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"F, $(*, &.*)+'+/1, ^EH, =`, /"2&'.*3, $", ', $.*'$*3, &.*)+'+$, &"&84'$-"+L, 9$, -#,
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^#**,F-)8.*,=`L,:&-."/(*$*#,/'+,Q*,3*$*/$*3,-+,\W,'+3,[J[,4*#-"+#G, -+,#1+"6-'4,
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'+3, 3*$*/$-"+,"F, #&-."/(*$*#, ('#,Q**+, .*&".$*3L, !"T*6*.G, -+, #"2*, "F, $(*#*,
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2'$*.+'4,0&'4,.6$#.2%./ #4,-+F*/$-"+,2'1,Q*,'##"/-'$*3,T-$(,'+,'36*.#*,"8$/"2*
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'+3, 3*$*/$-"+,"F, #&-."/(*$*#, ('#,Q**+, .*&".$*3L, !"T*6*.G, -+, #"2*, "F, $(*#*,
/'#*#, &.*#*+/*, "F, '/$-6*, 012*, 3-#*'#*, -#, 3"8Q$F84, OAA%OA?L, Z"., '44, F".2#, "F,
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78.)3".F*.,-+,A<>A,AL,Z".,1*'.#,$(*.*,T*.*,'$$*2&$#,$",)*$,',)""3,#$'+3'.3-V*3,
/84$8.*,2*3-82,'+3,2"3-F-*3,7'.Q"8.n:$"*++*.%]*441,2*3-82,^7:]%!`, -#,+"T,
/"22*./-'441, '6'-4'Q4*, OAC%OA=L, !"T*6*.G, /84$8.-+), #&-."/(*$*#, F."2, &'$-*+$,
2'$*.-'4,-#,4'Q".%-+$*+#-6*G,8#8'441,#4"T,'+3,+"$,6*.1,#*+#-$-6*L

J84$8.*,('#,Q**+,'$$*2&$*3,"+,',4'.)*,#8Q#*$,"F,&'$-*+$,2'$*.-'4#L,:8//*##,"F,
Q4""3, /84$8.*#, F"., 0&' 4,.6$#.2%./, -#, 6*.1, 28/(, 3*&*+3*+$, "+, $(*, 6"482*, "F,
Q4""3, 8#*3, F"., /84$8.*L, 9+, $(*, *'.41, 3'1#, "F$*+, "+41, #2'44, 6"482*#, "F, Q4""3G,
#*.82,".,&4'#2',T*.*,8#*3G,1-*43-+),',6*.1,4"T,#*+#-$-6-$1,OOG,OA>%OOBL,U#-+),(-)(*.,
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"F, 4"/'4-V*3 B&' *23%-//, -+, $(*, #S-+ 4*#-"+G, Q8$, +"$, -+, $(*, Q4""3 "F, \8."&*'+,
&'$-*+$#,OBOG,OBBL
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Z."2,0[, #1+"6-'4, F48-3, "., #1+"6-'4,2*2Q.'+*, Q-"&#-*#, #&-."/(*$*, .*/"6*.1, -#,
.'.*,O?AG, O?OL,[F$*.,#$'.$,"F,*FF*/$-6*,'+$-Q-"$-/,$.*'$2*+$,/84$8.*#,.'.*41,Q*/"2*,
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('3, $(*, &.*F*.*+/* OCCG, OC@L, !"T*6*.G, F"., DJH, -+, )*+*.'4, $(*, &*.F".2'+/*, "F,
-+3-6-38'4, -+%("8#*,DJHj#,/'+,3-FF*.,).*'$41L,J8..*+$41,$(*.*, -#,+",#$'+3'.3,'+3,
$(*.*, '.*, +", *FF".$#, $", 3*6*4"&, "+*L, 9$, -#, $(*.*F".*, 3-FF-/84$, $", /"2&'.*, $(*,
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/"+6*+$-"+'4, DJHG, +*#$*3, DJHG, /"2&*$-$-6*, DJH, '+3, .*'4%$-2*%DJHL, E6*.'44,
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[J[, 4*#-"+#, $(*, #*+#-$-6-$1, .'+)*3, F."2, C?%APPmG, )*+*.'441, 1-*43-+), >Pm,
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$'.)*$#,('6*,Q**+,*2&4"1*3g,$(*,A@:,.H5[,)*+*G,&@@G,F4'7G,OB:,H5[G,.*/[,F."2,
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^!*-+*2'++G,:/(TbQ-#/(,Y2}+3G Y*.2'+1`L,\k8'4,6"482*#,"F,Borrelia, 41#'$*#,
T*.*, #8QM*/$*3 $", I.-#lI.-/-+*, :R:%D[Y\G, '+3, &."$*-+#, T*.*, $.'+#F*..*3, $",
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C.4(@%$-7-&0("N6#"227$-()-:(6B#7*7@)+7$-($*(#"@$,;7-)-+(.26?(
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A1%2"8:'1&"$%>&( D&O:&8'&-PLQCJQR 4+!2&$

77[@># [IYJYYJJYIYIIYIYIIII[YIIIYY[I 77[@>
77[@>'# YIYYY[IJJJ[IYJYJ[JJIIII[YJ[[ 77[@>
7Y[@@# [IYJYYJJYIYIIIII[YIIIYYYJIJI 7Y[@@
7Y[@@'# YIYYY[IJJJ[IYIYJJYII[[I[[[[[IIY 7Y[@@
7Y[@=# [IYJYYJJY[IJ[[YIYJ[[JYI[IIIII 7Y[@=
7Y[@='# YIYYY[IJJJ[IYIYJJYII[[I[[[[[IIY 7Y[@=
7Y[@># [IYJYYJJY[J[II[IIYIIIII[YIIIYY[JIJI 7Y[@>
7Y[@>'# YIYYY[IJJJ[IYIYJIY[I[[[[JJ 7Y[@>
7Y[=A# [IYJYYJJJ[IIYIIYIIIIIYYIII[Y[JIJ 7Y[=A
7Y[=A'# YIYYY[IJJJ[IYIYIYJIYIIY[I[[[[I[Y 7Y[=A
kZ4'7# YJIIJIY[IY[IYJIYJIY Z4'7
kZ4'7'# IJYIJIYI[[YIIYJIJI[IIIJ Z4'7
kZ4'7,I'k2'+&."Q* Y[[IIHYJ[YI[[JYY%Z[W Z4'7
k7Y[@@# [YIIYIYJ[YJ[YJ[[IIII 7Y[@@
k7Y[@@'# [IJJ[Y[IJJIII[[[Y[J 7Y[@@
k7Y[=A# IIJ[I[I[YYIIYJI[[IYJY 7Y[=A
k7Y[=A'# IIYJ[J[JIJ[[[[JJ[[[[[ 7Y[=A
I'Q4*,O;,E4-)"+8/4*"$-3*#,8#*3,-+,$(-#,#$831,

[2&4-F-/'$-"+,.*'/$-"+#,T*.*,&*.F".2*3,-+,',CP,w4,F-+'4,6"482*G,/"+$'-+-+),OC,w4,
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AC, &2"4, .*6*.#*, &.-2*.G, '+3, AP, w4, "F, ', R5[, -#"4'$*, "F, /84$8.*3, 7BA, "., D7-L,
Z"44"T-+),'+,*+V12*,'/$-6'$-"+,#$*&,F".,B,2-+,'$,<CzJG,'2&4-F-/'$-"+,/"2&.-#*3,
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^[&&4-*3,7-"#1#$*2#,9+$*.+'$-"+'4G,Z"#$*.,J-$1G,J[G,U:[`,-+,'//".3'+/*T-$(,$(*,
2'+8F'/$8.*.#�, .*/"22*+3'$-"+#L, D4'#2-3#, T*.*, 8#*3, $", $.'+#F".2, ?&' )#-/
70OAL, \h&.*##-"+, "F, $(*, Y:I, F8#-"+, &."$*-+#, T'#, 3"+*, Q1, -+38/$-"+, "F, , $(*,
.*#&*/$-6*,70OA,/4"+*#,-+38/*3,F".,C,("8.#,T-$(,A2W,9DIYG,F"44"T*3,Q1,'FF-+-$1,
&8.-F-/'$-"+, T-$( )48$'$(-"+*%:*&('."#*, ?7, ^Y\, !*'4$(/'.*G, 5*$(*.4'+3#`L,
\h&.*##-"+, '+3 &8.-$1, "F, )*+*.'$*3, Y:I, F8#-"+, &."$*-+#, T*.*, /"+F-.2*3, Q1,
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F."2,'+, -+$*.#&*/-*#, /"+#*.6*3, .*)-"+, "F, flaB, 8#-+), $(*, 7*'/"+3*#-)+*., '+3,
4-#$*3,-+,$'Q4*,OL,[2&4-F-/'$-"+,.*'/$-"+#,T*.*,&*.F".2*3,-+,',CP%w4,F-+'4,6"482*G,
/"+$'-+-+),OC,w4, 9d,:8&*.2-h, ^7-"%H'3G,_**+*+3''4G, $(*,+*$(*.4'+3#`G, AC,&2"4,
F".T'.3,&.-2*.G,AC,&2"4,.*6*.#*,&.-2*.G,OLC,2W,W)J4OG,PLB,wW,Z4'7%&."Q*G,".,Ah,
:1Q.).**+,^W"4*/84'.,D."Q*#`G,'+3,AP,w4,/R5[L,Z"44"T-+),'+,*+V12*,'/$-6'$-"+,
#$*&,F".,B,2-+,'$,<CzJG,'2&4-F-/'$-"+,/"2&.-#*3,CP,/1/4*#,"F,BP,#*/,'$,<CzJG,BP,#,
'$,CCzJ,'+3,BP,#,'$,=OzJ, -+,'+, -J1/4*., 9d, .*'4%$-2*,3*$*/$-"+,#1#$*2,^7-"%H'3`L,
I(*,Z4'7,'##'1,T'#,"&$-2-V*3,8#-+),',I[,6*/$"., -+$",T(-/(, $(*,/"2&4*$*, flaB
*+/"3-+),)*+*,F."2,0&'4,.6$#.2%./,##,7BA,('3,Q**+,/4"+*3,'+3,('3,'+,'+'41$-/'4,
#*+#-$-6-$1, "F, A, /"&1, &*., DJH, -+, PL<m, #'4-+*L, d8'+$-$'$-6*, R5[, '+'41#-#, T'#,
&*.F".2*3,8#-+),$(*,9/1/4*.,9dC,DJH,#1#$*2L,I(*,.*4'$-6*,#$'.$-+),/"&1,+82Q*.,
T'#, 3*$*.2-+*3, Q1, /1/4*, $(.*#("43, 3*$*/$-"+, 8#-+), 9/1/4*., .*4'$-6*,
k8'+$-F-/'$-"+,#"F$T'.*,^H"/(*`L,

SDS9C?P50(%7&)-:()**7-7+'(;%$+()-)%'2720()-:(8"2+"#-(;%$++7-&(
D8.-F-*3, .*/"2Q-+'+$, F8#-"+ &."$*-+#, ^CPP, +)`, T*.*, #8QM*/$*3, $", APm,
I.-#lI.-/-+*%:R:%D[Y\ 8+3*., .*38/-+), /"+3-$-"+#, '+3, $.'+#F*..*3, $",
+-$."/*4484"#* '#, &.*6-"8#41, 3*#/.-Q*3, =?G, CACL, 7.-*F41G, 'F$*., $.'+#F*., "F &."$*-+#,
"+$",+-$."/*4484"#*G,+"+#&*/-F-/,Q-+3-+),#-3*#,T*.*Q4"/S*3,8#-+),Cm,^Tl6`,3.-*3,
2-4S,-+,I7:,^CP,2W,I.-#%!J4 ^&!,=LC`G,OPP,2W,5'J4G PLAm,IT**+,OP,F".,A,("8.,'$,
.""2, $*2&*.'$8.*L :8Q#*k8*+$41G,2*2Q.'+*#, T*.*, .-+#*3, F"8., $-2*#, -+, I7:,
'+3, -+/8Q'$*3, F"., A, ("8. '$, .""2, $*2&*.'$8.*, T-$(, I7:, /"+$'-+-+),
.*/"2Q-+'+$,Z!0%AG,&""4*3,+"+%-228+*,(82'+,#*.82,^5!:`G,".,+"+%-228+*,
'+-2'4, #*.'L, I", 3*$*/$, $(*, F8#-"+, &."$*-+#, ', )"'$, '+$-%Y:I, '+$-Q"31, ^3-48$-"+,
A;OGPPP`, ^Y\, !*'4$(/'.*G, Y*.2'+1`, T'#, 8#*3L, D"41/4"+'4, .'QQ-$, '+$-%:JHA%?
'+$-#*.82, ^�:JHA%?`, ^3-48$-"+, A;AGPPP`, 8#*3, F"., $(*, 3*$*/$-"+, "F, Z!0%A '+3,
2"+"/4"+'4, '+$-Q"31, ^2[Q`, _9Y>, ^8+3-48$*3`, ')'-+#$, $(*, J%$*.2-+8#, "F, JZ!G,
'.*,3*#/.-Q*3,*4#*T(*.*,=OG,CA@L,[F$*.,F"8.,T'#(-+)#,T-$(,CP2W,I.-#%!J4,^&!,=LC`%
ACP,2W,5'J4%PLOm,IT**+,OP,^I7:I`G,2*2Q.'+*#T*.*,-+/8Q'$*3,F".,A,("8.,T-$(,
*-$(*., ', &"41/4"+'4, .'QQ-$,'+$-#*.82 .*/")+-V-+), $(*,5%$*.2-+'4, .*)-"+,"F, JZ!
^�:JHA%?`,".,2[Q,_9Y>G,3-.*/$*3,')'-+#$,$(*,J%$*.2-+8# "F,JZ!L,Z"44"T-+),F"8.,
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DNA,S-$,^d-')*+G,!-43*+G,Y*.2'+1`L,I"$'4,+8/4*-/,'/-3,T'#,$.*'$*3,T-$(,R5[#*,
'+3, Aw) H5[,T'#, .*6*.#*,$.'+#/.-Q*3,8#-+), -:/.-&$,^7-"%H'3`,'//".3-+),$",$(*,
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I(*,Z4'7,'##'1,T'#,"&$-2-V*3,8#-+),',I[,6*/$"., -+$",T(-/(, $(*,/"2&4*$*, flaB
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"+$",+-$."/*4484"#*G,+"+#&*/-F-/,Q-+3-+),#-3*#,T*.*Q4"/S*3,8#-+),Cm,^Tl6`,3.-*3,
2-4S,-+,I7:,^CP,2W,I.-#%!J4 ^&!,=LC`G,OPP,2W,5'J4G PLAm,IT**+,OP,F".,A,("8.,'$,
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A;OGPPP`, ^Y\, !*'4$(/'.*G, Y*.2'+1`, T'#, 8#*3L, D"41/4"+'4, .'QQ-$, '+$-%:JHA%?
'+$-#*.82, ^�:JHA%?`, ^3-48$-"+, A;AGPPP`, 8#*3, F"., $(*, 3*$*/$-"+, "F, Z!0%A '+3,
2"+"/4"+'4, '+$-Q"31, ^2[Q`, _9Y>, ^8+3-48$*3`, ')'-+#$, $(*, J%$*.2-+8#, "F, JZ!G,
'.*,3*#/.-Q*3,*4#*T(*.*,=OG,CA@L,[F$*.,F"8.,T'#(-+)#,T-$(,CP2W,I.-#%!J4,^&!,=LC`%
ACP,2W,5'J4%PLOm,IT**+,OP,^I7:I`G,2*2Q.'+*#T*.*,-+/8Q'$*3,F".,A,("8.,T-$(,
*-$(*., ', &"41/4"+'4, .'QQ-$,'+$-#*.82 .*/")+-V-+), $(*,5%$*.2-+'4, .*)-"+,"F, JZ!
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T'#(*#, T-$(, I7:IG, #$.-&#, T*.* -+/8Q'$*3, T-$(, ', &*."h-3'#*%/"+M8)'$*3, '+$-%
.'QQ-$ 9)Y,'+$-Q"31,".,T-$(,',&*."h-3'#*%/"+M8)'$*3 '+$-%2"8#*, 9)Y, '+$-Q"31,
^R[]EG, Y4"#$.8&G, R*+2'.S`, F"., A, ("8. '$, .""2, $*2&*.'$8.*L, R*$*/$-"+, "F,
Q"8+3,'+$-Q"3-*#,T'#,&*.F".2*3 Q1,8#-+), BG, B�G, CG,C�%$*$.'2*$(14Q*+V-3-+*,'#,
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ELISA
H*/"2Q-+'+$,&."$*-+#,^CPP,+)lT*44`,T*.*,-22"Q-4-V*3,"+,T*44#,"F,',2-/."$-$*.,
&4'$*,"6*.+-)($,'$,?�JL,U+#&*/-F-/,Q-+3-+),#-$*#,T*.*,Q4"/S*3,T-$(,PLAm,)*4'$-+,
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JZ!, '+3, Z!0%A, .*#&"+#-Q4*, F"., Q-+3-+), "F, 7Y[@@, '+3, 7Y[=AG, CPP+), &8.-F-*3,
.*/"2Q-+'+$, &."$*-+, T'#, #*&'.'$*3, Q1, APm, I.-#lI.-/-+*, :R:%D[Y\, '+3,
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T*.*,6-#8'4-V*3,8#-+),&"41/4"+'4,)"'$,'+$-%JZ!,'+$-Q"31,^J'4Q-"/(*2`G,".,2[Q,
_9Y>L
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[44,#$'$-#$-/'4,'+'41#*#,T*.*,3"+*,8#-+),:D::,A@LP,'+3,W-/."#"F$,\h/*4,#"F$T'.*L,
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-#"4'$".,$"&#,'+3,&."6-3*3,T-$(,F""3,'+3,T'$*.,'3,4-Q-$82L
JC=74l@,JB,3*F-/-*+$,2-/*,T*.*,)*+*.'$*3,Q1,.*&4'/-+),$(*,Cj%F4'+S-+),.*)-"+,"F,
$(*,JB,)*+*,T-$(,',+*"21/-+,.*#-#$'+/*,2'.S*.,C??L,I(*#*,JB,^%l%`,2-/*,&."38/*,
+",3*$*/$'Q4*,JB,&."$*-+,'+3,('6*,+",/"2&4*2*+$,'/$-6-$1L
Z".,-+F*/$-6-$1,$*#$-+),0&'4,.6$#.2%./,##,5?P,T'#,8#*3G,F".,'44,"$(*.,#&*/-*#,',2-h,
"F,C,3-FF*.*+$,0#..%-/*'#$.'-+#,&*.,#&*/-*#,T'#,8#*3,-+,".3*.,$",/"..*/$,F"., $(*,
&*.,#$.'-+,&'$(")*+-/-$1;,F".,0&'*23%-//,[A=:G,[OP:G,[C=IG,[@BIG,&]"g,F".,0&'6*./1//
[==:G,D7.G,OPP?=G,[>=:G,_:7Wg,F".,0&'bavariensis,[PAJG,[A<:G,[<A:G,[<?:G,D7-g,
F".,0&'5*-*/(/*1*,9RDBG,WA<G,W?<G,WCB,'+3,U]O,^I'Q4*A`L,I(*,".-)-+,"F,$(*,#$.'-+#,
-#,#("T+,-+,$'Q4*,AL,[+,8+-+F*/$*3,JC=74l@,2"8#*,T'#,'4#",#'/.-F-/*3,$",#*.6*,'#,
',+*)'$-6*,/"+$."4L,7*F".*,-+M*/$-"+,-+,$(*,2-/*G,F.*#(,2*3-82,T'#,'33*3,$",$(*,
/84$8.*#,'+3,/84$8.*#,T*.*,-+/8Q'$*3,'$,B=�J,F".,?,("8.#L,7"..*4-',T*.*,/"8+$*3,
'+3,.-+#*3,T-$(,B=�J,D7:,3-.*/$41,Q*F".*, -+M*/$-"+L,[44,2-/*,T*.*, -+M*/$*3,T-$(,
O�APC,#&-."/(*$*#,&*.,#$.'-+,-+,',$"$'4,6"482*,"F,APP,w4,D7:G,-+$.'3*.2'441,-+,$(*,

9+F*/$-6-$1,"F,0&'4,.6$#.2%./'#4,-#,8+'4$*.*3,-+,JB,3*F-/-*+$,2-/*

@=

#/'&84'.,.*)-"+,"F,@,T**S#,"43,2-/*,CBCG,C?CL,I(*,(-)(,4"'3,T'#,/("#*+,38*,$",$(*,
&.*6-"8#, .*&".$, $('$, 0&' 6*./1//, ('6*, 4"T, -+F*/$-6-$1, .'$*#, 8+3*., ', +**34*,
-+"/84'$-"+, 3"#*, "F, APC, A<AL, \'/(, )."8&, /"+#-#$*3, "F, $(.**, 2-/*L, W-/*, T*.*,
#'/.-F-/*3,$T",T**S#,&"#$, -+"/84'$-"+,Q1,'#&(1h-'$-"+L,!*'.$G,S-3+*1G,Q4'33*.G,
Q.'-+G,M"-+$,'+3,#S-+,T*.*,/"44*/$*3L,I(*,&*.-"3,"F,$T",T**S#,T'#,*4*/$*3,38*,
$", &.*6-"8#, #$83-*#, T(*.*, $(*, &*'S, "F, $(*, -+F*/$-"+, $'S*#, &4'/*, $T", T**S#,
'F$*.,#1.-+)*,-+"/84'$-"+,A<AG,?C<G,C?@L,,

D$!+%8 D,&'%&( <%"1"2%'+1-(":!'& U&"2!+,*%'+1-"!%2%8 D&!:#-!&(%($+8'&V
5?P 0&'4,.6$#.2%./'

##
!&'()*+,-*./( U: H*#-#$'+$

[A=: 0&'*23%-// !82'+,:S-+ I(*,5*$(*.4'+3# H*#-#$'+$
[OP: 0&'*23%-// !82'+,:S-+ I(*,5*$(*.4'+3# H*#-#$'+$
[C=I 0&'*23%-// !&'./)/1,( I(*,5*$(*.4'+3# H*#-#$'+$
[@BI 0&'*23%-// !&'./)/1,( I(*,5*$(*.4'+3# H*#-#$'+$
D]" 0&'*23%-// !82'+,:S-+ Y*.2'+1 H*#-#$'+$
OPP?= 0&'6*./1// !&'./)/1,( Z.'+/* :*+#-$-6*
[==: 0&'6*./1// !82'+,:S-+ I(*,5*$(*.4'+3# :*+#-$-6*
[>=: 0&'6*./1// !82'+,:S-+ I(*,5*$(*.4'+3# :*+#-$-6*
D7. 0&'6*./1// !82'+,J:Z Y*.2'+1 :*+#-$-6*
_:7W 0&'6*./1// !82'+,J:Z :T-$V*.4'+3 :*+#-$-6*
[PAJ 0&'4*5*./%1(/( !82'+,J:Z I(*,5*$(*.4'+3# H*#-#$'+$
[A<: 0&'4*5*./%1(/( !82'+,:S-+ I(*,5*$(*.4'+3# H*#-#$'+$
[<A: 0&'4*5*./%1(/( !82'+,:S-+ I(*,5*$(*.4'+3# H*#-#$'+$
[<?: 0&'4*5*./%1(/( !82'+,:S-+ I(*,5*$(*.4'+3# 9+$*.2*3-'$*
D7- 0&'4*5*./%1(/( !82'+,J:Z Y*.2'+1 9+$*.2*3-'$*
9RDB 0&'5*-*/(/*1* !&'./)/1,( I(*,5*$(*.4'+3# :*+#-$-6*
WA< 0&'5*-*/(/*1* !&'./)/1,( I(*,5*$(*.4'+3# :*+#-$-6*
W?< 0&'5*-*/(/*1* !&'./)/1,( I(*,5*$(*.4'+3# :*+#-$-6*
WCB 0&'5*-*/(/*1* !&'./)/1,( I(*,5*$(*.4'+3# :*+#-$-6*
U]O 0&'5*-*/(/*1* !&'./)/1,( I(*,5*$(*.4'+3# :*+#-$-6*
I'Q4*, A;, :$.'-+#, 8#*3, -+, $(-#, #$831L, �!82'+, '+3,2"8#*, #*.82, #*+#-$-6-$1, '#, 3*$*.2-+*3, -+, 4-$*.'$8.*, '+3,
.*2'-+-+),#$.'-+#,^7L,6'4'-#-'+'`,T*.*,3*$*.2-+*3,'#,3*#/.-Q*3,@?G,@@G,CABL

4")%9+7,"(YB)-+7+)+7Q"(C.4
Z".,k8'+$-F-/'$-"+,"F,Q'/$*.-'4, 4"'3#,',ChC,22,Q-"&#1,"F,'Q3"2-+'4,T'44, #S-+G,
"+*,$(-.3,"F,$(*,(*'.$G,"+*,$(-.3,"F,$(*,Q4'33*.G,"+*,k8'.$*.,"F,$(*,Q.'-+G,'+3,
('4F,"F, $(*, $-Q-"$'.#'4, M"-+$,T*.*,/"44*/$*3,'+3,#$".*3,'$,n>P,!JL,58/4*-/,'/-3#,
F."2,".)'+#,T*.*,*h$.'/$*3,T-$(,',d-'[2&,A/1/'0-##$'BC@,S-$,^d-')*+G,!-43*+G,
Y*.2'+1`, [44, #'2&4*#, T*.*, *h$.'/$*3, '//".3-+), $", $(*, 2'+8F'/$8.*.�#,
-+#$.8/$-"+#G,.*#84$-+), -+,OPP,w4,"F,&8.-F-*3,+8/4*-/,'/-3#G,T(-/(,T*.*,#$".*3,'$,
�OPzJL,d8'+$-$'$-6*,R5[,'+'41#-#,T'#,&*.F".2*3,8#-+),$(*,-J1/4*.,DJH,#1#$*2L,
I(*,.*4'$-6*,#$'.$-+),/"&1,+82Q*.,T'#,3*$*.2-+*3,Q1,/1/4*,$(.*#("43,3*$*/$-"+,



J('&$*.,B

@>

8#-+), -J1/4*., .*4'$-6*, k8'+$-F-/'$-"+, #"F$T'.*, ^H"/(*`L, D.-2*.#, '+3, &."Q*, F".,
Z4'7,T*.*, 3*#-)+*3, F."2, '+, -+$*.#&*/-*#, /"+#*.6*3, .*)-"+, "F, FlaB, 8#-+), $(*,
7*'/"+3*#-)+*.,#"F$T'.*L,:*k8*+/*#,8#*3,F".,$(*,DJH,'.*,Z4'7,F".T'.3,Cj%YJI,
IJI,Y[I,Y[I,YJI,YJIY%BjG,Z4'7,.*6*.#*,Cj%IJY,IJI,YI[,[YI,IYJ,IJI,[II,IJ%Bj,
'+3,Z4'7D."Q*,Cj%Y[[IIHYJ[YI[[JYY%Z[W,BjL,I(*,'##'1,T'#,"&$-2-V*3,8#-+),
',I[,6*/$".,-+$",T(-/(,$(*,/"2&4*$*,Z4'7,)*+*,F."2,#$.'-+,7BA,('3,Q**+,/4"+*3,
'+3, ('3, '+, '+'41$-/'4, #*+#-$-6-$1, "F, A, /"&1, &*., DJH, -+, #'4-+*, PL<m, T�6L, I(*,
"4-)"+8/4*"$-3*,&.-2*.#,8#*3, $",k8'+$-F1,28.-+*,u, %'/$-+,T*.*,u, %'/$, F".T'.3,
^Cj%J[[,I[Y,IY[,IY[,JJI,YYJ,JYI%Bj`,'+3,u,%'/$,.*6*.#*,^Cj%Y[,YYY,[[[,IJY,
IYJ, YIY, [J, %Bj`L [2&4-F-/'$-"+, .*'/$-"+#, T*.*, &*.F".2*3, -+, ', CP%w0, F-+'4,
6"482*G,/"+$'-+-+),OC,w0,9d,:8&*.2-h,^7-"%H'3G,_**+*+3''4G,$(*,+*$(*.4'+3#`G,
AC,&2"4,F".T'.3,&.-2*.G,AC,&2"4,.*6*.#*,&.-2*.G,OLC,2W,W)J4OG,PLB,wW,&."Q*,
"., :1Q.).**+, ^W"4*/84'., D."Q*#, -+/L`G, '+3, AP, w0, R5[, *h$.'/$L, Z"44"T-+), '+,
*+V12*,'/$-6'$-"+,#$*&,F".,B,2-+,'$,<CzJG,'2&4-F-/'$-"+,/"2&.-#*3,CP,/1/4*#,"F,
BP,#,'$,<CzJG,BP,#,'$,CCzJ,'+3,BP,#,'$,=OzJ, -+,'+, -J1/4*., 9d, .*'4%$-2*,3*$*/$-"+,
#1#$*2,^7-"%H'3`L,I"$'4,4"'3,T'#,*h&.*##*3,-+,/"&-*#,Z4'7lAPPP,/"&-*#,u,%'/$-+L,
[2&4-F-/'$-"+,"F, M"-+$,$-##8*, -+-$-'441,.*#84$*3, -+,+*)'$-6*,.*#84$#,"F,$(*,u,%'/$-+,
DJH,38*, $", $(*,&.*#*+/*,"F, -+(-Q-$".1, #8Q#$'+/*#G, $(*.*F".*, '44, M"-+$, #'2&4*#,
T*.*, '33-$-"+'441, $*#$*3, -+, ', AlAP, 3-48$-"+L, W-+-2'4, 3*$*/$-"+, 4-2-$, &*., DJH,
.*'/$-"+,F".,#&-."/(*$*,4"'3,T'#,PLA,/"&-*#,Z4'7lAPPP,/"&-*#,u%'/$-+L

C)+A$%$&'
!-#$"&'$("4")1,T'#,&*.F".2*3,"+,284$-&4*,#*/$-"+#,"F,'44,".)'+#,F-h*3,8#-+),?m,
+*8$.'4,Q8FF*.*3, F".2'4-+G,*2Q*33*3, -+,&'.'FF-+G, #*/$-"+*3,'$,B,w2,$(-/S+*##,
'+3, #$'-+*3, T-$(, (*2'$"h14-+l*"#-+, ^!\`L, K"-+$#, T*.*, 3*/'4/-F-*3, Q*F".*,
*2Q*33-+)L, :*/$-"+#, T*.*, *6'48'$*3, -+, ', Q4-+3*3, F'#(-"+L, 9+F4'22'$-"+, T'#,
#/".*3,F."2,V*.",$",$(.**G,V*.",3*+"$-+),+".2'4,$-##8*,'+3,$(.**,Q*-+),#*6*.*,
-+F4'22'$-"+G, Q'#*3, "+, -+F-4$.'$-"+, "F, ).'+84"/1$*#G, *h83'$*, '+3, #1+"6-'4,
&."4-F*.'$-"+, F"., M"-+$#, C?=L, 9+F4'22'$-"+, -+, $(*, "$(*., ".)'+#, T'#, Q'#*3, "+,
-+F-4$.'$-"+, "F, 412&("/1$*#G, 2'/."&(')*#G, &4'#2', /*44#, '+3, +*/."#-#, C?>L,
9228+"F48".*#/*+/*, ^9Z`, #$'-+-+), T'#, &*.F".2*3, "+,284$-&4*, #*/$-"+#, "F, '44,
".)'+#, F-h*3, 8#-+), ?, m, +*8$.'4, Q8FF*.*3, F".2'4-+G, *2Q*33*3, -+, &'.'FF-+, '+3,
#*/$-"+*3,'$,B,w2,$(-/S+*##L,:*/$-"+#,T*.*,3.-*3,"+,:$'.F."#$,^]4-+-&'$(`,#4-3*#G,
3*&'.'FF-+*3G, 3*(13.'$*3G, '+3, $.1&#-+-V*3, F"., OP, 2-+8$*#, '$, B=, zJL,
:8Q#*k8*+$41,#4-3*#,T*.*,.-+#*3,T-$(,3*2-+*.'4-#*3,T'$*.G,T'#(*3,$(.**,$-2*#,
-+, #$*.-4*, D7:, '+3, -+/8Q'$*3,T-$(, A;APP,3-48$-"+,"F,', .'QQ-$,'+$-%0&'burgdorferi
#*.82,^9228+"0")-/`L,:4-3*#,T*.*,T'#(*3,$(.**,$-2*#,T-$(,D7:,'+3,-+/8Q'$*3,
T-$(,',A;CP,3-48$-"+,"F,Z9IJ%/"+M8)'$*3,#T-+*,'+$-%.'QQ-$, 9),^R'S"J1$"2'$-"+`G,
T'#(*3, ')'-+, $(.**, $-2*#, -+, #$*.-4*, D7:G, '+3, /"6*.#4-&#,T*.*,2"8+$*3, 8#-+),
_*/$".#(-*43, 2"8+$-+), 2*3-82, ^_*/$"., 0'Q".'$".-*#G, 78.4-+)'2*G, U:[`L,
H*/".3-+)#, T*.*, 2'3*, 8#-+), '+, [h-"&4'+, O, 2-/."#/"&*L, I(*, '##'1, T'#,
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@>

8#-+), -J1/4*., .*4'$-6*, k8'+$-F-/'$-"+, #"F$T'.*, ^H"/(*`L, D.-2*.#, '+3, &."Q*, F".,
Z4'7,T*.*, 3*#-)+*3, F."2, '+, -+$*.#&*/-*#, /"+#*.6*3, .*)-"+, "F, FlaB, 8#-+), $(*,
7*'/"+3*#-)+*.,#"F$T'.*L,:*k8*+/*#,8#*3,F".,$(*,DJH,'.*,Z4'7,F".T'.3,Cj%YJI,
IJI,Y[I,Y[I,YJI,YJIY%BjG,Z4'7,.*6*.#*,Cj%IJY,IJI,YI[,[YI,IYJ,IJI,[II,IJ%Bj,
'+3,Z4'7D."Q*,Cj%Y[[IIHYJ[YI[[JYY%Z[W,BjL,I(*,'##'1,T'#,"&$-2-V*3,8#-+),
',I[,6*/$".,-+$",T(-/(,$(*,/"2&4*$*,Z4'7,)*+*,F."2,#$.'-+,7BA,('3,Q**+,/4"+*3,
'+3, ('3, '+, '+'41$-/'4, #*+#-$-6-$1, "F, A, /"&1, &*., DJH, -+, #'4-+*, PL<m, T�6L, I(*,
"4-)"+8/4*"$-3*,&.-2*.#,8#*3, $",k8'+$-F1,28.-+*,u, %'/$-+,T*.*,u, %'/$, F".T'.3,
^Cj%J[[,I[Y,IY[,IY[,JJI,YYJ,JYI%Bj`,'+3,u,%'/$,.*6*.#*,^Cj%Y[,YYY,[[[,IJY,
IYJ, YIY, [J, %Bj`L [2&4-F-/'$-"+, .*'/$-"+#, T*.*, &*.F".2*3, -+, ', CP%w0, F-+'4,
6"482*G,/"+$'-+-+),OC,w0,9d,:8&*.2-h,^7-"%H'3G,_**+*+3''4G,$(*,+*$(*.4'+3#`G,
AC,&2"4,F".T'.3,&.-2*.G,AC,&2"4,.*6*.#*,&.-2*.G,OLC,2W,W)J4OG,PLB,wW,&."Q*,
"., :1Q.).**+, ^W"4*/84'., D."Q*#, -+/L`G, '+3, AP, w0, R5[, *h$.'/$L, Z"44"T-+), '+,
*+V12*,'/$-6'$-"+,#$*&,F".,B,2-+,'$,<CzJG,'2&4-F-/'$-"+,/"2&.-#*3,CP,/1/4*#,"F,
BP,#,'$,<CzJG,BP,#,'$,CCzJ,'+3,BP,#,'$,=OzJ, -+,'+, -J1/4*., 9d, .*'4%$-2*,3*$*/$-"+,
#1#$*2,^7-"%H'3`L,I"$'4,4"'3,T'#,*h&.*##*3,-+,/"&-*#,Z4'7lAPPP,/"&-*#,u,%'/$-+L,
[2&4-F-/'$-"+,"F, M"-+$,$-##8*, -+-$-'441,.*#84$*3, -+,+*)'$-6*,.*#84$#,"F,$(*,u,%'/$-+,
DJH,38*, $", $(*,&.*#*+/*,"F, -+(-Q-$".1, #8Q#$'+/*#G, $(*.*F".*, '44, M"-+$, #'2&4*#,
T*.*, '33-$-"+'441, $*#$*3, -+, ', AlAP, 3-48$-"+L, W-+-2'4, 3*$*/$-"+, 4-2-$, &*., DJH,
.*'/$-"+,F".,#&-."/(*$*,4"'3,T'#,PLA,/"&-*#,Z4'7lAPPP,/"&-*#,u%'/$-+L

C)+A$%$&'
!-#$"&'$("4")1,T'#,&*.F".2*3,"+,284$-&4*,#*/$-"+#,"F,'44,".)'+#,F-h*3,8#-+),?m,
+*8$.'4,Q8FF*.*3, F".2'4-+G,*2Q*33*3, -+,&'.'FF-+G, #*/$-"+*3,'$,B,w2,$(-/S+*##,
'+3, #$'-+*3, T-$(, (*2'$"h14-+l*"#-+, ^!\`L, K"-+$#, T*.*, 3*/'4/-F-*3, Q*F".*,
*2Q*33-+)L, :*/$-"+#, T*.*, *6'48'$*3, -+, ', Q4-+3*3, F'#(-"+L, 9+F4'22'$-"+, T'#,
#/".*3,F."2,V*.",$",$(.**G,V*.",3*+"$-+),+".2'4,$-##8*,'+3,$(.**,Q*-+),#*6*.*,
-+F4'22'$-"+G, Q'#*3, "+, -+F-4$.'$-"+, "F, ).'+84"/1$*#G, *h83'$*, '+3, #1+"6-'4,
&."4-F*.'$-"+, F"., M"-+$#, C?=L, 9+F4'22'$-"+, -+, $(*, "$(*., ".)'+#, T'#, Q'#*3, "+,
-+F-4$.'$-"+, "F, 412&("/1$*#G, 2'/."&(')*#G, &4'#2', /*44#, '+3, +*/."#-#, C?>L,
9228+"F48".*#/*+/*, ^9Z`, #$'-+-+), T'#, &*.F".2*3, "+,284$-&4*, #*/$-"+#, "F, '44,
".)'+#, F-h*3, 8#-+), ?, m, +*8$.'4, Q8FF*.*3, F".2'4-+G, *2Q*33*3, -+, &'.'FF-+, '+3,
#*/$-"+*3,'$,B,w2,$(-/S+*##L,:*/$-"+#,T*.*,3.-*3,"+,:$'.F."#$,^]4-+-&'$(`,#4-3*#G,
3*&'.'FF-+*3G, 3*(13.'$*3G, '+3, $.1&#-+-V*3, F"., OP, 2-+8$*#, '$, B=, zJL,
:8Q#*k8*+$41,#4-3*#,T*.*,.-+#*3,T-$(,3*2-+*.'4-#*3,T'$*.G,T'#(*3,$(.**,$-2*#,
-+, #$*.-4*, D7:, '+3, -+/8Q'$*3,T-$(, A;APP,3-48$-"+,"F,', .'QQ-$,'+$-%0&'burgdorferi
#*.82,^9228+"0")-/`L,:4-3*#,T*.*,T'#(*3,$(.**,$-2*#,T-$(,D7:,'+3,-+/8Q'$*3,
T-$(,',A;CP,3-48$-"+,"F,Z9IJ%/"+M8)'$*3,#T-+*,'+$-%.'QQ-$, 9),^R'S"J1$"2'$-"+`G,
T'#(*3, ')'-+, $(.**, $-2*#, -+, #$*.-4*, D7:G, '+3, /"6*.#4-&#,T*.*,2"8+$*3, 8#-+),
_*/$".#(-*43, 2"8+$-+), 2*3-82, ^_*/$"., 0'Q".'$".-*#G, 78.4-+)'2*G, U:[`L,
H*/".3-+)#, T*.*, 2'3*, 8#-+), '+, [h-"&4'+, O, 2-/."#/"&*L, I(*, '##'1, T'#,

9+F*/$-6-$1,"F,0&'4,.6$#.2%./'#4,-#,8+'4$*.*3,-+,JB,3*F-/-*+$,2-/*

@<

6'4-3'$*3,T-$(,/4-+-/'4,2'$*.-'4#,F."2,&'$-*+$#,T-$(,'+,\WG,Q"..*4-',/84$8.*,'+3,
Q"..*4-',+*)'$-6*,$-##8*,#'2&4*#,'+3,8#*3,-+,',/4-+-/'4,#*$$-+)L,:&-."/(*$*,4"'3,
T'#,#/".*3,'//".3-+),$",$(*,'2"8+$,"F,#&-."/(*$*#,&*.,4"T,&"T*.,F-*43,^OPh`G,
F."2,V*.",^+"+*`G,"+*,^A%AP`G,$T",^AP%CP`,'+3,$(.**,^rCP`L,I(-#,T'#,&*.F".2*3,
-+,',Q4-+3*3,F'#(-"+L

.B%+B#"
Z".,Q"..*4-', /84$8.*,', ChC22,Q-"&#1,"F, 'Q3"2-+'4,T'44, #S-+G, "+*, $(-.3,"F, $(*,
(*'.$G,"+*,$(-.3,"F,$(*,Q4'33*.G,"+*,k8'.$*.,"F,$(*,Q.'-+G,('4F,',S-3+*1,'+3,('4F,
"F,$(*,$-Q-"$'.#'4,M"-+$,T*.*,('.6*#$*3,'+3,-+/8Q'$*3,-+,7:]%!,2*3-82,^:-)2'`,
#8&&4*2*+$*3,T-$(,F"#F"21/-+,^APP+)l24`,'+3,.-F'2&-/-+,^CPP+)l24`L,J84$8.*#,
T*.*, S*&$, '$, BB, �J, '+3, /(*/S*3, 8+3*., 3'.SF-*43, 2-/."#/"&1, T**S41, F"., #-h,
T**S#L,[44, /84$8.*#,T*.*,&'##')*3, -+$",F.*#(,2*3-82,'F$*., $T",T**S#L,_-#8'4,
/"+F-.2'$-"+,"F,4-6*,2"$-4*,#&-."/(*$*#,T'#,/"+#-3*.*3,',&"#-$-6*,/84$8.*L,

?#+A#7+72(2@$#"
[F$*.,AP,3'1#,'.$(.-$-#,#/".*,T'#,3"+*,Q1,6-#8'4,/"+F-.2'$-"+,"F,#T*44-+),"F,$(*,
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$*#$*3,-+,',$"$'4,6"482*,"F,APP,{4,-+,$(*,\09:[L,:'2&4*#,T*.*,-+/8Q'$*3,F".,@P,
2-+8$*#,'+3,#8Q#*k8*+$41,.-+#*3,F"8.,$-2*#,T-$(,BCP,{4,"F,T'#(,Q8FF*.,'+3,APP,
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- /+1&WX&#+1&-PYR /&+8-+2&-3!(-
PDER

