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&('$3+,&%*&(!.J:*+,$*&(!12$.%,*2(!-(+!4*./*&(+!,&$%21(+!-/3+!.(+!4N'(+!-(!'(+!#GH6!(,!-(!'$70/&(&!

.(%&!0&$?*7*,1!0:E.$<131,*)%(!/2('!-(+!+1)%(3'(+!-JaUG!-(!D<2'$0%+)4%!*-(3,*4*1(+!':(;!-(+!

0/,*(3,+=!

!



!
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!

B"L$%05*H6+6$8:H*/>.0.'(I;+6$1+6$6.I;+0)+6$1G%-3$1+$4(*5(&+6$1;$>+0&+$!"#$%#&''"$

1.'+)'.$):+M$*+6$D3E$

>(+!/3/.E+(+!0:E.$<131,*)%(+!-(+!+1)%(3'(+!/&EG!$9,(3%(+!@!0/&,*&!-(!'*3)!1':/3,*..$3+!41'/%?!

-5aUG! -(! ':*70/3;1+! -%! F/9$3! (,! -(%?! -%! B/7(&$%3! 7$3,&(3,! )%(! '(+! 1':/3,*..$3+! +(!

&(<&$%0(3,!/2('!D<2'$0%+)4%!/2('!%3(!<&/3-(!&$9%+,(++(=!>/!0.%0/&,!-(+!+1)%(3'(+!&(+,/3,(+!+(!

+$3,!&(<&$%01(+!/2('!-(+!4*./*&(+!-%!<(3&(!D)4%&4$;;)6!7/*+!.5(+0N'(!35/!0/+!0%!8,&(!*-(3,*4*1(=!

G$+!&1+%.,/,+!'$3+,*,%(3,!%3(!/2/3'1(!-/3+!./!-(+'&*0,*$3!-(!'(+!4*./*&(+6!0/&'(!)%(!./!7/m$&*,1!

-(+!1,%-(+!+%&!.(+!4*./*&(+!*34(',/3,!.(+!#GH!+(!.*7*,(3,!@!-(+!-(+'&*0,*$3+!7$&0:$.$<*)%(+!(,!.(+!

/3/.E+(+!,/?$3$7*)%(+!/%!3*2(/%!7$.1'%./*&(!4$3,!-14/%,=!B:(;!.(+!#GH!+/%2/<(+6!-(+!4*./*&(+!

/-%.,(+! $3,! 1,1! &(,&$%21(+! -/3+! .(+! 2/*++(/%?! .E70:/,*)%(+! .$&+! -5/%,$0+*(+6! 7/*+! '(+!

-1'$%2(&,(+!&(+,(3,!&/&(+!tQSdu=!w3!&/*+$3!-(!.(%&!.$'/.*+/,*$3!-/3+!.(+!,*++%+!-(!.5:{,(6!.(+!+,/-(+!

/-%.,(+!-(!D)4%&4$;;)!+$3,!-*44*'*.(+!@!'$..(',(&!(,!./!-*2(&+*,1!-/3+!'(!<(3&(!(+,!.$*3!-58,&(!9*(3!

1,%-*1(! ':(;! .5/3*7/.=! v%+)%5@! 0&1+(3,6! +(0,! (+0N'(+! -(! D)4%&4$;;)! OD<2 '$0%+)4%6! D<2

%+0$'+&/$0/)6!D<2;$&'&;!56!D<2;&'$$4%5%6!D<20&!()5456!D<2*&05;;)$!(,!D<2?)4(&&>5R!$3,!1,1!-1'&*,(+!

':(;! .(+! #GH! (,! .(+! :$77(+! (3! a4&*)%(6! +%&! ./! 9/+(! -(! '/&/',1&*+,*)%(+! 7$&0:$.$<*)%(+!

%3*)%(7(3,=!B$70,(! ,(3%!-(! ./!-*44*'%.,1! @! &1'%01&(&! .(+! 4*./*&(+! /-%.,(+! ':(;! .(+!#GH6!-(+!

/00&$':(+! *3-*&(',(+! '*9./3,! .5aUG! -(+! 7'&*'&$4*./*&(+! 0$%&&/*(3,! 8,&(! %,*.(+! 0$%&! .(%&!

*-(3,*4*'/,*$3!tQQK6!QQSu=!!

G$+!/3/.E+(+!0:E.$<131,*)%(+!-%!/&EG!1,/*(3,!0.%+!*34$&7/,*2(+!)%(!'(..(+!/2('!.5aUG&!G986!

/2('! -(+! 4&/<7(3,+! -(! +1)%(3'(+! -(! XPK! (,! QPK! 096! &(+0(',*2(7(3,=!G$%+! /2$3+! ,&$%21!D<2

'$0%+)4%!-/3+!+(0,!1':/3,*..$3+!-(!':*70/3;1+6!%3!':(;!.5:$77(6!,/3-*+!)%(!Qd!1':/3,*..$3+!-(!

':*70/3;1+!(,!QS!-(!<$&*..(+!1,/*(3,!*34(',1+!0/&!%3(!D)4%&4$;;)2+0=!4$&7/3,!%3!<&$%0(!+10/&1!

-/3+!.5/&9&(!0:E.$<131,*)%(!$9,(3%!/2('!.(!/&EG=!>/!71,:$-(!-(!+1)%(3b/<(!-(!A/3<(&!)%(!3$%+!

/2$3+! /-$0,1(! 3(! 3$%+! /! 0/+! 0(&7*+! -(! -1,(&7*3(&! +*! 0.%+*(%&+! (+0N'(+! -(! D)4%&4$;;)!

'$(?*+,/*(3,!':(;!%3!*3-*2*-%!-$331=!U/3+!%3(!1,%-(!/3,1&*(%&(6!)%/,&(!(+0N'(+!-(!D)4%&4$;;)!

$3,!1,1!*-(3,*4*1(+6!+%&!-(+!'&*,N&(+!7$&0:$.$<*)%(+6!':(;!%3!<$&*..(!7_.(!,&$%21!7$&,!-/3+!./!

&1+(&2(!-(!./!>$016!/%!F/9$3!tQSdu=!B:(;!'(,!/3*7/.6!-(+!2(&+!4(7(..(+!-(!-(%?!(+0N'(+!-(!

D)4%&4$;;)!OD<2;&'$$4%5%!(,!D)4%&4$;;)2+0=R!$3,!1,1!(?,&/*,+!-(+!,*++%+!-(!./!'%*++(!9.(++1(6!%3(!

7*'&$4*./*&(!-(!D<2;$&'&;!5!/!1,1!,&$%21(!-/3+!.(+!2/*++(/%?!+/3<%*3+!-%!4$*(6!(,!%3!/-%.,(!7_.(!

-(! D)4%&4$;;)2 +0=! /! 1,1! ,&$%21! -/3+! %3! 2/*++(/%! .E70:/,*)%(! /441&(3,! -5%3! </3<.*$3!

.E70:/,*)%(!/?*../*&(=!>(+!1,%-(+!4%,%&(+!%,*.*+/3,!.(!+1)%(3b/<(!@!:/%,!-19*,!OGFAR!0$%&&/*(3,!

/%<7(3,(&!./!+(3+*9*.*,1!-(!-1,(',*$3!-(+!D)4%&4$;;)2+0=6!7/*+!/%++*!0(&7(,,&(!%3(!*-(3,*4*'/,*$3!

0&1'*+(!-(+!2/&*/3,+!-/3+!'(!<(3&(=!!



!
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G$%+! /2$3+! (44(',%1! -(+! /3/.E+(+! 0:E.$<131,*)%(+! /2('! XS! <13$7(+! -(! 4*./*&(+=! >J/&9&(!

0:E.$<131,*)%(! $9,(3%! '$70&(3/*,! SS! -(+! SX! +1)%(3'(+! /++(79.1(+=! B(0(3-/3,6! /%'%3!

/.*<3(7(3,! -(! <(3$7(+! -(! D)4%&4$;;)2 +0<! (+,! (3'$&(! -*+0$3*9.(! tQQQu=! U(+! /&9&(+!

0:E.$<131,*)%(+!$3,!1,1!'$3+,&%*,+!@!0/&,*&!-(!+1)%(3'(+!-%!<13$7(!7*,$':$3-&*/.!-(!4*./*&(+!

tQQM6!QQXu6!'$&&$9$&/3,!.(+!'./-(+!-1'&*,+!0/&!>(4$%.$3!$+2);=!tQQTu!(,!./!0&1+(3'(!-(!D)4%&4$;;)2

+0=!-/3+!.(!'./-(!sGBT6!)%*!*3'.%,!/%++*6!(3,&(!/%,&(+6!.(+!4*./*&(+!-(+!<(3&(+!M-/($0$05)6!:0-*5)!

(,!N&)=!\.!(+,!-$3'!'&%'*/.6!-/3+!.(+!1,%-(+!@!2(3*&6!-J/-$0,(&!.J/00&$':(!GFA!0$%&!*-(3,*4*(&!

,$%,(+!.(+!(+0N'(+!-(!D)4%&4$;;)2+0=!(,!-1,(',(&!-(+!*34(',*$3+!7*?,(+!/2('!0.%+*(%&+!(+0N'(+!-(!

4*./*&(+=! B(+! 3$%2(..(+! /00&$':(+! 7$.1'%./*&(+! 0(&7(,,&$3,! -(! '$&&*<(&! .(+! (&&(%&+!

-J*-(3,*4*'/,*$3!'$77*+(+!0/&!.(+!71,:$-(+!,&/-*,*$33(..(+!-(!-*/<3$+,*'!tQQXu=!

B"N$ -.'+)'(/0$ 1G%-3$ 1+$ 4(*5(&+6$ 1;$ >+0&+$ !"#$%#&''"$ +'$ )/O(04+)'(/0$ 5=+)$

7&$%)/"8%$+%303$68"P$6&."+%*$68$

>(!-(&3*(&!0$*3,!-(!'(,,(!0/&,*(!-(!7/!,:N+(!/!1,1!-(!':(&':(&!@!+/2$*&!+*!./!0&1+(3'(!-5aUG!-(!

4*./*&(! -/3+! .(+! 4N'(+! 1,/*,! /++$'*1(! @! %3(! '$V*34(',*$3! /2('! -(+! 317/,$-(+! *3,(+,*3/%?6!

3$,/77(3,!-(+!/3DE.$+,$7(+6!1,/3,!-$331!)%(!'(+!FH!0(%2(3,!'/%+(&!-5*70$&,/3,(+! .1+*$3+!

.$&+)%(!.(+!/-%.,(+!+(!4*?(3,!+%&!./!7%)%(%+(!*3,(+,*3/.(!(,!.$&+)%5*.+!+(!3$%&&*++(3,!tQQ"u=!l*(3!

)%J/%'%3(!/++$'*/,*$3!3J/*,!1,1!,&$%21(!(3,&(!.(+!*34(',*$3+!0/&!-(+!+,&$3<.(+!(,!./!-1,(',*$3!-(!

@;)%,&!5-,!+0=!-/3+!.(+!4N'(+!-(+!<$&*..(+!(,!-(!':*70/3;1+!t"Tu6!3$%+!/2$3+!0(3+1!)%(!.(%&!

0&1+(3'(6!(,!.(+!+/*<3(7(3,+!)%J*.+!0&$2$)%(3,!-/3+!.5*3,(+,*36!+(&/*(3,!%3(!(?0.*'/,*$3!0./%+*9.(!

-(! ./!-1,(',*$3!-5aUG!4*./&*(3!-/3+! .(+! 4N'(+!-(+!#GH=!G$%+!/2$3+!-$3'!(44(',%1!-(+!#Bc!

3*':1(+!'*9./3,!.J7389!/4*3!-(!&(':(&':(&!./!0&1+(3'(!-5*34(',*$3+!0/&!#$%&'()*&%+&,-,!+0=!(,!

.$/)+&0!+0=!/4*3!-(!-1-%*&(!+5*.!E!/!%3(!/++$'*/,*$3!0$+*,*2(!(3,&(!'(+!FH!(,!./!0&1+(3'(!-5aUG!

-(!D)4%&4$;;)!!-/3+!.(+!4N'(+=!>(+!/-%.,(+!-(!D<2'$0%+)4%!+(!,&$%2(3,!0&*3'*0/.(7(3,!-/3+!.(+!

'/2*,1+!+1&(%+(+6!.(!,*++%!/-*0(%?!2*+'1&/.!$%!.(!,*++%!+$%+V'%,/31!(,!.(+!7*'&$4*./*&(+!'*&'%.(3,!

-/3+!.(!+/3<!(,!.(!+E+,N7(!.E70:/,*)%(!tSQXu=!>/!-1,(',*$3!-(!4&/<7(3,+!-5aUG!4*./&*(3!-/3+!

-(+!1':/3,*..$3+!41'/%?!0(%,!-$3'!+(79.(&!+%&0&(3/3,(=!B(0(3-/3,6!-(+!(,%-(+!0&('(-(3,(+!$3,!

7$3,&1!)%(!.(+!0/&/+*,(+!/-%.,(+!+(!,&$%2(3,!+$%2(3,!-/3+!.(+!71+(3,N&(+!(,!.(+!,*++%+!'$3m$3',*4+!

-(+!$&</3(+!/9-$7*3/%?!-(+!:%7/*3+6!-(+!<$&*..(+!(,!-(+!':*70/3;1+!tQQS6!QQYfQMKu=!!

U/3+!3$,&(!1,%-(6!./!-1,(',*$3!-5aUG!-(!D)4%&4$;;)!+0=!-/3+!.(+!1':/3,*..$3+!41'/%?!3(!+(79.(!

0/+!8,&(!/++$'*1(!@!./!0&1+(3'(!-(!FH!,(.+!)%J#$%&'()*&%+&,-,2+0=!$%!.$/)+&02+0=6!+/%4!0(%,V

8,&(!':(;!.(+!<$&*..(+!)%(!3$%+!/2$3+!/3/.E+1+=!>/!0/,:$<13*(!(,!./!0(&,(!-(!+/3<!/++$'*1(+!@!

.$/)+&02 +0=! -10(3-! 4$&,(7(3,! -%! 3$79&(! -(! 2(&+! /-%.,(+6! -(! .5*77%3*,1! -(! .5:{,(! (,! -(+!

*34(',*$3+!'$3'$7*,/3,(+!/2('!-5/%,&(+!317/,$-(+!tQMSu=!#$%&!(+,*7(&!'$&&(',(7(3,!.5*3,(3+*,1!
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-(! .5*34(',*$3! /2('! %3(! (+0N'(! -(! 0/&/+*,(! </+,&$V*3,(+,*3/.! 0/&,*'%.*N&(6! *.! (+,! 31'(++/*&(! -(!

'$..(',(&!.(+!0/&/+*,(+!/-%.,(+!-/3+!.(+!*3,(+,*3+!-(+!:{,(+!*34(',1+=!#$%&!'(!4/*&(6!-(+!,(':3*)%(+!

&(./,*2(7(3,!*32/+*2(+!-$*2(3,!8,&(!%,*.*+1(+6!'(!)%*!(+,!*70$++*9.(!':(;!.(+!/3*7/%?!+/%2/<(+!

7(3/'1+! '$77(! .(+! +*3<(+6! @! 7$*3+! -(! 0$%2$*&! (44(',%(&! -(+! /%,$0+*(+! -J/3*7/%?! 7$&,+=!

G$,$3+! )%(! .(+! *34(',*$3+! 0/&!#$%&'()*&%+&,-,! 3(! +$3,! <131&/.(7(3,! 0/+! /++$'*1(+! @! -(+!

+/*<3(7(3,+!*3,(+,*3/%?6!9*(3!)%5%3(!1,%-(!&/00$&,(!-(+!+/*<3(7(3,+!&(',/%?!-%+!@!#<2=0-,'+5!

':(;!%3!*3-*2*-%!:%7/*3!tQMQu!(,!)%J%3(!/%,&(!1,%-(!/!&/00$&,1!-(+!0(&4$&/,*$3+!*3,(+,*3/.(+!

-/3+! -(+! '/+! +12N&(+! -5$(+$0:/<$+,$7*/+(! ':(;! .(+! <$&*..(+! tQMMu=! C/.:(%&(%+(7(3,6! .(+!

-$331(+!+%&!.(+!7/3*4(+,/,*$3+!'.*3*)%(+!(,!./!0/,:$<13*(!-(+!*34(',*$3+!0/&!.(+!+,&$3<.(+!':(;!

.(+! #GH! +/%2/<(+! +$3,! &/&(+! tSQdu=! \.! &(+,(! -$3'! -*44*'*.(! -(! ,*&(&! -(+! '$3'.%+*$3+! )%/3,! @!

.5/++$'*/,*$3!$9+(&21(!(3,&(!*34(',*$3!0/&!FH!(,!0&1+(3'(!-5aUG!-(!4*./*&(+!-/3+!.(+!4N'(+!-(+!

<$&*..(+=! U(+! 1,%-(+! 0$&,/3,! +%&! .(+! 0&$0&*1,1+! 0:E,$':*7*)%(+! (,! 71'/3*)%(+! -(+! 0./3,(+!

'$3+$771(+!0/&!.(+!#GH!+%<<N&(3,!.5(?*+,(3'(!-(!0&$0&*1,1+!/9&/+*2(+!-(!'(&,/*3+!4(%*../<(+!

tSQdu6!)%*!0$%&&/*(3,!4/2$&*+(&!.(!+/*<3(7(3,!-(!./!0/&$*!*3,(+,*3/.(!(,!.(!0/++/<(!-(!7*'&$4*./*&(+!

-/3+!./!.%7*N&(!*3,(+,*3/.(!tQSMu=!w34*36!3$%+!3(!0$%2$3+!0/+!(?'.%&(!)%(!./!-1,(',*$3!-(!.5aUG!

-(!4*./*&(+!-/3+!.(+!1':/3,*..$3+!41'/%?!0%*++(!+5(?0.*)%(&!0/&!./!0&1+(3'(!-5aUG!.*9&(!'*&'%./3,!

O'(..V4&((!UGa6!'4UGaR=!>(+!'4UGa!+$3,!-(+!4&/<7(3,+!-5aUG!(?,&/'(..%./*&(+!,&$%21+!-/3+!

./! '*&'%./,*$3! +/3<%*3(!7/*+! 1</.(7(3,! -/3+! -*441&(3,+! 4.%*-(+! '$&0$&(.+! (,! ,*++%+=!l*(3! )%(!

-*441&(3,(+! :E0$,:N+(+! /*(3,! 1,1! 0&1+(3,1(+6! .5$&*<*3(! 0&1'*+(! -%! '4UGa! (,! +$3! 7$-(! -(!

-*+,&*9%,*$3!-$*2(3,!8,&(!'./&*4*1+!tQMX6!QMTu=!

#(3-/3,! .J/3/.E+(! -(! 3$+! +1)%(3'(+6! 3$%+! /2$3+! 1</.(7(3,! -1,(',1! .(! 317/,$-(! +0*&%&*-1!

@0&+&%'50-0)2,-05/&;)!-/3+!-(+!1':/3,*..$3+!-(!<$&*..(+!(,!-(!'(&'$0*,:N)%(+!:$':(%&+=!U(+!

r%4+!(,!-(+!4&/<7(3,+!-(!./!0/&,*(!0$+,1&*(%&(!-%!'$&0+!-J%3!7_.(!/-%.,(!-(!@<2,-05/&;)!$3,!1,1!

,&$%21+! -/3+! .(+! 1':/3,*..$3+! 41'/%?! -(! ':*70/3;1+! tddu=! @<2 ,-05/&;)! (+,! %3! 0/&/+*,(!

&(./,*2(7(3,!4&1)%(3,!-(+!&$3<(%&+!(3!a4&*)%(!(,!(3!a+*(!tQM"fQMdu=!>(+!/-%.,(+!+(!,&$%2(3,!

-/3+! .5(+,$7/'! -(+! :{,(+! -14*3*,*4+! tQXKu=! U(+! *3+(',(+! -(! .J$&-&(! -(+! U(&7/0,N&(+! O)%*!

'$70&(3-!.(+!4$&4*'%.(+!$%!h!0(&'(V$&(*..(+!jR!(,!,&N+!0&$9/9.(7(3,!/%++*!-(+!+'/&/91(+!+$3,!-(+!

:{,(+! *3,(&71-*/*&(+!-%!317/,$-(! tQXSu=!#/&!'$3+1)%(3,6!3$%+!3(!0$%2$3+!0/+!(?'.%&(!/2('!

'(&,*,%-(!)%(!'(+!1':/3,*..$3+!41'/%?6!0$+1+!+%&!.(!+$.!/2/3,!./!'$..(',(6!/*(3,!0%!8,&(!'$3,/7*31+!

0/&! -(+! @<2 ,-05/&;)! *34(',/3,! .(+! 9$%+*(&+! OA'/&/9(*-/(R! $%! 0/&! -(+! 4N'(+! -(! &$3<(%&+=!

B(0(3-/3,6!'(!0/&/+*,(!/!1,1!0&1'1-(77(3,!-1'&*,!1</.(7(3,!':(;!-(+!#GH!+/%2/<(+!-%!G*<1&*/!

tQMYu!(,!-%!B$3<$!tQXQu6!':(;!-(+!':*70/3;1+!&1*3,&$-%*,+!(3!Z/3;/3*(!tddu!(,!':(;!-(+!#GH!

(3! '/0,*2*,1! -Ja71&*)%(! -%! A%-! tQKS6! QXMu=! l*(3! )%(!@<2,-05/&;)! +(79.(! 8,&(! %3! 0/&/+*,(!



!
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&(./,*2(7(3,! 3$3! 0/,:$<N3(! ':(;! .(+! &$3<(%&+6! *.! 0&$2$)%(! -(+! 7/./-*(+! <&/2(+6! 0/&4$*+!

7$&,(..(+6!':(;!.(+!0&*7/,(+!(3!'/0,*2*,1=!>/!0/,:$<13*'*,1!-%!317/,$-(!':(;!.(+!':*70/3;1+!$%!

.(+!<$&*..(+!+/%2/<(+!&(+,(!*3'$33%(!(,!'(!0/&/+*,(!35/!0/+!1,1!&/00$&,1!':(;!.5:$77(=!

! !



!
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!

!

!

!

!

"#$%&'()!*2!+!"01.3/-&01!

!

! !
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!"#$%&'()*2)+)!01.3/-%01-)

U/3+!3$,&(!1,%-(6!3$%+!/2$3+!7$3,&1!0$%&!./!0&(7*N&(!4$*+!)%(!.5aUG!(?,&/*,!-(!7/,*N&(+!41'/.(+!

-(!#GH!0(%,!8,&(!%,*.*+1!0$%&!-*/<3$+,*)%(&!.(+!*34(',*$3+!@!D)4%&4$;;)=!B(+!&1+%.,/,+!/00$&,(3,!

-(! 3$%2(..(+! 0(&+0(',*2(+! 0$%&! .(! -*/<3$+,*'! -J*34(',*$3+! 0/&! -(+! 4*./*&(+! -(! ./! 4/7*..(! -(+!

s3':$'(&'*-/(6! %,*.*+/3,! -J/%,&(+! 0&$-%*,+! 9*$.$<*)%(+! )%(! .(! +/3<! (,! .(+! ,*++%+! '%,/31+=!

>J%,*.*+/,*$3!-(!0&1.N2(7(3,+!$9,(3%+!-(!7/3*N&(!3$3!*32/+*2(6!'$79*31(!/%?!,(':3*)%(+!-(!

9*$.$<*(! 7$.1'%./*&(6! 0(&7(,,&/*,! -51,%-*(&! '(+! /<(3,+! 0/,:$<N3(+! -/3+! -(+! 0$0%./,*$3+!

-5/3*7/%?!+/%2/<(+!*3/''(++*9.(+=!B(,,(!71,:$-(!3$3!*32/+*2(!0$%&&/*,!8,&(!,(+,1(!'$77(!%3!

7$E(3!/.,(&3/,*4!-J$9,(3,*$3!-J1':/3,*..$3+!9*$.$<*)%(+!@!-(+!4*3+!-*/<3$+,*)%(+!':(;!.J:$77(=!

G$%+!/2$3+!0%!7$3,&(&!.J/9$3-/3'(!7/*+!/%++*!.J(?*+,(3'(!-J%3(!-*2(&+*,1!-(+!D)4%&4$;;)!':(;!

-(+!#GH!+/%2/<(+6!)%*!0$%&&/*(3,!m$%(&!.(!&{.(!-(!&1+(&2$*&!+(.2/,*)%(!-(!'(+!0/&/+*,(+=!B$77(!

-5/%,&(+!/<(3,+!0/,:$<N3(+!)%*!4&/3':*++(3,!./!9/&&*N&(!-(+!(+0N'(+6!./!0&$0/</,*$3!-(!4*./&*$+(+!

;$$3$,*)%(+! +(79.(! 0$++*9.(! (,! 0$%&&/*,! /%<7(3,(&! tQXXu6! (3! 0/&,*'%.*(&! '$70,(V,(3%! -(! ./!

0&$?*7*,1!'&$*++/3,(!(3,&(!.(+!:%7/*3+!(,!.(+!/3*7/%?!+/%2/<(+=!!

G$%+! /2$3+! /00$&,1! 1</.(7(3,! -(! 3$%2(..(+! *34$&7/,*$3+! +%&! ./! 0&12/.(3'(! (,! ./! -*2(&+*,1!

<131,*)%(!-(+!FH!*34(',/3,!+*?!(+0N'(+!-*441&(3,(+!-(!#GH!/%!B/7(&$%3!(,!/%!F/9$36!$I!.(+!

:$77(+! 2*2(3,! -(! 0.%+! (3! 0.%+! (3! '$3,/',! (,! @! 0&$?*7*,1! -(! ./! 4/%3(! +/%2/<(=! \.! (+,! -$3'!

31'(++/*&(!-(!'$33/*,&(!.(!0$,(3,*(.!;$$3$,*)%(!(,!./!-E3/7*)%(!-(!0/&,/<(!-(+!0/&/+*,(+!(3,&(!

.(+! :%7/*3+! (,! .(+! #GH=! UJ%3(! 0/&,6! .J(?*+,(3'(! -J%3! &1+(&2$*&! +E.2/,*)%(! *3'$33%! -(! FH!

0$%&&/*,! 7/*3,(3*&! $%! /%<7(3,(&! .(! &*+)%(! -J*34(',*$36! (3! 0/&,*'%.*(&! 0/&7*! .(+! 0$0%./,*$3+!

:%7/*3(+!2*2/3,!@!0&$?*7*,1!-(+!#GH!k!-J/%,&(!0/&,6! ./!0&1+(3'(!-(!0$0%./,*$3+!:%7/*3(+!@!

0&$?*7*,1!-(+!0/&'+!$%!2*2/3,!(3!.*+*N&(!-(!4$&8,!0$%&&/*,!'$3+,*,%(&!%3(!7(3/'(!0$%&!./!+/3,1!

-(+!#GH!(3!&/*+$3!-(!./!,&/3+7*++*$3!-J(+0N'(+!-(!FH!3J/E/3,!0/+!-(!+01'*4*'*,1!-J:{,(=!

#$%&!/,,(*3-&(!3$+!$9m(',*4+6!3$%+!/2$3+!%,*.*+1!-(+!,(':3*)%(+!-(!9*$.$<*(!7$.1'%./*&(6!)%*!+$3,!

0.%+! +(3+*9.(+! -/3+! .5*-(3,*4*'/,*$3! -(+! (+0N'(+! )%(! ./! 7*'&$+'$0*(6! (3! 0/&,*'%.*(&! )%/3-!

.J*3,(3+*,1! -5*34(',*$3! (+,! 4/*9.(! tSXK6! QXTu=! AJ*.! (+,! 2&/*! )%(! .(+! ,(':3*)%(+! -(! 9*$.$<*(!

7$.1'%./*&(! /',%(..(+! '*9./3,! .(+! +1)%(3'(+! &*9$+$7/.(+! (,! 7*,$':$3-&*/.(+! $3,!

'$3+*-1&/9.(7(3,! /71.*$&1! ./! +(3+*9*.*,1! -(! ./! -1,(',*$3! -(+! FH6! '(&,/*3+! 7/&)%(%&+!

7$.1'%./*&(+!7/3)%(3,!+$%2(3,!-(!./!+01'*4*'*,1!31'(++/*&(!0$%&!4/*&(!./!-*441&(3'(!(3,&(!-(+!

(+0N'(+!-(!FH!/00/&,(3/3,!/%!787(!<(3&(6!'(!)%*!(+,!'&%'*/.!-/3+!.(+!1,%-(+!+%&!.(!0/&,/<(!-(+!

0/&/+*,(+! (3,&(! -*441&(3,(+! (+0N'(+! -J:{,(+=! >(+! 0&$<&N+! &1'(3,+! )%(! '$33/*,! ./! 9*$.$<*(!

7$.1'%./*&(6!3$,/77(3,!.(!+1)%(3b/<(!-%!<(3$7(!'$70.(,6!9/+1+!+%&!.(!+1)%(3b/<(!-(!3$%2(..(!

<131&/,*$3!/00.*'/9.(!/%?!0/&/+*,(+!-(+!0&*7/,(+!tSKd6!SSX6!S"Ku!0(&7(,,&/*(3,!-5*-(3,*4*(&!(,!-(!



!
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-1'&*&(!-(+!(+0N'(+!'&E0,*)%(+=!#$%&!-17$3,&(&!.(+!+*7*.*,%-(+!(,!.(+!-*441&(3'(+!(3,&(!.(+!FH!

*34(',/3,! .(+! :%7/*3+! (,! .(+! #GH6! .(+! 0&$':/*3(+! 1,%-(+! -(2&$3,! 0&$'1-(&! /%! +1)%(3b/<(!

'$70.(,!-(+!0/&/+*,(+!:%7/*3+!(,!-(+!0/&/+*,(+!-(!#GH=!

>J*70$&,/3'(!'&$*++/3,(!-(! .51.(2/<(! *3,(3+*4!(,!-(+!0&/,*)%(+!/<&*'$.(+6! ,$%,!(3!7(3/b/3,! ./!

9*$-*2(&+*,16!7(,,(3,!-(!0.%+!(3!0.%+!(3!-/3<(&! ./!+/3,1!:%7/*3(!(,!/3*7/.(=!>(+!0&$':/*3(+!

1,%-(+! -$*2(3,! 8,&(! 1./&<*(+6! 3$3! +(%.(7(3,! /%?! /3*7/%?! -$7(+,*)%(+6! 7/*+! /%++*! @! ./!

0$0%./,*$3!:%7/*3(!2*2/3,!(3!9$&-%&(!-(+!0/&'+!/%!B/7(&$%3!(,!/%!F/9$3=!B(./!0(&7(,,&/!%3(!

7(*..(%&(! '$70&1:(3+*$3! -(! .J10*-17*$.$<*(6! -(! ./! -*2(&+*,1! <131,*)%(! (,! -%! 0$,(3,*(.!

;$$3$,*)%(!-(+!FH=!!

a%! &(</&-! -(! 3$+! &1+%.,/,+6! *.! (+,! *70$&,/3,! -(! 0&$,1<(&! .(+! #GH! -(+! '$3+1)%(3'(+! -(!

.J/3,:&$0*+/,*$3!-(!.(%&!:/9*,/,!3/,%&(.!0/&!./!'&1/,*$3!-J/*&(+!0&$,1<1(+!/4*3!-(!'$3+(&2(&!.(+!

:/9*,/,+!3/,%&(.+!-(+!<&/3-+!0&*7/,(+!(,!/++%&(&!.(%&!+%&2*(!-/3+!.J(32*&$33(7(3,!tQX"u=!w3!0.%+!

-(+! /*&(+! 0&$,1<1(+6! .(+! 0/&,(3/&*/,+! (3,&(! <$%2(&3(7(3,+! (,! $&</3*+7(+! @! 9%,! 3$3! .%'&/,*4!

'$3,&*9%(3,!@!9*(3!(3'/-&(&! .(+!(44$&,+!-(!'$3+(&2/,*$3!-(+!#GH!tQXYu=!>J/-$0,*$3!-(!0./3+!

-J/',*$3! &1<*$3/%?!-12(.$001+!0/&! .(+!0/E+!-(+!/*&(+!-(!-*+,&*9%,*$3!<1$<&/0:*)%(!-(+!#GH!

0(&7(,! -J$&</3*+(&! -(+! +,&/,1<*(+! -(! '$3+(&2/,*$3! @! 0.%+! 0(,*,(! 1':(..(! /4*3! -(! &1-%*&(! .(+!

7(3/'(+! /3,:&$0*)%(+! -/3+! .(+! (+0/'(+! 3/,%&(.+! -(+! #GH! tQXPu=! >/! '&1/,*$3! -J/',*2*,1+!

<131&/,&*'(+!-(!&(2(3%!/%!0&$4*,!-(+!0$0%./,*$3+!0/&!.(!9*/*+!-5/',*2*,1+!-51'$,$%&*+7(!,(..(+!)%(!

.(! &(9$*+(7(3,! (,! .(+! (?'%&+*$3+6! ./! '$3+,&%',*$3! -5*34&/+,&%',%&(+! /-1)%/,(+! (,! 1)%*01(+!

0(&7(,,&$3,!-J12*,(&!./!4&/<7(3,/,*$3!-(+!(+0/'(+!3/,%&(.+!tQXdu=!

#$%&!4&(*3(&!./!0(&,(!-(!./!9*$-*2(&+*,16!-(+!0&$<&/77(+!&1<%.*(&+!-51-%'/,*$3!@!./!'$3+(&2/,*$3!

-(2&/*(3,!8,&(!7*+!(3!0./'(!/4*3!-(!9*(3!+(3+*9*.*+(&!./!0$0%./,*$3!@!./!'$3+(&2/,*$3!-(+!#GH6!

