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"I#I"I" N17/.8020<?8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII $j

"I#I"I# W6<97;<?A?K<. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII $#

"I#I"I$ '28<@./020<?8/!:A<8<O4./ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII $$

"I#I"Ia '70=?9./!9<2K8?/0<O4./IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII $a

PI E<2K8?/0<:!:A<8<O4.!.0!9<2K8?/0<:!9<1.:0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII $a

QI E<2K8?/0<:!<89<1.:0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII $e

"I#I"Ie +12<0.;.80!<89<3<94.AIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII $f

V8:=?:.1:?/.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII $m

"I#I#I" N17/.8020<?8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII $m

"I#I#I# W6<97;<?A?K<. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII $o

"I#I#I$ '28<@./020<?8/!:A<8<O4./ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII a"

PI '28<@./020<?8/!A?:2A</7./IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII a"

QI '28<@./020<?8/!/[/07;<O4./ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII a#

(I _?:4/!/41!AB76<A.6/<.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII a#

"I#I#Ia '70=?9./!9<2K8?/0<O4./IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII a$

PI E<2K8?/0<:!:A<8<O4.!.0!9<2K8?/0<:!9<1.:0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII a$

QI E<2K8?/0<:!<89<1.:0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII aa

"I#I#Ie +12<0.;.80!<89<3<94.AIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ae

-?2/. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ag

"I#I$I" N17/.8020<?8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ag

"I#I$I# W6<97;<?A?K<. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII am



"#

"I#I$I$ '28<@./020<?8/!:A<8<O4./ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ao

"I#I$Ia '70=?9./!9<2K8?/0<O4./IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII e"

PI E<2K8?/0<:!:A<8<O4.!.0!9<2K8?/0<:!9<1.:0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII e"

QI E<2K8?/0<:!<89<1.:0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII e#

"I#I$Ie +12<0.;.80/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII e#

"I$ N1?K12;;./!9.!/2807!64\A<O4.!:?801.!A./!@<A21<?/./IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ea

D</0?1<O4.!9./!61?K12;;./!9.!A400. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ea

"I$I"I" N1?K12;;./!9.!A400.!:?801.!AB?8:=?:.1:?/.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ea

"I$I"I# N1?K12;;.!9.!A400.!:?801.!A2!@<A21<?/.!A[;6=20<O4. IIIIIIIIIIIIIIIIIIIIIIIIIII ef

,<0420<?8!9./!61?K12;;./!.8!#j#" IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII em

,01207K<./!2A0.1820<3./!9.!012<0.;.80/!973.A?667./!.0!732A47./IIIIIIIIIIIIIIII fj

"I$I$I" ,01207K<.! )EP k! /01207K<.! 6?41! A./! ^?8./! .897;<O4./! 6?41! A2! @<A21<?/.!

A[;6=20<O4.!48<O4.;.80 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII fj

"I$I$I# +./0! t! F8?0G! +1.20 k! /01207K<.! 6?41! A./! ^?8./! .897;<O4./! 6?41!

AB?8:=?:.1:?/.!.0!:?.897;<O4.!6?41!A2!A?2/. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII f"

"I$I$I$ V60<;</20<?8! 9./! /:=7;2/! 9B29;<8</0120<?8! 9B2A\.892^?A. k! ^?8./!

:?.897;<O4./!6?41!A2!@<A21<?/.!A[;6=20<O4.!.0!A2!A?2/.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII f#

#I N1?\A7;20<O4./!.0!?\Z.:0<@/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII fa

#I" -./!^?8./!.897;<O4./!H!A2!A?2/.!.0!A./!/01207K<./!976A?[7./ IIIIIIIIIIIIIIIIIIIIIIIII ff

V40<A/!0=7126.40<O4./!6?41!AB?60<;</20<?8!9./!61?K12;;./!9.!A400. IIIIIIIII ff

#I"I"I" -.!620:=!9.!9<70=[A:21\2;2^<8.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ff

#I"I"I# P9;<8</0120<?8!9B2A\.892^?A.!/.4A!/.;<Y2884.AIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII fg

#I"I"I$ -2!;?5<9.:0<8.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII fm

-.!A732;</?A.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII fo

#I# -B<3.1;.:0<8.X!.@@.0/!61?6=[A2:0<O4./!.0!1</O4./!2//?:<7/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIII g"

&@@.0!61?6=[A2:0<O4. 9.!AB<3.1;.:0<8.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII g"



"$

-./!.@@.0/!/.:?892<1./!9.!AB<3.1;.:0<8. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII g"

#I$ N71<?9<:<07!.0!321<2\<A<07!9.!A2!A?2/. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII g$

N71<?9<:<07 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII g$

C21<2\<A<07!9.!A2!;<:1?@<A217;<.!H!I6#(86# 928/!A.!0.;6/ IIIIIIIIIIIIIIIIIIIIIIIIIIII g$

C21<2\<A<07!9.!A.:041.!9.!;<:1?@<A217;<.!928/!A./!<8@.:0<?8/!H!I6#(86# IIIIIIII ga

$I WA7;.80/!9.!176?8/.!/41!AB<8071J0!9./!61?K12;;./!9B29;<8</0120<?8!/.;<Y

2884.AA.!9B2A\.892^?A.!/.4A.!/41!A2!@<A21<?/.!A[;6=20<O4. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII gm

$I" '7:28</;.!.0!<89<:20<?8/!9.!AB2A\.892^?A. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII mj

$I# M0<A</20<?8!9.!AB2A\.892^?A.!928/!A2!A400.!:?801.!A2!@<A21<?/.!A[;6=20<O4.IIIIIII m"

P3</!9.!ABV', IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII m"

&@@.0!24 8<3.24!:?;;482402<1.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII m"

&@@.0! 9?/.Y176?8/.! 9.! AB29;<8</0120<?8! 9B2A\.892^?A.! /.4A.! /41! A2! @<A21<?/.!

A[;6=20<O4.!24!8<3.24!<89<3<94.A IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ma

$I#I$I" P\/012:0I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII me

$I#I$I# )801?94:0<?8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII me

$I#I$I$ '.0=?9/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII mf

PI ,049[!6?64A20<?8/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII mf

QI P//.//;.80!?@!P;(7#+,%6G.* <8@.:0<?8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII mg

(I E14K!9</01<\40<?8!289!2//.//;.80!?@!01.20;.80!29=.1.8:. IIIIIIIIIIIIIIIIIIII mg

EI ,?:<?Y9.;?K126=<:/!289!1</h!@2:0?1/!@?1!-_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII mm

&I ,020</0<:2A!282A[/</ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII mm

$I#I$Ia %./4A0/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII mo

PI ,049[!6210<:<6280/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII mo

QI (_P!289!;<:1?@<A21.;<2!:A.2128:.!120./ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII mo

(I N212;.01<:! /413<32A! ;4A0<321<20.! ;?9.A/! @?1! 0=.! :A.2128:.! ?@! (_P! 289!

;<:1?@<A21.;<2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII oj



"a

EI (=28K./!<8!'_E!?3.1!0<;.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII oj

$I#I$Ie E</:4//<?8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII o"

]4280<@<:20<?8!9.!A2!32A.41!2Z?407.!9.!AB29;<8</0120<?8!9B2A\.892^?A.!/.4A.!

/41!A./!<8@.:0<?8/!621!K7?=.A;<80=./!24!8<3.24!<89<3<94.A IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "j#

$I#IaI" P\/012:0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "j#

$I#IaI# Q2:hK1?489IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "j$

$I#IaI$ '.0=?9/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "ja

PI ,049[!6?64A20<?8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "ja

QI P//.//;.80!?@!,+D!<8@.:0<?8/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "je

(I E14K!9</01<\40<?8!289!2//.//;.80!?@!01.20;.80!29=.1.8:. IIIIIIIIIIIIIIIIII "je

EI ,020</0<:2A!282A[/</IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "jf

$I#IaIa %./4A0/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "jm

PI ,049[!6210<:<6280/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "jm

QI Q<321<20.!282A[/</!?@!/4/02<8.9!:A.2128:.!?@!,+D!<8@.:0<?8IIIIIIIIIIIIIIIIIIIII "jo

(I N212;.01<:! /413<32A! ;4A0<321<20.! ;?9.A/! @?1! /4/02<8.9! :A.2128:.! ?@! /?<AY

0128/;<00.9!=.A;<80=/!<8@.:0<?8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "jo

EI N212;.01<:2A!/413<32A!;?9.A/!?@!,+D!<8:<9.80!<8@.:0<?8IIIIIIIIIIIIIIIIIIIIIIIII ""j

&I (=28K./!<8!&NU!?3.1!0<;. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ""j

$I#IaIe E</:4//<?8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ""m

(?8:A4/<?8/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "#j

aI -B<3.1;.:0<8.X!732A420<?8!9B48!.@@.0!61?6=[A2:0<O4.!.0!7049.!/[/07;20<O4.!

