISLISI_37 belong to two separate

and distant clusters, as VISLISI_277, VISLISI_33, and HKU09-

01 that are closely related.

Prophage Identifications

PHASTER allowed the identification of four putative pro-

phages in assembled genomes: one prophage in

VISLISI_22, two in VISLISI_33, and one in VISLISI_37.

Prophage annotations and similarities search with other

phages/prophages are displayed in table 2. Those prophages

were named /SL2–/SL5 due to the existence of a unique

prophage in the literature, /SL1 (Heilbronner et al. 2011).

All four prophages displayed quite similar lengths from 44.4

to 53.5Kb and a GC content from 33.8% to 34.5%. Those

characteristics and their modular organization is character-

istics of phages from the Siphoviridae class according to the

classification proposed by Kwan et al. (2005). The five

functional modules described in this class of phages are

observed in those four annotated sequences: lysogeny, DNA

metabolism, DNA packaging, and head, tail, and finally a lysis

module that is absent from /SL4 (Deghorain and Van

Melderen 2012). All annotated sequences are flanked by

two attachment sites (left and right). The DNA packaging

and headmodule are organized similarly in the four prophages

with a small and large subunit of the terminase, then a portal

protein followed by a minor head protein, two hypothetical

proteins, one scaffold protein, a major head protein and finally

a DNA packaging then another minor head protein. The lysis

module was absent in /SL4 but included in the three other

strains amidase and holing proteins. In the tail module, /SL2,

3, and 5 displayed similar ORF product with major tail protein,

an endopeptidase and a Zn2þ carboxypeptidase. /SL3 and 5

contain in this module a putative peptidoglycan hydrolase. In

the lysogeny module four integrase sequences were identified

with the presence of a putative cro-like repressor in /SL3. Cro

repressors work in temperate bacteriophages in opposition to

the phage’ repressor that controls the genetic switch and de-

termines whether a lytic or lysogenic cycle will happen after

infection (Schubert et al. 2007). Virulence factors were not

identified in all four sequences.

Plasmid Identifications

We identified one full plasmid sequence in VISLISI_22 and

VISLISI_27, one full plasmid sequence and one partial se-

quence in VISLISI_33 and two full plasmids sequences in

C33. As expected, GC content of the plasmids sequences

are lower than S. lugdunensis, ranging from 28.7% to

31.8% except pVISLISI3 from VISLISI_33 that display a

33.6% GC content as seen in S. lugdunensis (Shintani et al.

2015). The plasmid sizes range from 3,310 to 12,579bp,

what is usually observed in firmicutes plasmids (Shintani

et al. 2015). Results are displayed in table 2.

Pathogenicity Island Identifications

All seven annotated genomes were loaded into Island

Viewer3 but fail to identify any pathogenicity island in all se-

quences. Several putative genomic islands were identified

with IslandPath-DIMOB that search for genes that are func-

tionally related to mobile elements but IslandPick and SIGI-

HMM failed to identify such motifs. IslandPick is a tool that

identifies putative genomic islands using comparative meth-

ods considering related species and already known genomic

islands. SIGI-HMM is a prediction method that uses a Hidden

Markov Model and measures codon usage. After careful

examination of each genomic region signaled by IslandPath-

DIMOB, we confirm the absence of any pathogenicity island

in our seven assembled genomes of S. lugdunensis.
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Discussion

The whole-genome sequencing of seven strains of S. lugdu-

nensis reveal several unexpected characteristics for this virulent

CoNS which clinical significance is probably close to S. aureus.

The core genome of staphylococci is well conserved and nearly

80% of coding sequences from S. lugdunensis have reciprocal

FASTA matches with S. aureus or other CoNS (Heilbronner

et al. 2011). Conservation between S. lugdunensis strains

was expected to be high and this study shows that 94–99%

of this genome is conserved in comparison to the actual refer-

ence genome available from strain N920143. We identified

several mobile genetic elements. Regarding phages, their de-

scription in CoNS remain scarce compared to S. aureus and if

their relationship with S. aureus phages was suggested with

the characterization of StB12, StB20, and StB27 the possibility

of direct genetic transfer in vivo from S. aureus to CoNS was

not proven (Deghorain et al. 2012). Our study identified four

new prophages in the seven sequenced strains using compu-

tational approaches. Those prophages belong as expected to

the Siphoviridae family with a GC content close to their host

and a usual modules organization (Deghorain and Van

Melderen 2012). We did not identify any virulence factor in

the CDS but it is of interest to note that the closest prophages

sequence from /SL4 of VISLISI_33 come from two phages:

PH15 from S. epidermidis and 187 from S. aureus, sharing,

respectively, 13 and 12 proteins, respectively, supporting the

existence of reciprocal exchange between phages originating

from S. aureus and S. lugdunensis (Kwan et al. 2005; Daniel

et al. 2007). This observation is of high importance because

even if we did not identify any pathogenicity islands in our

genome assemblies this sort of MGE in S. aureus are supported

by phage helper sequences which provide the genetic machin-

ery for their horizontal transfer (Novick et al. 2010). The in silico

approach for prophage sequences identification in bacteria is a

promising tool andwill probably show that phages are not only

widespread in S. aureus, but also in CoNS, providing them a

fundamental tool to evolve and adapt themselves to the envi-

ronment for example in hospital settings (Xia and Wolz 2014).

Plasmids play a major role particularly in bacteria for horizontal

genetic transfers such as for antibiotic resistance genes partic-

ularly in Firmicutes where extrachromosomal replicons are fre-

quently involved in the transmission of antibiotics resistance

genes (Shintani et al. 2015). Most of the plasmids described

in Staphylococci belong to S. aureus (European Nucleotide

Archive 2016). S. epidermidis has been the most studied

CoNS regarding its pathogenicity and up to now, 21 plasmids

have been identified. The second CoNS coming after in terms

of known plasmids are S. haemolyticus and S. simulans with

five known plasmids. Regarding S. epidermidis, the transfer of

MGE from S. epidermidis to S. aureus have been frequently

described but in return S. aureus did not seem able to transfer

genetic material to CoNS (Otto 2009). Nevertheless, the

description of a pathogenicity island like regions bearing

enterotoxin gene in S. epidermidismight suggest the possibility

of such events (Madhusoodanan et al. 2011; Méric et al.

2015). Surprisingly, we identified in our study the plasmid

pVISLISI_3 (strain VISLISI_33) that has 100% homologies with

pRIVM_1, a S. aureus plasmid of 4,264bp, and a second plas-

mid pVISLISI_5 (strain C33) covering nearly half of the sequence

of VRSAp, another S. aureus plasmid of 25,107bp. Those data

are limited by the computational approach used to get them,

but this emphasizes the need to extend the search of the ability

of S. aureus to transfer genetic materials to CoNS, an eventu-

ality of the highest importance owing to the capacity of this

strain to bear virulence factors on MGE.

Finally, this study allows the identification of several puta-

tive mobile genetic elements as prophages and plasmids in a

virulent CoNS, S. lugdunensis. It did not allow the identifica-

tion of virulence factors other than already described, but the

prophages and plasmids we describe here are important to

consider horizontal gene transfer, potentially from S. aureus

to S. lugdunensis as a way for these commensal bacteria to

gain its pathogenicity. It reveals the central role than could

play NGS for a rapid detection of those MGE. We believe that

underrepresentation of those MGE in CoNS compare to S.

aureus might change rapidly with those fast and reliable

methods with a decreasing cost. It cannot replace direct iden-

tification of plasmids or prophages, because finding a gene

does not mean that this gene will be expressed and how, but

this provides a significant gain of time for future research.

Supplementary Material

Supplementary data are available at Genome Biology and

Evolution online.
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Supplementary material part 1 

 
SPAdes genome assembler parameters: software was run through Galaxy server from 
INRA (Galaxy Migale, INRA, Jouy en Josas, France) with the following parameters: 
Single cell project 
Read error correction: ON 
Careful correction: ON 
K-mer choices: 21, 33 and 55 
Library type: paired end reads 
 
ABACAS was used for mapping and ordering contigs to the reference S. lugdunensis 
N920143 (NCBI reference sequence NC_017353.1). Following command line was used: 
« perl $PAGIT_HOME/ABACAS/abacas.pl -r N920143.fasta –q assembly.fasta -p nucmer -
m –b –o VISLISI_prefix –v 30 » 
 
IMAGE was used for gap closing and scaffolding. Following command lines was used for 
gap closing: 
« perl $PAGIT_HOME/IMAGE/image.pl -scaffolds orderedcontigs.fasta -prefix 
pairedendReadsPart -iteration 1 -all_iteration 9 -dir_prefix ite –kmer 55 » 
Gap closing was improved when necessary using a range of different kmers (31, 51, 71, 91) 
and successive iterations. 
Following command line was used for scaffolding with the resulting files: 
« perl $PAGIT_HOME/IMAGE/contigs2scaffolds.pl gap_closedfile.fa gap_closedfile.placed 
300 0 scaffolds » 
 
CSI phylogeny web based tool parameters to produce phylogenic trees : 
minimum depth at SNP position : 10x ; minimum relative depth at SNP position : 10% ; 
minimum distance between SNP : 10 bp ; minimum SNP quality : 30 ; minnimum read 
mapping quality 25 ; minimum Z score : 1.96.  
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Gene ontology slims from Staphylococcus lugdunensis genome after InterProScan analysis of 

annotated gene files. Ontologies are based on the 3 classes defined by the gene ontology 

consortium: biological process (Panel A), cellular component (Panel B) and molecular 

function (panel C).   
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3/../! ,(('/!;/! .)! (&'35/!<=#>6! 3)?! 3&+-)0,+1/!8)?!;/! .7@A%!/9&BC+/!/-! ./(!;&++1/(!+/!

(&+-!8)(!D,):./(E!A/'9!)'-?/(!(12'/+3/(!(&+-!/+!3&'?(!;7)+).F(/6!0),(!.7)((/0:.)B/!8&(/!

/+3&?/! 8?&:.C0/! ('?! ./! 8.)+! :,&,+D&?0)-,2'/6! 3/! (&+-! ./(! (&'35/(! <=>G! /-! HIJKIJI=#LE!

%1)+0&,+(6!./(!)+).F(/(!2').,-)-,*/(!;/(!(12'/+3/(!:?'-/(!(&+-!;,(8&+,:./(!8&'?!./(!"4!

(&'35/(!(12'/+31/(!/-!(&+-!8?1(/+-1(!;)+(!./!M):./)'!@!/-!N!(',*)+-E!

>'0%+'$(76!O').,-1!;/!(12'/+P)B/!I..'0,+)!;/!35)2'/!(&'35/E!QA&++1/(!8?&;',-/(!8)?!./!

8?/(-)-),?/!R@M<!N,&-/35SE!

!

!

>'0%+'$( ?6! T&'?3/+-)B/! ;7).,B+/0/+-! ;/(! ?/);(! ;/! 35)2'/! (12'/+3/! 8?&;',-/! 8)?!

?)88&?-! U! .)! ?1D1?/+3/! !"# $%&'%()(*+*! %VW4">#E! QA&++1/(! 8?&;',-/(! 8)?! ./! 8?/(-)-),?/!

R@M<!N,&-/35SE!!

!

!

K7&:X/3-,D! ,+,-,).! 1-),-!;/!8?&;',?/!;/(! (12'/+3/(! D,):./(!)F)+-!;&+3!'+/!3&'*/?-'?/!;/!

(12'/+P)B/!('DD,()+-/!D,91/!U!"$4!0,+,0'0!8)?!(&'35/E!</!8)?)0C-?/!8/'-!(7)+).F(/?!/+!

1-';,)+-! ./! +&0:?/! ;/! ?/);(! 0&F/+(! 3&'*?)+-! ./! B1+&0/! ;/! ?1D1?/+3/! 8&'?! 35)2'/!

(&'35/!(12'/+31/E!</(!;&++1/(!(&+-!?/8?1(/+-1/(!;)+(!.)!Y,B'?/!@E!



!

!

! "#Z!

!

!

@-<$.+( 76! T?&D&+;/'?! ;/! (12'/+P)B/! /-! 3&'*/?-'?/! ;/! .)! ?1D1?/+3/! !"# $%&'%()(*+*!
%VW4">#E!QA&++1/(!8?&;',-/(!8)?!./!8?/(-)-),?/!R@M<!N,&-/35SE!!

!

[+D,+6! +&'(! )*&+(! ;1-/?0,+1! '+/! .&+B'/'?! ;/! ?/);(! +13/((),?/(6! D,91/! U! "W$! 8:!

):&'-,(()+-!U!;/(!D?)B0/+-(!0&F/+(!8&-/+-,/../0/+-!.&+B(!;/!W$4!8:!;)+(!./!3);?/!;7'+!

(12'/+P)B/!8)?!8),?E!</!8)?)0C-?/!/(-!)'((,!1*).'1!8&'?!35)2'/!(&'35/!;)+(!.)!Y,B'?/!NE!!

(



!

!

! "#G!

!

!""# !"$#

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

&'()'('*++# &'()'('*+-#



!

!

! "#L!

!

@-<$.+(?6!A,(8/?(,&+!;/!.)!.&+B'/'?!;/(!D?)B0/+-(!,(('(!;7'+!(12'/+P)B/!8)?!8),?!8&'?!
35)2'/!(&'35/E!QA&++1/(!8?&;',-/(!8)?!./!8?/(-)-),?/!R@M<!N,&-/35SE!!

!

A6! 7%-<,+*+,&(1+#('##+*0%'<+#(

%&'(! )*&+(! ?1).,(1! ;)+(! .)! Y,B'?/! <! '+! ).,B+/0/+-! ;/(! (12'/+3/(! )((/0:.1/(! )*/3! .)!

(12'/+3/! ;/! ?1D1?/+3/! %VW4">#! Q?1D1?/+3/! %<NI!\! %<=4"G#$#E"S! U! .7),;/! ;'! .&B,3,/.!

N]IR6!NK@JM!],+B!I0)B/!R/+/?)-&?!Q*!4EV$S!2',!8/?0/-!;/!8?&;',?/!;/(!).,B+/0/+-(!;/!

(12'/+3/(! 3,?3'.)?,(1/(E! <&00/! +&'(! .7)*&+(! ;13?,-! ;)+(! .)! 8':.,3)-,&+! 3/(! B1+&0/(!

8)?-)B/+-!V#!U!VV^!;/!./'?!(12'/+3/!)*/3!./!B1+&0/!%VW4">#E!K/(!_&+/(!+&+!8)?-)B1/(!

;'!B1+&0/!)88)?),((/+-!;)+(!.)!D,B'?/!3&00/!;/(!_&+/(!:.)+35/(E!!

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

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



!

!

! "#V!

@-<$.+( B6( @.,B+/0/+-! ;/! G! B1+&0/(! ;/! !"# $%&'%()(*+*! ,(('(! ;/! .71-';/! HIJKIJI! /-! ;'!
B1+&0/!`ab4Vc4"6!('?!./!B1+&0/!;/!?1D1?/+3/!%VW4">#E!!

!

C6! !+)."#+,&'&-/,(1+#()%'#*-1+#(

%&'(!)*&+(!,;1+-,D,1!$!(12'/+3/(!8.)(0,;,2'/(!8&-/+-,/../(!;)+(!./(!G!B1+&0/(!;/#!"#

$%&'%()(*+*!,(('(!;/!.71-';/!HIJKIJIE!%&'(!)*&+(!8'!)++&-/?!3/(!(12'/+3/(!/-!./(!).,B+/?!

)*/3!./(!8.)(0,;/(!3&++'(!./(!8.'(!8?&35/(!U!.7),;/!;'!.&B,3,/.!N]IR!;13?,-!3,!;/(('(!

QY,B'?/!ASE!!

!



!

!

! ">4!

! !

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

/1)*2", 2., /+3*-*"/, 4!56, 78, 9:;<=, 2"&, <,

#/)&>*2"&, *&&.&, 2"&, &+.-?"&, 2", !"#

$%&'%()(*+*, 2", /1%(.2", @5AB5A5:, B",

#$">*"$, -"$-/", $"#$%&"'(", /), &%C."'-",

#/)&>*2*C.", /), #/.&, #$+-?", -+''.", "(, /",

&"-+'2,-"$-/",$"#$%&"'(",/"&,)''+()(*+'&:,,



!

!

! ">"!

!

!

!

!

!

!

!

!

!

!

!

!

!

=D6! E-#3$##-/,(

! !



!

!

! ">W!

!

!

!

!

!

!

!

!

!

!

! !



!

!

! ">#!

76! F8,&GH#+(1+#(."#$%&'&#(+&(1+#()+.#)+3&-:+#(1+(&.':'-%(

</--/! 1-';/! ;/! .)! *,?'./+3/! ;/! !"# $%&'%()(*+*! 0/+1/! ;)+(! ./! 3);?/! ;7'+/! )88?&35/!

-?)+(.)-,&++/../!)!8/?0,(!;7)88&?-/?!'+/!?18&+(/!U!.)!2'/(-,&+!D&?0'.1/!,+,-,)./0/+-!\!

!"# $%&'%()(*+*! (13?C-/! '+/! 01-)..&8?&-1)(/! Q.)! .'B;'.F(,+/S! 8&((,:./0/+-! ,08.,2'1/!

;)+(!.)!('?*/+'/!;7,+D/3-,&+(!&(-1/&c)?-,3'.),?/(E!!

A)+(! ./! 3);?/! ;/(! &:X/3-,D(! (/3&+;),?/(! ;/! 3/! -?)*),.! +&'(! 8&'*&+(! D&?0'./?! ;7)'-?/(!

3&+3.'(,&+(!\!

c!!"#$%&'%()(*+*!8?1(/+-/!'+/!8)-5&B1+,3,-1!-&'-!U!D),-!/93/8-,&++/../!)'!(/,+!;/(!J<%E!

c! !"# $%&'%()(*+*! /(-! 8?,+3,8)./0/+-! ?/(8&+():./! ;7,+D/3-,&+(! &(-1&c)?-,3'.),?/(! /+!

8)?-,3'.,/?!('?!0)-1?,/.E!

c!I.!(7)B,-!;7'+/!:)3-1?,/!3&00/+()./!0),(!&88&?-'+,(-/!2',!;/*,/+-!8)-5&BC+/!/+!3)(!;/!

?'8-'?/! ;/! .)! :)??,C?/! 3'-)+1/6! ;/! 8&(/! ;/! 0)-1?,/.! 1-?)+B/?! /-! 35/_! ./(! 8)-,/+-(!

;,):1-,2'/(E!

c!K/!+,*/)'!;/!?1(,(-)+3/!)'9!)+-,:,&-,2'/(!;/!!"#$%&'%()(*+*!/(-!2')(,!+'.E!!!

c!!"#$%&'%()(*+*!/(-!8&?-/'?!;7'+!B?)+;!+&0:?/!;71.10/+-(!B1+1-,2'/(!0&:,./(6!0),(!2',!

+/!(/0:./+-!8)(!d-?/!./(!*/3-/'?(!;/!D)3-/'?(!;/!*,?'./+3/!3&++'(E!!

</! -?)*),.! )! ;&+3! ;/(! 3&+(12'/+3/(! 3.,+,2'/(! ;1XU! /+*,()B/):./(! /-! &'*?/! ;/(!

8/?(8/3-,*/(!;/!-?)*),.!U!8.'(,/'?(!+,*/)'9!\!

<&+(12'/+3/(!3.,+,2'/(!)88.,3):./(!\!

c! !"#$%&'%()(*+*! ;&,-! d-?/! 3&+(,;1?1! 3&00/! '+/! :)3-1?,/! *,?'./+-/! /-! .)! 8?1(/+3/! ;7'+!

(/'.! 8?1.C*/0/+-! 8&(,-,D! ;)+(! '+! 8?1.C*/0/+-! 8?&D&+;! +/! ;&,-! 8)(! d-?/! ,+-/?8?1-1! U!

8?,&?,!3&00/!'+/!3&+-)0,+)-,&+6!'+/!3&.&+,()-,&+6!X'(2'7U!8?/'*/!;'!3&+-?),?/E!!

c! I.! D)'-! ,+-/?8?1-/?! )*/3! 8.'(! ;/! 8?';/+3/(! ./(! 8?1.C*/0/+-(! */+)+-! ;/(! _&+/(! ;/!

8&?-)B/!+)-'?/.!;/!!"#$%&'%()(*+*#\!8.,!,+B',+).6!3?/'9!)9,..),?/6!+/_!

c!K7)+-,:,&-51?)8,/!;)+(!./!3);?/!;/!35)+B/0/+-(!;/!0)-1?,/.(!8?&-51-,2'/(!,+D/3-1(!U!!"#

$%&'%()(*+*! ;&,-! d-?/! 8/?c&81?)-&,?/! /-! ,001;,)-/! )D,+! ;71*,-/?! .)! D&?0)-,&+! ?)8,;/! ;/!

:,&D,.0E!!

T/?(8/3-,*/(!3.,+,2'/(!\!

c! K)! ?/35/?35/! ?)8,;/! ;/! .)! (13?1-,&+! ;/! .'B;'.F(,+/! ;)+(! ./(! 8?1.C*/0/+-(! 3.,+,2'/(!

3&00/! '+! 8?1.C*/0/+-! &(-1&)?-,3'.),?/! &'! 8?&-51-,2'/! 8/'-c/../! 35)+B/?!

.7,+-/?8?1-)-,&+!2',!/+!D),-/!e!

c!O'/.(!)+-,:,&-,2'/(!8&'??),/+-!8?1*/+,?!.)!D&?0)-,&+!;/!:,&D,.0!e!

c![9,(-/+-c,.(!;/(!,+5,:,-/'?(!;/!3/--/!8?&-1)(/!2',!)'?),/+-!'+!,+-1?d-!-51?)8/'-,2'/!e!!



!

!

! ">>!

T/?(8/3-,*/(!8.'(!D&+;)0/+-)./(!\!

c!O'/.(!(&+-!./(!(':(-?)-(!;75F;?&.F(/!;/!.)!.'B;'.F(,+/!e!

c!J)!*,?'./+3/!(/!3&+D,?0/c-c/../!('?!'+!0&;C./!)+,0).!e!

c!K7'-,.,()-,&+!;/! .)! (8/3-?&01-?,/!;/!0)((/!)*/3!;/(! D/+d-?/(! ('81?,/'?/(!U!W4444!A)!

8/?0/-c/../! ;7,;/+-,D,/?! ;/(! f!3.'(-/?(! *,?'./+-(!g! *&,?!0d0/! ;7,;/+-,D,/?! ;/(! 8?&-1,+/(!

;7,+-1?8d-!3&00/!.)!.'B;'F(,+/!e!

c!K/(!1.10/+-(!B1+1-,2'/(!0&:,./(!8&?-1(!8)?!!"#$%&'%()(*+*!('?!./!8.)+!B1+1-,2'/!(&+-c

,.(!/98?,01(!e!

c![9,(-/c-c,.!'+!-?)+(D/?-!;/!0)-1?,/.!')#!"#,%-)%*!*/?(!!"#$%&'%()(*+*#e!

?6! (!"#$%&'()())*+,'*-.*/0/+1+(+&(-,I+3&-/,#(/#&"/('.&-3$%'-.+#(

56! !J%+(1+(%'(%$<1$%8#-,+(+&(1+#(I'3&+$.#(12'1G"#-/,(

K)!;13&'*/?-/!;7'+/!8?&-1)(/!/-!;7'+/!)((&3,)-,&+!(-)-,(-,2'/0/+-!(,B+,D,3)-,*/!)*/3!./(!

,+D/3-,&+(! &(-1&c)?-,3'.),?/(! +/! ;10&+-?/! 8)(! D&?0/../0/+-! .7/9,(-/+3/! ;7'+! .,/+! ;/!

3)'().,-1E!K)!.,--1?)-'?/!8/?0/-!+1)+0&,+(!;713.),?/?!D)*&?):./0/+-!3/--/!5F8&-5C(/E!K)!

85F(,&8)-5&.&B,/! ;/(! ,+D/3-,&+(! &(-1&c)?-,3'.),?/(! /(-! 8)?-,3'.,C?/0/+-! :,/+! /98.&?1/!