/%!'$|,!)%J(3,&/z3(&/*,!.(%&!0(&,(!0$%&!./!+/3,1!-(+!1'$+E+,N7(+!(,!0$%&!./!+$'*1,1!:%7/*3(=!>(+!

0&$9.N7(+! -(! '$3+(&2/,*$3! -(+! #GH! 3(! 0$%&&$3,! 8,&(! &1+$.%+! +/3+! ./! 0/&,*'*0/,*$3! -(+!

0$0%./,*$3+!.$'/.(+=!B$3+'*(3,!-(!'(,,(!12*-(3'(6!3$%+!/2$3+!(3!0(&+0(',*2(!-(!&(,$%&3(&!+%&!.(+!

+*,(+!-(!0&1.N2(7(3,!0$%&!./!&(+,*,%,*$3!-(!3$+!&1+%.,/,+6!7/*+!/%++*!-(!7(3(&!-(+!'/70/<3(+!-(!

+(3+*9*.*+/,*$3!/%!0&$4*,!-(+!0$0%./,*$3+!2*2/3,!/%,$%&!-(+!0/&'+!+%&!.(+!-/3<(&+!)%(!&(0&1+(3,(3,!

./!0(&,(!-(!./!9*$-*2(&+*,1!(3!0/&,*'%.*(&!'(..(!-(+!#GH=!

! !
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4(5('(1.(-))

tSu!! B:/07/3!Ba6!#(&(+!Ba=!#&*7/,(!'$3+(&2/,*$3!*3!,:(!3(q!7*..(33*%7^!Z:(!&$.(!

$4!+'*(3,*+,+=!O?&;-+5&4)0A2I4+(0&'&;&*A!QKKSk!SK^!S"fMM=!

tQu!! F*..(+0*(!aZc6!F&(*3(&!wB6!B:/07/3!Ba6!(,!/.=!F/+,&$*3,(+,*3/.!0/&/+*,(+!$4!,:(!

B&;&=-%!7$3D(E+!$4!e</3-/=!P2@)0)%5+&;!QKKTk!dS^!T"dfTYM=!

tMu!! }/7(-m$!i=!F(+,*$3!-1'(3,&/.*+1(!-(+!&(++$%&'(+!4$&(+,*N&(+!/%!B/7(&$%3^!'/+!-(!

./!4$&8,!'$77%3/.(!-(!Um$%7=!Q45?$0%5+R2!$2S%/()4*2T274*R45$-02!$%2$)-E62>&0U+2

$+2/()%%$%29VGG=!

tXu!! Z$4,!vU=!Z:(!0/,:$0/&/+*,$.$<E!$4!,:(!/.*7(3,/&E!,&/',!/3-!0/3'&(/+!$4!3$3:%7/3!

0&*7/,(+^!a!&(2*(q=!W$+$054)0A2@)+(&;&*A!SdPQk!Sd^!XXfdQ=!

tTu!! B/.2*<3/'VA0(3'(&! A6! >((3-(&,;! Aav6! F*..(+0*(! Zc6! (,! /.=!~*.-! <&(/,! /0(+! /+!

+(3,*3(.+!/3-!+$%&'(+!$4!*34(',*$%+!-*+(/+(=!B;545/);2D5/0&=5&;&*A2)4!274>$/+5&4!

QKSQk!SP^!TQSfTQY=!

t"u!! H$7+E! v=! a0(! ,$%&*+7! /3-! :%7/3! -*+(/+(+�^! H$q! '.$+(! +:$%.-! q(! <(,�6!

:,,0^WW+,/,*'S=S=+)+0'-3='$7W+,/,*'W4WSQKKMXMWQSSYKXSdWSMTX""QSdXTdYWH$7+E=

0-4�,$D(3]vq>`m-e~i}BM%F#Mq\d<Qedw'FiLMU!OSddd6!/''(++(-!v%.E!Sd6!

QKQSR=!

tYu!! Z:(!C$%3,/*3!F$&*../!`(,(&*3/&E!#&$m(',!QKKQ!w70.$E((!H(/.,:!F&$%0=!c*+D!$4!

U*+(/+(! Z&/3+7*++*$3! 9(,q((3! B$3+(&2/,*$3! #(&+$33(.! /3-! ,:(! C$%3,/*3!

F$&*../+^!c(+%.,+!4&$7!/3!w70.$E((!H(/.,:!#&$<&/7!*3!cq/3-/=!O/&X$);+(k!S=!

w0%9!/:(/-!$4!0&*3,!U('(79(&!"6!QKKX=!Us\^!SK=SKKYW+SKMdMVKKXVKSS"VX=!

tPu!! B$$0(&! G6! F&*44*3! c6! p&/3;! C6! (,! /.=! #:E.$<(3(,*'! :$+,! +0('*4*'*,E! /3-!

%3-(&+,/3-*3<!0/&/+*,(!+:/&*3<!*3!0&*7/,(+=!O/&;&*A2N$++$0%!QKSQk!ST^!SMYKfSMYY=!

tdu!! n&*(4!A6!w+'/./3,(!aa6!#/':('$!Ca6!(,!/.=!s3!,:(!-*2(&+*,E!$4!7/./&*/!0/&/+*,(+!

*3!a4&*'/3!/0(+!/3-! ,:(!$&*<*3!$4!@;)%,&!5-,2>);/5')0-,! 4&$7!9$3$9$+=!@N&82

@)+(&*$4%k!"=!w0%9!/:(/-!$4!0&*3,!QKSK=!Us\^!SK=SMYSWm$%&3/.=00/,=SKKKY"T=!

tSKu!! #/':('$! Ca6! B&/34*(.-! C6! B/7(&$3! n6! (,! /.=! C/./&*/.! 0/&/+*,(! -*2(&+*,E! *3!

':*70/3;((+^!Z:(!2/.%(!$4!'$70/&/,*2(!/00&$/':(+!,$!/+'(&,/*3!,:(!(2$.%,*$3!$4!

@;)%,&!5-,2>);/5')0-,!/3,*<(3+=!D);)05)2P&-04);!QKSMk!SQ^!SfQK=!
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tSSu!! #&%<3$..(! p6! U%&/3-! #6! G((.! B6! (,! /.=! a4&*'/3! <&(/,! /0(+! /&(! 3/,%&/.! :$+,+! $4!

7%.,*0.(!&(./,(-!7/./&*/!+0('*(+6!*3'.%-*3<!@;)%,&!5-,2>);/5')0-,=!@0&/$$!54*%2

&>2+($2.)+5&4);2I/)!$,A2&>28/5$4/$%2&>2+($2Q45+$!28+)+$%2&>2I,$05/)!QKSKk!SKY^!

SXTPfSX"M=!

tSQu!! A%3-/&/&/7/3!Aa6!>*%!~6!n((.(!lp6!(,!/.=!@;)%,&!5-,2>);/5')0-,V.*D(!0/&/+*,(+!

*34(',*3<!q*.-!/0(+!*3!+$%,:(&3!B/7(&$$3!-$!3$,!&(0&(+(3,!/!&('%&&(3,!+$%&'(!$4!

:%7/3!7/./&*/=!@0&/$$!54*%2&>2+($2.)+5&4);2I/)!$,A2&>28/5$4/$%2&>2+($2Q45+$!2

8+)+$%2&>2I,$05/)!QKSMk!SSK^!YKQKfYKQT=!

tSMu!! >*%!~6!>*!i6!>(/&3!FH6!(,!/.=!s&*<*3!$4!,:(!:%7/3!7/./&*/!0/&/+*,(!@;)%,&!5-,2

>);/5')0-,2*3!<$&*../+=!.)+-0$!QKSKk!X"Y^!XQKfXQT=!

tSXu!! p/%+,!B6!U$9+$3!a#=!#&*7/,(!7/./&*/+^!U*2(&+*,E6!-*+,&*9%,*$3!/3-! *3+*<:,+! 4$&!

;$$3$,*'!@;)%,&!5-,=!#4$2X$);+(k!S=!w0%9!/:(/-!$4!0&*3,!U('(79(&!QKST=!Us\^!

SK=SKS"Wm=$3(:.,=QKST=SK=KKS=!

tSTu!! #&%<3$..(! p6! c$%<(&$3! `6! l(')%/&,! #6! (,! /.=! U*2(&+*,E6! :$+,! +q*,':*3<! /3-!

(2$.%,*$3! $4! @;)%,&!5-,2 ?5?)E! *34(',*3<! a4&*'/3! <&(/,! /0(+=! Us\^!

SK=SKYMW03/+=SMK"KKXSSK=!

tS"u!! U%2/.!>6!G(&&*(3(,!w6!c$%++(,!U6!(,!/.=!B:*70/3;((!C/./&*/!#/&/+*,(+!c(./,(-!,$!

@;)%,&!5-,2 &?);$! *3! a4&*'/=! w0%9! /:(/-! $4! 0&*3,! QKKd=! Us\^!

SK=SMYSWm$%&3/.=0$3(=KKKTTQK=!

tSYu!! Z$4,!\*!vU6!w9(&:/&-!C>=!B()'+$02Y2T2@)0)%5+5/2S5%$)%$%=!SddP=!

tSPu!! BUB=! C/3+$3(..$+*+=! (++'%Z[[\\\</!/<*&?[!'!E[,)4%&4$;;&%5%[54!$E<(+,;2

H)//$%%$!2&42YV2.&?$,=$029V9VJ=!

tSdu!! C$%&(79$%! F6! p(3$../&! p6! >(D/3/VU$%D*! vl6! (,! /.=!D)4%&4$;;)6! *3'.%-*3<! /!

#$,(3,*/.!G(q!A0('*(+6!/+!B$77$3!#/&/+*,(+!*3!B:*.-&(3!*3!F/9$3=!w0%9!/:(/-!

$4!0&*3,!QKST=!Us\^!SK=SMYSWm$%&3/.=03,-=KKKXSTT=!

tQKu!! >$q&*(!cB6!Z*-q(..!C6!s&*:(.!ZB6!(,!/.=!A%+'(0,*9*.*,E!$4!>/9$&/,$&E!#&*7/,(+!,$!

\34(',*$3! q*,:! D)4%&4$;;)2 #KK)0!5! 4&$7! C/3! �=! 3($2 I,$05/)42 P&-04);2 &>2

30&'5/);2D$!5/54$2 )4!2 XA*5$4$k! MK=! w0%9! /:(/-! $4! 0&*3,! v%.E! S6! SdPS=! Us\^!

SK=XQ"dW/m,7:=SdPS=MK=YdK=!
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tQSu!! v$3(+! nw6! #/,(.! GF6! >(2E! Ca6! (,! /.=! F.$9/.! ,&(3-+! *3! (7(&<*3<! *34(',*$%+!

-*+(/+(+=!.)+-0$!QKKPk!XTS^!ddKfddM=!

tQQu!! }$77(&+!}6!C/'-$3/.-!U~6!v$:3+$3!#v6!(,!/.=! \70/',!$4!:%7/3!/',*2*,*(+!$3!

':*70/3;((!<&$%3-!%+(!/3-!0/&/+*,*+7!O@)42+0&*;&!A+$%R=!B&4%$0?)+5&42N$++$0%!

QKSMk!"^!Q"XfQYM=!

tQMu!! C'>(33/3!Cc6!H/+(</q/!H6!l/&-*!C6!(,!/.=!F/+,&$*3,(+,*3/.!0/&/+*,(!*34(',*$3+!

/3-!+(.47(-*'/,*$3!*3!q*.-!':*70/3;((+!+%&2*2*3<!*3!-(<&/-(-!4$&(+,!4&/<7(3,+!

q*,:*3!/3!/<&*'%.,%&/.!./3-+'/0(!7$+/*'!*3!e</3-/=!@N&82#.O!QKSYk!SQ^!SfQd=!

tQXu!! C%(:.(39(*3!C#=! \3,(+,*3/.! 0/&/+*,(! *34(',*$3+! /3-! 4('/.! +,(&$*-! .(2(.+! *3!q*.-!

':*70/3;((+=!I,$05/)42P&-04);2&>2@(A%5/);2I4+(0&'&;&*A!QKK"k!SMK^!TX"fTTK=!

tQTu!! C%(:.(39(*3! C#=! #/&/+*,$.$<*'/.! /3/.E+(+! $4! ,:(! 7/.(! ':*70/3;((+! O@)42

+0&*;&!A+$%2%/(\$54>-0+(55R!/,!G<$<$6!n*9/.(!G/,*$3/.!#/&D6!e</3-/=!I,$05/)42

P&-04);2 &>2 @05,)+&;&*Ak! "T=! w0%9! /:(/-! $4! 0&*3,! p(9&%/&E! QKKT=! Us\^!

SK=SKKQW/m0=QKSK"=!

tQ"u!! F*..(+0*(! Zc6! >$3+-$&4! w! 26! B/34*(.-! w#6! (,! /.=! U(7$<&/0:*'! /3-! ('$.$<*'/.!

(44(',+! $3! 0/,,(&3+! $4! 0/&/+*,*+7! *3! (/+,(&3! ':*70/3;((+! O@)42 +0&*;&!A+$%2

%/(\$54>-0+(55R!*3!F$79(!G/,*$3/.!#/&D!6!Z/3;/3*/=!I,$05/)42P&-04);2&>2@(A%5/);2

I4+(0&'&;&*A!QKSKk!TXX^!TMXfTXX=!

tQYu!! l/D%;/! vA6!GDq(3<%.*./!F=!`/&*/,*$3! $2(&! ,*7(! *3! 0/&/+*,(! 0&(2/.(3'(! /7$3<!

4&((V&/3<*3<! ':*70/3;((+! /,! F$79(! G/,*$3/.! #/&D6! Z/3;/3*/=! 74+$04)+5&4);2

P&-04);2&>2@05,)+&;&*A!QKKdk!MK^!XMfTM=!

tQPu!! s,/! G6! H/+(</q/! H6! C'>(33/3! Cc6! (,! /.=! C$.('%./&! *-(3,*4*'/,*$3! $4!

&$%&'()*&%+&,-,! +00=! 4&$7! �2*../<(J! ':*70/3;((+! *3! %</3-/! /3-! ,:(*&!

0:E.$<(3(,*'! &(./,*$3+:*0! q*,:! ,:$+(! $4! $,:(&! 0&*7/,(+=! ]&A);2 8&/5$+A2 #'$42

8/5$4/$k!Q=!w0%9!/:(/-!$4!0&*3,!QKST=!Us\^!SK=SKdPW&+$+=STKXYS=!

tQdu!! n.(*3!A>=!Z:(!(44(',+!$4!:$&7$3(+!$3!+(?!-*44(&(3'(+!*3!*34(',*$3^!p&$7!<(3(+!,$!

9(:/2*$&=!.$-0&%/5$4/$2)4!2:5&=$()?5&0);2]$?5$\%!QKKKk!QX^!"QYf"MP=!

tMKu!! F&(/&!Ua6!#(&D*3+!Aw6!H%-+$3!#v=!U$(+!(.(2/,(-!,(+,$+,(&$3(!&(+%.,!*3!*3'&(/+(-!

(?0$+%&(!/3-!,&/3+7*++*$3!$4!0/&/+*,(+�!O/&;&*A2N$++$0%!QKKdk!SQ^!TQPfTMY=!



!
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!

tMSu!! >*..E!aa6!C(:.7/3!#Z6!U$&/3!U=!\3,(+,*3/.!0/&/+*,(+! *3!<$&*../+6!':*70/3;((+6!

/3-!:%7/3+!/,!C$3-*D/!&(+(/&':!+*,(6!-;/3</V3-$D*!3/,*$3/.!0/&D6!B(3,&/.!a4&*'/3!

c(0%9.*'=!74+$04)+5&4);2P&-04);2&>2@05,)+&;&*A!QKKQk!QM^!TTTfTYM=!

tMQu!! H%++/*3!a\6!A:/37%</7!`6!l:%../&!`l6!(,!/.=!A'&((3*3<!4$&!+*7*/3!4$/7E!2*&%+!

*34(',*$3!9E!%+*3<!/!'$79*3(-!/3,*<(3!~(+,(&3!9.$,!/++/E^!w2*-(3'(!4$&!/!q*-(!

-*+,&*9%,*$3!/7$3<!s.-!~$&.-!0&*7/,(+!/3-!*-(3,*4*'/,*$3!$4!4$%&!3(q!-*2(&<(3,!

2*&%+(+=!W50&;&*A!QKKMk!MKd^!QXPfQTY=!

tMMu!! ~$.4(!GU6!U%3/2/3!B#6!U*/7$3-!v=!s&*<*3+!$4!7/m$&!:%7/3!*34(',*$%+!-*+(/+(+=!

.)+-0$!QKKYk!XXY^!QYdfQPM=!

tMXu!! c$../3-!cC6!H/%+4/,(&!F6!C/&+:/..!l6!(,!/.=!a3,*9*$,*'V&(+*+,/3,!9/',(&*/!*3!q*.-!

0&*7/,(+^!\3'&(/+(-!0&(2/.(3'(!*3!9/9$$3+!4((-*3<!$3!:%7/3!&(4%+(=!I'';5$!2)4!2

O4?50&4,$4+);2D5/0&=5&;&*A!SdPTk!Xd^!YdSfYdX=!

tMTu!! c/2/+*!Up6!sJc*/*3!Cv6!U/2*-+!p6!(,!/.=!#:E.$<(3(,*'!(2*-(3'(!,:/,!,q$!-*+,*3',!

+05/(-05%!<(3$,E0(+!*34(',!9$,:!:%7/3+!/3-!3$3V:%7/3!0&*7/,(+=!@N&82#.Ok!Y=!

w0%9!/:(/-!$4!0&*3,!QKSQ=!Us\^!SK=SMYSWm$%&3/.=0$3(=KKXXSPY=!

tM"u!! B*9$,!C6!F%*..$,!v6!>/4$++(!A6!(,!/.=!G$-%./&!q$&7!*34(',*$3+!*3!q*.-!3$3V:%7/3!

0&*7/,(+!/3-!:%7/3+!.*2*3<!*3!,:(!+(9*,$.*!/&(/!On*9/.(!G/,*$3/.!#/&D6!e</3-/R^!

-$!:*<:!+0/,*/.!0&$?*7*,E!4/2$&!;$$3$,*'!,&/3+7*++*$3�!@N&82.$*;$/+$!230&'5/);2

S5%$)%$%k!d=!w0%9!/:(/-!$4!0&*3,!QKST=!Us\^!SK=SMYSWm$%&3/.=03,-=KKKXSMM=!

tMYu!! A,/7! al=! e3! '/+! 7$&,(.! -J/+'/&*-*$+(! OI%/)05%2 ;-,=05/&5!$%! >=R! ':(;! .(!

':*70/3;1! 3/*3! O@)42 ')45%/-%! A':q/&;R=! .#3O82 O32 7.^#]DI37#.82

N)=&0)+&50$2,R!5/);628+)4;$A?5;;$2HB&4*&Jk!"YT=!

tMPu!! [*(!i6!G*%!>6!}:/$!l6!(,!/.=!B$70.(,(!7*,$':$3-&*/.!<(3$7(+!$4!':*70/3;((V!

/3-!<*99$3V-(&*2(-!/+'/&*+!*+$./,(-!4&$7!/!;$$.$<*'/.!</&-(3!*3!A$%,:q(+,!B:*3/=!

@N&82#.Ok!P=!w0%9!/:(/-!$4!0&*3,!QKSM=!Us\^!SK=SMYSWm$%&3/.=0$3(=KKPQYdT=!

tMdu!! G(m+%7! #6! l(&,(.+(3! Cp6! l(,+$3! C6! (,! /.=! C$.('%./&! (2*-(3'(! 4$&! +%+,/*3(-!

,&/3+7*++*$3! $4! ;$$3$,*'! I%/)05%2 %--,! /7$3<! ;$$! ':*70/3;((+! O@)42

+0&*;&!A+$%R=!W$+$054)0A2@)0)%5+&;&*A!QKSKk!SYS^!QYMfQY"=!



!
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!

tXKu!! n/.$%+$2�!l6!H/+(</q/!H6! #(,&�(.D$2�!nv6! (,! /.=!a-%.,! :$$Dq$&7+! O.$/)+&0!

+00=R! '$..(',(-! 4&$7! &(+(/&':(&+! q$&D*3<! q*,:! q*.-! q(+,(&3! .$q./3-! <$&*../+=!

@)0)%5+$%2)4!2W$/+&0%!QKS"k!d^!Xfd=!

tXSu!! G$3</!Hw6!B$+,/3,*3(!a6!C/%.*-!i=!a! +%&2(E!$4!</+,&$*3,(+,*3/.!:(.7*3,:+! *3!

l/9$$3+! O@)'5&2 BA4&/$'();-%R! /3-! q/&,:$<+! O@()/&/(&$0-%2 )>05/)4-%R! /,!

A//-/3*!G/,*$3/.!#/&D!6!l/</7$E$!6!Z/3;/3*/=!3)4K)45)2W$+$054)0A2P&-04);k!Qd=!

tXQu!! #%../3!c>6!A7*,:!v>6!v/+&/+/&*/!c6!(,!/.=!F.$9/.!3%79(&+!$4!*34(',*$3!/3-!-*+(/+(!

9%&-(3! $4! +$*.! ,&/3+7*,,(-! :(.7*3,:! *34(',*$3+! *3! QKSK=!@)0)%5+$%2 )4!2 W$/+&0%!

QKSXk!Y^!SfSd=!

tXMu!! B:/3!CA=!Z:(!<.$9/.! 9%&-(3!$4! *3,(+,*3/.! 3(7/,$-(! *34(',*$3+^! 4*4,E! E(/&+! $3=!

@)0)%5+&;23&!)Ak!SM=!

tXXu!! aq/+,:*!A6!l%3-E!U=! \3,(+,*3/.!3(7/,$-(! *34(',*$3!/3-!/3/(7*/! *3!-(2(.$0*3<!

'$%3,&*(+=!:05+5%(2D$!5/);2P&-04);!QKKYk!MMX^!SK"TfSK""=!

tXTu!! >$0(;!aU6!C%&&/E!BB=!Z:(!<.$9/.!9%&-(3!$4!-*+(/+(6!SddKVQKQK=!.)+2D$!!SddPk!

X^!SQXSfM=!-$*^!SK=SKMPWMQSP=!#C\U^!dPKdTXM=!

tX"u!! ~Hs=! \32(+,*3<! ,$! $2(&'$7(! ,:(! <.$9/.! *70/',! $4! 3(<.(',(-! ,&$0*'/.! -*+(/+(+!

,:*&-! q:$! &(0$&,! $3! 3(<.(',(-! ,&$0*'/.! -*+(/+(+=!MX#2 S&/-,$4+2 @0&!-/+5&42

8$0?5/$%2C$4$?)628\5+K$0;)4!29VG_=!

tXYu!! A*7$3+(3!#w6!s3/0/!a~6!a+*$! AC=!D)4%&4$;;)2 '$0%+)4%! 4*./&*/+*+! *3!a4&*'/=!

I/+)2 30&'5/)k! SQK=! w0%9! /:(/-! $4! 0&*3,! QKSS=! Us\^!

SK=SKS"Wm=/',/,&$0*'/=QKSK=KS=KSX=!

tXPu!! ~/3m*!A6!Z/E$3<!Ul6!>/E./3-!>w6!(,!/.=!e0-/,(!$3!,:(!-*+,&*9%,*$3!$4!D)4%&4$;;)2

'$0%+)4%! *3! ,:(!+$%,:(&3!0/&,!$4!B/7(&$$3^! \34.%(3'(!$4!('$.$<*'/.! 4/',$&+!/3-!

7/++!-&%<!/-7*3*+,&/,*$3!q*,:!*2(&7(',*3=!@)0)%5+$%2)4!2W$/+&0%!QKS"k!d^!SfSY=!

tXdu!! l&(</3*! wc6! c$2(..*3*! a6! C9/�-$%7! G6! (,! /.=! B$70/&*+$3! $4! -*44(&(3,!

/3,:(.7*3,:*'!-&%<!&(<*7(3+!/</*3+,!D)4%&4$;;)2'$0%+)4%!4*./&*/+*+=!30)4%)/+5&4%2

&>2+($2]&A);28&/5$+A2&>230&'5/);2D$!5/54$2)4!2XA*5$4$!QKK"k!SKK^!XTPfX"M=!

tTKu!! s&*:(.!ZB6!w9(&:/&-!C>=!}$$3$,*'!p*./&*/+*+=!30&'5/);274>$/+5&-%2S5%$)%$%!QKSSk!

SS^!YTKfYTP=!



!
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!

tTSu!! c*':/&-V.(3$9.(!U6!n$79*./!C6!l/*3!s=!p$E(&!-(!4*./&*$+(!:%7/*3(!/%!F/9$3!/!

7*'&$4*./*&(! -(&7*)%(! *3-*441&(3'*/9.(! -(! D5/0&>5;)05)2 0&!()545=! I44);$%2 !$2

@)0)%5+&;&*5$!SdPQk!TY^!TK"=!

tTQu!! U$q3(+! l>6! v/'$9+(3! nH=! a! +E+,(7/,*'! &(2*(q! $4! ,:(! (0*-(7*$.$<E! $4!

7/3+$3(..*/+*+=!I>05/)42P&-04);2&>274>$/+5&-%2S5%$)%$%!QKSKk!X^!YfSX=!

tTMu!! ~Hs=!A$*.V,&/3+7*,,(-!:(.7*3,:*/+(+^!(.*7*3/,*3<!+$*.V,&/3+7*,,(-!:(.7*3,:*/+(+!

/+!/!0%9.*'!:(/.,:!0&$9.(7!*3!':*.-&(3^!0&$<&(++!&(0$&,!QKKSVQKSK!/3-!+,&/,(<*'!

0./3!QKSSVQKQK=!X-,)42X$;,54+(5)%$%2542+($2@(5;5''54$%!QKSQk!dK=!

tTXu!! l(,:$3E!v6!l&$$D(&!A6!a.9$3*'$!C6!(,!/.=!A$*.V,&/3+7*,,(-!:(.7*3,:!*34(',*$3+�^!

/+'/&*/+*+!6!,&*':%&*/+*+!6!/3-!:$$Dq$&7=!M"Y=!

tTTu!! A,(q/&,! Zl! F>B=! Z:(! 2(,(&*3/&E! *70$&,/3'(! $4! 3$-%./&! q$&7+!

O#$%&'()*&%+&,-,!+00R=!@)0)%5+&;23&!)A!SdPdk!T^!QKdfQSM=!

tT"u!! #(-(&+(3!al6!a.,*;(&!A6!#$++!C6!(,!/.=!#/,,(&3+!$4!:$+,!+0('*4*'*,E!/3-!,&/3+7*++*$3!

/7$3<!0/&/+*,(+!$4!q*.-!0&*7/,(+=!74+$04)+5&4);2P&-04);2>&02@)0)%5+&;&*A!QKKTk!

MT^!"XYf"TY=!

tTYu!! B.$%<:! U=! F/+,&$V*3,(+,*3/.! 0/&/+*,(+! $4! &(-V4&$3,(-! .(7%&+! *3! D*&*3-E! 4$&(+,6!

~(+,(&3!C/-/</+'/&=!P&-04);2&>2@)0)%5+&;&*A!QKSKk!d"^!QXTfQTS=!

tTPu!! B%,*../+!B6!B/..(m�3!c6!-(!c$m/+!C6!(,!/.=!305/(-05%2%-5%!/3-!305/(-05%2+05/(5-0)!

/&(!-*44(&(3,!3(7/,$-(!+0('*(+=!I/+)230&'5/)!QKKdk!SSS^!QddfMKY=!

tTdu!! #:*..*0+!na6!H//+!Cw6!F&/4,$3!l~6!(,!/.=!A%&2(E!$4!,:(!</+,&$*3,(+,*3/.!0/&/+*,(+!

$4! ,:(! 0&*7/,(! '$77%3*,E! /,! Z/79$0/,/! G/,*$3/.! c(+(&2(6! #(&%=! P&-04);2 &>2

`&&;&*A!QKKXk!Q"X^!SXdfSTS=!

t"Ku!! n/.(7/V}*D%+$D/!F6!c$,:7/3!vC6!p$?!CZ=!\3,(+,*3/.!0/&/+*,(+!/3-!9/',(&*/!$4!

7$%3,/*3!<$&*../+! OC&05;;)2=$054*$52 =$054*$5R! *3!lq*3-*! \70(3(,&/9.(!G/,*$3/.!

#/&D6!e</3-/=!@05,)+$%!QKKTk!X"^!Tdf"M=!

t"Su!! a+:4$&-!c~6!c(*-!FUp6!~&/3<:/7!c~=!\3,(+,*3/.!0/&/+*,(+!$4!,:(!':*70/3;((!

@)42 +0&*;&!A+$%! *3! n*9/.(! p$&(+,6! e</3-/! =! I44);%2 &>2 30&'5/);2 D$!5/54$2 a2

@)0)%5+&;&*A!QKKKk!dX^!SYMfSYd=!



!
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t"Qu!! c$9.(+!CUc=!G(q! +0('*(+! $4! ,&*':%&*+! OG(7/,$-/^! Z&*':%&*-/(R! 4&$7! /D$-$3!

7$3,(3+*+! ,:$7/+6! SdSM6! $4! ,:(! 0/&/3/(3+(! 4$&(+,! *3! a&<(3,*3/=! P&-04);2 &>2

@)0)%5+&;&*A!QKSSk!dY^!MSdfMQY=!

t"Mu!! B%,*../+! B6! -(! c$m/+!C6! }%&*,/! a6! (,! /.=! 305/(-05%2 /&;&=)$! 3=! +0=! OG(7/,$-/^!

Z&*':%&*-/(R6! /! 3(q! +0('*(+! $4! 305/(-05%! 4&$7! B&;&=-%2 *-$0$K)2 L5L-A$4%5%=!

@)0)%5+&;&*A2]$%$)0/(!QKSXk!SSM^!QYQTfQYMQ=!

t"Xu!! >*%!F6!F/++(&!cl6!G(m+%7!#6!(,!/.=!C*,$':$3-&*/.!/3-!G%'.(/&!c*9$+$7/.!UGa!

w2*-(3'(!A%00$&,+!,:(!w?*+,(3'(!$4!/!G(q!305/(-05%!A0('*(+!*3!,:(!w3-/3<(&(-!

p&/3'! �! $*+! J! >(/4VC$3D(E=! P=! w0%9! /:(/-! $4! 0&*3,! QKSM=! Us\^!

SK=SMYSWm$%&3/.=0$3(=KK""QXd=!

t"Tu!! F:/*!cc6!B:/07/3!Ba6!s7(m/!#a6!(,!/.=!G$-%.(!q$&7!*34(',*$3!*3!:%7/3+!/3-!

q*.-!0&*7/,(+!*3!%</3-/^!'&E0,*'!+0('*(+!*3!/!3(q.E!*-(3,*4*(-!&(<*$3!$4!:%7/3!

,&/3+7*++*$3=!@N&82.$*;$/+$!230&'5/);2S5%$)%$%!QKSXk!P^!Md=!

t""u!! >/3-+$%-VA$%D/,(!v6!Z%,*3!BwF6!p(&3/3-(;!C=!\3,(+,*3/.!0/&/+*,(+!$4!+E70/,&*'!

<$&*../+! /3-! ':*70/3;((+! *3! ,:(! >$0(! c(+(&2(6! F/9$3=! I44);%2 &>2 30&'5/);2

D$!5/54$2)4!2@)0)%5+&;&*A!SddTk!Pd^!YMfYd=!

t"Yu!! s'/*-$! C6! U&/3;$/! B6! B:(.*! #=! F/+,&$*3,(+,*3/.! 0/&/+*,(+! $4! 9/9$$3+! O@)'5&2

)4-=5%R!*3,(&/',*3<!q*,:!:%7/3+!*3!~(+,!l%<q(!p$&(+,!c(+(&2(6!e</3-/=!I>05/)42

P&-04);2&>2O/&;&*A!QKKMk!XS^!MT"fMTd=!

t"Pu!! aGspw>=!#/&/+*,$+(+!(,!7E'$+(+!-(+!&1<*$3+!,(701&1(+!(,!,&$0*'/.(+=!QKSd=!

t"du!! G(m+%7!#6!F&�3-/:.!B6!C%&&(..!nU=!C$.('%./&!(2*-(3'(!4$&!,:(!*34(',*$3!$4!;$$!

':*70/3;((+!9E!0*<!I%/)05%=!W$+$054)0A2@)0)%5+&;&*A!QKK"k!SMd^!QKMfQSK=!

tYKu!! H$,(;! #v6! l(,:$3E! v6! l$,,/;;*!Cw6! (,! /.=! H$$Dq$&7^! �Z:(! <&(/,! *34(',*$3! $4!

7/3D*3-=�!@N&82D$!5/54$!QKKTk!Q^!KSPYfKSdS=!

tYSu!! H/+(</q/!H6!A:*<E$!C6!i/3/*!i6!(,!/.=!C$.('%./&!4(/,%&(+!$4!:$$Dq$&7!./&2/(!

O.$/)+&0!+00=R!&/*+(-!9E!'$0&$'%.,%&(!4&$7!e</3-/3!':*70/3;((+!/3-!F/9$3(+(!

<$&*../+!/3-!:%7/3+=!@)0)%5+&;&*A274+$04)+5&4);!QKSYk!""^!SQfST=!

tYQu!! H/+(</q/!H6!C$-&�!U6!n*,/</q/!C6!(,!/.=!H%7/3+!/3-!F&(/,!a0(+!B$:/9*,*3<!

,:(!p$&(+,!w'$+E+,(7!*3!B(3,&/.!a4&*'/3!c(0%9.*'!H/&9$%&!,:(!A/7(!H$$Dq$&7+=!

@N&82.$*;$/+$!230&'5/);2S5%$)%$%!QKSXk!P^!SfSK=!



!
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!

tYMu!! l.$,D/70!v6!n&(0(.!H#6!n%7/&!̀ 6!(,!/.=!s9+(&2/,*$3+!$3!,:(!7$&0:$.$<E!$4!/-%.,+!