9.!/./!.@@.0/!<897/<12\A./!K123./IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "##

aI" U78712A<07/!.0!=</0?1<O4.!9. AB<3.1;.:0<8.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "#a

aI# '7:28</;./!9B2:0<?8!.0!<89<:20<?8/!9.!AB<3.1;.:0<8.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "#a

aI$ &@@.0!61?6=[A2:0<O4.!9.!AB<3.1;.:0<8.!/41!A./!/029./!A2132<1./!9BT;(2682383'I "#f

P\/012:0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "#g



"e

Q2:hK1?489 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "#g

'.0=?9/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "#o

aI$I$I" ,049[!6?64A20<?8!289!/4\Z.:0/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "#o

aI$I$I# N1?:.941./IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "$j

aI$I$I$ ,020</0<:2A!P82A[/</IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "$j

%./4A0/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "$$

aI$IaI" Q2/.A<8.!:=212:0.1</0<:/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "$$

aI$IaI# P82A[/</!?@!266.2128:.!?@!8?94A./!\.0c..8!"ooa!289!"oog IIIIIIIIIIIII "$a

aI$IaI$ P82A[/</!?@!9</266.2128:.!?@!8?94A./!\.0c..8!"ooa!289!"oogIIIIIIIII "aj

E</:4//<?8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "aj

(?8:A4/<?8/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "a$

aIa W049.!9.!6=21;2:?3<K<A28:. /[/07;20<O4.!k!.@@.0/!<897/<12\A./!K123./!2//?:<7/!

H!AB<3.1;.:0<8.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "aa

P\/012:0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "ae

)801?94:0<?8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "af

'.0=?9?A?K[IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "am

aIaI$I" E202!/?41:.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "am

aIaI$I# ,049[!9./<K8 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "ao

aIaI$I$ &56?/41.!9.@<8<0<?8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "ao

aIaI$Ia ,020</0<:2A!282A[/</ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "ej

%./4A0/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "e#

aIaIaI" E./:1<60<3.!282A[/</!?@!0=.!/PE%/!1.6?10.9!2@0.1!<3.1;.:0<8 IIIIIIIIIIIII "e#

aIaIaI# E</61?6?10<?82A<0[!282A[/</IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "f#

aIaIaI$ ,.8/<0<3<0[!282A[/</ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "f$

E</:4//<?8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "ff

(?8:A4/<?8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "g"
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eI W32A420<?8!94!A732;</?A.!928/!A2!61</.!.8!:=21K.!9.!A2!;<:1?@<A217;<.!H!I6#(

86# .0!7049.!/[/07;20<O4.!9.!/./!.@@.0/!<897/<12\A./IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "g#

eI" U78712A<07/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "ga

eI# &@@.0/!<897/<12\A./ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "ge

P\/012:0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII "gf
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D664!24;('(,@(! 0(24A! *6! P2A*('! @0(2'2,@(!6P! XC! <,P(@*<6,! <,! <,4<)<4720AH!&6*;!@0(2'2,@(A!p('(!

A<D,<P<@2,*0:!2AA6@<2*(4!p<*;!*;(!,7>3('!6P!46A(A!6P!^X&!*2J(,!2,,7200:/!2,4!p<*;!<,<*<20!<,P(@*<6,!

0()(0AH! ^! 06p('! <,<*<20! YC^! A@6'(! p2A! 2AA6@<2*(4! p<*;! 2! ;<D;('! 9'6323<0<*:! 6P! YC^! @0(2'2,@(H!

L;('(P6'(/!*;(!J,6p0(4D(!6P!*;(!<,4<)<4720!A(><8N72,*<*2*<)(!'(A70*A!2*!32A(0<,(!>2:!3(!7A(P70!*6!

<>9'6)(!902,,<,D!P6'!XC!(0<><,2*<6,!9'6D'2>AH!L;(!7A(!6P!*;(!MYL!*(A*!p2A!2AA6@<2*(4!p<*;!2,!

<,@'(2A(4!9'6323<0<*:!6P!YC^!@0(2'2,@(! '(02*<)(!*6!7A(!6P!*;(!CLT/!2,4!*;<A! <A! 0<J(0:!47(!*6!*;(!

;<D;('! A(,A<*<)<*:! 6P! *;(! CLT! BY;(A,2<A! (*! 20H! ?%-"EH! ^0*;67D;! 32A(0<,(! YC^! A@6'(A! p('(! ,6*!

2AA6@<2*(4!p<*;!>6'(!'29<4!@0(2'2,@(!6P!><@'6P<02'(><2/!;<D;('!<,<*<20!SCV!<,@'(2A(4!*;(!*<>(!

'(N7<'(4!P6'!*6*20!><@'6P<02'(><2!@0(2'2,@(H!!



!

! $?!

F(D2'4<,D!<,4<)<4720A1!(]96A7'(!2,4!;23<*A/!<,4<)<4720A!p;6!A0((9!'(D702'0:!67*466'A!*66J!

06,D('!*6!@0(2'!YC^H!L;<A!p2A!9'63230:!47(!*6!'(<,P(@*<6,/!3(@27A(!9'<6'!A*74<(A!;2)(!<4(,*<P<(4!

A0((9<,D!67*466'A!2A!2!A<D,<P<@2,*!'<AJ!P2@*6'!P6'!XC!<,!@(,*'20!^P'<@2!BY;(A,2<A!(*!20H!?%-j/!?%-$EH!

=6p()('/! *;(!7A(!6P!3(4,(*A!6'!2!;<A*6':!6P! P<A;<,D!p('(!,6*!A<D,<P<@2,*0:!2AA6@<2*(4!p<*;!*;(!

@0(2'2,@(AH!^0*;67D;!*;(!,6,87A(!6P!3(4,(*A!;2A!3((,!A;6p,!*6!3(!2!'<AJ!P2@*6'!P6'!XC!<,P(@*<6,/!

*;(<'!7A(!<,!<,P(@*(4!<,4<)<4720A!Bp<*;67*!SV^E!p2A!,6*!(PP(@*<)(!P6'!@0(2'<,D!<,P(@*<6,A!6'! P6'!

'(47@<,D!SP!9'()20(,@(!!<,!*;(!*<>(!P'2>(A!BQ!6'!j!:(2'AE!6P!*;<A!A*74:!BF<@;2'4A!(*!20H!?%-QEH!V2*2!

6,!*;(!'(02*<6,A;<9!3(*p((,!3(4,(*!7A2D(!2,4!*'(2*>(,*!24;('(,@(!2'(!<,@074(4!<,!*;(!L230(!#H!

=7,*<,D!2,4!2D'<@70*7'20! 2@*<)<*<(A!p('(!,6*! <,@074(4! <,! *;(!>64(0A/!3(@27A(! *;(!,7>3('A! 6P!

;7,*('A!2,4!P2'>('A!p('(!A>200!<,!*;(!A*74:!A<*(A/!2,4!<,@07A<6,!6P!*;(A(!6@@792*<6,A!p6704!;2)(!

4(A*23<0<5(4!*;(!>64(0AH!M,4<)<4720A!p('(!>6'(!0<J(0:!*6!@0(2'!YC^!2P*('!SV^!<,!Y6,D6!*;2,!<,!

VFYH!L;<A!><D;*!3(!47(!*6!*;(!P2@*!*;2*!*;('29(7*<@!@6)('2D(!p2A!;<D;('!2,4!>6'(!@6,A*2,*!2,4!

32A(0<,(! <,P(@*<6,! 9'()20(,@(! 06p('/! <,! *;(! Y6,D6! A<*(! *;2,! <,! VFY! p;<@;! >2:! '(47@(!

*'2,A><AA<6,!2,4/!*;('(P6'(/!*;(!9'6323<0<*:!*;2*!'(8<,P(@*<6,!6@@7'AH!

L;(!2@*<)<*:!6P!^X&!206,(!P6'!XC!;2A!<>96'*2,*!<>90<@2*<6,A!P6'!@7''(,*!9'6*6@60A!*;2*!'(0:!;(2)<0:!

6,!YC^!A7')(:A!<,!A@;66082D(4!@;<04'(,!P6'!SV^!A*699<,D!4(@<A<6,A!2,4!96A*8SV^!A7')(<002,@(H!