/&+8-1&:H"'3$&-
'":8$-WZ1-)DX-PDER

012*,+*8."Q"..*4-"#-# C> @ClBC B>,^OC` AB>,^AC<`
012*,Q"..*4-"#-# B@ ?=lCB CA,^A=` A,^A`

9+F*/$-"8#,2*+-+)-$-#l,
*+/*&('4-$-#,/"+$."4#

<B

E&'+*--/$,7' AO >BlA= ?P,^>` ?P,^>P`
F&'1%#2#.7*1( > B=l@B CC,^A?` >A,^@<`
[#&*.)-44"#-# ? OCl=C ?A,^>` O,^B`
I"h"&4'#2"#-# A? ?BlC= BC,^OP` A,^P`

7'/$*.-'4,2*+-+)-$-#
G&'+1%,7#1/*% O CPlCP ?A,^@` BPBO,^><B`
H&'7#1#)I8#6%1%( A PlAPP @A AO>P
A&'8,4%.),-#(/( A PlAPP ? OC

_-.'4,2*+-+)-$-#l*+/*&('4-$-#
!9_ @ CPlCP ?B,^>` CA,^?C`
_c_ AA ?ClCC CA,^OB` ABP,^A=?`
!:_A @ BBl@= CC,^BP` ?@,^CA`
\+$*."6-.8# OB @AlB< AB,^A=` OA=,^B>A`
D'.*/("6-.8# B PlAPP P A,^A`
I7\ O CPlCP B=,^?` C<,^AO`

5*8."4")-/,/"+$."4# =?
Z'/-'4,+*.6*,&'.'41#-# A> C@l?? ?>,^A<` ?O,^ACP`
W84$-&4*,#/4*."#-# O= BBl@= BC,^AB` A?,^A=`
D"41+*8.-$-# A@ C@l?? ?C,^A=` A=,^OO`
[R\W A PlAPP OA O@@
5*8."4")-/,+"+%
-+F4'22'$".1,/"+$."4#

AO OCl=C CP,^AC` ?,^=`

!9_,/"+$."4# = >@lA? CP,^>` A,^A`
I'Q4*,A;,R*2").'&(-/,3'$','+3,J:Z,4*8S"/1$*,/"8+$,&*.,&'$-*+$,)."8&
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[#&*.)-44"#-# ? OCl=C ?A,^>` O,^B`
I"h"&4'#2"#-# A? ?BlC= BC,^OP` A,^P`
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D'.*/("6-.8# B PlAPP P A,^A`
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9+,F-)8.*,O,-$,-#,#("T+,$('$,-+,057,&'$-*+$#,J:Z,4*6*4#,"F,JfJ0AB,/"..*4'$*3,T-$(,
$(*, '2"8+$, "F, 4*8S"/1$*#, -+, $(*, J:Z, '$, &.*#*+$'$-"+, ^HOsPLA=Og, &tPLPA`L, 5",
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38.'$-"+,"F,#$".')*,"F,',#'2&4*,Q*F".*,$*#$-+),'$,%OP�J,3-3,+"$,.*#84$, -+,4"T*.,
4*6*4#,"F,JfJ0AB,-+,$(*,057,)."8&,^HOsPLPACg,&sPL?`L

Z-)8.*, O;, J"..*4'$-"+, "F, -+$.'$(*/'4, 4*8S"/1$*#, T-$(, $(*, 4*6*4, "F, JfJ0AB, 2*'#8.*3, -+$.'$(*/'441, -+, 057,
&'$-*+$#L,H*F*.*+/*,4-+*,-#,',.*).*##-"+,4-+*G,$(*,/"..*4'$-"+,-#,#-)+-F-/'+$,^HOsPLA=OG,&sPLPPA`

!"-27+7Q7+'($*(.].>HM(*$#(:7)&-$27-&(>^<(
HEJ, '+'41#-#, .*6*'4*3, '+, "&$-2'4, /8$%"FF, "F, OCP&)l24, T(-/(, .*#84$*3, -+, >>m,
#*+#-$-6-$1,'+3,><m,#&*/-F-/-$1,^F-)8.*,B`L,H*#84$#,F".,&"#-$-6*,'+3,+*)'$-6*,4*6*4#,
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&*.F".2*3, '+3, Q4""3, #'2&4*#, T*.*, $'S*+, F"., ."8$-+*, 3-')+"#$-/, 4'Q".'$".1,
#/.**+-+)L,Z"44"T%8&,6-#-$#,T*.*,&*.F".2*3,"+,',1*'.41,Q'#-#L,a.-$$*+,-+F".2*3,
/"+#*+$,T'#, "Q$'-+*3, F."2, '44, &'.$-/-&'+$#L, I(-#, #$831,T'#, '&&."6*3, Q1, $(*,
4"/'4,W*3-/'4,\$(-/#,J"22-$$**L
I(*,&.*#*+$,#$831, -+/483*3,'44,&'$-*+$#,T(",&.*#*+$*3, $",$(*,\[J,38.-+), $(*,
&*.-"3,"F, Z*Q.8'.1, A<<B, $", [&.-4, A<<=, ^/"(".$, A`, '+3, $(*, &*.-"3, K841, OPPB, $",
K8+*,OPP>,^/"(".$,O`L,Z".,&'$-*+$#,"F,/"(".$ A,#*."4")1,F".,/"22"+,-+F*/$-"8#,
/'8#*#,"F,'.$(.-$-#,-+/483-+),B&'4,.6$#.2%./,T'#,&*.F".2*3,."8$-+*41,'$,-+/48#-"+g,
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9$, -#,8+/4*'.,T(*$(*.,0&'burgdorferi,#*."4")-/'4,$*#$-+),#("843,Q*,'&&4-*3,$",'44,
&'$-*+$#,T-$(,'+,.*/*+$%"+#*$,'.$(.-$-#L,[,:T*3-#(,#$831,-+3-/'$*3,$('$,&"#-$-6*,
#*."4")-/'4, .*#84$#G, $("8)(, (*4&F84, -+, 3-')+"#-+), 012*, '.$(.-$-#G, /'+, '4#", Q*,
F"8+3, -+,&'$-*+$#,T-$(,3*F-+-$*,"$(*., .(*82'$"4")-/'4,3-')+"#*#,'+3,$(8#,/'+,
Q*,F'4#*,&"#-$-6*L,Z8.$(*.2".*G,T*,(1&"$(*#-V*3,$('$,$(*,/4-+-/'4,&.*#*+$'$-"+,
"F,012*,'.$(.-$-#, -+,\8."&*,2'1,Q*,4*##,/('.'/$*.-#$-/,'#,#*6*.'4,#&*/-*#,"$(*.,
$('+, 0&' burgdorferi, ##, '.*, &.*6'4*+$ BCL, D.*6-"8#, #$83-*#, )*+*.'441, 3-')+"#*3,
012*, Q'#*3, "+, $(*, /4'##-/'4, &.*#*+$'$-"+, -+, /"2Q-+'$-"+,T-$(, &"#-$-6*, 012*,
#*."4")1,AAOG,AA@G, AA=L,71,$(-#,'&&."'/(,&'$-*+$#,T-$(,'+,'$1&-/'4,&.*#*+$'$-"+,"F,0[,
2'1,('6*,Q**+,2-##*3L,
a-$(, $(*, /8..*+$, #$831, T*, '-2*3, $", *6'48'$*, $(*, &.*6'4*+/*, "F, &"#-$-6*, 0&'
burgdorferi, #*."4")1, '2"+), &'$-*+$#, T-$(, .*/*+$%, '.$(.-$-#, '+3, $", '&&.*/-'$*,
$(*, 6'48*, "F, #*."4")-/'4, $*#$-+), -+, $(*#*, &'$-*+$#, Q1, #$831-+), $(*, .*4'$-"+,
Q*$T**+, $(*, $*#$, .*#84$#, '+3, $(*, 3-#*'#*, /"8.#*, "6*., ', F"44"T%8&, "F, #*6*.'4,
1*'.#,$",3*$*.2-+*,$(*,F-+'4,3-')+"#-#L,
E8., #*/"+3, '-2,T'#, $", *6'48'$*, $(*, /"+$.-Q8$-"+,"F, #*."4")-/, $*#$-+), $", $(*,
/4-+-/'4, 3-')+"#-#, "F, 0[L,a*, #$83-*3, $(*, 0*-3*+, \'.41, [.$(.-$-#, J4-+-/, ^\[J`G, ',
4'.)*,-+/*&$-"+,/"(".$,*+."44-+),'44,/"+#*/8$-6*,&'$-*+$#,&.*#*+$-+),T-$(,.*/*+$%
"+#*$,'.$(.-$-#L, 9+, AA>P,*'.41,'.$(.-$-# &'$-*+$#j /4-+-/'4,*6'48'$-"+,'+3,#*."4")-/,
$*#$-+),F".,0&'4,.6$#.2%./,T'#,&*.F".2*3L,

7+$%&8$(-+8>-#&$*">(

!+B:'(6$6B%)+7$-
D'$-*+$#, T*.*, -+/483*3, -+, $(*, 0*-3*+, \'.41, [.$(.-$-#, J4-+-/, /"(".$G, ', 4'.)*,
-+/*&$-"+,/"(".$,-+-$-'$*3,-+,A<<B,$('$,*+."44*3,/"+#*/8$-6*,&'$-*+$#,&.*#*+$-+),
T-$(, '.$(.-$-#, $", $(*, 0*-3*+, H(*82'$"4")-/, "8$&'$-*+$, /4-+-/, '+3, $('$, ('3,
#12&$"2, 38.'$-"+, 4*##, $('+, O, 1*'.#L, [, 3*$'-4*3, 3*#/.-&$-"+, -#, &."6-3*3, -+
&.*6-"8#, .*&".$# C=OL, [$, $(*, F-.#$, 6-#-$G, $(*, .(*82'$"4")-#$, /"2&4*$*3, ',
k8*#$-"++'-.*, .*)'.3-+), $(*, &.*#*+$-+), #12&$"2#G #12&$"2#G, $(-#, -+/483*3,
-+F".2'$-"+, "+, #S-+, 2'+-F*#$'$-"+#, '+3, $-/S, Q-$*#L, D(1#-/'4, *h'2-+'$-"+, T'#,
&*.F".2*3, '+3, Q4""3, #'2&4*#, T*.*, $'S*+, F"., ."8$-+*, 3-')+"#$-/, 4'Q".'$".1,
#/.**+-+)L,Z"44"T%8&,6-#-$#,T*.*,&*.F".2*3,"+,',1*'.41,Q'#-#L,a.-$$*+,-+F".2*3,
/"+#*+$,T'#, "Q$'-+*3, F."2, '44, &'.$-/-&'+$#L, I(-#, #$831,T'#, '&&."6*3, Q1, $(*,
4"/'4,W*3-/'4,\$(-/#,J"22-$$**L
I(*,&.*#*+$,#$831, -+/483*3,'44,&'$-*+$#,T(",&.*#*+$*3, $",$(*,\[J,38.-+), $(*,
&*.-"3,"F, Z*Q.8'.1, A<<B, $", [&.-4, A<<=, ^/"(".$, A`, '+3, $(*, &*.-"3, K841, OPPB, $",
K8+*,OPP>,^/"(".$,O`L,Z".,&'$-*+$#,"F,/"(".$ A,#*."4")1,F".,/"22"+,-+F*/$-"8#,
/'8#*#,"F,'.$(.-$-#,-+/483-+),B&'4,.6$#.2%./,T'#,&*.F".2*3,."8$-+*41,'$,-+/48#-"+g,

_'48*,"F,0&'4,.6$#.2%./,#*."4")1,-+,'.$(.-$-#,&'$-*+$#

APB

F".,&'$-*+$#,-+,/"(".$ O 0&'4,.6$#.2%./ #*."4")1,T'#,&*.F".2*3,"+,&."#&*/$-6*41,
#$".*3,#*.82,#'2&4*#L,

<E(;B#&:$#*"#7 2"#$%$&'
9+,#*.',F."2,/"(".$ AG,'+$-Q"3-*#,')'-+#$,0#..%-/*%,T*.*,3*$*/$*3,Q1,$(*,9)Y,'+3,
9)W, F4')*44-+%\9[, ^R'S",J1$"2'$-"+G,Y4"#$.8&G,R*+2'.S`G, 8#-+), $(*,&."/*38.*,
.*/"22*+3*3, Q1, $(*, 2'+8F'/$8.*.L, [44, '6'-4'Q4*, &"#-$-6*, #'2&4*#, T*.*,
.*$."#&*/$-6*41, .*$*#$*3, T-$(, $(*, 9)Yl9)W, J@, 012*, \9[, ]-$, ^9228+*$-/#G,
7"#$"+G,U:[` '//".3-+), $",2'+8F'/$8.*.#j,&."$"/"4L, 9+,/"(".$ OG,$(*,J@,012*,
\9[, ]-$, T'#, 8#*3, "+, &."#&*/$-6*41, #$".*3, #*.82, #'2&4*#, $'S*+, F"., $(*, \[J,
/"(".$L,[44,&"#-$-6*,*+V12*,-228+"'##'1 ^\9[`,.*#84$#,F."2,Q"$(,/"(".$#,T*.*,
/"+F-.2*3, Q1, $(*, 0#..%-/*, \8."&*, 095\, Q4"$, ^_-."$*/(, Y2Q!G, H}##*4#(*-2G,
Y*.2'+1`, '+3, ', #*/"+3, \9[G, $(*, 0-'-#"+� 0#..%-/*' 4,.6$#.2%./, 9)Y, ^_4#\`, '+3,
9)W, ^_4#\|E#&J`, ^R-'#".-+G, 9$'41`G, Q"$(, '//".3-+), $", $(*, 2'+8F'/$8.*.#j,
&."$"/"4#L

5Q)%B)+7$-($*(2"#$%$&7@(+"2+(#"2B%+2
I(*,.*#84$#,"F,/8..*+$,0&'4,.6$#.2%./ #*."4")-/,$*#$-+),#$.'$*)-*#,'2"+),.*/*+$%
"+#*$,'.$(.-$-#,&'$-*+$#,T*.*,*6'48'$*3,-+ /"(".$ OL,Z-.#$G,#*."4")-/,.*#84$#,T*.*,
-+$*.&.*$*3,Q1,'+,*h&*.-*+/*3,2-/."Q-"4")-#$G,8+'T'.*,"F,/4-+-/'4,&.*#*+$'$-"+,
'+3, F-+'4, 3-')+"#-#L, :*."4")-/, $*#$, .*#84$#,T*.*, /4'##-F-*3, '#;, [L, D"#-$-6*G, 6*.1,
#8#&*/$,F".,'/$-6* ".,.*/*+$,-+F*/$-"+G,3*F-+*3,'#,',J@,012*,-+3*h,^9)Yl9)W`,r,C,
'+3,',0-'-#"+,_4#\,9)Y,6'48*,r,?PG,/"2Q-+*3,T-$(,',&"#-$-6*,9)Y,-228+"Q4"$G,7;,
D"#-$-6*G, '44,"$(*., /"+F-.2*3, -228+"Q4"$,&"#-$-6*, #*."4")-/, .*#84$#, +"$, F-$$-+),
$(*, 'Q"6*2*+$-"+*3, /.-$*.-', 2"#$, 4-S*41, F-$$-+), '+, "43G, /4*'.*3, -+F*/$-"+G, J;
9+/"+/48#-6*l*k8-6"/'4, -228+"Q4"$G,/"2Q-+*3,T-$(,',&"#-$-6*l*k8-6"/'4,\9[g,',
/"+#*/8$-6*, #*.82, T"843, Q*, +*/*##'.1, $", 2'S*, '+, '3*k8'$*, #*."4")-/'4,
3-')+"#-#L,!"T*6*.G,'#,0[,-#,',4'$*,2'+-F*#$'$-"+,$(-#,#*."4")-/,/4'##-F-/'$-"+,-#,
2"#$, 4-S*41, +"$, /"2&'$-Q4*, T-$(, 0[, '+3, /'$*)".1, R;, 5*)'$-6* \9[, #/.**+-+),
#*."4")1L

.%7-7@)%(:7)&-$272($*(>',"()#+A#7+72(
J4-+-/'4, .*/".3#, "F, '44, &'$-*+$#, T-$(, &"#-$-6*, "., -+/"+/48#-6*, #*."4")1, T*.*,
$.'/*3,'+3,$(*,3'$',"Q$'-+*3,'$,$(*,$-2*,"F,$(*,-+-$-'4,3-')+"#-#,'+3,38.-+),$(*,
3-#*'#*,/"8.#*,T*.*, $("."8)(41, #$83-*3,Q1, $T",*h&*.-*+/*3, .(*82'$"4")-#$#,
^K3_7G,[!W`L,I(*,F-+'4,3-')+"#-#,T'#,/4'##-F-*3,-+,$T",)."8&#g,-F,'+"$(*.,/4-+-/'4
3-')+"#-#,T'#,/*.$'-+,$(-#,T'#,/4'##-F-*3,'#,p5",0[q,'+3,'44,"$(*.,/'#*#,T*.*,
/4'##-F-*3,'#,pD"##-Q4*,0[qL,
7'#*3,"+, $(*,/"2Q-+'$-"+,"F,/4-+-/'4,3'$' '+3,#*."4")-/, .*#84$#,&'$-*+$#,T*.*,
.*/4'##-F-*3, -+$", $(.**, 0[, /'$*)".-*#L, I(*, F-.#$, /'$*)".1,T*.*, &'$-*+$#,T-$(, '
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p3*F-+-$*,0[qG,$(*,#*/"+3,/'$*)".1,"F,&'$-*+$#,T*.*,&'$-*+$#,T-$(,',q&"##-Q4*,
0[qG,'+3,$(*,$(-.3,/'$*)".1,T*.*,&'$-*+$#,T-$(,p5",0[qL,
Z"., F8.$(*., '+'41#*#, "+, $(*, &.*6'4*+/*, '+3, /4-+-/'4, /('.'/$*.-#$-/#, "F, 012*,
'.$(.-$-#, "+41, &'$-*+$#, T-$(, &"#-$-6*, J@%&*&$-3*, \9[, /"+F-.2*3, Q1, Q4"$, '+3, '
/4-+-/'4,3-')+"#-#,"F,012*,'.$(.-$-#,T*.*,/"+#-3*.*3L,

!+)+72+7@)%()-)%'272
:$'$-#$-/'4, '+'41#-#,T'#, &*.F".2*3, 8#-+), ', #$'$-#$-/'4, #"F$T'.*, &'/S')*, ^:D::,
F"., T-+3"T#G, 6*.#-"+, A=LP`L 7'#*4-+*, /('.'/$*.-#$-/#, T*.*, /"2&'.*3, Q*$T**+,
&'$-*+$#, T-$(, '+3, $("#*, T-$("8$, 3*F-+-$*, 3-')+"#-#, "F, 0[, '#, 3*$*.2-+*3,
&."#&*/$-6*41,Q1,$(*, $.*'$-+),&(1#-/-'+L,D"#-$-6*,&.*3-/$-6*,6'48*,'+3,+*)'$-6*,
&.*3-/$-6*,6'48*,"F 0&'burgdorferi,#*."4")1,T'#,3*$*.2-+*3,F".,&'$-*+$#, -+,$(*,
\[JL

Z-)8.*, A;, :*."4")-/'4, .*#84$#, F."2, /"(".$, AL, �, @, &$#, /"843, Q*, /"+F-.2*3, T-$(, $(*, J@%&*&$-3*, \9[G, $(*, J@%
+*)'$-6*,&'$-*+$,('3,'+,*k8-6"/'4,-228+"Q4"$L,

S&(:1$(
7!&5+1&8'&-"6-,"(%$%5&-<E(;B#&:$#*"#7-(&!"1"23-%8-&+!13-+!$*!%$%(-,+$%&8$(
J"(".$ A /"+#-#$*3, "F, @A>, &'$-*+$#, /"+#*/8$-6*41, -+/483*3, Q*$T**+, A<<B, '+3,
A<<=L, :*."4")1, .*#84$#, T*.*, '6'-4'Q4*, F"., C@P, &'$-*+$#L, :*6*+, &'$-*+$#, ('3, ',
&"#-$-6*, \9[, /"+F-.2*3, Q1, ', &"#-$-6*, -228+"Q4"$, ^ALOm`G, $T*+$1%"+*, &'$-*+$#,
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p3*F-+-$*,0[qG,$(*,#*/"+3,/'$*)".1,"F,&'$-*+$#,T*.*,&'$-*+$#,T-$(,',q&"##-Q4*,
0[qG,'+3,$(*,$(-.3,/'$*)".1,T*.*,&'$-*+$#,T-$(,p5",0[qL,
Z"., F8.$(*., '+'41#*#, "+, $(*, &.*6'4*+/*, '+3, /4-+-/'4, /('.'/$*.-#$-/#, "F, 012*,
'.$(.-$-#, "+41, &'$-*+$#, T-$(, &"#-$-6*, J@%&*&$-3*, \9[, /"+F-.2*3, Q1, Q4"$, '+3, '
/4-+-/'4,3-')+"#-#,"F,012*,'.$(.-$-#,T*.*,/"+#-3*.*3L,

!+)+72+7@)%()-)%'272
:$'$-#$-/'4, '+'41#-#,T'#, &*.F".2*3, 8#-+), ', #$'$-#$-/'4, #"F$T'.*, &'/S')*, ^:D::,
F"., T-+3"T#G, 6*.#-"+, A=LP`L 7'#*4-+*, /('.'/$*.-#$-/#, T*.*, /"2&'.*3, Q*$T**+,
&'$-*+$#, T-$(, '+3, $("#*, T-$("8$, 3*F-+-$*, 3-')+"#-#, "F, 0[, '#, 3*$*.2-+*3,
&."#&*/$-6*41,Q1,$(*, $.*'$-+),&(1#-/-'+L,D"#-$-6*,&.*3-/$-6*,6'48*,'+3,+*)'$-6*,
&.*3-/$-6*,6'48*,"F 0&'burgdorferi,#*."4")1,T'#,3*$*.2-+*3,F".,&'$-*+$#, -+,$(*,
\[JL

Z-)8.*, A;, :*."4")-/'4, .*#84$#, F."2, /"(".$, AL, �, @, &$#, /"843, Q*, /"+F-.2*3, T-$(, $(*, J@%&*&$-3*, \9[G, $(*, J@%
+*)'$-6*,&'$-*+$,('3,'+,*k8-6"/'4,-228+"Q4"$L,

S&(:1$(
7!&5+1&8'&-"6-,"(%$%5&-<E(;B#&:$#*"#7-(&!"1"23-%8-&+!13-+!$*!%$%(-,+$%&8$(
J"(".$ A /"+#-#$*3, "F, @A>, &'$-*+$#, /"+#*/8$-6*41, -+/483*3, Q*$T**+, A<<B, '+3,
A<<=L, :*."4")1, .*#84$#, T*.*, '6'-4'Q4*, F"., C@P, &'$-*+$#L, :*6*+, &'$-*+$#, ('3, ',
&"#-$-6*, \9[, /"+F-.2*3, Q1, ', &"#-$-6*, -228+"Q4"$, ^ALOm`G, $T*+$1%"+*, &'$-*+$#,

_'48*,"F,0&'4,.6$#.2%./,#*."4")1,-+,'.$(.-$-#,&'$-*+$#

APC

('3,',&"#-$-6*,F4')*44-+,\9[,T-$(,',-+/"+/48#-6*,-228+"Q4"$,^BL=m`L,:*6*+,"F,$(*,
O>,#*."4")-/'441,&"#-$-6*,".,*k8-6"/'4,&'$-*+$#,T*.*,3-')+"#*3,'#,012*,'.$(.-$-#
Q1,$(*-.,$.*'$-+),.(*82'$"4")-#$ ^Z-)8.*,A`L,IT*+$1%$(.**,"F,$(*,O>,#*."4")-/'441,
&"#-$-6*, "., *k8-6"/'4, &'$-*+$#, /"843, Q*, .*$."#&*/$-6*41, .*$*#$*3, -+, $(*, J@%
&*&$-3*, \9[L, 9+, #-h,&'$-*+$#, ^ALAm`, $(*,J@%&*&$-3*, \9[,T'#, '4#",&"#-$-6*g, $(*#*,
&'$-*+$#, T*.*, '44, 3-')+"#*3, T-$(, 012*, '.$(.-$-#, T-$(, ', &"#-$-6*, -228+"Q4"$L,
I(*,"+*,&'$-*+$,$('$,T'#,3-')+"#*3,'#,0[,Q8$,('3,',+*)'$-6*,J@%&*&$-3*,\9[,
('3,'+,*k8-6"/'4, -228+"Q4"$L,:(*,&.*#*+$*3,T-$(,'.$(.-$-#,"F, $(*,*4Q"T,$('$,
.*#"46*3,'F$*.,'+$-Q-"$-/,$.*'$2*+$L,I(-#,/"843,('6*,Q**+,',0[G,Q8$,Q*/'8#*,"F,
$(*,'Q#*+/*,"F,#8FF-/-*+$,9)Y, -+, $(*, -228+"Q4"$, -$, -#,8+4-S*41G 'F$*., $.*'$2*+$,
$(*.*,T'#,+",#*."4")-/'4,F"44"T,8&L,E+*,&'$-*+$,('3,',&"#-$-6*,-228+"Q4"$G,Q8$,
', +*)'$-6*, J@%&*&$-3*, \9[G, /4-+-/'441, #(*, T'#, 3-')+"#*3, '#, '+,
#&"+314'.$("&'$(1L, :*."4")1, F"., $(-#, &'$-*+$, /'+, Q*, /"+#-#$*+$, T-$(, ',
&.*6-"8#41,/4*'.*3,-+F*/$-"+,C<AL,

Z-)8.*,O;,:*."4")-/'4,.*#84$#,F."2,/"(".$,OL,

J"(".$ O /"+#-#$*3, "F, @B<, &'$-*+$#, -+/483*3, Q*$T**+, OPPB, '+3, OPP>L, :*.82,
T'#,'6'-4'Q4*,"F,@A<,&'$-*+$#L,EF,$(*#*G,?P,T*.*,.*'/$-6*,-+,$(*,J@%&*&$-3*,\9[G,
T(-/(, T'#, /"+F-.2*3, Q1, ', &"#-$-6* -228+"Q4"$, -+, A=, &'$-*+$#G, 1-*43-+), ',
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AP@

#*."&.*6'4*+/*,"F,OL=,mL,^Z-)8.*,O`L,I(*,-228+"Q4"$,T'#,*k8-6"/'4,-+,>,&'$-*+$#,
^ALBm`L,

C#"Q)%"-@"($*(>',"()#+A#7+72
I(*,&.*6'4*+/*,"F,3*F-+-$*,0[,-+,/"(".$,A,T'#,@,"F,C@P,-+/483*3,&'$-*+$#,^ALAm`L,
J('.'/$*.-#$-/#,'+3,"8$/"2*,"F,$(*,OC,&'$-*+$#,F."2,/"(".$,O,T-$(,&"#-$-6*,J@%
&*&$-3*,\9[,'+3,&"#-$-6*,".,*k8-6"/'4, -228+"Q4"$,'.*,#("T+,-+,$'Q4*,AL,I(.**,
&'$-*+$#, ^AOm`, T*.*, 3-')+"#*3 '$, &.*#*+$'$-"+, T-$(, 0[, '+3, $.*'$*3, T-$(,
'+$-Q-"$-/#G, T(-/(, ('3, .*#84$*3, -+, .*#"48$-"+, "F, '.$(.-$-#L, E+*, &'$-*+$, T-$(,
&"#-$-6*,#*."4")1,T'#,$.*'$*3,T-$(,'+$-Q-"$-/#,T-$("8$,'+1,-2&."6*2*+$,"F,$(*,
WJDj#g, 'F$*.T'.3#, $(*, /4-+-/'4, 3-')+"#-#, T'#, #*$, '$, H[, '+3, (*, '/(-*6*3,
.*2-##-"+,"+,RW[HR,$(*.'&1L,9+,$(*,.*2'-+-+),OA,&'$-*+$#,$(*,3-')+"#*#,T*.*,
.*/".3*3, Q1, $(*, $.*'$-+), .(*82'$"4")-#$, ^:**, $'Q4*, A`L, 9+, F"8., &'$-*+$#, T-$(,
"$(*.,.*/".3*3,3-')+"#-#,'+3,&"#-$-6*,".,*k8-6"/'4,#*."4")1,F".,012*G,0[,/"843,
('6*,Q**+,/"+#-3*.*3L,I(*#* &'$-*+$#,T*.*,HZl[JD[,#*."+*)'$-6*,'+3,3-3,+"$,
('6*, '+1,"$(*., $1&-/'4, #12&$"2#, 4-S*,&#".-'#-#G, 3'/$14-$-#, "., )8$, 3-#*'#*L,E+*,
^/'#*,?`,"F,F"8.,'4#",('3,*."#-6*,3'2')*,"+,f%.'1L,I(*#*,F"8.,&'$-*+$#,'/(-*6*3
.*2-##-"+,'+3,T*.*,3-#/('.)*3,T-$("8$,'+1,'+$-Q-"$-/,$.*'$2*+$L,9+,$(*,+'$8.'4,
/"8.#*, "F, 0[, +'$8.'4, .*2-##-"+G, Q8$, '4#", &.").*##-"+, $", *."#-6*, 3-#*'#*, ('#,
Q**+,3*#/.-Q*3,ACCL,J'#*,=,.*#&"+3*3,$",$.*'$2*+$,T-$(,&.*3+-#"+*,F".,'.$(.-$-#,
"F, $(*, ('+3#L, I(*.*, T'#, +", &.").*##-"+, "F, 3-#*'#*G,2'S-+), 0[, 8+4-S*41L, I(*,
&.*6'4*+/*,"F,0[,-+,/"(".$,O,T'#,PLCm,"F,3*F-+-$*,0[,$",ALAm,T(*+,/"2Q-+*3,T-$(,
$(*,&"##-Q4*,0[,/'#*#L,

R7)&-$2+7@(6"#*$#,)-@"($*(BE(;B#&:$#*"#7(2"#$%$&'(
R-')+"#$-/, &*.F".2'+/*, "F, $(-.3, )*+*.'$-"+, \9[, '+3, -228+"Q4"$, T'#, "+41,
#$83-*3, -+,/"(".$,O,Q*/'8#*, -+, $(-#,/"(".$,'44,&'$-*+$#,T*.*, $*#$*3,T-$(,',J@%
&*&$-3*, \9[, '+3, -228+"Q4"$L, I'S-+), -+$", '//"8+$, $('$, -+, B, /'#*#, ', 3*F-+-$*,
3-')+"#-#, "F, 0[, '+3, ?, /'#*#, ', &"##-Q4*, 3-')+"#-#, "F, 0[, T'#, 2'3*G, "6*.'44,
#&*/-F-/-$1,"F,0& burgdorferi,#*."4")1,F".,$(*,/4-+-/'4,3-')+"#-#,T'#,<@%<=mG,38*,
$",$(*,4"T,&.*6'4*+/*,"F,012*,3-#*'#*L,0[,-#,/"+#-3*.*3,',4'$*,2'+-F*#$'$-"+,"F,
'+,-+F*/$-"+,T-$(,0&'burgdorferi,'+3,#*."4")1,#("843,Q*,8+*k8-6"/'441,&"#-$-6*L,
9F,&'$-*+$#,T-$(,*k8-6"/'4,Q4""3,.*#84$#,^#*."4")-/,/'$*)".1,J`,T*.*,.*)'.3*3,'#,
+*)'$-6*,F".,'/$-6*,0&'burgdorferi -+F*/$-"+G,$(*+,#*."4")-/,#&*/-F-/-$1,-+/.*'#*3,
$", <>mL, Y-6*+, $(*, &.*6'4*+/*, "F, 0[, '2"+), $(-#, #*/"+3, /"(".$, ^PLC%ALAm`G, $(*,
&"#-$-6*,&.*3-/$-6*, 6'48*,"F,&"#-$-6*,0&'burgdorferi, #*."4")1,T'#, 6*.1, 4"T, ^AO%
O>m`L,
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J('&$*.,@

AP@

#*."&.*6'4*+/*,"F,OL=,mL,^Z-)8.*,O`L,I(*,-228+"Q4"$,T'#,*k8-6"/'4,-+,>,&'$-*+$#,
^ALBm`L,

C#"Q)%"-@"($*(>',"()#+A#7+72
I(*,&.*6'4*+/*,"F,3*F-+-$*,0[,-+,/"(".$,A,T'#,@,"F,C@P,-+/483*3,&'$-*+$#,^ALAm`L,
J('.'/$*.-#$-/#,'+3,"8$/"2*,"F,$(*,OC,&'$-*+$#,F."2,/"(".$,O,T-$(,&"#-$-6*,J@%
&*&$-3*,\9[,'+3,&"#-$-6*,".,*k8-6"/'4, -228+"Q4"$,'.*,#("T+,-+,$'Q4*,AL,I(.**,
&'$-*+$#, ^AOm`, T*.*, 3-')+"#*3 '$, &.*#*+$'$-"+, T-$(, 0[, '+3, $.*'$*3, T-$(,
'+$-Q-"$-/#G, T(-/(, ('3, .*#84$*3, -+, .*#"48$-"+, "F, '.$(.-$-#L, E+*, &'$-*+$, T-$(,
&"#-$-6*,#*."4")1,T'#,$.*'$*3,T-$(,'+$-Q-"$-/#,T-$("8$,'+1,-2&."6*2*+$,"F,$(*,
WJDj#g, 'F$*.T'.3#, $(*, /4-+-/'4, 3-')+"#-#, T'#, #*$, '$, H[, '+3, (*, '/(-*6*3,
.*2-##-"+,"+,RW[HR,$(*.'&1L,9+,$(*,.*2'-+-+),OA,&'$-*+$#,$(*,3-')+"#*#,T*.*,
.*/".3*3, Q1, $(*, $.*'$-+), .(*82'$"4")-#$, ^:**, $'Q4*, A`L, 9+, F"8., &'$-*+$#, T-$(,
"$(*.,.*/".3*3,3-')+"#-#,'+3,&"#-$-6*,".,*k8-6"/'4,#*."4")1,F".,012*G,0[,/"843,
('6*,Q**+,/"+#-3*.*3L,I(*#* &'$-*+$#,T*.*,HZl[JD[,#*."+*)'$-6*,'+3,3-3,+"$,
('6*, '+1,"$(*., $1&-/'4, #12&$"2#, 4-S*,&#".-'#-#G, 3'/$14-$-#, "., )8$, 3-#*'#*L,E+*,
^/'#*,?`,"F,F"8.,'4#",('3,*."#-6*,3'2')*,"+,f%.'1L,I(*#*,F"8.,&'$-*+$#,'/(-*6*3
.*2-##-"+,'+3,T*.*,3-#/('.)*3,T-$("8$,'+1,'+$-Q-"$-/,$.*'$2*+$L,9+,$(*,+'$8.'4,
/"8.#*, "F, 0[, +'$8.'4, .*2-##-"+G, Q8$, '4#", &.").*##-"+, $", *."#-6*, 3-#*'#*, ('#,
Q**+,3*#/.-Q*3,ACCL,J'#*,=,.*#&"+3*3,$",$.*'$2*+$,T-$(,&.*3+-#"+*,F".,'.$(.-$-#,
"F, $(*, ('+3#L, I(*.*, T'#, +", &.").*##-"+, "F, 3-#*'#*G,2'S-+), 0[, 8+4-S*41L, I(*,
&.*6'4*+/*,"F,0[,-+,/"(".$,O,T'#,PLCm,"F,3*F-+-$*,0[,$",ALAm,T(*+,/"2Q-+*3,T-$(,
$(*,&"##-Q4*,0[,/'#*#L,

R7)&-$2+7@(6"#*$#,)-@"($*(BE(;B#&:$#*"#7(2"#$%$&'(
R-')+"#$-/, &*.F".2'+/*, "F, $(-.3, )*+*.'$-"+, \9[, '+3, -228+"Q4"$, T'#, "+41,
#$83-*3, -+,/"(".$,O,Q*/'8#*, -+, $(-#,/"(".$,'44,&'$-*+$#,T*.*, $*#$*3,T-$(,',J@%
&*&$-3*, \9[, '+3, -228+"Q4"$L, I'S-+), -+$", '//"8+$, $('$, -+, B, /'#*#, ', 3*F-+-$*,
3-')+"#-#, "F, 0[, '+3, ?, /'#*#, ', &"##-Q4*, 3-')+"#-#, "F, 0[, T'#, 2'3*G, "6*.'44,
#&*/-F-/-$1,"F,0& burgdorferi,#*."4")1,F".,$(*,/4-+-/'4,3-')+"#-#,T'#,<@%<=mG,38*,
$",$(*,4"T,&.*6'4*+/*,"F,012*,3-#*'#*L,0[,-#,/"+#-3*.*3,',4'$*,2'+-F*#$'$-"+,"F,
'+,-+F*/$-"+,T-$(,0&'burgdorferi,'+3,#*."4")1,#("843,Q*,8+*k8-6"/'441,&"#-$-6*L,
9F,&'$-*+$#,T-$(,*k8-6"/'4,Q4""3,.*#84$#,^#*."4")-/,/'$*)".1,J`,T*.*,.*)'.3*3,'#,
+*)'$-6*,F".,'/$-6*,0&'burgdorferi -+F*/$-"+G,$(*+,#*."4")-/,#&*/-F-/-$1,-+/.*'#*3,
$", <>mL, Y-6*+, $(*, &.*6'4*+/*, "F, 0[, '2"+), $(-#, #*/"+3, /"(".$, ^PLC%ALAm`G, $(*,
&"#-$-6*,&.*3-/$-6*, 6'48*,"F,&"#-$-6*,0&'burgdorferi, #*."4")1,T'#, 6*.1, 4"T, ^AO%
O>m`L,

_'48*,"F,0&'4,.6$#.2%./,#*."4")1,-+,'.$(.-$-#,&'$-*+$#

AP=



J('&$*.,@

AP>

>',"()#+A#7+72K(@%7-7@)%(6#"2"-+)+7$-(7-()-(")#%'()#+A#7+72(@$A$#+
[2"+),$(*,$"$'4,+82Q*.,"F,AA>P,&'$-*+$#,#$83-*3G,',3*F-+-$*,3-')+"#-#,"F,012*,
'.$(.-$-#, T'#, 2'3*, -+, <, &'$-*+$#, ^PL>m`L, EF, AA>P, &'$-*+$#, T-$(, .*/*+$%"+#*$,
'.$(.-$-#G, CB, &'$-*+$#, ('3, ', &"#-$-6*, \9[, T(-/(, T'#, /"+F-.2*3, Q1, ', &"#-$-6*,
^O?&$#`, "., *k8-6"/'4, ^O<&$#`, Q4"$G, -+3-/'$-+), ', #*."&.*6'4*+/*, "F, OLP%, ?LCmL,,
J('.'/$*.-#$-/#,"F,$(*,&'$-*+$#,T-$(,'+3,T-$("8$,012*,'.$(.-$-#,'.*,&.*#*+$*3,-+,
I'Q4*, OL,[#, /"2&'.*3, $","$(*., '.$(.-$-#, &'$-*+$#G, &'$-*+$#,T-$(, 012*,'.$(.-$-#,
T*.*,1"8+)*.G,'+3,('3,4"T*.,#T"44*+,M"-+$,/"8+$L,I(*,3-#$.-Q8$-"+,"F,-+F4'2*3,
M"-+$#,T'#,2".*,"F$*+,'#122*$.-/, -+/483-+),'42"#$,'4T'1#,"+*, ^+s>`,".,Q"$(,
^+sA`,S+**^#`L, 9+,"+*,&'$-*+$,Q"$(,T.-#$#G,WJD#,'+3,D9D#,"F,Q"$(,('+3#,T*.*,
'4#",'FF*/$*3,-+,'33-$-"+,$",'.$(.-$-#,"F,"+*,S+**L,9+$*.*#$-+)41G,$(-#,&'$-*+$,T'#,
-+-$-'441,3-')+"#*3,'#,012*,'.$(.-$-#,'+3,$.*'$*3,T-$(,'+$-Q-"$-/#,T(-/(,.*#84$*3,
-+, -2&."6*2*+$, "F, $(*, S+**, '.$(.-$-#G, Q8$, +"$, "F, $('$, "F, $(*, "$(*., M"-+$#L,
7*/'8#*,"F,&*.#-#$-+),'.$(.-$-#,"F,$(*,T.-#$#,'+3,#2'44,('+3,M"-+$#,38.-+),#*6*.'4,
2"+$(#G,'+,'33-$-"+'4,3-')+"#-#,"F,.(*82'$"-3,'.$(.-$-#,T'#,2'3*,'+3,/8..*+$41,
(*,-#,#$-44,Q*-+),$.*'$*3,T-$(,RW[HR#,T-$(,)""3,/4-+-/'4,.*#&"+#*L

7+$%&8$(- a%$*-
?3#&-+!$*!%$%(-
P8\bR

7+$%&8$(- a%$*-
"$*&!->%+28"(&(-------
P8\-..NTR

� C
5+1:&

Z*2'4*G,+,^m` C,^C@` @<A,^C<` PL>B?
[)*G,2*3-'+,^9dH` O@,^OO%?>` CO,^B>%@C` TcTTI
H(*82'$"-3,F'/$".,&"#-$-6*G,+,^m`� A,^AA` O<<,^O=` PLO=?
[JD[,&"#-$-6*G,+,^m` A,^AB` OBC,^O>`
[33-$-"+'4,#12&$"2#
,,,,,,,,,,+"+*G,+,^m` C,^C@` ?=C,^?B` PL??A
,,,,,,,,,,#1#$*2-/G,+,^m` B,^BB` ?A=,^B>` PL=<?
:T"44*+,M"-+$,/"8+$G,
,,,,,,,,,,,,,2*3-'+,^9dH`

A,^A%O` ?,^A%>` PLP@@

[FF*/$*3,M"-+$#,'$,#$'.$,"F,#12&$"2#�
,,,,,,,0'.)*,M"-+$#,"+41, >,^><,` B@C,^BO` TcTTK
,,,,,,,:122*$.-/,3-#$.-Q8$-"+, A,^AA` CCO,^CP` PLAAC
,,,,,,,0"T*.,*h$.*2-$-*#,"+41,! =,^=>` BPB,^O=`
,,,,,,U&&*.,*h$.*2-$-*#,"+41! P,^P,` ?PB,^B@` TcT.L

JHDG,2*3-'+,^9dH`" AO,^C%OC` AB,^?%BB` PLB=?
\:HG,2*3-'+,^9dH` A>^A?%BP` O@,^AA%?@` PLA<>
R8.'$-"+,"F,#12&$"2#,-+,T**S#G,2*3-'+,
^9dH`