/3-!./&2/.!+,/<(+!$4!#$%&'()*&%+&,-,!+0=!*+$./,(-!4&$7!7/3!*3!3$&,:(&3!Z$<$!

/3-!F:/3/=!P&-04);2&>2X$;,54+(&;&*A!SddMk!"Y^!Xdf"S=!

tYXu!! #$.-(&7/3! aC6! l.$,D/70! v=! #$%&'()*&%+&,-,! *34(',*$3+! *3! :%7/3+=!

@)0)%5+&;&*A23&!)A!SddTk!SS^!XTSfXT"=!

tYTu!! F/++(&!cl6!-(!F&%*m,(&!vC6!#$.-(&7/3!aC=!\3+*<:,+!*3,$!,:(!(0*-(7*$.$<E!/3-!

<(3(,*'!7/D(V%0! $4!#$%&'()*&%+&,-,2 =5>-0/-,! 4&$7! :%7/3! /3-! 3$3V:%7/3!

0&*7/,(+!%+*3<!7$.('%./&!,$$.+=!@)0)%5+&;&*A!QKK"k!SMQ^!XTMfX"K=!

tY"u!! >*(+:$%,!>!̀ /36!F&%*m,(&!vC!U(6!a-%V3+*/:!C6!(,!/.=!#$%&'()*&%+&,-,2=5>-0/-,!

*3!3$3V:%7/3!0&*7/,(+!*+!3$,!/!0$,(3,*/.!&(+(&2$*&!4$&!:%7/3!*34(',*$3!*3!F:/3/=!

QKKTk!SK^!SMSTfSMQK=!

tYYu!! n&*(4!A6!H%447/3!Ca6!Z:*(&&E!A6!(,!/.=!G$3*32/+*2(!7$3*,$&*3<!$4!,:(!:(/.,:!$4!

@)42+0&*;&!A+$%2%/(\$54>-0+(55!*3!,:(!n*9/.(!G/,*$3/.!#/&D6!e</3-/=!74+$04)+5&4);2

P&-04);2&>@05,)+&;&*A!QKKTk!Q"^!X"YfXdK=!

tYPu!! F*..(+0*(!aZc6!F&(*3(&!wB6!B:/07/3!Ba6!(,!/.=!F/+,&$*3,(+,*3/.!0/&/+*,(+!$4!,:(!

<%(3$3+!$4!q(+,(&3!e</3-/=!P2@)0)%5+&;!QKSdk!dK^!SMT"fSM"K=!

tYdu!! U$$-E!a=!A/4(<%/&-*3<!9*$-*2(&+*,E!*+!(++(3,*/.!,$!0&(2(3,!,:(!3(?,!Bs`\UVSd=!

tPKu!! H/--/-!GC6!l&%-2*<!>a6!B.$9(&,!v6!(,!/.=!H/9*,/,!4&/<7(3,/,*$3!/3-!*,+!./+,*3<!

*70/',!$3!w/&,:J+!('$+E+,(7+=!8/5$4/$2I!?)4/$%k!S=!w0%9!/:(/-!$4!0&*3,!C/&':!

"6!QKST=!Us\^!SK=SSQ"W+'*/-2=STKKKTQ=!

tPSu!! C$&/3-!A6!v*,,/0/./0$3<!A6!A%0%,,/7$3<D$.!i6!(,!/.=!\34(',*$%+!-*+(/+(+!/3-!,:(*&!

$%,9&(/D+!*3!a+*/V#/'*4*'^!l*$-*2(&+*,E!/3-!*,+!&(<%./,*$3!.$++!7/,,(&=!@N&82#.Ok!

d=!w0%9!/:(/-!$4!0&*3,!p(9&%/&E!QT6!QKSX=!Us\^!SK=SMYSWm$%&3/.=0$3(=KKdKKMQ=!

tPQu!! c%..*!CB6!A/3,*3*!C6!H/E7/3!UZA6!(,!/.=!Z:(!3(?%+!9(,q((3!4$&(+,!4&/<7(3,/,*$3!

*3!a4&*'/!/3-!O=&;)2?50-%!-*+(/+(!$%,9&(/D+=!8/5$4+5>5/2]$'&0+%k!Y=!w0%9!/:(/-!$4!

0&*3,!C/&':!SX6!QKSY=!Us\^!SK=SKMPW+&(0XS"SM=!

tPMu!! ~(*++!ca6!C'C*':/(.!av=!A$'*/.!/3-!(32*&$37(3,/.!&*+D!4/',$&+!*3!,:(!(7(&<(3'(!

$4!*34(',*$%+!-*+(/+(+=!.)+-0$2D$!5/54$k!SK=!w0%9!/:(/-!$4!0&*3,!U('(79(&!QKKX=!

Us\^!SK=SKMPW37SSTK=!



!
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!

tPXu!! a-(,%3m*! `w=! #&(2/.(3'(! $4! </+,&$V*3,(+,*3/.! 0/&/+*,(+! *3! 0&*7/,(+! /3-! ,:(*&!

D((0(&+! 4&$7! ,q$! ;$$.$<*'/.! </&-(3+! *3! \9/-/36! G*<(&*/=! 8&L&+&2 P&-04);2 &>2

W$+$054)0A28/5$4/$%!QKSXk!SQ^!QTfMK=!

tPTu!! C%&&/E! A6! A,(7! B6! l$%-&(/%! l6! (,! /.=! \3,(+,*3/.! 0/&/+*,(+! $4! 9/9$$3+! O@)'5&2

/A4&/$'();-%2 )4-=5%R! /3-! ':*70/3;((+! O@)42 +0&*;&!A+$%R! *3! F$79(! G/,*$3/.!

#/&D=!P&-04);2&>2`&&2)4!2M5;!;5>$2D$!5/54$!QKKKk!MS^!SY"fSYP=!

tP"u!! C%(:.(39(*3!C#6!~/,,+!U#=!Z:(!'$+,+!$4!-$7*3/3'(^!Z(+,$+,(&$3(6!'$&,*+$.!/3-!

*3,(+,*3/.!0/&/+*,(+!*3!q*.-!7/.(!':*70/3;((+=!:5&@%A/(&8&/5);2D$!5/54$!QKSKk!

X^!SfSQ=!

tPYu!! n$./0$!Ze6!v(<(-(!Hs=!/!A%&2(E!$4!</+,&$*3,(+,*3/.!0/&/+*,(+!$4!'/0,*2(!/3*7/.+!

/,!,:(=!W&,2P&-04);2&>2W$+$054)0A28/5$4/$!QKSYk!SQ^!SYfQY=!

tPPu!! w99(&,!Ca6!C'F&(q!~B6!C/&':/3,!>p=!U*44(&(3'(+!9(,q((3!':*70/3;((!/3-!

9/9$$3!</+,&$*3,(+,*3/.!0/&/+*,(!'$77%3*,*(+=!@)0)%5+&;&*A!QKSTk!SXQ^!dTPfd"Y=!

tPdu!! H$q(..+!Cw6!#&%(,;! v6!F*..(+0*(!Zc=!#/,,(&3+!$4!</+,&$V*3,(+,*3/.!0/&/+*,(+!/3-!

'$77(3+/.+! /+! /3! *3-(?! $4! 0$0%./,*$3! /3-! ('$+E+,(7! :(/.,:^! Z:(! '/+(! $4!

+E70/,&*'! q(+,(&3! ':*70/3;((+! O@)42 +0&*;&!A+$%2 ?$0-%R! /3-! <%*3(/! 9/9$$3+!

O@)'5&2(),)!0A)%2')'5&R!/,!p$3<$.*6!A(3(</.=!I,$05/)42P&-04);2&>2@05,)+&;&*A!

QKSSk!YM^!SYMfSYd=!

tdKu!! #/4�$!l6!n&(*+*3<(&!v6!���D$2�!U6!(,!/.=!F(3(,*'!-*2(&+*,E!$4!0&*7/,(!+,&$3<E.*-!

3(7/,$-(+^!U$!+E70/,&*'!3$3:%7/3!0&*7/,(+!/3-!:%7/3+!+:/&(!,:(*&!+,&$3<E.*-!

q$&7+�!D&;$/-;)02O/&;&*A!QKSdk!QP^!XYP"fXYdY=!

tdSu!! U/q(,!a=! A%&2(E! $4!F/+,&$*3,(+,*3/.! #/&/+*,(+! $4!G$3VH%7/3! #&*7/,(+! *3! v$+!

}$$.$<*'/.!F/&-(3=!P&-04);2&>2@05,)+&;&*A!QKSMk!KQ^!QfX=!

tdQu!! p*.(!An6!C'<&(q!~B6!Z%,*3!BwF=!$4! ,:(! \3,(+,*3/.!#/&/+*,(+!$4! /!B$77%3*,E!

p(&/.=!8&/5$+A!QKSQk!"Q^!QTdfQ"S=!

tdMu!! F&/9(&!C=!#/&/+*,(+!*3,(&3(+!-(+!2(&,19&1+!-$7(+,*)%(+!(,!+/%2/<(+6!/%,&(+!)%(!.(+!

0&*7/,(+! -(! ./!c10%9.*)%(!#$0%./*&(! -%!B$3<$! O-J/0&N+! ./! '$..(',*$3!B/++/&-V

B:/79&$36! SdT"VSd"KR=! c{.(! 0/,:$<N3(! V! 0&$0:E./?*(=!]$?-$2 !b$;$?)*$2 $+2 !$2

,$!$/54$2?$+$054)50$2!$%2')A%2+0&'5/)-E!SdPSk!MX^!STTfS"Y=!



!
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!

tdXu!! C/+*!A6!B:/%44$%&!A6!l/*3!s6!(,!/.=!A(/+$3/.!w44(',+!$3!F&(/,!a0(!H(/.,:�^!a!B/+(!

A,%-E!$4!~*.-!B:*70/3;((+!/3-!~(+,(&3!F$&*../+=!@N&82#.O!QKSQk!Y^!(XdPKT=!

tdTu!! C9/E/!a=~=!eev=!F/+,&$*3,(+,*3/.!0/&/+*,(+!$4!'/0,*2(!/3-!4&((V&$/7*3<!0&*7/,(+!

/,! ,:(! a4*!C$%3,/*3! #&*7/,(! B$3+(&2/,*$3!a&(/! *3! B/./9/&6! G*<(&*/! /3-! ,:(*&!

;$$3$,*'! *70.*'/,*$3+=!@)L5%+)42P&-04);2&>2:5&;&*5/);28/5$4/$%! QKSSk!SX^!YKdf

YSX=!

td"u!! n$$&*E/7/!Z6!H/+(</q/!H=!#/&/+*,$.$<E!$4!4*2(!0&*7/,(+!*3!C/:/.(!C$%3,/*3+!

G/,*$3/.!#/&D!6=!@05,)+$%!QKSQk!TM^!M"TfMYT=!

tdYu!! n/q/9/,!C=!a!#&(.*7*3/&E!G$,(!$3!,:(!\3,(+,*3/.!#/&/+*,(+!$4!~*.-!B:*70/3;((+!

*3!,:(!C/:/.(!C$%3,/*3+!6!Z/3;/3*/=!@05,)+$%!SddSk!MQ^!QYTfQYP=!

tdPu!! U&/D%.$2+D*!#6!l(&,$%,!A6!>$'/,(..*!A=!a++(++7(3,!$4!</+,&$*3,(+,*3/.!0/&/+*,(+!*3!

q*.-!':*70/3;((+!O@)42+0&*;&!A+$%2+0&*;&!A+$%R!*3!+$%,:(/+,!B/7(&$$3=!@)0)%5+&;2

]$%!QKSXk!SSM^!QTXSfQTTK=!

tddu!! #(,&;(.D$2/!nv6!H/+(</q/!H6!C$+'$2*'(!>c6!(,!/.=!#/&/+*,*'!G(7/,$-(+!*3! ,:(!

B:*70/3;((! #$0%./,*$3! $3! c%9$3-$! \+./3-6! Z/3;/3*/=! 74+$04)+5&4);2 P&-04);2

&>@05,)+&;&*A!QKK"k!QY^!Y"YfYYY=!

tSKKu!!A�!ce\C6!s2�!v#�6!#$7/m9�D$2�!n�\Ga6!(,!/.=!F/+,&$*3,(+,*3/.!AE79*$3,+!$4!

B:*70/3;((+!*3!B/3,/3:(;!G/,*$3/.!#/&D!6!F%*3(/!�!l*++/%!q*,:!&(+0(',!,$!:/9*,/,!

4&/<7(3,/,*$3=!I,$05/)42P&-04);2&>2@05,)+&;&*A!QKSMk!YT^!SKMQfSKXS=!

tSKSu!!n&*(4! A6! `(&7(%.(3! l6! >/4$++(! A6! (,! /.=! G$-%./&! ~$&7! \34(',*$3! *3! ~*.-!

B:*70/3;((+!*3!~(+,(&3!e</3-/�^!a!c*+D!4$&!H%7/3!H(/.,:��!@N&82.$*;$/+$!2

30&'5/);2S5%$)%$%!QKSKk!X^!SfT=!

tSKQu!!C'.(33/3! Cc6! H%447/3! Ca=! H*<:! p&()%(3'E! $4! >(/4! Aq/..$q*3<! /3-! *,+!

c(./,*$3+:*0!,$!\3,(+,*3/.!#/&/+*,(!w?0%.+*$3!*3!�`*../<(�!B:*70/3;((+!/,!l%.*3-*6!

e</3-/=!I,$05/)42P&-04);2&>2@05,)+&;&*A!QKSQk!YX^!"XQf"TK=!

tSKMu!!F:/*! cc6! A*7$3+! GU6! B:/07/3! Ba6! (,! /.=! H*--(3! #$0%./,*$3! A,&%',%&(! /3-!

B&$++V+0('*(+!Z&/3+7*++*$3!$4!~:*0q$&7+!O305/(-05%!+0!=R!*3!H%7/3+!/3-!G$3V

:%7/3!#&*7/,(+!*3!e</3-/=!@N&82.$*;$/+$!230&'5/);2S5%$)%$%k!P=!w0%9!/:(/-!$4!

0&*3,!QKSX=!Us\^!SK=SMYSWm$%&3/.=03,-=KKKMQT"=!



!
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!

tSKXu!!#(,&��$2�! v6! C$-&�! U6! H%447/3! Ca6! (,! /.=! F/+,&$*3,(+,*3/.! #/&/+*,(+! $4!

\3-*<(3$%+! /3-! \3,&$-%'(-! #&*7/,(! A0('*(+! $4! c%9$3-$! \+./3-!G/,*$3/.! #/&D6!

Z/3;/3*/=!74+$04)+5&4);2P&-04);2&>2@05,)+&;&*A!QKSKk!MS^!dQKfdM"=!

tSKTu!!H/+(</q/! H6! n/3$! Z=! a! #/&/+*,$.$<*'/.! +%&2(E! $3! ,:(! 4('(+! $4! 0E<7E!

B:*70/3;((+!6!#/3!0/3*+'%+!6!/,!~/79/!6!}/*&(=!@05,)+$%!SdPMk!QX^!XSdfXQM=!

tSK"u!!H/7/-!\6!n(*,/!Cl6!#((,(&+!C6!(,!/.=!#/,:$<(3*'!(%D/&E$,(+!*3!<%,!7*'&$9*$,/!$4!

q(+,(&3!.$q./3-!<$&*../+!/+!&(2(/.(-!9E!7$.('%./&!+%&2(E=!8/5$4+5>5/2]$'&0+%!QKSXk!

X^!Sfd=!

tSKYu!!C'<&(q!~B=!\3,(+,*3/.!0/&/+*,(+!$4!+E70/,&*'!@)42+0&*;&!A+$%!/3-!@)'5&!A00!=!/,!

,q$!+*,(+�^!F$79(!O!Z/3;/3*/!R!/3-!C,!=!a++*&*D!O!A(3(</.!R=!I,$05/)42P&-04);2&>2

@05,)+&;&*A!SdPdk!SY^!SXYfSTT=!

tSKPu!!C(-D$%&!H6!a7$3/!\6!>/*-$%-*!i6!(,!/.=!#/&/+*,*'!*34(',*$3+!*3!a4&*'/3!:%7/3+!

/3-!3$3V:%7/3!0&*7/,(+=!@)+(&*$4%!QKQKk!d^!SfQK=!

tSKdu!!`.'D$2�!n6!#/4'$!l6!#(,&�(.D$2�!nv6!C$-&�!U6!Z$--!a!iB6!Z$&&/.9/!C6!~*.+$3!

la6! A,%704! cC6!~:*,(! la6! G(.+$3! nw! >A! /3-! Fa=! c(./,*$3+:*0+! l(,q((3!

F/+,&$*3,(+,*3/.!#/&/+*,(! \34(',*$3+!/3-! ,:(!p('/.!C*'&$9*$7(! *3!p&((Vc/3<*3<!

~(+,(&3!>$q./3-!F$&*../+=!^0&4+2D5/0&=5&;!QKSPk!d^!SfSQ=!

tSSKu!!A.((7/3! avC6! C(/-(&! >>6! a3,$*3(! l6! (,! /.=! F/+,&$*3,(+,*3/.! 0/&/+*,(+! $4!

7$%3,/*3!<$&*../+! OC&05;;)2*&05;;)2=$054*$5R! *3! ,:(!#/&'!G/,*$3/.!-(+!`$.'/3+! 6!

&q/3-/!OC&05;;)2*&05;;)2=$054*$5R!*3!,:(!#/&'!G/,*$3/.=!P&-04);2&>2̀ &&2)4!2M5;!;5>$2

D$!5/54$!QKSdk!MS^!MQQfMQP=!

tSSSu!!C/D$%.$%,$%!#6!G<%(7/!##C6!p%m*,/!A6!(,!/.=!#&(2/.(3'(!/3-!<(3(,*'!-*2(&+*,E!$4!

#$%&'()*&%+&,-,2 %+$'()4&%+&,-,! *3! q*.-! .$q./3-! <$&*../+! /,! C$%D/./9/V

U$%-$%!G/,*$3/.!#/&D!6!F/9$3=!X$;,54+(&;&*5)2H@&;)4!J!QKSXk!TS^!PMfdM=!

tSSQu!!#(,&�(.D$2�!n6!v/3/!#6!C$-&�6!(,!/.=!F/+,&$*3,(+,*3/.!#/&/+*,(+!$4!\3-*<(3$%+!/3-!

\3,&$-%'(-!#&*7/,(!A0('*(+!$4!c%9$3-$=!74+2P2@05,)+&;!QKSKk!MS^!dQKfdM"=!

tSSMu!!a+:4$&-!c~6!c(*-!FUp6!~&/3<:/7!c~6!(,!/.=!a33/.+!$4!Z&$0*'/.!C(-*'*3(!�!

#/&/+*,$.$<E! \3,(+,*3/.! 0/&/+*,(+! $4! ,:(! ':*70/3;((!@)42 +0&*;&!A+$%! *3! n*9/.(!

p$&(+,!6!e</3-/!\3,(+,*3/.!0/&/+*,(+!$4!,:(!':*70/3;((!@)42+0&*;&!A+$%!*3!n*9/.(!

p$&(+,!6!e</3-/=!I44);%2&>230&'5/);2D$!5/54$!QKKKk!dX^!SYMfSYd=!



!
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!

tSSXu!!#/4�$!l6!Z(:.�&$2�!}6!v*&D�!#$7/m9�D$2�!n6!(,!/.=!F/+,&$*3,(+,*3/.!0&$,*+,+!/3-!

:(.7*3,:+! $4! :/9*,%/,(-! /<*.(! 7/3</9(E+! OB$0/&/$=-%2 )*5;5%R! /,! l/*! H$D$%6!

B(3,&/.!a4&*'/3!c(0%9.*'=!I,$05/)42P&-04);2&>2@05,)+&;&*A!QKSPk!PK^!Sfd=!

tSSTu!!a+:4$&-! c~6! c(*-! FUp6! l%,E3+D*! ZC=! a33/.+! $4! Z&$0*'/.! C(-*'*3(! �!

#/&/+*,$.$<E! Z:(! *3,(+,*3/.! 4/%3/+! $4! 7/3! /3-! 7$%3,/*3! <$&*../+! *3! /! +:/&(-!

:/9*,/,=!I44);%2&>230&'5/);2D$!5/54$!SddKk!PX^!MMYfMXK=!

tSS"u!!B/%7(+!v>6!l&$3+,(*3!va6!n.$,;!p=!305/(-05%!/3-!,&*':%&*/+*+=!ODB2T2D);)!5$%2

74>$/+5$-%$%!QKKTk!Q^!SXKfSXT=!

tSSYu!!~Hs=!#&(2(3,*$3!/3-!'$3,&$.!$4!+':*+,$7*/+*+!/3-!+$*.V,&/3+7*,,(-!:(.7*3,:*/+*+=!

I/+)230&'5/)!QKKPk!SKP^!QQQfQQP=!

tSSPu!!H$,(;!#v6!l&$$D(&!A6!l(,:$3E!vC6!(,!/.=!H$$Dq$&7!\34(',*$3=!QKKXk!YddfPKY=!

tSSdu!!BUB=! $(+$0:/<$+,$7*/+*+=!

(++'%Z[[\\\</!/<*&?[!'!E[&$%&'()*&%+&,5)%5%[54!$E<(+,;2 H)//$%%$!2 &42 YV2

.&?$,=$029V9VJ=!

tSQKu!!l(/2(&!#B6!v%3<!cB!Bw=!#$%&'()*&%+&,-,!+0('*(+=!\3^!742:$)?$02)4!2&+($0%62

$!%<6Gcde<!SdPX6!0=!B.*3*'/.!0/&/+*,$.$<E=�^!>(/!�!p(9*<(&6!QPYVQPP=!

tSQSu!!>(2*3(!GU=!G$-%./&!q$&7+6!9$q(.!q$&7+6!</0(q$&7+!/3-!D*-3(E!q$&7+=! \3^!

.$,)+&!$2')0)%5+$%2&>2!&,$%+5/2)45,);%2)4!2,)4<!Sd"P6!0=!l%&<(++6!SSTVSQT=!

tSQQu!!s.+(3!s~=!#$%&'()*&%+&,-,2/&;-,=5)4-,=! SdYX6!0=! \3!s.+(3!s~6!(-=SdYX=!

a3*7/.!0/&/+*,(+=!Z:(*&!.*=!

tSQMu!!>/0/<(! F=! F(3%+!#$%&'()*&%+&,-,=! \3^! w3,$7$.$<E! `H! /3-! O(-R=! l/..*N&(6!

Z*3-/..!/3-!B$?6!SdTd6!00=!SdMVSdP=!

tSQXu!!Z/VZ/3<!ZVH6!B&/*3(E! v>6!#$+,!cv6! (,! /.=!C/3+$3(..$+*+�^! '%&&(3,!0(&+0(',*2(+=!

]$%$)0/(2)4!2]$'&0+%254230&'5/);2D$!5/54$!QKSPk!d^!dfQX=!

tSQTu!!Z(&*$!na6!>$3+-$&4!w!2=6!n*3+(.!Cv6!(,!/.=!s(+$0:/<$+,$7*/+*+! *3!3$3V:%7/3!

0&*7/,(+!$4!F$79(!G/,*$3/.!#/&D6!Z/3;/3*/=!I,$05/)42P&-04);2&>2@05,)+&;&*A!

QKSPk!PK^!Sfd=!

tSQ"u!!aD0/3! #a=! A%&2(E! $4! F/+,&$V\3,(+,*3/.! #/&/+*,(+! $4! B:*70/3;((+! /3-! U&*..!

C$3D(E+!*3!U&*..!c/3':!6=!I>05/)42]$%$)0/(2]$?5$\!QKSKk!X^!MMXfMXK=!



!
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!

tSQYu!!p$q.(&! a! niA! 2=! >(/4V+q/..$q*3<! *3! G*<(&*/3! ':*70/3;((+^! (2*-(3'(! 4$&!

/++%7(-!+(.4V7(-*'/,*$3=!@05,)+$%!QKKYk!XP^!YMf"=!

tSQPu!!U%0/*3!v6!w.+/'D(&!>!2/36!G(..!B6!(,!/.=!G(q!w2*-(3'(!4$&!>(/4!Aq/..$q*3<!/3-!

s(+$0:/<$+,$7%7!\34(',*$3!*3!l$3$9$+!O@)42')45%/-%R=!74+$04)+5&4);2P&-04);2

&>2@05,)+&;&*Ak!QM=!

tSQdu!!n&*(4! A6! v/7/&,! a6! C/:1! A6! (,! /.=! B.*3*'/.! /3-! 0/,:$.$<*'! 7/3*4(+,/,*$3! $4!

$(+$0:/<$+,$7$+*+! *3! a4&*'/3! <&(/,! /0(+^! U$(+! +(.4V7(-*'/,*$3! *3! q*.-! /0(+!

*34.%(3'(!-*+(/+(!0&$<&(++*$3�!P&-04);2&>2D$!5/);2@05,)+&;&*A!QKKPk!MY^!SPPf

SdT=!

tSMKu!!K&*:(.!ZB6!A(*9$.-!Hc=!G(7/,$-(+!$4!,:(!l$q(.!/3-!Z*++%(+=!SdYQk!SKM^!Y"fSKM=!

tSMSu!!s&*:(.! ZB=! G('/,$&! a7(&*'/3%+! \34(',*$3! *3! #&*7/,(+=! 3($2 P&-04);2 &>2

@)0)%5+&;&*A62?&;2_f624&2G62GcfG62''22P83#]6!SdYSk!TY^!SSYfSQS=!

tSMQu!!A,$&(E!#a6!p/*.(!F6!H(q*,,!w6!(,!/.=!B.*3*'/.!(0*-(7*$.$<E!/3-!'./++*4*'/,*$3!$4!

:%7/3! $(+$0:/<$+,$7*/+*+=! 30)4%)/+5&4%2 &>2 +($2 ]&A);2 8&/5$+A2 &>2 30&'5/);2

D$!5/54$2)4!2XA*5$4$!QKKKk!dX^!SYYfSPQ=!

tSMMu!!Z:*(30$3,!U6!C$&,(.7/3+!v6!̀ (&'&%E++(!v=!B$3,&*9%,*$3!@!.J1,%-(!-(!./!Z&*':%&*$+(!

-%!':*70/3;1!(,!-(!+$3!,&/*,(7(3,!/2('!./!C(,:E&�-*3(=!I4428&/2=$;*$2D)!2+0&'!

Sd"Qk!Q^!QSSfQSP=!

tSMXu!!sCA=!@)0)%5+&;&*5$2,R!5/);$Z2+$/(45F-$%2!$2=)%$2'&-02;$2;)=&0)+50$=!SddM=!

tSMTu!!-(!B/&2/.:$!>F[6!C$&(*&/!>w6!#(3/!v>6!(,!/.=!a!'$70/&/,*2(!+,%-E!$4!,:(!ZpV

Z(+,! �! 6! n/,$Vn/,;! 6! H$447/3V#$3+Vv/3(&! 6! ~*..*+! /3-! l/(&7/33VC$&/(+!

'$0&$.$<*'!7(,:$-+!4$&!,:(!-(,(',*$3!$4!:%7/3!0/&/+*,$+*+=!QKSQk!SKY^!PKfPX=!

tSM"u!!~(9(&!c6!l&E/3!cZ6! v%&/3(D!UU=! \70&$2(-! +,$$.! '$3'(3,&/,*$3!0&$'(-%&(! 4$&!

-(,(',*$3!$4!B0A'+&%'&05!5-,!$$'E+,+!*3!4('/.!+0('*7(3+=!SddQk!MK^!QP"dfQPYM=!

tSMYu!!a..(3! a6! c*-.(E! U=! p%&,:(&! $9+(&2/,*$3+! $3! ,:(! 4$&7$.V(,:(&! '$3'(3,&/,*$3!

,(':3*)%(!4$&!4/('/.!0/&/+*,(+=!31$/(45/);2,$+(&!%!Sd"dk!TXTfTX"=!

tSMPu!!n3$00!A6!C<(3*!ap6!n:/7*+!\A6!(,!/.=!U*/<3$+*+!$4!+$*.V,&/3+7*,,(-!:(.7*3,:+!*3!

,:(!(&/!$4!0&(2(3,*2(!':(7$,:(&/0E^!w44(',!$4!7%.,*0.(!+,$$.!+/70.*3<!/3-!%+(!$4!
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-*44(&(3,!-*/<3$+,*'!,(':3*)%(+=!@N&82.$*;$/+$!230&'5/);2S5%$)%$%k!Q=!w0%9!/:(/-!

$4!0&*3,!QKKP=!Us\^!SK=SMYSWm$%&3/.=03,-=KKKKMMS=!

tSMdu!!n3$00! A6! A0(*':!l6!H/,,(3-$&4! v6! (,! /.=!U*/<3$+,*'! /''%&/'E! $4! D/,$VD/,;! /3-!

p>sZaB! 4$&! /++(++*3<! /3,:(.7*3,*'! -&%<! (44*'/'E=! @N&82 .$*;$/+$!2 30&'5/);2

S5%$)%$%k!T=!w0%9!/:(/-!$4!0&*3,!QKSS=!Us\^!SK=SMYSWm$%&3/.=03,-=KKKSKM"=!

tSXKu!!n3$00! A6! A/.*7! G6! A':*3-.(&! Z6! (,! /.=! U*/<3$+,*'! /''%&/'E! $4! n/,$Vn/,;6!

p>sZaB6! l/(&7/336! /3-! #Bc! 7(,:$-+! 4$&! ,:(! -(,(',*$3! $4! .*<:,V*3,(3+*,E!

:$$Dq$&7! /3-! A,&$3<E.$*-(+! +,(&'$&/.*+! *34(',*$3+! *3! Z/3;/3*/=! I,$05/)42

P&-04);2&>230&'5/);2D$!5/54$2)4!2XA*5$4$!QKSXk!dK^!TMTfTXT=!

tSXSu!!Z/&/4-(&!Cc6!B/&/9*3!H6!v$+(0:!>6!(,!/.=!w+,*7/,*3<!,:(!+(3+*,*2*,E!/3-!+0('*4*'*,E!

$4!n/,$Vn/,;!+,$$.!(?/7*3/,*$3!,(':3*)%(!4$&!-(,(',*$3!$4!:$$Dq$&7+6!I%/)05%2

;-,=05/&5!$%! /3-!305/(-05%2 +05/(5-0)! *34(',*$3+! *3! :%7/3+! *3! ,:(! /9+(3'(! $4! /!

�<$.-!+,/3-/&-=�!74+$04)+5&4);2P&-04);2>&02@)0)%5+&;&*A!QKSKk!XK^!MddfXKX=!

tSXQu!!G*D$./E!l6!l&$$D(&!Av6!#%../3!c>=!A(3+*,*2*,E!$4!-*/<3$+,*'!,(+,+!4$&!:%7/3!+$*.V

,&/3+7*,,(-! :(.7*3,:! *34(',*$3+^!a!7(,/V/3/.E+*+! *3! ,:(! /9+(3'(! $4! /! ,&%(! <$.-!

+,/3-/&-=!74+$04)+5&4);2P&-04);2>&02@)0)%5+&;&*A!QKSXk!XX^!Y"TfYYX=!

tSXMu!!n3$00!A6!F.*3;!U6!c*3/.-*!>6!(,!/.=!p>sZaB^!a!0&$7*+*3<!,(':3*)%(!4$&!-(,(',*3<!

:(.7*3,:! (<<+! *3! :%7/3! 4/('(+=!30)4%)/+5&4%2 &>2 +($2]&A);2 8&/5$+A2 &>2 30&'5/);2

D$!5/54$2)4!2XA*5$4$!QKKdk!SKM^!SSdKfSSdX=!

tSXXu!!>/</,*(\U!s6!̀ (&:(E(3!a6!2/3!H$$4\U!n6!(,!/.=!U(,(',*$3!$4!I%/)05%2;-,=05/&5!$%2

*34(',*$3! 9E! alaVS! '$0&$/3,*<(3! w>\Aa=! w0%9! /:(/-! $4! 0&*3,! QKQK=! Us\^!

SK=SMYSWm$%&3/.=03,-=KKKPPKY=!

tSXTu!!`/3! U$$&3! Hc6! n$(.(q*m3! c6! H$4q(<(3! H6! (,! /.=! e+(! $4! (3;E7(V.*3D(-!

*77%3$+$&9(3,!/++/E!/3-!-*0+,*'D!/++/E!4$&!-(,(',*$3!$4!8+0&4*A;&5!$%2%+$0/&0);5%!

*34(',*$3!*3!:%7/3+=!P&-04);2&>2B;545/);2D5/0&=5&;&*A!QKKYk!XT^!XMPfXXQ=!

tSX"u!!l%$34&/,(!U6!#(&/3-*3!p6!p$&7(3,*!p6!(,!/.=!a!&(,&$+0(',*2(!+,%-E!'$70/&*3<!/</&!

0./,(!'%.,%&(6!*3-*&(',!*77%3$4.%$&(+'(3'(!/3-!&(/.V,*7(!#Bc!4$&!,:(!-*/<3$+*+!$4!

8+0&4*A;&5!$%2%+$0/&0);5%!*34(',*$3=!@)0)%5+&;&*A!QKSYk!SXX^!PSQfPS"=!

tSXYu!!v/2/3*/3!C6!F$&</3*Vp*&$%;m/((!Z6!n/./3,&/*!G=!B$70/&*+$3!$4!w>\Aa!/3-!#Bc!

$4! ,:(! SPA! &cGa! <(3(! 4$&! -(,(',*$3! $4! :%7/3! +,&$3<E.$*-*/+*+! %+*3<! +(&%7!
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+/70.(=! 74>$/+5&-%2 S5%$)%$%k! TS=! w0%9! /:(/-! $4! 0&*3,! C/E! X6! QKSd=! Us\^!