35/_!!"#,%-)%*E! h)0/(![E!<)(()-!/-!(/(!3&..):&?)-/'?(!&+-!8'!;10&+-?/?! ./!?i./! X&'1!8)?!

.7)'?1&.F(,+/6!'+/!01-)..&8?&-1)(/! (13?1-1/!8)?!!"#,%-)%*! j"$"kE!</--/!8?&-1)(/!+7)!8)(!

'+! ?i./! ;,?/3-! ;)+(! ./! ?/0&;/.)B/! &((/'96! 0),(! /../! )B,-! 3&00/! '+! ?1B'.)-/'?! ;/!

.7/98?/((,&+! ;/(! )'-?/(! D)3-/'?(! )F)+-! /'9! '+! ?i./! ;)+(! ./! ?/0&;/.)B/! &((/'9E! J)!

(13?1-,&+!/(-!(&'(!.)!;18/+;)+3/!;'!.&3'(!!,)#2',6!3&00/!.&-/!2',!/(-!'+!?1B'.)-/'?!;/!

.)! (13?1-,&+! ;/(! D)3-/'?(! ;/! *,?'./+3/! ;/! !"# ,%-)%*E! A)+(! 3/! -?)*),.6! ./(! )'-/'?(! +/!

;13?,*/+-! 8)(! ./! 013)+,(0/! 8)?! ./2'/.! .7)'?1&.F(,+/! )B,-! ('?! ./(! )'-?/(! D)3-/'?(! ;/!

*,?'./+3/6!0),(!/../!)88)?)l-!3&00/!'+!3&c?1B'.)-/'?!1-?&,-/0/+-!)((&3,1!U!!,)"#K/!?i./!

;,?/3-!;/(!01-)..&8?&-1)(/(!;)+(! ./! ?/0&;/.)B/!&((/'9!/(-!)'((,!;13?,-!;)+(!8.'(,/'?(!

0&;C./(!+(#0+1-2!/-!;/!(&'?,(!3&00/!8&'?!.)!8?&-1)(/(!m"4E44"#!Q(/.&+!.)!+&0/+3.)-'?/!

;/! .)! :)(/! ;/! ;&++1/(! m[]nTJS6! '+/! 01-)..&8?&-1)(/! (13?1-1/! 35/_! .)! (&'?,(! j"L"o

"L#kj"L>kj"L$6"LZkE!!

]/0)?2'&+(! 8)?! ),../'?(! 2'/! ./(! +&0:?/'9! D)3-/'?(! ;7);51(,&+! ,;/+-,D,1(! 35/_! !"#

$%&'%()(*+*!8)?-,3,8/+-!8?&:):./0/+-!)'((,!U!.710/?B/+3/!;7,+D/3-,&+(!&(-1&c)?-,3'.),?/(E!

<5/_!!"#,%-)%*6!./(!D)3-/'?(!;7);51(,&+!U!.)!0)-?,3/!/9-?)3/..'.),?/!&((/'(/!3&+(-,-'/+-!.)!

8?/0,C?/! 1-)8/! ,+;,(8/+():./! U! .71-):.,((/0/+-! ;7'+/! ,+D/3-,&+! )'! +,*/)'! ;/! 3/! -,(('(!

8)?-,3'.,/?6! &p! .)! :)3-1?,/! '+/! D&,(! D,91/! 8/'-! 81+1-?/?! ;)+(! ./! 3F-&8.)(0/! ;/(!

&(-1&:.)(-/(6! 135)88/?! /+! B?)+;/! 8)?-,/! )'! (F(-C0/! ,00'+,-),?/! /-! /+-?),+/?! '+/!

3)(3);/!;/!;1B?);)-,&+q(F+-5C(/!;/!.)!0)-?,3/!&((/'(/!;)+(!'+!3&+-/9-/!,+D.)00)-&,?/!

.&3&?1B,&+).!8?&8,3/!U!.7)88&?-!;/!+'-?,0/+-(!j"LGkE!!

A6! E-'0H&+K(0-/I-%*(+&(-,I+3&-/,#(/#&"/L'.&-3$%'-.+#(

K/! ;,):C-/! /(-! '+/! 3&0&?:,;,-1! &:(/?*1/! D?12'/00/+-! ;)+(! .)! .,--1?)-'?/! 35/_! ./(!

8)-,/+-(! )F)+-! 8?1(/+-1! '+/! ,+D/3-,&+! &(-1&c)?-,3'.),?/! U! !"#$%&'%()(*+*! /-! +&-?/! 1-';/!



!

!

! ">$!

8?&(8/3-,*/! ./! 3&+D,?0/6! 3)?! 3/--/! 8)-5&.&B,/! )DD/3-/! 8?/(2'/! $4^! ;/(! 8)-,/+-(! )F)+-!

8?1(/+-1! '+/! ,+D/3-,&+! &(-1&c)?-,3'.),?/E! K/! .,/+! /+-?/! ;,):C-/! /-! ?,(2'/! ,+D/3-,/'9! /(-!

3&++'! ;/8',(! .&+B-/08(! 8)?! ./(! 3.,+,3,/+(! /-! ?/8&(/! ('?! '+/! )((&3,)-,&+! 3&08./9/! ;/!

?,(2'/(!013)+,2'/(!.,1(!U!.)!8/?-/!;/!(/+(,:,.,-1!('8/?D,3,/../!/-!8?&D&+;/6!),+(,!2'/!('?!!

.7,00'+&;18?/((,&+! .,1/! U! .75F8/?B.F310,/! j"LLkE! T.'(,/'?(! -?)*)'9! &+-! ),+(,! 0&+-?1!

2'/! .75F8/?B.F310,/!).-C?/! ./(! D&+3-,&+(! ,00'+,-),?/(! ,++1/(6! 3&00/! .)!;1B?)+'.)-,&+!

;/(! 8&.F+'3.1),?/(! +/'-?&85,./(6! 37/(-! U! ;,?/! ./'?! 3)8)3,-1! ;/! (13?1-,&+! ;/! 8?&-1)(/(!

;/(-,+1/(!U!.71.,0,+)-,&+!0,3?&:,/++/6!0),(!)'((,!./'?(!3)8)3,-1(!;/!0,B?)-,&+!)'!+,*/)'!

;7'+!-,(('(!,+D/3-1!j"LVkE![../!,+;',-!)'((,!.7/98?/((,&+!;/!?13/8-/'?(!0/0:?)+),?/(!M&..c

.,r/!8/?-'?:)+-!./(!!D&+3-,&+(!)8&8-&-,2'/(!;/(!+/'-?&85,./(!j"V46"V"kE!K)!B.F3&(F.)-,&+!

;,?/3-/! ;'! 3&08.10/+-! ,+;',-/! 8)?! .75F8/?B.F310,/!8/'-! )'((,! 8/?-'?:/?! ./(! D&+3-,&+(!

;7&8(&+,()-,&+q85)B&3F-&(/! ;/(! :)3-1?,/(! 8)?! ./(! 3/..'./(! 85)B&3F-),?/(!

8?&D/((,&++/../(!j"VWkE!</?-),+/(!3&08.,3)-,&+(!&(-1&c)?-,3'.),?/(!(&+-!5):,-'/../(!;)+(!

./! ;,):C-/! 3&00/! ./!0).! 8/?D&?)+-! 8.)+-),?/! 1*&.'1! )*/3! )--/,+-/! &((/'(/6!0),(! 3/--/!

3&0&?:,;,-1!3&+(-,-'/!)'((,!'+!D)3-/'?!;/!?,(2'/!;7,+D/3-,&+(!('?!0)-1?,/.!/-!+&-)00/+-!

('?!8?&-5C(/!)?-,3'.),?/(!j"V#kE!!(

K/! :,&D,.0! 3&+(-,-'/! '+! )'-?/! ;1-/?0,+)+-! 0)X/'?! ;/! .)! ('?*/+'/! ;7,+D/3-,&+(! &(-1&c

)?-,3'.),?/(!/-!('?!0)-1?,/.!8?&-51-,2'/6!!"#,%-)%*!/-!!"#)3+')-4+'+*!/+!(&+-!./(!8?,+3,8)'9!

8&'?*&F/'?(!j"V>o"VGkE!!"#$%&'%()(*+*!/(-!'+/!:)3-1?,/!D&?-/0/+-!8?&;'3-?,3/!;/!:,&D,.0!

/-!+&(!-?)*)'9!;10&+-?/+-!()!3)8)3,-1!U!D):?,2'/?!'+!:,&D,.0!/+!2'/.2'/(!5/'?/(!U!8/,+/6!

'+!1.10/+-!8?&:):./0/+-!8/?-,+/+-!8&'?!/98.,2'/?!+&(!&:(/?*)-,&+(!3.,+,2'/(6!8',(2'/!

"44^! ;/(! WL! (&'35/(! ,08.,2'1/(! ;)+(! 3/(! ,+D/3-,&+(! /+! 1-),/+-! 8?&;'3-?,3/(! /+! >! 5!

0)9,0'0E!T)?!),../'?(6! 3/?-),+(! -?)*)'9!&+-!0&+-?1!2'/! .)!8?&;'3-,&+!;/!:,&D,.0!1-),-!

)'B0/+-1/!+(#0+1-2!/+!8?1(/+3/!;/!B.'3&(/6!3/!2',!1-):.,?),-!'+!.,/+!;,?/3-!/+-?/!;,):C-/6!

:,&D,.0!/-! ,+D/3-,&+(!&(-1&c)?-,3'.),?/(! j"VLkE!K/!:,&D,.0!8&(/!8)?!),../'?(!'+!8?&:.C0/!

-51?)8/'-,2'/!0)X/'?!3&08-/!-/+'!;/!.)!:)??,C?/!2'7,.!?/8?1(/+-/!8&'?!./(!1.10/+-(!;'!

(F(-C0/! ,00'+,-),?/! 0),(! )'((,! 8&'?! ./(! )+-,:,&-,2'/(E! T)?! 3&+(12'/+-6! .)! 8?,(/! /+!

35)?B/! 35,?'?B,3)./! ;/! 8)-,/+-(! )F)+-! '+/! ,+D/3-,&+! 8?&-51-,2'/! 8)?)l-! ;,DD,3,./0/+-!

3&+-&'?+):./!j"VVkjW44kE!T)?!),../'?(6!.)!?)8,;,-1!)*/3!.)2'/../!,.!(71-):.,-!?/+D&?3/!.7,;1/!

(/.&+! .)2'/../! .)! 8?/0,C?/! );0,+,(-?)-,&+! ;7)+-,:,&-,2'/(! .&?(! ;7'+! 35)+B/0/+-! ;/!

8?&-5C(/!)?-,3'.),?/! ,+D/3-1/!U!!"#$%&'%()(*+*!;&,-!d-?/!8/?!&81?)-&,?/6! ,001;,)-/6! X'(-/!

)8?C(!./(!8?1.C*/0/+-(!U!*,(1/!:)3-1?,&.&B,2'/(E!!

!

!

C6! =,I+3&-/,#(3G./,-9$+#(+&(:'.-',&(M()+&-&+#(3/%/,-+#(

%&'(! )*&+(! 0,(! /+! 1*,;/+3/! )'! 3&'?(! ;/! .71-';/! HIJKIJI! 8.'(,/'?(! *)?,)+-! U! 8/-,-/(!

3&.&+,/(6! /+! 8)?-,3'.,/?! #! (&'35/(! ,08.,2'1/(! ;)+(! ;/(! ,+D/3-,&+(! &(-1&c)?-,3'.),?/(E!

T.'(,/'?(!)'-/'?(!&+-!;13?,-!.)!3)8)3,-1!)33?'/!;/!3/(!(&'35/(!U!/+-?),+/?!;/(!,+D/3-,&+(!

35?&+,2'/(6! ('?! 0)-1?,/.! 0),(! &+-! )'((,! 0&+-?1! ./'?! 3&/9,(-/+3/! D?12'/+-/! )*/3! ;/(!

(&'35/(!f!()'*)B/(!g!;)+(!;/(!(-?'3-'?/(!;/!-F8/!:,&D,.0!jW4"kE! I.!/9,(-/!8?&:):./0/+-!

'+/!,+-/?)3-,&+!1-?&,-/!/+-?/!.71-)-!01-):&.,2'/!;/!3/(!(&'35/(!2',!/(-!B1+1?)./0/+-!./!

?1('.-)-! ;7'+/! 8?/((,&+! /+*,?&++/0/+-)./! 3&00/!'+/! ?/(-?,3-,&+! /+! +'-?,0/+-(! &'! .)!

8?1(/+3/!;7)+-,:,&-,2'/(6!/-!./!:,&D,.0!2',!?1)B,-!.',!)'((,!U!3/(!0d0/(!D)3-/'?(E!s'.D,2)?!

@.,!m,?)+,!/-!(/(!3&..):&?)-/'?(!&+-!),+(,!0&+-?1!2'/!!"#,%-)%*!8&'*),-!/9,(-/?!)'!(/,+!;'!



!

!

! ">Z!

:,&D,.0!(&'(!.)!D&?0/!;/!*)?,)+-(!U!8/-,-/(!3&.&+,/(!/-!;/!(&'35/(!;/!851+&-F8/!()'*)B/!

)*/3! '+! 8)(()B/! ;7'+! 1-)-! 01-):&.,2'/! U! .7)'-?/! /-! 2'/! .)! (-):,.,-1! ;'! :,&D,.0! 1-),-!

;,?/3-/0/+-!;18/+;)+-/!;/!3/(!35)+B/0/+-(!;71-)-!jZGkE!

!

N6! O+.#)+3&-:+#(

K)! .'B;'.F(,+/! /(-! '+/! 01-)..&8?&-1)(/! ;&+-! ./! ?i./! /9)3-! ?/(-/! U! ;1-/?0,+/?! 0),(!

8.'(,/'?(! 1.10/+-(! ;/*?),/+-! 8/?0/--?/! ;7)88&?-/?! ;/(! ?18&+(/(! 8.'(! ;1D,+,-,*/(! U!

.75F8&-5C(/!2'/!+&'(!D&?0'.&+(!,3,E!I.!D)'-!-&'-!;7):&?;!,;/+-,D,/?!./(!_&+/(!;/!3.,*)B/(!/-!

./(! (':(-?)-(! 8&-/+-,/.(E! J&+! )3-,*,-1! ('?! ./(! 1.10/+-(! ;/! .)! 0)-?,3/! /9-?)3/..'.),?/!

&((/'(/!(/?),-!3&+3&?;)+-/E!I.!D)'-!/+(',-/!0/--?/!)'!8&,+-!'+!0&;C./!;/!:)3-1?,/!a+&3r!

n'-! 8&'?! ./! BC+/! $%&'%$5*+()! /-! ?1).,(/?! /+(',-/! '+! 0&;C./! )+,0).! ;7,+D/3-,&+! &(-1&c

)?-,3'.),?/E!K71-';/!;'!8?&-1&0/!;/!3/--/!(&'35/!8/?0/--?),-!8/'-cd-?/!)'((,!;7/+*,()B/?!

./! +,*/)'! )'2'/.! .)! .'B;'.F(,+/! 8&'??),-! X&'/?! '+! ?i./6! 3&00/! 3/.)! )! 1-1! D),-! 8&'?!

.7)'?1&.F(,+/E!!

K/(! 01-)..&8?&-1)(/(! 8?1(/+-/+-! ;7'+/! 0)+,C?/! B1+1?)./! ;/(! /DD/-(! 8.1,&-?&8/(! /-!

3&+(-,-'/+-! ;/(! 3,:./(! -51?)8/'-,2'/(! 8?,*,.1B,1/(! ;)+(! ./! ;&0),+/! ;/! .)! 3)+31?&.&B,/6!

0),(!)'((,!/+!&;&+-&.&B,/!&'!./'?(!/DD/-(!;/(-?'3-/'?(!('?!./!8)?&;&+-/!&((/'9!!)!8/?0,(!

./! ;1*/.&88/0/+-! ;/! 0&.13'./(! ,+5,:,-?,3/(! ;&+-! .7/DD,3)3,-1! 3.,+,2'/! ?/(-/! U! 8?&'*/?!

jW4WoW4$kE!!

n+!8/'-!)'((,!/+*,()B/?!;7,+-1B?/?!.)!(13?1-,&+!;7'+!-/.!D)3-/'?!;/!*,?'./+3/!3&00/!'+/!

3,:./!;,)B+&(-,2'/!8&-/+-,/../E! K)!;1-/3-,&+!;7'+/! (&'35/! (13?1-?,3/!;/!K'B;'.F(,+/! )'!

(/,+!8)?!/9/08./!;7'+!8?1.C*/0/+-!&(-1&c)?-,3'.),?/6!;7'+/!8?&-5C(/6!8&'??),-!)0/+/?!./!

3.,+,3,/+!U!0&;'./?!()!-51?)8/'-,2'/!/-!0d0/!./!0,3?&:,&.&B,(-/!(&+!;,)B+&(-,3E!md0/!

;)+(!.75F8&-5C(/!;/!8?1.C*/0/+-(!8&.F0,3?&:,/+(!&'!.)!8&(,-,*,-1!;7'+!(/'.!135)+-,..&+!

('?! 8.'(,/'?(! ;&,-! /+3&?/! ?/+;?/! ./(! 01;/3,+(! 8?';/+-(6! &+! 8/'-! 3&+(,;1?/?! 2'/! .)!

8?1(/+3/!;7'+/!(&'35/!8?&-1&.F-,2'/!8/'-!D),?/!.7&:X/-!;7'+/!,+-/?8?1-)-,&+!8.'(!?);,3)./!

/-! d-?/! 3&+(,;1?1/! 3&00/! 8)-5&BC+/E! </! -F8/! ;7,+-/?8?1-)-,&+! /(-! +&*)-/'?! 3)?! ./(!

D)3-/'?(! ;/! *,?'./+3/! (&+-! /93/8-,&+/../0/+-! '-,.,(1(! ;)+(! ./! ;&0),+/! ;'! ;,)B+&(-,3!

0,3?&:,&.&B,2'/!)D,+!;71-):.,?! .)!(,B+,D,3)-,*,-1!0,3?&:,&.&B,2'/!;/(!8?1.C*/0/+-(E!m),(!

('?!./!8.)+!3.,+,2'/6!'+/!-/../!)88?&35/!)!;'!(/+(!/-!35)+B/!.7)--,-';/!-51?)8/'-,2'/E!</.)!

('88&(/!.)!0,(/!)'!8&,+-6!8)?!/9/08./6!;/!-/(-(!;/!;,)B+&(-,3(!?)8,;/(!;/!.)!8?&-1)(/!)D,+!

;/!?/+;?/!)'!3.,+,3,/+!'+!?1('.-)-!)((&3,1!U!.)!3'.-'?/!\!(&'35/!(13?1-?,3/!;/!K'B;'.F(,+/E!

<7/(-! 3/!2',!/(-! D),-! )'X&'?;75',!8&'?! ./(! (&'35/(!;/!6$,%*1-+'+%4#'+77+8+$)6! '+/!:)3-1?,/!

3&00/+()./6!2',!;/*,/+-!8)-5&BC+/!.&?(2'7/../!/(-!(13?1-?,3/!;/!-&9,+/(!2',!D&+-!.7&:X/-!

;/!-/(-(!;/!;1-/3-,&+!?)8,;/!2',!0&;'./+-!?);,3)./0/+-!.7)--,-';/!-51?)8/'-,2'/E!!

J'?! ./! 8.)+!0,3?&:,&.&B,2'/! /+3&?/6! .7'-,.,()-,&+!;/!+&'*/)'9!&'-,.(! 3&00/! ./!N,&Y,.0!

],+B!M/(-!QN,&D,.0!<&+-?&.6!J),+-cN/)'_,?/6!Y?)+3/S!8&'??),/+-!8/?0/--?/!;71*).'/?!8.'(!

8?13,(10/+-! .)! (/+(,:,.,-1! ?1/../! ;/(!:)3-1?,/(! )'! (/,+!;'!:,&D,.0!/-! &?,/+-/?! )'!0,/'9!

.7)+-,:,&-51?)8,/! /+! ?1).,()+-! '+! )+-,:,&B?)00/! ('?! :,&D,.0E! h)(&+! M)((/! /-! (/(!

3&..):&?)-/'?(! &+-! ),+(,!0&+-?1! 2'/! .)! (/+(,:,.,-1! ;/! !"#,%-)%*! )'9! )+-,:,&-,2'/(! 1-),-!

8.'(! B?)+;/! /+! 85)(/! 8.)+3-&+,2'/! 2'7)'! (/,+! ;'! :,&D,.0! &p! &+! &:(/?*/! '+/!

)'B0/+-)-,&+! ;/(! 3&+3/+-?)-,&+(! ,+5,:,-?,3/(! 8&'?! 3/?-),+(! )+-,:,&-,2'/(! 3&00/! .)!



!

!

! ">G!

;)8-&0F3,+/6!.)!D&(D&03F,+/!/-!.7&D.&9)3,+/!).&?(!2'/!;7)'-?/(!)+-,:,&-,2'/(!B)?;/+-!'+/!

)3-,*,-1!3&+(-)+-/!3&00/!.)!3.,+;)0F3,+/6!.7)3,;/!D'(,;,2'/!/-!.)!?,D)08,3,+/!jW4ZkE!!

b+/! 8)?-,/! (/'./0/+-6! ;/(! (&'35/(! ,(('/(! ;/! .71-';/! HIJKIJI6! /(-! 8?&;'3-?,3/! ;/!

.'B;'.F(,+/!).&?(!2'/!-&'-/(!(&+-!8&?-/'(/(!;'!BC+/E!</--/!&:(/?*)-,&+!?/8&(/6!8/'-cd-?/6!

('?!.)!0'-)-,&+!RWVVJ!2'/!+&'(!)*&+(!,;/+-,D,1!35/_!$G^!;/(!(&'35/(!+&+!8?&;'3-?,3/(!

;/!.)!8?&-1)(/E!</--/!0'-)-,&+!)!8?&:):./0/+-!8/'!;7,08)3-!('?!./!8.)+!D&+3-,&++/.!0),(!

8&'??),-! 0&;,D,/?! .)! (-?'3-'?/! ;/! .)! _&+/! 3)-).F-,2'/! ;/! .)! 8?&-1,+/E! I.! D)'-! ;&+3!

0),+-/+)+-!;1-/?0,+/?!.)!(-?'3-'?/!-?,;,0/+(,&++/../!?1/../!;/!.)!8?&-1)(/!8&'?!1*).'/?!

.7,08)3-!?1/.!;/!3/--/!0'-)-,&+!('?!./!8.)+!(-?'3-'?).E!!

B6! (P%"*+,&#(<","&-9$+#(*/0-%+#(1+(!"#$%&'()())*+,

'*-.*/0/+1+(

56! Q",/*+('33+##/-.+(1+(!"#$%&'()())*+,'*-.*/0/+1+(

K)! 0,(/! /+! 1*,;/+3/! ;71.10/+-(! B1+1-,2'/(! 0&:,./(! 0'.-,8./(! 35/_! !"# $%&'%()(*+*! /(-!

+&'*/../6!0),(!8)(!('?8?/+)+-/E![+!/DD/-!,.!(/0:./!;/!8.'(!/+!8.'(!1*,;/+-!2'/!./!B1+&0/!

)33/((&,?/! ;/(! (-)85F.&3&2'/(! &33'8/! '+/! 8.)3/! D&+;)0/+-)./! ;)+(! ./'?! 1*&.'-,&+! /-!

./'?!);)8-)-,&+!U! .7/+*,?&++/0/+-!3&00/!U! .75&00/E!!"#,%-)%*!8&?-/!('?!3/(!1.10/+-(!

0&:,./(!;/!+&0:?/'9!D)3-/'?(!;/!*,?'./+3/!3/!2',!+7/(-!8)(!8?&'*1!35/_!!"#$%&'%()(*+*!/-!

?/(-/!B.&:)./0/+-!-?C(!?)?/!/-!8/'!;&3'0/+-1!35/_!./(!J<%E!%1)+0&,+(!.)!8?1(/+3/!;/!

85)B/(! /-! ;/! 8.)(0,;/(! ;&,-! D),?/! /+*,()B/?! .)! 8&((,:,.,-1! ;7135)+B/(! ;/! 0)-1?,/.!