M,4((4/! A<,@(! A6<08*'2,A><**(4! ;(0><,*;! 9'6D'2>A! '67*<,(0:! 6,0:! *'(2*! @;<04'(,/! 7A<,D! *;<A!

4(>6D'29;<@! 2A! 2! A(,*<,(0! P6'! SV^! A*699<,D! 4(@<A<6,A! >2:! 7,4('(A*<>2*(! *;(! 0()(0! 6P!

@6>>7,<*:8p<4(!*'2,A><AA<6,!3(@27A(!XC!p<00!*(,4!*6!3(!0(AA!9'()20(,*!<,!@;<04'(,/!p;6!2'(!>6'(!

*'(2*(4!*;2,!2470*AH!!

U(!(0(@*(4!*6!7A(!92'2>(*'<@!A7')<)20!>64(0A!*6!2,20:5(!*;(A(!42*2!3(@27A(!*;(A(!>64(0A!

2'(!>6'(!P0(]<30(!2,4!2006p!06,D<*74<,20!2,20:A(A!p<*;!*<>(8)2':<,D!)2'<230(A!B<H(H!^X&!<,*2J(EH!M,!

244<*<6,/!*;(:!2'(!>6'(!<,P6'>2*<)(!*;2,!,6,892'2>(*'<@!299'62@;(A/!3(@27A(!*;(:!9'6)<4(!*<>(!

'2*<6A/!(,230(!9'(4<@*<6,A!6P!>(2,!2,4!>(4<2,!A7')<)20!*<>(A!2,4!;2)(!>6'(!96p('!*;2,!A(><8

92'2>(*'<@! >64(0AH! X6D806D<A*<@! 4<A*'<37*<6,! P6'! *;(! YC^! @0(2'2,@(! >64(0! 2,4! 06D8,6'>20!

4<A*'<37*<6,!P6'!*;(!><@'6P<02'(><2!@0(2'2,@(!>64(0!p('(!*;(!3(A*!P<*A!P6'!67'!42*2/!2,4!*;(:!;2)(!

*;(!24)2,*2D(!6P!,6*!'(N7<'<,D!9'696'*<6,20!'<AJ!2AA7>9*<6,A/!7,0<J(!@6,)(,*<6,20!Y6]!A7')<)20!

>64(0AH!

L;(! 9'(A(,@(! 6P! 3<2A! @2,,6*! 3(! (]@074(4H! Z'()20(,@(! 3<2A!>2:! 3(! 9'(A(,*H!=6p()('/!

P(p('! *;2,! --l! 6P! *;(! 969702*<6,! B#H.! 2,4! -%Hjl! P6'! *;(! YC^! 2,4!><@'6P<02'(><2! @0(2'2,@(!

>64(0A/!'(A9(@*<)(0:E!;24!*2J(,!̂ X&!9'<6'!*6!67'!A*74:H!U(!3(0<()(!*;2*!*;<A!3<2A/!<P!<*!(]<A*A/!p6704!

;2)(!;24!)(':! 0<**0(! <>92@*!6,! 67'! '(A70*AH! M,!244<*<6,/!92'*<@<92*<6,!3<2A! @2,,6*!3(!(]@074(4!



!

! $Q!

(<*;('\!9(690(!p<*;!2!;<D;!92'*<@<92*<6,!P'(N7(,@:!<,!67'!A*74:!>2:!;2)(!4<PP('(,*!@;2'2@*('<A*<@A!

*;2,!,6,892'*<@<92,*A/!<,@074<,D!24;('(,@(!p<*;!*'(2*>(,*H!

U(! ;2)(! >(,*<6,(4! *;2*! 92'*<@<92*<6,! '2*(A! <,! SV^! 4(@'(2A(4! 6)('! *<>(/! 9'63230:!

'(P0(@*<,D! 2!J<,4! 6P! P2*<D7(! 6,! *;(! 92'*! 6P! A6>(!@6>>7,<*:!>(>3('A! BZ<6,! (*! 20H! ?%?%EH!U(!

3(0<()(!*;2*!p(!;2)(!4(>6,A*'2*(4!*;'67D;!*;(A(!,(p!2,20:A(A!*;2*!92'*<@<92*<6,!'2*(A!<,!SV^!

9'6D'2>A!>7A*!3(!>2<,*2<,(4!2*!;<D;!0()(0A!*6!2@@(0('2*(!*;(!(0<><,2*<6,!6P!XC!<,!<,4<)<4720A!2,4!

@6>>7,<*<(AH!O)<4(,@(!P'6>!*;<A!A*74:!@6704!3(!7A(4!<,!A6@<20!>63<0<52*<6,!9'6D'2>A!*6!<007A*'2*(!

*;(! <>96'*2,@(! 6P! 2@;<()<,D! 2,4! A7A*2<,<,D! ;<D;! '2*(A! 6P! SV^! 24;('(,@(! <,! XC! (0<><,2*<6,!

9'6D'2>AH!!

!

! !



!

! $j!

!

  CFA clearance Microfilaremia clearance 

Variables Categories PY a Events b PY a Events b 

 1369 203 400 100 

Sex Male 754 112 232 61 

Female 615 91 168 39 

Age at 

inclusion 

5 – 17 years 304 47 87 22 

18 – 30 years 349 48 92 23 

31 – 45 years 402 59 113 24 

≥ 46 years 314 49 108 31 

CFA score at 

inclusion 

1 488 128 30 9 

2 352 51 91 28 

3 529 24 279 63 

Bednets use at 

inclusion 

No 561 82 138 33 

Yes 808 121 262 67 

Fishing 

activities at 

inclusion 

No 596 100 161 43 

Yes 699 95 211 52 

History of sleep 

outside at 

inclusion 

No 953 159 248 63 

Yes 408 44 144 36 

Village Misay (DRC) 297 39 85 21 

Mbunkimi (DRC) 660 79 199 49 

Seke Pembe (Congo) 412 85 116 30 

Study site Bouenza (Congo) 957 118 284 70 

 Kwilu (DRC) 412 85 116 30 

Initial MFD 0 – 150 Mf/mL   144 44 

151 – 300 Mf/mL   77 22 

> 300 Mf/mL   179 34 

N57%(50! C#! A0-J2J5%!,5*5! 9/-! *2'(! ?/)+*5)*! J5-257%(+!0+(,! 2)!?2-?0%5*2)4! 92%5-25%! 5)*24()('25! OG@HP!5),!

'2?-/92%5-('25!+0-J2J5%!'/,(%+!

a Person-years 
b Number of events. 

!

! !



!

! $.!

G@H!! >2?-/92%5-('25!!
!

Q5-257%(+! G5*(4/-2(+! G%(5-5)?(!
-5*(+!5!

RST!GU!7! /!?! G%(5-5)?(!
-5*(+!5!

RST!GU!7! /!?!

! -jH#! -?H$!v!-"H%! ! ?.H%! ?%H.!v!Q%Hj! !

T(]! S20(! -jH#! -?H%!v!-#H?! H$#$! ?kHQ! ?%Hj!v!QQH#! H.jQ!

C(>20(! -jH#! -?HQ!v!-"H$! ?QH?! -"H%!v!Q-H#!

^D(!2*!

<,@07A<6,!

.!v!-"!:(2'A! -.H.! --Hk!v!?%Hk! H#.$! ?.HQ! -kHk!v!Q#Hj! H"Q$!

-#!v!Q%!:(2'A! -QH"! -%Hj!v!-#H?! ?.H%! -kHk!v!Q"Hk!

Q-!v!j.!:(2'A! -jH"! --Hj!v!-#H$! ?-H?! -jH?!v!Q-H"!

!!jk!:(2'A! -.Hk! --H#!v!?%Hk! ?#H"! ?%H?!v!j%H#!

YC^!A@6'(!2*!

<,@07A<6,!

-! ?kH?! ??H-!v!Q-H?! r!H%%%-! Q%H%! -.Hk!v!."Hk! H-#j!

?! -jH.! --H%!v!-$H-! Q%H#! ?-H?!v!jjHk!

Q! jH.! QH%!v!kH#! ??Hk! -"Hk!v!?#H$!

&(4,(*A!7A(!2*!

<,@07A<6,!

_6! -jHk! --H#!v!-#H-! Hk""! ?QH$! -"H%!v!QQHk! H".?!

w(A! -jH$! -?H.!v!-"H$! ?.Hk! ?%H-!v!Q?H.!

C<A;<,D!2@*<)<*:!