SK=SKPKWQMYXXQMT=QKSd=STYTdYP=!

tSXPu!!F$99*!p6!Z/7/&$;;*!p6!l%$34&/,(!U6!(,!/.=!>/9$&/,$&E!#/&/7(,(&+!/4,(&!Z&(/,7(3,!

4$&!N&)2;&)!/3-!D)4%&4$;;)2'$0%+)4%^!Z:(!w?0(&*(3'(!$4!/!A*3<.(!c(4(&&/.!B(3,(&!

4$&!Z&$0*'/.!U*+(/+(+!*3!/!G$3Vw3-(7*'!a&(/=!3($2I,$05/)42P&-04);2&>230&'5/);2

D$!5/54$2 )4!2 XA*5$4$k! SKK=! w0%9! /:(/-! $4! 0&*3,! a0&*.! M6! QKSd=! Us\^!

SK=XQ"dW/m,7:=SPVK"dM=!

tSXdu!!B$33(..! wCs6! G%,7/3! Zl=! c(2*(q! a&,*'.(! C$.('%./&! U*/<3$+,*'+! 4$&! A$*.V

Z&/3+7*,,(-!H(.7*3,:+=!QKQKk!dT^!TKPfTSM=!

tSTKu!!F$&-$3!Ba6!F&/E!Uv6!F$9(&,!FG6!(,!/.=!UGa!/70.*4*'/,*$3!/00&$/':(+!4$&!,:(!

-*/<3$+*+!$4!D(E!0/&/+*,*'!:(.7*3,:!*34(',*$3+!$4!:%7/3+=!D&;$/-;)02)4!2B$;;-;)02

@0&=$%!QKSSk!QT^!SXMfSTQ=!

tSTSu!!F/++(&! cl6!H%3<!FB6! B:*.,$3!Gl6! (,! /.=! a-2/3'(+! *3! -(2(.$0*3<!7$.('%./&V

-*/<3$+,*'! ,$$.+!4$&!+,&$3<E.$*-!3(7/,$-(+!$4!()%*-+^!p%3-/7(3,/.!/3-!/00.*(-!

*70.*'/,*$3+=!D&;$/-;)02)4!2B$;;-;)02@0&=$%!QKKXk!SP^!MfS"=!

tSTQu!!l.$%*3! CA=! C$.('%./&! 0&$+0(',*3<! 4$&! '&E0,*'! +0('*(+! $4! 3(7/,$-(+^!

C*,$':$3-&*/.!UGa!2(&+%+!*3,(&3/.!,&/3+'&*9(-!+0/'(&=!74+$04)+5&4);2P&-04);2>&02

@)0)%5+&;&*A!QKKQk!MQ^!TQYfTMS=!

tSTMu!!F/++(&! cl=! #BcV9/+(-! ,(':3$.$<E! *3! 2(,(&*3/&E! 0/&/+*,$.$<E=! W$+$054)0A2

@)0)%5+&;&*A!Sdddk!PX^!QQdfQTP=!

tSTXu!!s.*2(*&/!>Ca6!A/3,$+!H>B6!F$3b/.2(+!CC>6!(,!/.=!w2/.%/,*$3!$4!0$.E7(&/+(!

':/*3!&(/',*$3!/+!/3!/--*,*$3/.!,$$.!4$&!,:(!-*/<3$+*+!$4!.$qV*3,(3+*,E!A':*+,$+$7/!

7/3+$3*! *34(',*$3=!S5)*4&%+5/2D5/0&=5&;&*A2 )4!2 74>$/+5&-%2 S5%$)%$! QKSKk! "P^!

XS"fXQS=!

tSTTu!!`(&q(*m! vv6! l&*(3(3! waZ6! }*(7! v6! (,! /.=! A*7%.,/3($%+! -(,(',*$36! /3-!

)%/3,*4*'/,*$3! $4! I4/A;&%+&,)2 !-&!$4);$6! .$/)+&02 ),$05/)4-%6! /3-!

#$%&'()*&%+&,-,2 =5>-0/-,! *3! 4('/.! +/70.(+! %+*3<! 7%.,*0.(?! &(/.V,*7(! #Bc=!

I,$05/)42P&-04);2&>230&'5/);2D$!5/54$2)4!2XA*5$4$!QKKYk!YY^!"PTf"dK=!

tST"u!!C(m*/! c6! `*'%�/! i6! l&$3'/3$! G6! (,! /.=! a! 3$2(.6! 7%.,*V0/&/..(.6! &(/.V,*7(!

0$.E7(&/+(!':/*3!&(/',*$3!/00&$/':!4$&!(*<:,!</+,&$*3,(+,*3/.!0/&/+*,(+!0&$2*-(+!
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*70&$2(-! -*/<3$+,*'! '/0/9*.*,*(+! ,$! &(+$%&'(V.*7*,(-! /,V&*+D! 0$0%./,*$3+=!

I,$05/)42P&-04);2&>230&'5/);2D$!5/54$2)4!2XA*5$4$!QKSMk!PP^!SKXSfSKXY=!

tSTYu!!l/+%3*!C6!C$:/7(-!}6!a:7/-!C6!(,!/.=!U(,(',*$3!$4!+(.(',(-!*3,(+,*3/.!:(.7*3,:+!

/3-!0&$,$;$/!/,!:$+0*,/.!e3*2(&+*,*!A/*3+!C/./E+*/!%+*3<!7%.,*0.(?!&(/.,*7(!#Bc=!

30&'5/);2:5&,$!5/54$!QKSQk!Qd^!XMXfXXQ=!

tSTPu!!#/&*-/!C=!>$$0V7(-*/,(-!*+$,:(&7/.!/70.*4*'/,*$3!O>aC#R=!D&;$/-;)02D$+(&!%2

542@;)4+2S5%$)%$2S5)*4&%+5/%Z2@054/5';$%2)4!2@0&+&/&;%!QKS"k!TdfYM=!

tSTdu!!C%</79*!cC6!a<$./!w>6!Cq/3<*! \G6!(,!/.=!U(2(.$07(3,!/3-!(2/.%/,*$3!$4!/!

>$$0!C(-*/,(-!\+$,:(&7/.!a70.*4*'/,*$3!O>aC#R!,(':3*)%(!4$&!,:(!-(,(',*$3!$4!

:$$Dq$&7! O.$/)+&02 ),$05/)4-%R! *34(',*$3! *3! 4('/.! +/70.(+=! @)0)%5+$%2 )4!2

W$/+&0%!QKSTk!P^!SfY=!

tS"Ku!!#*.$,,(!G6!#/0/*/D$2$%!C6!F&/3,!vc6!(,!/.=!\70&$2(-!#BcVl/+(-!U(,(',*$3!$4!A$*.!

Z&/3+7*,,(-!H(.7*3,:!\34(',*$3+!e+*3<!/!G(?,VF(3(&/,*$3!A()%(3'*3<!a00&$/':!

,$!a++/E!U(+*<3=!@N&82.$*;$/+$!230&'5/);2S5%$)%$%!QKS"k!SK^!SfSP=!

tS"Su!!U(! F*(&! l6! #$3'(! CB6! `/3! U(! l$&! C6! (,! /.=! H(.7*3,:! *34(',*$3+! /3-!

7*'&$3%,&*(3,+! *3! +':$$.V/<(! ':*.-&(3^!a! +E+,(7/,*'! &(2*(q! /3-!7(,/V/3/.E+*+=!

I,$05/)42P&-04);2&>2B;545/);2.-+05+5&4!QKSXk!dd^!SXddfSTKd=!

tS"Qu!!F/..!A6!C%�..(&!\6!~/.,(&!B6!A((.*<!H6!A,((3D/70!>6!#%�:+(!e!(,!/.=!a++$'*/,*$3+!

9(,q((3! +(.(',*2(! /,,(3,*$3! /3-! +$*.V,&/3+7*,,(-! :(.7*3,:! *34(',*$3+6!

+$'*$('$3$7*'! +,/,%+6! /3-! 0:E+*'/.! 4*,3(++! *3! -*+/-2/3,/<(-! ':*.-&(3! *3! #$&,!

w.*;/9(,:6! A$%,:! a4&*'/^! a3! $9+(&2/,*$3/.! +,%-E=! @N&82 .$*;$/+$!2 30&'5/);2

S5%$)%$%!QKSYk!P^!Sfd=!

tS"Mu!!~Hs=!H(.7*3,:!'$3,&$.! *3!+':$$.V/<(!':*.-&(3!H(.7*3,:!'$3,&$.! *3!+':$$.!/<(!

':*.-&(3=!QKSSk!dK=!

tS"Xu!!~Hs=!A$*.V,&/3+7*,,(-!:(.7*3,:*/+(+^!3%79(&!$4!':*.-&(3!,&(/,(-!*3!QKSK=!]$;$?R2

R'5!R,5&;&*5F-$2($=!&,)!)50$2[28$/+5&42!1(A*5g4$2!-28$/0R+)05)+2!$2;)28&/5R+R2

!$%2.)+5&4%2h2M$$L;A2$'5!$,5&;&*5/);20$/&0!2[2X$);+(28$/+5&42&>2+($28$/0$+)05)+2

&>2+($2N$)*-$2&>2.)+5&4%k!PY^!QQTfQMQ=!
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tS"Tu!!~Hs=!a''(.(&/,*3<!~$&D!,$!s2(&'$7(!,:(!F.$9/.!\70/',!$4!G(<.(',(-!Z&$0*'/.!

U*+(/+(+^!a!c$/-7/0!4$&!\70.(7(3,/,*$3!O~$&.-!H(/.,:!s&</3*;/*,$36!F(3(2/6!

Aq*,;(&./3-6!QKSQR=!M(&!QKSQk!XQ=!

tS""u!!~Hs=!A$*.V,&/3+7*,,(-!:(.7*3,:*/+(+^!3%79(&!$4!':*.-&(3!,&(/,(-!*3!QKSM=!]$;$?R2

R'5!R,5&;&*5F-$2($=!&,)!)50$2[28$/+5&42!1(A*5g4$2!-28$/0R+)05)+2!$2;)28&/5R+R2

!$%2.)+5&4%2h2M$$L;A2$'5!$,5&;&*5/);20$/&0!2[2X$);+(28$/+5&42&>2+($28$/0$+)05)+2

&>2+($2N$)*-$2&>2.)+5&4%!QKSTk!dK^!Pdfd"=!

tS"Yu!!Z':%(3,1!>aZ6!GJF$&/3!wn=!A':*+,$+$7*/+*+!/3-!+$*.V,&/3+7*,,(-!:(.7*3,:*/+*+!

'$3,&$.!*3!B/7(&$$3!/3-!B,(!-J\2$*&(^!\70.(7(3,*3<!'$3,&$.!$3!/!.*7*,(-!9%-<(,=!

@)0)%5+&;&*A!QKKdk!SM"^!SYMdfSYXT=!

tS"Pu!!Z':%(3,1!>Z6!G$%7(-(7!BU6!G</++/7!#6!(,!/.=!C/00*3<!$4!+':*+,$+$7*/+*+!/3-!

+$*.V,&/3+7*,,(-!:(.7*3,:*/+*+! *3! ,:(!&(<*$3+!$4!>*,,$&/.6!G$&,:V~(+,6!A$%,:!/3-!

A$%,:V~(+,!B/7(&$$3!/3-!&('$77(3-/,*$3+!4$&!,&(/,7(3,=!

tS"du!!G(<.(',(-!Z&$0*'/.!U*+(/+(+!OGZUR=!Z/%?!-(!'$%2(&,%&(!-(+!,&/*,(7(3,+!-(!7/++(!

0$%&!.(+!CZG!V!QKS"!>(!B/7(&$%3!(,!.(+!7/./-*(+!,&$0*'/.(+!31<.*<1(+=!

tSYKu!!G(<.(',(-!Z&$0*'/.!U*+(/+(+=!Z/%?!-(!'$%2(&,%&(!-(+!,&/*,(7(3,+!-(!7/++(!0$%&!

.(+!CZG!V!QKS"!>(!F/9$3!(,!.(+!7/./-*(+!,&$0*'/.(+!31<.*<1(+=!

tSYSu!!a3$3E7$%+=!U&%<+!4$&!#/&/+*,*'!\34(',*$3+=!P&-04);2&>28+)+5%+5/);2@;)4454*2)4!2

74>$0$4/$=!w0%9!/:(/-!$4!0&*3,!QKKX=!Us\^!SK=SKS"WKMYPVMYTPOPTRdKK"TVT=!

tSYQu!!B$%.*9/.E!i\6!U(79(.(!l6!U*/..$!aa6!(,!/.=!a!c/3-$7*;(-!Z&*/.!$4!U$?E'E'.*3(!

4$&!D)4%&4$;;)2'$0%+)4%!\34(',*$3=!.$\2O4*;)4!2P&-04);2&>2D$!5/54$!QKKdk!M"S^!

SXXPfSXTP=!

tSYMu!!U(9&/:!>l6!#:*..*0+!cs6!#4/&&!n6!(,!/.=!Z:(!(44*'/'E!$4!-$?E'E'.*3(!,&(/,7(3,!$3!

D)4%&4$;;)2 '$0%+)4%! *34(',*$3^! a3! $0(3V./9(.6! &/3-$7*;(-! ,&*/.! *3! F:/3/=!

I,$05/)42P&-04);2&>230&'5/);2D$!5/54$2)4!2XA*5$4$!QKSdk!SKS^!PXfdQ=!

tSYXu!!C\GpspW\eBG=! B/&/',1&*+/,*$3! -J%3(! 0$0%./,*$3! -(! <&/3-+! (,! 7$E(3+!

7/77*4N&(+!-/3+!./!c(+(&2(!-(!p/%3(!-%!Um/�^!#$,(3,*(.!(,!7(3/'(+=!QKSTk!MS=!

tSYTu!!G<%*44$!A=!w,%-(!-(!'/+�^!./!&1+(&2(!-(!4/%3(!Um/=!QKKSk!SdYfQS"=!
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tSY"u!!C\Gpsp=! #./3! -J/713/<(7(3,! -%! #/&'! G/,*$3/.! -(! >$91D1! (,! -(! +/! ;$3(!

01&*0:1&*)%(=!

tSYYu!!CwU\Gsp=!#./3!-J/713/<(7(3,!-(!./!4$&8,!'$77%3/.(!-(!Um$%7=!0=!MK=!
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Abstract 

Background: Zoonotic diseases are a serious threat to both public health and animal conservation. Most non-
human primates (NHP) are facing the threat of forest loss and fragmentation and are increasingly living in closer 
spatial proximity to humans. Humans are infected with soil-transmitted helminths (STH) at a high prevalence, and 
bidirectional infection with NHP has been observed. The aim of this study was to determine the prevalence, genetic 
diversity, distribution and presence of co-infections of STH in free-ranging gorillas, chimpanzees and other NHP spe-
cies, and to determine the potential role of these NHP as reservoir hosts contributing to the environmental suste-
nance of zoonotic nematode infections in forested areas of Cameroon and Gabon.

Methods: A total of 315 faecal samples from six species of NHPs were analysed. We performed PCR amplification, 
sequencing and maximum likelihood analysis of DNA fragments of the internal transcribed spacer 2 (ITS2) nuclear 
ribosomal DNA to detect the presence and determine the genetic diversity of Oesophagostomum spp., Necator spp. 
and Trichuris spp., and of targeted DNA fragments of the internal transcribed spacer 1 (ITS1) to detect the presence of 
Ascaris spp.

Results: Necator spp. infections were most common in gorillas (35 of 65 individuals), but also present in chimpanzees 
(100 of 222 individuals) and in one of four samples from greater spot-nosed monkeys. These clustered with previously 
described type II and III Necator spp. Gorillas were also the most infected NHP with Oesophagostomum (51/65 individ-
uals), followed by chimpanzees (157/222 individuals), mandrills (8/12 samples) and mangabeys (7/12 samples), with 
O. stephanostomum being the most prevalent species. Oesophagostomum bifurcum was detected in chimpanzees 
and a red-capped mangabey, and a non-classified Oesophagostomum species was detected in a mandrill and a red-
capped mangabey. In addition, Ternidens deminutus was detected in samples from one chimpanzee and three greater 
spot-nosed monkeys. A significant relative overabundance of co-infections with Necator and Oesophagostomum was 
observed in chimpanzees and gorillas. Trichuris sp. was detected at low prevalence in a gorilla, a chimpanzee and a 
greater spot-nosed monkey. No Ascaris was observed in any of the samples analysed.

© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco 
mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco mmons. org/ publi cdoma in/ 
zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Parasites & Vectors

*Correspondence:  sabrina.locatelli@ird.fr
†C. Sirima, C. Bizet and H. Hamou contributed equally to this work
6 Present Address: Institut de Recherche Pour Le Développement (IRD), 
Maladies Infectieuses Et Vecteurs : Écologie, Génétique, Évolution et 
Contrôle (MIVEGEC), IRD 224-CNRS 5290–University of Montpellier, 
Montpellier, France
Full list of author information is available at the end of the article



Page 2 of 18Sirima et al. Parasites Vectors          (2021) 14:354 

Background

Zoonotic diseases are a serious threat to public health 

and animal conservation.  e risk of zoonotic transmis-

sion of viral, bacterial, fungal and parasitic diseases is 

high between human and non-human primates (NHP) in 

general, and with the more closely related great apes in 

particular [1, 2]. Like many NHP, great apes are threat-

ened by forest loss and fragmentation. Unless severely 

hunted, they are increasingly living in anthropogeni-

cally disturbed habitats, such as farmlands, human set-

tlements, fragments of forest and isolated protected 

areas [3].  e consequence of people and NHP living 

in increasing spatial proximity to each other [4] is an 

increasing risk of infection by pathogens contaminating 

water sources, soil and food [5–10]. Of particular impor-

tance among these pathogens are soil-transmitted hel-

minths (STH), which have developmental stages outside 

of their hosts, allowing for persistence of infective stages 

in the environment [11]. Infections occur through inges-

tion or skin penetration of third-stage larvae or eggs. 

 ese factors combine to make helminthiases a poten-

tial zoonotic risk when humans and NHP share the same 

habitat.

Approximately 1.5 billion people worldwide are 

infected with STH (Ascaris lumbricoides, Trichuris trichi-

ura, Necator americanus  and  Ancylostoma duodenale), 

especially where access to safe drinking water, sanitation 

and hygiene is poor.  e pathology of STH infections 

in humans includes anaemia, growth retardation and 

delayed cognitive development [12]. Information on 

STH prevalence and diversity in African NHP is scarce in 

some regions, and geographically heterogeneous. Stud-

ies results vary according to whether the populations 

targeted were free-ranging, habituated or (semi-) captive 

and the analytical approach adopted (morphological or 

molecular) to identify infections. In NHP, some of these 

nematodes have unclear clinical significance, while oth-

ers may have strong pathogenic potential at high inten-

sities. For example, heavy infections of nodular worms 

(Oesophagostomum spp.) are associated with morbidity 

and mortality in some chimpanzee populations (e.g. in 

Mahale [13] and Gombe [14], both in Tanzania).

Several cases of bidirectional STH transmission 

between humans and NHP have been reported [15–18]. 

Trichuris spp. are common in many species of free-

ranging NHP in Africa [19, 20] and cryptic lineages, 

some of which infect also humans, have been detected 

[16, 21]. Similarly, Ascaris has also been found in NHP 

[22]. Free-ranging chimpanzees [23] and olive baboons 

[24] can become infected with human roundworms, 

suggesting that these species are hosts of Ascari lum-

bricoides or a very similar parasite. Gorillas, chimpan-

zees and several Old World monkey species have been 

reported to be hosts of Nectar americanus based on 

phenetic characteristics or molecular evidence [25]. 

 ree other Necator species (N. congolensis, N. goril-

lae and N. exilidens) have also been described in Afri-

can great apes, and N. gorillae has been reported to 

infect humans [17, 26, 27]. Finally, eight species of 

Oesophagostomum have been recorded in free-ranging 

NHP from the subfamilies Cercopithecinae and Colobi-

nae, and in chimpanzees (Pan troglodytes) [15, 28–30], 

with three of these (O. bifurcum, O. oesophagostomum, 

O. aculeatum) infecting humans.

 e prevalence rate and intensity of STH infections 

in NHP can vary according to season, social behaviour, 

degree of arboreality, which affects contact with infec-

tious stages in the soil, and age and sex of the individu-

als. Sex differences in parasite infections can be the 

result of differences in home range, foraging dynamics 

and risk-taking behaviour [31].  e sexes could also 

differ in their susceptibility to infection because of sex 

hormones, such as testosterone and oestrogens, which 

are known to affect immune system function [32].

 e World Health Organisation goal for 2030 is mor-

bidity control, defined as reaching < 2% prevalence 

of medium-to-high intensity infections in preschool-

age children and school-age children [12, 33]. In STH 

endemic countries, re-infection has been observed 

in half of the children treated for intestinal worms 

[34], a phenomenon attributed to re-infection due to 

persistence of infective worm stages in the environ-

ment. In addition, the extent to which NHP may act 

as reservoirs of infection may be affected by landscape 

perturbations, which facilitate novel ecological associa-

tions, new contact zones and host-switching: a press-

ing problem in forested areas increasingly subjected to 

anthropogenic disturbance and habitat fragmentation. 

Conclusions: Our results on STH prevalence and genetic diversity in NHP from Cameroon and Gabon corroborate 

those obtained from other wild NHP populations in other African countries. Future research should focus on better 

identifying, at a molecular level, the species of Necator and Oesophagostomum infecting NHP and determining how 

human populations may be affected by increased proximity resulting from encroachment into sylvatic STH reservoir 

habitats.

Keywords: Soil-transmitted helminths, Non-human primate, Africa, Zoonosis, Phylogeny, Faeces
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 erefore, studying STH parasitism in NHP, including 

African apes, has important public health implications.

In order to formulate effective public health control 

measures, a better understanding of nematode infec-

tions in NHP is needed so that the risk of zoonotic trans-

mission and the potential role of NHP as reservoirs of 

infections can be determined.  is includes monitoring 

parasite infections, exploring the transmission dynamics 

among NHP populations and characterising the genetic 

diversity of the parasites circulating in NHP and human 

populations.

 us, the aims of the present study were: (i) to explore 

the prevalence and genetic diversity of selected genera 

of STH (Trichuris, Ascaris, Necator and Oesophagosto-

mum) infecting gorillas and chimpanzees living in forests 

of Cameroon and Gabon, and determine the occurrence 

of these parasites in other NHP species from Cameroon; 

(ii) to investigate whether the prevalence of STH infec-

tion varied among gorillas and chimpanzees across the 

study sites and whether any co-infection with multiple 

parasites is observed; and (iii) to examine the presence 

of parasite sharing among all NHP species investigated, 

whether parasite occurrence varies with host sex and the 

potential for zoonotic transmission.

Methods

Study sites and faecal collection methods

To explore to which extent NHP may act as reservoirs 

of STH infections, we analysed a total of 315 faecal sam-

ples from free-ranging, unhabituated NHPs.  ese sam-

ples were fresh when collected (< 1 day old) and were 

collected non-invasively around NHP nests and feed-

ing places or on traces at four study sites in Cameroon 

[the forests surrounding the villages of Djoum (DJ) 

(2°40′00″N, 12°40′00″E); Mambélé (MB) (2°25′00″N, 

15°24′00″E); and the neighbouring Lobéké National Park 

(LB NP) and village of Somalomo (SOM) (3°23′00″N, 

12°44′00″E)] (collections between 2008 and 2010), and in 

primary and secondary forests surrounding the village of 

Matakamangoye (MKT) (0°6′30″ S, 13°41′57″E) in Gabon 

(collections between 2009 and 2013) (Fig. 1).  ese sam-

ples had been characterised and analysed in previous 

studies to determine the prevalence and genetic diver-

sity of Simian Immunodeficiency Viruses (SIV) [35, 36] 

as well as of filariae [37]. Experienced trackers and/or the 

researchers identified most faecal samples to be of chim-

panzee and gorilla origin and only a few to be of Cerco-

pithecidae monkey origin. A 15- to 20-g sample was then 

placed into a 50-ml tube and mixed with an equal amount 

of RNAlater® (Ambion, Austin, TX, USA).  e date, time 

and location [longitude and latitude provided by Global 

Positioning System (GPS)] of sample collection were 

recorded along with the collector’s name. Faecal samples 

were generally kept at ambient temperature for no longer 

than 2 weeks and subsequently stored at − 20  °C once 

back in Yaoundé, Cameroon, or Franceville, Gabon. Sam-

ples were shipped to Montpellier, France, at ambient 

temperature and then stored at − 80 °C upon arrival. All 

samples were transported to France in full compliance 

with export and import regulations.

Extractionn of host and parasite DNA from NHP faecal 

samples

Non-human primate DNA was extracted from faeces 

using the QIAamp Stool DNA Mini kits (Qiagen, Valen-

cia, CA, USA) following the manufacturer’s instructions. 

Briefly, 1.5 ml of faecal RNAlater® mixture was re-sus-

pended in stool lysis buffer and the mixture centrifuged. 

 e supernatants were treated with an InhibitEx tablet, 

subjected to proteinase K digestion and passed through a 

DNA binding column. Bound DNA was eluted in 100 μl 

of elution buffer. To investigate the presence and genetic 

diversity of STH in NHP faecal samples, a second DNA 

extraction was performed. A modified protocol was used 

after the initial resuspension of the sample in the stool 

lysis buffer.  e modification consisted of an additional 

homogenisation in tubes containing silica beads of dif-

ferent size (lysis matrix E) in a FastPrep-24 mill (MP 

Biomedical, Eschwege, Germany) and an overnight incu-

bation at 56 °C to improve egg shell lysis and better expo-

sure of the parasite DNA.

Host species confirmation and identification of individual 

genotypes by microsatellite analyses

To identify the NHP species infected by the targeted 

STH, host species confirmation was performed by PCR 

amplification and sequence analysis of a 460- to 500-bp 

mitochondrial DNA (mtDNA) fragment spanning the 

12S rDNA region, using methods described in previous 

studies [38]. To determine the number of individuals 

sampled, the faeces collected from gorillas and chimpan-

zees were subjected to microsatellite analyses, as previ-

ously described [36, 39, 40]. Samples were genotyped at 

seven loci in two multiplex PCRs (amplifying D18s536, 

D4s243, D10s676, and D9s922 or D2s1326, D2s1333 

and D4s1627). To determine the host sex, a region of the 

amelogenin gene that contains a deletion in the X but 

not the Y chromosome was amplified using a Taq DNA 

polymerase core kit (MP Biomedical, Irvine, CA, USA) 

with 2–10 µl faecal DNA. Samples from the other NHP 

were subjected to mtDNA analyses but not to microsatel-

lite analyses: to minimise the risk of analysing more than 

one sample belonging to the same individual, we selected 

samples collected the same day but in distant, non-over-

lapping monkey territories. Despite these precautions, 



Page 4 of 18Sirima et al. Parasites Vectors          (2021) 14:354 

and given the low number of samples collected, we will 

consider them as samples and not as separate individuals.

PCR screening of soil-transmitted helminths

To better understand which NHP species are mostly 

infected with the STH, therefore representing the most 

prevalent reservoir, semi-nested PCR assays targeting the 

internal transcribed spacer 2 (ITS2) marker were used 

to determine the presence of Trichuris spp., Oesophago-

stomum spp. and Necator spp. in all 315 samples [15, 

41, 42]. To detect the presence of Ascaris spp., we per-

formed a nested PCR targeting the ITS1 marker [43]. 

Primer details, PCR conditions and expected amplicons 

size are given in Table  1. All PCR reactions were per-

formed in a 50-μl reaction volume containing 10 and 5 µl 

of template DNA for primary and semi-nested/nested 

PCR, respectively, 10 pM of each primer, 25 µl HotStar-

Taq Master Mix (Qiagen, Hilden, Germany), provid-

ing a final concentration of 1.5 mM  MgCl2 and 200 μM 

of each dNTP. For the first round of PCR, bovine serum 

albumin (Sigma-Aldrich, St. Louis, MO, USA) was added 

at a final concentration of 0.2  μg/ml to improve ampli-

fication success. "e reactions were performed on a 

Bio-Rad T100™ thermal cycler (Bio-Rad, Hercules, CA, 

USA). "e amplicons were electrophoresed on 1% aga-

rose gels stained with ethidium bromide. After purifica-

tion (in 2% agarose gel) with the GeneClean® Turbo Kit 

(Qbiogene, Inc., Carlsbad, CA, USA), the PCR products 

were sequenced with the primers of the second step (if 

nested or semi-nested) on an automated sequencer (3500 

Genetic Analyzer; Applied Biosystems, Foster City, CA, 

USA), and the resulting sequences were analysed using 

SeqMan DNASTAR software (Lasergene; DNASTAR, 

Inc., Madison, WI, USA). At least two attempts were 

made to obtain high-quality sequences by adapting the 

quantity of PCR-purified DNA used in the sequenc-

ing reactions. Low-quality sequences (short amplicon 

size and/or sequences displaying background noise with 

too many unresolved degenerated nucleotides) were 

excluded from further phylogenetic analyses (details on 

the number of sequences obtained that were of satisfac-

tory size and quality are given in Table 2).

Molecular identification and phylogenetic analysis

To explore the genetic diversity of the nematodes pre-

sent in the NHP studied and to evaluate their zoonotic 

potential, we first confirmed the identity of these 

nematodes, searching through nucleotide BLAST [44] 

(https:// blast. ncbi. nlm. nih. gov/ Blast. cgi). All sequences 

were aligned in Geneious Prime 2020.1.2 (https:// www. 

genei ous. com) guided by CLUSTALW implemented in 

Geneious. "e sequences of Oesophagostomum con-

taining ambiguous nucleotides were submitted to hap-

lotype reconstruction using “Open Unphase/Genotype 

data” in DnaSP 6 [45]. "e reconstructed haplotypes 

were used in further analyses. Pairwise sequence dis-

tances were calculated in Geneious. Sequences repre-

senting different haplotypes and/or haplogroups were 

subsequently used in the phylogenetic analyses. Gen-

Bank sequences of the species found in humans and 

NHP were narrowed down to haplogroups. Each hap-

logroup was represented by one sequence in the final 

alignment. A maximum likelihood (ML) analysis was 

carried out in IQ-TREE 1.6.11 [46]. "e most suitable 

model was chosen by ModelFinder [47] implemented 

in IQ-TREE based on the highest Bayesian information 

criterion scores and weights (BIC). "e tree topology 

was tested by 1000 replicates of ultrafast bootstrap [48] 

and the Shimodaira–Hasegawa (SH)-like approximate 

likelihood ratio test [49].

Statistical analysis

To explore the STH co-infection patterns in the NHP 

species studied, we investigated whether Oesophagos-

tomum and Necator occurred together (i.e. in the same 

faecal samples) more or less frequently than expected by 

Fig. 1 Faecal sample collection sites in Cameroon and Gabon. In 

Cameroon, the collection sites of Djoum (DJ), Somalomo (SOM) and 

Mambelé (MB)/Lobeké (LB) National Park are indicated by a filled 

diamond, filled square and filled triangle, respectively. In Gabon, the 

collection site of Matakamangoye (MKT) is indicated by a filled circle
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Table 1 Primers and PCR cycling programmes

 ITS Internal transcribed spacer, N number of cycles, NA data not available

All PCR analyses started with 95 °C for 15 min and finished with 72 °C for 10 min

a Step 1: denaturation; Step 2: annealing; Step 3: elongation

Target organism Gene Primer Sequence (5’–3’) Product size (bp) Thermal  profilea

Step 1 Step 2 Step3 N

Temperature 
(°C)

Duration (s) Temperature 
(°C)

Duration (s) Temperature 
(°C)

Duration (s)

Oesophagostomum/Necator ITS2 NC1 ACG TCT GGT TCA GGG TTG TT NA 94 30 50 30 72 45 45

NC2 TTA GTT TCT TTT CCT CCG CT

OesophITS2 TGT RAC ACT GTT TGTC-GAAC 250/300 94 30 55 30 72 30 35

NC2 TTA GTT TCT TTT CCT CCG CT

Trichuris trichiura ITS2 ExtITS2 GGA TCA CTT GGC TGG TAG NA 94 30 56 30 72 45 45

NC2 TTA GTT TCT TTT CCT CCG CT

IntITS2 CTT GAA TAC TTT GAA CGC ACA TTG 480–700 94 30 49 30 72 45 35

NC2 TTA GTT TCT TTT CCT CCG CT

Ascaris lumbricoides ITS1 ITS F1 CGA GCA GAA AAA AAA AAG TCTCC NA 94 30 50 45 72 45 45

ITS R1 GGA ATG AAC CCG ATG GCG CAAT 

ITS F2 CGA GCA GAA AAA AAA AAA AGT CTC C  ~ 500 94 30 52 30 72 30 35

ITS R2 GCT GCG TTC TTC ATC GAT 
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chance. We ran a two-tailed Fisher’s exact test for chim-

panzees and gorillas separately, and for these two species 

pooled together. We excluded mandrills, mangabeys and 

Cercopithecus monkeys from this analysis due to the low 

number of samples collected. Using the same test, we 

compared the prevalence of infection with Oesophagosto-

mum or Necator between male and female chimpanzees 

in Gabon (the only site where we had complete results for 

the amelogenine microsatellite analysis).

Results

Host species and individuals’ genotypes

 e 315 samples analysed in our study originated from 

six species: 65 from gorilla (Gorilla gorilla gorilla), 222 

from chimpanzee (Pan troglodytes troglodytes), 12 from 

mandrill (Mandrillus sphinx), nine from red-capped 

mangabey (Cercocebus torquatus torquatus), three from 

agile mangabey (Cercocebus agilis) and four from greater 

spot-nosed monkey (Cercopithecus nictitans). Based on 

the microsatellite analyses, both gorilla and chimpanzee 

samples corresponded to 65 and 222 different individu-

als, respectively. Among the 315 samples analysed, we 

obtained information on the sex of only 114 chimpan-

zees from Matakamangoye. Amelogenine gene analyses 

results indicated that 40 chimpanzee samples were from 

females and 74 from males. As the number of other cer-

copithecid primate samples was low and the host individ-

uals were not genotyped, no statistical analyses could be 

performed on these samples.  e number of samples col-

lected and the NHP species distribution of these samples 

across sites is detailed in Table 2.