B1+1-,2'/! ;/! !"# ,%-)%*! */?(! ./(! J<%6! 3/! 2',! +7/(-! 8)(! /+3&?/! );0,(! &'! 3.),?/0/+-!

;10&+-?16!).&?(!2'/!./(!135)+B/(!;)+(!./!(/+(!&88&(1!(&+-!D?12'/+-(E!I.!/9,(-/!8.'(,/'?(!

(F(-C0/(! ;/! ?/(-?,3-,&+! ;'! -?)+(D/?-! ;/! 0)-1?,/.! B1+1-,2'/! ;7'+/! /(8C3/! ;/!

(-)85F.&3&2'/!U!.7)'-?/!/-!3/.)!/98.,2'/!/+-?/!)'-?/!./(!;,DD,3'.-1(!U!-?)+(D1?/?!0d0/!+(#

0+1-2! ;/(! 8.)(0,;/(! ;/! !"# ,%-)%*! */?(! '+! J<%! jVGkE! K/(! 0&F/+(! 013)+,2'/(! 3&00/!

.71./3-?&8&?)-,&+! 8/?01):,.,(/+-! ;/! D&?3/! .)! 0/0:?)+/! 8.)(0,2'/! :)3-1?,/++/6! 0),(!

;7'+/!0)+,C?/!B1+1?)./!,.!D)'-!./!8.'(!(&'*/+-6!3&+-&'?+/?!3/(!013)+,(0/(!;/!?/(-?,3-,&+!

8&'?!&:-/+,?!;/(!-?)+(D/?-(!;/!BC+/(!/+-?/!(-)85F.&3&2'/(!jVLkE!!!!

!

A6! ?-/I-%*#(+&(&.',#I+.&#(<","&-9$+#(G/.-R/,&'$S(

K/! :,&D,.0! /(-! )88)?'! 3/(! ;/?+,C?/(! )++1/(! 3&00/! '+! .,/'! 8?,*,.1B,1! 8&'?!

.71-):.,((/0/+-! ;7135)+B/(! ;/! 0)-1?,/.(! B1+1-,2'/(! 2',! 0&;'./+-! ;,?/3-/0/+-! ./!

01-):&.,(0/!;'!:,&D,.0!(/.&+!'+!/+(/0:./!;/!013)+,(0/(!;&+-!h&+)(!J-/+.trr/!m);(/+!

/-!(/(!3&..):&?)-/'?(!&+-!?13/00/+-!8':.,1!'+/!?/*'/!3&08.C-/!jW4GkE!K/(!:)3-1?,/(!(/!

?/-?&'*/+-!;)+(!'+/!(,-')-,&+!;/!B?)+;/!8?&9,0,-1!2',!D)3,.,-/!./'?(!3&+-)3-(!85F(,2'/(!

/-! ./(! -?)+(D/?-(! 3&+X'B)-,D(! ;/! 8.)(0,;/(6! 0),(! )'((,! .7)3-,*,-1! ;7/+_F0/(! ,(('/(! ;/!

3);)*?/(! :)3-1?,/+(! ('?! ;/! .7@A%! /9&BC+/E! K)! .,:1?)-,&+! ;7@A%! /9-?)3/..'.),?/! ;&+-! ./!

?i./! /(-! D&+;)0/+-).! ;)+(! .)! 8/?(,(-)+3/! ;'! :,&D,.0! 3&+(-,-'/! )'((,! '+/! (&'?3/! ;/!

0)-1?,/.! B1+1-,2'/! -?)+(D1?):./! 8)?! '+! 013)+,(0/! ;/! -?)+(D&?0)-,&+6! ).&?(! 2'/! .)!

3&081-/+3/!:)3-1?,/++/! (/0:./! d-?/! ;,?/3-/0/+-! ?1B'.1/!8)?! 3/-!@A%/E! </(! 135)+B/(!

3&+(-,-'/+-!;7'+/!0)+,C?/!B1+1?)./!'+!;/(!013)+,(0/(!);)8-)-,D(! D&+;)0/+-)'9!;/! .)!

8&8'.)-,&+!:)3-1?,/++/!)'!(/,+!;'!:,&D,.0!2',!;&,-!d-?/!3&+(,;1?1!3&00/!'+!/+(/0:./!



!

!

! ">L!

3&&81?)-,D!/-!);)8-)-,D!)'9!3&+;,-,&+(!/+*,?&++/0/+-)./(!j>G6W4GkE!K)!0,(/!/+!1*,;/+3/!

;/!8.'(,/'?(!8.)(0,;/(!35/_!!"#$%&'%()(*+*!/-!()!B?)+;/!3)8)3,-1!U!D):?,2'/?!'+!:,&D,.0!

3&+(-,-'/+-!),+(,!'+!35)08!;/!?/35/?35/!3&+X&,+-!-&'-!U!D),-!8/?-,+/+-E!!!!!!!

!

C6! O+.#)+3&-:+#(

T.'(,/'?(!-?)*)'9!?/(-/+-!U!0/+/?!8&'?!)0/+/?!;/(!?18&+(/(!*).):./(!)'9!2'/(-,&+(!2'/!

+&'(!(&'./*&+(!,3,E!I.!D)'-!-&'-!;7):&?;!/98.&?/?!./!+,*/)'!;7/98?/((,&+!;/!3/(!1.10/+-(!

B1+1-,2'/(! 0&:,./(E! <&+3/?+)+-! ./(! 85)B/(! .)! 8?/0,C?/! 1-)8/! (/?),-! ;71-';,/?! ./'?!

,+;'3-,:,.,-16! 37/(-! U! ;,?/! .)! 3)8)3,-1! ;'! 85)B/! U! (7/+B)B/?! */?(! '+! 3F3./! .F-,2'/! /+!

'-,.,()+-!8)?!/9/08./!.)!0,-&0F3,+/!<!jW4LkE!I.!(/?),-!/+(',-/!+13/((),?/!;/!3)?)3-1?,(/?!

3/(!85)B/(!('?!./!8.)+!(-?'3-'?).!0),(!)'((,!./'?!3&+-/+'!B1+,2'/!8&'?!()*&,?!(7,.!(7)B,-!

;7'+!85)B/!/9/?P)+-!'+/!-?)+(;'3-,&+!(813,).,(1/!&'!B1+1?).,(1/E! I.! D)';?),-! D,+)./0/+-!

;1-/?0,+/?!./(!:)3-1?,/(!,+D/3-):./(E!<&+3/?+)+-!./(!8.)(0,;/(!,.!D)';?),-!3&+D,?0/?!./'?!

/9,(-/+3/!/+!,(&.)+-!/981?,0/+-)./0/+-!./!35?&0&(&0/!:)3-1?,/+!;/!3/.',!;'!8.)(0,;/!

8)?! ;/(!01-5&;/(! ;/! 8?13,8,-)-,&+! /-! 3/+-?,D'B)-,&+! ;&+-! ,.! /9,(-/! 8.'(,/'?(!0&;).,-1(!

jW4V6W"4kE! b+/! D&,(! ,(&.16! .7@A%! 8.)(0,;,2'/! 8&'??),-! /+(',-/! D),?/! .7&:X/-! ;7'+!

(12'/+P)B/! U! 8)?-! /+-,C?/E! K)! 01-5&;/! 2'/! +&'(! )*&+(! '-,.,(1/! ?/(-/! /+! /DD/-!

/98.&?)-&,?/! /-! '+,2'/0/+-! :)(1/! ('?! ;/(! ;&++1/(! :,&,+D&?0)-,2'/(! 2',! ;&,*/+-!

):(&.'0/+-!d-?/!3&+D,?01/(E!I.!(/?),-!)'((,!+13/((),?/!;71-';,/?!./!-?)+(D/?-!*/?(!;7)'-?/(!

-F8/(!:)3-1?,/+(!3&00/!!"#,%-)%*!&'!;7)'-?/(!J<%!/-!;1-/?0,+/?!./!3)?)3-C?/!3&+X'B)-,D!

&'!):&?-,D!;/!3/(!-?)+(D/?-(E!(

E6! 7))%-3'&-/,(1+(%'(#)+3&./*"&.-+(1+(*'##+(M(%2"&$1+(1+(%'(

:-.$%+,3+(0'3&".-+,,+(

56! F)+3&./*"&.-+(1+(*'##+(+&(','%8#+(G-".'.3G-9$+(

%&(!-?)*)'9!+7&+-!8)(!8/?0,(!;/!0/--?/!/+!1*,;/+3/!;/!.,/+(!3&51?/+-(!/+-?/!./(!(&'35/(!

,(('/(!;7,+D/3-,&+(!/-!;/!3&+-)0,+)-,&+(!&'!/+3&?/!(/.&+!.7&?,B,+/!3.,+,2'/!;/(!(&'35/(E!

%&-?/! 8?&X/-! ,+,-,).! ?/8&(),-! ('?! .)! 8':.,3)-,&+! ;/! 8.'(,/'?(! -?)*)'9! 0&+-?)+-! 2'/! .)!

(8/3-?&01-?,/! ;/! 0)((/! 1-),-! '+! &'-,.! *,):./! 8&'?! .71-';/! ,+;,?/3-/! ;/(! ?/.)-,&+(!

85F.&B1+1-,2'/(!/+-?/!;/(!(&'35/(!:)3-1?,/++/(!/-!8&'*),-!?/08.)3/?! .71-';/!;/!BC+/(!

01+)B/?(6! ;/! 8?&D,.(! ;/! ?/(-?,3-,&+! *&,?! ;/! B1+&0/(! /+-,/?(! ;)+(! 3/--/! 8/?(8/3-,*/! .U!

jLW6L#kE! </(! -?)*)'9! /+3&'?)B/)+-(! 0/+1(! ('?! ;/(! :)3-1?,/(! U! R?)0! +1B)-,D! &+-! 1-1!

3&+;',-!35/_!!"#,%-)%*6!0),(!./!(/'.!?1('.-)-!8?&:)+-!/(-!.)!3)8)3,-1!U!1-):.,?!;/(!8?&D,.(!

(8/3-?&01-?,2'/(! 8/?0/--)+-! ;/! ;,(-,+B'/?! ./(! (&'35/(! (/+(,:./(! &'! ?1(,(-)+-/(! U! .)!

01-,3,..,+/6! 3/! 2',! /(-! .&,+! ;/! +&-?/! &:X/3-,D! ,+,-,).! /-! ('?-&'-! 8/'! ,+-1?/(()+-! 35/_! !"#

$%&'%()(*+*!2',!+7/(-!2')(,0/+-!X)0),(!?1(,(-)+-!U!.)!01-,3,..,+/!jW""oW"#kE!</(!-?)*)'9!

8?1(/+-),/+-!8&'?-)+-!.7,+-1?d-!;7)*&,?!&+-!1-1!0/+1(!('?!;/(!(8/3-?&0C-?/(!;/!0)((/!;/!

-F8/!m@KAIcMnY!mJ!)*/3!;/(! D/+d-?/(!;7)+).F(/!/+-?/!W!/-!W4!rA)6! 3/!2',! 3&??/(8&+;!

)'9! 3&+;,-,&+(! ?1'+,/(! ;)+(! .)! 8.'8)?-! ;/(! .):&?)-&,?/(! ;/! ;,)B+&(-,3E! I+*/?(/0/+-6!

T/-/?!K)(35!/-!(/(!3&..):&?)-/'?(!&+-!?13/00/+-!0&+-?1!2'/!.)!(8/3-?&01-?,/!;/!0)((/!

;/! -F8/!m@KAIcMnY!mJ! 1-),-! ,+3)8):./! ;/!0/--?/! /+! 1*,;/+3/! ;/(! 3&08./9/(! 3.&+)'9!

8.'(!B1+1?)'9!3&00/!3/'9!1-):.,(!U!.7),;/!;/!8?&D,.(!;/!?/(-?,3-,&+!&'!;7)+).F(/!;/!BC+/(!

01+)B/?(! jW">kE! K)! (8/3-?&01-?,/! ;/! 0)((/! '-,.,(1/! ;)+(! ./! 3);?/! ;'! ;,)B+&(-,3! ;/!



!

!

! ">V!

?&'-,+/!8?1(/+-/!;/!+&0:?/'(/(!.,0,-/(!2',!/98.,2'/+-!8?&:):./0/+-!3/(!?1('.-)-(E!K/(!

8?&D,.(! &:-/+'(! (&+-! ?/.)-,*/0/+-! (-):./(! )'! D,.! ;/(!;18i-(6!0),(! ?/(-/+-! (&'0,(! U!'+/!

3/?-),+/!*)?,):,.,-1!,+51?/+-/!)'!8?&3/(('(!;7,&+,()-,&+!/-!;/!;1(&?8-,&+!2',!3&08.,2'/!

8?&:):./0/+-!./!-F8)B/!:)3-1?,/+!).&?(!2'/!./!8?&3/(('(!;7,;/+-,D,3)-,&+!?/(-/!D,):./6!3)?!

,.!?/8&(/!('?!./(!2'/.2'/(!8,3(!./(!8.'(!,+-/+(/(!/-!):&+;)+-(E!T)?!),../'?(6!.7'-,.,()-,&+!;/!

;18i-(! ;,?/3-(! :)3-1?,/+(! /(-! ,+('DD,()+-/! 8&'?! )*&,?! ;/(! -?)31(! )((/_! ?,35/(! /-!

?/8?&;'3-,:./(! 8&'?! ;/(! )+).F(/(! 8.'(! D,+/(! 2'/! .7,;/+-,D,3)-,&+6! /-! ,.! D)'-! ?/3&'?,?! U!

.7)+).F(/!;/!8?&-1,+/(!3F-&8.)(0,2'/(!2',!(/! .,0,-/!-?C(!0)X&?,-),?/0/+-!)'9!8?&-1,+/(!

?,:&(&0)./(!2',! (&+-!5):,-'/../0/+-! -?C(! 3&+(/?*1/(!)'! (/,+!;7'+/!/(8C3/E!@'! D,+).6! ./!

-F8)B/!;/!!"#$%&'%()(*+*! /-!8/'-!d-?/!;/(! (-)85F.&3&2'/(!/+!B1+1?).! Q(,! .7&+!/93/8-/! .)!

2'/(-,&+!;/! .)!(/+(,:,.,-1!U! .)!01-,3,..,+/S!+7/(-!8&'?! ./!0&0/+-!8)(!?1).,():./!;)+(! ./(!

3&+;,-,&+(!/981?,0/+-)./(!;'!;,)B+&(-,3!;/!?&'-,+/E!!

!

A6! F)+3&./*"&.-+(1+(*'##+(+&(','%8#+(1+(I'3&+$.#(1+(:-.$%+,3+(

%&'(! )*&+(! *'! /+! ,+-?&;'3-,&+! 2'/! .)! (8/3-?&01-?,/! ;/!0)((/! )! 8'! d-?/! '-,.,(1/! )*/3!

('33C(!8&'?! .7,;/+-,D,3)-,&+!;/! .)!uc510&.F(,+/!;/!!"#,%-)%*!8?&:):./0/+-!8)?3/!2'/! ./!

8&,;(! 0&.13'.),?/! ;/! 3/--/! 8?&-1,+/! Q/+*,?&+! #! rA)S! /(-! 3&08)-,:./! )*/3! .)! D/+d-?/!

;7)+).F(/!;/(!(8/3-?&0C-?/(!/+!?&'-,+/!QW!U!W4!rA)S!jGVkE!I+*/?(/0/+-!.)!?/35/?35/!;/!

K/'3&3,;,+/!;/!T)+-&+!H)./+-,+/!(7/(-!?1*1.1/! ,+D?'3-'/'(/!;)+(! ./(!0d0/(!3&+;,-,&+(!

()35)+-!2'/!3/--/!8?&-1,+/!D),-!8.'(!;/!Z4!rA)!jGGkE!n+!8/'-!D,+)./0/+-!8/+(/?!2'/!;)+(!

3/(! D/+d-?/(! ;/! ;1-/3-,&+! .)! ?/35/?35/! ;/! D)3-/'?(! ;/! *,?'./+3/! (/?)! 8?&:):./0/+-!

;13/*)+-/! /+! ;/5&?(! ;/! 2'/.2'/(! /93/8-,&+(! /-! 3/! 8&'?! 8.'(,/'?(! ?),(&+(E! K/! 8&,;(!

0&.13'.),?/! ?/8?1(/+-/! '+/! 8?/0,C?/! .,0,-/! /-! '+/! B?)+;/! 8)?-,/! ;/(! D)3-/'?(! ;/!

*,?'./+3/! D),-!8.'(!;/!W4!rA)!/+!8)?-,3'.,/?!35/_!!"#,%-)%*E!T)?!),../'?(6! ,.!+/! (7)B,-!8)(!

-&'X&'?(!;/!8?&-1,+/(!3F-&8.)(0,2'/(!&'!(13?1-1/(!/-!./(!3&+;,-,&+(!/981?,0/+-)./(!(&+-!

).&?(! -&-)./0/+-! ;,DD1?/+-/(E! K)! ?/35/?35/! ;/! D)3-/'?(! ;7);51(,&+! /(-! 8)?! /9/08./!

D&?-/0/+-!3&08?&0,(/6!3)?!.7)+).F(/!;/!;18i-(!:)3-1?,/+(!;,?/3-(!8?&;',-!;/(!-?)31(!-?C(!

*)?,):./(6! ;,DD,3,./0/+-! 3&08)?):./(! ;)+(! ./! ;1-),.! 0d0/! (,! ./(! 8?,+3,8)'9! 8,3(! /'9!

?/(-/+-!3&+(-)+-(E![+D,+6!./(!D)3-/'?(!;/!*,?'./+3/!+/!(&+-!8)(!+13/((),?/0/+-!D)3,./0/+-!

,&+,(1(6!)'-?/0/+-!;,-!.7)08.,-';/!;/(!8,3(!+7/(-!8)(!+13/((),?/0/+-!B?)+;/!0d0/!(,!.)!

8?&-1,+/! 3&+(,;1?1/! /(-! 8?1(/+-/! /+! B?)+;/! 2')+-,-1E! @'! D,+).6! .7'-,.,()-,&+! ;'!m@KAIc

MnY! mJ! ;)+(! '+/! D/+d-?/! ;/! W! U! W4! rA)! /(-! 8?&:):./0/+-! ,+('DD,()+-/! 8&'?!

.7,;/+-,D,3)-,&+! ;/! D)3-/'?(! ;/! *,?'./+3/(! 35/_! ./(! (-)85F.&3&2'/(E! <&+3/?+)+-! .)!

.'B;'.F(,+/6!3/--/!8?&-1,+/!/93?1-1/!/(-!-?&8!.&'?;/!8&'?!d-?/!;1-/3-1/!Q#G!rA)SE!!

!

!

C6! O+.#)+3&-:+#(

K)!(8/3-?&01-?,/!;/!0)((/!;/! -F8/!m@KAIcMnY!mJ!/(-!0),+-/+)+-!:,/+! ,+(-)..1/!;)+(!

./(! .):&?)-&,?/(! ;/! ;,)B+&(-,3! /-! ./(! :)(/(! ;/! ;&++1/(! 2',! F! (&+-! ?/.,1/(! (&+-! ?,35/(6!

.7,;/+-,D,3)-,&+!:)3-1?,/++/!/(-!:/)'3&'8!8.'(!(,08./!/-!D,):./6!,.!/(-!8/'!8?&:):./!2'/!./(!

.):&?)-&,?/(! 35)+B/+-! ;)+(! ./(! 8?&35),+/(! )++1/(! ?);,3)./0/+-! ;/! 0)-1?,/.! &'! ;/!

8?&-&3&./(E![+!?/35/?35/6!.)!(&.'-,&+!*,/+;?)!8/'-!d-?/!;/!.7'-,.,()-,&+!;7)'-?/(!)+).F(/(!



!

!

! "$4!

(8/3-?&01-?,2'/(!8.'(!;,(3?,0,+)+-/(!&'!/+3&?/!;)+(!;/(!D/+d-?/(!;7)+).F(/!8.'(!.)?B/(!

2',! 8/'*/+-! )../?! X'(2'7U! "$4! rA)! jW"$6W"ZkE! <&+3/?+)+-! !"# $%&'%()(*+*6! ,.! (/?),-!

8?&:):./0/+-!'-,./!;/!?/8?&;',?/!3/(!)+).F(/(!;/!3&08)?),(&+!;/!(&'35/(!/+!D&+3-,&+!

;/!./'?(!8?&*/+)+3/(!/+!3&08)?)+-!./(!8?&D,.(!(8/3-?&01-?,2'/(!;)+(!;/(!D/+d-?/(!)..)+-!

;/! W4! U! "$4! rA)! /+! (/! :)()+-! ('?! ./(! 8?&-1,+/(! 3F-&8.)(0,2'/(6! 0),(! )'((,! ('?! ./(!

('?+)B/)+-(! ;/! 3'.-'?/! 37/(-! U! ;,?/! ./! (13?1-&0/E! </--/! ;/?+,C?/! )+).F(/! /(-! ?/+;'/!

;,DD,3,./!8)?!.7'-,.,()-,&+!;/!0,.,/'9!;/!3'.-'?/(!/'9!0d0/!?,35/(!/+!8?&-1,+/(!2'7,.!8/'-!

d-?/!;,DD,3,./!;/!;,(-,+B'/?!;/(!8?&-1,+/(!8?&;',-/(!8)?! .)!:)3-1?,/!;)+(! ./! 3);?/!;7'+/!

)88?&35/!B.&:)./E!!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !



!

!

! "$"!

!

!

!

!

!

!

!

!

!

!

!

!

!

D6! B/,3%$#-/,#(

! !



!

!

! "$W!

!

!

!

!

!

!

!

!

! !



!

!

! "$#!

</! -?)*),.! ;/! -5C(/! )! 8/?0,(! ;/! 3&+D,?0/?! .)! 8)-5&B1+,3,-1! ;/! !"# $%&'%()(*+*! /+!

(7)88'F)+-! ('?! '+/! :)(/! 01-5&;&.&B,2'/! D&?-/! 37/(-! U! ;,?/! '+/! )+).F(/! 3.,+,2'/!

8?&(8/3-,*/E!%&'(! )*&+(! ),+(,! 8'!0&+-?/?! 2'/! 3/! J<%!+/! (/! 3&08&?-/! 8)(! 3&00/! ./(!

)'-?/(!/(8C3/(!;/!J<%!/-!8&((C;/!'+/!*,?'./+3/!2',!.',!/(-!8?&8?/!/-!./!?)88?&35/!('?!./!

8.)+! 3.,+,2'/6! 0),(! )'((,! 0,3?&:,&.&B,2'/! /-! B1+1-,2'/! ;/! !"#,%-)%*E! </(! &:(/?*)-,&+(!

?/0/--/+-! /+! 3)'(/! .)! ;,35&-&0,/! 5):,-'/../! !"# ,%-)%*! 0*! J<%! /-! +&-)00/+-!

.7,+-/?8?1-)-,&+! ;/(! 8?1.C*/0/+-(! 0,3?&:,&.&B,2'/(! /+! ()35)+-! 2'/! .)! D?12'/+3/! ;/!

3&.&+,()-,&+!8)?!!"#,%-)%*!/-!!"#$%&'%()(*+*!/(-!8?&35/6!;/!.7&?;?/!;/!#4^E!%&'(!8/+(&+(!

;&+3! 2'7)'! 0d0/! -,-?/! 2'/! !"# ,%-)%*! !"# $%&'%()(*+*! +/! ;/*?),-6! U! 8?,&?,6! X)0),(! d-?/!

3&+(,;1?1! 3&00/!'+! 3&+-)0,+)+-! ;)+(! '+/! 510&3'.-'?/6! '+! 8?1.C*/0/+-! 8?&D&+;! &'!

/+3&?/! '+! D?)B0/+-! ;/! 0)-1?,/.! &'! &((/'96! 0d0/! (,! '+! (/'.! 8?1.C*/0/+-! /(-! 8&(,-,D!

8)?0,!8.'(,/'?(E!%&'(!)*&+(!)'((,!0,(!/+!1*,;/+3/!'+/!+&'*/../!8?&-1)(/!;/! .)! 3.)((/!