2*!<,@07A<6,!

_6! -kH#! -QH#!v!?%Hj! Hk"-! -$H%! -jH-!v!?.Hk! Hjjj!

w(A! -QHk! --H-!v!-kHk! -kH?! -?Hj!v!?-HQ!

=<A*6':!6P!

A0((9!67*A<4(!

2*!<,@07A<6,!

_6! -kH"! -jHQ!v!-$H.! H%j?! ?kH"! -$H#!v!QkH%! Hk$k!

w(A! -%H#! #H%!v!-jH.! ?jHk! -#H#!v!Q?H?!

  

Village!

S<A2:!BVFYE! -QH-! $Hk!v!-#H%! < .0001! ?jH"! -kH-!v!Q"H$! .85

9!S37,J<><!BVFYE! -?H%! $Hk!v!-jH$! ?jHk! -#Hk!v!Q?Hk!

T(J(!Z(>3(!

BY6,D6E!

?%Hk! -kH"!v!?.H.! ?.H$! -#H-!v!Q"H%!

 Study site! &67(,52!BY6,D6E! -?HQ! -%HQ!v!-jH#! < .001! ?jHk! -$H.!v!Q-H-! .82

6!ip<07!BVFYE! ?%Hk! -kH"!v!?.H.! ?.H$! -#H-!v!Q"H%!

M,<*<20!SCV!! -!v!-.%!SPm>X! ! ! ! Q%Hk! ??H"!v!j-H%! H%Qk!

-.-!v!Q%%!SPm>X! ! ! ?#Hk! -#H#!v!jQHj!

s!Q%%!SPm>X! ! ! -$H%! -QHk!v!?kHk!

N57%(50!"#!D)2J5-25*(!?%(5-5)?(!-5*(+!9/-!?2-?0%5*2)4!92%5-25%!5)*24()('25!OG@HP!5),!'2?-/92%5-('25!

a Calculated for 100 PY. 
b 95% confidence intervals. 
c P is calculated from significance tests using Mantel-Haenszel method based on stratified rate ratios. 

! !



!

! $k!

  CFA clearance Microfilaremia clearance 

Variables Categories TR a 95% CI b P TR a 95% CI b P 

Sex Female Ref.   Ref.   

Male 1.01 0.96–1.06 .718 0.94 0.84–1.05 .281 

Age 5 – 17 years Ref.   Ref.   

18 – 30 years 1.00 0.93–1.07 .910 1.02 0.87–1.20 .769 

31 – 45 years 1.02 0.95–1.08 .515 1.15 0.98–1.34 .082 

≥ 46 years 1.00 0.93–1.07 .992 1.03 0.89–1.20 .644 

Initial CFA score 1 Ref.   Ref.   

2 1.14 1.08–1.20 < .001 0.91 0.74–1.11 .357 

3 1.40 1.31–1.51 < .001 1.00 0.83–1.21 .982 

Annual treatment 0 dose 1.35 1.26–1.45 < .001 1.82 1.46–2.27 < .001 

1 dose 1.12 1.06–1.19 < .001 1.18 1.04–1.34 .008 

2 doses Ref.   Ref.   

Bednets No Ref.   Ref.   

Yes 0.98 0.94–1.03 .515 0.94 0.84–1.04 .243 

Fishing No Ref.   Ref.   

Yes 0.97 0.92–1.02 0.280 1.06 0.95–1.18 .305 

Sleep outside No Ref.   Ref.   

Yes 1.09 1.03–1.16 .002 1.05 0.94–1.18 .397 

Test used FTS Ref.     

ICT 0.76 0.69–0.85 < .001   

Initial MFD 1 – 150 Mf/mL   Ref.   

 151 – 300 Mf/mL   1.04 0.92–1.19 .514 

 > 300 Mf/mL   1.28 1.14–1.43 <.001 

N57%(50! V#! E(+0%*+! 9-/'! .5-5'(*-2?! +0-J2J5%! '/,(%+! 9/-! G@H! OF2*;! J2%%54(! 5+! 5! -5),/'! (99(?*P! 5),!

'2?-/92%5-('25!?%(5-5)?(!

a Adjusted time ratio 
b 95% confidence intervals. 

! !



!

! $"!

Variables Categories Adjusted 

coefficients 

95% CI a  P  

Sex Female Ref.   

Male -26.6 -131.2 – 77.9 .618 

Age 5 – 17 years Ref.   

18 – 30 years -93.1 -236.6 – 50.4 .203 

31 – 45 years 35.3 -103.6 – 174.1 .619 

≥ 46 years -59.6 -196.8 – 77.5 .394 

Initial CFA score 1 Ref.   

2 -37.8 -250.9 – 175.4 .728 

3 52.6 -156.8 – 262.0 .622 

Initial MFD 1 – 200 Mf/mL Ref.   

> 200 Mf/mL 221.3 124.3 – 318.3 < .001 

Bednets No Ref.   

Yes 29.9 -61.9 – 121.8 .523 

Fishing No Ref.   

Yes -18.5 -133.9 – 96.9 .753 

Sleep outside No Ref.   

Yes -21.0 -138.5 – 96.5 .753 

Annual treatment 0 dose Ref.   

1 dose 177.8 -472.3 – 828.0 .592 

2 doses 416.6 -217.3 – 1050.5 .198 

Time Continuous -22.0 -174.6 – 130.5 .777 

Annual treatment interacted with 
time 

0 dose Ref.   

1 dose -68.6 -234.9 – 97.7 .419 

2 doses -210.9 -369.3 – -52.44 .009 

N57%(50!S#!>2W(,!'/,(%!-(+0%*+!9/-!*;(!(J/%0*2/)!/9!>9!,()+2*:!O>@XP#!

a 95% confidence intervals.  

! !



$#

@240-(!=C#!Y-(,2?*2/)+!/9!>9!,()+2*2(+!O>@XP!(J/%0*2/)!5??/-,2)4!*/!*2'(!O9-5?*2/)5%!./%:)/'25%!/9!/-,(-!

CP!5),!5,;(-()?(!F2*;!>XH!OHK!Z!,/+(!.(-!:(5-[!MK!=!,/+(!.(-!:(5-\!GK!C!,/+(+!.(-!:(5-P#

Full model and time transformations are available in Table 9.
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! $$!

V7'2*<6,!6P!

P6006p879!
L'(2*>(,*!Z2**(',!2! _!3! YC^!@0(2'2,@(!@!

Z'696'*<6,!6P!YC^8,(D2*<)(!

A73W(@*A!2*!*;(!(,4!6P!P6006p879!
-
!:
(
2
'!

%! .! ?! j%H%l!

-! Q%! k! ?%H%l!

?! .j! -.! ?"H#l!

N/*5%! #$! ?Q! ?.H#l!

?
!:
(
2
'A
!

%!?! ?! -! .%H%l!

-!%! -! -! -%%l!

-!-! #! .! k?H.l!

-!?! -?! #! kkH"l!

?!-! -.! .! QQHQl!

?!?! .?! Q%! ."H"l!

N/*5%! $%! .%! ..Hkl!

Q
!:
(
2
'A
!

%!%!%! ?! -! .%H%l!

%!?!%! -! -! -%%l!

%!?!-! -! -! -%%l!

-!%!?! -! %! %l!

-!-!%! ?! ?! -%%l!

-!-!?! -! -! -%%l!

-!?!%! Q! Q! -%%l!

-!?!-! ?! -! .%H%l!

-!?!?! --! .! j.H.l!

?!%!-! -! %! %l!

?!%!?! -! %! %l!

?!-!-! Q! -! QQHQl!

?!-!?! -Q! k! jkH-l!

?!?!%! -j! -j! -%%l!

?!?!-! k! Q! .%l!

?!?!?! ##! .-! ."H$l!

N/*5%! -.%! $%! k%H%l!

j
!:
(
2
'A
!

%!-!?!%! -! -! -%%l!

%!?!-!?! -! -! -%%l!

-!-!?!%! -! -! -%%l!

-!-!?!?! -! %! %l!

-!?!%!%! -! -! -%%l!

-!?!?!?! k! ?! QQHQl!

?!%!?!-! -! %! %l!

?!-!?!%! -! -! -%%l!

?!-!?!?! -! -! -%%l!

?!?!%!%! j! j! -%%l!

?!?!-!%! ?! ?! -%%l!

?!?!?!%! #! #! -%%l!

?!?!?!-! Q! ?! kkH"l!

?!?!?!?! Qj! -k! j"H%l!

N/*5%! k.! j%! k-H.l!