<,^?%OA` AB^C%O<` PL@B=

_[:,2".+-+),#$-FF+*##G,2*3-'+,^9dH` AP,^?%BA` CP,^OP%=B` PLPP<
_[:,&'-+G,2*3-'+,^9dH` AO,^=%CO` ?>,^O>%@?` PLPA>
I'Q4*, O;, 7'#*4-+*, /('.'/$*.-#$-/#, "F, &'$-*+$#, T-$(, 3*F-+-$*, 3-')+"#-#, "F, 012*, '.$(.-$-#, ^+s<`, /"2&'.*3, $",
&'$-*+$#,T-$(,"$(*.,3-')+"#-#



6

J('&$*.,@

AP>

>',"()#+A#7+72K(@%7-7@)%(6#"2"-+)+7$-(7-()-(")#%'()#+A#7+72(@$A$#+
[2"+),$(*,$"$'4,+82Q*.,"F,AA>P,&'$-*+$#,#$83-*3G,',3*F-+-$*,3-')+"#-#,"F,012*,
'.$(.-$-#, T'#, 2'3*, -+, <, &'$-*+$#, ^PL>m`L, EF, AA>P, &'$-*+$#, T-$(, .*/*+$%"+#*$,
'.$(.-$-#G, CB, &'$-*+$#, ('3, ', &"#-$-6*, \9[, T(-/(, T'#, /"+F-.2*3, Q1, ', &"#-$-6*,
^O?&$#`, "., *k8-6"/'4, ^O<&$#`, Q4"$G, -+3-/'$-+), ', #*."&.*6'4*+/*, "F, OLP%, ?LCmL,,
J('.'/$*.-#$-/#,"F,$(*,&'$-*+$#,T-$(,'+3,T-$("8$,012*,'.$(.-$-#,'.*,&.*#*+$*3,-+,
I'Q4*, OL,[#, /"2&'.*3, $","$(*., '.$(.-$-#, &'$-*+$#G, &'$-*+$#,T-$(, 012*,'.$(.-$-#,
T*.*,1"8+)*.G,'+3,('3,4"T*.,#T"44*+,M"-+$,/"8+$L,I(*,3-#$.-Q8$-"+,"F,-+F4'2*3,
M"-+$#,T'#,2".*,"F$*+,'#122*$.-/, -+/483-+),'42"#$,'4T'1#,"+*, ^+s>`,".,Q"$(,
^+sA`,S+**^#`L, 9+,"+*,&'$-*+$,Q"$(,T.-#$#G,WJD#,'+3,D9D#,"F,Q"$(,('+3#,T*.*,
'4#",'FF*/$*3,-+,'33-$-"+,$",'.$(.-$-#,"F,"+*,S+**L,9+$*.*#$-+)41G,$(-#,&'$-*+$,T'#,
-+-$-'441,3-')+"#*3,'#,012*,'.$(.-$-#,'+3,$.*'$*3,T-$(,'+$-Q-"$-/#,T(-/(,.*#84$*3,
-+, -2&."6*2*+$, "F, $(*, S+**, '.$(.-$-#G, Q8$, +"$, "F, $('$, "F, $(*, "$(*., M"-+$#L,
7*/'8#*,"F,&*.#-#$-+),'.$(.-$-#,"F,$(*,T.-#$#,'+3,#2'44,('+3,M"-+$#,38.-+),#*6*.'4,
2"+$(#G,'+,'33-$-"+'4,3-')+"#-#,"F,.(*82'$"-3,'.$(.-$-#,T'#,2'3*,'+3,/8..*+$41,
(*,-#,#$-44,Q*-+),$.*'$*3,T-$(,RW[HR#,T-$(,)""3,/4-+-/'4,.*#&"+#*L

7+$%&8$(- a%$*-
?3#&-+!$*!%$%(-
P8\bR

7+$%&8$(- a%$*-
"$*&!->%+28"(&(-------
P8\-..NTR

� C
5+1:&

Z*2'4*G,+,^m` C,^C@` @<A,^C<` PL>B?
[)*G,2*3-'+,^9dH` O@,^OO%?>` CO,^B>%@C` TcTTI
H(*82'$"-3,F'/$".,&"#-$-6*G,+,^m`� A,^AA` O<<,^O=` PLO=?
[JD[,&"#-$-6*G,+,^m` A,^AB` OBC,^O>`
[33-$-"+'4,#12&$"2#
,,,,,,,,,,+"+*G,+,^m` C,^C@` ?=C,^?B` PL??A
,,,,,,,,,,#1#$*2-/G,+,^m` B,^BB` ?A=,^B>` PL=<?
:T"44*+,M"-+$,/"8+$G,
,,,,,,,,,,,,,2*3-'+,^9dH`

A,^A%O` ?,^A%>` PLP@@

[FF*/$*3,M"-+$#,'$,#$'.$,"F,#12&$"2#�
,,,,,,,0'.)*,M"-+$#,"+41, >,^><,` B@C,^BO` TcTTK
,,,,,,,:122*$.-/,3-#$.-Q8$-"+, A,^AA` CCO,^CP` PLAAC
,,,,,,,0"T*.,*h$.*2-$-*#,"+41,! =,^=>` BPB,^O=`
,,,,,,U&&*.,*h$.*2-$-*#,"+41! P,^P,` ?PB,^B@` TcT.L

JHDG,2*3-'+,^9dH`" AO,^C%OC` AB,^?%BB` PLB=?
\:HG,2*3-'+,^9dH` A>^A?%BP` O@,^AA%?@` PLA<>
R8.'$-"+,"F,#12&$"2#,-+,T**S#G,2*3-'+,
^9dH`

<,^?%OA` AB^C%O<` PL@B=

_[:,2".+-+),#$-FF+*##G,2*3-'+,^9dH` AP,^?%BA` CP,^OP%=B` PLPP<
_[:,&'-+G,2*3-'+,^9dH` AO,^=%CO` ?>,^O>%@?` PLPA>
I'Q4*, O;, 7'#*4-+*, /('.'/$*.-#$-/#, "F, &'$-*+$#, T-$(, 3*F-+-$*, 3-')+"#-#, "F, 012*, '.$(.-$-#, ^+s<`, /"2&'.*3, $",
&'$-*+$#,T-$(,"$(*.,3-')+"#-#

_'48*,"F,0&'4,.6$#.2%./,#*."4")1,-+,'.$(.-$-#,&'$-*+$#

AP<

71, #*4*/$-+), "+41, &'$-*+$#, T-$(, (-)(, /4-+-/'4, #8#&-/-"+, F"., 0[, ^"4-)"'.$(.-$-#,
-+/483-+),',S+**,'+3,t,CP,1*'.#`,F."2,'44,$*#$*3,&'$-*+$#,F".2,/"(".$,A,'+3,OG,
$(*,',&.-".-,/('+/*,"F,0[,-+/.*'#*3,F."2,PL>m,$",@L?m,^+,s,AOC,"8$,"F,+,s,AA>P`,
T-$(, -2&."6*2*+$,"F,DD_,^?O%>Cm`L,EF,'44,&'$-*+$#,T-$(,3*F-+-$*,0[,^+s<`G,$T",
.*&".$*3,#S-+,'Q+".2'4-$-*#;,"+*,'+,*.1$(*2'G,&"##-Q41,*.1$(*2',2-).'+#,^+"$,
/"+F-.2*3, Q1, ', &(1#-/-'+`, '+3, "+*, +"384"#-#L, EF, '44, &'$-*+$#, -+/483*3, -+, $(*,
#$831,BC,^Bm`,.*&".$*3,',$-/S,Q-$*,-+,$(*,&'#$G,-+,$T","F,$(*#*,&'$-*+$#,',/4-+-/'4,
3-')+"#-#, "F, 012*, '.$(.-$-#, T'#, 2'3*L, !*+/*, $(*, 2'M".-$1, "F, &'$-*+$#, T-$(,
3*F-+-$*,3-')+"#-#,"F,0[,^+s=,"F,<,&$#`,3-3,+"$,.*2*2Q*.,'+1,$-/S,Q-$*L,:*4*/$-+),
&'$-*+$#,T-$(,',$-/S,Q-$*,-+,$(*,&'#$,'+3,"4-)"'.$(.-$-#,-+/.*'#*3,',&.-".-,/('+/*,
"F,0[,$",APmg,("T*6*.G,$(*,2'M".-$1,"F,&'$-*+$#,T-$(,',3-')+"#-#,"F,0[,3-3,+"$,
.*2*2Q*.,'+1,$-/S,Q-$*G,$(*.*F".*,$(-#,-#,+"$,',#*+#-$-6*,2'.S*.L,

E%(':((%"8-
012*,'.$(.-$-#,^0[`,-#,.*4*6'+$,$",-3*+$-F1,Q*/'8#*,$(*,3-#*'#*,#("843,Q*,$.*'$*3,
T-$(,'+$-Q-"$-/,$(*.'&1L,0&'4,.6$#.2%./'#*."4")-/,$*#$-+),-#,'6'-4'Q4*,$",'-3,-+,$(*,
3-')+"#-#G,Q8$, -+$*.&.*$'$-"+,"F,#*."4")1,/'+,Q*,3-FF-/84$,'#,'4#",&'$-*+$#,T-$(,
&.*6-"8#,012*,3-#*'#*,/'+,('6*,&"#-$-6*,#*."4")1L,[2"+),$(-#,4'.)*,/"(".$,"F,
&'$-*+$#,T-$(,.*/*+$%"+#*$,'.$(.-$-#,#*."&.*6'4*+/*,"F,012*,'+$-Q"3-*#,T'#,OLP%
?LCmg,-+/-3*+/*,"F,3*F-+-$*,012*,'.$(.-$-#,T'#,PL>mL,I(*,&"#-$-6*,&.*3-/$-6*,6'48*,
F".,0[,"F,0&'4,.6$#.2%./'#*."&"#-$-6-$1,T'#,6*.1,4"T,-+,$(*,.*/*+$%"+#*$,'.$(.-$-#,
&"&84'$-"+,^vO>m`L,R8*,$", $(*, 4"T,&.*6'4*+/*,"F,012*,'.$(.-$-#, #*."4")-/, $*#$,
&*.F".2'+/*, -2&."6*#, 2'.S*341, Q1, &.*#*4*/$-+), &'$-*+$#, T-$(, (-)(, /4-+-/'4,
#8#&-/-"+L
W"#$, #$83-*#, /"+/*.+-+), 012*, 3-#*'#*, ('6*, F"/8#*3, "+, 3*#/.-Q-+), $(*, F844,
/4-+-/'4, #&*/$.82, "F, $(*, 3-#*'#*, Q1, #*4*/$-+), '44, &'$-*+$#, T-$(, $1&-/'4,
&.*#*+$'$-"+, '+3, &"#-$-6*, #*."4")1L, 71, $(-#, '&&."'/(G, $(*".*$-/'441G, &'$-*+$#,
T-$(,'$1&-/'4,&.*#*+$'$-"+,/"843,('6*,Q**+,"6*.4""S*3L,9+,"8.,#$831G,#*."4")1,
F"., 0&' 4,.6$#.2%./, '+$-Q"3-*#, T'#, &*.F".2*3, "+, '44, &'$-*+$#, &.*#*+$-+), T-$(,
.*/*+$%"+#*$,'.$(.-$-#L,D'$-*+$#,T-$(,3*F-+-$*,3-')+"#-#,"F,0[G,3*F-+*3,Q1,&"#-$-6*,
#*."4")1,'+3,/4-+-/'4,3-')+"#-#,"F,0[G,T*.*,/('.'/$*.-V*3,Q1,1"8+)*.,')*G,'+3,
$1&-/'441, ('3, '.$(.-$-#, "F, "+*, "., Q"$(, S+**#L, Z"8.,0&' 4,.6$#.2%./, #*."&"#-$-6*
&'$-*+$#, 3-3, +"$, ('6*, ', /4*'., "$(*., 3-')+"#-#L, I(*, /4-+-/-'+, 3-3, +"$, &*.F".2,
#*."4")1,'$,$(*,F-.#$,6-#-$,"F,$(*,"8$&'$-*+$,/4-+-/L,[44,&'$-*+$#,T*.*,3-#/('.)*3,
T-$("8$, '+$-Q-"$-/, $.*'$2*+$, '+3, /"2&4'-+$#, .*#"46*3, #&"+$'+*"8#41L, 9+, $(*,
+'$8.'4,/"8.#*,"F,0[,+'$8.'4,.*2-##-"+G,Q8$,'4#",&.").*##-"+,$",*."#-6*,3-#*'#*,
('#,Q**+,3*#/.-Q*3,ACCL, 9$, -#,'4#",&"##-Q4*,$('$,$(*#*,&'$-*+$#,.*/*+$41,#8FF*.*3,
F."2,0[,$('$,('3,+'$8.'441,.*#"46*3,T(*+,$(*,6-#-$,$",$(*,"8$&'$-*+$,/4-+-/,$""S,
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&'$-*+$#, T-$(, &"#-$-6*, #*."4")1, Q8$, +", "$(*., /4-+-/'4, 3-')+"#-#, 3-3, +"$, )-6*,
'.)82*+$#, F"., '$1&-/'4, &'$$*.+#, "F, 012*, '.$(.-$-#L, E+41, "+*, &'$-*+$, -+, $(*,
&"##-Q4*, 0[, )."8&, 3-3, +"$, ('6*, '.$(.-$-#, "F, $(*, 4'.)*, M"-+$#G, '+3, $(-#, &'$-*+$,
.*#&"+3*3, T*44, $", &.*3+-#"+*, $.*'$2*+$G, T-$("8$, &.").*##-"+, "F, 3-#*'#*,
2'S-+),',0[,4*##,4-S*41L,
W'-+, 3.'TQ'/S, "F, $(-#, #$831, -#, $(*, 4'/S, "F, ', )"43, #$'+3'.3, $", /"+F-.2, $(*,
3-')+"#-#, 012*,'.$(.-$-#L,!"T*6*.G, $(-#, &."Q4*2, -#, -+(*.*+$, $", $(*,3-')+"#$-/,
$*#$-+),"F,012*,-+,)*+*.'4,'#,'4#",/84$8.-+),"F,0&'4,.6$#.2%./,#&*/-*#,'+3,DJH,"+,
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T(-4*, T*, F-+3, ', #$'Q-4*, "F, 3*/.*'#-+), '2"8+$, "F, 0[, &.*#*+$-+), $",
.(*82'$"4")-#$#,"6*.,$(*,1*'.#,AA>%AOPL,I(*,(-)(*.,#*."&.*6'4*+/*,-+,$(*,'Q#*+/*,
"F,0[, -+, $(*, #*/"+3, /"(".$, /'+,Q*,38*, $",2".*,"43 0&'4,.6$#.2%./, -+F*/$-"+#L,
D"##-Q41G, )."T-+), 'T'.*+*##, "F, 012*, 3-#*'#*, .*#84$*3, -+, 2".*, F.*k8*+$,
'+$-Q-"$-/,$.*'$2*+$,-+,/'#*,"F,$-/S,Q-$*#,".,.*&".$*3,#S-+,'Q+".2'4-$-*#L,
Z"., $(*,5*$(*.4'+3#G, +",*h'/$, 3'$',"+, #*."&.*6'4*+/*,'2"+), $(*,&"&84'$-"+,
'.*, S+"T+L, I(*, J7E, )8-3*4-+*#, .*F*., $", 3'$', F."2, &*.#"+'4, /"228+-/'$-"+,
-+3-/'$-+),$('$,#*."&.*6'4*+/*,6'.-*#,Q*$T**+,?,'+3,>mG,Q8$,#*."&.*6'4*+/*,-#,
(-)(41, -+F48*+/*3,Q1,)*").'&(-/,'.*','+3,&"&84'$-"+,"F, -+$*.*#$L,Z".,*h'2&4*G,
'2"+),R8$/(,F".*#$*.#,#*."&.*6'4*+/*,T'#,'#,(-)(,'#,OPm,BOOL,9+,"8.,&"&84'$-"+,
$(*,#*."&.*6'4*+/*,T'#,OLP%?LCmL,
Z.*k8*+/1, "F, 0[, T'#, 4"T, -+, "8., /"(".$#L, [#, 012*, '.$(.-$-#, -#, /"+#-3*.*3, ',
2'+-F*#$'$-"+,"F,4'$*G,3-##*2-+'$*3,012*,3-#*'#*,#*+#-$-6-$1,"F,',#*."4")-/,$*#$,
'&&."'/(*#, APPmL, 7'#*3, "+, $(*, 4"T, F.*k8*+/1, "F, 012*, '.$(.-$-#G, +*)'$-6*,
&.*3-/$-6*, 6'48*, ^5D_`, -#, /"+#-#$*+$41, (-)(G, Q8$, DD_, "+41, /"+$.-Q8$*#,
#-)+-F-/'+$41, F"., &'$-*+$#, T-$(, (-)(, /4-+-/'4, #8#&-/-"+, "F, 012*, 3-#*'#*L, W"#$,
&'$-*+$#,-+,T("2,012*,'.$(.-$-#,T'#,/"+F-.2*3,3-3,+"$,.*2*2Q*.,'+1,$-/S,Q-$*,
+".,',#S-+,4*#-"+G,2'S-+),$(*#*,/('.'/$*.-#$-/#,4*##,8#*F84,F".,3*$*.2-+'$-"+,"F,',
&.-".-, /('+/*, "F, 012*, 3-#*'#*L, I(*, /4'##-/'4, /4-+-/'4, 2'+-F*#$'$-"+, "F, 0[,
/"2&.-#*# 2"+"%,".,"4-)"%'.$.-$-#,"F,$(*,4'.)*, M"-+$#G,2"#$,"F$*+,$(*,S+**G,Q8$,
'4#",*4Q"T#G,'+S4*#,'+3,(-&#,/'+,Q*,'FF*/$*3,'+3,&"41'.$(.-$-#,-#,3*#/.-Q*3,-+,8&,
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'.)82*+$#, F"., '$1&-/'4, &'$$*.+#, "F, 012*, '.$(.-$-#L, E+41, "+*, &'$-*+$, -+, $(*,
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'+3, $(*, #*/"+3, /"(".$, ^OPPB%OPP>g, PLC%ALAm`L, 9$, -#, #$.-S-+), $("8)(, $('$, $(*,
-+/-3*+/*,"F,07, -+, \8."&*, #**2#, $",Q*,).'38'441, -+/.*'#-+), $(*, 4'#$, 3*/'3*#G,
T(-4*, T*, F-+3, ', #$'Q-4*, "F, 3*/.*'#-+), '2"8+$, "F, 0[, &.*#*+$-+), $",
.(*82'$"4")-#$#,"6*.,$(*,1*'.#,AA>%AOPL,I(*,(-)(*.,#*."&.*6'4*+/*,-+,$(*,'Q#*+/*,
"F,0[, -+, $(*, #*/"+3, /"(".$, /'+,Q*,38*, $",2".*,"43 0&'4,.6$#.2%./, -+F*/$-"+#L,
D"##-Q41G, )."T-+), 'T'.*+*##, "F, 012*, 3-#*'#*, .*#84$*3, -+, 2".*, F.*k8*+$,
'+$-Q-"$-/,$.*'$2*+$,-+,/'#*,"F,$-/S,Q-$*#,".,.*&".$*3,#S-+,'Q+".2'4-$-*#L,
Z"., $(*,5*$(*.4'+3#G, +",*h'/$, 3'$',"+, #*."&.*6'4*+/*,'2"+), $(*,&"&84'$-"+,
'.*, S+"T+L, I(*, J7E, )8-3*4-+*#, .*F*., $", 3'$', F."2, &*.#"+'4, /"228+-/'$-"+,
-+3-/'$-+),$('$,#*."&.*6'4*+/*,6'.-*#,Q*$T**+,?,'+3,>mG,Q8$,#*."&.*6'4*+/*,-#,
(-)(41, -+F48*+/*3,Q1,)*").'&(-/,'.*','+3,&"&84'$-"+,"F, -+$*.*#$L,Z".,*h'2&4*G,
'2"+),R8$/(,F".*#$*.#,#*."&.*6'4*+/*,T'#,'#,(-)(,'#,OPm,BOOL,9+,"8.,&"&84'$-"+,
$(*,#*."&.*6'4*+/*,T'#,OLP%?LCmL,
Z.*k8*+/1, "F, 0[, T'#, 4"T, -+, "8., /"(".$#L, [#, 012*, '.$(.-$-#, -#, /"+#-3*.*3, ',
2'+-F*#$'$-"+,"F,4'$*G,3-##*2-+'$*3,012*,3-#*'#*,#*+#-$-6-$1,"F,',#*."4")-/,$*#$,
'&&."'/(*#, APPmL, 7'#*3, "+, $(*, 4"T, F.*k8*+/1, "F, 012*, '.$(.-$-#G, +*)'$-6*,
&.*3-/$-6*, 6'48*, ^5D_`, -#, /"+#-#$*+$41, (-)(G, Q8$, DD_, "+41, /"+$.-Q8$*#,
#-)+-F-/'+$41, F"., &'$-*+$#, T-$(, (-)(, /4-+-/'4, #8#&-/-"+, "F, 012*, 3-#*'#*L, W"#$,
&'$-*+$#,-+,T("2,012*,'.$(.-$-#,T'#,/"+F-.2*3,3-3,+"$,.*2*2Q*.,'+1,$-/S,Q-$*,
+".,',#S-+,4*#-"+G,2'S-+),$(*#*,/('.'/$*.-#$-/#,4*##,8#*F84,F".,3*$*.2-+'$-"+,"F,',
&.-".-, /('+/*, "F, 012*, 3-#*'#*L, I(*, /4'##-/'4, /4-+-/'4, 2'+-F*#$'$-"+, "F, 0[,
/"2&.-#*# 2"+"%,".,"4-)"%'.$.-$-#,"F,$(*,4'.)*, M"-+$#G,2"#$,"F$*+,$(*,S+**G,Q8$,
'4#",*4Q"T#G,'+S4*#,'+3,(-&#,/'+,Q*,'FF*/$*3,'+3,&"41'.$(.-$-#,-#,3*#/.-Q*3,-+,8&,

_'48*,"F,0&'4,.6$#.2%./,#*."4")1,-+,'.$(.-$-#,&'$-*+$#
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$"AP,m,"F,/'#*#,"F,.*/*+$%"+#*$,'.$(.-$-#,C@<L,:*4*/$-+),&'$-*+$#,T-$(,"4-)"'.$(.-$-#,
-+/483-+), ', S+**, .*#84$*3, -+, OO@, &'$-*+$#, "8$, "F, AA>PG, -+/483-+), >, "8$, "F, <,
3*F-+-$*,0[,/'#*#L,I(*,"+*,/'#*,2-##*3,Q1, $(-#, #*4*/$-"+,T'#, $(*,&'$-*+$,T(",
T'#,'33-$-"+'441,3-')+"#*3,T-$(,H[,'+3,&.*#*+$*3,T-$(,&"41'.$(.-$-#L,EF,+sOO@,
&'$-*+$#G,+sAO,('3,&"#-$-6* 0&'4,.6$#.2%./ #*."4")1,2'S-+),'+$-Q-"$-/,$.*'$2*+$,
',T".$(T(-4*, /"+#-3*.'$-"+, F"., (*, Q*+*F-$, "F $(*#*, &'$-*+$#L, 7'#*3, "+, $(*#*,
3'$',#*."4")-/,$*#$-+),F".,012*,3-#*'#*,#("843,'4T'1#,Q*,/"+#-3*.*3,-+,&'$-*+$#,
T-$(, "4-)"'.$(.-$-#, -+/483-+), ', S+**G, *6*+, -+, $(*, 'Q#*+/*, "F, ', $-/S, Q-$*, ".,
*.1$(*2',2-).'+#L,
9+,/"+/48#-"+G,"8.,3'$',#("T,$('$,'2"+)#$,&'$-*+$#,&.*#*+$-+),T-$(,*'.41%"+#*$
'.$(.-$-#, 0[, -#, 3-')+"#*3, -+, PL>mL, Y-6*+, $(*, 6*.1, 4"T, &.*6'4*+/*, "F, 0[G,
&.*#*4*/$-"+, "F, &'$-*+$#, T-$(, ', #8#&*/$, /4-+-/'4, &.*#*+$'$-"+, -#, +*/*##'.1, $",
-+/.*'#*,$(*,&"#-$-6*,&.*3-/$-6*,6'48*,$",'//*&$'Q4*,4*6*4#L,

='H8"a1&>2&#&8$(
a*,T"843,4-S*,$",$('+S,!*+3.-S%K'+,Y*..-$#*+,F".,$*/(+-/'4,'##-#$'+/*,'+3,K"Vo,
]."4,F".,(*.,'##-#$*+/*,T-$(,$(*,\[J,3'$'Q'#*L,





)*+,$&!-N-
?":"$"' -*,$/"' *1' 203"' #",$*4*$$"&(*/(/' (#' %#' .@N-;'
6*/()(:"' 6%)("#)O' -%/"' $"6*$)' %#+' $":("M' *1' )7"'
&()"$%),$"

5'$('4-*,RL,6'+,78.)*4A

W'1S*,E"#$*.4""O

Z.'+S,DL,].""+B

[4M*,DL,6'+,R'2?

<D.(^"B#$%E(FGHG(^$Q(MGJHGKHHU

A,R*&'.$2*+$,"F,W*3-/'4,W-/."Q-"4")1G,0*-3*+,U+-6*.#-$1,W*3-/'4,J*+$*.G,0*-3*+G,$(*,5*$(*.4'+3#L
O,R*&'.$2*+$,"F,5*8."4")1G,0*-3*+,U+-6*.#-$1,W*3-/'4,J*+$*.G,0*-3*+G,$(*,5*$(*.4'+3#

B,R*&'.$2*+$,"F,9+F*/$-"8#,R-#*'#*#G,0*-3*+,U+-6*.#-$1,W*3-/'4,J*+$*.G,0*-3*+G,$(*,5*$(*.4'+3#
?,R*&'.$2*+$,"F,J4-+-/'4,W-/."Q-"4")1G,E+V*,0-*6*,_."8T*,Y'#$(8-#G,[2#$*.3'2G,$(*,5*$(*.4'+3#
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012*,5*8."Q"..*4-"#-#,^057`,-+,',(82'+,-228+"3*F-/-*+/1,6-.8#,^!9_`,&"#-$-6*,
&'$-*+$,-#,',.'.*,/"%-+F*/$-"+,'+3,('#,"+41,Q**+,.*&".$*3,F"8.,$-2*#,-+,4-$*.'$8.*L,,
5", /'#*, "F, '+, !9_, &'$-*+$, T-$(, ', 2*+-+)"*+/*&('4-$-#, 38*, $", 057, -+,
/"2Q-+'$-"+,T-$(,!9_,('#,Q**+,3*#/.-Q*3,$",3'$*L
[,CA,1*'.,"43,T"2'+,&.*6-"8#41,3-')+"#*3,T-$(,!9_,&.*#*+$*3,T-$(,'+,'$1&-/'4,
'+3, #*6*.*, 057L, R-')+"#-#, T'#, 2'3*, *6-3*+$, Q1, #*6*.'4, 2-/."Q-"4")-/'4,
$*/(+-k8*#L, , 7-"/(*2-/'4, '+3,2-/."Q-"4")-/'4, .*/"6*.1, 38.-+), $.*'$2*+$, T'#,
.'&-3G,("T*6*.,'F$*.,$.*'$2*+$,$(*,&'$-*+$,#8FF*.*3,F."2,#*6*.*,'+3,&*.#-#$*+$,
#*k8*4'*L,
[, /4-+-/-'+, #("843, /"+#-3*., 057,T(*+, Q*-+), /"+F."+$*3, T-$(, '+, !9_, &'$-*+$,
T-$(,F"/'4,*+/*&('4-$-#G,T-$("8$,'+1,(-#$".1,"F,012*,3-#*'#*,".,$-/S,Q-$*#G,-+,'+,
*+3*2-/,'.*'L,H'&-3,3-')+"#-#,'+3,$.*'$2*+$,-#,+*/*##'.1,-+,".3*.,$",2-+-2-V*,
#*6*.*,#*k8*4'*L,
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012*,5*8."Q"..*4-"#-#,^057`,-+,',(82'+,-228+"3*F-/-*+/1,6-.8#,^!9_`,&"#-$-6*,
&'$-*+$,-#,',.'.*,/"%-+F*/$-"+,'+3,('#,"+41,Q**+,.*&".$*3,F"8.,$-2*#,-+,4-$*.'$8.*L,,
5", /'#*, "F, '+, !9_, &'$-*+$, T-$(, ', 2*+-+)"*+/*&('4-$-#, 38*, $", 057, -+,
/"2Q-+'$-"+,T-$(,!9_,('#,Q**+,3*#/.-Q*3,$",3'$*L
[,CA,1*'.,"43,T"2'+,&.*6-"8#41,3-')+"#*3,T-$(,!9_,&.*#*+$*3,T-$(,'+,'$1&-/'4,
'+3, #*6*.*, 057L, R-')+"#-#, T'#, 2'3*, *6-3*+$, Q1, #*6*.'4, 2-/."Q-"4")-/'4,
$*/(+-k8*#L, , 7-"/(*2-/'4, '+3,2-/."Q-"4")-/'4, .*/"6*.1, 38.-+), $.*'$2*+$, T'#,
.'&-3G,("T*6*.,'F$*.,$.*'$2*+$,$(*,&'$-*+$,#8FF*.*3,F."2,#*6*.*,'+3,&*.#-#$*+$,
#*k8*4'*L,
[, /4-+-/-'+, #("843, /"+#-3*., 057,T(*+, Q*-+), /"+F."+$*3, T-$(, '+, !9_, &'$-*+$,
T-$(,F"/'4,*+/*&('4-$-#G,T-$("8$,'+1,(-#$".1,"F,012*,3-#*'#*,".,$-/S,Q-$*#G,-+,'+,
*+3*2-/,'.*'L,H'&-3,3-')+"#-#,'+3,$.*'$2*+$,-#,+*/*##'.1,-+,".3*.,$",2-+-2-V*,
#*6*.*,#*k8*4'*L,

5*8."Q"..*4-"#-#,-+,!9_%-+F*/$*3,&'$-*+$#

AAC

98$!">:'$%"8

012*,5*8."Q"..*4-"#-#,^057`,-+,',(82'+,-228+"3*F-/-*+/1,6-.8#,^!9_`,&"#-$-6*,
&'$-*+$, -#,', .'.*,/"%-+F*/$-"+,'+3,('#,"+41,Q**+, .*&".$*3, F"8., $-2*#, C=B%C=@L, [44,
&8Q4-#(*3, /'#*#, '.*, *'.41, &.*#*+$'$-"+#, "F, 012*, 3-#*'#*, '+3, +", .*&".$, "F, ',
2*+-+)"*+/*&('4-$-#,38*,$" B&'burgdorferi, -+,'+,!9_,&'$-*+$,('#,Q**+,2'3*,$",
3'$*L,a*,&.*#*+$,',/'#*,"F,'+,!9_,&"#-$-6*,&'$-*+$,$('$,&.*#*+$*3,T-$(,',#*6*.*,
057G,T-$("8$,'+1,&.*6-"8#,#-)+,"F,012*,3-#*'#*L,

.)2"(6#"2"-+)+7$-
[, CA%1*'.%"43, T"2'+G, 3-')+"#*3, T-$(, !9_, AP, 1*'.#, Q*F".*G, &.*#*+$*3, *'.41,
#&.-+), OPP@, '$, $(*, "8$&'$-*+$, /4-+-/, -+, $(*,T*#$,"F, $(*,5*$(*.4'+3#L, :(*, ('3,
+"$-/*3,'+,'4$*.*3,)'-$,$('$,T'#,&.").*##-6*,#-+/*,$(.**,2"+$(#L,:$.*+)$(,'+3,
#*+#-Q-4-$1,T*.*,8+'4$*.*3G,Q8$,$(*.*,T'#,&'.*#$(*#-',-+,Q"$(,4*)#L,:(*,'4#",('3,
&."Q4*2#, 8+Q8$$"+-+), /4"$(-+),T-$(, Q"$(, ('+3#L, I(*.*,T'#, +", /"2&4'-+$, "F,
(*'3'/(*G, &("$"&("Q-', "., 6-#8'4, /('+)*#L, I(*, 2*3-/'4, (-#$".1, #("T*3, '+,
'+h-*$1,3-#".3*.G,(1&*.$*+#-"+,'+3,)4'8/"2'L,[$,&.*#*+$'$-"+G,$(*,&'$-*+$,('3,
Q**+, 8#-+), ![[HI, F"., #-h, 1*'.#, ^V-3"683-+*G, 4'2-683-+*, '+3, +*6-.'&-+*`, -+,
/"2Q-+'$-"+, T-$(, '+$-(1&*.$*+#-6*, 2*3-/'$-"+, '+3, ', #*4*/$-6*, #*."$"+-+,
.*8&$'S*, -+(-Q-$".L,I(*.*,T'#,+", -+3-/'$-"+,F".,'+$-Q-"$-/,&."&(14'h-#L,:(*,('3,
+",(-#$".1,"F,$-/S,Q-$*#G,.'#(G,*.1$(*2',2-).'+#,".,"$(*.,#-)+#,"F,*'.41,".,4'$*%
#$')*, 012*, Q"..*4-"#-#L, !"T*6*.G, #(*, F.*k8*+$41,T".S*3, -+, (*., )'.3*+, -+, '+,
'.*', T(*.*, 0&' burgdorferi, -#, *+3*2-/L, 5*8."4")-/'4, *h'2-+'$-"+, .*6*'4*3, ',
Q-&1.'2-3'4,T'4S-+),&'$$*.+G,'+,-+$*+$-"+,$.*2".,"F,$(*,&"#$8.*,'+3,$(*,('+3#G,
Q-4'$*.'4,(1&*..*F4*h-',-+,(*.,4*)#,'+3,'.2#G,',&"#-$-6*,!"FF2'+%I.i2+*.,'+3,',
Q-4'$*.'4,7'Q-+#S-L,I(*.*,T*.*,+",2*+-+)*'4,#-)+#,'+3,'44,/.'+-'4,+*.6*,F8+/$-"+,
T'#, -+$'/$L, HH,T'#, A<PlAAB, '+3, $*2&*.'$8.*,T'#, +".2'4L, H"8$-+*, 4'Q".'$".1,
$*#$#, #("T*3, +", #-)+#, "F, -+F*/$-"+g, Q4""3, 4*8S"/1$*#, 4*6*4, T'#, CG<�AP<l4L,
D4'#2',!9_,H5[,4"'3,T'#,8+3*$*/$'Q4*G,JR?|,I,412&("/1$*,/"8+$,T'#,CPAl{4L,[,
482Q'., &8+/$8.*, T'#, &*.F".2*3g, $(*, "&*+-+), &.*##8.*, T'#, O>/2, !OEL, I(*,
/*.*Q."#&-+'4, F48-3, ^J:Z`, #("T*3,', 4*8/"/1$"#-#, "F,OPAl{4G, =Pm, I%412&("/1$*#G,
@m, 5]%/*44#G, '+3, @m, 7%412&("/1$*#G, )48/"#*, O, 22"4l4, ^#*.82, )48/"#*, @GO,
22"4l4`G, &."$*-+, AGO@)l0L, 71, -#"*4*/$.-/, F"/8#-+),"4-)"/4"+'4, 9)Y,T'#, 3*$*/$*3,
-+$.'$(*/'441G, Q8$, $(*.*, T'#, +", *6-3*+/*, "F, ', 2"+"/4"+'4, 7%/*44, &"&84'$-"+L,
J1$"4")1,'+3,-228+"&(*+"$1&-+),"F,$(*,-+$.'$(*/'4,4*8S"/1$*#,T*.*,+*)'$-6*,
F".,(*2'$"4")-/'4,2'4-)+'+/-*#L,
[+,WH9,"F, $(*, #&-+*, '#,T*44, '#, Q.'-+,T'#, &*.F".2*3L, 5", 'Q+".2'4-$-*#,T*.*,
3*$*/$*3, -+,$(*,#&-+*G,Q8$, -+,$(*,2-34-+*,"F,$(*,&"+$-+*,.*)-"+,',(1&*.-+$*+#*,



J('&$*.,=

AA@

#-)+'4, T'#, #**+, "+, RU[0, '+3, Z0[9H, 6-*T, ^Z-)8.*, A%O`L, I(-#, 4*#-"+, 3-3, +"$,
*+('+/*,8+3*.,)'3"4-+-82L,

Z-)8.*,A;,RU[0,I:\,'$,&.*#*+$'$-"+,T-$(,',3-FF8#*,4*#-"+,4"/'$*3,/*+$.'441,-+,$(*,&"+#

Z-)8.*,O;,Z0[9H,'$,&.*#*+$'$-"+,T-$(,',3-FF8#*,4*#-"+,4"/'$*3,/*+$.'441,-+,$(*,&"+#,

J:Z,T'#,*h'2-+*3,'+3, F"8+3,DJH,+*)'$-6*, F".,!9_,H5[G, +*8."$."&-/, 6-.8#*#,
^J1$"2*)'4"6-.8#G,\&#$*-+,7'..G,_'.-/*44',V"#$*.,6-.8#G,!*.&*#,#-2&4*h,6-.8#G,'+3,
KJ,6-.8#`G,$8Q*./84"#-#G,$"h"&4'#2"#-#G,7'.$"+*44','+3,Treponema pallidumL,J:Z,
'+3, #*.82, #*."4")1, T'#, +*)'$-6*, F"., E&' pallidum '+3, /.1&$"/"//'4, '+$-)*+#&
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AA@

#-)+'4, T'#, #**+, "+, RU[0, '+3, Z0[9H, 6-*T, ^Z-)8.*, A%O`L, I(-#, 4*#-"+, 3-3, +"$,
*+('+/*,8+3*.,)'3"4-+-82L,

Z-)8.*,A;,RU[0,I:\,'$,&.*#*+$'$-"+,T-$(,',3-FF8#*,4*#-"+,4"/'$*3,/*+$.'441,-+,$(*,&"+#

Z-)8.*,O;,Z0[9H,'$,&.*#*+$'$-"+,T-$(,',3-FF8#*,4*#-"+,4"/'$*3,/*+$.'441,-+,$(*,&"+#,

J:Z,T'#,*h'2-+*3,'+3, F"8+3,DJH,+*)'$-6*, F".,!9_,H5[G, +*8."$."&-/, 6-.8#*#,
^J1$"2*)'4"6-.8#G,\&#$*-+,7'..G,_'.-/*44',V"#$*.,6-.8#G,!*.&*#,#-2&4*h,6-.8#G,'+3,
KJ,6-.8#`G,$8Q*./84"#-#G,$"h"&4'#2"#-#G,7'.$"+*44','+3,Treponema pallidumL,J:Z,
'+3, #*.82, #*."4")1, T'#, +*)'$-6*, F"., E&' pallidum '+3, /.1&$"/"//'4, '+$-)*+#&

5*8."Q"..*4-"#-#,-+,!9_%-+F*/$*3,&'$-*+$#

AA=

:*."4")1,F".,7'.$"+*44'G,7'Q*#-'G,[+'&4'#2','+3,\(.4-/(-',#("T*3,+",-+3-/'$-"+,
"F, '+, '/$-6*, -+F*/$-"+L, J84$8.*, T'#, +*)'$-6*, F"., /.1&$"/"//"#-#G, $8Q*./84"#-#,
'+3, "$(*., /"22"+, Q'/$*.-'L, H*#84$#, F"., 012*, 3-#*'#*, #("T*3, #&*/-F-/,
-+$.'$(*/'4, 9)Y,'+$-Q"3-*#,')'-+#$,0&'4,.6$#.2%./' -+,\09:[G,+",'33-$-"+'4,Q'+3#,
"+,Q4"$,T*.*,#**+, -+,J:Z,/"2&'.*3,$",#*.82L,I(*, -+$.'$(*/'4,'+$-Q"31, -+3*h,
^[9`, T'#, &"#-$-6*, ^[9, A<g, /8$, "FF, PLB`G, -+3-/'$-+), ', #&*/-F-/, &."38/$-"+, "F,
'+$-Q"3-*#, $", Borrelia, -+, $(*, J:Z, ^9R\9[G, Eh-"3G, U]`L, [4#", .*'4%$-2*, DJH, F".,
0#..%-/*' burgdorferi, E#&[, /"+38/$*3, "+, $(*, J:Z, T'#, &"#-$-6*, OC<G, C=?L, :*.82,
'+$-Q"3-*#, ')'-+#$, Borrelia, T*.*, 3*$*/$*3, T-$(, $(*, d8-/S\09:[, 7"..*4-', J@,
'##'1, ^012*, -+3*h, rAP`, ^9228+*$-/#G, 7"#$"+G, U:[`G, '+3, $(*-., &.*#*+/*, T'#,
/"+F-.2*3,Q1, ', &"#-$-6*, Q'+3, F"., &APPl>BG, _4#\G, &?A^-`G, &B<, '+3, RQ&[,"+, $(*,
H*/"274"$,7"..*4-',9)Y,'##'1,,^W-S.")*+G,W'.$-+#.*-3G,Y*.2'+1`L,[,#*.82,F."2,
$(.**,1*'.#,&.*/*3-+),$(-#,/4-+-/'4,&.*#*+$'$-"+,$*#$*3,/"2&4*$*41,+*)'$-6*,F".,
'+$-Q"3-*#,')'-+#$,0&'4,.6$#.2%./L,
I(*, 3-')+"#-#, "F, ', 012*, 2*+-+)"*+/*&('4-$-#, T'#, 2'3*L, I(*, &'$-*+$, T'#,
$.*'$*3, -+$.'6*+"8#41, T-$(, /*F$.-'h"+*, O, )l3'1, F"., A, 2"+$(, '//".3-+), $", $(*,
\UJ[07, )8-3*4-+*L, R8.-+), $(*, F-.#$, T**S, "F, $.*'$2*+$, (*., /4-+-/'4, /"+3-$-"+,
T".#*+*3L,:(*,T'#,+", 4"+)*., 'Q4*, $",T'4S, -+3*&*+3*+$41, '+3,T'#, F"./*3, $",
8#*, ', T(**4/('-.L, I(*, /*.*Q.'4, WH9, ("T*6*., #("T*3, 3*/4-+*, "F, $(*,
(1&*.-+$*+#*, .*)-"+, '$, $(*,*+3,"F, -+$.'6*+"8#, $.*'$2*+$L,[+,WH9,&*.F".2*3,
"+*,2"+$(,4'$*.,#("T*3,+",'Q+".2'4-$-*#,'$,'44,^Z-)8.*,B`L

Z-)8.*,B;,Z0[9H,#*6*.'4,2"+$(#,'F$*.,$.*'$2*+$G,$(*,4*#-"+,/"2&4*$*41,.*#"46*3L

,9+, '33-$-"+G, &"#$, $.*'$2*+$, J:Z, #("T*3, ', .*38/$-"+, -+,&4*"/1$"#-#, ^=l{4`G, '+,
'Q#*+/*,"F,-+$.'$(*/'4,#&*/-F-/,'+$-Q"3-*#,')'-+#$,7"..*4-','+3,$(*,.*'4%$-2*,DJH,
F".,OspA,"+,$(*,J:Z,T'#,+*)'$-6*L,[F$*.,',1*'.,"F,.*)84'.,/(*/S,8&,$(*,&'$-*+$#j,