;/(!01-)..&8?&-1)(/(6!/-!2',!3&+(-,-'/!'+!8&((,:./!D)3-/'?!;/!*,?'./+3/!,08.,2'1!;)+(!./(!

,+D/3-,&+(! &(-1&c)?-,3'.),?/(! :,/+! 2'/! ;/(! -?)*)'9! ?/(-/+-! U!0/+/?! 8&'?! ./! ;10&+-?/?!

D&?0/../0/+-E!%&'(!&:(/?*&+(!U! .7,(('/!;/! 3/! -?)*),.! -?)+(.)-,&++/.!'+! -):./)'!B1+1?).!

/98.,2')+-!.)!('?*/+'/!;7,+D/3-,&+(!)*/3!'+/!:)3-1?,/!2',!./!8.'(!(&'*/+-!*,-!/+!(F0:,&(/!

)*/3! (&+! 5i-/!\! ;/(! 8)-,/+-(! D?)B,.,(1(! 8)?! '+/! 8&?-/! ;7/+-?1/! 3'-)+1/6! '+! (F(-C0/!

,00'+,-),?/! ).-1?1! 8)?! .7vB/6! ./! ;,):C-/! &'! '+! 3)+3/?! /-! '+! 8)-5&BC+/! *,?'./+-! 8)?! .)!

8?&;'3-,&+! ;/! D)3-/'?(! ;7);51(,&+! /-! )'! 0&,+(! ;7'+/! 8?&-1)(/E! </(! 1.10/+-(! ?1'+,(!

('DD,(/+-! 3/?-),+/0/+-! U! /98.,2'/?! ./! 3&+(-)-! 3.,+,2'/! 2'/! +&'(! D),(&+(E! A7)'-?/(!

1.10/+-(! ,08.,2'1(! ;)+(! .)! *,?'./+3/! ;/! 3/! 8)-5&BC+/6! 0),(! )'((,! ;/(! )'-?/(!

(-)85F.&3&2'/(! ?/(-/+-! 3/?-),+/0/+-! U! ;13&'*?,?E! %&'(! )*&+(! /+D,+! 8'! 0&+-?/?!

.7,08&?-)+3/!;'!B1+&0/!)33/((&,?/!35/_!'+!J<%6!3/!2',!./!?)88?&35/!/+3&?/!;/!!"#,%-)%*!

)*/3!2',! ,.!8)?-)B/!'+/!8)?-,/! ,08&?-)+-/!;/! (&+!B1+&0/E!K7'-,.,()-,&+!;/!8.'(!/+!8.'(!

.)?B/!;'!(12'/+P)B/!U!5)'-!;1:,-!+&'(!;&++/!'+!?/B)?;!-&-)./0/+-!,+1;,-!('?!./(!)B/+-(!

,+D/3-,/'9!/-!/+!8)?-,3'.,/?!('?!3/(!(&'35/(!3&00/+()./(!2',!*,*/+-!('?!+&-?/!18,;/?0/6!

0),(!2',!&+-! .)!3)8)3,-1!;7135)+B/?6!/-!;7)88?/+;?/!U!0/('?/!2'/!+&'(! D):?,2'&+(!;/(!

:)3-1?,/(!;/!8.'(!/+!8.'(!?1(,(-)+-/(!8)?!'+!'()B/!-?&8!.)?B/!;/(!)+-,:,&-,2'/(E!!

!

!

!

!

!

!

!

!

!

!

!



!

!

! "$>!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !



!

!

! "$$!

!

!

!

!

!

!

!

!

!

!

!

!

!

D=6! F8,&GH#+(1+#()$0%-3'&-/,#K()/#&+.#(+&(
)."#+,&'&-/,#(

!

!

!

!

!

!

!

!

!

!

!

!



!

!

! "$Z!

!

!

!

!

!

!

!

! !



!

!

! "$G!

76! 7.&-3%+#(

=*)%+*+,&'&-/,(/I(T'&.-SL7##-#&+1(U'#+.(E+#/.)&-/,(=/,-R'&-/,L>-*+(/I(@%-<G&(

T'##(F)+3&./*+&.8(-,(!/$&-,+(B%-,-3'%(U'0/.'&/.-+#(=*)./:+#(=1+,&-I-3'&-/,(/I(
B/'<$%'#+LV+<'&-:+(F&')G8%/3/33-(',1(!+:+'%#(&G+(O'&G/<+,-3(!/%+(/I(

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

7.<+*-(W6!],/B/.!T6!K)*,B+/!M6!K/D/:*?/!%6!R?)+;8?1!%6!`)+(0)++!w6!h)'.5)3!N6!T?1*&(-!
R6!J35?)00!YE!!

h&'?+).!&D!<.,+,3).!m,3?&:,&.&BFE!W4"$E!h'.x$#QGS\W4#4cZE!!

!

!"#$%&'()())*+,'*-.*/0/+1+X('(:-.$%+,&()'&G/<+,(3'$#-,<(0/,+(',1(Y/-,&(-,I+3&-/,#6(
A&',?,!%6!`)+(0)++!w6!K/D/:*?/!%6!],/B/.!T6!m)?-,+!m6!N).;/F?&'!m6!<5?,(-0)++!A6!

T?/*&(-!R6!7.<+*-(WE!

<.,+,3).!m,3?&:,&.&BF!)+;!I+D/3-,&+E!W4"ZE!@'BxWWQLS\G>GcLE!!

!

D=FU=F=(&.-'%K('()./#)+3&-:+(3%-,-3'%(#&$18('%%/Z-,<(-1+,&-I-3'&-/,(/I('(,+Z(
*+&'%%/)./&+'#+(',1()$&'&-:+(:-.$%+,3+(I'3&/.(I./*(!"#$%&'()())*+,'*-.*/0/+1+6(

7.<+*-(W6!T?1*&(-!R6!],/B/.!T6!a/../?!A6!m/F/?!%6!N).;/F?&'!m6!A&',?,!%6!K/D/:*?/!%6!
m/B5,-!a6!]&+;/!n'(-)'!<6!<5?,(-0)++!A6!J)?)5!<6!J-?':!hm6!`)+(0)++!wE!

<.,+,3).!m,3?&:,&.&BF!)+;!I+D/3-,&+E!W4"ZE!A/3!WWE!!

!

!"#$%&'()())*+, '*-.*/0/+1+,#*'%%( 3/%/,8( :'.-',&( 3/,:+.#-/,( .+#$%&-,<( -,( 3G./,-3(

)./#&G+&-3(Y/-,&(-,I+3&-/,6((
7.<+*-(W6!A)5F&-!J6!K/:/'??/!h6!`)+(0)++!w6!]&+;/!n'(-)'!<6!T?1*&(-!RE!

m1;/3,+/!m).);,/(!I+D/3-,/'(/(E!W4"GE!9(#3-)**E(
(

[G/%+(<+,/*+(#+9$+,3-,<(/I(\(#&.'-,#(/I(F&')G8%/3/33$#(%$<1$,+,#-#('%%/Z#(

-1+,&-I-3'&-/,(/I(*/0-%+(<+,+&-3(+%+*+,&#6(
7.<+*-(WK(m)?-,+!H6!K&'9!H6!A)5F&-!J6!K/:/'??/!h6!R'DD&?F!@6!m)?-,+!m6!H/.)F!@6!],/B/.!T6!

a/../?!A6!`)+(0)++!w6!T)'.!%6!T?1*&(-!RE!!

R/+&0/!N,&.&BF!)+;![*&.'-,&+E!W4"G6(9(#3-)**E(
!

]-,+&-3#( /I( 0-/I-%*( I/.*'&-/,(08(!"#$%&'()())*+, '*-.*/0/+1+( #&.'-,#( -,( 0/,+( ',1(
Y/-,&(-,I+3&-/,#6(

7.<+*-(W6!T?1*&(-!R6!],/B/.!T6!a/../?!A6!T?&*&-!<6!N);/.cN/?35&'9!J6! h/5.!Y6!n.,*)?/(![6!

`)+(0)++!wE!!

A,)B+&(-,3!m,3?&:,&.&BF!)+;!I+D/3-,&'(!A,(/)(/(E!W4"GE!@33/8-/;6!)y),-,+B!8?&&D(E!!!

?6! O."#+,&'&-/,#(/.'%+#(

56! B/,<.H#(."<-/,'$S(

c! @T>FK! ^/$.,"+#( 1+( %'( @"1".'&-/,( 1+( T"1+3-,+( >.',#.'&-/,,+%%+( 1+(

F&.'#0/$.<K!A_54( \! f!H,?'./+3/! /-! B1+1-,2'/! ;/! !1,3:5$28288%*# $%&'%()(*+*6! '+!
8)-5&BC+/!0).!3&++'6!1-';/!HIJKIJI!gE!!



!

!

! "$L!

7.<+*-(W6!A&',?,!%6!a/../?!A6!K/D/:*?/!%6!],/B/.!T6!<5?,(-0)++!A6!h)'.5)3!N6!`)+(0)++!w6!

T?1*&(-!RE!

L( @T>FK! ^/$.,"+#( 1+( %'( @"1".'&-/,( 1+( T"1+3-,+( >.',#.'&-/,,+%%+( 1+(

F&.'#0/$.<K!A_5\(\!f!!1,3:5$28288%*#$%&'%()(*+*6!;/!.)!8?&-5C(/!U!.)!8?&-1)(/!gE!!
7.<+*-(W6!`)+(0)++!w6!],/B/.!T6!]&+;/cn'(-)'!<6!T?1*&(-!RE!

!

A6! B/,<.H#(,'&-/,'$S(

L(^V=K(^/$.,"+#(V'&-/,'%+#(12=,I+3&-/%/<-+K(A_5`(X!f!H,?'./+3/!;/!!"#$%&'%()(*+*#;)+(!./(!
,+D/3-,&+(!(1*C?/(6!1-';/!HIJKIJI!gE!!
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3456&4$'+)!BJ+(Ic2-!,-2!./)+0).'%A!1'0(-%/2!,-!3)/%&-+0-!,-!B4!'%/-%2!-(!,-!&-%/2!0)L&-2!
./)+0).'&-24!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>! 9;!
3456&4$',)!7'/'0(#/)2()K%-2!.I#+*(J.)K%-2!-(!L)*0I)C)K%-2!,-2!2('.IJ&*0*K%-24!5@,'.(#!!
,-!7&)+)0'&!T)0/*L)*&*$J!E/*0-,%/-2!i'+,L**Z8!j*&!U=4!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>! Q:!
3456&4$'-)!V#+*C-2!0*C.&-(2!,-!B4!&%$,%+-+2)2!,)2.*+)L&-2!,'+2!&'!L'2-!,-!,*++#-2!Y7G[!
'%!:;!'3/)&!9:;M4!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>! QU!
3456&4$'.)'7/)(c/-2!C)0/*L)*&*$)K%-2!,-!&N^T7T!.*%/!,#(-/C)+-/!&'!2)$+)1)0'()3)(#!,-2!
./#&c3-C-+(2!C)0/*L)*&*$)K%-24!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>! RM!
3456&4$'/)!7/)(c/-2!.-/C-(('+(!,-!,#1)+)/!&-!2('(%(!0&)+)K%-!,-2!.'()-+(2!./#2-+('+(!%+!
./#&c3-C-+(!.*2)()1!F!B4!&%$,%+-+2)2!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>! R?!
3456&4$'0)![+3-2()$'(-%/2!0&)+)K%-2!,-!&N#(%,-!j[BO[B[!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>! <:!
3456&4$'1)!O'L*/'(*)/-2!-(!#K%).-2!20)-+()1)K%-2!'22*0)#-2!F!&N#(%,-!0&)+)K%-!j[BO[B[!>>>>! <;!
3456&4$'(2)!7/)(c/-2!.-/C-(('+(!,-!,#1)+)/!&%+-!)+1-0()*+!0-/(')+-!F!B4!&%$,%+-+2)2!,'+2!&-!
0',/-!,-!&N#(%,-!j[BO[B[4! >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>! <Q!
3456&4$'(()'E&'+!-A.#/)C-+('&!,-!&N#(%,-!j[BO[B[4! >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>! <R!
3456&4$'(*)!T'(/)0-2!&-2!.&%2!2*%3-+(!%()&)2#-2!-+!2.-0(/*C#(/)-!,-!C'22-!&*/2K%N%+-!
)*+)2'()*+!)+,)/-0(-!,-2!#0I'+()&&*+2!-2(!+#0-22')/-4!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>! M;!
3456&4$'(+)!7I/*C'(*$/'.I)-2!2%/!0*&*++-!%()&)2#-2!.*%/!&'!.%/)1)0'()*+!,-!./*(#)+-24!>! HR!
3456&4$'(,)!^A-C.&-!,-!9!.&'(-1*/C-2!,-!2#K%-+g'$-!,)2.*+)L&-!-+!9:;M!D![&&%C)+'!59cC-!
$#+#/'()*+=!-(!_A1*/,!Y'+*.*/-!5QcC-!$#+#/'()*+=4!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>! ?Q!
3456&4$'(-)!BJ+(Ic2-!,-2!&*$)0)-&2!%()&)2#2!.*%/!&N'22-CL&'$-!-(!&N'+'&J2-!,-2!$#+*C-2!,-!B4!
&%$,%+-+2)24!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!;:H!
!

! !
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! "#%!

1232,$"4$'&/)/0)5*,.67)8+$'&

!

"&!! '(()!*&!B('.IJ&*0*00%2!-.),-/C),)2!+!(,-!./0012-3(/45!6/(,)7-3&!8/(&!9-:&!*10;)<1)4&!
9::;=!#>???@?A#&!!

$&!! BC(,1-!DE&!D:12-30-!F);!(G)!F);HI!)F!I(/6,J4)0)00/4!0)/7C4/I-&!K&!L-3&!*10;)<1)4&!
<;=>=!"M>N$#@N%A&!!

%&!! *0O2)G!*P!*1II1/Q/I!B*P!E0,3--G132!'&!B('.IJ&*0*00%2!'%/-%2!I-0;-(-I!
0)/7C4/I-!/32!:)3!R144-<;/32!F/0();!<132137!6;)(-13!()!H)21FJ!(,-!0)/7C4/(1)3!0/I0/2-!
/32!-I(/<41I,!,)I(!13F-0(1)3I&!K&!S33/(-!SHHC3&!9:<9=!N>"N"@"NT&!!

N&!! U/4H/!*P!E,/33)3!'P!VC-W/2/!XYP!Z-;7!OP![4)0Q!KS&!D\(;/0-44C4/;!F1<;13)7-3+
<132137!6;)(-13P!DF<P!F;)H!B('.IJ&*0*00%2!'%/-%2!<4)0QI!64/(-4-(!/77;-7/(1)3!2C-!()!1(I!
<132137!()!(,-!/46,/+0,/13&!K&!Z1)4&!Y,-H&!9::<=!$#A>%"A]"@%"A]#&!!

?&!! VC-!^+OP!X/-F417-;!K+OP!U1;)(,!_P!-(!/4&![1<;13)7-3!/32!F1<;)3-0(13!<132137!
0))6-;/(-!F);!:/4:-!13F-0(1)3!/32!13:/I1)3!13!B('.IJ&*0*00%2!'%/-%2!-\6-;1H-3(/4!
-32)0/;21(1I&!K&!D\6&!*-2&!9::==!$M">"A$#@"A%?&!!

A&!! `)!^+UP!`C16-;I!OP![;-1(/7!Y*P!-(!/4&!U,/7)0J()I1I!DI0/6-!<J!/!B('.IJ&*0*00%2!
'%/-%2!U;)(-13!a,/(!Y)33-0(I!Y)H64-H-3(!/32!Y)/7C4/(1)3!U;)(-13I!/(!(,-!Z/0(-;1/4!
EC;F/0-&!U_'E!U/(,)7&!9:<?=!]>-"MM%T"A&!!

#&!! [410Q!*KP!BC!bP!U;/I/2!K*P!-(!/4&!L-3-(10!-41H13/(1)3!)F!(,-!<132137!H)(1F!)3!
F1<;13)7-3!F);!(,-!B4!'%/-%2!:1;C4-30-!F/0();!Y4FO!1H6;):-I!,)I(!IC;:1:/4!13!I-6(10-H1/&!
Z4))2!9:<?=!"$">"#T%@"#]N&!!

T&!! Z-0Q-;!`P!X-14H/33!YP!U-(-;I!L&!Y)/7C4/I-+3-7/(1:-!I(/6,J4)0)001&!Y413&!*10;)<1)4&!
9-:&!9:<>=!$#>T#M@]$A&!!

]&!! [;-3-J!KP!Z;C3!^P!Z-I!*P!-(!/4&!B('.IJ&*0*00%2!&%$,%+-+2)2!I6&!3):&!/32!
E(/6,J4)0)00CI!I0,4-1F-;1!I6&!3):&P!aG)!E6-01-I!F;)H!XCH/3!Y41310/4!E6-01H-3I&!S3(&!K&!
EJI(&!Z/0(-;1)4&!<;@@=!%T>"AT@"#$&!!

"M&!! _/H-;I!9UP!*C(,CQ;1I,3/3!LP!Y/I()-!aOP!a/FC;!EP!Y)4-!O*P!U/;Q13I)3!Y_&!
U,J4)7-3-(10!;-4/(1)3I,16I!/H)37!E(/6,J4)0)00CI!I6-01-I!/32!;-F13-H-3(!)F!04CI(-;!
7;)C6I!</I-2!)3!HC4(14)0CI!2/(/&!Z*Y!D:)4&!Z1)4&!9:<9=!"$>"#"&!!

""&!! L4/-I-;!EUP!`cH6F-;!U&!*C4(14)0CI!I-dC-30-!/3/4JI1I!e*_EOf!13!6;)Q/;J)(10!
(/\)3)HJ&!EJI(&!O664&!*10;)<1)4&!9:<==!%T>$%#@$N?&!!

"$&!! U/;-g/!KP!LC6(/!`P!`)W1-4!X&!a,-!()\10!I,)0Q!IJ32;)H-!/32!B('.IJ&*0*00%2!
&%$,%+-+2)2!</0(-;-H1/&!O33&!S3(-;3&!*-2&!<;;@=!"$T>AM%@AMN&!!

"%&!! R)W3)GIQ1!*P!VC/0Q!SP!Zh4Q-!DP!-(!/4&![C4H13/3(!B('.IJ&*0*00%2!&%$,%+-+2)2!
I-6(10/-H1/!F)44)G137!/!6-4:10!:/;10-44/+W)I(-;!:1;CI!13F-0(1)3!13!/3!1HHC3-+2-F101-3(!
6/(1-3(>!/!0/I-!;-6);(&!DC;&!K&!*-2&!9-I&!9:<:=!"?>N"M@N"N&!!
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! "#N!

"N&!! U-0);/;)!9P!aC(()4)H)32)!OP!U/;;13-44)!LP!U13()!OP!_10/(/!L&!B('.IJ&*0*00%2!
&%$,%+-+2)2!D32)0/;21(1I!Y)H6410/(-2!<J!DH<)41IH!13!/3!"T+^-/;+'42!R)H/3!G1(,!
*1(;/4!i/4:-!U;)4/6I-&!Y/I-!9-6&!S3F-0(&!B1I&!9:<?=!$M"%>#%M]$N&!!

"?&!! E/<-!*OP!E,;-I(,/!8`P!L);2)3!EP!*-3)3!i&!B('.IJ&*0*00%2!&%$,%+-+2)2>!/!;/;-!<C(!
2-I(;C0(1:-!0/CI-!)F!0)/7C4/I-+3-7/(1:-!I(/6,J4)0)00CI!13F-0(1:-!-32)0/;21(1I&!DC;&!
X-/;(!K&!O0C(-!Y/;21):/I0&!Y/;-!9:<>=!!

"A&!! */((,-GI!UYP!_/W/;CI!9P!U;)(,-;)-!OP!*14F);2!YP!Z)G4-;!SYKR&!O0C(-!3-0;)(1W137!
I13CI1(1I!0/CI-2!<J!B('.IJ&*0*00%2!&%$,%+-+2)2&!K&!Y413&!*10;)<1)4&!9:<<=!N]>$#NM@$#N$&!!

"#&!! XC37!aP!j/7,1!EP!^)CI-FW/2-,!KP!_-1<)G1(W!*&!8-0;)(1W137![/I011(1I!OII)01/(-2!G1(,!
B('.IJ&*0*00%2!&%$,%+-+2)2&!Y/I-!9-6&!S3F-0(&!B1I&!9:<9=!$M"$>N?%AT?&!!

"T&!! B-4/C3/J![P!U-7)(!OP!Y)dC-;-4+Z-7,13!BP!OQ()CF!OP!OCdC1(+OC0Q<C;!S&![/I011(-I!
3k0;)I/3(-I!l!B('.IJ&*0*00%2!&%$,%+-+2)2!/6;mI!2-;H)416-0()H1-!/<2)H13/4-!>!l!6;)6)I!
2-!2-C\!0/I!-(!;-:C-!2-!4/!41((k;/(C;-&!O33&!Y,1;&!U4/I(&!DI(,k(&!9:<>=!?]>"%A@"%]&!!

"]&!! Z)0,-;!EP!a)33137!ZP!EQ):!9_P!U;/7!K&!B('.IJ&*0*00%2!&%$,%+-+2)2P!/!Y)HH)3!
Y/CI-!)F!EQ13!/32!E)F(!a1IIC-!S3F-0(1)3I!13!(,-!Y)HHC31(J&!K&!Y413&!*10;)<1)4&!9::;=!
N#>]NA@]?M&!!

$M&!! Z-44/HJ!9P!Z/;Q,/H!a&!B('.IJ&*0*00%2!&%$,%+-+2)2!13F-0(1)3!I1(-I>!6;-2)H13/30-!
)F!/<I0-II-I!13!(,-!6-4:10!71;24-!;-71)3&!Y413&!S3F-0(&!B1I&!'FF&!UC<4&!S3F-0(&!B1I&!E)0&!OH&!
9::9=!%?>D%$+%N&!!

$"&!! U/6/6-(;)6)C4)I!8P!U/6/6-(;)6)C4)C!*P!i/3(/;/Q1I!O&!O<I0-II-I!/32!G)C32!
13F-0(1)3I!2C-!()!B('.IJ&*0*00%2!&%$,%+-+2)2>!;-6);(!)F!"A!0/I-I&!S3F-0(1)3!9:<9=!
N">?$?@?$T&!!

$$&!! j13Q-;3/7-4!OEP!j13Q-;3/7-4!*EP!D4W1!*iP!-(!/4&!E1731F10/30-!)F!B('.IJ&*0*00%2!
&%$,%+-+2)2!Z/0(-;-H1/>!9-6);(!)F!$T!Y/I-I!/32!9-:1-G!)F!(,-!_1(-;/(C;-&!S3F-0(1)3!
9::@=!%A>%"N@%$"&!!

$%&!! Y,)1!E+XP!Y,C37!K+RP!_--!DKP!-(!/4&!S3012-30-P!Y,/;/0(-;1I(10IP!/32!'C(0)H-I!)F!
B('.IJ&*0*00%2!&%$,%+-+2)2!Z/0(-;-H1/&!K&!Y413&!*10;)<1)4&!9:<:=!NT>%%NA@%%N]&!!

$N&!! `4)(0,Q)!OP!R/44/0-!*9P!_101(;/!YP!E1-7-;!Z&!B('.IJ&*0*00%2!&%$,%+-+2)2>!/3!
-H-;7137!6/(,)7-3&!E)C(,&!*-2&!K&!9:<<=!"MN>?M]@?"N&!!

$?&!! _1C!U+^P!XC/37!^+[P!a/37!Y+RP!-(!/4&!B('.IJ&*0*00%2!&%$,%+-+2)2!13F-0(1:-!
-32)0/;21(1I+!/!41(-;/(C;-!;-:1-G!/32!/3/4JI1I!)F!;1IQ!F/0();I&!K&!*10;)<1)4&!SHHC3)4&!
S3F-0(&!9:<:=!N%>N#T@NTN&!!