N/*5%! Q$j! ?%Q! .-H.l!

N57%(50!]#!Y-/./-*2/)!/9!+07^(?*+!F;/!F(-(!G@H6)(45*2J(!5*!*;(!(),!/9!*;(2-!9/%%/F60.!5??/-,2)4!*/!*;(!

)0'7(-!/9!5%7(),58/%(!,/+(+!-(?(2J(,!,0-2)4!(5?;!:(5-!/9!9/%%/F60.!O_*-(5*'()*!.5**(-)_P!

2!*;(!P<'A*!4<D<*!@6''(A96,4A!*6!*;(!,7>3('!6P!*'(2*>(,*!'(@(<)(4!47'<,D!*;(!P<'A*!:(2'!6P!P6006p879/!*;(!A(@6,4!4<D<*!@6''(A96,4A!*6!

*;(!,7>3('!6P!*'(2*>(,*!'(@(<)(4!47'<,D!*;(!A(@6,4!:(2'!6P!P6006p879/!(*@H!
3!,7>3('A!6P!A73W(@*A!@6''(A96,4<,D!*6!(2@;!92**(',!
@!,7>3('A!6P!A73W(@*A!p;6!(]9('<(,@(4!YC^!,(D2*<)2*<6,!47'<,D!*;(!02A*!:(2'!6P!P6006p879H! !



!
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Variables Categories Adjusted 

coefficients 

95% CI a  P  

Sex Female Ref.   

Male -47.1 -147.5 – 53.3 .358 

Age 5 – 17 years Ref.   

18 – 30 years -68.5 -206.4 – 69.5 .331 

31 – 45 years 28.6 -103.7 – 161.0 .672 

≥ 46 years -60.4 -191.8 – 70.9 . 367 

Initial CFA score 1 Ref.   

2 -43.7 -247.2 – 159.8 .674 

3 56.1 -145.0 – 257.3 .584 

Initial MFD 1 – 200 Mf/mL Ref.   

> 200 Mf/mL 175.8 81.6 – 270.0 < .001 

Bednets No Ref.   

Yes -11.0 -100.9 – 78.9 .810 

Fishing No Ref.   

Yes 16.3 -94.3 – 126.9 .773 

Sleep outside No Ref.   

Yes -31.7 -143.2 – 79.7 .577 

Annual treatment 0 dose Ref.   

1 dose -78.7 -455.4 – 297.9 .682 

2 doses -62.5 -427.3 – 302.3 .737 

FP1 (Time)b Continuous -286.9 -2221.3 – 1647.5 .771 

FP2 (Time)c Continuous 128.8 -806.3 – 1063.9 .787 

Annual treatment interacted with 
FP1 (Time) 

0 dose Ref.   

1 dose -654.1 -2698.4 – 1390.3 .531 

2 doses -450.9 -2417.8 – 1515.9 .653 

Annual treatment interacted with 
FP2 (Time) 

0 dose Ref.   

1 dose 392.7 -631.7 – 1417.1 .452 

2 doses 132.6 -841.5 – 1106.7 .790 

N57%(50!`#!>/,(%!-(+0%*+!9/-!*;(!(J/%0*2/)!/9!>9!,()+2*:!O>@XP!F2*;!*2'(!5+!5!9-5?*2/)5%!./%:)/'25%!/9!

/-,(-!C#!

2!$.l!@6,P<4(,@(!<,*(')20A!
3!*;(!*'2,AP6'>2*<6,!P6'!*;(!C'2@*<6,20!960:,6><20!-!<A\!06DB*<>(E!8!H"j%k"?Q??j!
@!*;(!*'2,AP6'>2*<6,!P6'!*;(!C'2@*<6,20!960:,6><20!?!<A\!06DB*<>(E?!8!H.j#.$.j#$?!
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! N-(5*'()*!5,;(-()?(!a!OTP!
N/*5%!

M(,!)(*!0+54(! Z!,/+(!2)!*;(!:(5-! =!,/+(!2)!*;(!:(5-! C!,/+(+!2)!*;(!:(5-!

a/! k%!B..HklE! -%$!BQ"H.lE! ?.Q!BQ%H#lE! j??!BQjHklE!

b(+! j#!BjjHjlE! -#?!Bk?H.lE! .k$!Bk$H?lE! "$$!Bk.HjlE!

N/*5%! -%#! ?$-! #??! -??-!!

Y75<@J!*(A*\!x!u!jH$$9;#L!u!%H%%%-!

T9(2'>2,! @6(PP<@<(,*! 3(*p((,! 3(4! ,(*! 7A2D(! B:(Am,6E! 2,4! *'(2*>(,*! 24;('(,@(! B%/! -! 6'! ?! 46A(AE! P6'! 200!

63A(')2*<6,A\!%H-?$!BL!r!%H%%%-E!

N57%(50!c#!E(%5*2/)+;2.!7(*F(()!7(,!)(*+!0+(!5),!*-(5*'()*!5,;(-()?(!9/-!5%%!/7+(-J5*2/)+!2)?%0,(,!2)!

.5-5'(*-2?!+0-J2J5%!'/,(%!/)!G@H!?%(5-5)?(!!

_\!,7>3('!6P!63A(')2*<6,A/!l\!9('@(,*2D(!6P!63A(')2*<6,A!2@@6'4<,D!*6!3(4!,(*!7A2D(!

! !



-%?

y72,*<P<@2*<6,! 4(! 02! )20(7'! 2W67*+( 4(!

0124><,<A*'2*<6,!41203(,42560(!A(70(!A7'!0(A!<,P(@*<6,A!

92'!D+6;(0><,*;(A!27!,<)(27!<,4<)<47(0

H +*-/)4 (99(?* /9 2),2J2,05% ?/'.%25)?( F2*; '5++ ,-04 5,'2)2+*-5*2/)

9/- %:'.;5*2? 92%5-25+2+ /) +0+*52)(, ?%(5-5)?( /9 +/2%6*-5)+'2**(,

;(%'2)*; 2)9(?*2/)+

L%(%4,+14 W X1'+)(4

G+'+>: LH Y2>9<006-/ _26>< ZH ^p2@28d)6,?/ G(2,8Z270 L2>3p(?/ I64(P'6: i7:2,D<A28T<>7,2?/

G6;,,: K02><,@JQ/ I2': GH U(<0j/ S<@;(0 &67AA<,(AN-/ Y+4'<@ &H Y;(A,2<A-/ T+32A*<(, VHTH Z<6,-q

6 783 9::; 3&4+,+/+ <1 =1'01('01 >)/( .1 5?@1.)>>1A1&+ B3=5C; 8)&+>1..,1(; D(%&'1 E 7&,@1(4,+? <1

8)&+>1..,1(;8)&+>1..,1(; D(%&'1 E 3FGH=87&,+? 66IJ;8)&+>1..,1(; D(%&'1" 98,&,4+K(1 <1 .% G%&+?

L/$.,M/1; N,&40%4%; 51A)'(%+,' =1>/$.,' )* +01 2)&O)" : 51>%(+A1&+ )* X,().)OU; L%(%4,+).)OU

%&< 3AA/&).)OU; Y01&+ 7&,@1(4,+U; 81(1.$1Z1; R1.O,/A" T !%40,&O+)& 7&,@1(4,+U G'0)). )*

81<,',&1; G+" -)/,4; 8,44)/(,; 7&,+1< G+%+14 )* VA1(,'%H

L(:F/-,+K! T6<08*'2,A><**(4! ;(0><,*;A/! ^03(,42560(/! Z2'2>(*'<@! A7')<)20! 2,20:A<A/! L'(2*>(,*!

24;('(,@(/!S2AA!4'7D!24><,<A*'2*<6,

:"9"T"6 V$4+(%'+#

M5?I4-/0),\ L;( <>92@* 6P A(><82,,720 >2AA 4'7D 24><,<A*'2*<6, BSV^E p<*;

203(,42560( 206,( B^X& j%% >DE 6, 0:>9;2*<@ P<02'<2A<A BXCE 2,4 A6<08*'2,A><**(4 ;(0><,*; BTL=E

<,P(@*<6,A p2A 2AA(AA(4 47'<,D *p6 *'<20A @6,47@*(4 P'6> ?%-? *6 ?%-# <, *;( F(9730<@ 6P Y6,D6

2,4 V(>6@'2*<@ F(9730<@ 6P Y6,D6H L;( 42*2 @600(@*(4 p('( 2,20:5(4 *6 ()2072*( *;( (PP(@* 6P

@6>90<2,@( *6 ^X& *'(2*>(,* 6, TL= <,P(@*<6,AH

>(*;/,+\ TL= <,P(@*<6,A p('( 4<2D,6A(4 p<*; 4790<@2*( i2*68i2*5 *;<@J A>(2'A 2,4

'(A70*A p('( '(96'*(4 2A (DDA 9(' D'2> BOZIE 6P A*660H ^00 A73W(@*A p<*; 2* 0(2A* *p6 TL= <,P(@*<6,

2AA(AA>(,*A p('( <,@074(4 <, *;( 2,20:A(AH U( 7A(4 92'2>(*'<@ A7')<)20 >64(0A *6 2AA(AA *;(



!
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<,P07(,@(!6P!@6>90<2,@(!*6!^X&!*'(2*>(,*!6,!*;(!9'6323<0<*:!6P!B2E!2@;<()<,D!A7A*2<,(4!@0(2'2,@(!