J('&$*.,=

AA>

&(1#-/'4, *h'2-+'$-"+, #("T*3, &'.'&'.*#-#, "F, $(*, .-)($, 2L, -4-"&#"'#, ).'3*, ?G,
.-)($, ('2#$.-+)#, ).'3*, BG, .-)($, F""$4-F$*.#, 3*).**, ?, '+3,(1&*..*F4*h-',"F, Q"$(,
4*)#,T-$(,7'Q-+#S-,#-)+#L,I(*,Q-&1.'2-3'4,T'4S-+),&'$$*.+,T'#,#$-44,&.*#*+$L,I(*,
&'$-*+$, T'#, 'Q4*, $", #$'+3, '4"+*, '+3, T'4S, T-$(, ', /'+*L, 5", F8.$(*., /4-+-/'4,
-2&."6*2*+$,T'#,3*$*/$*3,'$,.*)84'.,/(*/S,8&,F".,F"8.,1*'.#L

E%(':((%"8-+8>-'"8'1:(%"8(

a*,3*#/.-Q*,',/'#*,"F,',&'$-*+$,T-$(,'+,!9_,-+F*/$-"+,'+3,#*6*.*,+*8."4")1,'+3,
WH9, 4*#-"+#, 38*, $", ', 0&' burgdorferi, /*+$.'4, +*.6"8#, #1#$*2, ^J5:`, -+F*/$-"+L,
[F$*., $.*'$2*+$, T-$(, /*F$.-'h"+*, $(*, 4'Q".'$".1, &'.'2*$*.#, "F, -+F*/$-"+,
3-#'&&*'.*3, '4"+), T-$(, $(*, 'Q+".2'4-$-*#, "+, WH9G, ("T*6*., $(*, &'$-*+$,
&*.#-#$*+$41,#8FF*.*3,F."2,#*6*.*,6*.-F-'Q4*,#*k8*4'*L
R-')+"#-+),012*,3-#*'#*,8#-+),#*."4")1,-+,&'$-*+$#,T-$(,!9_,-#,/"2&4-/'$*3,38*,
$", .*38/*3,&"#-$-6*,&.*3-/$-6*,6'48*,"F,#*."4")1, -+,!9_,&'$-*+$#, C==L,[4#"G,F'4#*,
&"#-$-6*,#*."4")-/,F-+3-+)#,'.*,3*#/.-Q*3,-+,&'$-*+$#,T-$(,+*8."4")-/'4,-+F*/$-"+#,
T-$(,"$(*.,#&-."/(*$*#,#8/(,'#,E.%+#1%7*'+*--/$,7 C=>L,D.*#*+$,&'$-*+$#j,/4-+-/'4,
&.*#*+$'$-"+, T'#, /"2&'$-Q4*, T-$(, ', 4"/'4-V*3, /*.*Q.'4, -+F*/$-"+, T-$(, 0&'
burgdorferiG, /"+F-.2*3, Q1, $(*, &"#-$-6*, #*."4")1G, -+$.'$(*/'4, #&*/-F-/, '+$-%
0#..%-/*, '+$-Q"31, &."38/$-"+, '+3, ', &"#-$-6*, .*'4%$-2*, DJH, F"., 0&' burgdorferi
OspA,"+,$(*,J:ZL,I(*,#*+#-$-6-$1,"F,$(*,OspA,.*'4%$-2*,DJH,"+,J:Z,-#,"+41,'Q"8$,
CPm, Q8$, $(*, #&*/-F-/-$1, -#, 6*.1, (-)(, r<<m, OC<L, 9+, !9_, &"#-$-6*, &'$-*+$#, T(*.*,
3-')+"#-#, "F, 057, Q1, '+, -+3-.*/$, 2*$("3, #8/(, '#, #*."4")1, -#, '4.*'31,
/"2&."2-#*3G, ', 2*$("3, T(*.*, $(*, 2-/."".)'+-#2, -#, 3*$*/$*3, 3-.*/$41, -#, "F,
).*'$,6'48*L

0-$$4*, -#, S+"T+,'Q"8$, $(*,/"8.#*,"F,057, -+,!9_,&'$-*+$#L,[+-2'4,2"3*4#, ('6*,
#("T+, $('$, JR?, |, I%/*44#, F'/-4-$'$*, /4*'.'+/*, "F, 0&' burgdorferi A><L, 9+, .*/*+$,
#$83-*#,$(*,-2&".$'+/*,"F,JfJ0AB,-+,7%/*44,.*/.8-$2*+$,-+,&'$-*+$#,T-$(,057,('#,
Q**+,#8))*#$*3,B>OL,9+,!9_,-+F*/$-"+,$(*,4*6*4#,"F,JfJ0AB,-+,#*.82,'.*,*4*6'$*3,
'+3, $(*, .*/*&$"., JfJHC, "+, 7%/*44#, -#, 3"T+, .*)84'$*3, /'8#-+), -2&'-.*3,
$.'FF-/S-+), "F, 7%/*44#, B>?L, 9+'3*k8'$*, (82".'4, .*#&"+#*, /"843, 4*'3, $",
'//*4*.'$*3,&.").*##-"+,"F,057L,9+,'+-2'4,*h&*.-2*+$#,-228+"3*F-/-*+/1,4*'3#,
$", (-)(*., #&-."/(*$*, Q8.3*+#, '+3, (-)(*., -+F*/$-6-$1, "F, 0&' 4,.6$#.2%./' C?=L, 9+,
/"+$.'#$G, .*&".$#, F."2,', #$831,T(*.*, 012*,Q"..*4-"#-#, &'$-*+$#,T*.*, $.*'$*3,
T-$(, -228+"#8&&.*##-6*, ')*+$#G, +", #-)+-F-/'+$, *FF*/$, "+, /4-+-/'4, /"8.#*, '+3,
.*#&"+#*,$",$.*'$2*+$,T'#,"Q#*.6*3,A<BL,E&'+*--/$,7,-#,',#&-."/(*$*,'+3,2".*,-#,
S+"T+, 'Q"8$, 3-#*'#*, /"8.#*, -+, #1&(-4-#, !9_, /"%-+F*/$-"+L, R-#*'#*, /"8.#*, -#,
'4$*.*3, -+, E&' +*--/$,7, '+3, !9_, /"%-+F*/$-"+#g, $(*.*, -#, ', (-)(*., .'$*, "F,
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AA>

&(1#-/'4, *h'2-+'$-"+, #("T*3, &'.'&'.*#-#, "F, $(*, .-)($, 2L, -4-"&#"'#, ).'3*, ?G,
.-)($, ('2#$.-+)#, ).'3*, BG, .-)($, F""$4-F$*.#, 3*).**, ?, '+3,(1&*..*F4*h-',"F, Q"$(,
4*)#,T-$(,7'Q-+#S-,#-)+#L,I(*,Q-&1.'2-3'4,T'4S-+),&'$$*.+,T'#,#$-44,&.*#*+$L,I(*,
&'$-*+$, T'#, 'Q4*, $", #$'+3, '4"+*, '+3, T'4S, T-$(, ', /'+*L, 5", F8.$(*., /4-+-/'4,
-2&."6*2*+$,T'#,3*$*/$*3,'$,.*)84'.,/(*/S,8&,F".,F"8.,1*'.#L

E%(':((%"8-+8>-'"8'1:(%"8(

a*,3*#/.-Q*,',/'#*,"F,',&'$-*+$,T-$(,'+,!9_,-+F*/$-"+,'+3,#*6*.*,+*8."4")1,'+3,
WH9, 4*#-"+#, 38*, $", ', 0&' burgdorferi, /*+$.'4, +*.6"8#, #1#$*2, ^J5:`, -+F*/$-"+L,
[F$*., $.*'$2*+$, T-$(, /*F$.-'h"+*, $(*, 4'Q".'$".1, &'.'2*$*.#, "F, -+F*/$-"+,
3-#'&&*'.*3, '4"+), T-$(, $(*, 'Q+".2'4-$-*#, "+, WH9G, ("T*6*., $(*, &'$-*+$,
&*.#-#$*+$41,#8FF*.*3,F."2,#*6*.*,6*.-F-'Q4*,#*k8*4'*L
R-')+"#-+),012*,3-#*'#*,8#-+),#*."4")1,-+,&'$-*+$#,T-$(,!9_,-#,/"2&4-/'$*3,38*,
$", .*38/*3,&"#-$-6*,&.*3-/$-6*,6'48*,"F,#*."4")1, -+,!9_,&'$-*+$#, C==L,[4#"G,F'4#*,
&"#-$-6*,#*."4")-/,F-+3-+)#,'.*,3*#/.-Q*3,-+,&'$-*+$#,T-$(,+*8."4")-/'4,-+F*/$-"+#,
T-$(,"$(*.,#&-."/(*$*#,#8/(,'#,E.%+#1%7*'+*--/$,7 C=>L,D.*#*+$,&'$-*+$#j,/4-+-/'4,
&.*#*+$'$-"+, T'#, /"2&'$-Q4*, T-$(, ', 4"/'4-V*3, /*.*Q.'4, -+F*/$-"+, T-$(, 0&'
burgdorferiG, /"+F-.2*3, Q1, $(*, &"#-$-6*, #*."4")1G, -+$.'$(*/'4, #&*/-F-/, '+$-%
0#..%-/*, '+$-Q"31, &."38/$-"+, '+3, ', &"#-$-6*, .*'4%$-2*, DJH, F"., 0&' burgdorferi
OspA,"+,$(*,J:ZL,I(*,#*+#-$-6-$1,"F,$(*,OspA,.*'4%$-2*,DJH,"+,J:Z,-#,"+41,'Q"8$,
CPm, Q8$, $(*, #&*/-F-/-$1, -#, 6*.1, (-)(, r<<m, OC<L, 9+, !9_, &"#-$-6*, &'$-*+$#, T(*.*,
3-')+"#-#, "F, 057, Q1, '+, -+3-.*/$, 2*$("3, #8/(, '#, #*."4")1, -#, '4.*'31,
/"2&."2-#*3G, ', 2*$("3, T(*.*, $(*, 2-/."".)'+-#2, -#, 3*$*/$*3, 3-.*/$41, -#, "F,
).*'$,6'48*L

0-$$4*, -#, S+"T+,'Q"8$, $(*,/"8.#*,"F,057, -+,!9_,&'$-*+$#L,[+-2'4,2"3*4#, ('6*,
#("T+, $('$, JR?, |, I%/*44#, F'/-4-$'$*, /4*'.'+/*, "F, 0&' burgdorferi A><L, 9+, .*/*+$,
#$83-*#,$(*,-2&".$'+/*,"F,JfJ0AB,-+,7%/*44,.*/.8-$2*+$,-+,&'$-*+$#,T-$(,057,('#,
Q**+,#8))*#$*3,B>OL,9+,!9_,-+F*/$-"+,$(*,4*6*4#,"F,JfJ0AB,-+,#*.82,'.*,*4*6'$*3,
'+3, $(*, .*/*&$"., JfJHC, "+, 7%/*44#, -#, 3"T+, .*)84'$*3, /'8#-+), -2&'-.*3,
$.'FF-/S-+), "F, 7%/*44#, B>?L, 9+'3*k8'$*, (82".'4, .*#&"+#*, /"843, 4*'3, $",
'//*4*.'$*3,&.").*##-"+,"F,057L,9+,'+-2'4,*h&*.-2*+$#,-228+"3*F-/-*+/1,4*'3#,
$", (-)(*., #&-."/(*$*, Q8.3*+#, '+3, (-)(*., -+F*/$-6-$1, "F, 0&' 4,.6$#.2%./' C?=L, 9+,
/"+$.'#$G, .*&".$#, F."2,', #$831,T(*.*, 012*,Q"..*4-"#-#, &'$-*+$#,T*.*, $.*'$*3,
T-$(, -228+"#8&&.*##-6*, ')*+$#G, +", #-)+-F-/'+$, *FF*/$, "+, /4-+-/'4, /"8.#*, '+3,
.*#&"+#*,$",$.*'$2*+$,T'#,"Q#*.6*3,A<BL,E&'+*--/$,7,-#,',#&-."/(*$*,'+3,2".*,-#,
S+"T+, 'Q"8$, 3-#*'#*, /"8.#*, -+, #1&(-4-#, !9_, /"%-+F*/$-"+L, R-#*'#*, /"8.#*, -#,
'4$*.*3, -+, E&' +*--/$,7, '+3, !9_, /"%-+F*/$-"+#g, $(*.*, -#, ', (-)(*., .'$*, "F,

5*8."Q"..*4-"#-#,-+,!9_%-+F*/$*3,&'$-*+$#

AA<

'#12&$"2'$-/, -+F*/$-"+G, ', F'#$*., &.").*##-"+, $", #*/"+3'.1, 3-#*'#*, T(-/(, -#,
"F$*+,2".*,')).*##-6*,T-$(,',#-)+-F-/'+$,&.*3-#&"#-$-"+,F".,$(*,3*6*4"&2*+$,"F,
+*8."4")-/'4, /"2&4'-+$#L, !"T*6*.G, 'F$*., $.*'$2*+$, !9_, &"#-$-6*, &'$-*+$#,
.*/"6*.,'#,T*44,'#,$(*,!9_,+*)'$-6*,&"&84'$-"+,C=<G,C>PL,9+,/"%-+F*/$-"+#,"F,!9_,'+3,
Leptospira, #&*/-*#L,',2".*, F842-+'+$,3-#*'#*,/"8.#*,('#,'4#",Q**+,#8))*#$*3,
C>AL, Z"., 07,'+3,!9_, /"%-+F*/$-"+#,+", #8/(, #1+*.)-#$-/, /"2&4-/'$-"+#, ('6*,Q**+,
3*#/.-Q*3,-+,&'$-*+$#,$",3'$*L,

)+(& =8$%C =8$%0%"$%' DH%8- 7!&(&8$+$%"8 4!&+$#&8$ )1%8%'+1-!&'"5&!3
8"cV !&$!"5%!+1 �!",*31c 1&(%"8(
A +"+* +"+* :*6*.'4,T**S#,

4'$*.;,F*6*.G,
9_,/*F$.-'h"+*,
O)l3'1,A?,3'1#

[F$*.,$.*'$2*+$,6'#$,
-2&."6*2*+$

[++84'.,
*.1$(*2'
$"8#,
4*#-"+

Q-4'$*.'4,F'/-'4,
&'4#1

O,2"+$(#G,/"2&4*$*,
.*/"6*.1

O +"+*,
.*&".$*3

\.1$(*2' !*'3'/(*G,
&'-+F84,4-2Q#G,

D.-2'.-41;,DE,
[V-$(."21/-+,

D.").*##-"+,$",
+*8."Q"..*4-"#-#

T*-)($,4"##G,
&+*82"+-'

A,3'1,CPP2)G,?,
3'1#,OCP2)

c-3"683-+*
:'k8-+'6-.
c'4/-$'Q-+*

O,T**S#,4'$*.;,
F*6*.G,3-&4"&-'

9_,/*F$.-'h"+*,
O)l3'1,A?,3'1#

92&."6*3,.'&-341
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/'+,Q*'., #*6*.'4, +"+%#-2-4'., /"&-*#, C>?L, 9$, -#, 4-S*41, $('$, $(*#*,&."$*-+#, '.*,'4#",
'Q4*, $", Q-+3, F48-3, &('#*, /"2&4*2*+$, .*)84'$".#, "F, ',T-3*, .'+)*, "F, ("#$#L, 9+,
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AO?

I(-#, $(*#-#, /"6*.#, .*#*'./(, .*)'.3-+), &'$(")*+*#-#, '#, T*44, '#, 3-')+"#-#, '+3,
/4-+-/'4, &.*#*+$'$-"+, "F, '+, -+F*/$-"+, T-$(, 0&' burgdorferiL, 0&' burgdorferi, -#, '+,
*h$.'/*4484'., &'$(")*+L, 9$, -#, $(*.*F".*, &4'8#-Q4*, $('$, $(*, (82".'4, -228+*,
.*#&"+#*, -+, $(*, F".2, "F, /"2&4*2*+$%2*3-'$*3, Q'/$*.-/-3'4, '/$-6-$1, -#, "F,
-2&".$'+/*,-+,$(*,3*F*+#*,')'-+#$,-+F*/$-"+,'+3,3-#*'#*L,9$,('#,&.*6-"8#41,Q**+,
#("T+, $('$, 3-#$-+/$ 0&' burgdorferi, #$.'-+#, '.*, 'Q4*, $",T-$(#$'+3, /"2&4*2*+$,
2*3-'$*3,S-44-+),-+,6-$."L,

)"#,1&#&8$-+8>-"$*&!-%##:8&-&5+(%"8-($!+$&2%&(
I(*, 2'22'4-'+%6*/$"., /1/4*, $('$, 7"..*4-', 8#*, $", .*&4-/'$*, -#, '+, *4'Q".'$*,
4-F*/1/4*,T-$(,2'+1,&"$*+$-'4,("#$#L,5"$,"+41, -#'0&'burgdorferi,'Q4*,$",2'-+$'-+,
-$#*4F,-+,$(*,6*/$".,'$,6*.1,4"T,$*2&*.'$8.*#G,Q8$,-$,-#,'4#",'Q4*,$",T-$(#$'+3,$(*
.*4'$-6*41, (-)(, $*2&*.'$8.*#, "F, $(*, 2'22'4-'+, ("#$L, Z8.$(*.2".*, 0&'
burgdorferi, /'+, -+F*/$, ', T-3*, .'+)*, "F, ("#$#G, T(-4*, '44, ("#$#, ('6*, $(*-., "T+,
#&*/-F-/, #*$, "F, .*/*&$".#, '+3, &."$*-+#, $", T-$(#$'+3, -+F*/$-"+#L, E+*, "F, $(*,
&."$*-+#, $('$, 0&' burgdorferi /'+, Q-+3, -+, $(*, 2'22'4-'+, '+3, '6-'+, ("#$, -#,
/"2&4*2*+$, F'/$".,!, ^JZ!`, '+3, -+, (82'+#, #&*/-F-/'441, F'/$".,!, 4-S*,&."$*-+%A,
^Z!0%A`L, 9+, $(*,2'22'4-'+, '+3, '6-'+, ("#$, $(*#*, &."$*-+#, '.*, .*#&"+#-Q4*, F".,
-+'/$-6'$-+), $(*, /"2&4*2*+$, /'#/'3*, '$, $(*,JB, 4*6*4' 0&'burgdorferi,&"##*##*#,
#*6*.'4, &."$*-+#, $",Q-+3, JZ!, '+3, Z!0%AG, $(*#*,T*.*, &.*6-"8#41, 3*#-)+'$*3, '#,
J"2&4*2*+$,H*)84'$".%[/k8-.-+),:8.F'/*,D."$*-+#,^JH[:D` =?L,:*6*.'4,JH[:D#,
F."2, #*6*.'4, #&*/-*#, F."2, $(*,0&'burgdorferi #4, /"2&4*h,('6*,Q**+,3*#/.-Q*3,
'+3,*6*.1,JH[:D, -#, .*#&"+#-Q4*, F".,',#&*/-F-/, $-2*,&"-+$, -+,$(*, -+F*/$-"+,/1/4*,
T(*.*, /"2&4*2*+$, -#, -+'/$-6'$*3L, JH[:D%A, -#, $("8)($, $", Q*, .*#&"+#-Q4*, F".,
-+'/$-6'$-"+,"F,JZ!,'+3,Z!0%A,*'.41,-+,$(*,-+F*/$-"+ CB<L,

9+, '*+,$&!- I, "F, $(-#, $(*#-#, T*, 3*#/.-Q*, $T", +*T, JH[:D%A, &."$*-+#, "F, 0&'
bavariensisG,7Y[@@,'+3,7Y[=AG,$('$,/'+,Q-+3,(82'+,JZ!,'+3l".,Z!0%AG,Q8$,T*,
'4#",#("T*3,$('$,#*6*.'4,"$(*.,&'.'4")8*#, 4"/'$*3,"+, $(*,#'2*,&4'#2-3G,'+3
6*.1, 4-S*41, 8+3*., $(*, #'2*, &."2"$*., /'+, Q-+3, $", JZ!, F."2, #*6*.'4, "$(*.,
2'22'4-'+,'+3,'6-'+,#&*/-*#L,[44,$(*,)*+*#,F."2,$(*,)QQC?,&'.'4")"8#,F'2-41,
'.*,8&.*)84'$*3,'$,$(*,#'2*,2"2*+$G,+'2*41,'$,$(*,$-2*,"F,$-/S,F**3-+),"+,$(*,
("#$L,I(-#,2*'+#,$('$, -+3*&*+3*+$,"F,$(*,$1&*,"F,("#$G,3-FF*.*+$,JZ!%Q-+3-+)%
&."$*-+#,'.*,*h&.*##*3,$('$,'.*,'Q4*,$",Q-+3,JZ!,'+3,3*'/$-6'$*,W[J,F".2'$-"+,
"+, $(*, Q"..*4-'4, #8.F'/*, -+, $(*, $-/S, 2-3)8$L, 0'$*., -+, $(*, -+F*/$-"+, "$(*., JZ!%
Q-+3-+),&."$*-+#,'.*,8&.*)84'$*3,'+3,JH[:D%A,&."$*-+#,'.*,3"T+.*)84'$*3, =<L,
I(*#*,&."$*-+#,'Q4*,$",Q-+3,JZ!,4'$*.,-+,-+F*/$-"+G,+'2*41,$(*,\.&,&."$*-+#G,'.*,
',4'.)*,F'2-41,"F,#-2-4'.,&."$*-+#,4"/'$*3,"+ $(*,/&BO,&4'#2-3,"F,T(-/(,Q"..*4-',
/'+,Q*'., #*6*.'4, +"+%#-2-4'., /"&-*#, C>?L, 9$, -#, 4-S*41, $('$, $(*#*,&."$*-+#, '.*,'4#",
'Q4*, $", Q-+3, F48-3, &('#*, /"2&4*2*+$, .*)84'$".#, "F, ',T-3*, .'+)*, "F, ("#$#L, 9+,

:822'.-V-+),3-#/8##-"+

AOC

".3*., $", 8+3*.#$'+3, 2".*, 'Q"8$, $(*,2'22'4-'+%$-/S%4-F*/1/4*, $(*#*, JH[:D#,
#("843,Q*,#$83-*3,F".,("#$,#&*/-F-/-$1L,

9+, $(*, '*+,$&!- J, T*, #$83-*3, T(*$(*., -+F*/$-6-$1, F."2, #*6*.'4, #&*/-*#, "F, 0&'
burgdorferi,$('$,('6*,Q**+,.*&".$*3,$",Q*,&'$(")*+-/,-+,$(*,(82'+,("#$,T"843,
Q*,'4$*.*3,-+,$(*,'Q#*+/*,"F,'+,*FF*/$-6*,/"2&4*2*+$,#1#$*2L,9+,$(-#,#$831,T*,
#("T*3, $('$, 'Q#*+/*, "F, /"2&4*2*+$, 3-3, +"$, 4*'3, $", -+/.*'#*3, -+F*/$-6-$1, "F,
/"2&4*2*+$,#*+#-$-6*,#$.'-+#L,:$83-*#,"+,$(*,."4*,"F,/"2&4*2*+$,-+, -+F*/$-6-$1,
"F,0&'burgdorferi,('6*,Q**+,/"+F4-/$-+)G,F-+3-+),+",".,"+41,',2-+-2'4,*FF*/$,"+,
Q8.3*+, "., 3-#*'#*, #*6*.-$1, <>G, A<AL, [, #$831, $('$, 8#*3, ', JH[:D%A S+"/S"8$ 0&'
burgdorferi, ##, #$.'-+, F"., 3*$*/$-+), /"2&4*2*+$, .*#-#$'+/*, ('#, #("T+,', 4'.)*,
+*)'$-6*,*FF*/$,"+,$(*,Q-+3-+),"F,JZ!,'+3,',3*/4-+*,-+,#*.82,.*#-#$'+/* -+,6-$."L,
I(-#,#$.'-+,/"843,+"$,Q*,$*#$*3,-+,6-6"G,Q*/'8#*,$(*,#$.'-+, -$#*4F,T'#,8+'Q4*,$",
)-6*,-+F*/$-"+,-+,$(*,2'22'4-'+,("#$ CO@L,9+,',JH[:D%O,S+"/S"8$ 0&'burgdorferi
##,#$.'-+,+",'4$*.'$-"+,-+,#*.82,.*#-#$'+/*,T'#,F"8+3,-+,6-$.",'+3,+",*FF*/$,T'#,
#**+,"+,-+F*/$-6-$1,-+,',2"8#*,2"3*4,>@L,J"2&4*2*+$'$-"+,"F,',JH[:D%?,)*+*,-+,
',#*.82,#*+#-$-6*,#$.'-+,3-3,+"$,'4$*.,#*.82,#*+#-$-6-$1,>>L,
[+,'33-$-"+'4,(8.34*,-+,8+.'6*4-+),$(*,."4*,"F,/"2&4*2*+$%Q-+3-+),&."$*-+#,-+,0&
4,.6$#.2%./' -+F*/$-"+, -#, /'8#*3,Q1, 3-FF*.*+/*#, -+, 6-.84*+/*, '2"+), $(*, #$.'-+#L,
H*F*.*+/*,0& 4,.6$#.2%./'##,#$.'-+#,'.*,6-.84*+$,'#,T*44,'#,&'$(")*+-/,-+,2-/*G,-+,
"8., #$831,3-#&4'1-+), ',&"#-$-6*, DJH,'#,T*44, '#, .'&-3,&"#-$-6*, /84$8.*#L,E+, $(*,
"$(*.,('+3,T*,F"8+3,$('$,Q"$(,0& *23%-//'*1$'0& bavariensis #$.'-+#,('3,&"#-$-6*,
DJH,.*#84$#,F."2,2'+1,".)'+#G,T(-4*,T*,T*.*,"+41,'Q4*,$",/84$8.*,F."2,(*'.$,
$-##8*L,[&&'.*+$41,0&' *23%-ii, '+3,0&'bavariensis T*.*,2".*,3-FF-/84$, $", .*/84$8.*
#&-."/(*$*#,F."2,".)'+#,-+,7:]%!,2*3-82L,I(*,8#*3,0& 6*./1//''+3,0& 5*-*/(/*1*'
#$.'-+#, F'-4*3, $", /'8#*,28.-+*, -+F*/$-"+, '4$")*$(*.L [, &"##-Q4*, *h&4'+'$-"+, -#,
$('$, $(*#*, #$.'-+#, ('6*, 4"#$, *##*+$-'4, &4'#2-3#, '+3,*##*+$-'4, 6-.84*+/*, F'/$".#,
38.-+), -+, 6-$.", /84$8.*L, I(*, 4"T, 6-.84*+/*, -+, 2'22'4#, "F, 0& 6*./1//' '+3, 0&
5*-*/(/*1*'#$.'-+#,('#,Q**+,3*#/.-Q*3,Q*F".*g,-$,-#,4-S*41,$(*,4'/S,"F,-+F*/$-6-$1,-+,
2-/*,-#,38*,$",$(*,&.*F*.*+/*,"F,$(*#*,#&*/-*#,F". -+F*/$-"+,"F,'6-'+,("#$#,O?G,C>CL,

Y*+*$-/,$""4#,F".,$.'+#F".2'$-"+,"F,#$.'-+#,"F,$(*,0&'4,rgdorferi,#4,/"2&4*h,('6*,
Q**+, 3*#/.-Q*3G, Q8$, $.'+#F".2'$-"+, "F, 4"T,&'##')*, #$.'-+#, ('#,&."6*+, $",Q*,
$*3-"8#L, I.'+#F".2'$-"+, "F, (-)(*., &'##')*, &4'#2-3#, -#, &"##-Q4*G, Q8$, $(*#*,
#$.'-+#, "F$*+, 4'/S,&4'#2-3#, $('$,'.*, *##*+$-'4, F"., +'$8.'4, -+F*/$-"+ C>@G, C>=L, I(-#,
/"2&4-/'$*#, $(*, 'Q-4-$1, $", #$831 $(*, *FF*/$, "F, '4$*.'$-"+, "F, JH[:D#, "+, $(*,
-+F*/$-6-$1, -+,6-6"L,]+"/S%-+,"F,)*+*#, -+,0&'garinii, #$.'-+#,('#,Q**+,#8//*##F8441,
&*.F".2*3G, '4Q*-$, +"$, -+, '+, -+F*/$-6*, #$.'-+, >>L, a*, T*.*, +"$, #8//*##F84, -+,
&."38/-+),S+"/S"8$,JH[:D%A,0&'af3%-//G,0&'bavariensis ". 0&'gariniiL, I(*.*F".*, -$,
T'#, -2&"##-Q4*, $", 3", '33-$-"+'4, #$83-*#,"+, S+"/S"8$,28$'+$#,"F,0&' *23%-//G,0&'
bavariensis,'+3,0&'6*./1//,#$.'-+#L



J('&$*.,>

AO@

9+, "8., 2"3*4, T*, #$83-*3, /"2&4*2*+$, .*#-#$'+/*, Q1, #1.-+)*, -+"/84'$-+), $(*,
/84$8.*3, 0&' burgdorferiL, a*, +"T, S+"T, $('$, $(*, #1#$*2, "F, 8&, '+3,
3"T+.*)84'$-+), &."$*-+#, -+, $(*, $-/S%("#$, /1/4*, -#, ', /"2&4*h, '+3, 2*$-/84"8#
#1#$*2, -+6"46-+), 2'+1, &."$*-+#, $('$, '.*, 'Q4*, $", '4$*., #*.82, #*+#-$-6-$1L, I(*,
JH[:D#,F".,-+'/$-6'$-+),/"2&4*2*+$,Q1,Q-+3-+),$",JZ!G,Q8$,'4#",E#&J,'+3,6*.1,
4-S*41,2'+1,"$(*.,"8$*.,#8.F'/*,&."$*-+#,/'+,Q-+3,$-/S,3*.-6*3,#'4-6'.1,&."$*-+#,
$('$, /'+, '-3, *+$.1, '+3, &*.#-#$*+/*, "F, 0&' burgdorferi, -+, $(*, 6*.$*Q.'$*, ("#$L,
Z8.$(*.2".*,$(*,T-3*,#/'4',"F,2'22'4-'+,("#$#,'+3,$(*,#&*/-F-/-$1,"F,#&*/-F-/,
/"2&4*2*+$, '4$*.-+), &."$*-+#, F"., #&*/-F-/, ("#$#, F8.$(*., /"2&4-/'$*, #$831-+),
$(*#*,&."$*-+#L I(-#, /"2&4*h, /"2Q-+'$-"+,"F,*h&.*##-"+,"F, &."$*-+#,2'S*#, -$,
3-FF-/84$, $", #$831, $(*, -+3-6-38'4, ."4*#, "F, $(*, 3-FF*.*+$, &."$*-+#, -+, $(*, *+$-.*,
-+F*/$-6*,&."/*##L,E+*,/'+,'.)8*,$('$,&*.('&#,#&*/-F-/,&."$*-+#,-+,$(*,/1/4*,'.*,
+"$,*##*+$-'4,Q8$,'44,/"+$.-Q8$*,#2'44,&-*/*#,$('$,/8284'$-6*41,*+#8.*,'3*k8'$*,
$.'+#2-##-"+,"F,0&'4,.6$#.2%./,-+,$(*,4'.)*,)."8&,"F,&"$*+$-'4,("#$#L,

9(- $*&- 1+0"!+$"!3-+8>-'1%8%'+1->%+28"(%(-"6-?3#&->%(&+(&- !&+113- ("-
'"#,1%'+$&>e
I(*,3-FF-/84$-*#,"Q#*.6*3,-+,$(*,4'Q".'$".1,3-')+"#-#,"F,0&'burgdorferi,#$.-S-+)41,
/"+$.'#$,T-$(, $(*,Q."'3, -+$."38/$-"+,"F,2'+1, .'&-341,*6"46-+), $*/(+-k8*#, F".,
3*$*/$-"+, "F, 2-/."".)'+-#2#, -+, 2"3*.+, /4-+-/'4, &.'/$-/*L, U+$-4, +"T, +", )""3,
)"43,#$'+3'.3,F".,3*$*/$-"+,"F,'/$-6*, -+F*/$-"+,T-$(,0&'burgdorferi,#4,('#,Q**+,
3*6*4"&*3L, a('$, 2'S*#, 0&' 4,.6$#.2%./' #4, #", #&*/-'4, $('$, $(*, 4'Q".'$".1,
3-')+"#-#,#**2#,$",Q*,#",3-FF-/84$x

E%!&'$->&$&'$%"8-"6-<E(;B#&:$#*"#7
I(*, 2"#$, .*4-'Q4*, T'1, "F, 3-')+"#-+), '+, -+F*/$-"+, T-$(, ', 2-/."".)'+-#2, -#,
/84$-6'$-+), $(*, ".)'+-#2,T(-/(, /'8#*#, $(*, 3-#*'#*, F."2, Q4""3, "., $(*, #-$*, "F,
-+F*/$-"+L, J84$-6'$-+), $(*, &'$(")*+-/, ".)'+-#2, F."2, ', 3-#*'#*3, -+3-6-38'4,
&."6*#, $('$, 6-'Q4*, ".)'+-#2#, /'+, .*&4-/'$*, '+3, /'+, /'8#*, -+F*/$-"+L, 7'/$*.-'4,
/84$8.*,-#,T-3*41,'&&4-*3,-+,$(*,F-*43,"F,3-')+"#$-/,2-/."Q-"4")1L,0&'4,.6$#.2%./,#4,
-#, ', (-)(41, F'#$-3-"8#, ".)'+-#2G, #"2*, #&*/-*#, "F, 0&' burgdorferi, #4, '.*, 2".*,
3-FF-/84$,$",/84$8.*G,T(-/(,T*,('6*,#("T+,-+,'*+,$&!-J,-+,'+,-+,6-6",*h&*.-2*+$L,
0&'burgdorferi,#4,/84$8.*, -#,4'Q".-"8#,'+3,/'+,$'S*,8&,$",#*6*.'4,T**S#,'+3,$(*,
#*+#-$-6-$1, "F, /84$8.*, -+, '+, '/$-6*, -+F*/$-"+, -#, $"", 4"T, $", 8#*, -$, -+, ', ."8$-+*,
3-')+"#$-/,#*$$-+) OBCL
E$(*.,T'1#, "F, 3-.*/$, 3*$*/$-"+,"F, ', &'$(")*+-/,2-/."".)'+-#2,/'+, Q*, 3-.*/$,
6-#8'4-V'$-"+G,F".,*h'2&4*,Q1,9Z[L,I(-#,)*+*.'441,('#,',6*.1,4"T,#*+#-$-6-$1,38*,$",
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J('&$*.,>

AO@

9+, "8., 2"3*4, T*, #$83-*3, /"2&4*2*+$, .*#-#$'+/*, Q1, #1.-+)*, -+"/84'$-+), $(*,
/84$8.*3, 0&' burgdorferiL, a*, +"T, S+"T, $('$, $(*, #1#$*2, "F, 8&, '+3,
3"T+.*)84'$-+), &."$*-+#, -+, $(*, $-/S%("#$, /1/4*, -#, ', /"2&4*h, '+3, 2*$-/84"8#
#1#$*2, -+6"46-+), 2'+1, &."$*-+#, $('$, '.*, 'Q4*, $", '4$*., #*.82, #*+#-$-6-$1L, I(*,
JH[:D#,F".,-+'/$-6'$-+),/"2&4*2*+$,Q1,Q-+3-+),$",JZ!G,Q8$,'4#",E#&J,'+3,6*.1,
4-S*41,2'+1,"$(*.,"8$*.,#8.F'/*,&."$*-+#,/'+,Q-+3,$-/S,3*.-6*3,#'4-6'.1,&."$*-+#,
$('$, /'+, '-3, *+$.1, '+3, &*.#-#$*+/*, "F, 0&' burgdorferi, -+, $(*, 6*.$*Q.'$*, ("#$L,
Z8.$(*.2".*,$(*,T-3*,#/'4',"F,2'22'4-'+,("#$#,'+3,$(*,#&*/-F-/-$1,"F,#&*/-F-/,
/"2&4*2*+$, '4$*.-+), &."$*-+#, F"., #&*/-F-/, ("#$#, F8.$(*., /"2&4-/'$*, #$831-+),
$(*#*,&."$*-+#L I(-#, /"2&4*h, /"2Q-+'$-"+,"F,*h&.*##-"+,"F, &."$*-+#,2'S*#, -$,
3-FF-/84$, $", #$831, $(*, -+3-6-38'4, ."4*#, "F, $(*, 3-FF*.*+$, &."$*-+#, -+, $(*, *+$-.*,
-+F*/$-6*,&."/*##L,E+*,/'+,'.)8*,$('$,&*.('&#,#&*/-F-/,&."$*-+#,-+,$(*,/1/4*,'.*,
+"$,*##*+$-'4,Q8$,'44,/"+$.-Q8$*,#2'44,&-*/*#,$('$,/8284'$-6*41,*+#8.*,'3*k8'$*,
$.'+#2-##-"+,"F,0&'4,.6$#.2%./,-+,$(*,4'.)*,)."8&,"F,&"$*+$-'4,("#$#L,

9(- $*&- 1+0"!+$"!3-+8>-'1%8%'+1->%+28"(%(-"6-?3#&->%(&+(&- !&+113- ("-
'"#,1%'+$&>e
I(*,3-FF-/84$-*#,"Q#*.6*3,-+,$(*,4'Q".'$".1,3-')+"#-#,"F,0&'burgdorferi,#$.-S-+)41,
/"+$.'#$,T-$(, $(*,Q."'3, -+$."38/$-"+,"F,2'+1, .'&-341,*6"46-+), $*/(+-k8*#, F".,
3*$*/$-"+, "F, 2-/."".)'+-#2#, -+, 2"3*.+, /4-+-/'4, &.'/$-/*L, U+$-4, +"T, +", )""3,
)"43,#$'+3'.3,F".,3*$*/$-"+,"F,'/$-6*, -+F*/$-"+,T-$(,0&'burgdorferi,#4,('#,Q**+,
3*6*4"&*3L, a('$, 2'S*#, 0&' 4,.6$#.2%./' #4, #", #&*/-'4, $('$, $(*, 4'Q".'$".1,
3-')+"#-#,#**2#,$",Q*,#",3-FF-/84$x

E%!&'$->&$&'$%"8-"6-<E(;B#&:$#*"#7
I(*, 2"#$, .*4-'Q4*, T'1, "F, 3-')+"#-+), '+, -+F*/$-"+, T-$(, ', 2-/."".)'+-#2, -#,
/84$-6'$-+), $(*, ".)'+-#2,T(-/(, /'8#*#, $(*, 3-#*'#*, F."2, Q4""3, "., $(*, #-$*, "F,
-+F*/$-"+L, J84$-6'$-+), $(*, &'$(")*+-/, ".)'+-#2, F."2, ', 3-#*'#*3, -+3-6-38'4,
&."6*#, $('$, 6-'Q4*, ".)'+-#2#, /'+, .*&4-/'$*, '+3, /'+, /'8#*, -+F*/$-"+L, 7'/$*.-'4,
/84$8.*,-#,T-3*41,'&&4-*3,-+,$(*,F-*43,"F,3-')+"#$-/,2-/."Q-"4")1L,0&'4,.6$#.2%./,#4,
-#, ', (-)(41, F'#$-3-"8#, ".)'+-#2G, #"2*, #&*/-*#, "F, 0&' burgdorferi, #4, '.*, 2".*,
3-FF-/84$,$",/84$8.*G,T(-/(,T*,('6*,#("T+,-+,'*+,$&!-J,-+,'+,-+,6-6",*h&*.-2*+$L,
0&'burgdorferi,#4,/84$8.*, -#,4'Q".-"8#,'+3,/'+,$'S*,8&,$",#*6*.'4,T**S#,'+3,$(*,
#*+#-$-6-$1, "F, /84$8.*, -+, '+, '/$-6*, -+F*/$-"+, -#, $"", 4"T, $", 8#*, -$, -+, ', ."8$-+*,
3-')+"#$-/,#*$$-+) OBCL
E$(*.,T'1#, "F, 3-.*/$, 3*$*/$-"+,"F, ', &'$(")*+-/,2-/."".)'+-#2,/'+, Q*, 3-.*/$,
6-#8'4-V'$-"+G,F".,*h'2&4*,Q1,9Z[L,I(-#,)*+*.'441,('#,',6*.1,4"T,#*+#-$-6-$1,38*,$",

:822'.-V-+),3-#/8##-"+

AO=

$(*, 4"T, 4"'3, "F, 7"..*4-', -+, $(*, ("#$, OBCL, I(-#, ('#, '4#", Q**+, 3*2"+#$.'$*3, -+
'*+,$&!-J-"F,$(-#,$(*#-#L,
58/4*-/,'/-3,'2&4-F-/'$-"+,$*/(+-k8*#,('6*,Q**+,T-3*41,'&&4-*3,38.-+),$(*,4'#$,
$T",3*/'3*#,F".,3*$*/$-"+,"F,&'$(")*+#L,9+,)*+*.'4,$(*1,'.*,/"+#-3*.*3,$",Q*
6*.1, #*+#-$-6*, 3-')+"#$-/, $""4#, F"., 3-')+"#-+), -+F*/$-"+, T-$(, F'#$-3-"8#, ".,
8+/84$-6'Q4*,".)'+-#2#L,W"#$,-+F*/$-"+#,('6*,',(-)(,4"'3,"F,2-/."".)'+-#2#,-+,
$-##8*,"., Q4""3, ^8&, $", AP<, /"&-*#l24, Q4""3`G, Q8$,0&'burgdorferiG, #&*/-F-/'441, -+,
3-##*2-+'$*3,-+F*/$-"+G,'.*,&.*#*+$,"+41,'$,6*.1, 4"T,4*6*4#L,I(*,4"T,4"'3,"F,0&'
burgdorferi, -+, $-##8*, 2'1, 4*'3, $", F'4#*, +*)'$-6*, DJH, .*#84$#, 38.-+), '/$-6*,
-+F*/$-"+L, !"T*6*.G, '#, -#, 3*2"+#$.'$*3, -+, '*+,$&!- J, "F, $(-#, $(*#-#G, DJH, "+,
-+F*/$*3, $-##8*, 3"*#, )-6*, $(*, (-)(*#$, #*+#-$-6-$1, "F, $(*, 'Q"6*2*+$-"+*3,
$*/(+-k8*#L,R-.*/$,3*$*/$-"+,"F,0&'burgdorferi, /'+,('6*,'+,'33-$-6*,*FF*/$, -+,',
#&*/-F-/,-+3-6-38'4G,Q8$,$(*,)*+*.'4,/"+/48#-"+#,-#,$('$,/8..*+$41,'6'-4'Q4*,3-.*/$,
3*$*/$-"+, 2*$("3#, F"., 0&' burgdorferi, '.*, -+#8FF-/-*+$41, #*+#-$-6*, $", -+%, ".,
*h/483*,'/$-6*,0&'4,.6$#.2%./,-+F*/$-"+ OC=L,