$A&!! *1;)!K*P!O37C-;/!SP!Y/<-44!YXP!-(!/4&!B('.IJ&*0*00%2!'%/-%2!3/(1:-!:/4:-!13F-0(1:-!
-32)0/;21(1I>!;-6);(!)F!?AA!-61I)2-I!F;)H!(,-!S3(-;3/(1)3/4!Y)44/<);/(1)3!)3!
D32)0/;21(1I!*-;7-2!B/(/</I-&!Y413&!S3F-0(&!B1I&!'FF&!UC<4&!S3F-0(&!B1I&!E)0&!OH&!9::==!
N">?M#@?"N&!!

$#&!! a)37!E^YP!B/:1I!KEP!D10,-3<-;7-;!DP!X)44/32!a_P![)G4-;!iL&!B('.IJ&*0*00%2!'%/-%2!
S3F-0(1)3I>!D612-H1)4)7JP!U/(,)6,JI1)4)7JP!Y41310/4!*/31F-I(/(1)3IP!/32!*/3/7-H-3(&!
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Y413&!*10;)<1)4&!9-:&!9:<==!$T>AM%@AA"&!!

$T&!! U-((1!YOP!E1HH)3!`DP!*1;)!K*P!-(!/4&!L-3)(J610!B1:-;I1(J!)F!Y)/7C4/I-+8-7/(1:-!
E(/6,J4)0)001!Y/CI137!D32)0/;21(1I>!/!L4)</4!U-;I6-0(1:-&!K&!Y413&!*10;)<1)4&!9::@=!
NA>"#TM@"#TN&!!

$]&!! _13!K+[P!Y,-37!Y+RP!`C)!O+KP!-(!/4&!Y41310/4!-\6-;1-30-!/32!H10;)<1)4)710!
0,/;/0(-;1I(10I!)F!13:/I1:-!B('.IJ&*0*00%2!&%$,%+-+2)2!13F-0(1)3!13!/!(-;(1/;J!0-3(-;!13!
3);(,-;3!a/1G/3&!K&!*10;)<1)4&!SHHC3)4&!S3F-0(&!R-1!*1/3!^C!L/3!9/3!j/!j,1!9:<==!
NT>NMA@N"$&!!

%M&!! E,/,!8ZP!'IH)3!B9P![/2-4!XP!-(!/4&!_/<);/();J!/32!Y41310/4!Y,/;/0(-;1I(10I!)F!
B('.IJ&*0*00%2!&%$,%+-+2)2!U;)I(,-(10!K)13(!S3F-0(1)3I&!K&!Y413&!*10;)<1)4&!9:<:=!NT>"AMM@
"AM%&!!

%"&!! _)C;(-(+X/I0)n(!KP!Z10/;(+E--!OP![k410k!*UP!L1);2/3)!LP!Z)33-(!D&!B('.IJ&*0*00%2!
&%$,%+-+2)2P!/!I-;1)CI!6/(,)7-3!13!6-;16;)I(,-(10!g)13(!13F-0(1)3I>!0)H6/;1I)3!()!
B('.IJ&*0*00%2!'%/-%2!/32!B('.IJ&*0*00%2!-.),-/C),)2&!S3(&!K&!S3F-0(&!B1I&!SKSB!'FF&!UC<4&!S3(&!
E)0&!S3F-0(&!B1I&!9:<A=!?">?A@A"&!!

%$&!! _1!^*P!Z4/IQ1-G10W!BKP!X/44!RO&!E,C3(+;-4/(-2!13(;/0;/31/4!/<I0-II!0/CI-2!<J!
B('.IJ&*0*00%2!&%$,%+-+2)2!13!/!,J2;/3-30-6,/410!6/(1-3(&!R);42!8-C;)IC;7&!9:<?=!
TM>-%T#+%T]&!!

%%&!! Z,CH<;/!EP!*/,<)C<1!*P!Z4/0QG))2!9O&!B('.IJ&*0*00%2!&%$,%+-+2)2>!8):-4!
';7/31IH!0/CI137!Y)0,4-/;!SH64/3(!S3F-0(1)3&!S3F-0(&!B1I&!9-6&!9:<>=!A>?NMA&!!

%N&!! a1<-<C!*&!E-:-;-!,)I61(/4!/0dC1;-2!63-CH)31/!/32!I-6(10-H1/!2C-!a'!H-(,1014413!
;-I1I(/3(!B('.IJ&*0*00%2!&%$,%+-+2)2!13!/!3-G<);3!13!8);(,G-I(-;3!D(,1)61/&!D(,1)6&!
*-2&!K&!9:<>=!?$>]]@"M"&!!

%?&!! X/J/Q/G/!SP!X/(/J/!XP!^/H/3)C0,1!XP!E/Q/Q1</;/!XP!a-;/Q/G/!a&!8-)3/(/4!
B('.IJ&*0*00%2!&%$,%+-+2)2!C;13/;J!(;/0(!13F-0(1)3&!U-21/(;&!S3(&!'FF&!K&!K63&!U-21/(;&!E)0&!
9:<==!?#>#T%@#T?&!!

%A&!! Z1-<-;!_P!`/,4H-(-;!L&!B('.IJ&*0*00%2!&%$,%+-+2)2!13!I-:-;/4!310,-I!)F!(,-!3);H/4!
IQ13!F4);/&!Y413&!*10;)<1)4&!S3F-0(&!9:<:=!"A>%T?@%TT&!!

%#&!! :/3!2-;!*--+*/;dC-(!8P!O0,/;2!OP!*-;-7,-((1!_P!B/3()3!OP!*131-;!*P!VC-3(13!9&!
B('.IJ&*0*00%2!&%$,%+-+2)2!13F-0(1)3I>!,17,!F;-dC-30J!)F!137C13/4!/;-/!0/;;1/7-&!K&!Y413&!
*10;)<1)4&!9::?=!N">"NMN@"NM]&!!

%T&!! X)!U+_P!_-C37!E*+XP!Y,)G!`+XP!-(!/4&!Y/;;1/7-!310,-I!/32!H)4-0C4/;!-612-H1)4)7J!
)F!B('.IJ&*0*00%2!&%$,%+-+2)2!/32!H-(,1014413+;-I1I(/3(!B4!&%$,%+-+2)2!/H)37!6/(1-3(I!
C32-;7)137!4)37+(-;H!;-3/4!;-64/0-H-3(!(,-;/6J&!B1/73&!*10;)<1)4&!S3F-0(&!B1I&!9:<==!
T">"N"@"NN&!!

%]&!! E,/440;)II!_KP![;/7/IWJ!DP!K),3I)3!O*P!X/JG/;2!OY&!a,-!;)4-!)F!(,-!U/3()3+
i/4-3(13-!4-C0)01213!()\13!13!I(/6,J4)0)00/4!21I-/I->!/!IJI(-H/(10!;-:1-G!/32!H-(/+
/3/4JI1I&!_/30-(!S3F-0(&!B1I&!9:<9=!"%>N%+?N&!



!
!

! "#A!

NM&!! `)37!YP!8-),!XP!8/(,/3!E&!a/;7-(137!B('.IJ&*0*00%2!'%/-%2!a)\13I>!O!U)(-3(1/4!
F);H!)F!O3(1+i1;C4-30-!a,-;/6J&!a)\13I!9:<A=!"?=Te%f&!

N"&!! a,/HH/:)37I/!iP!`1H!X`P!*1II1/Q/I!BP!E0,3--G132!'&!E(/6,J4)0)00/4!
H/316C4/(1)3!)F!,)I(!1HHC3-!;-I6)3I-I&!8/(&!9-:&!*10;)<1)4&!9:<==!"%>?$]@?N%&!!

N$&!! i/32-3-I0,![P!_13/!LP!X-3;J!a&!B('.IJ&*0*00%2!'%/-%2!X-H)4JI13IP!<1+0)H6)3-3(!
_-CQ)01213IP!/32!YJ()4J(10!U-6(12-I>!O!9-2C32/3(!O;I-3/4!)F!*-H<;/3-+B/H/7137!
i1;C4-30-![/0();Io![;)3(&!Y-44&!S3F-0(&!*10;)<1)4&!9:<9=!"A=$>"$&!

N%&!! i130-3)(![P!E/4-,!*P!U;k:)I(!L&!_-I!F/0(-C;I!2-!:1;C4-30-!2-!B('.IJ&*0*00%2!'%/-%2&!
9[_&!9::@=!%T>A"+A]&!!

NN&!! Z;)33-;!EP!*)3(-14!XP!U;k:)I(!L&!9-7C4/(1)3!)F!:1;C4-30-!2-(-;H13/3(I!13!
B('.IJ&*0*00%2!'%/-%2>!0)H64-\1(J!/32!/66410/(1)3I&![D*E!*10;)<1)4&!9-:&!9::>=!
$T>"T%@$MM&!!

N?&!! BC3H/3!U*P!*C;6,J!DP!X/3-J!EP!-(!/4&!a;/3I0;16(1)3!6;)F14137+</I-2!
12-3(1F10/(1)3!)F!B('.IJ&*0*00%2!'%/-%2!7-3-I!;-7C4/(-2!<J!(,-!/7;!/32p);!I/;O!4)01&!K&!
Z/0(-;1)4&!9::<=!"T%>#%N"@#%?%&!!

NA&!! aI)H6/312)C!DP!E1<</42!*KKZP!Y,4-<)G10W!*OP!-(!/4&!9-dC1;-H-3(!)F!(,-!/7;!_)0CI!
F);!Y)4)3J!E6;-/2137!)F!B('.IJ&*0*00%2!'%/-%2&!K&!Z/0(-;1)4&!9:<<=!"]%>"$A#@"$#$&!!

N#&!! E137,!9P!9/J!U&!VC);CH!I-3I137+H-21/(-2!;-7C4/(1)3!)F!I(/6,J4)0)00/4!:1;C4-30-!
/32!/3(1<1)(10!;-I1I(/30-&![C(C;-!*10;)<1)4&!9:<>=!]>AA]@AT"&!!

NT&!! Y89!E(/6,J4)0)dC-I&!Y-3(;-!8/(1)3/4!2-!9kFk;-30-!2-I!E(/6,J4)0)dC-I!+!
Bk(-0(1)3!2-I!7m3-I!2-!()\13-I&!$M"#&!O:/14/<4-!/(>!,((6>pp03;+I(/6,J4)0)dC-I&C31:+
4J)3"&F;pG-</66pG-<I1(-pG-<I1(-&,(H4o12q$M$"%]Nr6/7-S2q"$]%T"&!O00-II-2!%"!
K/3C/;J!$M"#&!

N]&!! i130-3)(![P!E/4-,!*P!U;k:)I(!L&!_-I!F/0(-C;I!2-!:1;C4-30-!2-!!B('.IJ&*0*00%2!
'%/-%2&!9-:&![;/30)6,&!_/<&!9::@=!$MMT>A"@A]&!!

?M&!! '(()!*&!B('.IJ&*0*00%2!'%/-%2!()\13I&!YC;;&!'613&!*10;)<1)4&!9:<>=!"#>%$@%#&!!

?"&!! [)I(-;!aKP!L-)7,-7/3!KOP!L/3-I,!i`P!XhhQ!*&!O2,-I1)3P!13:/I1)3!/32!-:/I1)3>!(,-!
H/3J!FC30(1)3I!)F!(,-!IC;F/0-!6;)(-13I!)F!B('.IJ&*0*00%2!'%/-%2&!8/(&!9-:&!*10;)<1)4&!
9:<>=!"$>N]@A$&!!

?$&!! E6/C42137!O9P!E/47/2)+U/<s3!RP!`),4-;!U_P!X);IG144!O9P!_-C37!B^*P!E0,41-:-;(!
U*&!E(/6,J4)0)00/4!/32!I(;-6()0)00/4!IC6-;/3(17-3!-\)()\13I&!Y413&!*10;)<1)4&!9-:&!
9:<?=!$A>N$$@NN#&!!

?%&!! _/0-J!`OP!L-)7,-7/3!KOP!*0_)C7,413!9*&!a,-!9)4-!)F!B('.IJ&*0*00%2!'%/-%2!
i1;C4-30-![/0();I!13!EQ13!S3F-0(1)3!/32!a,-1;!U)(-3(1/4!/I!i/0013-!O3(17-3I&!U/(,)7&!
Z/I-4!EG1(W&!9:<A=!?&!!

?N&!! '(()!*&!Z/I1I!)F!:1;C4-30-!13!0)HHC31(J+/II)01/(-2!H-(,1014413+;-I1I(/3(!
B('.IJ&*0*00%2!'%/-%2&!O33C&!9-:&!*10;)<1)4&!9:<:=!AN>"N%@"A$&!!



!
!

! "##!

??&!! L144-(!^P!SII/;(-4!ZP!i/3,-HI!UP!-(!/4&!OII)01/(1)3!<-(G--3!B('.IJ&*0*00%2!'%/-%2!
I(;/13I!0/;;J137!7-3-!F);!U/3()3+i/4-3(13-!4-CQ)01213!/32!,17,4J!4-(,/4!3-0;)(1I137!
63-CH)31/!13!J)C37!1HHC3)0)H6-(-3(!6/(1-3(I&!a,-!_/30-(!9::9=!%?]>#?%@#?]&!!

?A&!! _/</32-1;/+9-J!*P!Y)CW)3![P!Z)1II-(!EP!-(!/4&!B('.IJ&*0*00%2!'%/-%2!U/3()3+
i/4-3(13-!4-CQ)01213!0/CI-I!3-0;)(1W137!63-CH)31/&!E01-30-!9::B=!%"?>""%M@""%%&!!

?#&!! aI-37!YRP!Z1/30)((1!KYP!Z-;7!Z_P!-(!/4&!S30;-/I-2!ECI0-6(1<141(J!)F!XCH/31W-2!8EL!
*10-!()!U/3()3+i/4-3(13-!_-CQ)01213!/32!B('.IJ&*0*00%2!'%/-%2!EQ13!S3F-0(1)3&!U_'E!
U/(,)7&!9:<==!"">-"MM?$]$&!!

?T&!! O4)3W)![P!a);;-I!iK&!a,-!<10)H6)3-3(!6);-+F);H137!4-C0)01213I!)F!B('.IJ&*0*00%2!
'%/-%2&!*10;)<1)4&!*)4&!Z1)4&!9-:&!**Z9!9:<>=!#T>"]]@$%M&!!

?]&!! `))6!LP!i;1-4137!*P!E();1I(-/3C!B*_P!-(!/4&!S2-3(1F10/(1)3!)F!_CQUVP!/!3):-4P!-dC12+
/2/6(-2!4-CQ)01213!)F!B('.IJ&*0*00%2!'%/-%2&!E01&!9-6&!9:<B=!$M=#>NMAAM&!

AM&!! [)I(-;!aK&!SHHC3-!-:/I1)3!<J!I(/6,J4)0)001&!8/(&!9-:&!*10;)<1)4&!9::==!%>]NT@
]?T&!!

A"&!! '(()!*&!*)4-0C4/;!</I1I!)F!B('.IJ&*0*00%2!-.),-/C),)2!13F-0(1)3I&!E-H13&!
SHHC3)6/(,)4&!9:<<=!%N>$M"@$"N&!!

A$&!! j1-<C,;!RP!X-3317!EP!D0Q/;(!*P!`;c3W4-;!XP!Z/(W144/!YP!`)W1(IQ/J/!E&!8)I)0)H1/4!
13F-0(1)3I!<J!B('.IJ&*0*00%2!-.),-/C),)2>!,)G!/!0)HH-3I/4!</0(-;1CH!(C;3I!13()!/!
6/(,)7-3&!S3(&!K&!O3(1H10;)<&!O7-3(I!9::A=!$T>"N@$M&!!

A%&!! U;)0();!9OP!:)3!D1FF!YP!`/,4!ZYP!-(!/4&!EH/44!0)4)3J!:/;1/3(I>!/!6/(,)7-310!F);H!)F!
</0(-;1/!(,/(!F/0141(/(-I!6-;I1I(-3(!/32!;-0C;;-3(!13F-0(1)3I&!8/(&!9-:&!*10;)<1)4&!9::A=!
N>$]?@%M?&!!

AN&!! Y;)H6()3!*KP!BC3I(/3!9XP!*/02)3/42!**P!L)((F;1-I!KP!:)3!D1FF!YP!9)<-;(I!a`&!
EH/44!Y,/37-I!13!D3:1;)3H-3(/4!U/;/H-(-;I!_-/2!()!O4(-;/(1)3I!13!O3(1<1)(10!9-I1I(/30-P!
Y-44!*);6,)4)7J!/32!*-H<;/3-![/((J!O012!Y)H6)I1(1)3!13!B('.IJ&*0*00%2!&%$,%+-+2)2&!
U_)E!'8D!9:<>=!T=]>-]$$]A&!

A?&!! K-3II-3!XP!X/H144!UP!X/30)0Q!9DR&!U-6(12-!O3(1H10;)<1/4!O7-3(I&!Y413&!*10;)<1)4&!
9-:&!9::A=!"]>N]"@?""&!!

AA&!! X-14<;)33-;!EP!X)42-3!*aLP!:/3!a)32-;!OP!-(!/4&!L-3)H-!I-dC-30-!)F!
B('.IJ&*0*00%2!&%$,%+-+2)2!8]$M"N%!/44)GI!12-3(1F10/(1)3!)F!6C(/(1:-!0)4)31W/(1)3!/32!
:1;C4-30-!F/0();I>!B('.IJ&*0*00%2!&%$,%+-+2)2!7-3)H-!I-dC-30-&![D*E!*10;)<1)4&!_-((&!
9:<<=!%$$>AM@A#&!!

A#&!! *1;/31!jOP!OW1W!*P!`,/3!ES&!EH/44!0)4)3J!:/;1/3(I!,/:-!/!H/g);!;)4-!13!I(/<141(J!
/32!6-;I1I(-30-!)F!B('.IJ&*0*00%2!'%/-%2!<1)F14HI&!K&!O3(1<1)(&!ea)QJ)f!9:<==!AT>]T@"M?&!!

AT&!! a;/H6CW!OP!U16-;!`DP!K/0)<I)3!*KP!-(!/4&!E)310/(1)3!)F!;-H):-2!,16!/32!Q3--!
6;)I(,-I-I!F);!21/73)I1I!)F!13F-0(1)3&!8&!D374&!K&!*-2&!9::B=!%?#>A?N@AA%&!!

A]&!! XC7,-I!KLP!i-((-;!DOP!U/(-4!9P!-(!/4&!YC4(C;-!G1(,!ZOYaDY!U-2I!U4CIp[!Z)((4-!



!
!

! "#T!

Y)H6/;-2!!G1(,!Y)3:-3(1)3/4!*-(,)2I!F);!B-(-0(1)3!!)F!Z/0(-;1/!13!EJ3):1/4![4C12&!K&!Y413&!
*10;)<1)4&!9::<=!%]>NNAT@NN#"&!!

#M&!! _J33-!E,);-!L/;01/P!SI-3<-;7!XB&!Y41310/4!H10;)<1)4)7J!6;)0-2C;-I!,/32<))Q&!
%(,!-21(1)3&!OE*!U;-IIP!$MM#&!!

#"&!! [;/3Q!`_P!B-4!U)W)!K_P!U/(-4!9&![;)H!041310/4!H10;)<1)4)7J!()!13F-0(1)3!
6/(,)7-3-I1I>!,)G!2/;137!()!<-!21FF-;-3(!G);QI!F);!B('.IJ&*0*00%2!&%$,%+-+2)2&!Y413&!
*10;)<1)4&!9-:&!9::@=!$">"""@"%%&!!

#$&!! U13IQJ!ZOP!E/HI)3!BP!L,/F7,/10,1!_P!Z/;)3!DKP!Z/3/-1!8&!Y)H6/;1I)3!)F!9-/4+a1H-!
UY9!/32!Y)3:-3(1)3/4!Z1)0,-H10/4!*-(,)2I!F);!S2-3(1F10/(1)3!)F!B('.IJ&*0*00%2!
&%$,%+-+2)2&!K&!Y413&!*10;)<1)4&!9::;=!N#>%N#$@%N##&!!

#%&!! D4/H13!R[P!Z/44!BP!*144/;!*&!t3<1/I-2!E6-01-I+_-:-4!S2-3(1F10/(1)3!)F!Y41310/4!
SI)4/(-I!)F!Y)/7C4/I-+8-7/(1:-!E(/6,J4)0)001>!B)-I!S(!Y,/37-!(,-!U-;I6-0(1:-!)3!
B('.IJ&*0*00%2!&%$,%+-+2)2o!K&!Y413&!*10;)<1)4&!9:<==!?%>$]$@$]N&!!

#N&!! '58-144!OKP!*0_/GI![P!`/,4H-(-;!LP!X-3;1QI-3!OEP!Y,)6;/!S&!L-3-(10!Z/I1I!)F!
9-I1I(/30-!()![CI1210!O012!13!E(/6,J4)0)001&!O3(1H10;)<&!O7-3(I!Y,-H)(,-;&!9::B=!
?">"#%#@"#NM&!!

#?&!! aI-!XP!aI)1!XRP!_-C37!EUP!_/C!E`UP!R))!UY^P!^C-3!`^&!Y)H64-(-!L-3)H-!
E-dC-30-!)F!B('.IJ&*0*00%2!&%$,%+-+2)2!E(;/13!X`tM]+M"&!K&!Z/0(-;1)4&!9:<:=!"]$>"N#"@
"N#$&!!

#A&!! Y,/II/13!ZP!_-H--!_P!B121!KP!-(!/4&!*C4(14)0CI!E-dC-30-!aJ6137!O3/4JI1I!)F!
B('.IJ&*0*00%2!&%$,%+-+2)2!SH641-I!/!Y4)3/4!U)6C4/(1)3!E(;C0(C;-&!K&!Y413&!*10;)<1)4&!
9:<9=!?M>%MM%@%MM]&!!

##&!! D3;17,(!*YP!B/J!8UKP!B/:1-I!YDP!U-/0)0Q!EKP!E6;/((!ZL&!*C4(14)0CI!E-dC-30-!
aJ6137!F);!Y,/;/0(-;1W/(1)3!)F!*-(,1014413+9-I1I(/3(!/32!*-(,1014413+ECI0-6(1<4-!Y4)3-I!
)FB('.IJ&*0*00%2!'%/-%2&!K&!Y413&!*10;)<1)4&!9:::=!%T>"MMT@"M"?&!!

#T&!! _/;I-3!KP!D3;17,(!*YP!L)2)J!BP!E6;/((!ZLP!_/;I-3!O9P!EQ):!9_&!*C4(14)0CI!
E-dC-30-!aJ6137!E0,-H-!F);!B('.IJ&*0*00%2!'%/-%2>!9-:1I1)3!)F!(,-!7HQ!_)0CI&!K&!Y413&!
*10;)<1)4&!9:<9=!?M>$?%T@$?%]&!!

#]&!! B121!KP!_-Hk-!_P!L1<-;(!_P!U)3I!K+_P!U-I(-4+Y/;)3!*&!*C4(1+i1;C4-30-!_)0CI!
E-dC-30-!aJ6137!)F!B('.IJ&*0*00%2!&%$,%+-+2)2!1I!0)3I1I(-3(!G1(,!04)3/4!I(;C0(C;-!/32!
;-41/<4-!F);!-612-H1)4)710/4!(J6137&!K&!Y413&!*10;)<1)4&!9:<>=!!

TM&!! Z1((/;![P!'C0,-3/3-!jP!EH/(1![P!9/)C4(!BP!9)4/13!K+*&!*O_BS+a'[+*E!F);!;/612!
2-(-0(1)3!)F!I(/6,J4)0)00/4!U/3()3+i/4-3(13-!4-CQ)01213&!S3(&!K&!O3(1H10;)<&!O7-3(I!
9::;=!%N>NA#@N#M&!!

T"&!! B/CG/42-;!'P!Y/;<)33-44-!DP!Z-31()!^P!-(!/4&!B-(-0(1)3!)F!U/3()3+i/4-3(13-!()\13!
13!B('.IJ&*0*00%2!'%/-%2!<J!H/II!I6-0(;)H-(;J!21;-0(4J!F;)H!0)4)3J>!(1H-!,/I!3)(!J-(!
0)H-&!S3(&!K&!O3(1H10;)<&!O7-3(I!9:<:=!%A>"]%@"]N&!!