6P!TL=!<,P(@*<6,!2,4!B3E!2@N7<'<,D!TL=!<,P(@*<6,!47'<,D!*;(!P6006p879H!!

E(+0%*+\!R7*!6P!?/k.#!A73W(@*A!<,@074(4!<,!*;(!*'<20A/!42*2!6,!?%?!9('A6,A!B"%-!9('A6,8

:(2'A/!ZwE/!?--!Bk.-!ZwE!2,4!?"%!B-%-Q!ZwE!p<*;!;66Jp6'>/!V4'%(,4#./A$(,'),<14!2,4![(,'0/(,4#

+(,'0,/(%!p('(!2)2<0230(!*6!2,20:5(!*;(!9'6323<0<*:!6P!'(2@;<,D!A7A*2<,(4!@0(2'2,@(!6P!<,P(@*<6,H!

L;(! (PP(@*! 6P! ^X&!p2A! 46A(8'(02*(4! P6'! 200! *;'((! TL=H! C6'! ;66Jp6'>/! *;(! *<>(! '(N7<'(4! P6'!

A7A*2<,(4! @0(2'2,@(! p2A! 06,D('! BjHQ! :(2'A/! L! r! %H%%-E! 6'! A;6'*('! BQHj! :(2'A/! L! u! %H--?E! P6'!

92'*<@<92,*A!p;6!*66J!%!2,4!?!46A(A!9('!:(2'/!'(A9(@*<)(0:/!@6>92'(4!*6!*;6A(!p;6!*66J!-!46A(!

9('!:(2'!BQH"!:(2'AEH!C6'!V4'%(,4/!*;(!*<>(!'(N7<'(4!*6!63*2<,!2!A7A*2<,(4!@0(2'2,@(!P6006p(4!*;(!

A2>(!92**(',\!kH-!:(2'A!BZ!r!%H%%-E!2,4!QH?!:(2'A!BZ!u!%H%%jE!)('A7A!QHk!:(2'A!P6'/!%/!?!2,4!-!46A(!

9('! :(2'/! '(A9(@*<)(0:H! C6'! [(,'0/(,4/! @6>90<2,*! 92'*<@<92,*A! '(N7<'(4! 0(AA! *<>(! P6'! A7A*2<,(4!

@0(2'2,@(!BjH?!:(2'A/!L!r!%H%%-E!*;2,!*;6A(!p;6!*66J!6,0:!-!46A(!9('!:(2'!B.H%!:(2'AEH!^X&!p2A!

>6'(!(PP(@*<)(!P6'!2@;<()<,D!A7A*2<,(4!@0(2'2,@(!6P!TL=!<,P(@*<6,!<,!A73W(@*A!p<*;!0<D;*!32A(0<,(!

<,P(@*<6,!<,*(,A<*<(A!@6>92'(4!*6!*;6A(!p<*;!;<D;('!(DD!@67,*AH!!

G/)?%0+2/)\!R7'!'(A70*A!<007A*'2*(!*;(!<>96'*2,@(!6P!SV^!@6>90<2,@(!2*!*;(!0()(0!6P!*;(!

<,4<)<4720!p<*;!'(A9(@*!*6!*;(!TL=!3(,(P<*!9'6)<4(4!3:!A(><2,,720!^X&!SV^!*;2*!<A!7A(4!P6'!XC!

(0<><,2*<6,!<,!Y(,*'20!^P'<@2H!!

:"9"T"9!R%'ZO()/&<#

T6<08*'2,A><**(4!;(0><,*;!BTL=E!<,P(@*<6,A!2'(!2>6,D!*;(!>6A*!@6>>6,!<,P(@*<6,A!<,!*;(!

p6'04!2,4!2PP(@*!966'!2,4!4<A24)2,*2D(4!@6>>7,<*<(A/!92'*<@702'0:!*;6A(!0<)<,D!<,!A738T2;2'2,!

^P'<@2/!T67*;(2A*!^A<2!2,4!X2*<,!^>('<@2H! M,!?%-%/! <*!p2A!(A*<>2*(4!*;2*!jQ#H$!><00<6,!9(690(!

p('(! <,P(@*(4!p<*;!;66Jp6'>/!#-$H%!><00<6,!p<*;!V4'%(,4# ./A$(,'),<14!2,4!jkjHk!><00<6,!p<*;!

[(,'0/(,4#+(,'0,/(%!BZ7002,!(*!20H!?%-jEH!L;(!@7''(,*!A*'2*(D:!*6!@6,*'60!TL=!<,P(@*<6,A!<A!*6!@6,47@*!

9('<64<@20!4(p6'><,D!@2>92<D,A!p<*;67*!<,4<)<4720!4<2D,6A<A!*;2*!*2'D(*!2*8'<AJ!969702*<6,A!<,!

(,4(><@!2'(2A!B9'(A@;660!@;<04'(,/!A@;66082D(!@;<04'(,/!p6>(,!6P!'(9'647@*<)(!2D(!2,4!2470*A!

<,!@('*2<,!;<D;8'<AJ!6@@792*<6,AEH!L;(!U6'04!=(20*;!R'D2,<52*<6,!BU=RE!'(@6>>(,4A!*;(!7A(!6P!

3(,5<><42560(A\!203(,42560(!Bj%%!>DE!6'!>(3(,42560(!B.%%!>DEH!&(@27A(!6P! 06D<A*<@!2,4!@6A*!

@6,A*'2<,*A/!9'()(,*<)(!@;(>6*;('29:!@2>92<D,A!P6'!TL=!2'(!7A7200:!@6,47@*(4!6,@(!6'!*p<@(!

9('! :(2'/! 4(9(,4<,D! 6,! *;(! <,<*<20! 9'()20(,@(! 6P! <,P(@*<6,! p<*;! 2,:! TL=! BU6'04! =(20*;!

R'D2,<52*<6,! ?%-?EH! =6p()('/! *;(! 69*<>20! P'(N7(,@:! 6P! 24><,<A*'2*<6,! *6! >2]<><5(! <>92@*!



!
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'(>2<,A!2!*69<@!6P!4<A@7AA<6,!B^,4('A6,!(*!20H!?%-?EH!M,!*;<A!A*74:/!p(!;24!*;(!6996'*7,<*:!*6!

2AA(AA!*;(!<,4<)<4720!(PP(@*!6P!2!A(><82,,720!203(,42560(!B^X&E!*'(2*>(,*!6,!TL=!<,P(@*<6,AH!L;(!

42*2!6'<D<,2*(!P'6>!*p6!@6>>7,<*:!*'<20A!*;2*!p('(!4(A<D,(4!*6!()2072*(!*;(!(PP(@*!6P!>2AA!4'7D!

24><,<A*'2*<6,!BSV^E!p<*;!A(><82,,720!̂ X&!6,!0:>9;2*<@!P<02'<2A<A!BXCE!<,!*p6!@67,*'<(A!<,!@(,*'20!

^P'<@2H!L;(!P<'A*!A*74:!p2A!@6,47@*(4!<,!2!)<002D(!<,!*;(!F(9730<@!6P!*;(!Y6,D6!BY6,D6E/!p;('(!V"#

./A$(,'),<14!<,P(@*<6,!9'()20(,@(!4(@'(2A(4!A<D,<P<@2,*0:!P'6>!.kH.l!*6!-?H$l!2,4!["#+(,'0,/(%!

<,P(@*<6,!9'()20(,@(!4(@'(2A(4!A<D,<P<@2,*0:!P'6>!"#Hkl!*6!.$Hjl!2P*('!"!'67,4A!6P!̂ X&!SV^!p<*;!