98>%!&'$->&$&'$%"8-"6-<E(;B#&:$#*"#7
9+3-.*/$, 3*$*/$-"+, "F, .*/*+$, "., &'#$, -+F*/$-"+, Q1, #*."4")1, -#, ', /"22"+,
3-')+"#$-/,$""4,F".,F'#$-3-"8#,".,8+/84$-6'Q4*,2-/."".)'+-#2#L, 9+,$(*,3-')+"#-#
"F 0&'burgdorferi,-+F*/$-"+,-$,-#,$(*,2"#$,F.*k8*+$41,8#*3,$*/(+-k8*G,Q*/'8#*,"F,
$(*, 'Q"6*2*+$-"+*3, .*'#"+#L, 9+, $(*, 3*6*4"&2*+$, "F, #*."4")-/'4, $*#$#, -$, -#,
4")-/'4, $", #$'.$, T-$(, T("4*, /*44, 41#'$*#L, R*6*4"&2*+$, "F, #*."4")-/, $*#$#, "F,
Q'/$*.-', ('#, #"2*, 2'M"., /"2&4-/'$-"+#G, Q*/'8#*, Q'/$*.-', #('.*, 2'+1,
("2"4")"8#, &."$*-+#, T-$(, "$(*., Q'/$*.-'L, [+$-Q"3-*#, -+38/*3, ')'-+#$, 2'M".,
#$.8/$8.'4, &."$*-+#, /'+, /."##, .*'/$, T-$(, '+$-Q"3-*#, ')'-+#$, "$(*.G, #-2-4'.G,
Q'/$*.-'L,U#-+),*-$(*.,',T("4*,Q'/$*.-82,-+,'+, -228+"F48".*#/*+$,'##'1,^9Z[`
"., ',T("4*%/*44,Q'/$*.-'4, #"+-/'$*, -+,'+,*+V12*, -228+"'##'1, ^\9[`, /'+,*'#-41,
)-6*, F'4#*, &"#-$-6*, .*#84$#, Q*/'8#*,"F, $(*, 'Q"6*2*+$-"+*3, .*'#"+#L, :*."4")1,
F"., Q'/$*.-'4, 3-#*'#*#, /'+, $(*.*F".*, Q*, 2".*, /"2&."2-#*3, $('+, F"., 2'+1,
/4-+-/'441, .*4*6'+$, 6-.8#*#, $('$, /"+$'-+, ', .*4'$-6*41, 8+-k8*, '+3, 2".*, 4-2-$*3,
'2"8+$,"F,3-FF*.*+$,&."$*-+#L,,

9+,6-.'4,#*."4")1,"F$*+,6-.8#%#&*/-F-/,/"+#*.6*3,&."$*-+#,('6*,Q**+,-#"4'$*3,'+3,
8#*3,F".,#&*/-F-/,#*."4")1G,4-S*,)&?A,".,)&AOP,-+,!9_,-+F*/$-"+,C>>L,5"T'3'1#G,-+,
6-."4")-/'4,#*."4")1,2'+1,6-.8# \9[#,'.*,Q8-4$,T-$(,.*/"2Q-+'+$,'+$-)*+#L,9+,0&'
4,.6$#.2%./' #4, #"2*, #&*/-F-/, .*/"2Q-+'+$, '+$-)*+#, ('6*, Q**+, -3*+$-F-*3, $('$,
*4-/-$,)""3,'+$-Q"31,.*#&"+#*#,-+,2'+1,-+F*/$*3,-+3-6-38'4#G,Q8$,'.*,8+/"22"+,
-+, "$(*., Q'/$*.-'L, \h'2&4*#, "F, $(*#*, '.*, _4#\, ^"., J@%&*&$-3*`G, E#&[G, E#&JG,
RQ&[, '+3, F4')*44-+, -+$*.+'4, F.')2*+$L, I(*, #*$Q'/S, "F, 8#-+), $(*#*, '+$-)*+#, -#,
$('$,$(*,#&*/-*#,-+,$(*,0&'burgdorferi,#4,/"2&4*h,$('$,'.*,'Q4*,$",/'8#*,3-#*'#*,



J('&$*.,>

AO>

-+,(82'+#,'.*,#",3-FF*.*+$,$('$,#"2*$-2*#,"+41,',2-h,"F,'+,'+$-)*+,4-S*,E#&J,
F."2, #*6*.'4, #&*/-*#, -#, T'..'+$*3, $", "Q$'-+, &"#-$-6*, #*."4")1, -+, '44, 'FF*/$*3,
-+3-6-38'4#L,[#,$(*,0&'4,.6$#.2%./,#4,/"2&4*h,-+,5".$(,[2*.-/',"+41,/"+#-#$#,"F,0&'
4,.6$#.2%./,##,$(-#,-#,2'-+41,',&."Q4*2,-+,$(*,\8.'#-'+,/"+$-+*+$,C><L

9+, '*+,$&!- K, T*, #("T,',(-)(, #*+#-$-6-$1,"F, '+$-%J@%&*&$-3*, #*."4")1, -+, #*.82
'+3,J:Z,-+,$(*,2'+-F*#$'$-"+,"F,012*,+*8."Q"..*4-"#-#,-+,R8$/(,&'$-*+$#L,_4#\,".,
J@%&*&$-3*, Q'#*3, '##'1#, '.*, +"T, $(*, 2"#$, /"22"+41, 8#*3, /"22*./-'4,
3-')+"#$-/,#$.'$*)1,F".,#/.**+-+),-+,$(*,5*$(*.4'+3#L,9$,/'+,Q*,3*Q'$*3,T(*$(*.,
',#/.**+-+),'##'1,#"4*41,Q'#*3,"+,"+*,&*&$-3*,T-44,3*$*/$,'44,3-FF*.*+$,#&*/-*#,"F,
0&'4,.6$#.2%./, #4L, 9F,T*, /"2&'.*, $(-#, $",/"22*./-'4, \9[#, F".,"$(*.,&'$(")*+#,
"F$*+,'$,4*'#$,$T",3-FF*.*+$,'+$-)*+#,'.*,8#*3,-+,$(*,#/.**+-+),\9[L,D.-2'.-41,J@%
&*&$-3*, -#, /"+#*.6*3, Q*$T**+, #&*/-*#G,T(-4*, _4#\, -#, 4*##, /"+#*.6*3, Q*$T**+,
#&*/-*#L Z."2,4-$*.'$8.*,("T*6*.,$(*.*,-#,4-$$4*,.*'#"+,$",&.*#82*,$('$,$(*,_4#\,
"., J@%&*&$-3*, Q'#*3, '##'1#, 4'/S, #*+#-$-6-$1, $", 3*$*/$, &'$-*+$#, T-$(, 4'$*.,
2'+-F*#$'$-"+#, "F, 012*, Q"..*4-"#-# BA?G, B?CG, C<PG, C<AL 9$, ('#, Q**+, 3*2"+#$.'$*3,
("T*6*., $('$, #&*/-*#, #&*/-F-/, J@%&*&$-3*, ('#,', (-)(*., #*+#-$-6-$1, *#&*/-'441, -+,
*'.41,2'+-F*#$'$-"+#,"F,07,B?CL,Z".,*'.41,2'+-F*#$'$-"+#,"F,$(*,-44+*##,'33-$-"+'4,
'+$-)*+#,/'+,-2&."6*,#*+#-$-6-$1G,F".,-+#$'+/*,E#&JG,Q*-+),',)""3,/'+3-3'$*,-+,
$(*,9)W,\9[,C<OL,

[, 2".*, #&*/-F-/, T'1, $", 4""S, '$, '+$-Q"31, .*#&"+#*#, -#, ', ^+'$-6*`, T*#$*.+,
-228+"Q4"$L,[+$-Q"3-*#,')'-+#$,',#&*/-F-/, #8Q#*$,"F,Q'/$*.-'4,&."$*-+#,/'+,Q*,
2*'#8.*3G,Q8$,$(*,-+$*.&.*$'$-"+,"F,$(*,-228+"Q4"$,-#,(-)(41,3*&*+3*+$,"+,$(*,
'4)".-$(2,$('$, -#,8#*3,F".,3*$*.2-+-+),&"#-$-6-$1L,9$,T'#,&.*6-"8#41,#("T+,$('$,
$(*,3-FF*.*+$,#&*/-*#,$(."8)("8$,\8."&*,"F,0&'4,.6$#.2%./,#4,/'+,('6*,3-FF*.*+$,
#*."4")-/'4, &."F-4*#L, [, &.*6-"8#41, 2*+$-"+*3, #8))*#$-"+, T'#, $('$, &*.('&#,
3-FF*.*+$,'4)".-$(2#, F"., -+$*.&.*$'$-"+,"F, $(*, -228+"Q4"$,F".,3-FF*.*+$, .*)-"+
T-$(, &.*6'4*+/*, "F, "$(*., 0&' 4,.6$#.2%./, #4, #&*/-*#, #("843, Q*, 8#*3, BPBL, 9+, $(-#,
#*$$-+),'+3,/"+#-3*.-+),$('$,',#&*/-F-/,#&*/-*#,"F,$(*,0&'4,.6$#.2%./,#4,/"2&4*h,
/'+,/'8#*,#&*/-F-/,/4-+-/'4,2'+-F*#$'$-"+#, -$,/"843,Q*,8#*F84,$",3*F-+*,3-FF*.*+$,
-+$*.&.*$'$-"+, '4)".-$(2#, F"., #&*/-F-/, /4-+-/'4, 2'+-F*#$'$-"+#L, 9+, ', ."8$-+*,
4'Q".'$".1, #*$$-+), $(-#, -#, 3-FF-/84$, $", -2&4*2*+$G, Q*/'8#*, $(*, /4-+-/'4,
2-/."Q-"4")-#$,3"*#,+"$,'4T'1#,('6*,$(*,/4-+-/'4,3'$','$,('+3L,

I(*,&.*#*+/*,"F,'+$-%&'$(")*+, 9)W,)*+*.'441, -#,'+, -+3-/'$".,"F,*'.41,".,'/$-6*,
-+F*/$-"+L,!"T*6*.G,-+,012*,3-#*'#*,-$,('#,'4.*'31,Q**+,3*2"+#$.'$*3,$('$,9)W,
/'+, #$'1, &"#-$-6*, 'F$*., *FF*/$-6*, $.*'$2*+$, F"., 2'+1, 1*'.# BA=G, BO@%BBPL,
Z8.$(*.2".*G,9)W,-#,+"$,'+,-+3-/'$".,"F,'/$-6*,3-#*'#*L,9+,4'$*,2'+-F*#$'$-"+#,"F,
012*,3-#*'#*, 9)W,/'+,"F$*+,Q*,'Q#*+$G,T(-4*,$(*.*, -#, #$-44,'+,'/$-6*, -+F*/$-"+L,
I(-#,/"2Q-+'$-"+,/'+,*'#-41, 4*'3, $",2-#-+$*.&.*$'$-"+,"F,#*."4")-/, .*#84$#L,Z".,
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J('&$*.,>

AO>

-+,(82'+#,'.*,#",3-FF*.*+$,$('$,#"2*$-2*#,"+41,',2-h,"F,'+,'+$-)*+,4-S*,E#&J,
F."2, #*6*.'4, #&*/-*#, -#, T'..'+$*3, $", "Q$'-+, &"#-$-6*, #*."4")1, -+, '44, 'FF*/$*3,
-+3-6-38'4#L,[#,$(*,0&'4,.6$#.2%./,#4,/"2&4*h,-+,5".$(,[2*.-/',"+41,/"+#-#$#,"F,0&'
4,.6$#.2%./,##,$(-#,-#,2'-+41,',&."Q4*2,-+,$(*,\8.'#-'+,/"+$-+*+$,C><L

9+, '*+,$&!- K, T*, #("T,',(-)(, #*+#-$-6-$1,"F, '+$-%J@%&*&$-3*, #*."4")1, -+, #*.82
'+3,J:Z,-+,$(*,2'+-F*#$'$-"+,"F,012*,+*8."Q"..*4-"#-#,-+,R8$/(,&'$-*+$#L,_4#\,".,
J@%&*&$-3*, Q'#*3, '##'1#, '.*, +"T, $(*, 2"#$, /"22"+41, 8#*3, /"22*./-'4,
3-')+"#$-/,#$.'$*)1,F".,#/.**+-+),-+,$(*,5*$(*.4'+3#L,9$,/'+,Q*,3*Q'$*3,T(*$(*.,
',#/.**+-+),'##'1,#"4*41,Q'#*3,"+,"+*,&*&$-3*,T-44,3*$*/$,'44,3-FF*.*+$,#&*/-*#,"F,
0&'4,.6$#.2%./, #4L, 9F,T*, /"2&'.*, $(-#, $",/"22*./-'4, \9[#, F".,"$(*.,&'$(")*+#,
"F$*+,'$,4*'#$,$T",3-FF*.*+$,'+$-)*+#,'.*,8#*3,-+,$(*,#/.**+-+),\9[L,D.-2'.-41,J@%
&*&$-3*, -#, /"+#*.6*3, Q*$T**+, #&*/-*#G,T(-4*, _4#\, -#, 4*##, /"+#*.6*3, Q*$T**+,
#&*/-*#L Z."2,4-$*.'$8.*,("T*6*.,$(*.*,-#,4-$$4*,.*'#"+,$",&.*#82*,$('$,$(*,_4#\,
"., J@%&*&$-3*, Q'#*3, '##'1#, 4'/S, #*+#-$-6-$1, $", 3*$*/$, &'$-*+$#, T-$(, 4'$*.,
2'+-F*#$'$-"+#, "F, 012*, Q"..*4-"#-# BA?G, B?CG, C<PG, C<AL 9$, ('#, Q**+, 3*2"+#$.'$*3,
("T*6*., $('$, #&*/-*#, #&*/-F-/, J@%&*&$-3*, ('#,', (-)(*., #*+#-$-6-$1, *#&*/-'441, -+,
*'.41,2'+-F*#$'$-"+#,"F,07,B?CL,Z".,*'.41,2'+-F*#$'$-"+#,"F,$(*,-44+*##,'33-$-"+'4,
'+$-)*+#,/'+,-2&."6*,#*+#-$-6-$1G,F".,-+#$'+/*,E#&JG,Q*-+),',)""3,/'+3-3'$*,-+,
$(*,9)W,\9[,C<OL,

[, 2".*, #&*/-F-/, T'1, $", 4""S, '$, '+$-Q"31, .*#&"+#*#, -#, ', ^+'$-6*`, T*#$*.+,
-228+"Q4"$L,[+$-Q"3-*#,')'-+#$,',#&*/-F-/, #8Q#*$,"F,Q'/$*.-'4,&."$*-+#,/'+,Q*,
2*'#8.*3G,Q8$,$(*,-+$*.&.*$'$-"+,"F,$(*,-228+"Q4"$,-#,(-)(41,3*&*+3*+$,"+,$(*,
'4)".-$(2,$('$, -#,8#*3,F".,3*$*.2-+-+),&"#-$-6-$1L,9$,T'#,&.*6-"8#41,#("T+,$('$,
$(*,3-FF*.*+$,#&*/-*#,$(."8)("8$,\8."&*,"F,0&'4,.6$#.2%./,#4,/'+,('6*,3-FF*.*+$,
#*."4")-/'4, &."F-4*#L, [, &.*6-"8#41, 2*+$-"+*3, #8))*#$-"+, T'#, $('$, &*.('&#,
3-FF*.*+$,'4)".-$(2#, F"., -+$*.&.*$'$-"+,"F, $(*, -228+"Q4"$,F".,3-FF*.*+$, .*)-"+
T-$(, &.*6'4*+/*, "F, "$(*., 0&' 4,.6$#.2%./, #4, #&*/-*#, #("843, Q*, 8#*3, BPBL, 9+, $(-#,
#*$$-+),'+3,/"+#-3*.-+),$('$,',#&*/-F-/,#&*/-*#,"F,$(*,0&'4,.6$#.2%./,#4,/"2&4*h,
/'+,/'8#*,#&*/-F-/,/4-+-/'4,2'+-F*#$'$-"+#, -$,/"843,Q*,8#*F84,$",3*F-+*,3-FF*.*+$,
-+$*.&.*$'$-"+, '4)".-$(2#, F"., #&*/-F-/, /4-+-/'4, 2'+-F*#$'$-"+#L, 9+, ', ."8$-+*,
4'Q".'$".1, #*$$-+), $(-#, -#, 3-FF-/84$, $", -2&4*2*+$G, Q*/'8#*, $(*, /4-+-/'4,
2-/."Q-"4")-#$,3"*#,+"$,'4T'1#,('6*,$(*,/4-+-/'4,3'$','$,('+3L,

I(*,&.*#*+/*,"F,'+$-%&'$(")*+, 9)W,)*+*.'441, -#,'+, -+3-/'$".,"F,*'.41,".,'/$-6*,
-+F*/$-"+L,!"T*6*.G,-+,012*,3-#*'#*,-$,('#,'4.*'31,Q**+,3*2"+#$.'$*3,$('$,9)W,
/'+, #$'1, &"#-$-6*, 'F$*., *FF*/$-6*, $.*'$2*+$, F"., 2'+1, 1*'.# BA=G, BO@%BBPL,
Z8.$(*.2".*G,9)W,-#,+"$,'+,-+3-/'$".,"F,'/$-6*,3-#*'#*L,9+,4'$*,2'+-F*#$'$-"+#,"F,
012*,3-#*'#*, 9)W,/'+,"F$*+,Q*,'Q#*+$G,T(-4*,$(*.*, -#, #$-44,'+,'/$-6*, -+F*/$-"+L,
I(-#,/"2Q-+'$-"+,/'+,*'#-41, 4*'3, $",2-#-+$*.&.*$'$-"+,"F,#*."4")-/, .*#84$#L,Z".,

:822'.-V-+),3-#/8##-"+

AO<

4'$*, 2'+-F*#$'$-"+#, "F, 012*, 3-#*'#*, '+$-%7"..*4-' 9)W, .*#84$#, #("843, &4'1, +"
."4*, -+, $(*, -+$*.&.*$'$-"+, "F, #*."4")-/'4, .*#84$#L, [+, *h'2&4*, "F, ' &."&"#*3,
'4)".-$(2,$",-+$*.&.*$,0&'4,.6$#.2%./,#*."4")1,-#,#("T+,-+,F-)8.*,AL,

Z".,#"2*,2-/."".)'+-#2#,'+$-Q"3-*#,')'-+#$,*'.41,'+3,4'$*,*h&.*##*3,&."$*-+#,
'.*,3*$*/$*3, -+, /"2Q-+'$-"+, $",3-#$-+)8-#(,&'#$, F."2, .*/*+$, -+F*/$-"+L, 9+, $(-#,
/'#*, \&#$*-+, 7'.., _-.8#, ^\7_`, T"843, Q*, '+, *h/*44*+$, *h'2&4*L, [+$-%\7_%_-.'4,
J'&#-3, [+$-)*+, ^\7_%_J[`, 9)Y, -#, 8#*3, '#, ', 2'.S*., F"., \7_, -+F*/$-"+G, '+3,
&.*#*+/*, "F, \7_%\'.41, [+$-)*+, ^\7_%\[`, 9)Y, '+3, 'Q#*+/*, "F, \7_%58/4*'.,
[+$-)*+,^\7_%5[`,9)Y,)*+*.'441,-+3-/'$*,.*/*+$,-+F*/$-"+ C<BL,9+,$(*,/'#*,"F,\7_%
-+F*/$-"+ $(*,2"#$,/"22"+,/4-+-/'4,2'+-F*#$'$-"+,-#,',.*/*+$,&.-2'.1 -+F*/$-"+L
9$,-#,S+"T+,$('$,-+,0&'4,.6$#.2%./, -+F*/$-"+,/*.$'-+,&."$*-+#,'.*,*h&.*##*3,*'.41,
38.-+), $.'+#2-##-"+, $", $(*,2'22'4-'+, ("#$#L, \h'2&4*#, '.*, E#&JG, E#&[, '+3,
#*6*.'4, JH[:D#L, [4$("8)(, '+$-%E#&J, -#, ', )""3, 2'.S*., F"., *'.41, -+F*/$-"+G
'+$-Q"3-*#, ')'-+#$, E#&J, /'+, +"$, 3-#$-+)8-#(, &'#$, F."2, &.*#*+$, -+F*/$-"+L, I",
3'$*, +", /"+#*.6*3, 0&' 4,.6$#.2%./, '+$-)*+, ('#, Q**+, 3*#/.-Q*3, $('$, /'+,
3-#$-+)8-#(,/4*'.*3,F."2,'/$-6*,-+F*/$-"+L,I(*,/"+#*.6*3,J@%&*&$-3*,#**2*3,$",
Q*, ',&."2-#-+), '+$-)*+, F"., 3*$*/$-+), '/$-6*, -+F*/$-"+,Q*/'8#*, '+$-Q"31, $-$*.#,
'.*,(-)(41,*4*6'$*3,'+3,/'+,3."&,'F$*.,$.*'$2*+$L,I(*,#*."&.*6'4*+/*,"F,'+$-%
J@%&*&$-3*, '+$-Q"3-*#, -#, 4"T*., $('+, F"., _4#\G, 2'S-+), -$, 4-S*41, $('$, '+$-%J@%
&*&$-3*, T"843, Q*, ', 2".*, #8-$'Q4*, 2'.S*., "F, '/$-6*, 3-#*'#*, C<AL, I(-#, -#, '4#",
/4*'.41, 3*2"+#$.'$*3, -+, F-)8.*, A,"F,'*+,$&!-K,"F, $(-#, $(*#-#g, $(*,&'$-*+$#,T-$(,
.*/*+$, "., '/$-6*, 07, ('6*, (-)(*., '+$-%J@%&*&$-3*, 6'48*#, $('+, $(*, /"+$."4#L,
!"T*6*.G,$(-#,&(*+"2*+"+,-#,/4*'.41,2*'#8.'Q4*,"+,',&"&84'$-"+,4*6*4G,Q8$,T-44
"F$*+, +"$, 4*'3, $", ', #"4-3, /"+/48#-"+, -+, '+, -+3-6-38'4, /'#*, -+, ', #-+)4*, #*.82,
#'2&4*L, [+, -+F*/$-"+, T-$(, 0&' 4,.6$#.2%./, -#, 3*&*+3*+$, "+, 2'+1, F'/$".#G,
-+/483-+), ("#$, .*#&"+#*L, I(*, /"2Q-+'$-"+, "F, $(*, (*$*.")*+*-$1, "F' 0&'
4,.6$#.2%./'#4G,T-$(,$(*,(*$*.")*+*-$1, -+,/4-+-/'4,&.*#*+$'$-"+,'+3,$(*,38.'$-"+,
F."2, -+F*/$-"+, $", /4-+-/'4, &.*#*+$'$-"+, 2'S*, $(*, #*'./(, F"., Q-"2'.S*.#G,
'+$-)*+#, "., #*."4")-/'4, &."F-4*#, $('$, /'+, 3-#$-+)8-#(, /4*'.*3, -+F*/$-"+, F."2,
'/$-6*,&.*#*+$,-+F*/$-"+,'+,'42"#$,-2&"##-Q4*,k8*#$L
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AOO [#Q.-+S,\G,E4##"+,9G,!"62'.S,[L,\.1$(*2',/(."+-/82,2-).'+#,[FV*4-8#, -+,:T*3*+L,[,#$831,"+,OBA,
&'$-*+$#L,=%18.*-4-'0*;8%./#-'A/;.#4/#-'QI6'@,A<>@g,IMJ;,OO<%B@L

AOB :$.4*, ZG, 5*4#"+, K[G, H8V-/%:'Q4M-/, \G, *$, '4L, \8."&*'+, 012*, Q"..*4-"#-#;, OBA, /84$8.*%/"+F-.2*3, /'#*#,
-+6"46-+),&'$-*+$#,T-$(,*.1$(*2',2-).'+#L,Clin Infect Dis,A<<@g,IJ;,@A%CL

AO? :2-$(,HDG,:/("*+,HIG,H'(+,RaG,*$,'4L,J4-+-/'4,/('.'/$*.-#$-/#,'+3,$.*'$2*+$,"8$/"2*,"F,*'.41,012*,
3-#*'#*,-+,&'$-*+$#,T-$(,2-/."Q-"4")-/'441,/"+F-.2*3,*.1$(*2',2-).'+#L,Ann Intern A%$,OPPOg,.JM;,
?OA%>L

AOC W844*))*., HHL, R*.2'$"4")-/'4,2'+-F*#$'$-"+#, "F, 012*, Q"..*4-"#-#L, Eur J Dermatol, OPP?g, .K;, O<@%
BP<L

AO@ :$**.*,[JG,7'.$*+(')*+,5!G,J.'F$,K\G,*$,'4L,I(*,*'.41,/4-+-/'4,2'+-F*#$'$-"+#,"F,012*,3-#*'#*L,Ann 
!18%.1'A%$,A<>Bg,bb;,=@%>OL

A?B

AO= [#Q.-+S,\G,E4##"+,9L,J4-+-/'4,2'+-F*#$'$-"+#,"F,*.1$(*2',/(."+-/82,2-).'+#,[FV*4-8#,-+,A@A,&'$-*+$#L,
[,/"2&'.-#"+,T-$(,012*,3-#*'#*L,Acta Derm Venereol,A<>Cg,ML;,?B%COL

AO> :$**.*, [JG, :-S'+3, _]G, :/("*+, HIG, *$, '4L, [#12&$"2'$-/, -+F*/$-"+, T-$(, 7"..*4-', Q8.)3".F*.-L, Clin 
Infect Dis,OPPBg,JN;,CO>%BOL

AO< 5'3*42'+,H7G,5"T'S"T#S-,KG,Z".#*$*.,YG,*$,'4L,I(*,/4-+-/'4,#&*/$.82,"F,*'.41,012*,Q"..*4-"#-#, -+,
&'$-*+$#,T-$(,/84$8.*%/"+F-.2*3,*.1$(*2',2-).'+#L,Am J Med,A<<@g,.TT;,CPO%>L

ABP a".2#*., YDG, 0-6*.-#, RG, 5"T'S"T#S-, KG, *$, '4L, [##"/-'$-"+, "F, #&*/-F-/, #8Q$1&*#, "F, 7"..*4-',
Q8.)3".F*.-,T-$(,(*2'$")*+"8#,3-##*2-+'$-"+,-+,*'.41,012*,3-#*'#*L,J Infect Dis,A<<<g,.]T;,=OP%CL

ABA J'.4##"+,:[G, Y.'+48+3,!G, K'+##"+, JG,*$,'4L,J('.'/$*.-#$-/#, "F,*.1$(*2',2-).'+#, -+,7"..*4-', 'FV*4--,
'+3,7"..*4-',)'.-+--,-+F*/$-"+#L,Scand J Infect Dis,OPPBg,JL;,BA%BL

ABO :$**.*, [JG, R('., [G, !*.+'+3*V, KG, *$, '4L, :1#$*2-/, #12&$"2#, T-$("8$, *.1$(*2', 2-).'+#, '#, $(*,
&.*#*+$-+),&-/$8.*,"F,*'.41,012*,3-#*'#*L,Am J Med,OPPBg,..K;,C>%@OL

ABB W'.'#&-+,_G,J-2&*.2'+,KG,0"$.-/%Z8.4'+,:G,*$,'4L,:"4-$'.1,Q"..*4-'4, 412&("/1$"2',-+,'384$,&'$-*+$#L,
Wien Klin Wochenschr,OPPOg,..K;,CAC%OBL

AB? D-/S*+,H5G, :$.4*, ZG, H8V-/%:'Q4M-/, \G, *$, '4L,W"4*/84'., #8Q$1&-+), "F, 7"..*4-', Q8.)3".F*.-, #*+#8, 4'$",
-#"4'$*#,F."2,F-6*,&'$-*+$#,T-$(,#"4-$'.1,412&("/1$"2'L,J Invest Dermatol,A<<=g,.T];,<O%=L

ABC 0*+".2'+3,JG,K'84('/,7G,R*,W:G,*$,'4L,:&*/-*#,"F,7"..*4-',Q8.)3".F*.-,/"2&4*h,$('$,/'8#*,Q"..*4-'4,
412&("/1$"2',-+,Z.'+/*L,Br J Dermatol,OPP<g,.M.;,A=?%@L

AB@ [#Q.-+S, \L, J8$'+*"8#, 2'+-F*#$'$-"+#, "F, 012*, Q"..*4-"#-#L, J4-+-/'4, 3*F-+-$-"+#, '+3, 3-FF*.*+$-'4,
3-')+"#*#L,Scand J Infect Dis Suppl,A<<Ag,NN;,??%CPL

AB= :2*$'+-/S, WIG, c*44-#, :0G, \.2"4"6-/(, IL, [/."3*.2'$-$-#, /(."+-/', '$."&(-/'+#;, ', /'#*, .*&".$, '+3,
.*6-*T,"F,$(*,4-$*.'$8.*L,Cutis,OPAPg,]L;,O?=%COL

AB> R-J'83",RKG,:8,aDG,W'.#('44,aZG,*$,'4L,[/."3*.2'$-$-#,/(."+-/','$."&(-/'+#, -+,$(*,U+-$*3,:$'$*#;,
/4-+-/'4,'+3,(-#$"&'$("4")-/,F*'$8.*#,"F,#-h,/'#*#L,Cutis,A<<?g LK;,>A%?L

AB< [+3.*#, JG, c-'-,WG, 7.8/SQ'8*.,!G,*$,'4L,[/."3*.2'$-$-#, /(."+-/','$."&(-/'+#, -+, $T",/(-43.*+L, Int J 
Dermatol,OPAPg,Kb;,A>P%BL

A?P c'4'83*S, 9G, 0*-+T*Q*., 7G, ]*.4, !G, *$, '4L, [/."3*.2'$-$-#, /(."+-/', '$."&(-/'+#, -+, ', AC%1*'.%"43, )-.4,
2-#3-')+"#*3,'#,6*+"8#,-+#8FF-/-*+/1,F".,@,1*'.#L,J Am Acad Dermatol,OPPCg,LI;,AP<A%?L

A?A D-/S*+,H5G,:$.4*,ZG,D-/S*+,WWG,*$,'4L, 93*+$-F-/'$-"+,"F,$(.**,#&*/-*#,"F,7"..*4-',Q8.)3".F*.-,#*+#8,
4'$", ^7L, Q8.)3".F*.-, #*+#8, #$.-/$"G, 7L, )'.-+--G, '+3, 7L, 'FV*4--`, '2"+), -#"4'$*#, F."2, '/."3*.2'$-$-#,
/(."+-/','$."&(-/'+#,4*#-"+#L,J Invest Dermatol,A<<>g,..T;,OAA%?L

A?O 78#/(, UG, !-V"%I*8F*4, JG, 7"(2*., HG, *$, '4L, 7"..*4-', Q8.)3".F*.-, #*+#8, 4'$", #$.'-+#, -#"4'$*3, F."2,
/8$'+*"8#, 012*, Q"..*4-"#-#, Q-"&#-*#, 3-FF*.*+$-'$*3, Q1, &84#*3%F-*43, )*4, *4*/$."&(".*#-#L, Scand J 
Infect Dis,A<<@g,I];,C>B%<L

A?B H-M&S*2',:YG,I'V*4''.,RKG,W"4S*+Q"*.,WKG,*$,'4L,R*$*/$-"+,"F,7"..*4-','FV*4--G,7"..*4-',Q8.)3".F*.-,
#*+#8, #$.-/$"G,7"..*4-',)'.-+--, '+3,)."8&, _:AA@,Q1,DJH, -+, #S-+, Q-"&#-*#, "F,&'$-*+$#,T-$(,*.1$(*2',
2-).'+#,'+3,'/."3*.2'$-$-#,/(."+-/','$."&(-/'+#L,Clin Microbiol Infect,A<<=g,J;,AP<%A@L

A?? ].-#$"F*.-$#/(, aG, :48)', \G, Y.'F, WG, *$, '4L, 5*8."&'$(1, '##"/-'$*3, T-$(, '/."3*.2'$-$-#, /(."+-/',
'$."&(-/'+#L,J4-+-/'4,'+3,2".&("4")-/'4,F*'$8.*#L,Ann N Y Acad Sci A<>>g,LJb;,BC%?CL

A?C ]-+3#$.'+3, \G, 5-4##"+, 7eG, !"62'.S, [G, *$, '4L, D*.-&(*.'4, +*8."&'$(1, -+, '/."3*.2'$-$-#, /(."+-/',
'$."&(-/'+#,%,*FF*/$,"F,$.*'$2*+$L,Acta Neurol Scand,OPPOg,.TM;,OCB%=L

A?@ ]-+3#$.'+3, \G, 5-4##"+, 7eG, !"62'.S, [G, *$, '4L, D"41+*8."&'$(1, -+, 4'$*, 012*, Q"..*4-"#-#, %, ', /4-+-/'4G,
+*8."&(1#-"4")-/'4,'+3,2".&("4")-/'4,3*#/.-&$-"+L,Acta Neurol Scand,OPPPg,.T.;,?=%COL

A?= ]-+3#$.'+3, \G, 5-4##"+, 7eG, !"62'.S, [G, *$, '4L, D*.-&(*.'4, +*8."&'$(1, -+, '/."3*.2'$-$-#, /(."+-/',
'$."&(-/'+#,%,',4'$*,7"..*4-',2'+-F*#$'$-"+L,Acta Neurol Scand,A<<=g,bL;,BB>%?CL

A?> W'.#/(,aJG,W'1*$,[G,a"4$*.,WL,J8$'+*"8#,F-Q."#*#,-+38/*3,Q1,7"..*4-',Q8.)3".F*.-L,Br J Dermatol
A<<Bg,.I];,@=?%>L

A?< 7-+3*.,7G,]*.4,!G,W}44*))*.,HL,R-FF*.*+V-'43-')+"#*,3*.,[/."3*.2'$-$-#,/(."+-/','$."&(-/'+#,8+$*.,
Q*#"+3*.*.,7*.}/S#-/($-)8+),3*.,/(."+-#/(%6*+i#*+,9+#8FF-V-*+VL,Phlebologie,OPP?g,JJ;,A<A%>L

ACP :2-$(,7YG,J.8V,[9G,K.LG,W-4*T#S-,WRG,*$,'4L,012*,3-#*'#*,'+3,$(*,".$("&'*3-/, -2&4-/'$-"+#,"F,412*,
'.$(.-$-#L,J Am Acad Orthop Surg,OPAAg,.b;,<A%APPL

ACA D.-*2, :G, W8+S*4$, ]G, Z.'+V, K]G, *$, '4L, �\&-3*2-"4")1, '+3, $(*.'&1, "F, 012*, '.$(.-$-#, '+3, "$(*.,
2'+-F*#$'$-"+#,"F,012*,Q"..*4-"#-#,-+,Y*.2'+1;,.*#84$#,"F,',+'$-"+%T-3*,#8.6*1�L,Z Rheumatol,OPPBg,
MI;,?CP%>L

ACO J(.-#$"6',9G,]"2-$"6',HL,J4-+-/'4,'+3,*&-3*2-"4")-/'4,F*'$8.*#,"F,012*,Q"..*4-"#-#,-+,784)'.-'L,Wien 
Klin Wochenschr,OPP?g,..M;,?O%@L

R



A??

ACB !8&&*.$V,!9G,]'./(,!G,:8#/(S*,!KG,*$,'4L,012*,'.$(.-$-#, -+,\8."&*'+,/(-43.*+,'+3,'3"4*#/*+$#L,I(*,
D*3-'$.-/,H(*82'$"4")1,J"44'Q".'$-6*,Y."8&L,Arthritis Rheum,A<<Cg,J];,B@A%>L

AC? :'84#Q8.1,ZIL,012*,'.$(.-$-#,&.*#*+$-+),'#,$.'+#-*+$,#1+"6-$-#,"F,$(*,(-&L,Clin Pediatr JP>/-*O,OPP>g,
KN;,>BB%CL

ACC :$**.*,[JG,:/("*+,HIG,I'14".,\L,I(*,/4-+-/'4,*6"48$-"+,"F,012*,'.$(.-$-#L,Ann Intern Med, A<>=g,.TN;,
=OC%BAL

AC@ \-/(*+F-*43,[!G,Y"43#2-$(,RDG,7*+'/(,K0G,*$,'4L,J(-43(""3,012*,'.$(.-$-#;,*h&*.-*+/*,-+,'+,*+3*2-/,
'.*'L,J Pediatr,A<>@g,.Tb;,=CB%>L

AC= 0*4"6'#, DG, R"+$'#, 9G, 7'##-'S"8, \G, *$, '4L, J'.3-'/, -2&4-/'$-"+#, "F, 012*, 3-#*'#*G, 3-')+"#-#, '+3,
$(*.'&*8$-/,'&&."'/(L,Int J Cardiol,OPP>g,.Ib;,AC%OAL

AC> 6'+,3*.,0-+3*,WHL,012*,/'.3-$-#;,/4-+-/'4,/('.'/$*.-#$-/#,"F,APC,/'#*#L,Scand J Infect Dis Suppl,A<<Ag,
NN;,>A%?L

AC< !'4&*.-+, KKG, _"4S2'+, RKG,a8, DL, J*+$.'4, +*.6"8#, #1#$*2, 'Q+".2'4-$-*#, -+, 012*, +*8."Q"..*4-"#-#L,
C%,.#-#6I,A<<Ag,K.;,AC=A%>OL

A@P 5'3*42'+,H7G,a".2#*.,YDL,012*,Q"..*4-"#-#L,Lancet,A<<>g,JLI;,CC=%@CL
A@A 7-)'-)+"+,YG,I"2'#-,KDG,Y"8Q'8,DG,*$,'4L,[,/4-+-/'4,'+3,#*."%*&-3*2-"4")-/'4,#$831,"F,A<P,7*4)-'+,

&'$-*+$#,#8FF*.-+),F."2,012*,Q"..*4-"#-#L,Acta Clin Belg,A<><g,KK;,A=?%>AL
A@O J-22-+",WG, Y.'+#$."2,WG, Y.'1, K:G, *$, '4L, \8."&*'+, 012*, Q"..*4-"#-#, /4-+-/'4, #&*/$.82L, Zentralbl 

Bakteriol,A<<>g,I]N;,O?>%COL
A@B J(.-#$*+, !KG, !'+*F*43, ZL, 5*8."4")-/, /"2&4-/'$-"+#, "F, *.1$(*2'%2-).'+#%3-#*'#*, -+, /(-43(""3%%

/4-+-/'4,'#&*/$#L,Zent.*-4-'0*;8%./#-'A/;.#4/#-'QI6'@,A<>=g,IMJ;,BB=%?OL
A@? DF-#$*., !aG, \-+('8&4, ]WG,a-4#S*, 7G, *$, '4L, 7'++T'.$(�#, #1+3."2*, '+3, $(*, *+4'.)*3, +*8."4")-/'4,

#&*/$.82,"F,'.$(."&"3%Q".+*,Q"..*4-"#-#L,=%18.*-4-'0*;8%./#-'A/;.#4/#-'QI6'@,A<>=g,IMJ;,B?B%=L
A@C I6*-$+*#,RG,E12'.,]G,5'$'#,EL,[/8$*,F'/-'4,+*.6*,&'4#1,-+,/(-43.*+;,("T,"F$*+,-#,-$,412*,Q"..*4-"#-#x,

Scand J Infect Dis,OPP=g,Jb;,?OC%BAL
A@@ [.+*V,WG,H8V-/%:'Q4M-/,\L, 012*,Q"..*4-"#-#, '+3, '/8$*,&*.-&(*.'4, F'/-'4,&'4#1, -+,:4"6*+-'+,/(-43.*+L,

Pediatr Infect Dis J,OPAPg,Ib;,A>O%?L
A@= J(.-#$*+,!KG,7'.$4'8,5G,!'+*F*43,ZG,*$,'4L,D*.-&(*.'4,F'/-'4,&'4#1,-+,/(-43(""3%%012*,Q"..*4-"#-#,$",Q*,

#8#&*/$*3,8+4*##,&."6*+,"$(*.T-#*L,Acta Paediatr Scand,A<<Pg,Nb;,AOA<%O?L
A@> J(.-#$*+,!KL,012*,+*8."Q"..*4-"#-#,-+,/(-43.*+L,Ann Med,A<<@g,I];,OBC%?PL
A@< D*-$*.#*+, \L, 7*44�#, &'4#1;, $(*, #&"+$'+*"8#, /"8.#*, "F, OGCPP, &*.-&(*.'4, F'/-'4, +*.6*, &'4#-*#, "F,

3-FF*.*+$,*$-"4")-*#L,@)8*'R8#-*.I16#-'G,++-,OPPO;,?%BPL
A=P D*4$"2'',WG,D11SS",9G,:*&&'4', 9G,*$,'4L, 012*,Q"..*4-"#-#%%'+,8+8#8'4,/'8#*,"F,6*.$-)"L,Auris Nasus 

H*.I1",A<<>g,IL;,OBB%?OL
A=A H"$(*.2*4,!G,!*3)*#,IHG,999G,:$**.*,[JL,E&$-/,+*8."&'$(1,-+,/(-43.*+,T-$(,012*,3-#*'#*L,Pediatrics

OPPAg,.T];,?==%>AL
A=O :-Q"+1,DG,!'4&*.-+,KG,J"14*,D]G,*$,'4L,H*'/$-6*,012*,#*."4")1, -+,"&$-/,+*8.-$-#L,J Neuroophthalmol

OPPCg,IL;,=A%>OL
A=B 9#(-V'S-, !G, D11SS", 9G, 5"V8*, WL, 5*8."Q"..*4-"#-#, -+, $(*, *$-"4")1, "F, 6*#$-Q84'., +*8."+-$-#L, Acta 

R8#-*.I16#-'G,++-,A<<Bg,LTJ;,@=%<L
A=? :2-$(,9:G,H*/(4-+,RDL,R*4'1*3,3-')+"#-#,"F,+*8."Q"..*4-"#-#,&.*#*+$-+),'#,Q*44,&'4#1,'+3,2*+-+)-$-#L,

J Am Osteopath Assoc,OPAPg,..T;,??A%?L
A=C !13*+,RG,H"Q*.),WG,E3S6-#$,0L,7"..*4-"#-#,'#,',/'8#*,"F,#833*+,3*'F+*##,'+3,6*#$-Q84'.,+*8.-$-#,-+,

:T*3*+L,@)8*'R8#-*.I16#-'G,++-,A<<Cg,LIT-7$-I;,BOP%OL
A=@ ].8)*.,!G,]"(4(*&&,aG,]"+-),:L,Z"44"T%8&,"F,'+$-Q-"$-/'441,$.*'$*3,'+3,8+$.*'$*3,+*8."Q"..*4-"#-#L,

Acta Neurol Scand,A<<Pg,]I;,C<%@=L
A== DF-#$*.,!aG,H8&&.*/($,I[L,J4-+-/'4,'#&*/$#,"F,+*8."Q"..*4-"#-#,'+3,&"#$%012*,3-#*'#*,#1+3."2*,-+,

'384$,&'$-*+$#L,Int J Med Microbiol,OPP@g,IbM-D:,,1-KT;,AA%@L
A=> ]'-#*., HL, _'.-'Q4*, J:Z, F-+3-+)#, -+, *'.41, '+3, 4'$*, 012*, +*8."Q"..*4-"#-#;, ', F"44"T%8&, #$831, -+, ?=,

&'$-*+$#L,J Neurol,A<<?g,IKI;,O@%B@L
A=< D'/(+*.,[HL,5*8."4")-/,2'+-F*#$'$-"+#,"F,012*,3-#*'#*G, $(*,+*T,�).*'$, -2-$'$".�L,Rev Infect Dis

A<><g,..-D:,,1-M;,:A?>O%:A?>@L
A>P !8&&*.$V,!9G,W8+/(2*-*.,RG,0-*Q,aL,E/84'.,2'+-F*#$'$-"+#,-+,/(-43.*+,'+3,'3"4*#/*+$#,T-$(,012*,

'.$(.-$-#L,Br J Ophthalmol,A<<<g,]J;,AA?<%COL
A>A W-SS-4', !EG, :*&&'4', 9KG, _-4M'+*+, W]G, *$, '4L, I(*, *h&'+3-+), /4-+-/'4, #&*/$.82, "F, "/84'., 412*,

Q"..*4-"#-#L,OphthalmologI,OPPPg,.TN;,C>A%=L



A??