T$&!! EW/</2)I![P!Z-0Q-;!`P!:)3!D1FF!YP!`//I-!*P!L/(-;H/33!E&!a,-!H/(;1\+/II1I(-2!4/I-;!



!
!

! "#]!

2-I);6(1)3p1)31I/(1)3!(1H-+)F+F417,(!H/II!I6-0(;)H-(;J!e*O_BS+a'[!*Ef+</I-2!6;)(-13!
6-/QI!)F!NNNT!/32!?%M$!B/!/;-!3)(!/II)01/(-2!G1(,!(,-!6;-I-30-!)F!U/3()3+i/4-3(13-!
4-CQ)01213&!S3(&!K&!*-2&!*10;)<1)4&!SK**!9:<<=!%M">?T@A%&!!

T%&!! L/73/1;-!KP!B/CG/42-;!'P!Z)1II-(!EP!-(!/4&!B-(-0(1)3!)F!B('.IJ&*0*00%2!'%/-%2!2-4(/+
()\13!6;)2C0(1)3!<J!G,)4-+0-44!*O_BS+a'[!H/II!I6-0(;)H-(;J&!U4)E!'3-!9:<9=!
#>-NMAAM&!!

TN&!! i/4)C;![P!9/I17/2-!K+UP!a;)C144-(+OII/3(!EP!-(!/4&!B-4(/+()\13!6;)2C0(1)3!2-F101-30J!
13!B('.IJ&*0*00%2!'%/-%2>!/!21/73)I(10!H/;Q-;!)F!<)3-!/32!g)13(!13F-0(1)3!0,;)3101(J!
413Q-2!G1(,!)I(-)<4/I(!13:/I1)3!/32!<1)F14H!F);H/(1)3&!Y413&!*10;)<1)4&!S3F-0(&!'FF&!UC<4&!
DC;&!E)0&!Y413&!*10;)<1)4&!S3F-0(&!B1I&!9:<==!$">?AT&-"+""&!!

T?&!! D741!OP!aI0,C213+EC((-;!EP!'<-;4-!*P!L)42-3<-;7-;!BP![;-1!9P!R12H-;!O[&!*/(;1\+
OII1I(-2!_/I-;!B-I);6(1)3pS)31W/(1)3!a1H-!)F![417,(!*/II+E6-0(;)H-(;J!e*O_BS+a'[!
*Ef!Z/I-2!aJ6137!)F!D\(-32-2+E6-0(;CH!u+_/0(/H/I-!U;)2C0137!D&!0)41!@!O!8):-4!a))4!
F);!9-/4+a1H-!'C(<;-/Q!S3:-I(17/(1)3&!U_)E!'8D!9:<==!"M="M>-M"$MA$N&!

TA&!! Y,;1I(3-;!*P!a;CI0,!*P!9),2-!XP!-(!/4&!9/612!*O_BS+a'[!*/II!E6-0(;)H-(;J!
E(;/13!aJ6137!2C;137!/!_/;7-!'C(<;-/Q!)F!E,17/+a)\17-310!DI0,-;10,1/!0)41&!U_)E!'8D!
9:<>=!T=]>-"M"]$N&!

T#&!! *-30/001!OP!*)3/;1!YP!_-41!YP!-(!/4&!aJ6137!)F!8)I)0)H1/4!'C(<;-/QI!)F!
@0)+-(*L'0(-/!L'%C'++))!<J!tI-!)F!*/(;1\+OII1I(-2!_/I-;!B-I);6(1)3!S)31W/(1)3@a1H-!)F!
[417,(!*/II!E6-0(;)H-(;J&!K&!Y413&!*10;)<1)4&!9:<?=!?">AM%@AMA&!!

TT&!! *)CII/)C1!_&!O66410/(1)3I!2-!4/!I6-0(;)Hk(;1-!2-!H/II-!(J6-!*O_BS+a'[!l!4/!
</0(k;1)4)71-!-(!l!4/!21I(130(1)3!2-!:/;1/3(I!7k3k(1dC-I&!E(;/I<)C;7P!$M"$&!O:/14/<4-!/(>!
,((6>ppGGG&(,-I-I&F;p$M"$Ea9OK"$N&!O00-II-2!%![-<;C/;J!$M"#&!

T]&!! *&![;/I-;!Y&!*10;)<1/4!L-3)H-I&!E6;137-;P!O:/14/<4-!/(>!
,((6>ppGGG&I6;137-;&0)HpCIp<))Qp]#T"?TT$]"T]]&!O00-II-2!N![-<;C/;J!$M"#&!

]M&!! E)C0J!E*P!XC/37!KP!L)7/;(-3!KU&!X);1W)3(/4!7-3-!(;/3IF-;>!<C142137!(,-!G-<!)F!41F-&!
8/(&!9-:&!L-3-(&!9:<==!"A>N#$@NT$&!!

]"&!! a,)H/I!Y*P!81-4I-3!`*&!*-0,/31IHI!)FP!/32!</;;1-;I!()P!,);1W)3(/4!7-3-!(;/3IF-;!
<-(G--3!</0(-;1/&!8/(&!9-:&!*10;)<1)4&!9::==!%>#""@#$"&!!

]$&!! B-C;-3<-;7!9XP!E()<<-;137,!DD&!a,-!-:)4C(1)3!)F!B('.IJ&*0*00%2!'%/-%2&!S3F-0(&!
L-3-(&!D:)4&!9::@=!T>#N#@#A%&!!

]%&!! _132I/J!KO&!B('.IJ&*0*00%2!'%/-%2!7-3)H10I!/32!(,-!1H6/0(!)F!,);1W)3(/4!7-3-!
(;/3IF-;&!S3(&!K&!*-2&!*10;)<1)4&!9:<>=!%MN>"M%@"M]&!!

]N&!! _132I/J!KO&!L-3)H10!:/;1/(1)3!/32!-:)4C(1)3!)F!B('.IJ&*0*00%2!'%/-%2&!S3(&!K&!*-2&!
*10;)<1)4&!9:<:=!%MM>]T@"M%&!!

]?&!! */4/0,)G/!8P!B-_-)![9&!*)<14-!7-3-(10!-4-H-3(I!)F!B('.IJ&*0*00%2!'%/-%2&!Y-44&!
*)4&!_1F-!E01&!Y*_E!9:<:=!A#>%M?#@%M#"&!!



!
!

! "TM!

]A&!! E/2JQ):!*9&!9-I(;10(1)3+*)21F10/(1)3!EJI(-HI!/I!/!Z/;;1-;!F);!L-3-(10!
*/316C4/(1)3!)F!B('.IJ&*0*00%2!'%/-%2&!*-(,)2I!*)4&!Z1)4&!Y41F()3!8K!9:<A=!"%#%>]@$%&!!

]#&!! *)3Q!S9P![)I(-;!aK&!L-3-(10!H/316C4/(1)3!)F!E(/6,J4)0)001v<;-/Q137!(,;)C7,!(,-!
</;;1-;&![;)3(&!Y-44&!S3F-0(&!*10;)<1)4&!9:<9=!"$=$>N]&!

]T&!! 9/HI/J!KUP!`G)37!E*P!*C;6,J!9KaP!-(!/4&!O3!C62/(-2!:1-G!)F!64/IH12!0)3gC7/(1)3!
/32!H)<141W/(1)3!13!E(/6,J4)0)00CI&!*)<&!L-3-(&!D4-H&!9:<A=!"=A>-"$MT%"#&!

]]&!! b1/!LP!R)4W!Y&!U,/7-I!)F!B('.IJ&*0*00%2!'%/-%2!/32!(,-1;!1H6/0(!)3!,)I(!-:)4C(1)3&!
S3F-0(&!L-3-(&!D:)4&!K&!*)4&!D612-H1)4&!D:)4&!L-3-(&!S3F-0(&!B1I&!9:<>=!$">?]%@AM"&!!

"MM&!! _/37!OEP!j,/\J</J-:/!'P!Z-/((J!Ka&!L-3-!(;/3IF-;!/7-3(I>!6,/7-+41Q-!-4-H-3(I!)F!
7-3-(10!-\0,/37-&!8/(&!9-:&!*10;)<1)4&!9:<9=!"M>N#$@NT$&!!

"M"&!! 8):10Q!9UP!Y,;1I(1-!LDP!U-3/2kI!K9&!a,-!6,/7-+;-4/(-2!0,;)H)I)H/4!1I4/32I!)F!
L;/H+6)I1(1:-!</0(-;1/&!8/(&!9-:&!*10;)<1)4&!9:<:=!T>?N"@??"&!!

"M$&!! Z)I1!DP!*)3Q!K*P!OW1W!9`P![)321!*P!81W-(!iP!U/4II)3!Zw&!Y)H6/;/(1:-!7-3)H-+
I0/4-!H)2-44137!)F!B('.IJ&*0*00%2!'%/-%2!I(;/13I!12-3(1F1-I!I(;/13+I6-01F10!H-(/<)410!
0/6/<141(1-I!413Q-2!()!6/(,)7-3101(J&!U;)0&!8/(4&!O0/2&!E01&!9:<A=!""%>D%TM"@D%TM]&!!

"M%&!! EH1441-!YP!L/;0144x3+Z/;01/!*UP![;/301/!*iP!9)0,/!DUYP!Y;CW![!2-!4/&!*)<141(J!)F!
U4/IH12I&!*10;)<1)4&!*)4&!Z1)4&!9-:&!9:<:=!#N>N%N@N?$&!!

"MN&!! L/;0144x3+Z/;01/!*UP!O4:/;/2)!OP!2-!4/!Y;CW![&!S2-3(1F10/(1)3!)F!</0(-;1/4!64/IH12I!
</I-2!)3!H)<141(J!/32!64/IH12!6)6C4/(1)3!<1)4)7J&![D*E!*10;)<1)4&!9-:&!9:<<=!%?>]%A@
]?A&!!

"M?&!! DC;)6-/3!8C04-)(12-!O;0,1:-&!L-3)H-I!U/7-I!+!U4/IH12&!$M"A&!O:/14/<4-!/(>!
,((6>ppGGG&-<1&/0&CQp7-3)H-Ip64/IH12&,(H4&!O00-II-2!$]!E-6(-H<-;!$M"A&!

"MA&!! E,13(/31!*P!E/30,-W!j`P!`1H</;/!`&!L-3)H10I!)F!H10;)<1/4!64/IH12I>!
04/II1F10/(1)3!/32!12-3(1F10/(1)3!</I-2!)3!;-6410/(1)3!/32!(;/3IF-;!IJI(-HI!/32!,)I(!
(/\)3)HJ&![;)3(&!*10;)<1)4&!9:<==!%"=A>$N$&!

"M#&!! U)1(-:13+_/(-;![P!i/32-3-I0,![P!BJQ-!`P![4-C;-((-!KP!D(1-33-!K&!Y/2H1CH+
;-I1I(/30-!64/IH12!13!B('.IJ&*0*00%2!&%$,%+-+2)2&![D*E!*10;)<1)4&!_-((&!<;;9=!#T>?]@A%&!!

"MT&!! K-3I-3!_ZP!L/;01/+*17C;/!_P!i/4-3WC-4/!OKEP!_y,;!*P!X/IH/3!XP!O/;-I(;C6![*&!O!
04/II1F10/(1)3!IJI(-H!F);!64/IH12I!F;)H!-3(-;)0)001!/32!)(,-;!L;/H+6)I1(1:-!</0(-;1/&!K&!
*10;)<1)4&!*-(,)2I!9:<:=!TM>$?@N%&!!

"M]&!! LC741-4H131!KP!8k;)3!ZP!O<<J!EEP!L/;0144x3+Z/;01/!*UP!2-!4/!Y;CW![P!9)0,/!DUY&!`-J!
0)H6)3-3(I!)F!(,-!-17,(!04/II-I!)F!(J6-!Si!I-0;-(1)3!IJI(-HI!13:)4:-2!13!</0(-;1/4!
0)3gC7/(1)3!);!6;)(-13!I-0;-(1)3&!8C04-10!O012I!9-I&!9:<>=!N$>?#"?@?#$#&!!

""M&!! L)-IIG-13-;+*),;!8P!O;-32I!`P!`-44-;!RP!L;),H/33!D&!Y)3gC7/(1:-!(J6-!Si!
I-0;-(1)3!IJI(-HI!13!L;/H+6)I1(1:-!</0(-;1/&!U4/IH12!9:<?=!#M>$T]@%M$&!!

"""&!! O4:/;-W+*/;(13-W!YDP!Y,;1I(1-!UK&!Z1)4)710/4!21:-;I1(J!)F!6;)Q/;J)(10!(J6-!Si!
I-0;-(1)3!IJI(-HI&!*10;)<1)4&!*)4&!Z1)4&!9-:&!**Z9!9::;=!#%>##?@TMT&!!



!
!

! "T"!

""$&!! *0Y/;(,J!OKP!_132I/J!KO&!a,-!21I(;1<C(1)3!)F!64/IH12I!(,/(!0/;;J!:1;C4-30-!/32!
;-I1I(/30-!7-3-I!13!B('.IJ&*0*00%2!'%/-%2!1I!413-/7-!/II)01/(-2&!Z*Y!*10;)<1)4&!9:<9=!
"$>"MN&!!

""%&!! E/3!*144/3!OP!U-z/+*144-;!9P!a)44+91-;/!*P!-(!/4&!U)I1(1:-!I-4-0(1)3!/32!
0)H6-3I/();J!/2/6(/(1)3!13(-;/0(!()!I(/<141W-!3)3+(;/3IH1II1<4-!64/IH12I&!8/(&!Y)HHC3&!
9:<>=!?>?$MT&!!

""N&!! '5Z;1-3![LP!^C1!D()!`P!*C;6,J!9KaP!-(!/4&!';1713+)F+(;/3IF-;!I-dC-30-I!F/0141(/(-!
H)<141I/(1)3!)F!3)3+0)3gC7/(1:-!/3(1H10;)<1/4+;-I1I(/30-!64/IH12I!13!B('.IJ&*0*00%2!
'%/-%2&!8C04-10!O012I!9-I&!9:<==!N%>#]#"@#]T%&!!

""?&!! S3(-;3/(1)3/4!Y)HH1((--!)3!a/\)3)HJ!)F!i1;CI-I!eSYaif&!$M"#&!O:/14/<4-!/(>!
,((6I>pp(/4Q&10(:)3413-&);7p(/\)3)HJp&!O00-II-2!A![-<;C/;J!$M"#&!

""A&!! B-7,);/13!*P!i/3!*-42-;-3!_&!a,-!E(/6,J4)0)001!6,/7-I!F/H14J>!/3!):-;:1-G&!
i1;CI-I!9:<9=!N>%%"A@%%%?&!!

""#&!! E/HI)3!KDP!*/7/2x3!OXP!E/<;1!*P!*)13-/C!E&!9-:-37-!)F!(,-!6,/7-I>!2-F-/(137!
</0(-;1/4!2-F-30-I&!8/(&!9-:&!*10;)<1)4&!9:<?=!"">A#?@AT#&!!

""T&!! E/4H)32!LUYP![13-;/3!UY&!O!0-3(C;J!)F!(,-!6,/7->!6/I(P!6;-I-3(!/32!FC(C;-&!8/(&!
9-:&!*10;)<1)4&!9:<==!"%>###@#TA&!!

""]&!! B-7,);/13!*P!i/3!*-42-;-3!_&!a,-!E(/6,J4)0)001!U,/7-I![/H14J>!O3!':-;:1-G&!
i1;CI-I!9:<9=!N>%%"A@%%%?&!!

"$M&!! *0Y/;(,J!OKP!_)-FF4-;!OP!R1(3-J!OOP!L)C42!`OP!_4)J2!BXP!_132I/J!KO&!D\(-3I1:-!
,);1W)3(/4!7-3-!(;/3IF-;!2C;137!B('.IJ&*0*00%2!'%/-%2!0)+0)4)31W/(1)3!13!:1:)&!L-3)H-!
Z1)4&!D:)4&!9:<>=!A>$A]#@$#MT&!!

"$"&!! E17C1-;!UP!L)C;<-J;-!DP!Y,/324-;!*&!Z/0(-;1/4!13I-;(1)3!I-dC-30-I>!(,-1;!7-3)H10!
1H6/0(!/32!21:-;I1(J&![D*E!*10;)<1)4&!9-:&!9:<>=!%T>TA?@T]"&!!

"$$&!! *Cz)W+_s6-W!*P!L/;0{/+Uk;-W!K_&!B8O!(;/3I6)I)3I>!3/(C;-!/32!/66410/(1)3I!13!
7-3)H10I&!YC;;&!L-3)H10I!9:<:=!"">""?@"$T&!!

"$%&!! Y/;;/;)!8P!ZC;;CI!i&!a,-!2C/41I(10!3/(C;-!)F!13(-7;/(1:-!/32!0)3gC7/(1:-!-4-H-3(I&!
*)<&!L-3-(&!D4-H&!9:<==!?>]T@"M$&!!

"$N&!! R)W31/Q!9O[P!R/42);!*`&!S3(-7;/(1:-!/32!0)3gC7/(1:-!-4-H-3(I>!H)I/10!H)<14-!
7-3-(10!-4-H-3(I!-3/<4137!2J3/H10!4/(-;/4!7-3-!F4)G&!8/(&!9-:&!*10;)<1)4&!9:<:=!T>??$@
?A%&!!

"$?&!! E,);-!OYP!Y)4-H/3!BY&!E(/6,J4)0)00/4!0/II-((-!0,;)H)I)H-!H-0>!;-0-3(!
/2:/30-I!/32!3-G!13I17,(I&!S3(&!K&!*-2&!*10;)<1)4&!SK**!9:<?=!%M%>%?M@%?]&!!

"$A&!! L/;W/+L)3Wx4-W!DP!*);F{3+'(-;)!9P!_4/0/+B{/W!K*P!9)2;17C-W+8);1-7/!D&!
E(/6,J4)0)00/4!0/II-((-!0,;)H)I)H-!H-0!eEYY!H-0f!13!H-(,1014413+;-I1I(/3(!0)/7C4/I-+
3-7/(1:-!I(/6,J4)0)001&!O!;-:1-G!/32!(,-!-\6-;1-30-!13!/!(-;(1/;J+0/;-!I-((137&!D612-H1)4&!
S3F-0(&!9:<:=!"%T>AN?@A?N&!!



!
!

! "T$!

"$#&!! L/;W/+L)3Wx4-W!DP!_s6-W!BP!U-W13/!YP!-(!/4&!B1:-;I1(J!)F!I(/6,J4)0)00/4!0/II-((-!
0,;)H)I)H-!H-0!I(;C0(C;-I!13!0)/7C4/I-+3-7/(1:-!I(/6,J4)0)001!/32!;-4/(1)3I,16!()!
2;C7!;-I1I(/30-&!K&!*-2&!*10;)<1)4&!9:<:=!?]>%$%@%$]&!!

"$T&!! _/37144-!*LSP!XI1/)!RR_P!Z;13QH/3![E_&!B-(-0(137!7-3)H10!1I4/32I!CI137!
<1)13F);H/(10I!/66;)/0,-I&!8/(&!9-:&!*10;)<1)4&!9:<:=!T>%#%@%T$&!!

"$]&!! KC,/I!*P!:/3!2-;!*--;!K9P!L/144/;2!*P!X/;2137!9*P!X))2!BRP!Y;))Q!BR&!L-3)H10!
1I4/32I>!())4I!)F!</0(-;1/4!,);1W)3(/4!7-3-!(;/3IF-;!/32!-:)4C(1)3&![-HI!*10;)<1)4&!9-:&!
9::;=!%%>%#A@%]%&!!

"%M&!! E)01k(k![;/3|/1I-!2-!*10;)<1)4)71-&!Y)H1(k!2-!45/3(1<1)7;/HH-!2-!4/!E)01k(k!
[;/3|/1I-!2-!*10;)<1)4)71-&!$MMT&!O:/14/<4-!/(>!,((6>ppGGG&IFH+
H10;)<1)4)71-&);7ptI-;[14-IpF14-Ip0/IFH}$MMT&62F&!

"%"&!! a,-!DC;)6-/3!Y)HH1((--!)3!O3(1H10;)<1/4!ECI0-6(1<141(J!a-I(137&!a,-!DC;)6-/3!
Y)HH1((--!)3!O3(1H10;)<1/4!ECI0-6(1<141(J!a-I(137!9-0)HH/32/(1)3I&!$M"N&!O:/14/<4-!
/(>!,((6>ppGGG&IFH+
H10;)<1)4)71-&);7ptI-;[14-IpF14-Ip0/IFHpYOE[*}DtYOEa}i"}M}$M"N&62F&!

"%$&!! DC;)6-/3!E)01-(J!)F!Y41310/4!*10;)<1)4)7!/32!S3F-0(1)CI!B1I-/I-I&!DC;)6-/3!
*/3C/4!)F!Y41310/4!*10;)<1)4)7J&!$M"$&!O:/14/<4-!/(>!,((6>ppGGG&IFH+
H10;)<1)4)71-&);7p6/7-p6/7-pI,)G6/7-p6/7-}12p"$N&,(H4&!

"%%&!! E)C:-31;!BP!O32-;I)3!BDP!U/46/3(!EP!-(!/4&!Z4))2!0C4(C;-I!6)I1(1:-!F);!0)/7C4/I-+
3-7/(1:-!I(/6,J4)0)001>!/3(1I-6I1IP!6I-C2)</0(-;-H1/P!/32!(,-;/6J!)F!6/(1-3(I&!K&!Y413&!
*10;)<1)4&!<;;@=!%A>"]$%@"]$A&!!

"%N&!! [/2-4!XKP!U/(-4!9P!i-((-;!DOP!Z/22)C;!_*&!Y41310/4!E1731F10/30-!)F!/!E1374-!
B('.IJ&*0*00%2!&%$,%+-+2)2+U)I1(1:-!Z4))2!YC4(C;-&!K&!Y413&!*10;)<1)4&!9:<<=!N]>"A]#@
"A]]&!!

"%?&!! 'IH)3!B9P!Z-;</;1!D[P!Z-;-32(!O9P!-(!/4&!B1/73)I1I!/32!*/3/7-H-3(!)F!
U;)I(,-(10!K)13(!S3F-0(1)3>!Y41310/4!U;/0(10-!LC12-413-I!<J!(,-!S3F-0(1)CI!B1I-/I-I!E)01-(J!
)F!OH-;10/&!Y413&!S3F-0(&!B1I&!9:<9=!>01ITM%&!!

"%A&!! Y4-;1!BKP!Y);;/2)!*_P!E-417H/3!EK&!VC/3(1(/(1:-!YC4(C;-!)F!S3(;/:-3)CI!Y/(,-(-;I!
/32!'(,-;!S3(;/:/I0C4/;!S3I-;(I&!K&!S3F-0(&!B1I&!<;@:=!"N">#T"@#TA&!!

"%#&!! Z;C3<C1II)3!YP!O<;)CQ![P!_-7;/32!UP!XC-(!^P!_/;/<1!EP!9/613!*&!B1/73)I1I!)F!
Y-3(;/4!i-3)CI!Y/(,-(-;+9-4/(-2!E-6I1I!+!Y;1(10/4+_-:-4!)F!VC/3(1(/(1:-!a16!YC4(C;-I&!
O;0,&!S3(-;3&!*-2&!<;@B=!"N#>T#%@T##&!!

"%T&!! 2-!B-0Q-;!_&!_513210-!2-!0)+H);<121(k!2-!Y,/;4I)3&!O33&!Lk;)3()4)71-!9::;=!
$>"?]@"AM&!!

"%]&!! Y4/;Q!ODP!`/4-(/!DKP!O;);/!OP!R)4Q!B*&!*/(;1\+/II1I(-2!4/I-;!2-I);6(1)3!
1)31W/(1)3+(1H-!)F!F417,(!H/II!I6-0(;)H-(;J>!/!FC32/H-3(/4!I,1F(!13!(,-!;)C(13-!6;/0(10-!
)F!041310/4!H10;)<1)4)7J&!Y413&!*10;)<1)4&!9-:&!9:<?=!$A>?N#@AM%&!!

"NM&!! U/(-4!9&!*/(;1\+/II1I(-2!4/I-;!2-I);6(1)3!1)31W/(1)3+(1H-!)F!F417,(!H/II!