Prevalence of STH infections

 e prevalence of all analysed STH taxa in gorillas and 

chimpanzees and the presence of these taxa in man-

drills, mangabeys and greater spot-nosed monkeys is 

summarised in Table  2. Oesophagostomum was the 

most frequently occurring parasite, present in most 

of the NHP species investigated, with a prevalence of 

78.5% (51/65) in gorillas and 70.7% (157/222) in chim-

panzees. Oesophagostomum DNA was also commonly 

detected in other NHP host species, with the exception 

of greater spot-nosed monkeys (Table 2). Necator DNA 

was detected by PCR in roughly half of both gorilla 

and chimpanzee samples, 53.8% (35/65) and 45.0% 

(100/222) respectively, and in one of the four greater 

spot-nosed monkey samples. Trichuris was detected 

very rarely, in just two of the 222 chimpanzees (0.9%), 

Table 2 Summary of results of PCR-positive individuals/samples with ITS2 sequences exploitable for phylogenetic analyses

CAM Cameroon, GAB Gabon, NHP non-human primates, NP National Park

a n represents the number of individuals tested (chimpanzee, gorilla) or of samples tested (all other NHP species)

b Sequences of Ternidens deminutus not used in the phylogenetic tree

Locality NHP species na PCR-
positive for 
Necator spp.

ITS2 
phylogeny 
Necator spp.

PCR-positive for 
Oesophag.sp.

ITS2  phylogeny 
Oesophagostomum. 
spp.

PCR-
positive for 
Trichuris spp.

ITS2  
phylogeny 
Trichuris 
spp.

Djoum (CAM) Mandrill 12 0 – 8 3 0 –

Red-capped 
mangabey

7 0 – 3 2 0 –

Greater spot-
nosed monkey

1 0 – 0 – 0 –

Somalomo (CAM) Chimpanzee 23 20 (87.0%) 9 22 (95.7%) 17 0 –

Gorilla 38 24 (63.2%) 1 38 (100%) 26 0 –

Red-capped 
mangabey

2 2 0 2 1 0 -

Greater spot-
nosed monkey

2 1 0 2b 2b 1 1

Mambélé (CAM) Chimpanzee 59 17 (28.8%) 10 34 (+  1b) (57.6%) 22 (+  1b) 2 (3.4%) 1

Gorilla 12 2 (16.7%) 1 8 (66.7%) 8 1 (3.7%) 1

Agile mangabey 3 1 1 2 2 0 –

Greater spot-
nosed monkey

1 0 - 1b 1b 0 –

Lobéké NP (CAM) Gorilla 15 9 (60.0%) 2 5 (33.3%) 1 0 -

Matakamangoye 
(GAB)

Chimpanzee 140 63 (45.0%) 50 101 (72.1%) 90

Total 315 139(44.1%) 75 223 (+  4b) (70.8%) 172 (+  4b) 4 (1.3%) 3
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in one of the 65 gorillas (1.5%) and in one of the four 

greater spot-nosed monkey samples (Table  2). Ascaris 

was not detected in any of the analysed samples. In 

addition, PCR amplicons from assays targeting Necator 

and Oesophagostomum from a chimpanzee and three 

greater spot-nosed monkey samples were identified by 

BLAST sequence analyses as Ternidens deminutus.

In both gorillas and chimpanzees, the highest preva-

lence of Oesophagostomum and Necator was observed 

in Somalomo, Cameroon, followed by Matakaman-

goye, Gabon, and the lowest prevalence was observed 

in animals originating from Mambélé, Cameroon. Only 

gorilla samples were collected in the Lobéké NP, where 

the prevalence of Necator and Oesophagostomum 

reached 60.0 and 33.3% respectively.

Among the surveyed host species, gorillas were the 

species most infected by either Necator, Oesophago-

stomum or by both taxa (86.2%), followed by chim-

panzees (81.5%). Mandrills were positive only for 

Oesophagostomum, greater spot-nosed monkeys 

were positive only for Necator, while both parasites 

were detected in red-capped and agile mangabeys. 

Necator/Oesophagostomum co-infections were detected 

in 30 gorillas (46.1%), in 76 chimpanzees (34.2%), in 

two red-capped mangabey samples and in one of three 

agile mangabey samples (Table 3).

Occurrence of Oesophagostomum and Necator 

co-infections in chimpanzees and gorillas

We first analysed chimpanzees and gorillas separately 

and observed that co-infection with Oesophagostomum 

and Necator occurred frequently, but that the asso-

ciation was not statistically significant. When the two 

NHP species were combined and analysed together, 

co-infections occurred more often than expected by 

chance (two-tailed Fisher’s exact test: p = 0.023; Addi-

tional file 1: Table S1).

Parasitic infections according to the sex of the individual 

analysed

Sex was determined for 114 of the 140 chimpanzee sam-

ples from Gabon: 40 females and 74 males. !e preva-

lence of Oesophagostomum or Necator did not differ 

significantly between males and females (two-tailed Fish-

er’s exact test: p = 0.645 and 0.326, respectively; Addi-

tional file 1: Table S2).

Phylogenetic analyses

A total of 254 sequences of Necator, Oesophagostomum, 

Ternidens deminutus and/or Trichuris was obtained from 

204 faecal samples (Table 2). !e success rate of obtain-

ing high-quality sequences from the PCR products was 

53.9% for Necator, 77.1% for Oesophagostomum and 

Ternidens deminutus together and 75% for Trichuris. 

Sequences generated in this study that represent unique 

haplotypes were deposited in GenBank (Accession num-

bers given in Additional file 2: Table S1-B, S2-B and S3). 

Table  4 provides an overview of the different parasite 

species detected in the NHP hosts according to the study 

site, with haplotypes listed when applicable, and the 

number of individuals/samples for which sequences were 

obtained.

Necator

Of 139 Necator PCR-positive samples, we obtained 75 

high-quality partial sequences of the ITS2 region (138–

273  bp). !ese sequences originated from 19 chim-

panzees, five gorillas and one agile mangabey sample 

from Cameroon, and from 50 chimpanzees from Gabon 

(Additional file  2: Table  S1-B). A total of five differ-

ent variants (NH1–NH5) of ITS2 was detected; of these 

(NH1–NH4 differed by three single nucleotide polymor-

phism (SNP) positions, and haplotype NH5 differed from 

the others by 3.7–5.6%. Two genotypes (NH3, NH4) had 

one ambiguous nucleotide “Y” that differed in its posi-

tion within the alignment. Minimal differences were 

Table 3 Necator and Oesophagostomum PCR-positive individuals (gorilla, chimpanzee)/samples (other NHP)

Values in table are presented as the number (n) of animals with the percentage of total given in parentheses where appropriate

Host n PCR-positive 
Necator only

PCR-positive 
Oesophagostomum only

Necator/Oesophagostomum 
co-infections

Necator OR 
Oesophagostomum OR 
both parasites

Chimpanzee 222 100 (45%) 157 (70.7%) 76 (34.2%) 181 (81.5%)

Gorilla 65 35 (53.8%) 51 (78.5%) 30 (46.1%) 56 (86.2%)

Mandrill 12 0 8 0 8

Red-capped mangabey 9 2 5 2 5

Agile mangabey 3 1 2 1 2

Greater spot-nosed monkey 4 1 0 0 1

Total 315 139 223 109 253
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observed among variants NH1–NH4; therefore, these 

will be referred to as haplogroup NH1-4. Haplotype 

NH1 (n = 14) was detected in gorillas and chimpanzees 

from both Gabon and Cameroon (Lobéké and Mam-

bélé), while haplotype NH2, the most frequent haplotype 

(n = 32), was detected only in chimpanzees from both 

countries. Variants NH3 and NH4 were both represented 

by a single sequence and both were detected in chimpan-

zee samples from Mambélé, Cameroon. Haplotype NH5 

was found in a single chimpanzee sample from Mataka-

mangoye, Gabon. Unfortunately, 26 sequences were too 

short to be assigned to one particular haplotype; 23 of 

these sequences were identical to both NH1 and NH2 

(comprising sequences from two gorillas from Mambélé 

and Lobéké, one agile mangabey sample from Mambélé 

and 21 chimpanzees from different study sites), and three 

were identical to NH1, NH2 or NH4 (2 chimps and a 

gorilla from Somalomo).

Nine Necator sp. sequences representing all five 

variants/haplogroups were combined in a final align-

ment of 310  bp, comprising a total of 40 sequences 

(31 accessed from GenBank) of Necator spp. and two 

additional sequences of Bunostomum trigonocephalum 

(GenBank accession numbers AY439022, MG182023) 

added as an outgroup. "e complete list of sequences 

and their assignment to haplogroups can be found in 

Additional file 2: Tables S1-A and S1-B. "e ML phylo-

genetic tree was computed by the HKY + F model. "e 

resulting tree showed two distinct clades, with the first 

comprising only N. americanus sequences, originat-

ing mainly from humans, and the second comprising 

only sequences labelled as Necator sp., originating pre-

dominantly from NHP, which were further divided in 

two sub-clades (Fig. 2). Our haplotype NH5 sequence 

clustered very closely with a sequence of Necator sp. 

type III (AB793535) published by Hasegawa et al. [17] 

that originated from a human from the Central Afri-

can Republic (CAR). All sequences representing the 

other haplogroup (NH1–NH4) clustered in a different 

sub-clade, although the node was not strongly sup-

ported. "is sub-clade also comprised sequences of 

Necator sp. originating from chimpanzees (Uganda), 

Table 4 Occurrence of different species of Necator, Oesophagostomum, Trichuris and Ternidens according to the NHP sampled and the 

collection location

a n is the number of individuals (gorilla, chimpanzee) or samples (other NHP) from which exploitable sequences were obtained

b Numbers indicate the number of high-quality partial sequences of the ITS2 region (138–273 bp) obtained. Haplotypes are shown where applicable

Parasite 
Locality

NHP  speciesa Necator type 
 IIb

Necator type 
 IIIb

O. 
stephanostomumb

O. bifurcumb Oesophagostomum 
spp.b

Trichuris spp.b Ternidens 
deminutusb

Djoum (CAM) Mandrill n = 3 – – – – 3
OH15

– –

Red-capped 
Mangabey n = 2

– – – 1
OH9,12

1
OH13

– –

Somalomo 
(CAM)

Chimpanzee 
n = 17

9
NH2, 1/2, 

1/2/4

– 14
OH1,2,4,5

3
OH9,10,11

- – –

Gorilla n = 26 1
NH2/4

– 26
OH1,2,3,5,7,8

– - – –

Red-capped 
Mangabey n = 1

– – – – 1
OH13,14

– –

Greater spot-
nosed monkey 
n = 2

– – – – – 1 2

Mambélé 
(CAM)

Chimpanzee 
n = 30

10
NH1,2,3,4

– 21
OH1,2,3,4,5

1
OH9

– 1 1

Gorilla n = 8 1
NH1/2

– 8
OH1,2,3

– – - –

Agile Mangabey 
n = 2

1
NH1/2

– 2
OH1,3

– – - –

Greater spot-
nosed monkey 
n = 1

- – – – – - 1

Lobéké NP 
(CAM)

Gorilla n = 4 3
NH1,1/2

– 1
OH1

– – 1 –

Matakaman-
goye (GAB)

Chimpanzee 
n = 108

49
NH1,2

1
NH5

90
OH1,2,3,4,5,6,16

– – – –

Total 74 1 162 5 5 3 4



Page 9 of 18Sirima et al. Parasites Vectors          (2021) 14:354  

gorillas (Gabon, CAR) and a human from CAR [17, 50]. 

Hasegawa et  al. [17] labelled this taxon as Necator sp. 

type II.

Oesophagostomum

Of 227 Oesophagostomum PCR-positive samples we 

obtained 176 high-quality partial sequences of the ITS2 

region (171–174 bp). !ese sequences were subsequently 

unfolded to 214 phased sequences belonging to 17 unique 

haplotypes, labelled OH1–17. !e list of sequences and 

their assignment to haplotypes is provided in Additional 

file 2: Table S2-B. !irteen sequences were too short to 

be distinguished as either haplotype OH1 or OH2. All 

haplotypes but one had some Oesophagostomum species 

as the closest match in BLAST. !e haplotype OH17 (4 

sequences) had a 100% match with a sequence of Ter-

nidens deminutus (AJ888729). !is haplotype comprised 

sequences originating from a chimpanzee and one greater 

spot-nosed monkey from Mambélé and two greater 

spot-nosed monkey samples from Somalomo in Cam-

eroon. !e remaining 16 Oesophagostomum haplotypes, 

together with other available Oesophagostomum spp. 

sequences (n = 45), were used to create an alignment 

(175 bp) to build a ML tree using model K2P + G4. Five 

sequences of O. dentatum served as the outgroup. !e 

list of GenBank sequences used in this analysis is pro-

vided in the Additional file 2: Table S2-A.

In the phylogenetic tree, haplotypes OH9–12 originat-

ing from four chimpanzees and one mangabey sample 

clustered in a strongly supported clade with all O. bifur-

cum sequences (Fig.  3). Our four haplotypes differed 

from each other by 0.6–1.1%, with the pairwise sequence 

distance (PSD) within the whole O. bifurcum clade rang-

ing from 0.6 to 4.6%. !ese four haplotypes originated 

from Cameroon only. Haplotypes OH10 and OH11 came 

from three chimpanzees from Somalomo, haplotype 

OH12 came from a red-capped mangabey from Djoum 

and haplotype OH9 was detected in two chimpanzees 

from Somalomo and one from Mambélé, and the last one 

came from a red-capped mangabey from Djoum (Addi-

tional file 2: Table S2-B).

Fig. 2 Maximum likelihood phylogenetic tree of the internal transcribed spacer 2 (ITS2) region of Necator spp. inferred by HKY + F model. The 

phylogeny was tested by the SH-aLRT nonparametric test (left) and ultrafast bootstrap (right) in 1000 replicates. Only values > 50 (in %) are shown. 

Sequences originating from this study are given in blue. Sequences in bold and those marked with an asterisk indicate haplogroups comprising 

multiple sequences



Page 10 of 18Sirima et al. Parasites Vectors          (2021) 14:354 

Haplotypes OH1–8 and OH16 clustered in a strongly 

supported clade comprising sequences of O. stephanos-

tomum (Fig. 3). !ese haplotypes originated from all our 

study localities except Djoum and were detected in goril-

las, chimpanzees and two agile mangabey samples (Mam-

bélé, Cameroon) (Additional file  2: Table  S2-B). !ese 

haplotypes differed from each other by 0.6–2.9%, and 

the overall PSD in the whole clade reached 6%. Finally, 

haplotypes OH13–15, which clustered with sequences 

of Oesophagostomum spp. originating from different cer-

copithecid monkeys and humans from Uganda, formed 

a clade separated and quite distant from O. stephanos-

tomum, supported only by the SH-like approximate 

likelihood ratio test and not by bootstrap (Fig.  3). Our 

haplotypes originated from two red-capped mangabey 

samples from Somalomo and Djoum, and three mandrill 

samples from Djoum (Additional file 2: Table S2-B). Hap-

lotypes OH13–15 differed by 0.6–2.9%, which is also the 

PSD range for the whole clade. Our haplotypes from O. 

bifurcum clade (OH9–12) differed from O. stephanos-

tomum haplotypes OH1–8 and OH16 by 1.7–4.6% and 

from Oesophagostomum spp. haplotypes by 5.2–8%. A 

similar difference was observed between our O. stepha-

nostomum and Oesophagostomum spp. haplotypes, vary-

ing between 4.6 and 8%.

Trichuris

In one PCR-positive sample, the sequencing of Tri-

churis was not successful. !e region spanning the ITS1, 

5.8S and ITS2 (467–703  bp) was amplified from three 

samples originating from a gorilla, a chimpanzee and a 

greater spot-nosed monkey from Lobéké, Mambélé and 

Somalomo, Cameroon, respectively. All three sequences 

were identical in the 416-bp overlapping region of ITS2. 

!e final alignment of 625 bp from the ITS region used 

for phylogenetic analysis comprised 113 sequences of 

Trichuris spp. A sequence of T. vulpis (GenBank Acces-

sion number AM234616) was used as an outgroup. !e 

complete list of sequences and their assignment to haplo-

groups is given in Additional file 2: Table S3. In the phy-

logenetic tree computed by the TN + F + R2 model, our 

sequences clustered in a strongly supported clade con-

taining sequences of T. trichiura and Trichuris spp. origi-

nating from humans and NHP, such as Pan troglodytes, 

Cercopithecus spp., Colobus spp., Papio spp., Chloroce-

bus aethiops and Procolobus rufomitratus from Uganda, 

Cameroon, South Africa and some European zoos (Fig. 4; 

Additional file 3: Figure S1).

Co-infections confirmed by sequencing results

Of the 76 chimpanzees in which co-infection with 

Oesophagostomum and Necator was detected by our 

optimised PCR assay, we obtained sequences exploitable 

for phylogenetic analyses for 43 of them, corresponding 

to a 56.6%f success rate; for gorillas, we obtained only 

two high-quality pairs of sequences from 30 PCR-pos-

itive samples for both of these parasites. !e remaining 

sequences were not included in the alignments used in 

the ML phylogenetic analyses because they were of lower 

quality (< 138 bp) or displayed a background noise with 

too many unresolved degenerated nucleotides. However, 

PCR results clearly displayed two separate bands corre-

sponding to the amplicon sizes expected for Necator and 

Oesophagostomum.

Co-occurrence of O. stephanostomum and Neca-

tor sp. type II was quite common and was detected in 

33 chimpanzees from Matakamangoye, Gabon, seven 

chimpanzees and one gorilla from Somalomo, Cam-

eroon and one chimpanzee and one gorilla from Mam-

belé, Cameroon. Co-infection with O. bifurcum and 

Necator sp. type II occurred in one chimpanzee from 

Matakamangoye, Gabon, and in one chimpanzee from 

Mambelé, Cameroon. In one greater spot-nosed mon-

key sample from Somalomo, Cameroon, the presence 

of Trichuris sp. and Ternidens deminutus was detected. 

Finally, one gorilla in Lobéké NP, Cameroon, tested 

positive for Trichuris sp. and Necator sp. type II. A 

check-list of co-infections confirmed by sequencing is 

provided in Additional file 1: Table S3.

Discussion

To the best of our knowledge, this is the first study to 

assess the prevalence and genetic diversity of STH in 

these regions of Cameroon and Gabon. Our results show 

that the prevalence of Oesophagostomum and Necator 

was relatively high in gorillas and chimpanzees; in con-

trast, Trichuris infection was low and Ascaris was absent. 

Previous studies of free-ranging gorillas from Dzanga 

Sangha Protected Areas, CAR and the Moukalaba-Dou-

dou NP, Gabon, reported a similar prevalence of Necator 

and Oesophagostomum [27, 51]. Trichuris and Ascaris 

have also been detected in gorillas in Gabon and Rwanda, 

but at very low prevalence [51, 52]. In chimpanzees, 

the prevalence of Necator and Oesophagostumum was 

reported at relatively high rates in chimpanzee popula-

tions living in primary and secondary forest habitats in 

Lopé, Gabon [23]; Dzanga‐Ndoki, CAR [53]; Budongo 

[54], Sebitoli, [7], Kibale [6, 19, 28] and Bulindi [18, 55], 

Uganda; Gombe [56, 57] and Mahale [13], Tanzania. !is 

was not the case for chimpanzees living in dry savanna 

habitats, where conditions for the survival and transmis-

sion of parasites with free-living stages are more diffi-

cult [53, 58]. Trichuris and Ascaris infections have been 

detected at a low (< 10%) or very low prevalence [23, 

28, 53, 56, 59–61], with the exception of a chimpanzee 
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community in Mahale, Tanzania [54] and one in Cantan-

hez NP, Republic of Guinea Bissau [62]. However, due to 

the variety of different detection techniques used in these 

studies (microscopy and molecular analyses), the results 

of the majority of these studies are not directly compara-

ble, thereby making it difficult to assess and understand 

meaningful differences both within and between popula-

tions. In our study, Oesophagostomum was detected in all 

NHP species with the exception of the greater spot-nosed 

monkeys, while Necator was detected in the greater spot-

nosed monkey and both mangabey species but not in 

mandrills. As we analysed only a limited number of sam-

ples from these NHP species, we were not able to com-

pare our results with those from previously published 

studies and, therefore, we cannot speculate on whether 

arboreal monkeys have a lower exposure to infective 

larvae or eggs than the more terrestrial NHP. Among 

the NHP species we investigated, only the greater spot-

nosed monkeys are almost exclusively arboreal; all of 

the other species are semi-terrestrial to varying degrees 

[63, 64], with gorillas being primarily terrestrial. Previ-

ous research reported a 41% Oesophagostomum preva-

lence in arboreal red colobus monkeys compared to 100% 

Fig. 3 Maximum likelihood phylogenetic tree of the ITS2 region of Oesophagostomum spp. inferred using model K2P + G4. The phylogeny was 

tested by the SH-aLRT nonparametric test (left) and ultrafast bootstrap (right) in 1000 replicates. Only values > 50 (in %) are shown. Sequences 

originating from this study are given in blue. Sequences in bold and those marked with an asterisk indicate haplogroups comprising multiple 

sequences. Symbols and colour codes are as described in Fig. 2 caption
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prevalence observed in sympatric chimpanzees, in Kibale 

NP, Uganda [15]. However, other factors (phylogenetic 

proximity, social structure and interactions, co-infection 

with other parasites, etc.) may contribute to determine 

susceptibility, as reported in the study conducted at 

Mahale Mountains NP, Tanzania where Oesophagosto-

mum was present in all examined NHP species but prev-

alence was higher in arboreal red-tailed monkeys and red 

colobus compared to baboons [65].

We did not observe any sex difference in the prevalence 

of Oesophagostomum spp. and Necator spp. in chim-

panzees. In this aspect, our results corroborate those of 

other epidemiological investigations in wild NHP [6, 27, 

28, 30, 56]. However, sex differences in parasitic infection 

are commonly observed in many animals [32] although 

infection rates can fluctuate according to seasons. Other 

factors, such as breeding, hunting season and territory 

defence, can increase stress and have an impact on the 

immunity level of animals and on their susceptibility to 

parasitic infections [32, 66, 67].

In our study sites in Cameroon and in Gabon, and, in 

general, across an increasing number of territories, NHP 

are found in degraded forests and plantations or farmed 

landscapes near human settlements. Even national parks 

struggle to limit human activities, such as timber extrac-

tion, non-timber resource exploitation and hunting. In 

the Lobéké NP, for example, 443,825 hectares are set 

aside for sport hunting and another 271,945 hectares for 

community-managed hunting [68], and the BaAka peo-

ple are allowed to go into the park to fish and harvest 

non-timber forest products. Somalomo, a small town 

(approx. 1000 inhabitants) located in the East Region of 

Cameroon, near the border with the Centre and South 

Regions, at the edge of the Dja Faunal Reserve, was 

the site in our study with the highest infection for both 

Oesophagostomum and Necator in chimpanzees and 

gorillas. Despite the anthropogenic pressure exerted on 

all territories, we did not find a single NHP infected with 

Necator americanus, a typical human parasite. However, 

we cannot exclude the possibility that N. americanus 

Fig. 4 Maximum likelihood phylogenetic tree of the ITS2 region of Trichuris spp. inferred using the TN + F + R2 model. The phylogeny was tested 

by the SH-aLRT nonparametric test (left) and ultrafast bootstrap (right) in 1000 replicates. Only values > 50 (in %) are shown. Sequences originating 

from this study are given in blue. Sequences in bold and those marked with an asterisk indicate haplogroups comprising multiple sequences. 

Symbols and colour codes are as described in Fig. 2
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occurred in our study populations. A next-generation 

sequencing approach may allow the detection of co-

infections with different Necator species and improve 

the quality of the sequences obtained. Possible events of 

zoonotic transmission of N. americanus have been previ-

ously reported in gorillas, chimpanzees and other NHP 

[69–72]. Hasegawa and colleagues [17] provided the first 

molecular evidence that N. americanus parasitises wild 

western lowland gorillas, but at a much lower prevalence 

than reported in humans; it was also the first study to 

report the identification of Necator species other than N. 

americanus in humans. !ese authors proposed that the 

worms with cox1 of groups B or C (and ITS types II or III) 

are species distinct from N. americanus and concluded 

that the infective larvae examined corresponded to other 

hookworms previously described in the great apes, i.e., N. 

congolensis, N. exilidens or N. gorillae [73, 74]. !e Neca-

tor we detected clearly belong to the type II species and 

one specimen also probably belonged to the type III spe-

cies. Type II Necator was detected in one sample of agile 

mangabey in Mambélé, which expands the spectrum of 

hosts to cercopithecid monkeys.

For nodular worms, we found three different clades 

that probably represent three separate species among our 

surveyed NHP. !e majority of our sequences belonged 

to nine haplotypes (OH1–OH8, plus OH16) that clus-

tered with O. stephanostomum. !e species was detected 

in both great ape species at all study sites in most of the 

tested samples and, in addition, in two agile mangabey 

samples from Mambélé. Within the study sites, we found 

an apparent sharing of certain haplotypes among NHP 

hosts, especially OH1, which was detected in all host spe-

cies and at all study sites. On the other hand, it is possible 

that some haplotypes are site- or host-specific (e.g. OH16 

was found only in Gabon; OH7 and OH8 were found only 

in gorillas; and OH5 was found only in chimpanzees).

Our findings confirm that O. stephanostomum is the 

predominant species in great apes [6, 7, 15, 55, 75]. !is 

species seems to be specific to NHP, as previous studies 

in Gabon, Democratic Republic of the Congo and CAR 

failed to find zoonotic infections with O. stephanosto-

mum in humans living in sympatry with infected chim-

panzee or gorilla populations [10, 27, 51]. However, some 

zoonotic transmission may be possible, as shown by a 

study from Uganda [7].

A second clade clustering with O. bifurcum included 

four haplotypes (OH9–12) detected in chimpanzees 

and a red-capped mangabey at three study sites in Cam-

eroon. Haplotype OH9 was found at all three study sites 

in both host species. In contrast to O. stephanostomum, 

human infection with O. bifurcum is well documented, 

but the records are mostly restricted to northern Togo 

and northern Ghana [76]. !is parasite has a zoonotic 

potential, as proven in a study which demonstrated the 

susceptibility of rhesus monkeys to infection with O. 

bifurcum isolated from humans, albeit at low levels [77]. 

Interestingly, studies from Kibale NP in Uganda [7, 15] 

show the transmission of O. stephanostomum and one 

undetermined Oesophagostomum species among sympa-

tric NHP and humans, while no O. bifurcum was found in 

humans. No O. bifurcum was detected in our gorilla sam-

ples, corroborating the results of a previous study from 

Gabon where only a single population of O. stephanosto-

mum, with notable molecular variations, was prevalent 

in western lowland gorillas [51]. Past studies have shown 

that O. bifurcum is rarely found in great apes, but it is 

common in other NHP species [55]. A study conducted 

in the CAR reported a high prevalence of this strongylid 

in mangabeys but a low relative abundance in gorillas 

and chimpanzees [27]. Mixed infections with O. stepha-

nostomum and O. bifurcum have been reported in chim-

panzees in Bulindi NP and Kibale NP [6, 7, 55]. In our 

samples, we did not detect this co-infection.

Lastly, our haplotypes OH13–OH15, found in man-

drills from Djoum and in a red-capped mangabey from 

Somalomo, Cameroon, clustered with an undetermined 

Oesophagostomum sp. !ese haplotypes probably repre-

sent a separate species, and they cluster with sequences 

sampled in a survey from Kibale, Uganda, where this 

Oesophagostomum sp. strain, shared by different cerco-

pithecid monkeys and humans, was first reported [15]. 

Further studies are clearly needed to clarify the phylo-

genetic relationship among Oesophagostomum species 

infecting African human populations and NHP.

Four sequences, originating from a chimpanzee and 

one greater spot-nosed monkey from Mambélé, and 

two greater spot-nosed monkey samples from Som-

alomo, Cameroon, matched with a sequence of Ter-

nidens deminutus (data not shown). Ternidens infections 

of monkeys, chimpanzees, gorillas and baboons have 

been reported throughout sub-Saharan Africa and Asia 

[27, 78]. Ternidens deminutus is thought to be a zoono-

sis acquired from NHP, although some “spillback” from 

humans to monkey populations may also occur in some 

areas [79]. !e possible presence of multiple cryptic spe-

cies has been suggested, with a human-specific haplotype 

of the parasite existing alongside several host-specific 

NHP genotypes. !is theory is supported by the analo-

gous presence of several host-specific haplotypes, includ-

ing a human-specific haplotype, in the genetically similar 

helminth species O. bifurcum [80]. Ternidensiasis most 

commonly has a similar clinical picture as oesophagos-

tomiasis, with multiple intestinal abscess nodules or hel-

minthomas of the large intestine [79].

Finally, we found evidence of a significant overabun-

dance of co-infections with Oesophagostomum and 
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Necator, corroborating previous observations of co-

infections in chimpanzees with hookworms and nodular 

worms in Uganda [18, 27]. Indeed, the relative overabun-

dance of parasite co-infection appears to be common 

in many host species [81, 82]. In fact, our results may 

underestimate the actual number of co-infections 

because conventional PCR followed by Sanger sequenc-

ing has its limitations in terms of discriminating between 

the presence of multiple strongylid species/lineages in a 

single sample.  e low rate of high-quality sequences we 

obtained may also be explained by the presence of para-

site co-infections in the samples analysed.

Regarding the health impact of these STH on their 

host, hookworms produce wounds that will constantly 

bleed by using their buccal capsules to attach to the 

mucosal surfaces of the host’s small intestine [83, 84]. In 

addition to blood loss, this process is responsible for sec-

ondary bacterial infections and significant inflammation 

in the mucosae, impairing digestion and absorption [85]. 

 erefore, the main adverse effects of these hematopha-

gous parasites recorded in humans, domestic animals and 

wildlife species are anaemia, retarded growth, secondary 

bacteraemia and mortality [83, 85–88]. Oesophagosto-

mum infections are responsible for oesophagostomiasis, 

an uninodular or multinodular disease with symptoms in 

NHP raised in sanctuaries (acute weakness and abdomi-

nal pain, vomiting, diarrhoea and weight loss) that are 

similar to those recorded in severely ill human patients 

[89]. Bowel obstruction, nodule rupture resulting in peri-

tonitis, hepatic complications, among others are the signs 

observed during post-mortem examinations of captive 

chimpanzees and gorillas [90, 91]. In the wild, the health 

impact of nodular worm infection in NHP has been 

found to be variable. On the one hand, pathologic lesions 

associated with Oesophagostomum spp. infection have 

been described in wild chimpanzees from Kibale NP and 

Mahale in Uganda (Pan troglodytes schweinfurthii), Taï 

NP in Cote d’Ivoire (Pan troglodytes verus) and Gombe 

NP in Tanzania (Pan troglodytes schweinfurthii) [13, 14, 

92]. In Gombe NP, chimpanzees suffered from weight 

loss and other clinical signs suggestive of significant 

infections [14]. On the other hand, in other NHP popu-

lations, Oesophagostomum infections did not appear to 

affect the host’s overall health [92]. With the exceptions 

mentioned above, the rarity of overt clinical signs of dis-

ease linked to specific intestinal parasites in wild apes 

suggests that infections by many species are tolerated 

and/or mediated by self-medicative behaviours, such 

as leaf swallowing [13, 18, 92, 93]. Clinical differences 

between free-ranging and (semi-) captive populations 

could be explained by differences in stress level, limited 

space, proximity of individuals, deworming procedures, 

infection with human strains, closer monitoring and the 

easier diagnosis in NHP living in sanctuaries [92]. Given 

the perspective of a shrinking natural habitat combined 

with the increasing sharing of habitat between humans 

and NHP, these pathologies represent a major threat to 

human and NHP health.

Among the 315 samples tested, only four (one gorilla, 

two chimpanzees and a greater spot-nosed monkey) were 

positive for Trichuris sp.  ree sequences were exploita-

ble and clustered together with T. trichiura and Trichuris 

spp. originating from humans and other NHP.  e low 

prevalence detected is comparable with that recorded 

for chimpanzees in many other localities [13, 23, 60, 94]. 

However, some notable exceptions of high prevalence of 

infection have been reported in chimpanzee populations 

in Cantanhez NP in Guinea-Bissau (15% prevalence) and 

at Mont Assirik in Senegal (50% prevalence) [62, 95]. 

Other studies focused primarily on the genetic diversity 

of this nematode, mostly from captive settings with only 

a few more reporting low prevalence in the wild NHP 

populations studied [16, 21, 96, 97]. For a long time, T. 

trichiura has been described as a species with low host 

specificity, infecting human and NHP alike; recent stud-

ies have brought to light the existence of multiple line-

ages, probably cryptic species, of Trichuris that seem to 

be more host specific than expected [98]. Additionally, 

two species of Trichuris were recently described in NHP, 

namely T. colobae from Colobus guereza kikuyensis [99] 

and T. ursinus from Papio ursinus [100].

We did not detect any Ascaris sp. in any of the wild 

NHP species analysed, corroborating the results of pre-

vious research. Roundworms of the genus Ascaris are 

frequently found in captive chimpanzees but are not 

common in their wild counterparts [101, 102]. Alto-

gether, parasites such as Trichuris and Ascaris seem to 

be almost absent (or occur at low prevalence) in the wild, 

contrary to what has been observed in captive gorillas 

both in zoos and sanctuaries [103].