ACB !8&&*.$V,!9G,]'./(,!G,:8#/(S*,!KG,*$,'4L,012*,'.$(.-$-#, -+,\8."&*'+,/(-43.*+,'+3,'3"4*#/*+$#L,I(*,
D*3-'$.-/,H(*82'$"4")1,J"44'Q".'$-6*,Y."8&L,Arthritis Rheum,A<<Cg,J];,B@A%>L

AC? :'84#Q8.1,ZIL,012*,'.$(.-$-#,&.*#*+$-+),'#,$.'+#-*+$,#1+"6-$-#,"F,$(*,(-&L,Clin Pediatr JP>/-*O,OPP>g,
KN;,>BB%CL

ACC :$**.*,[JG,:/("*+,HIG,I'14".,\L,I(*,/4-+-/'4,*6"48$-"+,"F,012*,'.$(.-$-#L,Ann Intern Med, A<>=g,.TN;,
=OC%BAL

AC@ \-/(*+F-*43,[!G,Y"43#2-$(,RDG,7*+'/(,K0G,*$,'4L,J(-43(""3,012*,'.$(.-$-#;,*h&*.-*+/*,-+,'+,*+3*2-/,
'.*'L,J Pediatr,A<>@g,.Tb;,=CB%>L

AC= 0*4"6'#, DG, R"+$'#, 9G, 7'##-'S"8, \G, *$, '4L, J'.3-'/, -2&4-/'$-"+#, "F, 012*, 3-#*'#*G, 3-')+"#-#, '+3,
$(*.'&*8$-/,'&&."'/(L,Int J Cardiol,OPP>g,.Ib;,AC%OAL

AC> 6'+,3*.,0-+3*,WHL,012*,/'.3-$-#;,/4-+-/'4,/('.'/$*.-#$-/#,"F,APC,/'#*#L,Scand J Infect Dis Suppl,A<<Ag,
NN;,>A%?L

AC< !'4&*.-+, KKG, _"4S2'+, RKG,a8, DL, J*+$.'4, +*.6"8#, #1#$*2, 'Q+".2'4-$-*#, -+, 012*, +*8."Q"..*4-"#-#L,
C%,.#-#6I,A<<Ag,K.;,AC=A%>OL

A@P 5'3*42'+,H7G,a".2#*.,YDL,012*,Q"..*4-"#-#L,Lancet,A<<>g,JLI;,CC=%@CL
A@A 7-)'-)+"+,YG,I"2'#-,KDG,Y"8Q'8,DG,*$,'4L,[,/4-+-/'4,'+3,#*."%*&-3*2-"4")-/'4,#$831,"F,A<P,7*4)-'+,

&'$-*+$#,#8FF*.-+),F."2,012*,Q"..*4-"#-#L,Acta Clin Belg,A<><g,KK;,A=?%>AL
A@O J-22-+",WG, Y.'+#$."2,WG, Y.'1, K:G, *$, '4L, \8."&*'+, 012*, Q"..*4-"#-#, /4-+-/'4, #&*/$.82L, Zentralbl 

Bakteriol,A<<>g,I]N;,O?>%COL
A@B J(.-#$*+, !KG, !'+*F*43, ZL, 5*8."4")-/, /"2&4-/'$-"+#, "F, *.1$(*2'%2-).'+#%3-#*'#*, -+, /(-43(""3%%

/4-+-/'4,'#&*/$#L,Zent.*-4-'0*;8%./#-'A/;.#4/#-'QI6'@,A<>=g,IMJ;,BB=%?OL
A@? DF-#$*., !aG, \-+('8&4, ]WG,a-4#S*, 7G, *$, '4L, 7'++T'.$(�#, #1+3."2*, '+3, $(*, *+4'.)*3, +*8."4")-/'4,

#&*/$.82,"F,'.$(."&"3%Q".+*,Q"..*4-"#-#L,=%18.*-4-'0*;8%./#-'A/;.#4/#-'QI6'@,A<>=g,IMJ;,B?B%=L
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B== J('+),70G,:(-(,JWG,H",0:G,*$,'4L,[/8$*,+*8."Q"..*4-"#-#,T-$(, -+6"46*2*+$,"F,$(*,/*+$.'4,+*.6"8#,
#1#$*2L,J Neurol Sci,OPAPg,IbL;,AP%CL

B=> a-4#S*, 7G, :/(-*.V, YG, D.*'/%W8.#-/, _G, *$, '4L, 9+$.'$(*/'4, &."38/$-"+, "F, #&*/-F-/, '+$-Q"3-*#, ')'-+#$,
7"..*4-', Q8.)3".F*.-, -+, &'$-*+$#, T-$(, 412&("/1$-/, 2*+-+)".'3-/84-$-#, ^7'++T'.$(�#, #1+3."2*`L, J 
Infect Dis,A<>@g,.LJ;,BP?%A?L

B=< H8&&.*/($,I[G,]-.#/(+-+),JKG,D"&&,7G,*$, '4L, 7"..*4-',)'.-+--, -+38/*#, JfJ0AB,&."38/$-"+, -+,(82'+,
2"+"/1$*#,$(."8)(,I"44%4-S*,.*/*&$".,OL,Infect Immun,OPP=g,NL;,?BCA%@L

B>P H8&&.*/($, I[G, DF-#$*., !aG, [+)*4*, 7G, *$, '4L, I(*, /(*2"S-+*, JfJ0AB, ^70J`;, ', &8$'$-6*, 3-')+"#$-/,
2'.S*.,F".,+*8."Q"..*4-"#-#L,C%,.#-#6I,OPPCg,ML;,??>%CPL

B>A 0M"#$'3,UG,W1)4'+3,[L,J:Z,7%%412&("/1$*,/(*2"'$$.'/$'+$,^JfJ0AB`,-+,$(*,*'.41,3-')+"#-#,"F,'/8$*,
012*,+*8."Q"..*4-"#-#L,J Neurol,OPP>g,ILL;,=BO%=L

B>O :*+*4,WG,H8&&.*/($,I[G,I82'+-,!G,*$,'4L,I(*,/(*2"S-+*,JfJ0AB,-+,'/8$*,+*8."Q"..*4-"#-#L,J Neurol 
C%,.#(,.6'P(I)>/*8.I,OPAPg,].;,<O<%BBL

B>B :/(2-3$, JG, D4'$*, [G, [+)*4*, 7G, *$, '4L, [, &."#&*/$-6*, #$831, "+, $(*, ."4*, "F, JfJ0AB, -+, 012*,
+*8."Q"..*4-"#-#L,C%,.#-#6I,OPAAg,NM;,APCA%>L

B>? a-3+*1, RDG, 7.**+, \JG, 7"#/'.3-+,aKG, *$, '4L, :*.82, 4*6*4#, "F, $(*, ("2*"#$'$-/, 7, /*44, /(*2"S-+*G,
JfJ0ABG,'.*,*4*6'$*3,38.-+),!9_,-+F*/$-"+L,N'!18%.2%.#1'FI8#;/1%'T%(,OPPCg,IL;,=PO%@L

B>C :*44*QM*.), ZG, 7".+#*+, 0G, ]('3*2-, WG, *$, '4L, 9+/.*'#*3, /*.*Q."#&-+'4, F48-3, /"+/*+$.'$-"+#, "F, $(*,
/(*2"S-+*,JfJ0AB,-+,'/$-6*,W:L,C%,.#-#6I,OPP<g,NJ;,OPPB%APL

B>@ :/(-FF*.,0G,]82&*.#,DG,R'6'4"#%W-##4-$V,[WG,*$,'4L,7%/*44%'$$.'/$-+),/(*2"S-+*,JfJ0AB,'#,',2'.S*.,"F,
3-#*'#*, '/$-6-$1, '+3, .*+'4, -+6"46*2*+$, -+, #1#$*2-/, 48&8#, *.1$(*2'$"#8#, ^:0\`L, C%+>.#-' B/*-'
E.*1(+-*18,OPP<g,IK;,B=P>%AOL

B>= 0**, !IG, :(-'", eWG, a8, I!G, *$, '4L, :*.82, 70JlJfJ0AB, /"+/*+$.'$-"+#, '+3, .*+'4, *h&.*##-"+, "F,
JfJ0ABlJfJHC, -+, &'$-*+$#, T-$(, #1#$*2-/, 48&8#, *.1$(*2'$"#8#, '+3, 48&8#, +*&(.-$-#L, J T>%,7*8#-
OPAPg,JN;,?C%COL

B>> :/(-FF*.,0G,]-*4#$*-+,KIG,!'8Q-$V,WG,*$,'4L,\4*6'$-"+,"F,#*.82,JfJ0AB,-+,:0\,'#,T*44,'#,-+,#*&#-#L,Lupus
OPAPL

B>< W844*))*., HHG, W*'+#, I]G, :(-+, KKG, *$, '4L, J(*2"S-+*, #-)+'$8.*#, -+, $(*, #S-+, 3-#".3*.#, "F, 012*,
Q"..*4-"#-#,-+,\8."&*;,&.*3"2-+'+/*,"F,JfJ0<,'+3,JfJ0AP,-+,*.1$(*2',2-).'+#,'+3,'/."3*.2'$-$-#,
'+3,JfJ0AB,-+,412&("/1$"2'L,Infect Immun,OPP=g,NL;,?@OA%>L

B<P a8$$*,5G, 7*.)("43, [G, ].'-+Q*.)*., 9G, *$, '4L, :*.82, JfJ0AB, J(*2"S-+*, -#, 5"$, ', W'.S*., F"., [/$-6*,
012*,7"..*4-"#-#L,@)8*'B%.7'U%1%.%#-,OPAAL

B<A ].'-/V1, DG, a*-)'+3, KG, a-/(*4('8#, I[G, *$, '4L, 9+, 6-$.", '/$-6-$-*#, "F, F48"."k8-+"4"+*#, ')'-+#$, $(*,
#&-."/(*$*,7"..*4-',Q8.)3".F*.-L,@18/7/).#4'@6%18('F>%7#8>%.,OPPAg,KL;,O?>@%<?L

B<O !8+F*43, ]DG, a*-)'+3, KG, a-/(*4('8#, I[G, *$, '4L, 9+, 6-$.", '/$-6-$1, "F, 2*V4"/-44-+G, 2*."&*+*2G,
'V$.*"+'2G,6'+/"21/-+G,$*-/"&4'+-+G,.-Q"#$'21/-+,'+3,F8#-3-/,'/-3,')'-+#$,7"..*4-',Q8.)3".F*.-L,Int 
J Antimicrob Agents,OPPAg,.N;,OPB%>L

B<B !8+F*43, ]DG, ].'-/V1, DG, ]*S"8S(, \G, *$, '4L, :$'+3'.3-#*3, -+, 6-$.", #8#/*&$-Q-4-$1, $*#$-+), "F, 7"..*4-',
Q8.)3".F*.-, ')'-+#$,T*44%S+"T+, '+3, +*T41, 3*6*4"&*3, '+$-2-/."Q-'4, ')*+$#%%&"##-Q4*, -2&4-/'$-"+#,
F".,+*T,$(*.'&*8$-/,'&&."'/(*#,$",012*,3-#*'#*L,Int J Med Microbiol,OPPOg,Ib.-D:,,1-JJ;,AOC%B=L

B<? !8+F*43,]DG,H"3*4,HG,a-/(*4('8#,I[L, 9+,6-$.",'/$-6-$1,"F,*-)($,".'4,/*&('4"#&".-+#,')'-+#$,7"..*4-',
Q8.)3".F*.-L,Int J Antimicrob Agents,OPPBg,I.;,BAB%>L

B<C !8+F*43, ]DG, a-/(*4('8#, I[G, H"3*4, HG, *$, '4L, J"2&'.-#"+, "F, -+, 6-$.", '/$-6-$-*#, "F, S*$"4-3*#G,
2'/."4-3*#G, '+3, '+, 'V'4-3*, ')'-+#$, $(*, #&-."/(*$*, 7"..*4-', Q8.)3".F*.-L, Antimicrob Agents 
F>%7#8>%.,OPP?g,K];,B??%=L

B<@ !8+F*43,]DG,7.'3*,_L,[+$-2-/."Q-'4,#8#/*&$-Q-4-$1,"F,7"..*4-',Q8.)3".F*.-,#*+#8,4'$";,T('$,T*,S+"TG,
T('$,T*,3"+�$,S+"TG,'+3,T('$,T*,+**3,$",S+"TL,V/%1'W-/1'V#)>%1()>.,OPP@g,..];,@C<%@>L

B<= !8+F*43, ]DG, ].'-/V1, DG,a-/(*4('8#, I[G, *$, '4L, 5*T, /"4".-2*$.-/,2-/."3-48$-"+,2*$("3, F"., -+, 6-$.",
#8#/*&$-Q-4-$1, $*#$-+),"F,7"..*4-',Q8.)3".F*.-, ')'-+#$,'+$-2-/."Q-'4, #8Q#$'+/*#L,Eur J Clin Microbiol 
Infect Dis,OPPPg,.b;,O=%BOL

B<> 0'S"#,[G,5')1,YL,�\FF*/$,"F,'+,'+$-Q-"$-/,/"2Q-+'$-"+,"+,$(*,&."&')'$-"+,"F,7"..*4-',Q8.)3".F*.-G,
/'8#'$-6*,')*+$,"F,012*,3-#*'#*�L,Orv Hetil,A<<<g,.KT;,ACO<%BOL

R



AC?

B<< K"(+#"+,HJL,9#"4'$-"+,$*/(+-k8*#,F".,#&-."/(*$*#,'+3,$(*-.,#*+#-$-6-$1,$",'+$-Q-"$-/#,-+,6-$.",'+3,-+,
6-6"L,Rev Infect Dis,A<><g,..-D:,,1-M;,:ACPC%:ACAPL

?PP R*6*.,00G,K".)*+#*+,K!G,7'.Q"8.,[YL,9+,6-$.",'/$-6-$1,"F,6'+/"21/-+,')'-+#$,$(*,#&-."/(*$*,7"..*4-',
Q8.)3".F*.-L,Antimicrob Agents Chemother,A<<Bg,JN;,AAAC%OAL

?PA 7'.$("43, :aG,!"3V-/, \G, 92'-, RWG, *$, '4L, 9+*FF*/$-6*+*##, "F, $-)*/1/4-+*, ')'-+#$, &*.#-#$*+$, 7"..*4-',
Q8.)3".F*.-L,Antimicrob Agents Chemother,OPAPg,LK;,@?B%CAL

?PO e'+),fG,5)81*+,[G,d-8,RG,*$,'4L, 9+,6-$.", '/$-6-$1,"F, $-)*/1/4-+*, ')'-+#$,284$-&4*, #$.'-+#,"F, 7"..*4-',
Q8.)3".F*.-L,J Antimicrob Chemother,OPP<g,MJ;,=P<%AOL

?PB :-/S4-+)*., WG, a-*+*/S*, HG, 5*8Q*.$, UL, 9+, 6-$.", #8#/*&$-Q-4-$1, $*#$-+), "F, F"8., '+$-Q-"$-/#, ')'-+#$,
7"..*4-', Q8.)3".F*.-;, ', /"2&'.-#"+, "F, .*#84$#, F"., $(*, $(.**, )*+"#&*/-*#, 7"..*4-', 'FV*4--G, 7"..*4-',
)'.-+--G,'+3,7"..*4-',Q8.)3".F*.-,#*+#8,#$.-/$"L,J Clin Microbiol,OPPBg,K.;,A=<A%BL

?P? !'+#*+,]G,!"62'.S,[G,0*Q*/(,[WG,*$,'4L,H"h-$(."21/-+,-+,012*,Q"..*4-"#-#;,3-#/.*&'+$,.*#84$#,"F,
'+, -+, 6-$.", '+3, -+, 6-6", '+-2'4, #8#/*&$-Q-4-$1, #$831, '+3, ', /4-+-/'4, $.-'4, -+, &'$-*+$#, T-$(, *.1$(*2',
2-).'+#L,Acta Derm Venereol,A<<Og,NI;,O<=%BPPL

?PC 7'.#-/,7G,W'.*$-/,IG,W'M*.8#,0G,*$,'4L,J"2&'.-#"+,"F,'V-$(."21/-+,'+3,3"h1/1/4-+*,-+,$(*,$.*'$2*+$,
"F,*.1$(*2',2-).'+#L,Infection,OPPPg,I];,ACB%@L

?P@ :$.4*,ZG,W'.'#&-+,_G,0"$.-/%Z8.4'+,:G,*$,'4L,[V-$(."21/-+,'+3,3"h1/1/4-+*,F".,$.*'$2*+$,"F,7"..*4-',
/84$8.*%&"#-$-6*,*.1$(*2',2-).'+#L,Infection,A<<@g,IK;,@?%>L

?P= :$.4*, ZG, D.*'/%W8.#-/, _G, J-2&*.2'+, KG, *$, '4L, [V-$(."21/-+, 6*.#8#, 3"h1/1/4-+*, F"., $.*'$2*+$, "F,
*.1$(*2',2-).'+#;,/4-+-/'4,'+3,2-/."Q-"4")-/'4,F-+3-+)#L,Infection,A<<Bg,I.;,>B%>L

?P> a*Q*.,]G,a-4#S*,7G,D.*'/%W8.#-/,_G,*$,'4L,[V-$(."21/-+,6*.#8#,&*+-/-44-+,_,F".,$(*,$.*'$2*+$,"F,*'.41,
012*,Q"..*4-"#-#L,Infection,A<<Bg,I.;,B@=%=OL

?P< R'$$T14*., HKG, !'4&*.-+, KKG, _"4S2'+, RKG, *$, '4L, I.*'$2*+$, "F, 4'$*, 012*, Q"..*4-"#-#%%.'+3"2-#*3,
/"2&'.-#"+,"F,/*F$.-'h"+*,'+3,&*+-/-44-+L,Lancet,A<>>g,.;,AA<A%?L

?AP DF-#$*., !aG, D.*'/%W8.#-/, _G, a-4#S*, 7G, *$, '4L, J*F"$'h-2*, 6#, &*+-/-44-+, Y, F"., '/8$*, +*8."4")-/,
2'+-F*#$'$-"+#,-+,012*,Q"..*4-"#-#L,[,&."#&*/$-6*,.'+3"2-V*3,#$831L,Arch Neurol,A<><g,KM;,AA<P%?L

?AA !'##4*.,RG,c"44*.,0G,!'83*,WG,*$,'4L,J*F"$'h-2*,6*.#8#,&*+-/-44-+,-+,$(*,4'$*,#$')*,"F,012*,3-#*'#*%%
&."#&*/$-6*G,.'+3"2-V*3,$(*.'&*8$-/,#$831L,Infection,A<<Pg,.];,A@%OPL

?AO 0M"#$'3, UG, :S")6"44, \G, \-S*4'+3, HG, *$, '4L, E.'4, 3"h1/1/4-+*, 6*.#8#, -+$.'6*+"8#, /*F$.-'h"+*, F".,
\8."&*'+, 012*, +*8."Q"..*4-"#-#;, ', 284$-/*+$*.G, +"+%-+F*.-".-$1G, 3"8Q4*%Q4-+3G, .'+3"2-#*3, $.-'4L,
Lancet Neurol,OPP>g,N;,@<P%CL

?AB !8+F*43, ]DG, H8V-/%:'Q4M-/, \G, 5"..-#, R\G, *$, '4L, H-#S, "F, /84$8.*%/"+F-.2*3, Q"..*4-'4, &*.#-#$*+/*, -+,
&'$-*+$#,$.*'$*3,F".,*.1$(*2',2-).'+#,'+3,&"##-Q4*,2*/('+-#2#,"F,.*#-#$'+/*L,Int J Med Microbiol
OPP@g,IbM-D:,,1-KT;,OBB%?AL

?A? W1)4'+3, [G, 0M"#$'3, UG, Z-+)*.4*, _G, *$, '4L, \Z5:, )8-3*4-+*#, "+, $(*, 3-')+"#-#, '+3,2'+')*2*+$, "F,
\8."&*'+,012*,+*8."Q"..*4-"#-#L,Eur J Neurol,OPAPg,.N;,>%?L

?AC \UJ[07,)8-3*4-+*L,9+;,,OPP<
?A@ a".2#*.,YDG,R'$$T14*.,HKG,:('&-.",\RG,*$,'4L,I(*,/4-+-/'4,'##*##2*+$G,$.*'$2*+$G,'+3,&.*6*+$-"+,"F,

412*,3-#*'#*G,(82'+,).'+84"/1$-/,'+'&4'#2"#-#G,'+3,Q'Q*#-"#-#;,/4-+-/'4,&.'/$-/*,)8-3*4-+*#,Q1,$(*,
9+F*/$-"8#,R-#*'#*#,:"/-*$1,"F,[2*.-/'L,Clin Infect Dis,OPP@g,KJ;,AP><%AB?L

?A= R8$/(,Y8-3*4-+*,012*,7"..*4-"#-#G,J7E,H-/($4-M+,012*,7"..*4-"#*L,9+;,,OPP?
?A> a".2#*.,YDG,E�J"++*44,:L,I.*'$2*+$,"F,-+F*/$-"+,/'8#*3,Q1,7"..*4-',Q8.)3".F*.-,#*+#8,4'$"L,?"+%.8'

Rev Anti Infect Ther,OPAAg,b;,O?C%@PL
?A< !'4&*.-+,KKG,:('&-.",\RG,0")-)-'+,\G,*$,'4L,D.'/$-/*,&'.'2*$*.;,$.*'$2*+$,"F,+*.6"8#,#1#$*2,012*,

3-#*'#*, ^'+, *6-3*+/*%Q'#*3, .*6-*T`;, .*&".$, "F, $(*, d8'4-$1, :$'+3'.3#, :8Q/"22-$$**, "F, $(*,
[2*.-/'+,[/'3*21,"F,5*8."4")1L,NeurologI,OPP=g,Mb;,<A%APOL

?OP a".2#*., YDG,H'2'+'$('+,HG, 5"T'S"T#S-, KG,*$,'4L,R8.'$-"+, "F, '+$-Q-"$-/, $(*.'&1, F".,*'.41,012*,
3-#*'#*L,[,.'+3"2-V*3G,3"8Q4*%Q4-+3G,&4'/*Q"%/"+$."44*3,$.-'4L,Ann Intern Med,OPPBg,.J];,@<=%=P?L

?OA R'$$T14*.,HKG,08F$,7KG,]8+S*4,WKG,*$,'4L,J*F$.-'h"+*,/"2&'.*3,T-$(,3"h1/1/4-+*,F".,$(*,$.*'$2*+$,
"F,'/8$*,3-##*2-+'$*3,012*,3-#*'#*L,N Engl J Med,A<<=g,JJN;,O><%<?L

?OO a*Q*.,]G,D.*'/%W8.#-/,_G,5*8Q*.$,UG,*$,'4L,[+$-Q-"$-/,$(*.'&1,"F,*'.41,\8."&*'+,012*,Q"..*4-"#-#,
'+3,'/."3*.2'$-$-#,/(."+-/','$."&(-/'+#L,Ann N Y Acad Sci,A<>>g,LJb;,BO?%?CL

?OB [Q*.*.,\G,7.*-*.,ZG,:$'+*S,YG,*$,'4L,:8//*##,'+3,F'-48.*,-+,$(*,$.*'$2*+$,"F,'/."3*.2'$-$-#,/(."+-/',
'$."&(-/'+#L,Infection,A<<@g,IK;,>C%=L

?O? 7*+$'#,aG,]'./(,!G,!8&&*.$V,!9L, 012*,'.$(.-$-#, -+, /(-43.*+,'+3,'3"4*#/*+$#;,"8$/"2*, AO,2"+$(#,
'F$*.,-+-$-'$-"+,"F,'+$-Q-"$-/,$(*.'&1L,J Rheumatol,OPPPg,IN;,OPOC%BPL



AC?

B<< K"(+#"+,HJL,9#"4'$-"+,$*/(+-k8*#,F".,#&-."/(*$*#,'+3,$(*-.,#*+#-$-6-$1,$",'+$-Q-"$-/#,-+,6-$.",'+3,-+,
6-6"L,Rev Infect Dis,A<><g,..-D:,,1-M;,:ACPC%:ACAPL

?PP R*6*.,00G,K".)*+#*+,K!G,7'.Q"8.,[YL,9+,6-$.",'/$-6-$1,"F,6'+/"21/-+,')'-+#$,$(*,#&-."/(*$*,7"..*4-',
Q8.)3".F*.-L,Antimicrob Agents Chemother,A<<Bg,JN;,AAAC%OAL

?PA 7'.$("43, :aG,!"3V-/, \G, 92'-, RWG, *$, '4L, 9+*FF*/$-6*+*##, "F, $-)*/1/4-+*, ')'-+#$, &*.#-#$*+$, 7"..*4-',
Q8.)3".F*.-L,Antimicrob Agents Chemother,OPAPg,LK;,@?B%CAL

?PO e'+),fG,5)81*+,[G,d-8,RG,*$,'4L, 9+,6-$.", '/$-6-$1,"F, $-)*/1/4-+*, ')'-+#$,284$-&4*, #$.'-+#,"F, 7"..*4-',
Q8.)3".F*.-L,J Antimicrob Chemother,OPP<g,MJ;,=P<%AOL

?PB :-/S4-+)*., WG, a-*+*/S*, HG, 5*8Q*.$, UL, 9+, 6-$.", #8#/*&$-Q-4-$1, $*#$-+), "F, F"8., '+$-Q-"$-/#, ')'-+#$,
7"..*4-', Q8.)3".F*.-;, ', /"2&'.-#"+, "F, .*#84$#, F"., $(*, $(.**, )*+"#&*/-*#, 7"..*4-', 'FV*4--G, 7"..*4-',
)'.-+--G,'+3,7"..*4-',Q8.)3".F*.-,#*+#8,#$.-/$"L,J Clin Microbiol,OPPBg,K.;,A=<A%BL

?P? !'+#*+,]G,!"62'.S,[G,0*Q*/(,[WG,*$,'4L,H"h-$(."21/-+,-+,012*,Q"..*4-"#-#;,3-#/.*&'+$,.*#84$#,"F,
'+, -+, 6-$.", '+3, -+, 6-6", '+-2'4, #8#/*&$-Q-4-$1, #$831, '+3, ', /4-+-/'4, $.-'4, -+, &'$-*+$#, T-$(, *.1$(*2',
2-).'+#L,Acta Derm Venereol,A<<Og,NI;,O<=%BPPL

?PC 7'.#-/,7G,W'.*$-/,IG,W'M*.8#,0G,*$,'4L,J"2&'.-#"+,"F,'V-$(."21/-+,'+3,3"h1/1/4-+*,-+,$(*,$.*'$2*+$,
"F,*.1$(*2',2-).'+#L,Infection,OPPPg,I];,ACB%@L

?P@ :$.4*,ZG,W'.'#&-+,_G,0"$.-/%Z8.4'+,:G,*$,'4L,[V-$(."21/-+,'+3,3"h1/1/4-+*,F".,$.*'$2*+$,"F,7"..*4-',
/84$8.*%&"#-$-6*,*.1$(*2',2-).'+#L,Infection,A<<@g,IK;,@?%>L

?P= :$.4*, ZG, D.*'/%W8.#-/, _G, J-2&*.2'+, KG, *$, '4L, [V-$(."21/-+, 6*.#8#, 3"h1/1/4-+*, F"., $.*'$2*+$, "F,
*.1$(*2',2-).'+#;,/4-+-/'4,'+3,2-/."Q-"4")-/'4,F-+3-+)#L,Infection,A<<Bg,I.;,>B%>L

?P> a*Q*.,]G,a-4#S*,7G,D.*'/%W8.#-/,_G,*$,'4L,[V-$(."21/-+,6*.#8#,&*+-/-44-+,_,F".,$(*,$.*'$2*+$,"F,*'.41,
012*,Q"..*4-"#-#L,Infection,A<<Bg,I.;,B@=%=OL

?P< R'$$T14*., HKG, !'4&*.-+, KKG, _"4S2'+, RKG, *$, '4L, I.*'$2*+$, "F, 4'$*, 012*, Q"..*4-"#-#%%.'+3"2-#*3,
/"2&'.-#"+,"F,/*F$.-'h"+*,'+3,&*+-/-44-+L,Lancet,A<>>g,.;,AA<A%?L

?AP DF-#$*., !aG, D.*'/%W8.#-/, _G, a-4#S*, 7G, *$, '4L, J*F"$'h-2*, 6#, &*+-/-44-+, Y, F"., '/8$*, +*8."4")-/,
2'+-F*#$'$-"+#,-+,012*,Q"..*4-"#-#L,[,&."#&*/$-6*,.'+3"2-V*3,#$831L,Arch Neurol,A<><g,KM;,AA<P%?L

?AA !'##4*.,RG,c"44*.,0G,!'83*,WG,*$,'4L,J*F"$'h-2*,6*.#8#,&*+-/-44-+,-+,$(*,4'$*,#$')*,"F,012*,3-#*'#*%%
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?CC ]"T'4#S-, IKG, I'$', :G, 7*.$(, aG, *$, '4L, [+$-Q-"$-/, $.*'$2*+$, 38.'$-"+, '+3, 4"+)%$*.2, "8$/"2*#, "F,
&'$-*+$#,T-$(,*'.41, 412*,3-#*'#*, F."2,', 412*,3-#*'#*%(1&*.*+3*2-/,'.*'L,Clin Infect Dis, OPAPg,LT;,
CAO%OPL

?C@ 5"T'S"T#S-,KG,5'3*42'+,H7G,:*44,HG,*$,'4L,0"+)%$*.2,F"44"T%8&,"F,&'$-*+$#,T-$(,/84$8.*%/"+F-.2*3,
012*,3-#*'#*L,Am J Med,OPPBg,..L;,<A%@L

?C= 5'3*42'+, H7G, !'+-+/"6', ]G, W8S(*.M**, DG, *$, '4L, R-FF*.*+$-'$-"+, "F, .*-+F*/$-"+, F."2, .*4'&#*, -+,
.*/8..*+$,012*,3-#*'#*L,N Engl J Med,OPAOg,JMN;,A>>B%<PL

?C> !"3V-/,\G,Z*+),:G,!"43*+,]G,*$,'4L,D*.#-#$*+/*,"F,7"..*4-',Q8.)3".F*.-,F"44"T-+),'+$-Q-"$-/,$.*'$2*+$,
-+,2-/*L,Antimicrob Agents Chemother,OPP>g,LI;,A=O>%B@L

?C< !"3V-/, \G, Z*+), :G, Z.**$, ]KG, *$, '4L, 7"..*4-', Q8.)3".F*.-, &"&84'$-"+, 31+'2-/#, '+3, &."$"$1&*, )*+*,
*h&.*##-"+,38.-+), -+F*/$-"+,"F, -228+"/"2&*$*+$,'+3,-228+"3*F-/-*+$,2-/*L, Infect Immun,OPPBg,
N.;,CP?O%CCL

?@P 7"/S*+#$*3$, 0]G, W'", KG, !"3V-/, \G, *$, '4L, R*$*/$-"+, "F, '$$*+8'$*3G, +"+-+F*/$-"8#, #&-."/(*$*#, -+,
7"..*4-',Q8.)3".F*.-%-+F*/$*3,2-/*,'F$*.,'+$-Q-"$-/,$.*'$2*+$L,J Infect Dis,OPPOg,.]M;,A?BP%=L

?@A Z'44"+, 7[G, ]*-4&, KYG, J".Q*.', ]WG, *$, '4L, [, .'+3"2-V*3G, &4'/*Q"%/"+$."44*3, $.-'4, "F, .*&*'$*3, 9_,
'+$-Q-"$-/,$(*.'&1,F".,012*,*+/*&('4"&'$(1L,C%,.#-#6I,OPP>g,NT;,<<O%APPBL

?@O ES#-,KG,5-S"#S*4'-+*+,KG,!-*SS'+*+,!G,*$,'4L,R8.'$-"+,"F,'+$-Q-"$-/,$.*'$2*+$,-+,3-##*2-+'$*3,012*,
Q"..*4-"#-#;, ', 3"8Q4*%Q4-+3G, .'+3"2-V*3G, &4'/*Q"%/"+$."44*3G, 284$-/*+$*., /4-+-/'4, #$831L, Eur J Clin 
Microbiol Infect Dis,OPP=g,IM;,C=A%>AL

?@B ].8&&,07G,!12'+,0YG,Y.-2#"+,HG,*$,'4L, :$831,'+3, $.*'$2*+$, "F, &"#$,012*, 3-#*'#*, ^:IED%0R`;, ',
.'+3"2-V*3,3"8Q4*,2'#S*3,/4-+-/'4,$.-'4L,C%,.#-#6I,OPPBg,MT;,A<OB%BPL

?@? ]'&4'+,HZG,I.*6-+",HDG,K"(+#"+,YWG,*$,'4L,J")+-$-6*,F8+/$-"+,-+,&"#$%$.*'$2*+$,012*,3-#*'#*;,3",
'33-$-"+'4,'+$-Q-"$-/#,(*4&x,C%,.#-#6I,OPPBg,MT;,A<A@%OOL

?@C ]4*2&+*.,W:G,!8,0IG,\6'+#,KG,*$,'4L,IT",/"+$."44*3,$.-'4#,"F,'+$-Q-"$-/,$.*'$2*+$, -+,&'$-*+$#,T-$(,
&*.#-#$*+$,#12&$"2#,'+3,',(-#$".1,"F,012*,3-#*'#*L,N Engl J Med,OPPAg,JKL;,>C%<OL

?@@ RM8S-/, WG, :/(2-3$%:'2"', JG, 5'8, HG, *$, '4L, I(*, 3-')+"#$-/, #&*/$.82, -+, &'$-*+$#, T-$(, #8#&*/$*3,
/(."+-/, 012*, +*8."Q"..*4-"#-#%%$(*, *h&*.-*+/*, F."2, "+*, 1*'., "F, ', 8+-6*.#-$1, ("#&-$'4�#, 012*,
+*8."Q"..*4-"#-#,"8$&'$-*+$#,/4-+-/L,Eur J Neurol,OPAAg,.];,C?=%CCL

?@= :*-3*4, WZG, R"2*+*, [7G, _*$$*., !L, R-FF*.*+$-'4, 3-')+"#*#, "F, #8#&*/$*3, 012*, Q"..*4-"#-#, "., &"#$%
012*%3-#*'#*,#1+3."2*L,Eur J Clin Microbiol Infect Dis,OPP=g,IM;,@AA%=L

?@> !"4VQ'8*., :WG, ]*2&*.2'+, WWG, 01+F-*43, HL, R*'$(, 38*, $", /"228+-$1%'##"/-'$*3, J4"#$.-3-82,
3-FF-/-4*, -+,',T"2'+,.*/*-6-+),&."4"+)*3,'+$-Q-"$-/,$(*.'&1,F".,#8#&*/$*3,412*,3-#*'#*L,Clin Infect 
Dis,OPAPg,L.;,B@<%=PL

?@< D'$*4, HG, Y.")),]0G, \3T'.3#,aRG, *$, '4L, R*'$(, F."2, -+'&&."&.-'$*, $(*.'&1, F"., 012*, 3-#*'#*L,Clin 
Infect Dis,OPPPg,J.;,AAP=%<L

?=P \$$*#$'3, DKG, J'2&Q*44, Y0G, a*4Q*4, :ZG, *$, '4L, 7-4-'.1, /"2&4-/'$-"+#, -+, $(*, $.*'$2*+$, "F,
8+#8Q#$'+$-'$*3,012*,3-#*'#*L,J Infect Dis,A<<Cg,.N.;,BC@%@AL

?=A :$**.*,[JG,I'14".,\G,W/!8)(,Y0G,*$,'4L,I(*,"6*.3-')+"#-#,"F,012*,3-#*'#*L,JAMA,A<<Bg,IMb;,A>AO%@L
?=O 5'3*42'+,H7G,[.4-+,cG,a".2#*.,YDL,0-F*%$(.*'$*+-+),/"2&4-/'$-"+#,"F,*2&-.-/,/*F$.-'h"+*,$(*.'&1,

F".,�#*."+*)'$-6*,012*,3-#*'#*�L,South Med J,A<<Ag,]K;,AO@B%CL
?=B :/(8-M$,IKG,!"6-8#,KaG,6'+,3*.,D"44,IG,*$,'4L,012*,Q"..*4-"#-#,6'//-+'$-"+;,$(*,F'/$#G,$(*,/('44*+)*G,

$(*,F8$8.*L,Trends Parasitol,OPAAg,IN;,?P%=L
?=? :$**.*,[JG,:-S'+3,_]G,W*8.-/*,ZG,*$,'4L,_'//-+'$-"+,')'-+#$,012*,3-#*'#*,T-$(,.*/"2Q-+'+$,7"..*4-',

Q8.)3".F*.-,"8$*.%#8.F'/*,4-&"&."$*-+,[,T-$(,'3M86'+$L,012*,R-#*'#*,_'//-+*,:$831,Y."8&L,N Engl J 
Med,A<<>g,JJb;,OP<%ACL

?=C D"4'+3,Y[L, _'//-+*#,')'-+#$,012*, 3-#*'#*;,a('$,('&&*+*3, '+3,T('$, 4*##"+#,/'+,T*, 4*'.+x, Clin 
Infect Dis,OPAAg,LI-D:,,1-J;,#OCB%#OC>L

?=@ 0'Z4*8., H0G, R'+$, KJG, a'#2"*+, I0G, *$, '4L, 7'/$*.-+, $('$, -+38/*#, '+$-%E#&[, '+3, '+$-%E#&J,
Q"..*4-'/-3'4, '+$-Q"3-*#, &."6-3*#, ', (-)(, 4*6*4, "F, &."$*/$-"+, ')'-+#$, /'+-+*, 012*, 3-#*'#*L, Clin 
Vaccine Immunol,OPP<g,.M;,OCB%<L

AC=

?== 5'##'4,WG,:S'2*4,JG,_")*4,WG,*$,'4L,R*6*4"&2*+$,"F,(*&'$-$-#, 7,6-.8#, /'&#-3#, -+$", ',T("4*%/('-+,
&."$*-+,'+$-)*+,3-#&4'1,&4'$F".2;,+*T,&'.$-/84'$*,012*,3-#*'#*,6'//-+*#L,Int J Med Microbiol,OPP>g,
Ib];,ABC%?OL

?=> 0'H"//',IKG,!"4$('8#*+,RKG,!#-*(,JG,*$, '4L, I(*, Q'/$*.-/-3'4,*FF*/$, "F,', /"2&4*2*+$%-+3*&*+3*+$,
'+$-Q"31,-#,"#2"41$-/,'+3,#&*/-F-/,$",7"..*4-'L,Proc Natl Acad Sci U S A,OPP<g,.TM;,AP=CO%=L

?=< 0'H"//',IKG,J."T4*1,KIG,J8#'/S,7KG,*$,'4L,J("4*#$*."4, 4-&-3#,"F,7"..*4-',Q8.)3".F*.-,F".2,4-&-3,.'F$#,
'+3, '.*, .*k8-.*3, F"., $(*, Q'/$*.-/-3'4, '/$-6-$1, "F, ', /"2&4*2*+$%-+3*&*+3*+$, '+$-Q"31L, Cell Host 
Microbe,OPAPg,];,BBA%?OL

?>P !'+#"+,W:G,D'$*4,5]G,J'##'$$,RHG,*$,'4L,\6-3*+/*,F".,6'//-+*,#1+*.)1,Q*$T**+,7"..*4-',Q8.)3".F*.-,
3*/".-+, Q-+3-+), &."$*-+, [, '+3, "8$*., #8.F'/*, &."$*-+, [, -+, $(*,2"8#*,2"3*4, "F, 412*, Q"..*4-"#-#L,
Infect Immun,OPPPg,M];,@?C=%@PL

?>A 7."T+,\0G,]-2,K!G,H*-#*+Q-/(4*., \:G,*$, '4L,W84$-/"2&"+*+$,012*,6'//-+*;, $(.**, -#,+"$,', /."T3L,
Vaccine,OPPCg,IJ;,B@>=%<@L

?>O 5'.'#-2('+, :G, R*&"+$*, ]G, W'./'+$"+-", 5G, *$, '4L, 9228+-$1, ')'-+#$, 9h"3*#, #/'&84'.-#, #'4-6'.1,
&."$*-+#, *h&.*##*3, T-$(-+, O?, ("8.#, "F, '$$'/(2*+$, $(T'.$#, $-/S, F**3-+), '+3, -2&'-.#, 7"..*4-',
$.'+#2-##-"+L,PLoS ONE,OPP=g,I;,*?CAL

?>B a-S*4,:]G,H'2'/('+3.',H5G,7*.)2'+,R]G,*$,'4L,9+F*#$'$-"+,T-$(,&'$(")*+%F.**,+12&(#,"F,$(*,$-/S,
9h"3*#, #/'&84'.-#, -+38/*#, ("#$, .*#-#$'+/*, $", $.'+#2-##-"+, "F, 7"..*4-', Q8.)3".F*.-, Q1, $-/S#L, Infect 
Immun,A<<=g,ML;,BBC%>L

?>? 5'V'.-",:G,R'#,:G,3*,:-46',[WG,*$,'4L,D.*6*+$-"+,"F,7"..*4-',Q8.)3".F*.-,$.'+#2-##-"+,-+,)8-+*',&-)#,
Q1,$-/S,-228+-$1L,@7'N'E.#+'A%$'QI6,A<<>g,L];,=>P%CL