!
!

! "T%!

I6-0(;)H-(;J!13!041310/4!H10;)<1)4)7J&!Y413&!S3F-0(&!B1I&!'FF&!UC<4&!S3F-0(&!B1I&!E)0&!OH&!
9:<?=!?#>?AN@?#$&!!

"N"&!! _4)J2!EP!*),I-31!*P!9-<-3(;)I(!U&!VC/3(CH!6;13016/4!0)H6)3-3(!/3/4JI1I&!8/(&!
U,JI&!9:<>=!"M>A%"@A%%&!!

"N$&!! O;;-0C<1-(/!YP!*/(IC3/7/!SP!OI/1!aP!8/Q/!^P!B-37!*YP!_)GJ![B&!i/0013/(1)3!G1(,!
04CH6137!F/0();!O!/32!F1<;)3-0(13!<132137!6;)(-13!O!()!6;-:-3(!B('.IJ&*0*00%2!'%/-%2!
13F-0(1)3!)F!/3!/);(10!6/(0,!13!H10-&!K&!S3F-0(&!B1I&!9::@=!"]T>?#"@?#?&!!

"N%&!! `)01/3):/!EP!iC)37!YP!^/)!^P!-(!/4&!`-J!;)4-!)F!6)4J+7/HH/+B_+74C(/H10!/012!13!
1HHC3-!-:/I1)3!/32!:1;C4-30-!)F!B('.IJ&*0*00%2!-.),-/C),)2&!K&!Y413&!S3:-I(&!9::==!
""?>ATT@A]N&!!

"NN&!! EW/</2)I![P!8)G)(3J!^P!*/;4137,/CI!_P!-(!/4&!'00C;;-30-!)F!7-3-I!)F!6C(/(1:-!
F1<;13)7-3!<132137!6;)(-13I!/32!,-H)4JI13IP!/I!G-44!/I!)F!(,-1;!6,-3)(J610!0);;-4/(-I!13!
1I)4/(-I!)F!B4!&%$,%+-+2)2!)F!21FF-;-3(!);1713I&!Z*Y!9-I&!8)(-I!9:<<=!N>""%&!!

"N?&!! Xk<-;(!LO&!X-H)4JI13I!/32!)(,-;!0,/;/0(-;1I(10I!(,/(!,-46!21FF-;-3(1/(-!/32!
<1)(J6-!B('.IJ&*0*00%2!&%$,%+-+2)2!/32!E(/6,J4)0)00CI!I0,4-1F-;1&!K&!Y413&!*10;)<1)4&!
<;;:=!$T>$N$?@$N%"&!!

"NA&!! i/32-3-I0,![P!E();;I!*KP!U)1(-:13+_/(-;![P!D(1-33-!KP!Y)C;:/413!UP![4-C;-((-!K&!
B-4(/+41Q-!,/-H)4JI13!6;)2C0-2!<J!B('.IJ&*0*00%2!&%$,%+-+2)2&![D*E!*10;)<1)4&!_-((&!
<;;<=!A$>A?@AT&!!

"N#&!! B)3:1()!ZP!D(1-33-!KP!B-3);)J!_P!L;--34/32!aP!Z-31()!^P!i/32-3-I0,![&!EJ3-;71I(10!
,-H)4J(10!/0(1:1(J!)F!B('.IJ&*0*00%2!&%$,%+-+2)2!1I!H-21/(-2!<J!(,;--!6-6(12-I!-30)2-2!
<J!/!3)3+/7;!7-3-(10!4)0CI&!S3F-0(&!SHHC3&!<;;B=!A?>]?@"MM&!!

"NT&!! Z;/2F);2!**&!O!;/612!/32!I-3I1(1:-!H-(,)2!F);!(,-!dC/3(1(/(1)3!)F!H10;)7;/H!
dC/3(1(1-I!)F!6;)(-13!C(141W137!(,-!6;130164-!)F!6;)(-13+2J-!<132137&!O3/4&!Z1)0,-H&!<;BA=!
#$>$NT@$?N&!!

"N]&!! _//;H/3!OKP!9CJQ-3!*P!*/4)3-!Y_P!E(;1g6!KOL!:/3P!X);IG144!O9P!9))1g/QQ-;I!EX*&!
B('.IJ&*0*00%2!'%/-%2!*-(/44)6;)(-/I-!OC;-)4JI13!Y4-/:-I!Y)H64-H-3(!Y%!a)!*-21/(-!
SHHC3-!D:/I1)3&!K&!SHHC3)4&!9:<<=!"TA>ANN?@AN?%&!!

"?M&!! E/</(!OP!`)I)GIQ/!`P!U)C4I-3!`P!-(!/4&!aG)!/44-410!F);HI!)F!(,-!/C;-)4JI13!7-3-!
e/C;f!G1(,13!B('.IJ&*0*00%2!'%/-%2&!S3F-0(&!SHHC3&!9:::=!AT>]#%@]#A&!!

"?"&!! Y/II/(!KDP!X/HH-;!8BP!Y/H6<-44!KUP!-(!/4&!O!I-0;-(-2!</0(-;1/4!6;)(-/I-!(/14);I!(,-!
B('.IJ&*0*00%2!'%/-%2!:1;C4-30-!;-6-;()1;-!()!H)2C4/(-!<)3-!;-H)2-4137!2C;137!
)I(-)HJ-41(1I&!Y-44!X)I(!*10;)<-!9:<?=!"%>#?]@##$&!!

"?$&!! Y)r~\-/P!_,)!B[P!E/(C;313)!aUP!-(!/4&!OW)0/I-13!EC<I(;/(-!F);!B-(-;H13/(1)3!)F!
U;)(-)4J(10!O0(1:1(J>!9--\/H13137!/!a;/21(1)3/4!*-(,)2!tI137!Z;)H-4/13!E/H64-I&!
Z1)*-2!9-I&!S3(&!9:<A=!$M"A>-TNM]"T%&!!

"?%&!! U/7-(!*EP!X-4H/33!KB&!a,-!�#M!F/H14J!)F!I17H/!F/0();I&!L-3)H-!Z1)4&!9::?=!N>$M%&!!



!
!

! "TN!

"?N&!! E,13-!KP!B/47/;3)!_&!a,-!%�+a-;H13/4!E-dC-30-!)F!DI0,-;10,1/!0)41!"AE!91<)I)H/4!
98O>!Y)H64-H-3(/;1(J!()!8)3I-3I-!a;164-(I!/32!91<)I)H-!Z132137!E1(-I&!U;)0&!8/(4&!
O0/2&!E01&!t&!E&!O&!<;B>=!#">"%N$@"%NA&!!

"??&!! Y1/H61!*E&!9,)+2-6-32-3(!(-;H13/();I!/32!(;/3I0;16(1)3!(-;H13/(1)3&!
*10;)<1)4)7J!9::A=!"?$>$?"?@$?$T&!!

"?A&!! O32;k!DP!Z/I(12-!_P!*10,/C\+Y,/;/0,)3!EP!-(!/4&!8):-4!IJ3(,-(10!H)4-0C4-I!
(/;7-(137!(,-!</0(-;1/4!98O!6)4JH-;/I-!/II-H<4J&!K&!O3(1H10;)<&!Y,-H)(,-;&!9::A=!
?#>$N?@$?"&!!

"?#&!! Y,/37!a+XP!XC/37!X+^P!XIC!KZ+`P!R-37!E+_P!X);37!K+aP!XC/37!X+B&!O3!-3,/30-2!
0)H6C(/(1)3/4!64/(F);H!F);!13:-I(17/(137!(,-!;)4-I!)F!;-7C4/();J!98O!/32!F);!12-3(1FJ137!
FC30(1)3/4!98O!H)(1FI&!Z*Y!Z1)13F);H/(10I!9:<?=!"N>EN&!!

"?T&!! U-(-;I-3!a8P!Z;C3/Q!EP!:)3!X-1g3-!LP!81-4I-3!X&!E173/4U!N&M>!21I0;1H13/(137!I173/4!
6-6(12-I!F;)H!(;/3IH-H<;/3-!;-71)3I&!8/(&!*-(,)2I!9:<<=!T>#T?@#TA&!!

"?]&!! L))2G13!EP!*0U,-;I)3!KBP!*0Y)H<1-!R9&!Y)H137!)F!/7->!(-3!J-/;I!)F!3-\(+
7-3-;/(1)3!I-dC-30137!(-0,3)4)71-I&!8/(&!9-:&!L-3-(&!9:<A=!"#>%%%@%?"&!!

"AM&!! L)-0QI!KP!8-Q;C(-3Q)!OP!a/J4);!KP!L/4/\J!a-/H&!L/4/\J>!/!0)H6;-,-3I1:-!
/66;)/0,!F);!IC66);(137!/00-II1<4-P!;-6;)2C01<4-P!/32!(;/3I6/;-3(!0)H6C(/(1)3/4!
;-I-/;0,!13!(,-!41F-!I01-30-I&!L-3)H-!Z1)4&!9:<:=!"">9TA&!!

"A"&!! Z/3Q-:10,!OP!8C;Q!EP!O3(16):!BP!-(!/4&!EUO2-I>!/!3-G!7-3)H-!/II-H<4J!/47);1(,H!
/32!1(I!/66410/(1)3I!()!I1374-+0-44!I-dC-30137&!K&!Y)H6C(&!Z1)4&!K&!Y)H6C(&!*)4&!Y-44!Z1)4&!
9:<9=!"]>N??@N##&!!

"A$&!! EG/13!*aP!aI/1!SKP!OII-F/!EOP!8-G<)42!YP!Z-;;1H/3!*P!'(()!aB&!O!U)I(+/II-H<4J!
7-3)H-+1H6;):-H-3(!())4Q1(!eUOLSaf!()!)<(/13!/33)(/(-2!7-3)H-I!F;)H!0)3(17I&!8/(&!
U;)()0&!9:<9=!#>"$AM@"$TN&!!

"A%&!! OII-F/!EP!`-/3-!a*P!'(()!aBP!8-G<)42!YP!Z-;;1H/3!*&!OZOYOE>!/47);1(,H+</I-2!
/C()H/(10!0)3(17C/(1)3!)F!/II-H<4-2!I-dC-30-I&!Z1)13F);H/&!'\F&!D374&!9::;=!$?>"]AT@
"]A]&!!

"AN&!! aI/1!SKP!'(()!aBP!Z-;;1H/3!*&!SH6;):137!2;/F(!/II-H<41-I!<J!1(-;/(1:-!H/66137!
/32!/II-H<4J!)F!I,);(!;-/2I!()!-41H13/(-!7/6I&!L-3)H-!Z1)4&!9:<:=!"">9N"&!!

"A?&!! '(()!aBP!E/32-;I!*P!Z-;;1H/3!*P!8-G<)42!Y&!S(-;/(1:-!Y);;-0(1)3!)F!9-F-;-30-!
8C04-)(12-I!e1Y'98f!CI137!I-0)32!7-3-;/(1)3!I-dC-30137!(-0,3)4)7J&!Z1)13F);H/&!'\F&!
D374&!9:<:=!$A>"#MN@"#M#&!!

"AA&!! Y/;:-;!aP!Z-;;1H/3!*P!a1:-J!OP!-(!/4&!O;(-H1I!/32!OYa>!:1-G137P!/33)(/(137!/32!
0)H6/;137!I-dC-30-I!I();-2!13!/!;-4/(1)3/4!2/(/</I-&!Z1)13F);H/(10I!9::@=!$N>$A#$@
$A#A&!!

"A#&!! Z;JI)3!`P!_)C\!iP!Z)IIJ!9P!-(!/4&!OL*SO_>!1H64-H-3(137!/3!/33)(/(1)3!I(;/(-7J!
F);!6;)Q/;J)(-!7-3)H-I!/I!/!21I(;1<C(-2!IJI(-H&!8C04-10!O012I!9-I&!9::A=!%N>%?%%@
%?N?&!!



!
!

! "T?!

"AT&!! 9)<13I)3!KaP!a,);:/42I2s((1;!XP!R130Q4-;!RP!-(!/4&!S3(-7;/(1:-!L-3)H10I!i1-G-;&!
8/(&!Z1)(-0,3)4&!9:<<=!$]>$N@$A&!!

"A]&!! L'!0)3I);(1CH&!a,-!L-3-!'3()4)7J!eL'f!2/(/</I-!/32!13F);H/(10I!;-I)C;0-&!
8C04-10!O012I!9-I&!9::>=!%$>B$?T@B$A"&!!

"#M&!! L'!0)3I);(1CH&!L-3-!'3()4)7J!Y)3I);(1CH>!7)137!F);G/;2&!8C04-10!O012I!9-I&!
9:<==!N%>B"MN]@B"M?A&!!

"#"&!! L'!0)3I);(1CH&!L'!E41H!/32!EC<I-(!LC12-!�!L-3-!'3()4)7J!Y)3I);(1CH&!O:/14/<4-!
/(>!,((6>ppGGG&7-3-)3()4)7J&);7p6/7-p7)+I41H+/32+IC<I-(+7C12-&!O00-II-2!%M!K/3C/;J!
$M"#&!

"#$&!! K)3-I!UP!Z133I!BP!Y,/37!X+^P!-(!/4&!S3(-;U;)E0/3!?>!7-3)H-+I0/4-!6;)(-13!FC30(1)3!
04/II1F10/(1)3&!Z1)13F);H/&!'\F&!D374&!9:<>=!%M>"$%A@"$NM&!!

"#%&!! *1(0,-44!OP!Y,/37!X+^P!B/C7,-;(J!_P!-(!/4&!a,-!S3(-;U;)!6;)(-13!F/H141-I!2/(/</I->!
(,-!04/II1F10/(1)3!;-I)C;0-!/F(-;!"?!J-/;I&!8C04-10!O012I!9-I&!9:<==!N%>B$"%+$$"&!!

"#N&!! O41Q,/3!8+[P!U-((J!8`P!Z-3!j/Q)C;!8_P!Z-/(I)3!EO&!Z_OEa!9137!SH/7-!L-3-;/();!
eZ9SLf>!I1H64-!6;)Q/;J)(-!7-3)H-!0)H6/;1I)3I&!Z*Y!L-3)H10I!9:<<=!"$>NM$&!!

"#?&!! `//I!9EP!_--Q1(0,/;)-36,)3!UP!O/;-I(;C6![*P!_C32!'&!E)4:137!(,-!U;)<4-H!)F!
Y)H6/;137!R,)4-!Z/0(-;1/4!L-3)H-I!/0;)II!B1FF-;-3(!E-dC-30137!U4/(F);HI&!U_'E!'8D!
9:<>=!]>-"MN]TN&!!

"#A&!! j,)C!^P!_1/37!^P!_J30,!`XP!B-331I!KKP!R1I,/;(!BE&!UXOEa>!/!F/I(!6,/7-!I-/;0,!())4&!
8C04-10!O012I!9-I&!9:<<=!%]>R%N#+%?$&!!

"##&!! O;32(!BP!L;/3(!K9P!*/;0C!OP!-(!/4&!UXOEaD9>!/!<-((-;P!F/I(-;!:-;I1)3!)F!(,-!UXOEa!
6,/7-!I-/;0,!())4&!8C04-10!O012I!9-I&!9:<A=!NN>R"A+$"&!!

"#T&!! _/37H-/2!ZP!a;/63-44!YP!U)6!*P!E/4W<-;7!E_&!t4(;/F/I(!/32!H-H);J+-FF101-3(!
/4173H-3(!)F!I,);(!B8O!I-dC-30-I!()!(,-!,CH/3!7-3)H-&!L-3)H-!Z1)4&!9::;=!"M>9$?&!!

"#]&!! Y,-!BP!X/I/3!*EP!Y,-3!Z&!S2-3(1FJ137!U/(,)7-3101(J!SI4/32I!13!Z/0(-;1/4!
U/(,)7-3)H10I!tI137!Y)H6C(/(1)3/4!O66;)/0,-I&!U/(,)7-3I!9:<>=!%>%A@?A&!!

"TM&!! B,144)3!Z`P!_/1;2!*9P!E,/J!KOP!-(!/4&!SI4/32i1-G-;!%>!H);-!F4-\1<4-P!13(-;/0(1:-!
7-3)H10!1I4/32!21I0):-;JP!:1IC/41W/(1)3!/32!/3/4JI1I&!8C04-10!O012I!9-I&!9:<==!N%>R"MN@
R"MT&!!

"T"&!! U/7-+*0Y/G!OP!DG/42!OKP!R-;<!j&!*/(;1\!H-(/44)6;)(-13/I-I!/32!(,-!;-7C4/(1)3!
)F!(1IIC-!;-H)2-44137&!8/(&!9-:&!*)4&!Y-44!Z1)4&!9::B=!T>$$"@$%%&!!

"T$&!! */4-HC2!YK&!*/(;1\!H-(/44)6;)(-13/I-I>!;)4-!13!IQ-4-(/4!2-:-4)6H-3(!/32!7;)G(,!
64/(-!21I);2-;I&![;)3(&!Z1)I01&!K&!i1;(C/4!_1<;&!9::A=!"">"#M$@"#"?&!!

"T%&!! ';(-7/!8P!Z-,)310Q!BP!E(10Q-3I!BP!R-;<!j&!X)G!6;)(-/I-I!;-7C4/(-!<)3-!
H);6,)7-3-I1I&!O33&!8&!^&!O0/2&!E01&!9::?=!]]?>"M]@""A&!!

"TN&!! 9/G4137I!8BP!R/44-;!*P!Z/;;-((!OKP!Z/(-H/3!O&!*D9'UE>!(,-!2/(/</I-!)F!



!
!

! "TA!

6;)(-)4J(10!-3WJH-IP!(,-1;!IC<I(;/(-I!/32!13,1<1();I&!8C04-10!O012I!9-I&!9:<>=!N$>B?M%@
B?M]&!!

"T?&!! a/37!E^P!X-;<-;!9+UP!X)!EUP!O441I()3!a&!*/(;1\!H-(/44)6;)(-13/I-+"%!1I!;-dC1;-2!
F);!)I(-)0J(10!6-;14/0C3/;!;-H)2-4137!/32!H/13(/13I!<)3-!F;/0(C;-!;-I1I(/30-&!K&!Z)3-!
*13-;&!9-I&!'FF&!K&!OH&!E)0&!Z)3-!*13-;&!9-I&!9:<9=!$#>"]%A@"]?M&!!

"TA&!! _J30,!YY&!*/(;1\!H-(/44)6;)(-13/I-I!/I!H/I(-;!;-7C4/();I!)F!(,-!:101)CI!0J04-!)F!
<)3-!H-(/I(/I1I&!Z)3-!9:<<=!NT>NN@?%&!!

"T#&!! K)II-!KP!i-4/;2![P!L/374)FF!EY&!B('.IJ&*0*00%2!'%/-%2!:I&!'I(-)<4/I(>!9-4/(1)3I,16!
/32!Y)3I-dC-30-I!13!'I(-)HJ-41(1I&![;)3(&!Y-44&!S3F-0(&!*10;)<1)4&!9:<==!?>T?&!!

"TT&!! K/F/;!8P!D2;1II!XP!8C7-3(!`&!a,-!DFF-0(!)F!E,);(+a-;H!XJ6-;74J0-H1/!)3!(,-!
S33/(-!SHHC3-!EJI(-H&!OH&!K&!*-2&!E01&!9:<A=!%?">$M"@$""&!!

"T]&!! E(-7-37/!*DP!:/3!2-;!Y;/<<-3!E8P!Z4�H-;!9*DP!-(!/4&!XJ6-;74J0-H1/!-3,/30-I!
0)/7C4/(1)3!/32!;-2C0-I!3-C(;)6,14!2-7;/3C4/(1)3P!G,-;-/I!,J6-;13IC413-H1/!13,1<1(I!
F1<;13)4JI1I!2C;137!,CH/3!-32)()\-H1/&!Z4))2!9::@=!""$>T$@T]&!!

"]M&!! U/,G/!9P!8/44/I/HJ!UP!K1/4/4!S&!a)44+41Q-!;-0-6();I!$!/32!N!H-21/(-!,J6-;74J0-H1/!
132C0-2!H/0;):/I0C4/;!/);(10!-32)(,-41/4!0-44!13F4/HH/(1)3!/32!6-;(C;</(1)3!)F!(,-!
-32)(,-41/4!74J0)0/4J\&!K&!B1/<-(-I!Y)H6410/(1)3I!9:<A=!%M>?A%@?#$&!!

"]"&!! 9/g/H/31!tP!K1/4/4!S&!XJ6-;74J0-H1/!132C0-I!a)44+41Q-!;-0-6();+$!/32!+N!-\6;-II1)3!
/32!/0(1:1(J!13!,CH/3!H10;):/I0C4/;!;-(13/4!-32)(,-41/4!0-44I>!1H6410/(1)3I!F);!21/<-(10!
;-(13)6/(,J&!K&!B1/<-(-I!9-I&!9:<>=!$M"N>#]M]M$&!!

"]$&!! L,)I,!UP!E/,))!9P!i/12J/!OP!Y,);-:!*P!X/46-;13!KO&!9)4-!)F!Y)H64-H-3(!/32!
Y)H64-H-3(!9-7C4/();J!U;)(-13I!13!(,-!Y)H6410/(1)3I!)F!B1/<-(-I&!D32)0;&!9-:&!9:<==!
%A>$#$@$TT&!!

"]%&!! DQ/!OP!Y,-3!O[&!U/(1-3(+;-4/(-2!H-210/4!;1IQ!F/0();I!F);!6-;16;)I(,-(10!g)13(!
13F-0(1)3!)F!(,-!,16!/32!Q3--&!O33&!a;/3I4&!*-2&!9:<==!%>$%%&!

"]N&!! [4-HH137!X+YP!R137-32-;!KP!EW-GWJQ!tP!E(-13<-;7!UP!910-!EOP!`g-44-<-;7!E&!
Z1)F14HI>!/3!-H-;7-3(!F);H!)F!</0(-;1/4!41F-&!8/(&!9-:&!*10;)<1)4&!9:<A=!"N>?A%@?#?&!!

"]?&!! L<-gC/2-!X'P!_):-;137!O*P!R-<<!KY&!a,-!;)4-!)F!H10;)<1/4!<1)F14HI!13!6;)I(,-(10!
g)13(!13F-0(1)3I&!O0(/!';(,)6&!9:<==!TA>"N#@"?T&!!

"]A&!! K/0dC-413-!YP!Y/144)3!K&!SH6/0(!)F!</0(-;1/4!<1)F14H!)3!(,-!(;-/(H-3(!)F!6;)I(,-(10!
g)13(!13F-0(1)3I&!K&!O3(1H10;)<&!Y,-H)(,-;&!9:<>=!A]!EC664!">1%#+NM&!!

"]#&!! X/44+E())24-J!_P!Y)I(-;()3!KRP!E())24-J!U&!Z/0(-;1/4!<1)F14HI>!F;)H!(,-!8/(C;/4!
-3:1;)3H-3(!()!13F-0(1)CI!21I-/I-I&!8/(&!9-:&!*10;)<1)4&!9::>=!$>]?@"MT&!!

"]T&!! [;/3Q!`_P!U/(-4!9&!U)4J+8+O0-(J474C0)I/H13-!SI!8)(!/!*/g);!Y)H6)3-3(!)F!(,-!
D\(;/0-44C4/;!*/(;1\!13!Z1)F14HI![);H-2!<J!10/OBZY+U)I1(1:-!B('.IJ&*0*00%2!&%$,%+-+2)2!
SI)4/(-I&!S3F-0(&!SHHC3&!9::B=!#?>N#$T@N#N$&!!

"]]&!! K-33J!K+^P!Z/;<-!ZP!L/C21/I!KP!Z)-;1!YP!O;7-3I)3!K+8&!X17,!13F-0(1)3!0)3(;)4!;/(-!



!
!

! "T#!

/32!FC30(1)3!/F(-;!;)C(13-!)3-+I(/7-!-\0,/37-!F);!0,;)310/44J!13F-0(-2!a`O&!Y413&!';(,)6&!
9:<?=!N#">$%T@$N%&!!