Conclusions

 is study reports new information on the occurrence 

and genetic diversity of STH infecting six different 

NHP species living in Cameroon and Gabon. Spillover 

and spillback processes may play an important role in 

the maintenance of STH burden at the human–wildlife 

interface. Our results highlight the need for a better 

understanding of potential parasite-sharing between 

humans and NHP. On the one hand, a sylvatic STH 

reservoir could increases the risk of infection, particu-

larly among human populations living in close prox-

imity to NHP; on the other hand, proximity to human 

settlements may pose a threat to NHP health by facili-

tating the transmission of STH species or strains with 

lower host specificity. For STH diagnostics, molecular 
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assays appear to be more sensitive for species identi-

fication than microscopy, particularly at low infection 

intensities [104, 105]. To demonstrate similarities and 

differences in STH infecting humans and NHP, exten-

sive sequencing of both human and NHP isolates will 

need to be performed. While current molecular assays 

targeting ribosomal and mitochondrial sequences have 

vastly improved the sensitivity of the diagnosis of STH 

infections, some DNA markers often lack the speci-

ficity required to discriminate between different spe-

cies within the same genus, which is crucial in studies 

of parasite-sharing across different host species. !e 

recent development of next-generation sequencing-

based DNA analysis applicable to primate parasites 

[106–108] allows these complex communities to be 

identified and described; moreover, this methodology 

approach should be used more extensively, as it is capa-

ble of detecting rare and cryptic species. In conclusion, 

calls for better control of STH require an improved 

understanding of their epidemiology, genetic diversity 

and degree of zoonotic transmission.
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Table S1 Number of chimpanzees, gorillas or the two species combined, positive or negative 

for Oesophagostomum sp. coinfected or not with Necator sp. (values under the null 

hypothesis of co-infections occurring more often than expected by chance, are shown in 

parentheses) 

 

Chimpanzees   Necator sp.   
   Positive Negative Total Two-tailed probability 

Oesophagostomum sp. 

Positive 76 (70.7) 81 (86.3) 157 
0.139 

Negative 24 (29.3) 41 (35.7) 65 

Total 100 122 222   

   

Gorillas   Necator sp.   
   Positive Negative Total Two-tailed probability 

Oesophagostomum sp. 

Positive 30 (27.5) 21 (23.5) 51 
0.143 

Negative 5 (7.5) 9 (6.5) 14 

Total 35 30 65   

   

Chimpanzees and 

Gorillas  
  Necator sp. 

  

 
 Positive Negative Total Two-tailed probability 

Oesophagostomum sp. 

Positive 107 (98.3) 102 (110.7) 209 
0.023 

Negative 28 (36.7) 50 (41.3) 78 

Total 135 152 287   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2 Number of female and male chimpanzees positive or negative for 

Oesophagostomum sp. and for Necator sp. and comparison of prevalence between sexes 

(expected frequencies per null hypothesis in parenthesis) 

 

 

Parasite species Sex No. positives (%) No. negatives Total P-value 

Oesophagostomum sp. Females 32 (80.0) 8 40 0.645 

 Males  55 (74.3) 19 74  

 Total 87 (73.3) 27 114  

Necator sp. Females 16 (40.0) 24 40 0.326 

 Males  38 (51.4) 36 74  

 Total  54 (47.4) 60 114  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3 Check-list of co-infections confirmed by sequencing 

 

 Host and location Necator Type II O. stephanostomum O. bifurcum Trichuris sp. 
Ternidens 

deminutus 

Chimpanzee (N=33) 
Matakamangoye (GAB) x x   

Chimpanzee (N=1) 

Somalomo (CAM) x x   

Chimpanzee (N=7) 
Somalomo (CAM) x x   

Gorilla (N=1)        

Somalomo (CAM) x x   

Greater spot-nosed 

monkey (N=1) Somalomo 

(CAM) 

   x x 
Agile mangabey (N=1) 

Mambélé (CAM) x x   

Chimpanzee (N=1)  
Mambélé (CAM) x  x 
Chimpanzee (N=1)  

Mambélé (CAM) x    

Chimpanzee (N=1)  

Mambélé (CAM) x x   

Gorilla (N=1)          
Mambélé (CAM) x x   

Gorilla (N=1)             

Lobéké NP x     x   
 



Table S1-A 

List of Necator ITS2 sequences from GenBank used in this study and their assignment to 

haplogroups, together with the information on the host and locality. The sequences in bold are 

representatives for the given haplogroup and were used in the phylogenetic tree. 

 
Haplogroup Sequence Organism Host  Locality 

1 AB793530 Necator sp. Homo sapiens CAR 

 LC088241 Necator sp. P. troglodytes Uganda 

 LC088242 Necator sp. P. troglodytes Uganda 

 LC088245 Necator sp. P. troglodytes Uganda 

 LC088247 Necator sp. P. troglodytes Uganda 

 LC088252 Necator sp. P. troglodytes Uganda 

 LC088254 Necator sp. P. troglodytes Uganda 

 LC088256 Necator sp. P. troglodytes Uganda 

 LC088257 Necator sp. P. troglodytes Uganda 

 LC088258 Necator sp. P. troglodytes Uganda 

 LC088261 Necator sp. P. troglodytes Uganda 

 LC088263 Necator sp. P. troglodytes Uganda 

 LC088265 Necator sp. P. troglodytes Uganda 

 LC088266 Necator sp. P. troglodytes Uganda 

 LC088267 Necator sp. P. troglodytes Uganda 

 LC088268 Necator sp. P. troglodytes Uganda 

 LC088275 Necator sp. P. troglodytes Uganda 

 LC088277 Necator sp. P. troglodytes Uganda 

 LC088280 Necator sp. P. troglodytes Uganda 

 LC088281 Necator sp. P. troglodytes Uganda 

 LC088282 Necator sp. P. troglodytes Uganda 

 LC088283 Necator sp. P. troglodytes Uganda 

 LC088285 Necator sp. P. troglodytes Uganda 

 AB793529 Necator sp. Homo sapiens CAR 

 LC088259 Necator sp. P. troglodytes Uganda 

 LC088298 Necator sp. G. g. gorilla Gabon 

 LC088299 Necator sp. G. g. gorilla Gabon 

 LC088269 Necator sp. P. troglodytes Uganda 

 LC088243 Necator sp. P. troglodytes Uganda 

 LC088250 Necator sp. P. troglodytes Uganda 

 AB793533 Necator sp. Homo sapiens CAR 

2 LC088240 Necator sp. P. troglodytes Uganda 

3 LC088248 Necator sp. P. troglodytes Uganda 

4 LC088278 Necator sp. P. troglodytes Uganda 

5 LC088262 Necator sp. P. troglodytes Uganda 

6 AB793534 Necator sp. G. g. gorilla CAR 

7 AB793535 Necator sp. Homo sapiens CAR 

8 KM487279 Necator sp. P. paniscus DRC 

9 MG770106 N. americanus Homo sapiens Ghana 

 MG770099 N. americanus Homo sapiens Ghana 

 MG770101 N. americanus Homo sapiens Ghana 

 MG770105 N. americanus Homo sapiens Ghana 

 MG770107 N. americanus Homo sapiens Ghana 

 MH665842 N. americanus Homo sapiens Brazil 

 AB793527 N. americanus Homo sapiens CAR 

 AF217891 N. americanus Homo sapiens Guatemala 

 KM487278 N. americanus Homo sapiens DRC 

10 KC632571 N. americanus Homo sapiens Australia 

 MG770100 N. americanus Homo sapiens Ghana 

 MG770104 N. americanus Homo sapiens Ghana 

11 HQ452543 N. americanus Homo sapiens Malaysia 



 LC036563 N. americanus Homo sapiens Japan 

 JF960370 N. americanus Homo sapiens Malaysia 

 JF960374 N. americanus Homo sapiens Malaysia 

 JF960387 N. americanus Homo sapiens Malaysia 

 JF960388 N. americanus Homo sapiens Malaysia 

 JF960392 N. americanus Homo sapiens Malaysia 

 JF960395 N. americanus Homo sapiens Malaysia 

 JF960401 N. americanus Homo sapiens Malaysia 

12 JF960376 N. americanus Homo sapiens Malaysia 

 JF960375 N. americanus Homo sapiens Malaysia 

13 JF960400 N. americanus Homo sapiens Malaysia 

 HQ452537 N. americanus Homo sapiens Malaysia 

 HQ452539 N. americanus Homo sapiens Malaysia 

 HQ452540 N. americanus Homo sapiens Malaysia 

 HQ452541 N. americanus Homo sapiens Malaysia 

 HQ452542 N. americanus Homo sapiens Malaysia 

 KM891738 N. americanus N/A N/A 

 KC632569 N. americanus Homo sapiens Australia 

 KU513968 N. americanus Homo sapiens Iran 

 JF960373 N. americanus Homo sapiens Malaysia 

 JF960377 N. americanus Homo sapiens Malaysia 

 JF960382 N. americanus Homo sapiens Malaysia 

 JF960384 N. americanus Homo sapiens Malaysia 

 JF960385 N. americanus Homo sapiens Malaysia 

 JF960389 N. americanus Homo sapiens Malaysia 

 JF960391 N. americanus Homo sapiens Malaysia 

 JF960396 N. americanus Homo sapiens Malaysia 

 JF960397 N. americanus Homo sapiens Malaysia 

 JF960399 N. americanus Homo sapiens Malaysia 

14 JF960380 N. americanus Homo sapiens Malaysia 

15 JF960381 N. americanus Homo sapiens Malaysia 

16 LC088287 N. americanus G. g. gorilla Gabon 

17 Y11734 N. americanus Homo sapiens Togo 

18 MG770102 N. americanus Homo sapiens Ghana 

19 MG770103 N. americanus Homo sapiens Ghana 

20 MK036419 N. americanus Homo sapiens China 

21 JF960383 N. americanus Homo sapiens Malaysia 

22 JF960372 N. americanus Homo sapiens Malaysia 

23 AJ001600 N. americanus Homo sapiens Malaysia 

24 JF960393 N. americanus Homo sapiens Malaysia 

25 JF960390 N. americanus Homo sapiens Malaysia 

26 JF960378 N. americanus Homo sapiens Malaysia 

27 LC036565 N. americanus Homo sapiens Laos 

28 KU855047 N. americanus soil Thailand 

29 JF960386 N. americanus Homo sapiens Malaysia 

30 JF960403 N. americanus Homo sapiens Malaysia 

31 KU855048 N. americanus soil Thailand 

 
N/A – not available 

CAR – Central African Republic 

DRC – Democratic Republic of the Congo 

 

 

 

 

 

 



Table S1-B 

List of Necator ITS2 sequences generated in this study and their assignment to the 

haplogroups, together with the information on the host and locality. The sequences in bold are 

representatives for the given haplogroup and were used in the phylogenetic tree. 

 
Variant Sequence Accession 

number 

Host  Locality 

NH1 (38 T, 228 T, 265A) 2352_CHI_GAB MW528542 P. t. troglodytes Gabon, MKT 

(n= 14) 951_CHI_GAB  P. t. troglodytes Gabon, MKT 

 962_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1279_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1298_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1299_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1332L_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1342_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1347_CHI_GAB  P. t. troglodytes Gabon, MKT 

 2334_CHI_GAB  P. t. troglodytes Gabon, MKT 

 2347_CHI_GAB  P. t. troglodytes Gabon, MKT 

 2496_GOR_CAM  G. g. gorilla Cameroon, LB 

 5151_CHI_CAM MW621489 P. t. troglodytes Cameroon, MB 

 9964_GOR_CAM MW621492 G. g. gorilla Cameroon, LB 

NH2 (38 T, 22 T, 265 T) 941_CHI_GAB MW528538 P. t. troglodytes Gabon, MKT 

(n= 32) 770_CHI_CAM MW528539 P. t. troglodytes Cameroon, MB 

 771_CHI_CAM  P. t. troglodytes Cameroon, MB 

 776_CHI_CAM  P. t. troglodytes Cameroon, MB 

 888_CHI_CAM  P. t. troglodytes Cameroon, MB 

 932_CHI_GAB  P. t. troglodytes Gabon, MKT 

 934_CHI_GAB  P. t. troglodytes Gabon, MKT 

 939_CHI_GAB  P. t. troglodytes Gabon, MKT 

 956_CHI_CAM  P. t. troglodytes Cameroon, SOM 

 957_CHI_CAM MW621486 P. t. troglodytes Cameroon, SOM 

 960_CHI_CAM  P. t. troglodytes Cameroon, SOM 

 987_CHI_GAB  P. t. troglodytes Gabon, MKT 

 990_CHI_GAB  P. t. troglodytes Gabon, MKT 

 998_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1002_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1008_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1015_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1021_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1022_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1169_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1179_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1237_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1250_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1296_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1334_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1343_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1464_CHI_GAB  P. t. troglodytes Gabon, MKT 

 2340_CHI_GAB  P. t. troglodytes Gabon, MKT 

 2349_CHI_GAB  P. t. troglodytes Gabon, MKT 

 2364_CHI_GAB  P. t. troglodytes Gabon, MKT 

 2366_CHI_GAB  P. t. troglodytes Gabon, MKT 

 8386_CHI_CAM  P. t. troglodytes Cameroon, MB 

NH3 (38 C, 228 Y, 265 

N/A) 

6954_CHI_CAM MW528536 P. t. troglodytes Cameroon, MB 

NH4 (38 Y, 228 A, 265 

T) 
5135_CHI_CAM MW528540 P. t. troglodytes Cameroon, MB 



NH5 945_CHI_GAB MW528535 P. t. troglodytes Gabon, MKT 

NH1 or NH2  1297_CHI_GAB MW528541 P. t. troglodytes Gabon, MKT 

(n= 23) 9965_GOR_CAM MW528537 G. g. gorilla Cameroon, LB 

 889_CHI_CAM  P. t. troglodytes Cameroon, MB 

 937_CHI_GAB  P. t. troglodytes Gabon, MKT 

 962_CHI_CAM MW621487 P. t. troglodytes Cameroon, SOM 

 963_CHI_CAM  P. t. troglodytes Cameroon, SOM 

 965_CHI_CAM  P. t. troglodytes Cameroon, SOM 

 984_CHI_CAM  P. t. troglodytes Cameroon, SOM 

 988_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1214_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1241_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1243_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1253_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1267_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1275_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1291_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1320_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1336_CHI_GAB  P. t. troglodytes Gabon, MKT 

 1344_CHI_GAB  P. t. troglodytes Gabon, MKT 

 2318_CHI_GAB  P. t. troglodytes Gabon, MKT 

 5150_AGILIS_CAM MW621488 C. agilis Cameroon, MB 

 6949_CHI_CAM MW621490 P. t. troglodytes Cameroon, MB 

 10017_GOR_CAM MW621493 G. g. gorilla Cameroon, MB 

NH1, NH2 or NH4 966_CHI_CAM MW528543 P. t. troglodytes Cameroon, SOM 

 4877_CHI_CAM  P. t. troglodytes Cameroon, SOM 

 9824_GOR_CAM MW621491 G. g. gorilla Cameroon, SOM 

 
MB – Mambélé; MKT – Makamangoye; LB – Lobéké National Park; SOM – Somalomo. Positions are 

numbered based on the alignment of all obtained sequences.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2-A 

List of Oesophagostomum spp. ITS2 sequences from GenBank used in this study and their 

assignment to haplogroups (HG), together with the information on host and locality. The 

sequences in bold are representatives for the given haplogroup and were used in the 

phylogenetic tree. 

 
HG Sequence Organism Host  Locality 

1. KM487277.1 O. stephanostomum Pan paniscus DRC 

2. KF250614.1 O. stephanostomum Cercopithecus mitis Uganda 

 KF250588.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250594.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250598.1 O. stephanostomum Colobus guereza Uganda 

 KF250599.1 O. stephanostomum Colobus guereza Uganda 

 KF250612.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250613.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250615.1 O. stephanostomum Cercopithecus mitis Uganda 

 KF250616.1 O. stephanostomum Red colobus Uganda 

 KF250617.1 O. stephanostomum Red colobus Uganda 

 KF250618.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250619.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250631.1 O. stephanostomum Pan troglodytes Uganda 

 KF250634.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250635.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250637.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250638.1 O. stephanostomum Red colobus Uganda 

 KF250643.1 O. stephanostomum Pan troglodytes Uganda 

 KF250653.1 O. stephanostomum Cercopithecus mitis Uganda 

 KR149649.1 O. stephanostomum P. t. schweinfurthii Uganda 

 KR149650.1 O. stephanostomum Colobus guereza Uganda 

 KT865106.1 O. stephanostomum Pan troglodytes Tanzania 

 KT865108.1 O. stephanostomum Pan troglodytes Tanzania 

3. KF250648.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250585.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250586.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250592.1 O. stephanostomum Cercopithecus ascanius Uganda 

 KF250595.1 O. stephanostomum Lophocebus albigena Uganda 

 KF250605.1 O. stephanostomum Cercopithecus mitis Uganda 

 KF250606.1 O. stephanostomum Cercopithecus mitis Uganda 

 KF250639.1 O. stephanostomum Pan troglodytes Uganda 

 KF250640.1 O. stephanostomum Pan troglodytes Uganda 

 KF250641.1 O. stephanostomum Pan troglodytes Uganda 

 KF250642.1 O. stephanostomum Pan troglodytes Uganda 

 KF250644.1 O. stephanostomum Lophocebus albigena Uganda 

 KF250647.1 O. stephanostomum Pan troglodytes Uganda 

4. KR149651.1 O. stephanostomum Homo sapiens Uganda 

5. KT865109.1 O. stephanostomum Pan troglodytes Tanzania 

6. KT865107.1 O. stephanostomum Pan troglodytes Tanzania 

 AB821022.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821014.1 O. stephanostomum Gorilla gorila gorilla Gabon 

7. LC063699.1 O. stephanostomum P. t. schweinfurthii Uganda 

8. LC063706.1 O. stephanostomum P. t. schweinfurthii Uganda 

9. LC063708.1 O. stephanostomum P. t. schweinfurthii Uganda 

10. AB821015.1 O. stephanostomum Gorilla gorila gorilla Gabon 

11. AB821016.1 O. stephanostomum Gorilla gorila gorilla Gabon 

12. AB821025.1 O. stephanostomum Pan troglodytes Gabon 

13. KR149646.1 O. stephanostomum P. t. schweinfurthii Uganda 

 AB821013.1 O. stephanostomum Gorilla gorila gorilla Gabon 



 AB821017.1 O. stephanostomum Pan troglodytes Gabon 

 AB821018.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821019.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821020.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821021.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821023.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821024.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821026.1 O. stephanostomum Pan troglodytes Gabon 

 AB821027.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821028.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821029.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821030.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 AB821031.1 O. stephanostomum Gorilla gorila gorilla Gabon 

 KR149647.1 O. stephanostomum Homo sapiens Uganda 

 KT592235.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063697.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063698.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063700.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063701.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063702.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063703.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063704.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063705.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063707.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063709.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063710.1 O. stephanostomum P. t. schweinfurthii Uganda 

 LC063711.1 O. stephanostomum P. t. schweinfurthii Uganda 

14. KR149648.1 O. stephanostomum P. t. schweinfurthii Uganda 

15. AF136575.1 O. bifurcum Cercopithecus mona Ghana 

16. AF136576.1 O. stephanostomum Pan troglodytes Tanzania 

17. KF250649.1 O. bifurcum Cercopithecus lhoesti Uganda 

 KF250589.1 O. bifurcum Red colobus Uganda 

18. KF250654.1 O. bifurcum Papio anubis Uganda 

 KF250626.1 O. bifurcum Red colobus Uganda 

19. KF319025.1 O. bifurcum Macaca fascicularis China 

 KF319024.1 O. bifurcum Macaca fascicularis China 

20. KF319026.1 O. bifurcum Macaca fascicularis China 

21. KR149652.1 O. bifurcum Papio anubis Uganda 

22. KR149653.1 O. bifurcum P. t. schweinfurthii Uganda 

23. KR149655.1 O. bifurcum Papio anubis Uganda 

24. KR149656.1 O. bifurcum P. t. schweinfurthii Uganda 

25. KT215379.1 O. bifurcum Papio cynocephalus Kenya 

26. LC063694.1 O. bifurcum P. t. schweinfurthii Uganda 

27. LC063695.1 O. bifurcum P. t. schweinfurthii Uganda 

28. LC063696.1 O. bifurcum P. t. schweinfurthii Uganda 

 KF250587.1 O. bifurcum Cercopithecus ascanius Uganda 

 KF250590.1 O. bifurcum Red colobus Uganda 

 KF250591.1 O. bifurcum Papio anubis Uganda 

 KF250596.1 O. bifurcum Lophocebus albigena Uganda 

 KF250600.1 O. bifurcum Papio anubis Uganda 

 KF250601.1 O. bifurcum Papio anubis Uganda 

 KF250602.1 O. bifurcum Papio anubis Uganda 

 KF250603.1 O. bifurcum Papio anubis Uganda 

 KF250604.1 O. bifurcum Papio anubis Uganda 

 KF250609.1 O. bifurcum Papio anubis Uganda 

 KF250610.1 O. bifurcum Papio anubis Uganda 

 KF250627.1 O. bifurcum Papio anubis Uganda 

 KF250628.1 O. bifurcum Papio anubis Uganda 



 KF250629.1 O. bifurcum Papio anubis Uganda 

 KR149654.1 O. bifurcum Colobus guereza Uganda 

 KR149657.1 O. bifurcum Papio anubis Uganda 

 KT592234.1 O. bifurcum P. t. schweinfurthii Uganda 

 LC063714.1 O. bifurcum Papio cynocephalus Tanzania 

 LC063715.1 O. bifurcum Papio cynocephalus Tanzania 

 LC063718.1 O. bifurcum Papio cynocephalus Tanzania 

 LC063719.1 O. bifurcum Papio ursinus SAR 

29. LC063712.1 O. bifurcum Papio cynocephalus Tanzania 

30. LC063713.1 O. bifurcum Papio cynocephalus Tanzania 

31. LC063716.1 O. bifurcum Papio cynocephalus Tanzania 

32. LC063717.1 O. bifurcum Papio cynocephalus Tanzania 

 LC063693.1 O. bifurcum P. t. schweinfurthii Uganda 

33. LC063720.1 O. bifurcum Papio ursinus SAR 

34. Y11733.1 O. bifurcum Homo sapiens Togo 

35. KF250645.1 Oesophagostomum sp.  Cercopithecus lhoesti Uganda 

 KF250646.1 Oesophagostomum sp.  Cercopithecus lhoesti Uganda 

 KF250650.1 Oesophagostomum sp.  Cercopithecus lhoesti Uganda 

 KF250651.1 Oesophagostomum sp.  Cercopithecus lhoesti Uganda 

 KF250652.1 Oesophagostomum sp.  Cercopithecus lhoesti Uganda 

36. KF250655.1 Oesophagostomum sp.  Homo sapiens Uganda 

 KF250657.1 Oesophagostomum sp. Homo sapiens Uganda 

37. KF250593.1 Oesophagostomum sp.  Cercopithecus ascanius Uganda 

 KF250597.1 Oesophagostomum sp.  Lophocebus albigena Uganda 

 KF250607.1 Oesophagostomum sp.  Lophocebus albigena Uganda 

 KF250608.1 Oesophagostomum sp.  Lophocebus albigena Uganda 

 KF250611.1 Oesophagostomum sp.  Colobus guereza Uganda 

 KF250620.1 Oesophagostomum sp.  Colobus guereza Uganda 

 KF250621.1 Oesophagostomum sp.  Colobus guereza Uganda 

 KF250622.1 Oesophagostomum sp.  Cercopithecus mitis Uganda 

 KF250623.1 Oesophagostomum sp.  Cercopithecus mitis Uganda 

 KF250624.1 Oesophagostomum sp.  Red colobus Uganda 

 KF250625.1 Oesophagostomum sp.  Red colobus Uganda 

 KF250630.1 Oesophagostomum sp.  Cercopithecus mitis Uganda 

 KF250632.1 Oesophagostomum sp.  Lophocebus albigena Uganda 

 KF250633.1 Oesophagostomum sp.  Lophocebus albigena Uganda 

 KF250636.1 Oesophagostomum sp.  Cercopithecus ascanius Uganda 

 KF250656.1 Oesophagostomum sp.  Homo sapiens Uganda 

 KF250658.1 Oesophagostomum sp.  Homo sapiens Uganda 

 KF250659.1 Oesophagostomum sp.  Homo sapiens Uganda 

 KF250660.1 Oesophagostomum sp.  Homo sapiens Uganda 

 KR149658.1 Oesophagostomum sp.  Papio anubis Uganda 

38. KF319023.1 O. aculeatum Macaca fascicularis China 

 KF319022.1 O. aculeatum Macaca fascicularis China 

39. LC063721.1 O. aculeatum Macaca fuscata  Japan 

40. LC063722.1 O. aculeatum Macaca fuscata  Japan 

41. LC428824.1* O. aculeatum Pongo pygmaeus Malaysia 

 
SAR – South African Republic 

*  - Even though the sequence is labeled as O. aculeatum, it is probably Ternidens deminutus and is not included 

in the final tree 

 

 

 

 

 

 



Table S2-B 

List of Oesophagostumum spp. ITS2 sequences generated in this study, their assignment to 

the haplogroups, and Genbank accesion numbers together with the information on host and 

locality. The sequences in bold are representatives for the given haplogroup and were used in 

the phylogenetic tree. 

  
Haplotype Sequence Accession 

number 

Host  Locality 

OH1 (N=107) 913_CHI_GAB MW528465 Pan troglodytes Gabon, MKT 

 762_CHI_CAM  Pan troglodytes Cameroon, MB 

 769_CHI_ CAM  Pan troglodytes Cameroon, MB 

 774_CHI_ CAM  Pan troglodytes Cameroon, MB 

 775_CHI_ CAM  Pan troglodytes Cameroon, MB 

 914_CHI_GAB  Pan troglodytes Gabon, MKT 

 917_CHI_GAB  Pan troglodytes Gabon, MKT 

 932_CHI_GAB  Pan troglodytes Gabon, MKT 

 934_CHI_GAB  Pan troglodytes Gabon, MKT 

 941_CHI_GAB  Pan troglodytes Gabon, MKT 

 949_CHI_GAB  Pan troglodytes Gabon, MKT 

 951_CHI_GAB  Pan troglodytes Gabon, MKT 

 953_CHI_GAB  Pan troglodytes Gabon, MKT 

 956_CHI_GAB  Pan troglodytes Gabon, MKT 

 956_CHI_CAM  Pan troglodytes Cameroon, SOM 

 957_CHI_GAB  Pan troglodytes Gabon, MKT 

 960_CHI_CAM  Pan troglodytes Cameroon, SOM 

 962_CHI_CAM  Pan troglodytes Cameroon, SOM 

 977_CHI_GAB  Pan troglodytes Gabon, MKT 

 987_CHI_GAB  Pan troglodytes Gabon, MKT 

 988_CHI_GAB  Pan troglodytes Gabon, MKT 

 990_CHI_CAM  Pan troglodytes Cameroon, SOM 

 991_CHI_GAB  Pan troglodytes Gabon, MKT 

 994_CHI_GAB  Pan troglodytes Gabon, MKT 

 995_CHI_GAB  Pan troglodytes Gabon, MKT 

 998_CHI_GAB  Pan troglodytes Gabon, MKT 

 999_CHI_GAB  Pan troglodytes Gabon, MKT 

 1000_CHI_GAB  Pan troglodytes Gabon, MKT 

 1002_CHI_GAB  Pan troglodytes Gabon, MKT 

 1008_CHI_GAB  Pan troglodytes Gabon, MKT 

 1015_CHI_GAB  Pan troglodytes Gabon, MKT 

 1022_CHI_GAB  Pan troglodytes Gabon, MKT 

 1023_CHI_GAB  Pan troglodytes Gabon, MKT 

 1024_CHI_GAB_B  Pan troglodytes Gabon, MKT 

 1028_CHI_GAB  Pan troglodytes Gabon, MKT 

 1029_CHI_GAB  Pan troglodytes Gabon, MKT 

 1032_CHI_GAB  Pan troglodytes Gabon, MKT 

 1169_CHI_GAB  Pan troglodytes Gabon, MKT 

 1179_CHI_GAB  Pan troglodytes Gabon, MKT 

 1188_CHI_GAB  Pan troglodytes Gabon, MKT 

 1225_CHI_GAB  Pan troglodytes Gabon, MKT 

 1226_CHI_GAB  Pan troglodytes Gabon, MKT 

 1228_CHI_GAB  Pan troglodytes Gabon, MKT 

 1236_CHI_GAB  Pan troglodytes Gabon, MKT 

 1243_CHI_GAB_B  Pan troglodytes Gabon, MKT 

 1250_CHI_GAB  Pan troglodytes Gabon, MKT 

 1264_CHI_GAB  Pan troglodytes Gabon, MKT 

 1284_CHI_GAB_A  Pan troglodytes Gabon, MKT 

 1294_CHI_GAB  Pan troglodytes Gabon, MKT 



 1295_CHI_GAB  Pan troglodytes Gabon, MKT 

 1298_CHI_GAB  Pan troglodytes Gabon, MKT 

 1299_CHI_GAB  Pan troglodytes Gabon, MKT 

 1316_CHI_GAB  Pan troglodytes Gabon, MKT 

 1330_CHI_GAB  Pan troglodytes Gabon, MKT 

 1331_CHI_GAB_B  Pan troglodytes Gabon, MKT 

 1340_CHI_GAB  Pan troglodytes Gabon, MKT 

 1344_CHI_GAB  Pan troglodytes Gabon, MKT 

 1345_CHI_GAB  Pan troglodytes Gabon, MKT 

 1347_CHI_GAB  Pan troglodytes Gabon, MKT 

 1369_CHI_GAB  Pan troglodytes Gabon, MKT 

 1464_CHI_GAB  Pan troglodytes Gabon, MKT 

 1468_CHI_GAB_A  Pan troglodytes Gabon, MKT 

 1472_CHI_GAB  Pan troglodytes Gabon, MKT 

 1508_CHI_GAB  Pan troglodytes Gabon, MKT 

 1972_CHI_GAB  Pan troglodytes Gabon, MKT 

 2307_CHI_GAB  Pan troglodytes Gabon, MKT 

 2313_CHI_GAB  Pan troglodytes Gabon, MKT 

 2347_CHI_GAB  Pan troglodytes Gabon, MKT 

 2480_CHI_GAB  Pan troglodytes Gabon, MKT 

 2492_CHI_GAB_A  Pan troglodytes Gabon, MKT 

 2504_CHI_GAB  Pan troglodytes Gabon, MKT 

 5149_AGILIS_CAM_A MW621352 Cercocebus agilis Cameroon, MB 

 5150_AGILIS_CAM_A  Cercocebus agilis Cameroon, MB 

 4874_CHI_CAM MW621348 Pan troglodytes Cameroon, SOM 

 4875_CHI_CAM  Pan troglodytes Cameroon, SOM 

 4876_CHI_CAM  Pan troglodytes Cameroon, SOM 

 4877_CHI_CAM  Pan troglodytes Cameroon, SOM 

 6945_CHI_CAM_A  Pan troglodytes Cameroon, MB 

 6948_CHI_CAM MW621355 Pan troglodytes Cameroon, MB 

 6950_CHI_CAM  Pan troglodytes Cameroon, MB 

 6951_CHI_CAM  Pan troglodytes Cameroon, MB 

 6952_CHI_CAM  Pan troglodytes Cameroon, MB 

 6955_CHI_CAM  Pan troglodytes Cameroon, MB 

 6956_CHI_CAM  Pan troglodytes Cameroon, MB 

 6957_CHI_CAM  Pan troglodytes Cameroon, MB 

 6958_CHI_CAM_A  Pan troglodytes Cameroon, MB 

 6959_CHI_CAM_A  Pan troglodytes Cameroon, MB 

 8385_CHI_CAM_A  Pan troglodytes Cameroon, MB 

 5324_GOR_CAM_A  Gorilla gorilla Cameroon, MB 

 5333_GOR_CAM_A  Gorilla gorilla Cameroon, MB 

 5360_GOR_CAM_A  Gorilla gorilla Cameroon, MB 

 9818_GOR_CAM MW621358 Gorilla gorilla Cameroon, SOM 

 9819_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9820_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9821_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9822_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9823_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9824_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9826_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9829_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9830_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9846_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9847_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9848_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9965_GOR_CAM MW621361 Gorilla gorilla Cameroon, LB 

 10015_GOR_CAM_A MW621363 Gorilla gorilla Cameroon, MB 

 10017_GOR_CAM_A  Gorilla gorilla Cameroon, MB 



OH2 (N=33) 962_CHI_GAB MW528472 Pan troglodytes Gabon, MKT 

 989_CHI_GAB  Pan troglodytes Gabon, MKT 

 988_CHI_CAM_R_B  Pan troglodytes Cameroon, SOM 

 989_CHI_CAM_R_A MW621343 Pan troglodytes Cameroon, SOM 

 1003_CHI_GAB  Pan troglodytes Gabon, MKT 

 1011_CHI_GAB  Pan troglodytes Gabon, MKT 

 1214_CHI_GAB  Pan troglodytes Gabon, MKT 

 1267_CHI_GAB  Pan troglodytes Gabon, MKT 

 1277_CHI_GAB  Pan troglodytes Gabon, MKT 

 1279_CHI_GAB  Pan troglodytes Gabon, MKT 

 1296_CHI_GAB  Pan troglodytes Gabon, MKT 

 1301_CHI_GAB_B  Pan troglodytes Gabon, MKT 

 1305_CHI_GAB_B  Pan troglodytes Gabon, MKT 

 1334_CHI_GAB  Pan troglodytes Gabon, MKT 

 1342_CHI_GAB  Pan troglodytes Gabon, MKT 

 2364_CHI_GAB  Pan troglodytes Gabon, MKT 

 2366_CHI_GAB  Pan troglodytes Gabon, MKT 

 2501_CHI_GAB  Pan troglodytes Gabon, MKT 

 5134_CHI_CAM_B  Pan troglodytes Cameroon, MB 

 5136_CHI_CAM_B  Pan troglodytes Cameroon, MB 

 5137_CHI_GAB  Pan troglodytes Gabon, MKT 

 5138_CHI_CAM MW621350 Pan troglodytes Cameroon, MB 

 5147_CHI_GAB_B  Pan troglodytes Gabon, MKT 

 5151_CHI_CAM_B  Pan troglodytes Cameroon, MB 

 5157_CHI_CAM_B  Pan troglodytes Cameroon, MB 

 5354_GOR_CAM  Gorilla gorilla Cameroon, MB 

 9805_GOR_CAM_A  Gorilla gorilla Cameroon, SOM 

 9827_GOR_CAM MW621359 Gorilla gorilla Cameroon, SOM 

 9835_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9838_GOR_CAM_R_A  Gorilla gorilla Cameroon, SOM 