?>C 78.S*,YG,a-S*4,:]G,:&-*42'+,[G,*$,'4L,!1&*.#*+#-$-6-$1,$",$-/S#,'+3,012*,3-#*'#*,.-#SL,?7%.6'!12%)8'
Dis,OPPCg,..;,B@%?AL

?>@ 7*44, KZG, :$*T'.$, :KG, a-S*4, :]L, H*#-#$'+/*, $", $-/S%Q".+*, Z.'+/-#*44', $84'.*+#-#, Q1, $-/S%#*+#-$-V*3,
.'QQ-$#;,'44*.)-/,S4*+38#-$1L,@7'N'E.#+'A%$'QI6,A<=<g,I];,>=@%>PL

?>= W-44*.,5KG,H'-+"+*,\\G,R1*.,WJG,*$,'4L,I-/S,Q-$*,&."$*/$-"+,T-$(,&*.2*$(.-+%$.*'$*3,#822*.%T*-)($,
/4"$(-+)L,J Med Entomol,OPAAg,K];,BO=%BBL

?>> _'8)(+, WZG, W*#(+-/S, :HL, D-4"$, :$831, [##*##-+), $(*, \FF*/$-6*+*##, "F, 0"+)%0'#$-+), D*.2*$(.-+%
92&.*)+'$*3,J4"$(-+),F".,$(*,D.*6*+$-"+,"F,I-/S,7-$*#L,Vector Borne Zoonotic Dis,OPAAL

?>< D*.#"+'4,&."$*/$-"+,')'-+#$,Q-$-+),-+#*/$#,'+3,$-/S#L,Parasite,OPAAg,.];,<B%AAAL
?<P :$'FF".3, ]LJL, Tick 7*1*6%7%18' >*1$4##;Y' an /18%6.*8%$' 6,/$%' for >#7%#X1%.(9' pest control 

#+%.*8#.(9'*1$'+,4-/)'>%*-8>'#22/)/*-('2#.'8>%'+.%5%18/#1'#2'8/);<*((#)/*8%$'$/(%*(%&,,OPP?L
?<A :$'FF".3, ]JG, 999G, [44'+, :[L, Z-*43, '&&4-/'$-"+#, "F, *+$"2"&'$(")*+-/, F8+)-, 7*'86*.-', Q'##-'+', '+3,

W*$'.(-V-82, '+-#"&4-'*, ZCO, ^!1&"/.*'4*#;, J4'6-/-&-$'/*'*`, F"., $(*, /"+$."4, "F, 9h"3*#, #/'&84'.-#,
^[/'.-;,9h"3-3'*`L,J Med Entomol,OPAPg,KN;,AAP=%ACL

?<O J8..'+, ]0G, Z-#(, RG, D-*#2'+, KL, H*38/$-"+, "F, +12&('4, 9h"3*#, 3'22-+-, ^[/'.-;, 9h"3-3'*`, -+, ',
.*#-3*+$-'4,#8Q8.Q'+,4'+3#/'&*,Q1,'.*','&&4-/'$-"+,"F,-+#*/$-/-3*#L,J Med Entomol,A<<Bg,JT;,AP=%ABL

?<B R'+-*4#,IKG,Z-#(,RG,Z'4/",HJL,\6'48'$-"+,"F,("#$%$'.)*$*3,'/'.-/-3*,F".,.*38/-+),.-#S,"F,012*,3-#*'#*,
-+,#"8$(*.+,5*T,e".S,#$'$*L,J Med Entomol,A<<Ag,I];,CB=%?BL

?<? Y.'F, KZG, Y")"4*T#S-, HG, 0*'/(%7-+),5G, *$, '4L, I-/S, /"+$."4;, '+, -+38#$.1, &"-+$, "F, 6-*TL, P*.*(/8#-#6I
OPP?g,.Ib-D:,,1;,:?O=%:??OL

?<C 5'/(2'+,:[L,D.*6*+$-"+,"F,012*,3-#*'#*,'F$*.,$-/S,Q-$*#L,C'?16-'N'A%$,A<<Bg,JI];,AB=%<L
?<@ I-M##*%]4'#*+,\G,K'/"Q#,KKG,:T'.$,[G,*$,'4L,:2'44,.-#S,"F,3*6*4"&-+),#12&$"2'$-/,$-/S%Q".+*,3-#*'#*#,

F"44"T-+),',$-/S,Q-$*,-+,$(*,5*$(*.4'+3#L,Parasit Vectors,OPAAg,K;,A=L
?<= _"4S2'+,RL,D."&(14'h-#,'F$*.,$-/S,Q-$*#L,Lancet Infect Dis,OPP=g,N;,B=P%AL
?<> a".2#*.,YDG,R'$$T14*.,HKG,:('&-.",\RG,*$,'4L,:-+)4*%3"#*,&."&(14'h-#,')'-+#$,012*,3-#*'#*L Lancet 

Infect Dis,OPP=g,N;,B=A%BL
?<< D"+$.*44-,0G,R'$$T14*.,HG,5'/(2'+,:L,:-+)4*%3"#*,3"h1/1/4-+*,F".,$(*,&.*6*+$-"+,"F,012*,3-#*'#*L,N 

?16-'N'A%$,OPPAg,JKL;,AB?>%CPL
CPP 5'3*42'+, H7G, 5"T'S"T#S-, KG, Z-#(, RG, *$, '4L, D."&(14'h-#, T-$(, #-+)4*%3"#*, 3"h1/1/4-+*, F"., $(*,

&.*6*+$-"+,"F,012*,3-#*'#*,'F$*.,'+,9h"3*#,#/'&84'.-#,$-/S,Q-$*L,C'?16-'N'A%$,OPPAg,JKL;,=<%>?L
CPA :$'+*S,YG,:$.4*,ZL,I(*.'&1,'+3,&."&(14'h-#,-+,012*,Q"..*4-"#-#L,Infection,A<<@g,IK;,C<L
CPO [).*, ZG, :/(T'.$V, HL, I(*, 6'48*, "F, *'.41, $.*'$2*+$, "F, 3**., $-/S, Q-$*#, F"., $(*, &.*6*+$-"+, "F, 012*,

3-#*'#*L,Am J Dis Child,A<<Bg,.KN;,<?C%=L
CPB :('&-.",\RG,Y*.Q*.,W[G,!"4'Q-.3,57G,*$,'4L,[,/"+$."44*3,$.-'4,"F,'+$-2-/."Q-'4,&."&(14'h-#,F".,012*,

3-#*'#*,'F$*.,3**.%$-/S,Q-$*#L,C'?16-'N'A%$,A<<Og,JIN;,A=@<%=BL
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AC>

CP? J"#$*44",JWG,:$**.*,[JG,D-+S*.$"+,H\G,*$,'4L,[,&."#&*/$-6*,#$831,"F,$-/S,Q-$*#,-+,'+,*+3*2-/,'.*',F".,
012*,3-#*'#*L,J Infect Dis,A<><g,.Lb;,AB@%<L

CPC 0**, KG, a".2#*., YDL, D('.2'/"31+'2-/#, "F, 3"h1/1/4-+*, F"., /(*2"&."&(14'h-#, "F, 012*, 3-#*'#*;,
&.*4-2-+'.1, F-+3-+)#, '+3, &"##-Q4*, -2&4-/'$-"+#, F"., "$(*., '+$-2-/."Q-'4#L, Int J Antimicrob Agents
OPP>g,J.;,OBC%<L

CP@ a'.#('F#S1,:G, 0**,R!G, Z.'+/"-#,0]G,*$,'4L, \FF-/'/1, "F, '+$-Q-"$-/,&."&(14'h-#, F"., $(*, &.*6*+$-"+, "F,
012*,3-#*'#*;,'+,8&3'$*3,#1#$*2'$-/,.*6-*T,'+3,2*$'%'+'41#-#L,J Antimicrob Chemother,OPAPg,ML;,
AAB=%??L

CP= :'-+$,YG,9G,Y*.+,0G,Y.'1,K:G,*$,'4L,93*+$-F-/'$-"+,"F,7"..*4-',Q8.)3".F*.-,#*+#8,4'$",#&*/-*#,-+,\8."&*L,
Zentralbl Bakteriol,A<<>g,I]N;,A<P%CL

CP> a-4#S*,7G,78#/(,UG,\-FF*.$,!G,*$,'4L,R-6*.#-$1,"F,E#&[,'+3,E#&J,'2"+),/*.*Q."#&-+'4,F48-3,-#"4'$*#,"F,
7"..*4-', Q8.)3".F*.-, #*+#8, 4'$", F."2, &'$-*+$#, T-$(, +*8."Q"..*4-"#-#, -+, Y*.2'+1L, Med Microbiol 
Immunol,A<<@g,.]K;,A<C%OPAL

CP< W'./"+-, HIG, !"(*+Q*.)*., :G, K'8.-#%!*-&S*, :G, *$, '4L, Y*+*$-/, '+'41#-#, "F, 7"..*4-', )'.-+--, E#&[,
#*."$1&*,?,#$.'-+#,'##"/-'$*3,T-$(,+*8."Q"..*4-"#-#;,*6-3*+/*,F".,*h$*+#-6*,)*+*$-/,("2")*+*-$1L,J 
Clin Microbiol,A<<<g,JN;,B<@C%=PL

CAP a-4#S*, 7G, 78#/(,UG,Z-+)*.4*, _G,*$,'4L, 9228+"4")-/'4, '+3,2"4*/84'.,6'.-'Q-4-$1,"F,E#&[,'+3,E#&JL,
92&4-/'$-"+#,F".,7"..*4-',6'//-+*,3*6*4"&2*+$L,Infection,A<<@g,IK;,OP>%AOL

CAA a-4#S*, 7G, D.*'/%W8.#-/, _G, Y"Q*4, U7G, *$, '4L, [+, E#&[, #*."$1&-+), #1#$*2, F"., 7"..*4-', Q8.)3".F*.-,
Q'#*3,"+,.*'/$-6-$1,T-$(,2"+"/4"+'4,'+$-Q"3-*#,'+3,E#&[,#*k8*+/*,'+'41#-#L,J Clin Microbiol,A<<Bg,
J.;,B?P%CPL

CAO W'.)"#, YG, _"442*., :[G, J".+*$, WG, *$, '4L, W0:[, "+, ("8#*S**&-+), )*+*#, 3*F-+*#, ', +*T, 7"..*4-',
#&*/-*#L,Appl Environ Microbiol,OPP<g,NL;,C?AP%@L

CAB ].'-/V1,DG,:S*.S',JG,]-.#/(F-+S,WG,*$,'4L, 9228+*,*6'#-"+,"F,7"..*4-',Q8.)3".F*.-,Q1,'/k8-#-$-"+,"F,
(82'+,/"2&4*2*+$,.*)84'$".#,Z!0%Al.*/"+*/$-+,'+3,Z'/$".,!L,Eur J Immunol,OPPAg,J.;,A@=?%>?L

CA? W/R"T*44, K_G, !'.4-+,W\G, H")*.#, \[G, *$, '4L, D8$'$-6*, /"-4*3%/"-4, #$.8/$8.'4, *4*2*+$#, "F, $(*, 77[@>,
&."$*-+, "F, 012*, 3-#*'#*, #&-."/(*$*#, '.*, .*k8-.*3, F"., F".2'$-"+, "F, -$#, F'/$"., !, Q-+3-+), #-$*L, J 
Bacteriol,OPPCg,.]N;,ABA=%OBL

CAC ].'-/V1, DG, !*44T')*, KG, :S*.S', JG, *$, '4L, 9228+*, *6'#-"+, "F, 7"..*4-', Q8.)3".F*.-;, 2'&&-+), "F, ',
/"2&4*2*+$%-+(-Q-$"., F'/$"., !%Q-+3-+), #-$*, "F, 7QJH[:D%BG, ', +"6*4, 2*2Q*., "F, $(*, \.&, &."$*-+,
F'2-41L,Eur J Immunol,OPPBg,JJ;,@<=%=P=L

CA@ D."3-+)*.,aWG,!*44T')*, KG, :&.8$(,WG, *$, '4L, I(*, J%$*.2-+8#, "F, F'/$"., !;,2"+"/4"+'4, '+$-Q"3-*#,
-+(-Q-$,(*&'.-+,Q-+3-+),'+3, -3*+$-F1, *&-$"&*#, /"22"+,$", F'/$".,!,'+3, F'/$".,!%.*4'$*3,&."$*-+#L,
Biochem J,A<<>g,JJ.-P-7$-.R;,?A%=L

CA= W/R"T*44,K_G,a"4F)'+),KG,I.'+,\G,*$,'4L,J"2&.*(*+#-6*,'+'41#-#,"F,$(*,F'/$".,(,Q-+3-+),/'&'Q-4-$-*#,
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[) [+$-)*+#
[0: [21"$."&(-/,4'$*.'4,#/4*."#-#
[D [4$*.+'$-6*,&'$(T'1
7R !*'4$(1,74""3,R"+".#
70 7"..*4-',412&("/1$"2'
JZ! J"2&4*2*+$,F'/$".,!
JZ!H J"2&4*2*+$,F'/$".,!,.*4'$*3,&."$*-+#
JW_ J1$"2*)'4",_-.8#
J5: J*+$.'4,+*.6"8#,#1#$*2
JD J4'##-/'4,&'$(T'1
JH[:D J"2&4*2*+$,.*)84'$".1,'/k8-.*3,#8.F'/*,&."$*-+
JI J"2&8$*3,$"2").'&(1,^#/'+`
\7_ \&#$*-+,7'..,_-.8#
\7_%\[ \&#$*-+,7'..,_-.8#,*'.41,'+$-)*+
\7_%5[ \&#$*-+,7'..,_-.8#,+8/4*'.,'+$-)*+
\7_%_J[ \&#$*-+,7'..,_-.8#,6-.'4,/'&#-3,'+$-)*+
\\Y \4*/$."*+/*&('4").'2
\9[ \+V12*,-228+"'##'1
\07 \'.41,012*,7"..*4-"#-#
\09:[ \+V12*%4-+S*3,-228+"#".Q*+$,'##'1
\W \.1$(*2',W-).'+#
Z!0%A Z'/$".,!%4-S*,&."$*-+,A
Z5D Z'/-'4,5*.6*,D'4#1
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0[ 012*,[.$(.-$-#
07 012*,7"..*4-"#-#
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W9J W-+-2'4,-+(-Q-$".1,/"+/*+$.'$-"+
WH9 W')+*$-/,.*#"+'+/*,-2')-+)
W: W84$-&4*,#/4*."#-#
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5!: 5"+%-228+*,(82'+,#*.82
5D_ 5*)'$-6*,&.*3-/$-6*,6'48*
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R*, V-*S$*, 6'+, 012*, -#, **+, -+F*/$-*, 6'+, 3*, 2*+#, 2*$, 3*, Q'/$*.-*, Borrelia
burgdorferiL, R*V*, Q'/$*.-*, T".3$, 3""., 2-33*4, 6'+, **+, $*S*+Q**$,
"6*.)*3.')*+L, I*S*+, +*2*+, +".2''4, **+, ''+$'4, 2''4, -+, (8+, 4*6*+, **+,
Q4"*32''4$-M3G,2**#$'4,"&,^S4*-+*`,S+'')3-*.*+,"F,6")*4#G,2''.,#"2#,""S,"&,3*,
2*+#L, I-M3*+#, (*$, 4*6*+, 6'+, 3*, $**S, S'+, 3*V*, Q-M, **+, Q4"*32''4$-M3, Q*#2*$,
T".3*+, 2*$, 0&' burgdorferiL, Y*38.*+3*, 3*, 6"4)*+3*, Q4"*32''4$-M3, 6'+, 3*
Q*#2*$$*, $**S, S'+' 0&'burgdorferi,T".3*+,"6*.)*3.')*+,"&,**+,)'#$(**.L,5',
"6*.3.'/($,6'+,3*,Q'/$*.-*,S'+,**+,2*+#,+',*+S*4*,T*S*+,V-*S,T".3*+G,2''.,
3'$,("*F$,+-*$,+""3V'S*4-MS,V",$*,V-M+L,[4#, -*2'+3,T*4,**+, -+F*/$-*,S.-M)$,3'+, -#,
3*,2**#$, Q*S*+3*,8-$-+), **+,*.1$(*2',2-).'+#g, **+, 6''S, $1&-#/(*, ."3*, 64*S,
3-*, *.,8-$, S'+, V-*+,'4#,**+,Q844j#,*1* ^V-*, F-)L, AG, &')L A<`L,R*V*, S'+,8-$Q.*-3*+G,
2''., 8-$*-+3*4-MS, ""S, T**., 6*.3T-M+*+L, :"22-)*, 2*+#*+, 2*$, 3*, -+F*/$-*,
(*QQ*+,3*V*, 64*S, +""-$, )*V-*+,"F,}Q*.('8&$, +""-$, )*S.*)*+L, 0'$*.*,8-$-+)*+,
6'+, 3*, V-*S$*, S8++*+, "+3*., 2**., **+, 6*.4'22-+), 6'+, (*$, )*V-/($, ^F'/-'4-#,
&'.*#*`G, **+, &-M+4-MS*, (8-3, "&, **+, )*3**4$*, 6'+, (*$, 4-/(''2, ^.'3-/84-$-#`G, **+,
"+$#$*S-+),''+,**+,).""$,)*T.-/($,^'.$.-$-#`G,"F,**+,4'+),Q*#$''+3*,-+F*/$-*,6'+,
3*,(8-3, ^'/."3*.2'$-$-#,/(."+-/82,'$."&(-/'+#` V-M+L,R*,V-*S$*,S'+, -+,&.-+/-&*
)"*3,T".3*+,Q*('+3*43,2*$,'+$-Q-"$-/'L,!*4''#,V-M+,*.,+',3*,Q*('+3*4-+),#"2#,
.*#$6*.#/(-M+#*4*+G, T''.6'+, 4'#$-), S'+, T".3*+, "+3*.#/(*-3*+, "F, 3-$ **+,
.*#$6*.#/(-M+#*4G,**+,.*/-3-*F,6'+,3*,-+F*/$-*,"F,**+,+-*8T*,-+F*/$-*,-#L

0&'4,.6$#.2%./,-#,**+,#&-."/(**$g,**+,S8.S*$.*SS*.%6".2-)*,Q'/$*.-*L,!*$,)*(*4*,
/"2&4*hG, 0&' burgdorferi #*+#8, 4'$", ^#4g, -+, Q.*3*, V-+`G, Q*#$''$, 8-$, *+S*4*,
#8Q#&*/-*#G,T''."+3*.,0&'burgdorferi, #*+#8,#$.-/$",^##`G,0&'gariniiG,0&' *23%-//G,0&'
bavariensisG,0&' spielmaniiG,0&'valaisiana9'2''.,""S,+"),6*4*,'+3*.*,#"".$*+L,R*,
**.#$*, 6-MF, #"".$*+, V-M+, 38-3*4-MS, )*'##"/-**.3,2*$,V-*S$*, -+,2*+#*+L, 9+, 3*,_:,
S"2$,'44**+,0&'burgdorferi,##,6"".G,$*.T-M4,-+,\8."&',*+,[V-X,2**.3*.*,#"".$*+
+''#$, *4S''., S8++*+, 6"".S"2*+L,_*.#/(-44*+3*, #"".$*+, V-M+, )*'##"/-**.3,2*$,
6*.#/(-44*+3*, V-*S$*Q**43*+G, 2''., 3-$, -#, )**+, VT'.$%T-$, 6*.3*4-+)L, 0&'
burgdorferi, ##, -#,6"".'4,)*'##"/-**.3,2*$,(*$,*.1$(*2',2-).'+#,*+,3*,'.$.-$-#,
S4'/($*+g,0&'garinii,*+,0&'bavariensis,2*$,3*,+*8."4")-#/(*,S4'/($*+,*+,0&'*23%-//
2*$,3*,8-$-+)*+,-+,3*,(8-3L,

[4#, 3*, $**S, **+, )'#$(**., Q-M$, *+, Q*)-+$, 2*$, **+, Q4"*32''4$-M3, 3'+, S.-M)$, 0&'
burgdorferi,**+,#-)+''4,T''.3"".,(-M,V-/(,)''$,S4''.2'S*+,6"".,"6*.3.'/($L,E&,
(*$,Q8-$*+2*2Q.''+,6'+,3*,Q'/$*.-*,S"2*+,*-T-$$*+,$"$,8-$-+),3-*,3*,Q'/$*.-*,
(*4&*+,2*$,3*,"6*.3.'/($,+''.,3*,)'#$(**.L,R*,Q'/$*.-*,6*.&4''$#$,V-/(,6'+8-$,
3*,3'.2,+''.,3*,#&**S#*4S4-*.*+,6'+,3*,$**SG,"2,3''.+',6-',(*$,#&**S#*4,-+,3*,
(8-3, "F, Q4"*3Q''+, 6'+, 3*, )'#$(**., $*.*/($, $*, S"2*+L, \*+2''4, -+, 3*, 2*+#,
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&."Q**.$,3*,Q'/$*.-*,**+,-+F*/$-*,$*,6*."".V'S*+L,\o+,6'+,3*,**.#$*,(".3*#,3-*,
3*,Q'/$*.-*,2"*$,"6*.T-++*+ -#,(*$,/"2&4*2*+$#1#$**2,6'+,3*,)'#$(**.L,

!*$, /"2&4*2*+$#1#$**2, -#, 3*, **.#$*, 'FT**., $*)*+, Q-++*+3.-+)*+3*, 2-/."%
".)'+-#2*+L, !*$, /"2&4*2*+$#1#$**2, Q*#$''$, 8-$, **+, ''+$'4, *-T-$$*+, 3-*,
S8++*+, Q-+3*+, ''+, (*$, 2*2Q.''+, 6'+, /*44*+, *+, Q'/$*.-X+L, R*V*, *-T-$$*+
S8++*+, **+, /"2&4*h, "&, (*$, 2*2Q.''+, 6".2*+, T''.3""., 3*, Q'/$*.-*, V'4,
#$*.6*+L, D.'S$-#/(, '44*, )*T*.6*43*, 3-*.*+, Q*V-$$*+, **+, /"2&4*2*+$#1#$**2L,
!*$, -#, (*$, V")*+''23*, ''+)*Q".*+, ^-++'$*`, 'FT**.#1#$**2L,R-$, $1&*, 'FT**.,
("*F$,+-*$,#&*/-''4,3*,Q'/$*.-*,**.3*.,)*V-*+,$*,(*QQ*+,"2,(*$ 2*2Q.''+,6'+,
3*, Q'/$*.-*, $*, S8++*+, (*.S*++*+, *+, $*, 3"3*+L, !*$, 2*+#*4-MS, 4-/(''2, Q*V-$,
*-T-$$*+G, "+3*., '+3*.*, F'/$"., !, *+, F'/$"., !%4-S*, *-T-$G, "2, 3*, 4-/(''2#*-)*+,
/*44*+, $*, Q*#/(*.2*+, $*)*+, 3* 6*.+-*$-)*+3*, *-T-$$*+, 6'+, (*$,
/"2&4*2*+$#1#$**2L,
:"22-)*,0&'burgdorferi, #"".$*+, S8++*+,Q-+3*+,''+, F'/$".,!, *+, F'/$".,!%4-S*,
*-T-$ 8-$, (*$, Q4"*3, 6'+, 3*, )'#$(**., "2, V-/(V*4F, $*)*+, '/$-6'$-*, 6'+, (*$,
/"2&4*2*+$#1#$**2, $*,Q*#/(*.2*+L,R*,*-T-$$*+, 6'+,3*,Q'/$*.-*, 3-*, S8++*+,
Q-+3*+, ''+, F'/$"., !, *+, F'/$"., !%4-S*, *-T-$, (*$*+, J"2&4*2*+$, H*)84'$".1,
[/k8-.*3, :8.F'/*, D."$*-+#, ^JH[:D`, A, $l2, CL, R*, 6*.#/(-44*+3*, JH[:D#, S"2*+,
-*3*., "&, **+, '+3*., 2"2*+$, $-M3*+#, 3*, -+F*/$-*, $"$, 8-$-+)L, 5-*$, *4S*, #"".$, 0&
burgdorferi, -#, *6*+, )"*3, -+, (*$,"2V*-4*+, 6'+, (*$, /"2&4*2*+$#1#$**2L, c", -#,
Q*S*+3,3'$,0&'burgdorferi,##,*+,0&'*23%-// 3-$,)"*3,S8++*+,*+,38# "+)*6"*4-),-#,
6"".,2*+#*4-MS,/"2&4*2*+$,V-M+L,0&'garinii -#,*/($*.,.*3*4-MS,)*6"*4-)G,$*.T-M4,0&'
bavariensis,^**.3*.,Q*S*+3,'4#,0&'6*./1//,E#&[,#*."$1&*,?`,.*3*4-MS,"+)*6"*4-),-#L,
JH[:D%A,-#,**+,*-T-$,T'$,(**4,6."*),-+,3*,-+F*/$-*,**+,."4,#&**4$L,JH[:D%A,S"2$,
$"$,8-$-+),"&,(*$,2*2Q.''+,6'+,3*,Q'/$*.-*,+*$,6"".,$"$,S".$,+',3*,"6*.3.'/($,
6'+8-$,3*,$**SL,JH[:D%A,Q*#/(*.2$,38#,3*,Q'/$*.-*, -+,**+,(**4,6."*),#$'3-82,
6'+,3*, -+F*/$-*, $*)*+,(*$,/"2&4*2*+$,6'+,3*,2*+#L,_'+,0&'burgdorferi, ##G,0&'
*23%-//,*+,0'garinii,T'.*+,3*,JH[:D%A,*-T-$$*+,'4,"+$3*S$,*+,Q*#/(.*6*+L,_'+,0&'
bavariensis 3-*,.*4'$-*F,"+)*6"*4-),6"".,/"2&4*2*+$,-#G,T'.*+,+"),)**+,JH[:D,
*-T-$$*+,Q*#/(.*6*+L,

9+,����>($:H-I T".3$,''+)*$""+3,3'$,0&'bavariensis,/"2&4*2*+$,"+)*6"*4-),-#,
*+,3'$,3*,Q'/$*.-*,S'+,6"".S"2*+,3'$,/"2&4*2*+$,T".3$,)*'/$-6**.3,"&,(*$,
Q8-$*+2*2Q.''+,6'+,3*,Q'/$*.-*L,_'+,0&'bavariensis, S4"+*.*+,*+,V8-6*.*+,T*,
*+S*4*, 6'+, 3*, 2")*4-MS, )*�3*+$-F-/**.3*, JH[:D%A, *-T-$$*+, 6'+, (*$, 4-+*'-.*,
&4'#2-3*, C?L, R*V*, *-T-$$*+, (*$*+, 7Y[@@G, @=G, @>, *+, =A, *+, ('33*+, **+G, $"$,
38#6*.G, "+38-3*4-MS*, F8+/$-*L, a*, $"+*+, 6-', 6*.#/(-44*+3*, $*/(+-*S*+, ''+, 3'$,
$T**, 6'+,3*V*,*-T-$$*+G,7Y[,@@,*+,7Y[,=AG, S8++*+,Q-+3*+,''+, F'/$".,!,''+,
F'/$"., !%4-S*, *-T-$, 6'+, 3*,2*+#L, R''.+''#$, 4'$*+,T*, V-*+, 3'$, Q-M, Q-+3-+), (*$,
'/$-*6*, 3**4, 6'+, F'/$"., !, *+, F'/$"., !%4-S*, *-T-$, +"), #$**3#, Q*#/(-SQ''., -#L,
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3*,Q'/$*.-*,2"*$,"6*.T-++*+ -#,(*$,/"2&4*2*+$#1#$**2,6'+,3*,)'#$(**.L,

!*$, /"2&4*2*+$#1#$**2, -#, 3*, **.#$*, 'FT**., $*)*+, Q-++*+3.-+)*+3*, 2-/."%
".)'+-#2*+L, !*$, /"2&4*2*+$#1#$**2, Q*#$''$, 8-$, **+, ''+$'4, *-T-$$*+, 3-*,
S8++*+, Q-+3*+, ''+, (*$, 2*2Q.''+, 6'+, /*44*+, *+, Q'/$*.-X+L, R*V*, *-T-$$*+
S8++*+, **+, /"2&4*h, "&, (*$, 2*2Q.''+, 6".2*+, T''.3""., 3*, Q'/$*.-*, V'4,
#$*.6*+L, D.'S$-#/(, '44*, )*T*.6*43*, 3-*.*+, Q*V-$$*+, **+, /"2&4*2*+$#1#$**2L,
!*$, -#, (*$, V")*+''23*, ''+)*Q".*+, ^-++'$*`, 'FT**.#1#$**2L,R-$, $1&*, 'FT**.,
("*F$,+-*$,#&*/-''4,3*,Q'/$*.-*,**.3*.,)*V-*+,$*,(*QQ*+,"2,(*$ 2*2Q.''+,6'+,
3*, Q'/$*.-*, $*, S8++*+, (*.S*++*+, *+, $*, 3"3*+L, !*$, 2*+#*4-MS, 4-/(''2, Q*V-$,
*-T-$$*+G, "+3*., '+3*.*, F'/$"., !, *+, F'/$"., !%4-S*, *-T-$G, "2, 3*, 4-/(''2#*-)*+,
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/"2&4*2*+$#1#$**2L,
:"22-)*,0&'burgdorferi, #"".$*+, S8++*+,Q-+3*+,''+, F'/$".,!, *+, F'/$".,!%4-S*,
*-T-$ 8-$, (*$, Q4"*3, 6'+, 3*, )'#$(**., "2, V-/(V*4F, $*)*+, '/$-6'$-*, 6'+, (*$,
/"2&4*2*+$#1#$**2, $*,Q*#/(*.2*+L,R*,*-T-$$*+, 6'+,3*,Q'/$*.-*, 3-*, S8++*+,
Q-+3*+, ''+, F'/$"., !, *+, F'/$"., !%4-S*, *-T-$, (*$*+, J"2&4*2*+$, H*)84'$".1,
[/k8-.*3, :8.F'/*, D."$*-+#, ^JH[:D`, A, $l2, CL, R*, 6*.#/(-44*+3*, JH[:D#, S"2*+,
-*3*., "&, **+, '+3*., 2"2*+$, $-M3*+#, 3*, -+F*/$-*, $"$, 8-$-+)L, 5-*$, *4S*, #"".$, 0&
burgdorferi, -#, *6*+, )"*3, -+, (*$,"2V*-4*+, 6'+, (*$, /"2&4*2*+$#1#$**2L, c", -#,
Q*S*+3,3'$,0&'burgdorferi,##,*+,0&'*23%-// 3-$,)"*3,S8++*+,*+,38# "+)*6"*4-),-#,
6"".,2*+#*4-MS,/"2&4*2*+$,V-M+L,0&'garinii -#,*/($*.,.*3*4-MS,)*6"*4-)G,$*.T-M4,0&'
bavariensis,^**.3*.,Q*S*+3,'4#,0&'6*./1//,E#&[,#*."$1&*,?`,.*3*4-MS,"+)*6"*4-),-#L,
JH[:D%A,-#,**+,*-T-$,T'$,(**4,6."*),-+,3*,-+F*/$-*,**+,."4,#&**4$L,JH[:D%A,S"2$,
$"$,8-$-+),"&,(*$,2*2Q.''+,6'+,3*,Q'/$*.-*,+*$,6"".,$"$,S".$,+',3*,"6*.3.'/($,
6'+8-$,3*,$**SL,JH[:D%A,Q*#/(*.2$,38#,3*,Q'/$*.-*, -+,**+,(**4,6."*),#$'3-82,
6'+,3*, -+F*/$-*, $*)*+,(*$,/"2&4*2*+$,6'+,3*,2*+#L,_'+,0&'burgdorferi, ##G,0&'
*23%-//,*+,0'garinii,T'.*+,3*,JH[:D%A,*-T-$$*+,'4,"+$3*S$,*+,Q*#/(.*6*+L,_'+,0&'
bavariensis 3-*,.*4'$-*F,"+)*6"*4-),6"".,/"2&4*2*+$,-#G,T'.*+,+"),)**+,JH[:D,
*-T-$$*+,Q*#/(.*6*+L,

9+,����>($:H-I T".3$,''+)*$""+3,3'$,0&'bavariensis,/"2&4*2*+$,"+)*6"*4-),-#,
*+,3'$,3*,Q'/$*.-*,S'+,6"".S"2*+,3'$,/"2&4*2*+$,T".3$,)*'/$-6**.3,"&,(*$,
Q8-$*+2*2Q.''+,6'+,3*,Q'/$*.-*L,_'+,0&'bavariensis, S4"+*.*+,*+,V8-6*.*+,T*,
*+S*4*, 6'+, 3*, 2")*4-MS, )*�3*+$-F-/**.3*, JH[:D%A, *-T-$$*+, 6'+, (*$, 4-+*'-.*,
&4'#2-3*, C?L, R*V*, *-T-$$*+, (*$*+, 7Y[@@G, @=G, @>, *+, =A, *+, ('33*+, **+G, $"$,
38#6*.G, "+38-3*4-MS*, F8+/$-*L, a*, $"+*+, 6-', 6*.#/(-44*+3*, $*/(+-*S*+, ''+, 3'$,
$T**, 6'+,3*V*,*-T-$$*+G,7Y[,@@,*+,7Y[,=AG, S8++*+,Q-+3*+,''+, F'/$".,!,''+,
F'/$"., !%4-S*, *-T-$, 6'+, 3*,2*+#L, R''.+''#$, 4'$*+,T*, V-*+, 3'$, Q-M, Q-+3-+), (*$,
'/$-*6*, 3**4, 6'+, F'/$"., !, *+, F'/$"., !%4-S*, *-T-$, +"), #$**3#, Q*#/(-SQ''., -#L,

Y'#$(**.,&'$(")**+,-+$*.'/$-*#,Q-M,3*,V-*S$*,6'+,012*,

A@<

!-*.3""., S'+, Q-M, Q-+3-+), 6'+, F'/$"., !, *+, F'/$"., !%4-S*, *-T-$G, ''+, 7Y[, @@, *+,
7Y[=A, "&, (*$, /*42*2Q.''+, 6'+, 3*, Q'/$*.-*G, )**+, /"2&4*2*+$, T".3*+,
)*'/$-6**.3,"&,(*$,/*42*2Q.''+,6'+,3*,Q'/$*.-*,*+,S'+,3*,Q'/$*.-*,+-*$,3"".,
(*$,/"2&4*2*+$,T".3*+,)*3""3L,

5''#$, (*$, F*-$, 3'$, 6*.#/(-44*+3*, 0&' burgdorferi, #"".$*+, 6*.#/(-44*+, -+
)*6"*4-)(*-3, 6""., 2*+#*4-MS, /"2&4*2*+$, 6*.#/(-4$, 3*V*, )*6"*4-)(*-3, ""S,
$8##*+, 3-*.#"".$*+L, c", -#, 0&' garinii Q-M6"".Q**43, M8-#$, 2-+3*., )*6"*4-), 6"".,
/"2&4*2*+$,6'+,6")*4#"".$*+L,a*,6*.2"*33*+,3'$,3*,F'2-4-*,6'+,*-T-$$*+,3-*,
T*,(*QQ*+,)*S4"+**.3,+-*$,'44**+,2*+#*4-MS,F'/$".,!,S8++*+,Q-+3*+G,2''.,""S,
F'/$".,!,6'+,'+3*.*,3-*.#"".$*+L,_'+,3*,6-*.,*-T-$$*+,3-*,)*V8-6*.3,V-M+,T*.3,
Q*&''43, "F, V*, ''+, F'/$"., !, 6'+, **+,28-#G, S"*G, &''.3G, ("+3G, &"*#G, 6'.S*+, "F,
6")*4,S"+3*+,Q-+3*+L,!-*.Q-M,T*.3,38-3*4-MS,3'$,3*,6*.#/(-44*+3*,)*$*#$*,7Y[,
*-T-$$*+ S8++*+, Q-+3*+, ''+, F'/$"., !, 6'+, 6*.#/(-44*+3*, 3-*.#"".$*+L, R-$,
6*.S4''.$,6"".,**+,)*3**4$*,2")*4-MS,3*,)."$*,6*.#/(*-3*+(*-3,''+,)'#$(*.*+,
3-*,0&'4,.6$#.2%./,S'+,-+F*/$*.*+L,R*,6"4)*+3*,#$'&,-#,S-MS*+,"F,3*,6*.#/(-44*+,-+,
)*6"*4-)(*-3, 6""., /"2&4*2*+$, $8##*+, 3*, 6*.#/(-44*+3*, Q"..*4-'%#"".$*+,
2**$Q''.,V-M+,$-M3*+#,**+,-+F*/$-*,-+,**+,)'#$(**.L

9+, *""6>($:H- J, -+F*/$*.*+, T*, T-43$1&*, *+, 28-V*+, 2*$, **+, +-*$, T*.S*+3,
/"2&4*2*+$#1#$**2,^JB%l%`,2*$,6*.#/(-44*+3*,#"".$*+,6'+,(*$,0&'4,.6$#.2%./ #4,
/"2&4*hL !-*.3"".,S8++*+,T*,V-*+,"F 3*,*FF-/-X+$-*,6'+,3*, -+F*/$-*,(")*., -#, -+,
JB%l%, 28-V*+, *+, "F, 3*, 2'$*, 6'+, /"2&4*2*+$"+)*6"*4-)(*-3, 6'+, 3*, Q"..*4-'%
#"".$,*FF*/$,(**F$,"&,3*,2'+-*.,T''."&,3*,-+F*/$-*,T".3$,6*."".V''S$L,
D'$("4")-#/(,*+,2"4*/84'-., ^DJH`,"+3*.V"*S, 6'+,3*V*,28-V*+,T-M#$, 8-$, 3'$,0&'
burgdorferi, *+, 0&' *23%-//, **+, )"*3*, -+F*/$-*, S8++*+, Q*T*.S#$*44-)*+G, 3-$, T'#,
"+'F('+S*4-MS, 6'+, 3*, ''+T*V-)(*-3, 6'+, /"2&4*2*+$L, 0&' bavariensis, T'#, +-*$,
3*$*/$**.Q''.,2*$,&'$("4")-#/(,"+3*.V"*SG,2''.,T*4,2*$,DJHL,a*3*."2,T'#,
3-$, "+'F('+S*4-MS, 6'+, 3*, ''+T*V-)(*-3, 6'+, /"2&4*2*+$L, 0&' garinii, *+, 0&'
5*-*/(/*1*,T'.*+,+-*$,-+,#$''$,**+,-+F*/$-*,$*,)*6*+,-+,3*,28-V*+G,V"T*4,-+,3*,JB%
l%,28-V*+,'4#,-+,T-43$1&*,28-V*+L,_*.2"*3*4-MS,#&**4$,3*,2'$*,6'+,)*6"*4-)(*-3,
6"".,/"2&4*2*+$,T*4,**+,)."$*, ."4G,2''., -#,3*, -+F*/$-*,6'+,0&'burgdorferi, V",
'F('+S*4-MS,6'+,**+,(*4*,.**S#,6'+,F'/$".*+,*+,*-T-$$*+G,T''."+3*.,JH[:D,A,$l2,
CG, 3'$, (*$, 2"*-4-MS, -#, (*$, *FF*/$, 6'+, oo+, *-T-$, -+, **+' /1' 5/5#' *h&*.-2*+$, $*,
"+3*.V"*S*+L,a*4,T*.3,""S,38-3*4-MS, -+, 3-$,*h&*.-2*+$,3'$, DJH,)*6"*4-)*., -#,
3'+, &'$("4")-*, -+, 3*, 3*$*/$-*, 6'+, 0&' burgdorferi, -+, 3*, T**F#*4#, 6'+, 3*,
)*�+F*/$**.3*,)'#$(**.L,
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!*$, ''+$"+*+, 6'+,0&' burgdorferi, -+, 3*, )'#$(**., -#, Q*4'+).-MS, "2, **+, '/$-*6*,
-+F*/$-*, $*, S8++*+,Q*6*#$-)*+L,7-M, (*$, 3-')+"#$-/*.*+, 6'+, -+F*/$-*#, 6'+,2-/."%
".)'+-#2*+,3-*,+-*$,"F,#4*/($,$*,ST*S*+,V-M+,-#,#*."4")-*,6''S,3*,**.#$*,S*8#L,7-M,
#*."4")-*,$""+$,2*+,3*,'+$-4-/('2*+,''+,3-*,)*2''S$,T".3*+,3"".,(*$,4-/(''2,
'4#, .*'/$-*, "&, 3*, -+F*/$-*L, [+$-4-/('2*+,T".3*+, )*2''S$, $*)*+, #$8SM*#, *-T-$,
^'+$-)*+*+`, 6'+, 3*, Q'/$*.-*L, [+$-4-/('2*+, S8++*+, 4*6*+#4'+), ''+$""+Q''.,
Q4-M6*+G, 2''., #"2#, ""S, T**., 3'4*+, "6*., 3*, $-M3G, '4#, (*$, '+$-)**+, +-*$, 2**.,
''+T*V-),-#L,