$MM&!! */01l!*BP!9)g)+*)413-;)!DP!'41:-;!O&!O3(1H10;)<1/4!ICI0-6(1<141(J!(-I(137!13!
<1)F14H+7;)G137!</0(-;1/&!Y413&!*10;)<1)4&!S3F-0(&!'FF&!UC<4&!DC;&!E)0&!Y413&!*10;)<1)4&!S3F-0(&!
B1I&!9:<>=!$M>]T"@]]M&!!

$M"&!! U;)0();!9OP!`;1-7-IQ);(-!OP!`/,4!ZYP!Z-0Q-;!`P!_hFF4-;!ZP!U-(-;I!L&!B('.IJ&*0*00%2!
'%/-%2!EH/44!Y)4)3J!i/;1/3(I!eEYiIf>!/!;)/2!H/6!F);!(,-!H-(/<)410!6/(,G/JI!13:)4:-2!13!
6-;I1I(-3(!13F-0(1)3I&![;)3(&!Y-44&!S3F-0(&!*10;)<1)4&!9:<>=!$T=N>]]&!

$M$&!! X)4412/J!_EP!i/Q/31!OP!O;0,-;!_P!B)40-!Y&!DFF-0(I!)F!H/(;1\!H-(/44)6;)(-13/I-!
13,1<1();I!)3!<)3-!;-I);6(1)3!/32!);(,)2)3(10!())(,!H):-H-3(&!K&!B-3(&!9-I&!9::?=!
T$>AT#@A]"&!!

$M%&!! 9)II!KEP!`/C;!UP!E,--,/3!YDP![1I,-;!XOLP!`/CFH/3!9OP!`/44/QC;J!ZiE&!U;)73)I(10!
E1731F10/30-!)F!*/(;1\!*-(/44)6;)(-13/I-!$!/32!a1IIC-!S3,1<1();!)F!*-(/44)6;)(-13/I-!$!
D\6;-II1)3!13!U;)I(/(-!Y/30-;&!*)2&!U/(,)4&!9::?=!"A>"]T@$M?&!!

$MN&!! XC!KP!i/3!2-3!E(--3!UDP!E/37!V+bOP!'62-3/QQ-;!L&!*/(;1\!H-(/44)6;)(-13/I-!
13,1<1();I!/I!(,-;/6J!F);!13F4/HH/();J!/32!:/I0C4/;!21I-/I-I&!8/(&!9-:&!B;C7!B1I0):&!
9::B=!A>NTM@N]T&!!

$M?&!! X)31</42!D8P!*/(,-G!EP!U/2H/3/</3!KP!EC32/;/H!DP!9/H/H));(,J!9B&!
U-;1)0-C(10I>!*/(;1\!H-(/44)6;)(-13/I-!13,1<1();I!/I!/3!/2gC30(1:-!(,-;/6J!F);!
13F4/HH/();J!6-;1)2)3(/4!21I-/I-&!K&!U,/;H&!Z1)/441-2!E01&!9:<9=!N>EN"#@EN$"&!!

$MA&!! a/II-!KP!Y;)1I1-;!BP!Z/2-4+Z-;0,)C\!EP!-(!/4&!U;-41H13/;J!;-IC4(I!)F!/!3-G!/3(1<1)(10!
ICI0-6(1<141(J!(-I(!/7/13I(!<1)F14H!13I(/44/(1)3!13!2-:10-+/II)01/(-2!13F-0(1)3I>!(,-!
O3(1<1)F14H)7;/H�&!U/(,)7&!B1I&!9:<A=!#N&!!

$M#&!! */2I-3!KEP!ZC;Hy44-!*P!X/3I-3!_XP!Ey;-3I-3!EK&!a,-!13(-;0)33-0(1)3!<-(G--3!
<1)F14H!F);H/(1)3!/32!,);1W)3(/4!7-3-!(;/3IF-;&![D*E!SHHC3)4&!*-2&!*10;)<1)4&!9:<9=!
A?>"T%@"]?&!!

$MT&!! 9/J/!99P!X5<-;(!D*&!SI)4/(1)3!)F!U,/7-!:1/!S32C0(1)3!)F!_JI)7-3I&!*-(,)2I!*)4&!
Z1)4&!Y41F()3!8K!9::;=!?M">$%@%$&!!

$M]&!! j,C!`P!K13!XP!X-!jP!j,C!VP!R/37!Z&!O!0)3(13C)CI!H-(,)2!F);!(,-!4/;7-+I0/4-!
-\(;/0(1)3!)F!64/IH12!B8O!<J!H)21F1-2!<)14137!4JI1I&!8/(&!U;)()0&!9::A=!">%MTT@%M]%&!!

$"M&!! O32;-)C!_+i&!SI)4/(1)3!)F!64/IH12!B8O!F;)H!</0(-;1/&!*-(,)2I!D3WJH)4&!9:<?=!
?$]>"%?@"N$&!!

$""&!! Y/H)-W!*P!E1-;;/!K*P!B)H137C-W!*OP![-;;-;+8/:/;;)!*P!i14/!KP!9)0/!S&!OC()H/(-2!
0/(-7);1W/(1)3!)F!H-(,1014413+;-I1I(/3(!B('.IJ&*0*00%2!'%/-%2!041310/4!1I)4/(-I!13()!
21FF-;-3(!04)3/4!0)H64-\-I!<J!*O_BS+a'[!H/II!I6-0(;)H-(;J&!Y413&!*10;)<1)4&!S3F-0(&!'FF&!
UC<4&!DC;&!E)0&!Y413&!*10;)<1)4&!S3F-0(&!B1I&!9:<A=!$$>"A"&-"+#&!!

$"$&!! K)I(-3!*P!9-1F!*P!EW-Q/(!YP!-(!/4&!O3/4JI1I!)F!(,-!H/(;1\+/II1I(-2!4/I-;!2-I);6(1)3!
1)31W/(1)3+(1H-!)F!F417,(!H/II!I6-0(;CH!)F!B('.IJ&*0*00%2!'%/-%2!12-3(1F1-I!HC(/(1)3I!



!
!

! "TT!

(,/(!/44)G!21FF-;-3(1/(1)3!)F!(,-!H/13!04)3/4!413-/7-I&!K&!Y413&!*10;)<1)4&!9:<?=!?">"TM]@
"T"#&!!

$"%&!! R)4(-;I!*P!9),2-!XP!*/1-;!aP!-(!/4&!*O_BS+a'[!*E!F137-;6;13(137!/44)GI!F);!
21I0;1H13/(1)3!)F!H/g);!H-(,1014413+;-I1I(/3(!B('.IJ&*0*00%2!'%/-%2!413-/7-I&!S3(&!K&!*-2&!
*10;)<1)4&!SK**!9:<<=!%M">AN@AT&!!

$"N&!! _/I0,!UP![4-17-!YP!E(cHH4-;!*P!-(!/4&!S3ICFF101-3(!21I0;1H13/();J!6)G-;!)F!*O_BS+
a'[!H/II!I6-0(;)H-(;J!F);!(J6137!)F!D3(-;)0)00CI!F/-01CH!/32!B('.IJ&*0*00%2!'%/-%2!
1I)4/(-I&!K&!*10;)<1)4&!*-(,)2I!9:<>=!"MM>?T@A]&!!

$"?&!! */13131!iP!Z):)!LP!Y,13-44)!YP!-(!/4&!B-(-0(1)3!)F!,17,!H)4-0C4/;!G-17,(!6;)(-13I!
<J!*O_BS!1H/7137!H/II!I6-0(;)H-(;J&!*)4&!Z1)EJI(&!9:<?=!]>""M"@""M#&!!

$"A&!! *--(/31!*OP!i));,--I!`K&!*O_BS!H/II!I6-0(;)H-(;J!/3/4JI1I!)F!,17,!H)4-0C4/;!
G-17,(!6;)(-13I!F;)H!G,)4-!</0(-;1/4!0-44I>!6;-(;-/(H-3(!)F!I/H64-I!G1(,!IC;F/0(/3(I&!K&!
OH&!E)0&!*/II!E6-0(;)H&!9::==!"A>"N$$@"N$A&!!

$"#&!! D<;17,(!K9P!U-3C7)32/!8P!Z;)G3!R&!Y41310/4!-\6-;1-30-!G1(,!B('.IJ&*0*00%2!
&%$,%+-+2)2!</0(-;-H1/>!/!;-(;)I6-0(1:-!/3/4JI1I&!B1/73&!*10;)<1)4&!S3F-0(&!B1I&!9::>=!
NT>"#@$"&!!

$"T&!! a/3!a^P!87!E^P!87!Rb&!Y41310/4!I1731F10/30-!)F!0)/7C4/I-+3-7/(1:-!I(/6,J4)0)001!
;-0):-;-2!F;)H!3)3I(-;14-!I1(-I&!K&!Y413&!*10;)<1)4&!9::A=!NN>%N"%@%N"N&!!

$"]&!! X-44</0,-;!YP!ah;3d:1I(!DP!Eh2-;dC1I(!Z&!B('.IJ&*0*00%2!&%$,%+-+2)2>!041310/4!
I6-0(;CHP!/3(1<1)(10!ICI0-6(1<141(JP!/32!6,-3)(J610!/32!7-3)(J610!6/((-;3I!)F!%]!1I)4/(-I&!
Y413&!*10;)<1)4&!S3F-0(&!'FF&!UC<4&!DC;&!E)0&!Y413&!*10;)<1)4&!S3F-0(&!B1I&!9::A=!"$>N%@N]&!!

$$M&!! `4-13-;!DP!*)3Q!OZP!O;0,-;!L_P![);<-I!ZO&!Y41310/4!E1731F10/30-!)F!B('.IJ&*0*00%2!
&%$,%+-+2)2!SI)4/(-2!F;)H!9)C(13-!YC4(C;-I&!Y413&!S3F-0(&!B1I&!9:<:=!?">TM"@TM%&!!

$$"&!! O;1/I!*P!a-3/!BP!O6-44x31W!*P!-(!/4&!EQ13!/32!I)F(!(1IIC-!13F-0(1)3I!0/CI-2!<J!
B('.IJ&*0*00%2!&%$,%+-+2)2>!;-6);(!)F!$M!0/I-I&!E0/32&!K&!S3F-0(&!B1I&!9:<:=!N$>T#]@TTN&!!

$$$&!! RC!O+ZP!R/37!*+YP!aI-37!Y+YP!-(!/4&!Y41310/4!/32!*10;)<1)4)710/4!Y,/;/0(-;1I(10I!
)F!Y)HHC31(J+O0dC1;-2!B('.IJ&*0*00%2!&%$,%+-+2)2!S3F-0(1)3I!13!E)C(,-;3!a/1G/3&!K&!
Y413&!*10;)<1)4&!9:<<=!N]>%M"?@%M"T&!!

$$%&!! _1/37!*P!*/3I-44!YP!R/2-!YP![1I,-;!9P!B-:413!L&!t3CIC/44J!:1;C4-3(!0)/7C4/I-+
3-7/(1:-!B('.IJ&*0*00%2!&%$,%+-+2)2!1I!F;-dC-3(4J!/II)01/(-2!G1(,!13F-0(1:-!-32)0/;21(1I>!
/!R/1Q/()!I-;1-I!)F!6/(1-3(I&!8&!j&!*-2&!K&!9:<9=!"$?>?"@?]&!!

$$N&!! aI/)!^+aP!R/37!R+KP!_--!E+RP!XIC!K+YP!X)![+*P!Y,-3!R+_&!Y,/;/0(-;1W/(1)3!)F!
B('.IJ&*0*00%2!&%$,%+-+2)2!-32)0/;21(1I!13!6/(1-3(I!G1(,!0/;21/0!1H64/3(/<4-!-4-0(;)310!
2-:10-I&!S3(&!K&!S3F-0(&!B1I&!SKSB!'FF&!UC<4&!S3(&!E)0&!S3F-0(&!B1I&!9:<9=!"A>-NAN+NA#&!!

$$?&!! _1C!YP!E,-3!BP!LC)!KP!-(!/4&!Y41310/4!/32!H10;)<1)4)710/4!0,/;/0(-;1W/(1)3!)F!
B('.IJ&*0*00%2!&%$,%+-+2)2!1I)4/(-I!)<(/13-2!F;)H!041310/4!I6-01H-3I!13!/!,)I61(/4!13!
Y,13/&!Z*Y!*10;)<1)4&!9:<9=!"$>"AT&!!



!
!

! "T]!

$$A&!! L/4:-W+O0-</4!KP!*);/4-I!SP!L-);71-:/!9SP!-(!/4&!B('.IJ&*0*00%2!&%$,%+-+2)2!
-32)0;/21(1I>!HC4(10-3(-;!I(C2J!)F!"#!0/I-I&!S3(&!K&!O3(1H10;)<&!O7-3(I!9:<?=!N"P!
EC664-H-3(!">E$"@E$$&!!

$$#&!! L1);H-W1I!8P!`)4)31(I1)C![P!*/Q;1!OP!-(!/4&!i1;C4-30-!F/0();I!/H)37!B('.IJ&*0*00%2!
&%$,%+-+2)2!/;-!/II)01/(-2!G1(,!13F-0(1)3!I1(-I!/32!04)3/4!I6;-/2&!DC;&!K&!Y413&!*10;)<1)4&!
S3F-0(&!B1I&!9:<>=!%NeNf>##%+T&!

$$T&!! aI-37!E+UP!_13!^+aP!aI/1!K+YP!-(!/4&!L-3)(J6-I!/32!6,-3)(J6-I!)F!B('.IJ&*0*00%2!
&%$,%+-+2)2!1I)4/(-I!;-0):-;-2!F;)H!</0(-;-H1/&!K&!*10;)<1)4&!SHHC3)4&!S3F-0(&!R-1!*1/3!
^C!L/3!9/3!j/!j,1!9:<?=!NTeNf>%]#+NM?&!

$$]&!! i/32-3-I0,![P!U;)g/3!EKP!`;-1IG1;(,!ZP!D(1-33-!KP!8):10Q!9U&!O7;+;-4/(-2!
I-dC-30-I!13!B('.IJ&*0*00%2!&%$,%+-+2)2&![D*E!*10;)<1)4&!_-((&!<;;?=!""">""?@"$$&!!

$%M&!! U/C4II)3!*P!U-(-;II)3!O+YP!_gC37,!�OOI/&!E-;CH!/32!(1IIC-!6;)(-13!<132137!/32!
0-44!IC;F/0-!6;)6-;(1-I!)F!B('.IJ&*0*00%2!&%$,%+-+2)2&!K&!*-2&!*10;)<1)4&!<;;?=!%T>]A@
"M$&!!

$%"&!! 814II)3!*P!Zg-;Q-();6!KP!R1-<-3Igh!OP!_gC37,!OP![;JQ<-;7!_P!LCII!Z&!O!:)3!
R144-<;/32!F/0();+<132137!6;)(-13!F;)H!B('.IJ&*0*00%2!&%$,%+-+2)2&![D*E!*10;)<1)4&!
_-((&!9::>=!$%N>"??@"A"&!!

$%$&!! *1(0,-44!K&!Y,/;/0(-;1W/(1)3!)F!(,-!F1<;13)7-3+<132137!IC;F/0-!6;)(-13![<4!)F!
B('.IJ&*0*00%2!&%$,%+-+2)2&!*10;)<1)4)7J!9::>=!"?M>%T%"@%TN"&!!

$%%&!! 814II)3!*P!Zg-;Q-();6!KP!LCII!ZP![;JQ<-;7!_&!O!F1<;13)7-3+<132137!6;)(-13!)F!
B('.IJ&*0*00%2!&%$,%+-+2)2&![D*E!*10;)<1)4&!_-((&!9::>=!$N">T#@]%&!!

$%N&!! L-)7,-7/3!KOP!L/3-I,!i`P!EH-2I!DP!_1/37!bP!X))Q!*P![)I(-;!aK&!*)4-0C4/;!
Y,/;/0(-;1W/(1)3!)F!(,-!S3(-;/0(1)3!)F!E(/6,J4)0)00/4!*10;)<1/4!EC;F/0-!Y)H6)3-3(I!
9-0)731W137!O2,-I1:-!*/(;1\!*)4-0C4-I!e*EY9O**f!Y4FO!/32![<4!G1(,![1<;13)7-3&!K&!
Z1)4&!Y,-H&!9::;=!$T?>A$MT@A$"A&!!

$%?&!! i/I0)30-4)I!8LP!U-;-1;/!iYP!O;/�g)!K�31);!KUP!2/!YC3,/!*!2-!_9E&!*)4-0C4/;!
2-(-0(1)3!)F!-3(-;)()\13I!DP!LP!X!/32!S!13!B('.IJ&*0*00%2!'%/-%2!/32!0)/7C4/I-+3-7/(1:-!
I(/6,J4)0)001!1I)4/(-2!F;)H!041310/4!I/H64-I!)F!3-G<);3I!13!Z;/W14>!B-(-0(1)3!)F!
-3(-;)()\13I!13!B('.IJ&*0*00%2!2..4!K&!O664&!*10;)<1)4&!9:<<=!""">#N]@#A$&!!

$%A&!! X/4-J!`UP!K/3I)3!D*P!X-14<;)33-;!EP![)I(-;!aKP!EQ//;!DU&!B('.IJ&*0*00%2!
&%$,%+-+2)2!SI2L!_1<-;/(-I!S;)3!F;)H!X)I(!X-H-&!K&!Z/0(-;1)4&!9:<<=!"]%>N#N]@N#?#&!!

$%#&!! EW/</2)I![P!*/;4137,/CI!_P!`);(-!*P!8-CH/33!EP!`//I-!*P!L/(-;H/33!EL&![<4!1I!
3)(!13:)4:-2!13!(,-!13:/I1)3!)F!-CQ/;J)(10!-61(,-41/4!/32!-32)(,-41/4!0-44I!<J!
B('.IJ&*0*00%2!&%$,%+-+2)2&![D*E!*10;)<1)4&!_-((&!9:<<=!%$N>NT@??&!!

$%T&!! */;4137,/CI!_P!Z-0Q-;!`P!`);(-!*P!8-CH/33!EP!L/(-;H/33!ELP!EW/</2)I![&!
Y)3I(;C0(1)3!/32!0,/;/0(-;1W/(1)3!)F!(,;--!Q3)0Q)C(!HC(/3(I!)F!(,-!F<4!7-3-!13!
B('.IJ&*0*00%2!&%$,%+-+2)2>!0,/;/0(-;1W/(1)3!)F!1I)7-310!HC(/3(I!)F![Z_&!OU*SE!9:<9=!
"$M>"MT@""A&!!



!
!

! "]M!

$%]&!! j/6)()0W3/!*P!X-14<;)33-;!EP!E6-W1/4-!UP![)I(-;!aK&!S;)3+9-7C4/(-2!EC;F/0-!
B-(-;H13/3(!eSI2f!U;)(-13I!)F!B('.IJ&*0*00%2!&%$,%+-+2)2&!K&!Z/0(-;1)4&!9:<9=!"]N>AN?%@
ANA#&!!

$NM&!! _C!^P!R/37!^P!_137!ZP!-(!/4&!Y/(/4/I-+8-7/(1:-!B('.IJ&*0*00%2!&%$,%+-+2)2!E(;/13!
G1(,!/!8):-4!U)13(!*C(/(1)3!13!(,-!Y/(/4/I-!L-3-!SI)4/(-2!F;)H!/!U/(1-3(!G1(,!Y,;)310!
EC66C;/(1:-!'(1(1I!*-21/&!K&!Y413&!*10;)<1)4&!9:<?=!?">"%"M+$&!

$N"&!! X-14<;)33-;!EP!X/3I-I![P!*)3Q!S9P!E6-W1/4-!UP![)I(-;!aK&!E);(/I-!O!6;)H)(-I!
:1;C4-30-!13!-\6-;1H-3(/4!B('.IJ&*0*00%2!&%$,%+-+2)2!-32)0/;21(1I&!*10;)<1)4&!9-/2&!D374&!
9:<?=!"?]>$"N"+?$&!

$N$&!! L1<-;(!_P!B121!KP!*/;4137,/CI!_P!-(!/4&!a,-!H/g);!/C()4JI13!)F!B('.IJ&*0*00%2!
&%$,%+-+2)2P!O(4_P!1I!13:)4:-2!13!0-44!I-6/;/(1)3P!I(;-II+132C0-2!/C()4JI1I!/32!0)3(;1<C(-I!
()!</0(-;1/4!6/(,)7-3-I1I&![D*E!*10;)<1)4&!_-((&!9:<>=!%?$>#T+TA&!

$N%&!! *1II13-)!OP!B1!U)()!OP!L-)7,-7/3!KOP!-(!/4&!SI2Y!F;)H!B('.IJ&*0*00%2!&%$,%+-+2)2!
S32C0-I!Z1)F14H![);H/(1)3!C32-;!_)G+S;)3!L;)G(,!Y)321(1)3I&!S3F-0(&!SHHC3&!9:<>=!
T$>$NNT+?]&!

$NN&!! XCII/13!*P!E(-13</0,-;!aP!U-(-;I!LP!X-14H/33!YP!Z-0Q-;!`&!a,-!/2,-I1:-!
6;)6-;(1-I!)F!(,-!B('.IJ&*0*00%2!&%$,%+-+2)2!HC4(1FC30(1)3/4!/C()4JI13!O(4_!/32!1(I!;)4-!
13!<1)F14H!F);H/(1)3!/32!13(-;3/41W/(1)3&!S3(&!K&!*-2&!*10;)<1)4&!SK**!9:<==!%M?>"$]+%]&!

$N?&!! [/;;/32!OKP!X/4-J!`UP!_/;-/C!8*P!-(!/4&!O3!S;)3+9-7C4/(-2!OC()4JI13!9-H)2-4I!
(,-!Y-44!R/44!a)![/0141(/(-!X-H-!O0dC1I1(1)3!13!B('.IJ&*0*00%2!&%$,%+-+2)2&!S3F-0(&!
SHHC3&!9:<==!T%>%?#T@%?T]&!!

$NA&!! 9/g-32;/3!8ZP!D1QH-1-;!KP!Z-0Q-;!`P!XCII/13!*P!U-(-;I!LP!X-14H/33!Y&!SH6);(/3(!
Y)3(;1<C(1)3!)F!(,-!8):-4!_)0CI!0)HDZ!()!D\(;/0-44C4/;!B8O+B-6-32-3(!B('.IJ&*0*00%2!
&%$,%+-+2)2!Z1)F14H![);H/(1)3&!S3F-0(&!SHHC3&!9:<==!T%e"$f>NAT$+]$&!

$N#&!! _1-I-3<);7,I!_P!U--(-;H/3I!*P!Y4/-I!KP!-(!/4&!E,-/;+;-I1I(/3(!Z132137!()!i)3!
R144-<;/32![/0();!O44)GI!B('.IJ&*0*00%2!&%$,%+-+2)2!()!O2,-;-!()!(,-!Y/;21/0!i/4:-I!
/32!S31(1/(-!D32)0/;21(1I&!K&!S3F-0(&!B1I&!9:<A=!"=$"%e#f>""NT+?A&!

$NT&!! X-14<;)33-;!EP!*)3Q!S9P!Z;)WJ3/!K9P!-(!/4&!Y)H6-(137!F);!S;)3>!BC6410/(1)3!/32!
OH641F10/(1)3!)F!(,-!1I2!_)0CI!13!B('.IJ&*0*00%2!&%$,%+-+2)2!X`tM]+M"!U;):12-I!/!
Y)H6-(1(1:-!O2:/3(/7-!()!':-;0)H-!8C(;1(1)3/4!_1H1(/(1)3&!U_'E!L-3-(&!9:<A=!
"$>-"MMA$NA&!!
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! "]%!
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!

C.D)$,&E1FGH!&

&

GI+#$&#$&0.&D),+0$"4$&#$&

7849:;6<=<==$>'6$#?$@&@>">&

!

12'+J2&

B('.IJ&*0*00%2!&%$,%+-+2)2! -I(!C3! I(/6,J4)0)dC-!l! 0)/7C4/I-!3k7/(1:-!dC1!6;kI-3(-!2-!
3)H<;-CI-I! 6/;(10C4/;1(kI! IC;! 4-! 64/3! 04131dC-! -(! H10;)<1)4)71dC-&! Y-((-! </0(k;1-!
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