 9844_GOR_CAM_R_B  Gorilla gorilla Cameroon, SOM 

 10013_GOR_CAM MW621362 Gorilla gorilla Cameroon, MB 

OH1 or OH2 

(N=13)  

944_CHI_GAB  Pan troglodytes Gabon, MKT 

 950_CHI_GAB  Pan troglodytes Gabon, MKT 

 965_CHI_CAM  Pan troglodytes Cameroon, SOM 

 966_CHI_CAM  Pan troglodytes Cameroon, SOM 

 984_CHI_CAM  Pan troglodytes Cameroon, SOM 

 1266_CHI_GAB  Pan troglodytes Gabon, MKT 

 1291_CHI_GAB  Pan troglodytes Gabon, MKT 

 1311_CHI_GAB  Pan troglodytes Gabon, MKT 

 1350_CHI_GAB  Pan troglodytes Gabon, MKT 

 5338_GOR_CAM  Gorilla gorilla Cameroon, MB 

 9801_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9802_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9825_GOR_CAM  Gorilla gorilla Cameroon, SOM 

OH3 (N=20) 1024_CHI_GAB_A MW528473 Pan troglodytes Gabon, MKT 

 1220_CHI_GAB  Pan troglodytes Gabon, MKT 

 1243_CHI_GAB_A  Pan troglodytes Gabon, MKT 

 1284_CHI_GAB_B  Pan troglodytes Gabon, MKT 

 1331_CHI_GAB_A  Pan troglodytes Gabon, MKT 

 1468_CHI_GAB_B  Pan troglodytes Gabon, MKT 

 2492_CHI_GAB_B  Pan troglodytes Gabon, MKT 

 5149_AGILIS_CAM_B MW621353 Cercocebus agilis Cameroon, MB 

 5150_AGILIS_CAM_B  Cercocebus agilis Cameroon, MB 

 6945_CHI_CAM_B MW621354 Pan troglodytes Cameroon, MB 

 6958_CHI_CAM_B  Pan troglodytes Cameroon, MB 

 6959_CHI_CAM_B  Pan troglodytes Cameroon, MB 



 8385_CHI_CAM_B  Pan troglodytes Cameroon, MB 

 5324_GOR_CAM_B  Gorilla gorilla Cameroon, MB 

 5333_GOR_CAM_B  Gorilla gorilla Cameroon, MB 

 5360_GOR_CAM_B  Gorilla gorilla Cameroon, MB 

 9845_GOR_CAM MW621360 Gorilla gorilla Cameroon, SOM 

 9849_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 10015_GOR_CAM_B MW621364 Gorilla gorilla Cameroon, MB 

 10017_GOR_CAM_B  Gorilla gorilla Cameroon, MB 

OH4 (N=9) 1301_CHI_GAB_A MW528474 Pan troglodytes Gabon, MKT 

 1000_CHI_CAM_R_B MW621345 Pan troglodytes Cameroon, SOM 

 1305_CHI_GAB_A  Pan troglodytes Gabon, MKT 

 5134_CHI_CAM_A MW621349 Pan troglodytes Cameroon, MB 

 5136_CHI_CAM_A  Pan troglodytes Cameroon, MB 

 5147_CHI_GAB_A  Pan troglodytes Gabon, MKT 

 5148_CHI_CAM_A  Pan troglodytes Cameroon, MB 

 5151_CHI_CAM_A  Pan troglodytes Cameroon, MB 

 5157_CHI_CAM_A  Pan troglodytes Cameroon, MB 

OH5 (N=7) 939_CHI_GAB_A MW528466 Pan troglodytes Gabon, MKT 

 988_CHI_CAM_R_A MW621344 Pan troglodytes Cameroon, SOM 

 989_CHI_CAM_R_B  Pan troglodytes Cameroon, SOM 

 1000_CHI_CAM_R_A  Pan troglodytes Cameroon, SOM 

 5148_CHI_CAM_B MW621351 Pan troglodytes Cameroon, MB 

 9805_GOR_CAM_B MW621357 Gorilla gorilla Cameroon, SOM 

 9838_GOR_CAM_R_B  Gorilla gorilla Cameroon, SOM 

OH6 (N=1) 954_CHI_GAB MW528468 Pan troglodytes Gabon, MKT 

OH7 (N=1) 9844_GOR_CAM_R_A MW528480 Gorilla gorilla Cameroon, SOM 

OH8 (N=3) 9803_GOR_CAM MW528479 Gorilla gorilla Cameroon, SOM 

 9804_GOR_CAM  Gorilla gorilla Cameroon, SOM 

 9806_GOR_CAM  Gorilla gorilla Cameroon, SOM 

OH9 (N= 4) 957_CHI_CAM_B MW528470 

 

Pan troglodytes Cameroon, SOM 

 961_CHI_CAM_A  Pan troglodytes Cameroon, SOM 

 3342_CEB_CAM_A MW621347 Cercocebus 

torquatus 

Cameroon, DJ 

 6954_CHI_CAM MW621356 Pan troglodytes Cameroon, MB 

OH10 (N=2) 957_CHI_CAM_A MW528469 Pan troglodytes Cameroon, SOM 

 958_CHI_CAM_A  Pan troglodytes Cameroon, SOM 

OH11 (N=2) 958_CHI_CAM_B MW528471 Pan troglodytes Cameroon, SOM 

 961_CHI_CAM_B  Pan troglodytes Cameroon, SOM 

OH12 (N=1) 3342_CEB_CAM_B MW528476 Cercocebus 

torquatus 

Cameroon, DJ 

OH13 (N=2) 9800_CEB_CAM_A MW528477 

 

Cercocebus 

torquatus 

Cameroon, SOM 

 3341_CEB_CAM MW621346 Cercocebus 

torquatus 

Cameroon, DJ 

OH14 (N=1) 9800_CEB_CAM_B MW528478 

 

Cercocebus 

torquatus 

Cameroon, SOM 

OH15 (N=3) 3335_MDR_CAM MW528475 Mandrillus sphinx Cameroon, DJ 

 3336_MDR_CAM  Mandrillus sphinx Cameroon, DJ 

 3337_MDR_CAM  Mandrillus sphinx Cameroon, DJ 

OH16 (N=1) 939_CHI_GAB_B MW528467 Pan troglodytes Gabon, MKT 

OH17(N=4)* 8386_CHI_CAM MW617066 Pan troglodytes Cameroon, MB 

 4879_CRP_CAM MW617064 Cercopithecus 

nictitans 

Cameroon, SOM 

 4880_CRP_CAM MW617064 Cercopithecus 

nictitans 

Cameroon, SOM 

 6960_CRP_CAM MW617065 Cercopithecus 

nictitans 

Cameroon, MB 



 
DJ – Djoum; MB – Mambele NP; MKT – Makamangoye; LB – Lobéké NP; SOM – Somalomo 

* - This haplotypes belong to Ternidens deminutus and this haplotype was not used in the phylogenetic tree 

 

 

Table S3 Sequences of Trichuris spp. Downloaded from GenBank and used in phylogenetic 

analysis  

 
Hap Accession No.  Name Host Country 

1 GQ301554 T. trichiura Papio hamadryas South Africa  

2 KP336482 Trichuris sp. Chlorocebus aethiops Italy 

3  KJ588160 T. trichiura Pan troglodytes Uganda 

4 KP336479 Trichuris sp. Chlorocebus aethiops Italy 

5 KP336484 Trichuris sp. Chlorocebus aethiops Italy 

 KP336480 Trichuris sp. Chlorocebus aethiops Italy 

 KP336478 Trichuris sp. Chlorocebus aethiops Italy 

 KP336483 Trichuris sp. Chlorocebus aethiops Italy 

 KP336481 Trichuris sp. Chlorocebus aethiops Italy 

 KJ588153 T. trichiura Cercopithecus ascanius Uganda 

 KJ588165 T. trichiura Cercopithecus mitis Uganda 

 KJ588149 T. trichiura Colobus guereza Uganda 

 KJ588148 T. trichiura Cercopithecus ascanius Uganda 

 KJ588139 T. trichiura Colobus guereza Uganda 

 KJ588146 T. trichiura Colobus guereza Uganda 

 KJ588144 T. trichiura Procolobus rufonitratus Uganda 

 KJ588138 T. trichiura Cercopithecus mitis Uganda 

6 KJ588142 T. trichiura Procolobus rufonitratus Uganda 

 KJ588166 T. trichiura Colobus guereza Uganda 

 KJ588141 T. trichiura Cercopithecus mitis Uganda 

     

7 KJ588156 T. trichiura Cercopithecus mitis Uganda 

8 GQ301555 T. trichiura Homo sapiens Cameroon 

9 KJ588162 T. trichiura Procolobus rufonitratus Uganda 

10 KJ588137 T. trichiura Procolobus rufonitratus Uganda 

11 JF690944 Trichuris sp.  Chlorocebus aethiops salaeus Czech Republic 

 JF690945 Trichuris sp. Macaca silenus Czech Republic 

 KJ588135 T. trichiura Cercopithecus ascanius Uganda 

 KJ588157 T. trichiura Colobus guereza Uganda 

 KJ588158 T. trichiura Colobus guereza Uganda 

 KJ588159 T. trichiura Homo sapiens Uganda 

 KJ588161 T. trichiura Colobus guereza Uganda 

 KJ588164 T. trichiura Cercopithecus lhoesti Uganda 

 KJ588163 T. trichiura Cercopithecus lhoesti Uganda 

 KJ588140 T. trichiura Procolobus rufonitratus Uganda 

 KJ588150 T. trichiura Cercopithecus ascanius Uganda 

 KJ588145 T. trichiura Cercopithecus ascanius Uganda 

 KJ588152 T. trichiura Papio anubis Uganda 

 KJ588154 T. trichiura Papio anubis Uganda 

 KJ588147 T. trichiura Lophocebus albigena Uganda 

 KJ588143 T. trichiura Cercopithecus mitis Uganda 

 KJ588155 T. trichiura Papio anubis Uganda 

 KJ588151 T. trichiura Homo sapiens Uganda 

 KJ588136 T. trichiura Colobus guereza Uganda 

12 FM991955 T. colobae Colobus guereza kikuyuensis Spain 

 FM991956 T. colobae Nomascus gabriellae Spain 

13 AM993002 T. suis N/A China 

14 AM993012 T. suis N/A China 



 AM993013 T. suis N/A China 

15 MG656444 T. suis N/A China 

16 JN181822 T. trichiura Homo sapiens Jamaica 

17 JN181823 T. trichiura Homo sapiens Uganda 

18 AM993007 T. suis N/A China 

19 AM993001 T. suis N/A China 

20 JN181771 T. suis Pig Uganda 

21 JN181830 T. trichiura Homo sapiens Uganda 

 JN181829 T. trichiura Homo sapiens Uganda 

22 JN181821 T. trichiura Homo sapiens Jamaica 

23 JN181824 T. trichiura Homo sapiens Uganda 

24 JN181772 T. suis Pig USA 

 JN181817 T. trichiura Homo sapiens Jamaica 

 JN181818 T. trichiura Homo sapiens Jamaica 

 JN181819 T. trichiura Homo sapiens Jamaica 

 JN181826 T. trichiura Homo sapiens Uganda 

25 JN181815 T. trichiura Homo sapiens Uganda 

26 JN181769 T. suis Pig Denmark 

 JN181814 T. trichiura Homo sapiens Uganda 

27 JN181782 T. suis Pig Uganda 

28 JN181784 T. suis Pig Uganda 

29 JN181816 T. trichiura Homo sapiens Uganda 

30 JN181792 T. suis Pig Uganda 

31 JN181804 T. suis Pig Tanzania 

32 JN181789 T. suis Pig Uganda 

 JN181812 T. trichiura Homo sapiens Uganda 

 JN181813 T. trichiura Homo sapiens Uganda 

33 JF690943 Trichuris sp. Theropithecus gelada  Czech Republic 

34 JN181856 T. trichiura Homo sapiens Uganda 

35 JF690940 Trichuris sp. Homo sapiens Czech Republic 

36 JN181855 T. trichiura Homo sapiens Uganda 

37 JN181854 T. trichiura Homo sapiens Uganda 

 JN181852 T. trichiura Homo sapiens Uganda 

 JN181853 T. trichiura Homo sapiens Uganda 

38 JN181842 T. trichiura Homo sapiens Uganda 

 JN181841 T. trichiura Homo sapiens Uganda 

 JN181835 T. trichiura Homo sapiens Uganda 

39 JN181839 T. trichiura Homo sapiens Uganda 

40 JN181836 T. trichiura Homo sapiens Uganda 

41 JN181847 T. trichiura Homo sapiens Uganda 

42 JN181825 T. trichiura Homo sapiens Uganda 

43 JN181831 T. trichiura Homo sapiens Uganda 

44 JN181832 T. trichiura Homo sapiens Uganda 

45 JN181851 T. trichiura Homo sapiens Uganda 

46 JN181820 T. trichiura Homo sapiens Jamaica 

47 KF410637 Trichuris sp. Papio hamadryas anubis USA 

 KF410636 Trichuris sp. Papio hamadryas Denmark 

 KF410635 Trichuris sp. Papio hamadryas anubis/ 

Papio h. cynocephalus 

USA 

48 KX961651 Trichuris sp. Chlorocebus aethiops salaeus St. Kitt‘s 

49 JF690941 Trichuris sp. Papio hamadryas Czech Republic 

 JF690950 Trichuris sp. Chlorocebus aethiops  Tanzania 

 MH390360 Trichuris sp. Papio anubis China 

 MH390361 Trichuris sp. Papio anubis China 

 MH390359 Trichuris sp. Papio anubis China 

 KT344826 Trichuris sp. Papio anubis China 

 KX961646 Trichuris sp. Chlorocebus aethiops salaeus St. Kitts and Nevis 

 KX961642 Trichuris sp. Chlorocebus aethiops salaeus St. Kitts and Nevis 



 KX961649 Trichuris sp. Chlorocebus aethiops salaeus St. Kitts and Nevis 

 KX961650 Trichuris sp. Chlorocebus aethiops salaeus St. Kitts and Nevis 

 KX961653 Trichuris sp. Chlorocebus aethiops salaeus St. Kitts and Nevis 

 JN181827 T. trichiura Homo sapiens Uganda 

 JN181849 T. trichiura Homo sapiens Uganda 

 JN181850 T. trichiura Homo sapiens Uganda 

50 JF690948 Trichuris sp. Pan troglodytes Netherlands 

51 JN181838 T. trichiura Homo sapiens Uganda 

52 JN181846 T. trichiura Homo sapiens Uganda 

53 JN181848 T. trichiura Homo sapiens Uganda 

54 JN181859 T. trichiura Homo sapiens Uganda 

 JN181857 T. trichiura Homo sapiens Uganda 

55 KF410638 Trichuris sp. Papio hamadryas anubis USA 

56 JN181828 T. trichiura Homo sapiens Uganda 

57 JN181858 T. trichiura Homo sapiens Uganda 

58 MH390364 Trichuris sp. Macaca leonina China 

 MH390365 Trichuris sp. Trichuris sp. China 

 KT344828 Trichuris sp. Trichuris sp. China 

59 JF690946 Trichuris sp. Macaca fascicularis Czech Republic 

60 AM992994 T. trichiura N/A China 

 JN181837 T. trichiura Homo sapiens Uganda 

61 AM992996 T. trichiura N/A China 

62 JF690942 Trichuris sp. Papio anubis Czech Republic 

63 MN447326 Trichuris sp. Macaca mulatta N/A 

64 JN181843 T. trichiura Homo sapiens Uganda 

65 JN181860 T. trichiura Homo sapiens Uganda 

66 KX961644 Trichuris sp. Chlorocebus aethiops salaeus St. Kitt‘s 

67 JN181845 T. trichiura Homo sapiens Uganda 

68 JN181840 T. trichiura Homo sapiens Uganda 

69 AM992995 T. trichiura N/A China 

 AM992984 T. trichiura N/A China 

70 KX961647 Trichuris sp. Chlorocebus aethiops salaeus St. Kitts and Nevis 

71 KX961652 Trichuris sp. Chlorocebus aethiops salaeus St. Kitts and Nevis 

72 MN447328 Trichuris sp. Papio anubis N/A 

73 KT344825 Trichuris sp. Rhinopithecus roxellana China 

74 JF690949 Trichuris sp. Chlorocebus aethiops Tanzania 

75  KT344827 Trichuris sp. Chlorocebus aethiops China 

 MH390370 Trichuris sp. Chlorocebus aethiops China 

76 KX961645 Trichuris sp. Chlorocebus aethiops salaeus St. Kitts and Nevis 

77 KX961648 Trichuris sp. Chlorocebus aethiops salaeus St. Kitts and Nevis 

78 KT344831 Trichuris sp. Papio hamadryas China 

 KT344830 Trichuris sp. Nomascus leucogenys China 

 MH390366 Trichuris sp. Nomascus leucogenys China 

 MH390363 Trichuris sp. Papio hamadryas China 

79 GQ301553 Trichuris sp. Papio hamadryas ursinus South Africa  

 GQ301552 Trichuris sp. Papio hamadryas ursinus South Africa  

80 GQ301551 Trichuris sp. Papio hamadryas ursinus South Africa  

81 KX9616643 Trichuris sp. Chlorocebus aethiops salaeus St. Kitts and Nevis 

82 KC877992 T. trichiura Papio hamadryas Turkey 

83 AM992998 T. trichiura N/A China 

84 AM992997 T. trichiura N/A China 

85 AM992993 T. trichiura N/A China 

86 AM992992 T. trichiura N/A China 

 AM992990 T. trichiura N/A China 

87 AM992991 T. trichiura N/A China 

88 AM992987 T. trichiura N/A China 

 AM992988 T. trichiura N/A China 

 AM992989 T. trichiura N/A China 



89 AM992986 T. trichiura N/A China 

 AM992985 T. trichiura N/A China 

90 AM992982 T. trichiura N/A China 

 AM992983 T. trichiura N/A China 

 AM992981 T. trichiura N/A China 

91 JF690947 Trichuris sp. Nomascus gabriellae Slovakia 

92 MN44732 Trichuris sp. Trachypithecus francoisi China 

93 KT186233 Trichuris sp. Trachypithecus francoisi China 

94 KT186232 Trichuris sp. Trachypithecus francoisi China 

95 KT186231 Trichuris sp. Trachypithecus francoisi China 

96 KT186234 Trichuris sp. Trachypithecus francoisi China 

97 KJ588133 Trichuris sp. Homo sapiens Uganda 

 KJ588134 Trichuris sp. Homo sapiens Uganda 

 JN181833 T. trichiura Homo sapiens Uganda 

 JN181844 T. trichiura Homo sapiens Uganda 

 MN447327 Trichuris sp. Macaca mulatta N/A 

98 JN181834 T. trichiura Homo sapiens Uganda 

99 KT344832 Trichuris sp. Rhinopithecus bieti China 

 MH390367 Trichuris sp. Rhinopithecus bieti China 

100 KP336477 Trichuris sp. Macaca fuscata Italy 

101 KP336467 Trichuris sp. Macaca fuscata Italy 

102 KT344829 Trichuris sp. Macaca mulatta China 

 MH390367 Trichuris sp. Macaca mulatta China 

 MH390368 Trichuris sp. Macaca mulatta China 

 MH390369 Trichuris sp. Macaca mulatta China 

103 KP336476 Trichuris sp. Macaca fuscata Italy 

104 KP336474 Trichuris sp. Macaca fuscata Italy 

 KP336473 Trichuris sp. Macaca fuscata Italy 

105 KP336475 Trichuris sp. Macaca fuscata Italy 

106 KP336464 Trichuris sp. Macaca fuscata Italy 

 AB586133 T. trichiura Macaca fuscata Japan 

107 KP336463 Trichuris sp. Macaca fuscata Italy 

 KP336462 Trichuris sp. Macaca fuscata Italy 

 KP336461 Trichuris sp. Macaca fuscata Italy 

 KP336460 Trichuris sp. Macaca fuscata Italy 

108 KP336468 Trichuris sp. Macaca fuscata Italy 

 KP336465 Trichuris sp. Macaca fuscata Italy 

 KP336466 Trichuris sp. Macaca fuscata Italy 

 KP336469 Trichuris sp. Macaca fuscata Italy 

 KP336470 Trichuris sp. Macaca fuscata Italy 

 KP336472 Trichuris sp. Macaca fuscata Italy 

109 KP336471 Trichuris sp. Macaca fuscata Italy 

 KP336459 Trichuris sp. Macaca fuscata Italy 

110 KJ588167 T. trichiura Colobus guereza Uganda 

 

Our sequences:  

 
9965_GOR_CAM MW528545 Trichuris sp. Gorilla gorilla Cameroon 

771_CHI_CAM MW528546 Trichuris sp. Pan troglodytes Cameroon 

4880_CRP_CAM MW528547 Trichuris sp. Cercopithecus nictitans Cameroon 
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Detection of DNA of filariae closely related 
to Mansonella perstans in faecal samples 
from wild non-human primates from Cameroon 
and Gabon
Colette Marie Gaillard1, Sebastien David Pion1, Hadjira Hamou1, Constant Sirima1, Charlotte Bizet1, 

Thomas Lemarcis1, Jules Rodrigues2, Amandine Esteban1, Martine Peeters1, Eitel Mpoudi Ngole3, 

Illich Mombo4, Florian Liégeois5, Coralie Martin2, Michel Boussinesq1 and Sabrina Locatelli1* 

Abstract 

Background: The Onchocercidae is a family of filarial nematodes with several species of medical or veterinary impor-

tance. Microfilariae are found in the blood and/or the dermis and are usually diagnosed in humans by microscopy exami-

nation of a blood sample or skin biopsy. The main objectives of this study were to evaluate whether filariae DNA can be 

detected in faecal samples of wild non-human primates (NHPs), whether the detected parasites were closely related to 

those infecting humans and whether filarial DNA detection in faeces is associated with co-infections with nematodes 

(Oesophagostumum sp. and Necator sp.) known to cause blood loss while feeding on the host intestinal mucosa.

Methods: A total of 315 faecal samples from 6 species of NHPs from Cameroon and Gabon were analysed. PCRs 

targeted DNA fragments of cox1 and 12S rDNA genes, to detect the presence of filariae, and the internal transcribed 

spacer 2 (ITS2), to detect the presence of Oesophagostomum sp. and Necator sp. infections.

Results: Among the 315 samples analysed, 121 produced sequences with > 90% homology with Onchocercidae 

reference sequences. However, 63% of the 12S rDNA and 78% of the cox1 gene sequences were exploitable for phylo-

genetic analyses and the amplification of the 12S rDNA gene showed less discriminating power than the amplification 

of the cox1 fragment. Phylogenetic analyses showed that the cox1 sequences obtained from five chimpanzee DNA 

faecal samples from Gabon and two from Cameroon cluster together with Mansonella perstans with high bootstrap 

support. Most of the remaining sequences clustered together within the genus Mansonella, but the species could 

not be resolved. Among the NHP species investigated, a significant association between filarial DNA detection and 

Oesophagostomum sp. and Necator sp. infection was observed only in gorillas.

Conclusions: To our knowledge, this is the first study reporting DNA from Mansonella spp. in faecal samples. Our 

results raise questions about the diversity and abundance of these parasites in wildlife, their role as sylvatic reservoirs 

and their potential for zoonotic transmission. Future studies should focus on detecting variants circulating in both 

human and NHPs, and improve the molecular information to resolve or support taxonomy classification based on 

morphological descriptions.
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Background

Onchocercidae nematodes form a family of parasitic 

worms comprising eight subfamilies and 88 genera [1, 

2]. Species belonging to genera such as Loa, Onchocerca, 

Wuchereria, Brugia and Mansonella are responsible for 

human or animal diseases such as loiasis, onchocerciasis 

or lymphatic filariasis. Some of these species are found 

in both humans and non-human primates (NHPs) [2]. 

 e diagnosis of filariasis is typically based on the detec-

tion of the adult stage of the parasite or, more often, of 

the larval stages produced by adult female worms, called 

microfilariae (mf). Several diagnostic methods are avail-

able to detect these parasites in humans. If one consid-

ers the main species parasitizing humans, mf are detected 

by light microscopy examination of a blood sample (Loa 

loa, Wuchereria bancrofti, Brugia malayi and Mansonella 

perstans), or of a skin biopsy (Onchocerca volvulus and 

M. streptocerca), or both (M. ozzardi) [3]. In addition 

to blood and dermis, mf can sometimes be found in the 

urine. Besides the microscopical identification of the 

parasites, various other techniques detecting antigens, 

antibodies or parasitic DNA are also available and used 

either for the individual diagnosis or to assess the infec-

tion endemicity levels in communities.

Molecular diagnostic methods, based on the amplifica-

tion of parasite DNA by polymerase chain reaction (PCR) 

methods [4], or by loop-mediated isothermal amplifica-

tion (LAMP) [5–7] have the advantages of being more 

sensitive in detecting parasites than the usual microscopy 

methods, especially in case of low mf densities, as well as 

increased certainty in the identification to the species or 

even strain level [2, 8].

In the early 2010s, it was observed that Plasmodium 

DNA could be found in NHP faeces [9], despite the fact 

that these are blood-borne parasites. Similar results 

reporting detectable amounts of P. falciparum DNA 

in the faeces of infected humans have been recently 

reported [10, 11]. However, the mechanisms underly-

ing how Plasmodium DNA ends up in the faeces remain 

unclear.  ese observations led us to the question of 

whether PCR techniques could also effectively detect 

filarial DNA in faecal samples.

 e first goal of this study was to investigate the pos-

sibility to find filarial infections from DNA extracted 

from faecal samples of six species of NHPs living in for-

est regions of Cameroon and Gabon: the gorilla (Gorilla 

gorilla gorilla), the chimpanzee (Pan troglodyte troglo-

dytes), the mandrill (Mandrillus sphinx), the collared 

mangabey (Cercocebus torquatus torquatus, also known 

as red-capped mangabey), the agile mangabey (Cercoce-

bus agilis) and the greater spot-nosed monkey (Cerco-

pithecus nictitans). Secondly, we performed phylogenetic 

analysis of the filarial DNA fragments found in the faeces 

of these NHPs, as well as filarial DNA fragments identi-

fied in humans to characterise and compare the species. 

For these purposes, PCRs were carried out by targeting 

DNA fragments of mitochondrial (12S ribosomal DNA 

and cytochrome c oxidase subunit 1 (cox1) genes, fol-

lowed by Sanger sequencing to discriminate parasite 

species. Lastly, and consequent to the successful ampli-

fication of filarial mitochondrial DNA in faeces, we 

investigated whether DNA presence was associated with 

co-infections with strongylid nematodes including hook-

worms [12, 13].  ese parasites can cause significant 

blood loss when adults attach themselves to the intesti-

nal mucosa and while feeding [14]. Despite the absence of 

impact of strongylid infections on the detection of Plas-

modium spp. in faeces of western lowland gorillas and 

eastern chimpanzees [15], their presence and resulting 

bleeding in the intestine would be a plausible explana-

tion for the detection of filarial DNA in faeces.  erefore, 

we ran nested PCRs targeting the internal transcribed 

spacer 2 (ITS2) to look for the presence of infections with 

Oesophagostomum sp. and Necator sp. to infer whether 

there was a positive association between these parasites 

and the detection of filarial DNA in faeces.

Methods

Study sites and faecal collection methods

A total of 315 faecal samples from wild-living, non-

habituated NHPs were analysed.  ese samples were 

collected non-invasively around NHP nests, feeding 

places, or on traces at four study sites: the forests sur-

rounding the villages of Djoum (DJ) (2° 40′ 00″ N, 12° 

40′ 00″ E), Mambélé-Lobeké National Park (MB/LB) 

(2° 25′ 00″ N, 15° 24′ 00″ E) and Somalomo (SL) (3° 23′ 

00″ N, 12° 44′ 00″ E) in Cameroon (collections between 

2008 and 2010), and in remote primary forests and 

secondary forests surrounding the village of Mataka-

mangoye II (0° 6′ 30″ S, 13° 41′ 57″ E, Gabon (collec-

tions between 2009 and 2013) (Fig.  1).  ese samples 

were characterized and analysed in previous studies 

to determine the prevalence and genetic diversity of 

simian immunodeficiency viruses (SIV) [16, 17]. Fae-

cal samples were identified to be of likely chimpanzee, 

gorilla or Cercopithecidae monkey origin by experi-

enced trackers and/or by the researchers. A 15–20 g 

sample was then placed into a 50 ml tube and mixed 

with an equal amount of RNAlater® (Ambion, Austin, 

TX, USA).  e date, time, and location (longitude and 

latitude provided by global positioning system, GPS) 

of sample collection were recorded along with the col-

lector’s name. Faecal samples were generally kept at 

ambient temperature for no longer than 2 weeks and 

subsequently stored at − 20  °C once back in Yaoundé, 

Cameroon, or Franceville, Gabon. Samples were 
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shipped to Montpellier, France, at ambient tempera-

ture, and then stored at − 80  °C upon reception. All 

samples were transported to France in full compliance 

with export and import regulations.

DNA extraction from NHP faecal samples

Faecal DNA was extracted using the QIAamp Stool DNA 

Mini Kit (Qiagen, Valencia, CA, USA) following the man-

ufacturer’s instructions. Briefly, 1.5 ml of faecal RNAl-

ater® mixture was re-suspended in stool lysis buffer and 

clarified by centrifugation. "e supernatants were treated 

with an InhibitEx tablet, subjected to proteinase K diges-

tion, and passed through a DNA binding column. Bound 

DNA was eluted in 100 μl elution buffer. To investigate 

the presence of gastro-intestinal parasites, a modified 

DNA extraction protocol was adopted, after the clari-

fication. "is step consisted of an additional homogeni-

zation in tubes containing silica beads of different size 

(lysis matrix E) in a FastPrep-24 mill (MP Biomedical, 

Eschwege, Germany) and an overnight incubation at 

56 °C to better expose the parasite DNA in eggs.

Host species confirmation and identification of individual 

genotypes by microsatellite analyses

Each NHP species and the number of individual faecal 

samples collected were determined in previous studies, 

as mentioned before. DNA was extracted from all fae-

cal samples collected in the field and host species were 

confirmed by PCR amplification and sequence analysis 

of a 460–500-bp mitochondrial DNA fragment span-

ning the 12S rDNA region, using methods described in 

previous studies [18]. To determine the number of indi-

viduals sampled, the faeces collected from gorillas and 

chimpanzees were subjected to microsatellite analyses, 

as previously described [17, 19, 20]. Samples were geno-

typed at seven loci in two multiplex PCRs (amplifying 

D18s536, D4s243, D10s676, and D9s922 or D2s1326, 

D2s1333 and D4s1627), and for sex determination, 

a region of the amelogenin gene that contains a dele-

tion in the X but not the Y chromosome was amplified 

using a Taq DNA polymerase core kit (MP Biomedical, 

Irvine, CA, USA) with 2 to 10 µl fecal DNA. Mandrills, 

collared and agile mangabeys and greater spot-nosed 

monkeys were subjected to mtDNA analyses but not to 

microsatellite analyses; to ascertain that we were not 

going to analyze more than one sample belonging to the 

same individual, we selected the samples among a wide 

range of samples previously collected and we applied 

discriminative criteria choices, such as exclusion of pri-

mates’ territory ranges overlap and GPS coordinates of 

the collection locations.

DNA extraction from human dried blood spots (DBS)

DBS collected from 20 human subjects with known M. 

perstans infection and living in the Okola health district 

(Cameroon) were shipped to Montpellier to be used as 

references for phylogenetic analyses [3]. DNA extrac-

tion from DBS was performed using the NucliSENS® kit 

(bioMérieux, Craponne, France) according to the manu-

facturer’s instructions, as previously described [21]. DNA 

was eluted in 60 µl buffer. "e PCR reactions on the M. 

perstans mf-positive human blood samples were carried 

on once all other samples had been tested.

PCR screening of filarial nematodes

A DNA barcoding approach based on either the cox1 

marker or the 12S rDNA marker was used to discrimi-

nate between filaroid species [2, 8, 22–24]. PCR screen-

ing of filarial DNA was based on partial sequences of 

two mitochondrial genes: 12S rDNA (approximately 450 

bp) and cytochrome c oxidase subunit 1 (cox1) (c.600 

bp). Amplification of the 12S rDNA and cox1 fragments 

was conducted according to Casiraghi et  al. [25]. Prim-

ers and PCR programmes are shown in Table  1. PCRs 

were processed in a final volume of 50 μl. "e amplifica-

tion of the target fragments was carried out by nested 

PCR. Bovine serum albumin (BSA) was added at the 

Fig. 1 Faecal samples collection sites in Cameroon and in Gabon. 