7-M, #*."4")-#/(*, 3-')+"#$-*S, S'+, )*Q.8-S$, T".3*+, )*2''S$, 6'+, 6*.#/(-44*+3*,
$*/(+-*S*+;, 3*, *+V12*, -228+"'##'1, ^\9[`, "F, 3*, -228+"Q4"$L, _"4)*+#, 3*,
.-/($4-M+*+, -#,3*,2*$("3*,6'+,6"".S*8.,**+,#/.**+-+),6'+,(*$,Q4"*3, ,2*$,\9[,
*+G, -+3-*+,3*V*,&"#-$-*F, -#G,3-$,$*,Q*6*#$-)*+,2*$,**+, -228+"Q4"$L,!*$, 4''$#$*,
3*/*++-82, -#, *., 6**4, "+3*.V"*S, )*3''+, +''., )*#/(-S$*, '+$-)*+*+, 6""., 3*V*,
3-')+"#$-*SL, R''.Q-M, 4-MS$ -+, (*$, Q-MV"+3*., (*$, J@%&*&$-3*, 6**4Q*4"6*+3;, 3*,
'+$-#$"FF*+,$*)*+,3-$,'+$-)**+,S8++*+,'4,$T**,T*S*+,+',**+, -+F*/$-*,38-3*4-MS,
''+$""+Q''., V-M+L, R''.+''#$, -#, (*$, $8##*+, 3*, 6*.#/(-44*+3*, #"".$*+, 0&'
burgdorferi,+')*+"*),-3*+$-*SG,T''.3"".,(*$,+-*$,+""3V'S*4-MS, -#,**+,2-h,6'+,
'44*,#"".$*+,$*,)*Q.8-S*+L,\*+,'+3*.,Q-MV"+3*.,6"".3**4, -#,3'$,3*,("*6**4(*-3
'+$-4-/(''2,$*)*+,J@%&*&$-3*,""S,T**.,#+*4,S8++*+,3'4*+,+',Q*('+3*4-+)L,R-$,
-#, 6"".+'2*4-MS, -+, &'$-X+$*+, 3-*,2''., S".$, **+, -+F*/$-*, (*QQ*+, )*('3G, 2''.
2-+3*.,8-$)*#&."S*+,-+,&'$-X+$*+,3-*,**+,4'+)*.,Q*#$''+3*,-+F*/$-*,('33*+L,

a'++**., 3*, -+F*/$-*, 2*$, 0& burgdorferi $"$, 8-$-+), S"2$, -+, 3*, (*.#*+*+,
^+*8."Q"..*4-"#*`, T".3$, *., +-*$, '44**+, )*S*S*+, +''., 3*, '+$-4-/('2*+, -+, (*$,
Q4"*3G,2''.,""S,+''.,'+$-4-/('2*+,-+,3*,(*.#*+64"*-#$"F,^4-k8".`L,[4#,*.,.*4'$-*F,
2**., '+$-4-/('2*+, -+, 3*, 4-k8"., V-$$*+, 3'+, -+, (*$, Q4"*3, 3'+, 2''S$, 3'$, **+,
-+F*/$-*,6'+,(*$,V*+8T#$*4#*4,V**.,T''.#/(-M+4-MSL,R-$,(**F$,-+64"*3,"&,3*,S*8V*,
6'+, Q*('+3*4-+)L, 5''#$, 3*V*, '+$-4-/(''2-+3*h, T".3$, *., ""S, )*S*S*+, +''.,
$*S*+*+,6'+,"+$#$*S-+),^-+F4'22'$-*`,''+,3*,(*.#*+*+,-+,(*$,'4)*2**+G,V"'4#,
(*$, ''+$'4,T-$$*, Q4"*3/*44*+, -+, 3*, 4-k8".L,5',Q*('+3*4-+), +*2*+, 3*, $*S*+*+,
6'+, '4)*2*+*,"+$#$*S-+), #+*4, 'FG,2''., 3*, '+$-4-/(''2-+3*h, S'+, *+S*4*, M'.*+,
&"#-$-*F,Q4-M6*+G,""S,-+,2*+#*+,3-*,(*4*2''4,)**+,S4'/($*+,2**.,(*QQ*+L,

9+, *""6>($:H- K, T".3$, *., )*S*S*+, +''., 3*, $"*&'#Q''.(*-3, 6'+, **+,
#/.**+-+)#$*#$, "&, 4-k8"., 6""., J@%&*&$-3*, "2, 3*, 3-')+"#*, +*8."Q"..*4-"#*, $*,
Q*6*#$-)*+L,!*$,Q4-MS$, 3'$, 3*,J@%&*&$-3*, ^9)Yl9)W`,\9[, V**., )*#/(-S$, -#,"2,$*,
#/.**+*+,"&,+*8."Q"..*4-"#*,^)*6"*4-)(*-3,<=m`G,2''.,3'$,3*V*,$*#$,+-*$,)"*3,
)*Q8-S$,S'+,T".3*+,"2,3*,3-')+"#*,$*,Q*6*#$-)*+L,R*,#&*/-F-/-$*-$,Q-M,2*+#*+,
3-*,'+$-4-/('2*+,$*)*+,0&'burgdorferi, -+,(*$,Q4"*3,(*QQ*+,-#,>BmG,3'$,Q*$*S*+$,
3'$, #"22-)*, 2*+#*+, **+, &"#-$-*6*, $*#$8-$#4'), S.-M)*+G, $*.T-M4, V*, )**+,
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A=P

!*$, ''+$"+*+, 6'+,0&' burgdorferi, -+, 3*, )'#$(**., -#, Q*4'+).-MS, "2, **+, '/$-*6*,
-+F*/$-*, $*, S8++*+,Q*6*#$-)*+L,7-M, (*$, 3-')+"#$-/*.*+, 6'+, -+F*/$-*#, 6'+,2-/."%
".)'+-#2*+,3-*,+-*$,"F,#4*/($,$*,ST*S*+,V-M+,-#,#*."4")-*,6''S,3*,**.#$*,S*8#L,7-M,
#*."4")-*,$""+$,2*+,3*,'+$-4-/('2*+,''+,3-*,)*2''S$,T".3*+,3"".,(*$,4-/(''2,
'4#, .*'/$-*, "&, 3*, -+F*/$-*L, [+$-4-/('2*+,T".3*+, )*2''S$, $*)*+, #$8SM*#, *-T-$,
^'+$-)*+*+`, 6'+, 3*, Q'/$*.-*L, [+$-4-/('2*+, S8++*+, 4*6*+#4'+), ''+$""+Q''.,
Q4-M6*+G, 2''., #"2#, ""S, T**., 3'4*+, "6*., 3*, $-M3G, '4#, (*$, '+$-)**+, +-*$, 2**.,
''+T*V-),-#L,

7-M, #*."4")-#/(*, 3-')+"#$-*S, S'+, )*Q.8-S$, T".3*+, )*2''S$, 6'+, 6*.#/(-44*+3*,
$*/(+-*S*+;, 3*, *+V12*, -228+"'##'1, ^\9[`, "F, 3*, -228+"Q4"$L, _"4)*+#, 3*,
.-/($4-M+*+, -#,3*,2*$("3*,6'+,6"".S*8.,**+,#/.**+-+),6'+,(*$,Q4"*3, ,2*$,\9[,
*+G, -+3-*+,3*V*,&"#-$-*F, -#G,3-$,$*,Q*6*#$-)*+,2*$,**+, -228+"Q4"$L,!*$, 4''$#$*,
3*/*++-82, -#, *., 6**4, "+3*.V"*S, )*3''+, +''., )*#/(-S$*, '+$-)*+*+, 6""., 3*V*,
3-')+"#$-*SL, R''.Q-M, 4-MS$ -+, (*$, Q-MV"+3*., (*$, J@%&*&$-3*, 6**4Q*4"6*+3;, 3*,
'+$-#$"FF*+,$*)*+,3-$,'+$-)**+,S8++*+,'4,$T**,T*S*+,+',**+, -+F*/$-*,38-3*4-MS,
''+$""+Q''., V-M+L, R''.+''#$, -#, (*$, $8##*+, 3*, 6*.#/(-44*+3*, #"".$*+, 0&'
burgdorferi,+')*+"*),-3*+$-*SG,T''.3"".,(*$,+-*$,+""3V'S*4-MS, -#,**+,2-h,6'+,
'44*,#"".$*+,$*,)*Q.8-S*+L,\*+,'+3*.,Q-MV"+3*.,6"".3**4, -#,3'$,3*,("*6**4(*-3
'+$-4-/(''2,$*)*+,J@%&*&$-3*,""S,T**.,#+*4,S8++*+,3'4*+,+',Q*('+3*4-+)L,R-$,
-#, 6"".+'2*4-MS, -+, &'$-X+$*+, 3-*,2''., S".$, **+, -+F*/$-*, (*QQ*+, )*('3G, 2''.
2-+3*.,8-$)*#&."S*+,-+,&'$-X+$*+,3-*,**+,4'+)*.,Q*#$''+3*,-+F*/$-*,('33*+L,

a'++**., 3*, -+F*/$-*, 2*$, 0& burgdorferi $"$, 8-$-+), S"2$, -+, 3*, (*.#*+*+,
^+*8."Q"..*4-"#*`, T".3$, *., +-*$, '44**+, )*S*S*+, +''., 3*, '+$-4-/('2*+, -+, (*$,
Q4"*3G,2''.,""S,+''.,'+$-4-/('2*+,-+,3*,(*.#*+64"*-#$"F,^4-k8".`L,[4#,*.,.*4'$-*F,
2**., '+$-4-/('2*+, -+, 3*, 4-k8"., V-$$*+, 3'+, -+, (*$, Q4"*3, 3'+, 2''S$, 3'$, **+,
-+F*/$-*,6'+,(*$,V*+8T#$*4#*4,V**.,T''.#/(-M+4-MSL,R-$,(**F$,-+64"*3,"&,3*,S*8V*,
6'+, Q*('+3*4-+)L, 5''#$, 3*V*, '+$-4-/(''2-+3*h, T".3$, *., ""S, )*S*S*+, +''.,
$*S*+*+,6'+,"+$#$*S-+),^-+F4'22'$-*`,''+,3*,(*.#*+*+,-+,(*$,'4)*2**+G,V"'4#,
(*$, ''+$'4,T-$$*, Q4"*3/*44*+, -+, 3*, 4-k8".L,5',Q*('+3*4-+), +*2*+, 3*, $*S*+*+,
6'+, '4)*2*+*,"+$#$*S-+), #+*4, 'FG,2''., 3*, '+$-4-/(''2-+3*h, S'+, *+S*4*, M'.*+,
&"#-$-*F,Q4-M6*+G,""S,-+,2*+#*+,3-*,(*4*2''4,)**+,S4'/($*+,2**.,(*QQ*+L,

9+, *""6>($:H- K, T".3$, *., )*S*S*+, +''., 3*, $"*&'#Q''.(*-3, 6'+, **+,
#/.**+-+)#$*#$, "&, 4-k8"., 6""., J@%&*&$-3*, "2, 3*, 3-')+"#*, +*8."Q"..*4-"#*, $*,
Q*6*#$-)*+L,!*$,Q4-MS$, 3'$, 3*,J@%&*&$-3*, ^9)Yl9)W`,\9[, V**., )*#/(-S$, -#,"2,$*,
#/.**+*+,"&,+*8."Q"..*4-"#*,^)*6"*4-)(*-3,<=m`G,2''.,3'$,3*V*,$*#$,+-*$,)"*3,
)*Q8-S$,S'+,T".3*+,"2,3*,3-')+"#*,$*,Q*6*#$-)*+L,R*,#&*/-F-/-$*-$,Q-M,2*+#*+,
3-*,'+$-4-/('2*+,$*)*+,0&'burgdorferi, -+,(*$,Q4"*3,(*QQ*+,-#,>BmG,3'$,Q*$*S*+$,
3'$, #"22-)*, 2*+#*+, **+, &"#-$-*6*, $*#$8-$#4'), S.-M)*+G, $*.T-M4, V*, )**+,

Y'#$(**.,&'$(")**+,-+$*.'/$-*#,Q-M,3*,V-*S$*,6'+,012*,

A=A

+*8."Q"..*4-"#*,(*QQ*+L,R*,("*6**4(*-3,'+$-4-/('2*+,6*.#/(-43*,*/($*.,$8##*+,
3*,)."*&,2*$,**+,+*8."Q"..*4-"#*,*+,3*,"6*.-)*,&'$-X+$*+L,R*,.*4'$-*6*,012*,
-+3*h,T''.3*+,T'.*+,)*2-33*43,6**4,(")*.,-+,3*,+*8."Q"..*4-"#*,)."*&,3'+,-+,
3*, 012*, &'$-X+$*+, )."*&G, */($*., "&, -+3-6-38**4, +-6*'8, (**F$, 3-$, T*-+-),
&.'S$-#/(*,T''.3*L,

R*, #$*.S*,Q*&*.S-+), 6'+, 3*, #*."4")-*, -#, (*$, )*Q.*S, ''+, 3*,2")*4-MS(*-3, **+,
'/$-*6*, -+F*/$-*,$*,Q*6*#$-)*+, -+,**+,&'$-X+$,3-*,'4,#*."4")-#/(,&"#-$-*F, -#,3"".,
**+, **.3*.*G, Q*('+3*43*, "F, 3""., (*$, *-)*+, 'FT**.#1#$**2, "&)*.8-23*G,
-+F*/$-*L,\*+,$*#$,3-*,**+,'/$-*6*, -+F*/$-*,2*$,0&'burgdorferi,S'+,Q*6*#$-)*+, -+,
3*V*,&'$-X+$*+)."*&G,-#,T*+#*4-MSL

9+,*""6>($:H-L, S-MS*+,T*,+''.,/(*2"S-+*,JfJ0AB, -+, 4-k8".,'4#,Q-"2'.S*.,6"".,
**+, '/$-*6*, -+F*/$-*, 2*$, 0&' burgdorferiL 9+, &'$-X+$*+, 2*$, +*8."Q"..*4-"#*, -#,
3*V*,Q-"2'.S*.,-+,'44*,&'$-X+$*+,4-/($,$"$,V**.,#$*.S,6*.("")3L,[4#,"&,Q'#-#,6'+,
**+, 6*.)*4-MS-+), 2*$, '+3*.*, -+F4'22'$"-.*, V-*S$*+, **+, 'FS'&T''.3*, T".3$,
)*S"V*+,6'+,OCP &)l24,4-k8".,3'+ T'#,Q-M,>>m,6'+,3*,&'$-X+$*+,3*V*,Q-"2'.S*.,
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3*V*, Q-"2'.S*., Q-M, +-*2'+3, 6*.("")3L, 7-M, &'$-X+$*+, 2*$, -+F4'22'$"-.*,
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#$*44*+,6'+,3*,3-')+"#*L,!*$, -#,6'+,Q*4'+),'44*,Q*#/(-SQ'.*,S4-+-#/(*,)*)*6*+#,
*+, 3*, /"2Q-+'$-*, 6'+, $*#$*+, *+, (8+, Q*&*.S-+)*+, $*, -+$*.&.*$*.*+, "&, , **+,
-+3-6-38*4*, Q'#-#L, !-*.Q-M, -#, #'2*+T*.S-+), 6'+, 3*, /4-+-/8#, 2*$, **+, '.$#%
2-/."Q-"4""),T*+#*4-MS,"2,3*, M8-#$*,3-')+"#*,$*,S8++*+,#$*44*+, -+,(*$,Q*4'+),
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:/(8-M$,IKG,!"6-8#,KaG,5+8-<:!2&1-@EG,H'2'2"".$(-,5G,Z-S.-),\G,6'+,R'2,[D,
^OPP>`,I(*,$-/S,#'4-6'.1,&."$*-+,:'4&AC,-+(-Q-$#,$(*,S-44-+),"F,#*.82%#*+#-$-6*,
7"..*4-',Q8.)3".F*.-,#*+#8,4'$",-#"4'$*#L,9+F*/$,9228+,=@;O>>>%O><?

7'8*.,WDG,5+8-<:!2&1-@EG,W'.-M$,a[G,6'+,R-##*4,KIG,6"+,3*2,7".+*,D[,^OPP<`,
Z*6*.G,#("/SG,'+3,&'+/1$"&*+-',-+,',&'$-*+$,$.*'$*3,T-$(,'4*2$8V82'QL,J4-+,
9+F*/$,R-#,?<;AC?P%AC?=

5+8-<:!2&1-@EG,].'-/V1,DG,:/(8-M$,IKG,c-&F*4,DZG,6'+,R'2,[D,^OPAP`,93*+$-F-/'$-"+,
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&."'+)-")*+-/,'+3,'+$-'+)-")*+-/,F'/$".#,-+,',/'#*,"F,W'.Q8.),('*2"..(')-/,
F*6*.L,0'+/*$,9+F*/$,R-#,AO;@BC%@?O



A=?

c"*$("8$,HaG,6'+,Y*.6*+,KWG,R82"+$,YKG,D'4$'+#-+),:G,5+8-<:!2&1-@EG,6'+,3*.,
0-+3*+,WG,R'('+,[G,J"(*+,[ZG,:/("*2'S*.,HJ,^OPP>`,[,/"2&'.'$-6*,#$831,"F,
$T",2*$("3#,F".,'$$'-+-+),/"+#$'+$,'4/"("4,4*6*4#L,7.,K,J4-+,D('.2'/"4,@@;@=?%
@>A

:/(8-M$,IKG,!"6-8#,KaG,5+8-<:!2&1-@EG,H'2'2"".$(-,5G,Z-S.-),\G,6'+,R'2,[D,
^OPP>`,I(*,$-/S,#'4-6'.1,&."$*-+,:'4&AC,-+(-Q-$#,$(*,S-44-+),"F,#*.82%#*+#-$-6*,
7"..*4-',Q8.)3".F*.-,#*+#8,4'$",-#"4'$*#L,9+F*/$,9228+,=@;O>>>%O><?

7'8*.,WDG,5+8-<:!2&1-@EG,W'.-M$,a[G,6'+,R-##*4,KIG,6"+,3*2,7".+*,D[,^OPP<`,
Z*6*.G,#("/SG,'+3,&'+/1$"&*+-',-+,',&'$-*+$,$.*'$*3,T-$(,'4*2$8V82'QL,J4-+,
9+F*/$,R-#,?<;AC?P%AC?=

5+8-<:!2&1-@EG,].'-/V1,DG,:/(8-M$,IKG,c-&F*4,DZG,6'+,R'2,[D,^OPAP`,93*+$-F-/'$-"+,
'+3,F8+/$-"+'4,/('.'/$*.-#'$-"+,"F,J"2&4*2*+$,H*)84'$".,[/k8-.-+),:8.F'/*,
D."$*-+%A,"F,#*.82,.*#-#$'+$,7"..*4-',)'.-+--,E#&[,#*."$1&*,?L,7WJ,W-/."Q-"4,
AP;?B

5+8-<:!2&1-@EG,E"#$*.4"",WG,].""+,ZDG,6'+,R'2,[D,^OPAP`,:*6*.*,/"8.#*,"F,
012*,+*8."Q"..*4-"#-#,-+,'+,!9_%A,&"#-$-6*,&'$-*+$g,/'#*,.*&".$,'+3,.*6-*T,"F,
$(*,4-$*.'$8.*L,7WJ,5*8."4,AP;AA=

5+8-<:!2&1-@EG,7'S*4#,ZG,]."*#,[JG,6'+,R'2,[D,^OPAA`,R-#/.-2-+'$-+),012*,
+*8."Q"..*4-"#-#,F."2,"$(*.,+*8."-+F4'22'$".1,3-#*'#*#,Q1,4*6*4#,"F,JfJ0AB,-+,
/*.*Q."#&-+'4,F48-3L,K,J4-+,W-/."Q-"4,?<;OPO=%OPBP

5+8-<:!2&1-@EG,7'428#,5JG,Z-S.-),\G,6'+,R'2,[D,^OPAA`,9+F*/$-6-$1,"F,7"..*4-',
Q8.)3".F*.-,#*+#8,4'$",-#,8+'4$*.*3,-+,JB%3*F-/-*+$,2-/*L,I-/S#,I-/S,7".+*,R-#,
O;OP%O@

5+8-<:!2&1-@EG,7.'+3*+Q8.),[G,Y*..-$#*+,!KG,]."*#,[JG,6'+,R'2,[D,^OPAA`,!-)(,
#*+#-$-6-$1,'+3,#&*/-F-/-$1,"F,$(*,J@%&*&$-3*,\09:[,"+,/*.*Q."#&-+'4,F48-3,-+,012*,
+*8."Q"..*4-"#-#,&'$-*+$#L,J4-+,W-/."Q-"4,9+F*/$,A=;A?<C%ACPP

D''##*+,6'+,DKG,7'8*.,WDG,[.Q"8#,W:G,_-##*.,0YG,:/(2-3$%J('+'#-$,KG,:/(-44-+),
:G,E4#/(4')*.,:G,H-*)*.,IG,\22*.-/(,DG,:/(2*$V,JG,6'+,3*,7*.S2".$*4,ZG,6'+,!7G,
5+8-<:!2&1-@EG,E#$*.('8#,[RG,_"##*+,[JG,Y8+$(*.,:G,6'+,R-##*4,KI,^OPAO`,[/8$*,
4-6*.,F'-48.*G,284$-".)'+,F'-48.*G,/*.*Q.'4,"*3*2'G,'+3,'/$-6'$-"+,"F,
&."'+)-")*+-/,'+3,'+$-'+)-")*+-/,F'/$".#,-+,',/'#*,"F,W'.Q8.),('*2"..(')-/,
F*6*.L,0'+/*$,9+F*/$,R-#,AO;@BC%@?O

A=C

5+8-<:!2&1-@E-^OPAO`,E6*.3.'/($,2*$,AOPSQl#L,5*3*.4'+3#,$-M3#/(.-F$,6"".,
W*3-#/(*,W-/."Q-"4")-*,OP;@

[+),JaG,7.'+3*+Q8.),[!G,5+8-<:!2&1-@EG,7-M42*.,![G,!*..*2'+#,IG,:$*42',ZZG,
_*.381+,08+*4,ZG,6'+,R'2,[D,^OPAO`,5'$-"+'4*,6*.)*4-MS-+),6'+,#*."4")-#/(*,
'##'1#,6"".,(*$,''+$"+*+,6'+,7"..*4-'%'+$-#$"FF*+L,5*3*.4'+3#,$-M3#/(.-F$,6"".,
W*3-#/(*,W-/."Q-"4")-*,OP;AAA%AA<

[+),JaG,5+8-<:!2&1-@E,^OPAO`,7"..*4-'%#*."4")-*,-+,3*,5*3*.4'+3#*,#-$8'$-*g,
-+$*.&.*$'$-*,6'+,$*#$8-$#4')*+L,5*3*.4'+3#,I-M3#/(-F$,6'+,W*3-#/(*,
W-/."Q-"4")-*,OP;AOP%AOC

!*..*2'+#,IG,5+8-<:!2&1-@EG,7.'+3*+Q8.),[!G,W*-M*.,7G,_*.381+,08+*4,ZG,
5'Q88.#%Z.'+##*+,WG,:$*42',ZG,[+),JaG,6'+,R'2,[DG,7-M42*.,![,^OPAO`,
9+$*.4'Q".'$".-826'.-'$-*,6'+,3*,#*."4")-*,6'+,3*,V-*S$*,6'+,012*,-+,
5*3*.4'+3L,5*3*.4'+3#,$-M3#/(.-F$,6"".,W*3-#/(*,W-/."Q-"4")-*,OP;APC%AAP





):!!%':1:#-F%$+&





5'$('4-*, R'+-X44*, 6'+, 78.)*4G, 3"/($*., 6'+, !8-Q*.$, 6'+, 78.)*4, *+, K'++-)M*,
Y*..-$#*+G, T*.3, -+, #*&$*2Q*., A<=<, )*Q".*+, -+, (*$, 7*'$.-h, V-*S*+(8-#, $*,
Y".-+/(*2L,R*,2-33*4Q'.*,#/(""4,3**3,V*,"&,(*$,01/*82,E83*,!"6*+,T''.,V*,
-+,A<<=,(*$,_aE,'F)*2''S$,(**F$,2*$,'/($,6'SS*+L,

9+, A<<=, -#, V*, Q*)"++*+, 2*$, 3*, #$83-*, 7-"2*3-#/(*, T*$*+#/('&&*+, ''+, 3*,
H-MS#8+-6*.#-$*-$, 0*-3*+, **+, #$')*, 3''.6'+, -#, 6*..-/($, ''+, 3* U+-6*.#-3'3,
[8$�+"2', 3*, W'3.-3L, !*$, 3"/$".''4*h'2*+, 7-"2*3-#/(*, T*$*+#/('&&*+,
(**F$,V*,Q*(''43,-+,OPPBL,
9+,A<<>,-#,V*,Q*)"++*+,2*$,3*,#$83-*,Y*+**#S8+3*,''+,3*,U+-6*.#-$*-$,0*-3*+,
T''.6'+,(*$,3"/$".''4,-#,Q*(''43,-+,OPPB,*+,V*,(''.,'.$#*+Q84,(**F$,)*S.*)*+,
-+,OPP?L,

ES$"Q*., OPP?, -#, V*, )*#$'.$, '4#, [9E:, ]E, 6""., 3*, #&*/-'4-#'$-*, 6'+, '.$#%
2-/."Q-"4""),-+,(*$,0*-3#,U+-6*.#-$'-.,W*3-#/(,J*+$.82L,R*V*,&."2"$-*,-#,6"".,
**+,3**4,6*..-/($,"&,3*,e'4*,8+-6*.#-$1,"F,2*3-/-+*,-+,5*T,!'6*+,*+,3*,Y"*$(*,
8+-6*.#-$*-$, -+, Z.'+SF8.$L, 9+, (''., "&4*-3-+)#$.'M*/$, (**F$, V*,""S, 3**4)*+"2*+,
''+, *+S*4*, Q*#$8.*+;, 3*, 5*3*.4'+3#*, _*.*+-)-+), 6""., [9E:, W*3-#/(*,
W-/."Q-"4")-*, ^5_[WW`G, 6*.$*)*+T"".3-)*., 5_[WW, -+, 3*, 5*3*.4'+3#*,
_*.*+-)-+), 6""., W*3-#/(*, W-/."Q-"4")-*, ^5_WW`G, 6"".V-$$*., 6'+, 3*, I.'-+**,
[##"/-'$-"+, 6'+, 3*, \8."&*'+, :"/-*$1, "F, J4-+-/'4, W-/."Q-"4")1, '+3, 9+F*/$-"8#,
R-#*'#*#, ^\:JW9R`, *+, 6*.$*)*+T"".3-)*., [9E:, Q-M, 3*, #*/$-*, W*3-/'4,
W-/."Q-"4")1,6'+,3*,U+-"+,\8."&o*++*,3*#,Wo3*/-+#,,:&o/-'4-#$*#,^U\W:`L,

:-+3#,"S$"Q*.,OPAA,-#,V*,)*.*)-#$.**.3,'4#,'.$#%2-/."Q-"4""),*+,T*.SV''2,-+,(*$,
!')'V-*S*+(8-#,-+,R*+,!'')L,_'+8-$,(''.,-+$*.*##*,6"".,012*,+**2$,V*,+8,+"),
3**4, ''+,(*$, /"+#*+#8#Q*.''3, 012*,6'+,(*$,H9_W,*+, -+, 3*, '36-*#/"22-##-*,
012*, 6'+, 3*, Y*V"+3(*-3#.''3L, H*/*+$, (**F$, V*, ""S, &4''$#)*+"2*+, -+, (*$,
Q*#$88., 6'+, 3*, #*/$-*, -+F*/$-*V-*S$*+#*."4")-*, 6'+, 3*, :$-/($-+),
]T'4-$*-$#Q*T'S-+),W*3-#/(*,0'Q".'$".-823-')+"#$-*S,^:]W0`L





E+8Ha""!>



A>O

9S,(*Q,$-M3*+#,3*,&."38/$-*,6'+,3-$,&."*F#/(.-F$,6'+,6**4,2*+#*+,-+,*+,"2,(*$,
4'Q,**+,*+".2*,("*6**4(*-3,(84&,)*S.*)*+L,R-$,-#,2-M+,S'+#,"2,3-*,2*+#*+,-+,
(*$,V"++*$M*,$*,V*$$*+L

9S,T-4,[4M*,*+,0"8-#,Q*3'+S*+,3'$,V*,2*,3*V*,S'+#,(*QQ*+,)*Q"3*+L,
D*$*.G,K*."*+,*+,!'+#g,-S,Q*+,M844-*,3'+SQ''.,3'$,M844-*,'4#,6-."4")*+,$-M3,('33*+,
"2,3*V*,&."2"6*+38#,Q'/$*.-"4")-*,""S,+"),T'$, $*, 4*.*+L, I-2G, 3*,)*V*44-)*,
$-M3, ''+, 3*, Q*+/(, V'4, -S, +-*$, 6*.)*$*+, *+, (*$, T'#, 6"".'4, ('+3-), 3'$, M*, 2-M+,
Q.'+3M*#,Q48#$*L,K"4'+3'G,W'.-*S*G,Y-M#G,D'$.-/-'G,f-'("+),*+,W'.M"4*-+G,Q*3'+S$
3'$, M844-*, '4#, 2*3*&."2"6*+3-, M844-*, *.6'.-+)*+, T-43*+, 3*4*+, *+, 6""., 3*,
)*V*44-)(*-3L, _*.3*., 3*, 2*+#*+, 6'+, 3*, .*#*'./(%6-."4")-*g, :M"*.3G, 0-*#Q*$(G,
H*+*G,:M''SG,\4#,*+,"+)*$T-MF*43,**+,(*4*,Q*.),2*+#*+,3-*,-S,+8,6*.)**$,*+,T*4,
(*Q,4'#$-),)*6'44*+g,M844-*,T'.*+,#8&*.�
\22'+8*4g,M"8,T-43*,-S,6"".'4,Q*3'+S*+,6"".,3*,&*.-"3*,3'$,M*,6*.$."8T*+,-+,
2*, ('3G, V"+3*., 3-*, #$*8+, T'#, -S, T''.#/(-M+4-MS, )*+""3V''S$, "&, **+, '+3*.,
"+3*.T*.&,"6*.,$*,)''+L,

K"&&*G, I-2G, [FS*G, [++*S*G, W'+F.*3, *+, W'8.-/*, Q*3'+S$, 6""., 3*, (84&, *+,
&.*$$-)*,#'2*+T*.S-+),$-M3*+#,#"22-)*,"+3*.3*4*+,6'+,3-$,&."*F#/(.-F$L,
:$*F'+G,[+)*4'G,\T"83,*+,[+$"-+*$$*,Q*3'+S$,6"".,M844-*,(84&,'4#,#$')-'.#L
!'++'(G, f-+G, 5'+3(-+-G _*+*$$'G, R*QQ-*, '+3, \."4, $('+S, 1"8, F"., '44, $(*, $(-+)#,
1"8,$'8)($,2*,T(*+,9,T'#,'$,1"8.,4'Q,'$,e'4*,U+-6*.#-$1,'+3,M8#$,#$'.$*3,"8$,'#,
',D(R,#$83*+$L,
D*$*.G, $('+S, 1"8, F"., $(*, $-2*, -+, 1"8, 4'Q, -+, Z.'+SF8.$L, e"8., *+$(8#-'#2, F".,
#$831-+),0&'4,.6$#.2%./T'#,/"+$')-"8#L,
\.-/G,]'$*G,0*#4'G,H*+'$*G,J'."4-+*,*+,I(-.V',3'+S,3'$,M844-*,2*,V",)"*3,"&6-+)*+,
$"*+,-S,(-*.,ST'2,T*.S*+G,-S,(*Q,V*S*.,-+,(*$,Q*)-+,6**4,6'+,M844-*,)*4**.3,^*+,
+-*$,'44**+,"6*.,(*$,4'Q`L

E"S,T-43*,-S,2-M+,2*3*%[9E:,Q*3'+S*+,6"".,3*,(84&,*+,#$*8+,6'+,3*,'F)*4"&*+,
M'.*+L, W*$, M844-*, T'#, (*$, -+, -*3*., )*6'4, )"*3, 6"4, $*, ("83*+;, :8+-$'G, [++*S*G,
:8V'++*G, R'&(+*G,W'.M"4*-+G, 5".Q*.$G, D84'S, *+, !*.2'+, *+, +'$88.4-MS,W'.$-M+,
+-*$, $*, 6*.)*$*+L, 9+, (*$, Q-MV"+3*., W'.$('G, 3-*, -+, 3"+S*.*, $-M3*+, '44*#, S'+,
.*4'$-6*.*+,*+,"6*.'4,T*4,**+,VT'.$*,"&2*.S-+),"6*.,T**$,$*,2'S*+L
R*,'+3*.*,4*3*+,6'+,3*,#$'FS'2*.#;,K8$$*G,:'+3.'G,\4#G,]'.-+%\44*+,*+,W'.-*$G,-S,
(""&, M844-*, +"), 6''S, $*, V-*+, "&, ]EWW[j#G, #S-T**S*+3*+, "F, '+3*.*, #"/-'4*,
)*4*)*+(*3*+L,[++g, 3'+S, 6""., M*, 6*4*, '36-*V*+G,""S, '4, -#, 012*,)**+, 6-.8#G, -S,
(*Q, 6'+, M"8, V", "+$V*$$*+3, 6**4, )*4**.3, "6*., #*."4")-*L, \3, *+, K'-.", Q*3'+S$,
6"".,3*,4*V-+)*+,"&,V-M+,$-M3L,



A>O

9S,(*Q,$-M3*+#,3*,&."38/$-*,6'+,3-$,&."*F#/(.-F$,6'+,6**4,2*+#*+,-+,*+,"2,(*$,
4'Q,**+,*+".2*,("*6**4(*-3,(84&,)*S.*)*+L,R-$,-#,2-M+,S'+#,"2,3-*,2*+#*+,-+,
(*$,V"++*$M*,$*,V*$$*+L

9S,T-4,[4M*,*+,0"8-#,Q*3'+S*+,3'$,V*,2*,3*V*,S'+#,(*QQ*+,)*Q"3*+L,
D*$*.G,K*."*+,*+,!'+#g,-S,Q*+,M844-*,3'+SQ''.,3'$,M844-*,'4#,6-."4")*+,$-M3,('33*+,
"2,3*V*,&."2"6*+38#,Q'/$*.-"4")-*,""S,+"),T'$, $*, 4*.*+L, I-2G, 3*,)*V*44-)*,
$-M3, ''+, 3*, Q*+/(, V'4, -S, +-*$, 6*.)*$*+, *+, (*$, T'#, 6"".'4, ('+3-), 3'$, M*, 2-M+,
Q.'+3M*#,Q48#$*L,K"4'+3'G,W'.-*S*G,Y-M#G,D'$.-/-'G,f-'("+),*+,W'.M"4*-+G,Q*3'+S$
3'$, M844-*, '4#, 2*3*&."2"6*+3-, M844-*, *.6'.-+)*+, T-43*+, 3*4*+, *+, 6""., 3*,
)*V*44-)(*-3L, _*.3*., 3*, 2*+#*+, 6'+, 3*, .*#*'./(%6-."4")-*g, :M"*.3G, 0-*#Q*$(G,
H*+*G,:M''SG,\4#,*+,"+)*$T-MF*43,**+,(*4*,Q*.),2*+#*+,3-*,-S,+8,6*.)**$,*+,T*4,
(*Q,4'#$-),)*6'44*+g,M844-*,T'.*+,#8&*.�
\22'+8*4g,M"8,T-43*,-S,6"".'4,Q*3'+S*+,6"".,3*,&*.-"3*,3'$,M*,6*.$."8T*+,-+,
2*, ('3G, V"+3*., 3-*, #$*8+, T'#, -S, T''.#/(-M+4-MS, )*+""3V''S$, "&, **+, '+3*.,
"+3*.T*.&,"6*.,$*,)''+L,

K"&&*G, I-2G, [FS*G, [++*S*G, W'+F.*3, *+, W'8.-/*, Q*3'+S$, 6""., 3*, (84&, *+,
&.*$$-)*,#'2*+T*.S-+),$-M3*+#,#"22-)*,"+3*.3*4*+,6'+,3-$,&."*F#/(.-F$L,
:$*F'+G,[+)*4'G,\T"83,*+,[+$"-+*$$*,Q*3'+S$,6"".,M844-*,(84&,'4#,#$')-'.#L
!'++'(G, f-+G, 5'+3(-+-G _*+*$$'G, R*QQ-*, '+3, \."4, $('+S, 1"8, F"., '44, $(*, $(-+)#,
1"8,$'8)($,2*,T(*+,9,T'#,'$,1"8.,4'Q,'$,e'4*,U+-6*.#-$1,'+3,M8#$,#$'.$*3,"8$,'#,
',D(R,#$83*+$L,
D*$*.G, $('+S, 1"8, F"., $(*, $-2*, -+, 1"8, 4'Q, -+, Z.'+SF8.$L, e"8., *+$(8#-'#2, F".,
#$831-+),0&'4,.6$#.2%./T'#,/"+$')-"8#L,
\.-/G,]'$*G,0*#4'G,H*+'$*G,J'."4-+*,*+,I(-.V',3'+S,3'$,M844-*,2*,V",)"*3,"&6-+)*+,
$"*+,-S,(-*.,ST'2,T*.S*+G,-S,(*Q,V*S*.,-+,(*$,Q*)-+,6**4,6'+,M844-*,)*4**.3,^*+,
+-*$,'44**+,"6*.,(*$,4'Q`L

E"S,T-43*,-S,2-M+,2*3*%[9E:,Q*3'+S*+,6"".,3*,(84&,*+,#$*8+,6'+,3*,'F)*4"&*+,
M'.*+L, W*$, M844-*, T'#, (*$, -+, -*3*., )*6'4, )"*3, 6"4, $*, ("83*+;, :8+-$'G, [++*S*G,
:8V'++*G, R'&(+*G,W'.M"4*-+G, 5".Q*.$G, D84'S, *+, !*.2'+, *+, +'$88.4-MS,W'.$-M+,
+-*$, $*, 6*.)*$*+L, 9+, (*$, Q-MV"+3*., W'.$('G, 3-*, -+, 3"+S*.*, $-M3*+, '44*#, S'+,
.*4'$-6*.*+,*+,"6*.'4,T*4,**+,VT'.$*,"&2*.S-+),"6*.,T**$,$*,2'S*+L
R*,'+3*.*,4*3*+,6'+,3*,#$'FS'2*.#;,K8$$*G,:'+3.'G,\4#G,]'.-+%\44*+,*+,W'.-*$G,-S,
(""&, M844-*, +"), 6''S, $*, V-*+, "&, ]EWW[j#G, #S-T**S*+3*+, "F, '+3*.*, #"/-'4*,
)*4*)*+(*3*+L,[++g, 3'+S, 6""., M*, 6*4*, '36-*V*+G,""S, '4, -#, 012*,)**+, 6-.8#G, -S,
(*Q, 6'+, M"8, V", "+$V*$$*+3, 6**4, )*4**.3, "6*., #*."4")-*L, \3, *+, K'-.", Q*3'+S$,
6"".,3*,4*V-+)*+,"&,V-M+,$-M3L,

A>B

\., (*QQ*+, +'$88.4-MS, ""S, '+'4-#$*+,2**)*T*.S$, ''+, (*$,"+3*.V"*Sg, !*+3.-S%
K'+g,-S,T"8,3'$,-S,M*,S"+,2**+*2*+L,K-M,(*Q$,V",6*.#/(.-SS*4-MS,6**4,'##-#$*+$-*,
)*4*6*.3,6"".,3-$,&."*F#/(.-F$,T''.6""., -S, M*,(**4,*.),3'+SQ''.,Q*+L,I"2G,(*$,
6*+-M+,V'$,(*2,-+,3*,#$''.$L,!'3-,*+,"6*.-)*,#*."4")-*,'+'4-#$*+;,3'+S,6"".,(*$,
6*..-/($*+, 6'+, '44*, J@M*#, *+, Q4"$M*#, 3-*, �+"), *6*+j, )*3''+,2"*#$*+,T".3*+L,
W'.-"G,K"1&(-G,a-4F.*3,*+,3*,'+'4-#$*+,6'+,3*,2"4*/84'-.*g,Q*3'+S$,6"".,3*,(84&,
Q-M,(*$,"&V*$$*+,*+,8-$6"*.*+,6'+,DJHj# ,"&,7"..*4-',^T''.Q-M,M844-*,#"2#,V"+3*.,
6.')*+,3*,2**#$, Q-V'..*,2'$*.-'4*+,DJH%3*+G,2''., $M', V"'4#, \.-/, V*)$g, p'4#,*.,
R5[, -+, V-$, S'+, -S, (*$, '2&4-F-/*.*+q`L, R''.6""., +""-$, )*T*$*+, 3'$, '4#, M*,
Q".#$6"*3-+),'F3.''-$,Q-M,A?PPPY,3'$,M*,3'+,2*$**+,S''#,S'+,2'S*+L,
K-$#S*,*+,:'+3.'G, -S,6-+3,(*$,Q-MV"+3*.,3'$, M844-*,'4$-M3,.8#$-),Q4*6*+,'4#,*.,T**.,
**+, Q"..*4-'%W9:D0, )*2''S$, 2"*#$, T".3*+L, [44*#, T'$, M844-*, 2*, "6*., Y09W:,
(*QQ*+,)*4**.3,S"2$,+8,)"*3,6'+,&'#L
R'$V*4F3*,)*43$,""S,6"".,3*,3'2*#,6'+,3*,'32-+g,\4#G,J'.-+G,94#*G,W'.4"+G,'4$-M3,
#$''+, M844-*, S4''., 6""., (84&,"2,Q"6*+)*+"*23*, #"2#,Q-V'..*,2'$*.-'4*+, **+,
&4*SM*,$*,)*6*+,-+,Y09W:L,
R*, '+'4-#$*+, 6'+, 3*, Q'/$*.-"4")-*g, 3*, 'F)*4"&*+, M'.*+, (*Q, -S, 6**4, 6'+, M844-*,
)*4**.3G,2''.,Q"6*+,'44*#,**+,(**4,4*8S*,$-M3,)*('3L,

9+).-3,*+,Z4"".G,#'2*+,V-M+,T*,""-$,Q*)"++*+,''+,Q-"2*3-#/(*,T*$*+#/('&&*+,
*+, )*#/(*-3*+, V-M+, T*, "+V*, /'..-�.*#, ''+, (*$, 'F2'S*+G, -S, S-MS, 8-$, +''., 3*,
$"*S"2#$-)*,-+$*./"44*)-'4*,/"+#84$*+L
W'.-*%0"8-#*G,M"8T,Q*#$''+,2''S$,2-M+,4*6*+,**+,#$8S,)*V*44-)*.L
J4'83-'G,1"8,'.*,'4T'1#,$(*.*,F".,2*G -$,-#,#",/""4,$",('6*,',Q-),#-#$*.,$",4""S,"8$,
F".,2*L,

[44*, 3'2*#, 6'+, (*$, )LVL&L, ddg, 5-*+S*G, !'++*S*G, Y"3*4-*6*G, [+M'G, 9#'Q*44*G,
IM-$#S*G, J4'.'G, :'+3.'G, :8V'+G, W'.-X44*G, H"21G Y-+'G Y*..-$M*G, J(.-#$*4G, W'.4-#*G,
:-2"+*G,]'.-+G,W'.-*S*,J('.4"$$*G,7-.$(*,*+,W"+-k8* ^*+,#$-*S*2,""S,R'+-X44*,
*+,:-2"+*`g 3'+S,6"".,3*,#$-284*.*+3*,3-#/8##-*#G,3*,#$*8+,*+,6"".'4,""S,3*,
)*V*44-)*,$-M3*+L,9S,(""&,3'$,3-$,+"),6*4*,M'.*+,V'4,38.*+L,d8'FF�

9S,T-4,2-M+,Q."*., D'$.-/SG, 3-*,2*, '4$-M3, (**F$, )*#$-284**.3,"2, 6"4, $*, ("83*+G
Q*3'+S*+L,!-M,-#,'4$-M3,2-M+,4-/($*+3,6"".Q**43,)*T**#$L,
D'&, *+, 2'2G, M844-*, ('33*+, -+, 2-M, '4$-M3, Q4-+3, 6*.$."8T*+G, V"+3*., M844-*
"+6"".T''.3*4-MS*,#$*8+ ('3,-S,(*$,+-*$,V",6*.,S8++*+,#/("&&*+L

K*."*+G, M-M, Q*+$, 2-M+, Q'S*+, "&, **+, "+.8#$-)*, V**L, K"8T, #$*6-)*, )."+36*#$*+,
(*4&*+,2-M,6'#$,4'+3,$*,Q*.*-S*+L,