D06320!*'(2*>(,*!24;('(,@(!3(*p((,!#Q!2,4!$%l!BZ<6,!(*!20H!?%-"EH!L;(!A(@6,4!A*74:!*66J!902@(!

<,! *p6!@6,*<D767A!)<002D(A! <,! *;(!V(>6@'2*<@!F(9730<@!6P! *;(!Y6,D6! BVFYE/!p;('(!;66Jp6'>!

<,P(@*<6,!9'()20(,@(!4(@'(2A(4!A<D,<P<@2,*0:!P'6>!.#Hkl!*6!?-H?l!2P*('!#!'67,4A!6P!̂ X&!SV^!p<*;!

2!D06320!*'(2*>(,*!24;('(,@(!3(*p((,!.kl!2,4!##lh!V4'%(,4!2,4![(,'0/(,4!<,P(@*<6,!9'()20(,@(A!

20A6!4(@'(2A(4!BP'6>!-jH%l!*6!-/kl!2,4!P'6>!jH-l!*6!?H$l/!'(A9(@*<)(0:E!BZ<6,!(*!20H!?%?%EH!L;(!

'(A70*A! 6P! *;(A(! *p6! *'<20A! 2'(! @6,A<A*(,*! p<*;! p;2*! p2A! 9'()<67A0:! 63A(')(4! '(D2'4<,D! ^X&!

(PP<@2@:\!2@@6'4<,D!*6!2!>(*282,20:A<A!6P!>6'(!*;2,!.%!@0<,<@20!*'<20A/!^X&!;2A!)(':!D664!(PP<@2@:!

P6'!@0(2'<,D!;66Jp6'>!<,P(@*<6,A/!D664!(PP<@2@:!P6'!V4'%(,4!<,P(@*<6,A/!37*!6,0:!>64('2*(!(PP<@2@:!

P6'![(,'0/(,4!<,P(@*<6,A!BS6A('!(*!20H!?%-"EH!!

T6>(!A*74<(A!;2)(!A;6p,!*;2*!A(><82,,720!^X&!SV^!<A!;<D;0:!(PP(@*<)(!P6'!'(47@<,D!TL=!

9'()20(,@(!2*!*;(!@6>>7,<*:80()(0!BZ<6,!(*!20H!?%-./!?%-"/!?%?%h!T*(<,>2,,!(*!20H!?%-.h!Z7002,!

(*!20H!?%-$h!K25!_(':!(*!20H!?%-$EH!=6p()('!@6,A<4('230(!;(*('6D(,(<*:!;2A!3((,!63A(')(4!2*!*;(!

<,4<)<4720!0()(0/!2,4!,6!9'<6'!A*74<(A!(]2><,(4!*;(!<>92@*!6P!<,4<)<4720!@6>90<2,@(!p<*;!SV^!6,!

*;(<'!TL=!<,P(@*<6,AH!C6'!(]2>90(/!<,!6,(!A*74:!A6>(!<,4<)<4720A!@0(2'(4!*;(<'!<,P(@*<6,A!2P*('!2!

A<,D0(!*'(2*>(,*/!p;<0(!<,P(@*<6,A!p('(!A*<00!9'(A(,*!<,!6*;('A!B47(!*6!9('A<A*(,@(!6'!'(<,P(@*<6,E!

2P*('! #! '67,4A! 6P! A(><82,,720! SV^! BY23242! (*! 20H! ?%-jEH! M,! *;(! 9'(A(,*! A*74:/! p(! 7A(4!

06,D<*74<,20! *'(2*>(,*! 2,4! 92'2A<*606D:! 42*2! @600(@*(4! 3(*p((,! ?%-?! 2,4! ?%-#! P'6>! *p6!

@6>>7,<*:!SV^!A*74<(A!*6!2AA(AA!'(02*<6,A;<9A!3(*p((,!SV^!@6>90<2,@(!3:!<,4<)<4720A!p<*;!

TL=!<,P(@*<6,A!2,4!*;(<'!A73A(N7(,*!<,P(@*<6,!A*2*7AH!L;(!'(A70*A!9'6)<4(!2!@0(2'!0<,J!3(*p((,!

SV^!@6>90<2,@(!3:!<,4<)<4720A!2,4!A7A*2<,(4!@0(2'2,@(!6P!TL=!<,P(@*<6,AH!!

:"9"T":!81+0)<4#

^H! T*74:!969702*<6,!



!
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L;(!4(A<D,!6P!*;(!SV^!A*74<(A!;2A!3((,!4(A@'<3(4!(0A(p;('(!BZ<6,!(*!20H!?%?%/!?%-"EH!M,!

Y6,D6/!*;(!A*74:!p2A!@6,47@*(4!P'6>!?%-?!*6!?%-.!<,!T(J(8Z(>3(/!2!)<002D(!06@2*(4!<,!S236>36!

=(20*;! V<A*'<@*! B&67(,52! 4<)<A<6,EH! M,! *;(! VFY/! *;(! A*74:! A<*(! @6,A<A*(4! 6P! *p6! ,(<D;367'<,D!

)<002D(A!BS37,J<><!2,4!S<A2:E!06@2*(4!<,!*;(!ip<07!9'6)<,@(/!2,4!*;(!*'<20!*66J!902@(!P'6>!?%-j!

*6!?%-#H! T*74:!92'*<@<92,*A!p('(! *(A*(4! P6'!TL=! <,P(@*<6,A!2*!32A(0<,(!2,4! *;(,!2,,7200:H!_6!

4(p6'><,D!9'6D'2>!;24!()('!3((,!@6,47@*(4!<,!*;(!*p6!2'(2A!9'<6'!*6!67'!*'<20AH!&6*;!A*74<(A!

p('(!299'6)(4!3:!(*;<@A!@6>><**((A!2,4!24><,<A*'2*<)(!27*;6'<*<(A!<,!*;(!'(A9(@*<)(!@67,*'<(AH!

^470*!92'*<@<92,*A!A<D,(4!2,!<,P6'>(4!@6,A(,*!P6'>H!Z2'*<@<92,*A!2D(4!r!-#!:(2'A!p('(!(,'600(4!

6,0:!2P*('!)('320!2AA(,*!2,4!<P!6,(!92'(,*!A<D,(4!2!@6,A(,*!P6'>H!

During the course of the two trials, a total of 2,658 individuals were examined at least 

once for LF and a total of 1,573 provided stool samples at least once. 

&H! ^AA(AA>(,*!6P!TL=!<,P(@*<6,A!

^,,720!92'2A<*606D<@20!2AA(AA>(,*A!p('(!9('P6'>(4!P6'!92'*<@<92,*A!s!.!:(2'A!6P!2D(H!TL=!

<,P(@*<6,A!p('(!4(*(@*(4!3:!><@'6A@69<@!(]2><,2*<6,!6P!A*660!A9(@<>(,AH!Z2'*<@<92,*A!p('(!D<)(,!
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80*+,<! $4406*'/K! 10! 1A'(! 6+K6+(('0/! 7/7,-('(C! B6+*'41'0/(! )+6+! 87*+! >('/K! 1A+!7/0K',(! 7/*!

7/0K',(6:+4!40887/*(<!!

$,,! 7/7,-(+(!)+6+! B+63068+*! >('/K! 1A+! 9:$:$! 5<"d<"! (031)76+! D9171=06B(C! %YC! =0,,+K+!

9171'0/C!:{C!|9$J<!



"RR

V0=&-"$L]B$W)/)0#)03/.$/+/.@#0#$2./+

U+(>,1(!

$"!"$"? L/(5:',5-)2/0/)450'(4')(

:72,+ "d B6+(+/1( 1A+ 27(+,'/+ 4A76741+6'(1'4( 03 1A+ ^#d (1>*- (>2h+41( 7( 7 )A0,+ 7/* '/

+74A 16+718+/1 768< &+306+ 1A+ 3'6(1 /0*>,+4108- 60>/*C 1A+ B761'4'B7/1( 03 1A+ 30>6 16+718+/1

K60>B( )+6+ ('8',76 '/ 1+68( 03 7K+ D< } F<I"^JC 20*- )+'KA1 D< } F<"IEJC 8+7/ />82+6 03 /0*>,+(

D< } F<R^GJC =?O% '/ 1A+ 5',,7K+ 03 6+('*+/4+ D< } F<dI^J 7/* ?O@ D< } F<^dFJ<

Variables of interest:

(a) Number of nodules that appeared between 1994 

and 1997 

(b) Number of nodules that disappeared 

Student test between pooled annual 

and 3-monthly treatment arms

ANOVA on the 4 treatment arms 

(150 µg/kg/annually, 150 µg/kg/3-

monthly, 800 µg/kg/annually and 

800 µg/kg/3-monthly)

ANOVA-associated P ≥  0.250 ANOVA-associated P < 0.250

Multivariable 

analysis

Qualitative analysis: logistic 

multivariate regression considering the 4 

treatment arms: saturated and stepwise 

models (threshold: P < 0.150)

Quantitative analysis: Poisson multivariate 

regression on frequency-pooled arms then 4 

treatment arms: saturated and stepwise 

models (threshold: P < 0.150)

No further analysis



!