In Cameroon: Okola (dot), Djoum (diamond), Somalomo (square), 

Mambelé/Lobeké National Park (triangle); in Gabon: Matakamangoye 

(dot)
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final concentration of 0.2 μg/ml to improve amplifica-

tion success. All PCR reactions were performed using the 

Expand Long Template PCR system (Roche Diagnostics, 

Indianapolis, IN, USA), according to the manufacturer’s 

instructions. Each PCR reaction was carried out on a 

Bio-Rad T100™ thermal cycler (Hercules, CA, USA) in 

the presence of a negative control. NHP samples were 

tested first in a human filaria-free environment. Once 

all NHP samples were tested, we proceeded with the M. 

perstans mf-positive human blood samples. Amplified 

fragments were visualized by horizontal electrophoresis 

on 1% agarose under a UV light. !e PCR products of 

interest were subsequently purified and extracted using 

the GeneClean® Turbo Kit (Qbiogene Inc., Carslbad, CA, 

USA). Sequencing reactions were performed with the 

ABI PRISM® BigDye™ Terminators Kit (Applied Biosys-

tems, Foster City, CA, USA). DNA was then precipitated 

and sequenced according to the Sanger method (3500 

Genetic Analyzer; Applied Biosystems, Foster City, CA, 

USA).

PCR screening of Oesophagostomum sp. and Necator sp

We ran a semi-nested PCR targeting fragments of the 

ITS2 maker to determine the presence of Oesophago-

stomum sp. and Necator sp. !e external PCR was per-

formed using primers NC1 and NC2. Subsequently, 

a semi-nested internal PCR generating 260 to 350 

bp amplicons was performed with primers NC2 and 

OesophITS2-21 [26–28]. Primers and PCR programs 

are shown in Table 1. !e PCR reaction was performed 

in a 50 μl reaction volume containing 10 μl and 5 μl 

of template DNA for primary and semi-nested PCR, 

respectively, 10 pM of each primer, 25 μl HotStarTaq 

Master Mix (Qiagen, Courtaboeuf, France), providing 

a final concentration of 1.5 mM  MgCl2 and 200 μM of 

each dNTP. For the external PCR, bovine serum albu-

min (Sigma-Aldrich, St. Louis, MO, USA) was added at 

the final concentration of 0.2 μg/ml to improve amplifi-

cation success. !e reactions were performed on a Bio-

Rad T100™ thermal cycler (Bio-Rad). Primer details and 

PCR conditions are listed in Additional file 1: Table S1. 

!e amplicons were electrophoresed on 1% agarose gels 

stained with ethidium bromide. After purification (on a 

2% agarose gel) using the GeneClean® Turbo Kit (Qbio-

gene), the PCR products were sequenced with the prim-

ers of the second step on an automated sequencer (3500 

Genetic Analyzer; Applied Biosystems) and the resulting 

sequences analysed with SeqMan DNASTAR software 

(Lasergene; DNASTAR, Inc., Madison, WI, USA).

Molecular identification and phylogenetic analysis

!e sequences obtained were assembled, aligned and 

corrected manually using the SeqMan DNASTAR soft-

ware (Lasergene, DNASTAR Inc., Madison, WI) and 

then compared against reference sequences deposited 

in GenBank using the Nucleotide Basic Local Align-

ment Search Tool (BLASTn) [29]. Sequences gener-

ated during the current study and previously published 

sequences from draft or complete genomes were 

aligned using MUSCLE 16 in MEGA 6.06, with minor 

Table 1 Primers and PCR programs

a ITS2 PCRs start with 95 °C for 15 min and finish by 72 °C for 10 min; 12S rDNA and cox1 PCRs start with 94 °C for 3 min and finish with 68 °C for 10 min

b 35× for DBS and 45× for stool samples

Abbreviations: Step 1, denaturation; Step 2, annealing; Step 3, elongation; T, temperature (°C); D, duration (s); N, number of cycles

Target organism Gene Primer name Sequence (5′–3′) Product size (bp) Thermal profile*

Step 1 Step 2 Step3 N

T D T D T D

Filariae 12S rDNA 12SdegF2/ ATT ACY TAT TYT TAG TTT A ~ 600 94 30 45 30 68 45 45b

12SnemR2a CTA CCA TAC TAC AAC TTA CGC 

12SF/ GTT CCA GAA TAA TCG GCT A ~ 450 94 30 54 30 68 30 35

12SdegR ATT GAC GGA TGR TTT GTA CC

cox1 FCo1extdF1 TAT AAT TCT GTT YTDACTA ~ 970 94 30 45 30 68 60 45b

FCo1extdR1a ATG AAA ATG AGC YAC WAC ATAA 

COIintF/ TGA TTG GTG GTT TTG GTA A ~ 650 94 30 54 30 68 45 35

COIintR ATA AGT ACG AGT ATC AAT ATC 

Hook/ Nodular worms ITS2 NC1 ACG TCT GGT TCA GGG TTG TT ~ 900 94 30 50 30 72 45 45

NC2 TTA GTT TCT TTT CCT CCG CT

OesophITS2 TGT RAC ACT GTT TGT CGA AC 250–300 94 30 55 30 72 30 35

NC2 TTA GTT TCT TTT CCT CCG CT
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manual corrections [30]. Maximum Likelihood (ML) 

was used to infer cox1 and 12S rDNA phylogenetic 

trees, and were executed with 1000 bootstrap replicates 

in MEGA 6.06. A partitioned model was implemented 

to estimate evolution parameters separately for each 

gene. Using the corrected version of the Akaike infor-

mation criterion (AIC), JModelTest analysis [31] was 

performed to establish the evolutionary model best 

adapted to the sequences alignment for each individual 

gene and for the concatenation of the two genes.  e 

general time-reversible plus invariant sites plus gamma 

distributed model (GTR+I+Γ) offered the best fit for 

cox1 and 12S rRNA. To root the trees, Filaria latala 

(Spirurida: Filariidae) was included as the outgroup. 

Molecular species delimitation was evaluated using dis-

tance-based methods. Between-groups mean distance 

was calculated using MEGA 6.06.

Statistical analysis

A two-tailed Fisher’s exact test was used to test for 

deviations from the null hypothesis, which assumed 

that there was no association between infection with 

intestinal parasites and detection of filarial DNA.  e 

tests were applied to each of the different species of 

NHP separately, as well as to the pooled data across all 

NHP species.

Results

PCR-positive results and filariae homology in cox1 and 12S 

rDNA fragments from six species of non-human primates

 e 315 samples of NHP faeces included 65 samples 

from gorillas, 12 from mandrills, 222 from chimpanzees, 

9 from red-capped mangabeys, 3 from agile mangabeys 

and 4 from greater spot-nosed monkeys. PCRs targeting 

the 12S rDNA and cox1 mitochondrial genes of filariae 

were run for all samples selected. 12S rDNA and cox1 

sequences were also obtained from 20 human patients 

and 7 of them were added for comparisons to the phy-

logenetic trees. Among the 315 samples analysed, 121 

were positive by PCR (38%): 31 samples were positive for 

12S rDNA only, 59 samples were positive for cox1 only, 

and 31 for both gene fragments (Table 2).  e sequences 

obtained showed > 90% homology with reference filarial 

sequences available on GenBank (BLASTn). For the goril-

las, sequences from 30 out of 65 samples (46%), for the 

mandrills, 2 sequences out of 12 (17%), for the chimpan-

zees 85 out of 222 (38%), for the Cercocebus only 1 (agile 

mangabey) out of 12 (8%), and for the greater spot-nosed 

monkeys 3 out of 4 (75%) showed high similarities (> 90% 

homology) within the family Onchocercidae.

Phylogenetic analyses of cox1 and 12S rDNA gene 

fragments

Among these 121 samples, 39 out of 62 sequences were 

exploitable for phylogenetic analyses for the 12S rDNA 

gene (corresponding to 63% of the sequences obtained) 

and 70 out of 90 for the cox1 gene (corresponding to 

78% of the sequences obtained) (Table 3).  e remain-

ing sequences were not included in the alignments 

because they were of low quality (less than 250 bp) or 

displayed background noise with too many unresolved 

degenerated nucleotides.

Phylogenetic analyses of the 70 cox1 gene fragments 

depicted a tree composed of 5 monophyletic groups 

(Fig. 2). At the bottom (group 5), a group of three gorilla 

samples clustered together with Protospirura muricula 

(Nematoda: Spiruridae, a parasite of murid rodents) and 

3 other samples from Cercopithecus nictitans branched 

out of the same node.  e group just above, represented 

exclusively by chimpanzee faecal samples from Gabon 

(group 4) was not very highly supported, its robustness 

being < 70.  erefore, it remains difficult to associate 

these sequences to a given species.  en, three groups 

(1, 2 and 3) clustered together within the genus Man-

sonella with a bootstrap support > 70%.  ey all belong 

to the clade ONC5 as described in Lefoulon et  al. [2] 

(Additional file  2: Figure S1). Parasite sequences from 

five chimpanzees from Matakamangoye (Gabon) and 

two chimpanzees from Somalomo (Cameroon) grouped 

together with M. perstans infecting humans from the 

Okola region (Cameroon) and with two M. perstans 

reference sequences infecting humans, retrieved from 

the GenBank (group 2). Sample homology was > 98%. 

Groups 1 and 3 were composed of nematodes of the 

genus Mansonella infecting gorillas, chimpanzees and 

mangabeys from different regions (Matakamangoye-

Gabon, Somalomo and Mambele/Lobeke National Park-

Cameroon), indicating the absence of phylogeographic 

clusters. In cox1, group 1 and group 2 sequences were 

genetically relatively closer than groups 2 and 3, with a 

mean interspecific divergence of 4.2%, and 6.8% respec-

tively. Identification of filarial species using cox1 as a 

molecular marker was accurate, as previously indicated 

for other filarial species [2, 8, 22].  e cox1 divergence 

threshold value to discriminate between onchocercid 

species was previously established at 4.8% [22]. How-

ever, depending on the dataset and the number of ana-

lysed sequences, intraspecific distances between most of 

the studied onchocercid species were lower than 2% and 

interspecific distances were higher than 4.5%.

Phylogenetic analyses of the 12S rDNA gene fragment 

showed less discriminating power compared to the analy-

ses of the cox1 fragment and fewer sequences were availa-

ble for analysis (Fig. 3, Table 3) as observed for the analysis 
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of the genus Onchocerca [8], therefore precise species 

identification remains unresolved. However, 6 samples 

(CAM_5149, CAM_9803, CAM_9838, CAM_5158, 

CAM_5160 and CAM_4874) within group 1 in the cox1 

phylogenetic tree, have been successfully amplified for the 

12S rDNA fragment. Five out of these 6 samples amplified 

in both genes, clustered together with M. perstans sam-

ples infecting humans, although with a less robust boot-

strap support; only sample CAM_9838, from a gorilla, 

branched outside this M. perstans group in the 12S phy-

logenetic tree. Finally, 2 samples from Djoum in Cam-

eroon (CAM_3337 from a mandrill and CAM_3338 from 

Table 2 PCR and BLASTn summary results according to NHP species and location

Abbreviation: n, individuals tested

Country Locality Host species n Positive 12S 
rDNA

Positive cox1 Positive 12S rDNA 
and cox1

Positive 
individuals

Cameroon Djoum Chimpanzee 0 0 0 0 0

Gorilla 0 0 0 0 0

Mandrill 12 2 0 0 2

Red-capped Mangabey 7 0 0 0 0

Greater spot-nosed monkey 1 0 0 0 0

Somalomo Chimpanzee 23 4 9 2 11

Gorilla 38 12 13 7 18

Mandrill 0 0 0 0 0

Red-capped Mangabey 2 0 0 0 0

Greater spot-nosed monkey 2 0 2 0 2

Mambelé/ Lobeke NP Chimpanzee 59 26 20 15 31

Gorilla 27 4 8 0 12

Mandrill 0 0 0 0 0

Agile Mangabey 3 1 1 1 1

Greater spot-nosed monkey 1 1 1 1 1

Gabon Matakamangoye Chimpanzee 140 12 36 5 43

Total 315 62 90 31 121

Table 3 Summary results of positive individuals in phylogenetic trees according to NHP species and location

Abbreviation: n, individuals tested

Country Locality Host species n 12S rDNA 
phylogeny

cox1 
phylogeny

12S rDNA and cox1 
phylogeny

Positive 
individuals

Cameroon Djoum Chimpanzee 0 0 0 0 0

Gorilla 0 0 0 0 0

Mandrill 12 1 0 0 1

Red-capped Mangabey 7 1 0 0 1

Greater spot-nosed monkey 1 0 0 0 0

Somalomo Chimpanzee 23 4 7 1 10

Gorilla 38 11 15 2 24

Mandrill 0 0 0 0 0

Red-capped Mangabey 2 0 0 0 0

Greater spot-nosed monkey 2 0 2 0 2

Mambelé/Lobeke NP Chimpanzee 59 11 14 2 23

Gorilla 27 1 9 0 10

Mandrill 0 0 0 0 0

Agile Mangabey 3 1 1 1 1

Greater spot-nosed monkey 1 0 1 0 1

Gabon Matakamangoye Chimpanzee 140 9 21 0 30

Total 315 39 70 6 103
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a mangabey) branched together but outside of the known 

filariae and Protospirura muricola DNA references.

Filarial DNA detection in faeces and co-infections 

with gastro-intestinal nematodes

Regarding the intestinal nematodes, 106 of the 121 NHPs 

found to be positive for filariae (87.6%) were also infected 

either with Oesophagostomum sp., or Necator sp., or 

both. In contrast, among the 194 samples in which we 

could not detect any filariae signals, 151 (77.8%) were 

infected with Oesophagostomum sp., or Necator sp. or 

both.  ere was no statistically significant association 

between the presence of infection with these intestinal 

nematodes and detection of filarial DNA when all NHP 

species were analysed together or when Cercopithecus sp. 

and Cercocebus sp. monkeys, mandrills or chimpanzees 

were analysed separately. However, for the gorillas, we 

detected significantly more filarial infections when the 

animals were also infected with gastro-intestinal worms 

(two-tailed probability = 0.0125; Tables 2, 4, 5).

Discussion

To the best of our knowledge, this is the first study 

showing that filarial DNA can be detected in the faeces 

of NHPs using a molecular approach. Among the 315 

samples analysed, 121 (38.4%) showed > 90% homol-

ogy with Onchocercidae reference sequences.  e true 

infection rates are likely to be even higher, because 

filariae detection in faecal samples is probably less 

sensitive than detection in blood. Phylogenetic analy-

ses on cox1 sequences obtained from five chimpanzee 

DNA faecal samples from Gabon and two from Cam-

eroon show that these samples cluster together with 

Mansonella perstans with high bootstrap support. 

Most of the remaining sequences clustered together 

within the genus Mansonella, but the species could not 

be resolved. It has to be noted that most of the studies 

on filariae infecting NHPs are limited to morphologi-

cal descriptions and taxonomic analyses at the molecu-

lar level are lacking. In wild-living NHPs, adult filariae 

have been recovered after extraction from lymphatic 

vessels during necropsies, but these findings remain 

rare [32]. Because of their localization in host tissues, 

Mansonella adult stages are difficult to collect and the 

diversity of this genus is far from being well inves-

tigated in animals. Up to now, seven species of Man-

sonella (M. perstans, M. streptocerca, M. leopoldi, M. 

lopeensis, M. rodhaini, M. gorillae and M. vanhoofi) 

have been described in anthropoids and humans from 

Africa, based on morphological characteristics only. 

 ey all belong to the subgenus Esslingeria [1]. Given 

the difficulty to recover adult filariae in NHPs, indi-

rect approaches targeting microfilarial DNA could be 

helpful for their identification [33, 34]. In this study, 

cox1 phylogenetic analyses were more informative than 

12S rDNA, with sequence fragments of 480 and 280 bp, 

respectively. In this study, we found seven chimpan-

zee faecal samples infected with M. perstans, a filaria 

found in humans, while 29 samples of chimpanzees 

and 21 of gorillas were infected with a Mansonella sp. 

forming a separate cluster in the cox1 phylogenetic 

tree. Using also a DNA barcoding approach based on 

the ITS marker, a putative new Mansonella species/

subspecies was detected exclusively in febrile chil-

dren from Gabon [35]. However, by adopting a Sanger 

sequencing approach, the identification of co-infections 

with different Mansonella species cannot be resolved 

in a given individual. In a past morphological study, 

four Mansonella species were identified in a single 

male western lowland gorilla (G. gorilla gorilla) found 

dead in the Lopé Reserve, Gabon [32]. In this animal, 

female worms of two species of Mansonella (M. lopeen-

sis and Mansonella sp.) were recovered from the deep 

tissues of the wounded thigh, a single M. leopoldi mf 

was found in the blood vessels of the liver, and a male 

of Mansonella sp. was situated in an afferent lymphatic 

vessel of an axillary lymph node. Future efforts using 

next-generation sequencing (NGS) could lower the 

threshold of detection and improve the sensitivity for 

detecting low-frequency variants. To date, 14 filarial 

genomes have been assembled by an NGS approach. 

A phylogenetic analysis of 41 nematode genomes has 

been performed, with a consensus tree including 11 

out of 14 filarial assemblies. However, no Mansonella 

sp. assemblies are available yet [36]. Phylogenetic 

trees have also been constructed from filarial parasite 

mitogenome sequences [37, 38], comforting the clades 

described by Lefoulon et  al. [2] and the presence of 

Mansonella sp. in ONC5.  e NGS method would 

also be more suitable to discriminate between a possi-

ble multitude of Mansonella spp. parasites and mixed 

infections with multiple filarial species. Deep sequence 

analysis represents a potential tool to detect occult 

infections, as reported in a study where samples classi-

fied by traditional methods as M. perstans mono-infec-

tions were found, through rtPCR and deep sequencing, 

to also have occult M. ozzardi infections [38].

Mansonella perstans adult filariae are mainly found 

in in the serous cavities, the visceral adipose tissue or 

the subcutaneous tissue. However, the microfilariae 

thrive in the blood and the lymphatic system [39], 

therefore their detection (or the detection of filarial 

DNA fragments) in faecal samples, seems surprising. 

However, a few reports have shown that the adult para-

sites are usually found in the mesenteries and connec-

tive tissues of abdominal organs of humans, gorillas 
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Fig. 2 Phylogenetic tree based on cytochrome c oxidase subunit 1 (cox1) gene sequences from 85 onchocercid specimens. The total length of 

the alignment is 474 bp. Filaria latala was included as the outgroup. The topology was inferred using Maximum Likelihood. Nodes are associated 

with bootstrap values based on 1000 replicates. Bootstrap support values < 70 are not shown. The scale-bar indicates the number of nucleotide 

substitutions. Reference specimens are in bold
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Fig. 3 Phylogenetic tree based on 12S rDNA gene sequences from 52 onchocercid specimens. The total length of the alignment is 266 bp. Filaria 

latala was included as the outgroup. The topology was inferred using Maximum Likelihood. Nodes are associated with bootstrap values based on 

1000 replicates. Bootstrap support values < 70 are not shown. The scale-bar indicates the number of nucleotide substitutions. Reference specimens 

are in bold
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and chimpanzees [34, 40–43]. In the present study, the 

detection of parasite DNA in the faecal samples seem 

not to be associated with the presence of gastrointes-

tinal worms such as Oesophagostomum sp. or Necator 

sp., except possibly in the gorilla population analysed. 

 e magnitude of Necator sp.-associated pathogenesis 

and blood loss is highly dependent on the number of 

adult worms, host immunity and concurrent infec-

tions with other nematodes [44]. To properly estimate 

infection intensity with a particular gastro-intestinal 

parasite species, invasive collection of adult parasites 

from the intestines of infected hosts is required, which 

is indeed impossible in wild endangered animals like 

apes, with exception of necropsies. Regarding the pres-

ence of Oesophagostomum, these infections are usu-

ally not associated with intestinal bleeding, although 

a study reports rectal bleeding due to Oesophagosto-

mum brumpti in a human individual [45] and another 

study reported intestinal perforation in severe cases 

of oesophagostomiasis in gorillas [46]. In general, data 

about clinical manifestations and pathogenesis of any 

strongylid infections in wild NHPs are scarce [47]. 

 erefore, it remains difficult to draw any conclusion 

about the association of gastrointestinal worms and the 

detection of filarial DNA in faeces from gorillas. Studies 

investigating phytochemical and mechanical properties 

of plants consumed by NHPs suggest the existence of 

abrasive properties of certain foliage [47], which could 

favour the bleeding of the intestine wall and the release 

of mf in this body compartment [48]. Lastly, we cannot 

exclude that the successful detection of filarial DNA 

in faecal samples may be explained by the presence of 

cell-free DNA (cfDNA). CfDNA comprises fragments 

of DNA found extracellularly in the blood circulation 

but also in different body fluids and tissues. Despite 

different hypotheses having been presented, the pre-

cise origin of cfDNA and how it is distributed remains 

unclear [49, 50].

Finally, we detected the spirurid nematode Protospirura 

muricola in faecal samples from gorillas and greater spot-

nosed monkeys. Eggs and fragments of the posterior body 

of an adult male of P. muricola have been found in chim-

panzees’ faecal samples [51]. Protospirura muricola is a 

relatively frequent parasite of rodents in Africa and Asia 

[52–55]. Adults are found in the stomach of the defini-

tive hosts [56]. Dermapterans and most probably also 

scarabeid beetles are intermediate hosts in the life-cycle 

of the nematode [57].  erefore, we cannot exclude with 

certainty that these faecal samples, laying on the ground 

before collection, could have been contaminated by P. 

muricola infecting dung beetles or by faecal samples from 

rodents (the gorilla samples were collected along a road 

about 500 m from a small house settlement (2° 26′ 15.828″ 

N, 15° 26′ 19.5″ E) and the C. nictitans sample in a cocoa 

plantation near the village of Mambele (2° 23′ 54.492″ N, 

15° 30′ 43.524″ E). However, this parasite has been previ-

ously described also in wild NHPs from Nigeria [53] and 

the Congo [58], in re-introduced chimpanzees in Tan-

zania [51] and in captive NHPs from south America [59, 

60].  ough P. muricola in rodents seems to be a relatively 

non-pathogenic parasite, it causes severe, sometimes fatal, 

Table 4 Association between filariae detection (12S rDNA and cox1) and gastro-intestinal worm infection (ITS2)

Abbreviations: neg, negative; pos, positive

NHP species No. of samples tested 12S/cox1 pos/ITS2neg 12S/cox1 pos/ITS2pos 12S/cox1 neg/ITS2neg 12S/cox1 neg/
ITS2pos

Cercopithecus nictitans 4 0 3 1 0

Cercobebus torquatus/agilis 12 0 1 5 6

Pan troglodytes 222 15 70 26 111

Gorilla gorilla 65 0 30 7 28

Mandrillus sphinx 12 0 2 4 6

Total 315 15 106 43 151

Table 5 Fisher exact test contingency table and two-tailed 

probability

Abbreviations: A, positive for filariae and negative for GI worms; B, negative 

for filariae and negative for GI worms; C, positive for filariae and positive for GI 

worms; D, negative for filariae and positive for GI worms

Species A C Two-tailed 
probabilityB D

Cercopithecus sp./Cercobe-
bus sp.

0 4 0.233

6 6

Pan troglodytes 15 70 0.860

26 111

Gorilla gorilla 0 30 0.0125

7 28

Mandrillus sphinx 0 2 0.515

4 6

TOTAL 15 106 0.036

43 151
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disease in captive primates. However, the pathogenicity 

of the nematode in wild chimpanzees or gorillas remains 

unknown and it has not been reported in humans.

Conclusions
To the best of our knowledge, this study shows for the 

first time that filarial infections can be diagnosed from 

DNA extracted from faecal material in several NHP spe-

cies.  ese preliminary results open up perspectives on 

the detection of Onchocercidae in samples other than 

blood and dermal tissues. Such non-invasive sampling, 

combined with molecular genetic analysis, could allow 

for investigations of these pathogens in wild animal pop-

ulations that are difficult to access. Moreover, our results 

raise questions about the diversity and abundance of 

these parasites in wildlife and their possible role as syl-

vatic reservoirs. Similar to other pathogens, which have 

crossed the species barrier, zoonotic filariae transmission 

seems possible and could potentially increase [61], espe-

cially considering human encroachment into previously 

pristine territories and the growing proximity between 

humans and wild animals. Future studies should focus on 

improving the sensitivity of the tests in both human and 

NHPs, and improve and extend the molecular informa-

tion to resolve or support taxonomy classification based 

on morphological descriptions. Finally, this non-invasive 

approach should be further tested as a diagnostic alter-

native in the human population, especially in  situations 

where people are reluctant to undergo blood analysis 

or where blood tests would require people to engage in 

long journeys from remote villages to diagnostic centres. 

Health operators would collect faecal samples at domicile 

and test a single sample for multiple infections back in a 

centralized laboratory.
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Additional file 1: Table S1 

Host species Sequence ID 
#Accession 

(cox1) 

H.sapiens Cam11248 MN890048 

H.sapiens Cam12783 MN890049 

H.sapiens Cam12803 MN890050 

H.sapiens Cam14520 MN890051 

H.sapiens Cam2624 MN890052 

H.sapiens Cam8136 MN890053 

H.sapiens Cam9492 MN890054 

C.agilis Cam5149 MN890055 

P.t.troglodytes Cam5152 MN890056 

P.t.troglodytes Cam5157 MN890057 

P.t.troglodytes Cam5158 MN890058 

P.t.troglodytes Cam5159 MN890059 

P.t.troglodytes Cam5160 MN890060 

P.t.troglodytes Cam5163 MN890061 

P.t.troglodytes Cam6945 MN890062 

P.t.troglodytes Cam6948 MN890063 

P.t.troglodytes Cam6952 MN890064 

P.t.troglodytes Cam6955 MN890065 

P.t.troglodytes Cam6958 MN890066 

P.t.troglodytes Cam6959 MN890067 

P.t.troglodytes Cam772 MN890068 

P.t.troglodytes Cam773 MN890069 

P.t.troglodytes Gab1000 MN890070 

P.t.troglodytes Gab1002 MN890071 

P.t.troglodytes Gab1015 MN890072 

P.t.troglodytes Gab1022 MN890073 

P.t.troglodytes Gab1031 MN890074 

P.t.troglodytes Gab1184 MN890075 

P.t.troglodytes Gab1188 MN890076 

P.t.troglodytes Gab1003 MN890077 

P.t.troglodytes Gab917 MN890078 

G.g.gorilla Cam9842 MN890079 

G.g.gorilla Cam9840 MN890080 

G.g.gorilla Cam9839 MN890081 

G.g.gorilla Cam9838 MN890082 

G.g.gorilla Cam9837 MN890083 

G.g.gorilla Cam9835 MN890084 

G.g.gorilla Cam9833 MN890085 

G.g.gorilla Cam9832 MN890086 

G.g.gorilla Cam9829 MN890087 

G.g.gorilla Cam9825 MN890088 

G.g.gorilla Cam9822 MN890089 

G.g.gorilla Cam9820 MN890090 

G.g.gorilla Cam9819 MN890091 

G.g.gorilla Cam9803 MN890092 

C. nictitans Cam4880 MN890093 



C. nictitans Cam4879 MN890094 

P.t.troglodytes Cam4874 MN890095 

P.t.troglodytes Cam991 MN890096 

P.t.troglodytes Cam989 MN890097 

P.t.troglodytes Cam987 MN890098 

P.t.troglodytes Cam963 MN890099 

P.t.troglodytes Cam962 MN890100 

P.t.troglodytes Cam957 MN890101 

P.t.troglodytes Gab1228 MN890102 

P.t.troglodytes Gab1253 MN890103 

P.t.troglodytes Gab1275 MN890104 

P.t.troglodytes Gab1277 MN890105 

P.t.troglodytes Gab1301 MN890106 

P.t.troglodytes Gab2318 MN890107 

P.t.troglodytes Gab2351 MN890108 

P.t.troglodytes Gab2352 MN890109 

P.t.troglodytes Gab913 MN890110 

P.t.troglodytes Gab948 MN890111 

P.t.troglodytes Gab949 MN890112 

P.t.troglodytes Gab998 MN890113 

C. nictitans Cam6960 MN890114 

G.g.gorilla Cam5324 MN890115 

G.g.gorilla Cam5337 MN890116 

G.g.gorilla Cam5338 MN890117 

G.g.gorilla Cam5354 MN890118 

G.g.gorilla Cam5360 MN890119 

G.g.gorilla Cam5369 MN890120 

G.g.gorilla Cam9965 MN890121 

G.g.gorilla Cam10016 MN890122 

G.g.gorilla Cam10015 MN890123 

G.g.gorilla Cam10014 MN890124 

H.sapiens Mansonella perstans KU215907 

H.sapiens Mansonella perstans LT623909 

H.sapiens Mansonella ozzardi KP760195 

Not specified Mansonella dunni KY434309 

Not specified Loa loa AJ544875 

Canis lupus familiaris Dirofilaria repens KY828979 

H.sapiens Onchocerca volvulus MH190075 

Gorilla sp. Protospirura muricola KP760207 

Panthera leo Filaria lalata KP760186 

Agama agam Foleyella candezei KP760187 

Ateles sp. Dipetalonema caudispina KP760178 

Bos taurus Onchocerca armillata KP760200 

B. taurus Onchocerca gutturosa KP760201 

B. taurus Onchocerca ochengi KP760202 

Canis familiaris Cercopithifilaria bainae KP760175 

Capreolus capreolus Cercopithifilaria rugosicauda KC610815 

Cariollia perspicillata Litomosoides brasiliensis KP760190 

Cebus olivaceus Dipetalonema gracile KP760179 

Cervus nippon Mansonella perforata AM749265 



C. nippon Onchocerca eberhardi AM749268 

C. nippon Onchocerca skrjabini AM749269 

Glossophaga soricina Litomosoides hamletti KP760192 

H.sapiens Brugia timori KP760171 

H.sapiens Loa loa KP760194 

Hydrochoerus hydrochaeris Cruorifilaria tuberocauda KP760176 

H. hydrochaeris Yatesia hydrochoerus KP760210 

Lagothrix peoppigi Dipetalonema robini KP760183 

Meriones unguiculatus Brugia malayi KP760171 

M. unguiculatus Brugia pahangi KP760171 

M. unguiculatus Litomosoides sigmodontis mLs2.0 

Naemorhedus crispus Loxodontofilaria caprini AM749237 

Not specified Onchocerca volvulus AF015193 

Oriolus oriolus Cardiofilaria pavlovskyi KP760174 

Pachycactylus turneri Madathamugadia hiepei JQ888270 

Phyllomedusa bicolor Ochoterenella sp.3 KP760197 

Podiceps nigricollis Pelecitus fulicaeatrae KP760206 

Rangifer tarandus Rumenfilaria andersoni JQ888273 

Rattus tanezumi Breinlia jittapalapongi KP760170 

Rhinella granulosa Ochoterenella sp.1 KP760198 

R. marina Ochoterenella sp.2 KP760199 

Saltator similis  Aproctella alessandroi FR823335 

Samiris scuireus Dipetalonema graciliformis KP760182 

Sus scrofa Onchocerca dewittei japonica KP760203 

Trachops cirrhosus Litomosoides solarii KP760193 

 

 

 

 

 

 

 

 

 

 

 

 

 



Host species Sequence ID 
#Accession 

12S rDNA 

C.torquatus Cam3338 MN927137 

P.t.troglodytes Gab947 MN927138 

P.t.troglodytes Gab904 MN927139 

P.t.troglodytes Gab957 MN927140 

G.g.gorilla Cam9847 MN927141 

G.g.gorilla Cam9846 MN927142 

G.g.gorilla Cam9838 MN927143 

G.g.gorilla Cam9837 MN927144 

G.g.gorilla Cam9833 MN927145 

G.g.gorilla Cam9821 MN927146 

G.g.gorilla Cam9819 MN927147 

G.g.gorilla Cam9805 MN927148 

G.g.gorilla Cam9803 MN927149 

G.g.gorilla Cam9802 MN927150 

G.g.gorilla Cam9801 MN927151 

P.t.troglodytes Cam4875 MN927152 

P.t.troglodytes Cam4874 MN927153 

P.t.troglodytes Cam990 MN927154 

Mandrillus sphinx Cam3337 MN927155 

P.t.troglodytes Cam775 MN927156 

P.t.troglodytes Gab1294 MN927157 

P.t.troglodytes Cam10017 MN927158 

G.g.gorilla Cam2470 MN927159 

P.t.troglodytes Gab2318 MN927160 

P.t.troglodytes Gab998 MN927161 

P.t.troglodytes Cam777 MN927162 

P.t.troglodytes Cam776 MN927163 

P.t.troglodytes Cam5154 MN927164 

P.t.troglodytes Cam5153 MN927165 

P.t.troglodytes Cam5160 MN927166 

C. agilis Cam5149 MN927167 

P.t.troglodytes Cam5148 MN927168 

P.t.troglodytes Cam5145 MN927169 

P.t.troglodytes Gab1291 MN927170 

P.t.troglodytes Gab1275 MN927171 

P.t.troglodytes Gab1248 MN927172 

P.t.troglodytes Cam5139 MN927173 

P.t.troglodytes Cam5158 MN927174 

H.sapiens Cam8136 MN927175 

H.sapiens Cam9492 MN927176 

H.sapiens Cam11248 MN927177 

H.sapiens Cam12803 MN927178 

H.sapiens Cam14520 MN927179 

H.sapiens Cam2604 MN927180 

Not specified Mansonella perstans LT623913 



C. olivaceus Mansonella_atalensis_amazonae AM779823 

Not specified Mansonella_dunni KY434310 

H.sapiens Mansonella_ozzardi JF412324 

Cervus nippon Mansonella_perforata AM779802 

Not specified Brugia_malayi AJ544843 

Cervus elaphus Onchocerca_flexuosa LT732683 

Lutra lutra Dirofilaria_immitis MH051846 

Panthera leo Filaria_lalata KP760332 
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