! "R^!

 
All 

participants!
150 µg/kg 

annually!
800 µg/kg 

annually!
150 µg/kg  

3-monthly!
800 µg/kg  

3-monthly!

No. of subjects! 485! 126! 122! 125! 112!

<! 36.9 (12.0)! 36.4 (11.4)! 38.1 (12.4)! 36.7 (11.9)! 36.6 (12.3)!

Mean weight (kg) (SD)! 63.0 (8.0)! 62.7 (8.2)! 64.3 (7.1)! 62.4 (8.5)! 62.7 (8.0)!

Mean no. of nodules in 1994 

(SD)!
5.7 (2.8)! 5.5 (2.5)! 5.8 (2.3)! 5.6 (3.2)! 5.9 (2.9)!

Median no. of nodules in 1994 

(IQR)!
5 (4-7)! 5 (4-7)! 6 (4-7)! 5 (3-7)! 6 (4-7)!

CMFL in the village of 

residence:!
     

•! Low (N, %) 50 (10.3%)! 10 (7.9%)! 12 (9.8%)! 18 (14.4%)! 10 (8.9%)!

•! Middle (N, %) 135 (27.8%)! 39 (31.0%)! 37 (30.3%)! 30 (24.0%)! 29 (25.9%)!

•! High (N, %) 300 (61.9%)! 77 (61.1%)! 73 (59.8%)! 77 (61.6%)! 73 (65.2%)!

Geometric mean of MFD  

Median of MFD (IQR) 

56,0  

79 (27-171) 

64,7 

91 (34-197) 

50,8 

71 (26-157) 

48,7 

74 (24-143) 

61,8 

84 (28-187) 

^/7."/&$L]B$Z/#".0+"$35/-/3)"-0#)03#$*;$)5"$#&7S"3)#$0+3.&%"%$0+$LMMT>$7";*-"$)5"$#)/-)$*;$)5"$3.0+03/.$)-0/.$

\0g!/>82+6H!9@g!(17/*76*!*+5'71'0/H!Q~Ug!'/1+6W>761',+!67/K+H!\g!/>82+6!03!(>2h+41(H!Z?g!K+08+16'4!

8+7/H!=?O%g!4088>/'1-!8'4603',76'7,!,07*H!?O@g!'/*'5'*>7,!8'4603',76'7,!*+/('1-!D83V8KJ!

$"!"$"#!.,/:8('(-+I-/665/0/,)5-+I-,+D*:5(-U54W55,-?JJ$-/,D-?JJS-

:A+!8+7/!/>82+6!03!/+)!/0*>,+(!'/!1A+!ERI!(>2h+41(!16+71+*!RM80/1A,-!D"<#dJ!)7(!"I<I]!

,0)+6! 1A7/! '/! 1A+! E^#! (>2h+41(! 16+71+*! 7//>7,,-! DE<EdH! 91>*+/1! 1+(1g! <! }! F<FF#J<! :A+! 8+7/!

/>82+6(!03!/0*>,+(!1A71!7BB+76+*!2+1)++/!"GG^!7/*!"GGI!'/!(>2h+41(!03!+74A!16+718+/1!K60>B!

76+!(A0)/!'/!:72,+!"l<!$\[s$!'/*'471+*!7!(171'(1'47,,-!('K/'3'47/1!*'33+6+/4+!'/!1A+!/>82+6!03!

/+)!/0*>,+(!2+1)++/!1A+!16+718+/1!K60>B(!D<!}!F<F"^J<!&0/3+660/'!4066+41'0/!(A0)+*!1A71!1A+!

/>82+6!03!/+)!/0*>,+(!)7(!('K/'3'47/1,-!,0)+6!'/!1A+!K60>B!)A'4A!A7*!6+4+'5+*!"dF!mKV.K!RM

80/1A,-!1A7/!'/!1A+!K60>B!16+71+*!)'1A!#FF!mKV.K!7//>7,,-!D<!}!F<FF#J<!\0!('K/'3'47/1!*'33+6+/4+!

)7(!30>/*!2+1)++/!1A+!1)0!K60>B(!16+71+*!7//>7,,-!D<!}!"<FFFJC!/06!2+1)++/!1A+!1)0!K60>B(!



!

! "Rd!

16+71+*!RM80/1A,-!D<!}!F<#I"JC!/06!2+1)++/!1A+!1)0!K60>B(!16+71+*!)'1A!"dF!mKV.K!D7//>7,,-!5(!

RM80/1A,-J!D<!}!F<ElFJ<!!

 

 
All 

participants!

150 µg/kg 

annually!

800 µg/kg 

annually!

150 µg/kg 

3-monthly!

800 µg/kg 

3-monthly!
P!

No. subjects! 485! 126! 122! 125! 112!  

Mean no. of new 

nodules (SD)!
2.1 (1.7)! 2.1 (1.7)! 2.4 (1.8)! 1.7 (1.5)! 2.0 (1.6)! 0.014!

Mean no. of nodules 

that disappeared (SD)!
0.5 (0.8)! 0.5 (0.8)! 0.5 (0.7)! 0.6 (0.8)! 0.6 (0.8)! 0.279!

^/7."/&$L_B$`22"/-/+3"$/+%$%0#/22"/-/+3"$*;$)5"$+*%&."#$/;)"-$X$@"/-#$*;$)-"/),"+)$

/0<g!/>82+6H!9@g!(17/*76*!*+5'71'0/!

 

$4406*'/K!10!1A+!,0K'(1'4!6+K6+(('0/!7/7,-('(!D:72,+!"IJC!1A+!B60272','1-!10!*+5+,0B!/+)!

/0*>,+(!*'*!/01!*'33+6!('K/'3'47/1,-!2+1)++/!1A+!16+718+/1!K60>B(!03!(>2h+41(!)'1A!,+((!1A7/!d!

B7,B72,+!/0*>,+(<! Q/!7**'1'0/C!B+0B,+!)'1A!806+!1A7/!d!/0*>,+(!7/*!2+,0/K'/K!10!1A+!K60>B(!

16+71+*!7//>7,,-!)'1A!"dF!mKV.K!7/*!#FF!mKV.K!A7*C!6+(B+41'5+,-C!^<"!7/*!d<d!806+!4A7/4+!10!

A75+!/+)!/0*>,+D(J!1A7/!1A0(+!16+71+*!)'1A!"dF!mKV.K!RM80/1A,-!7/*!)'1A!,+((!1A7/!d!/0*>,+(<!

:A+!=?O%!'/!1A+!5',,7K+!03!6+('*+/4+!7/*!1A+!'/*'5'*>7,!?O@!)+6+!/01!30>/*!10!2+!7((04'71+*!

)'1A!1A+!B60272','1-!03!7BB+767/4+!03!/+)!/0*>,+(<!

:72,+!"#! (A0)(! 1A+! 6+(>,1(!03! 1A+!Y0'((0/! 6+K6+(('0/!80*+,! 306!+74A! 36+W>+/4-!03! 16+718+/1!

+LB,7'/'/K!1A+!40>/1!03!/+)!/0*>,+(<!Q1!(A0)(!1A71!RM80/1A,-!16+718+/1!D6+K6+(('0/!40+33'4'+/1!

}!F<FElH!Gd]!=Q!}!yF<FFdMF<F^#zJC!)A71+5+6!1A+!*0(+C!'(!806+!1A7/!1)'4+!7(!+33+41'5+!7(!7//>7,!

16+718+/1!D6+K6+(('0/!40+33'4'+/1!}!F<Fd#!yF<FRdMF<F#"zJ!10!B6+5+/1!1A+!7BB+767/4+!03!/0*>,+(<!

:A+!*'33+6+/4+!'/!1A+!(,0B+!'(!('K/'3'47/1!D<!}!F<FF"J<!O'K>6+!"l!6+B6+(+/1(!1A+!B6+*'41'0/(!03!1A'(!

80*+,<!:72,+!"G!(A0)(!1A+!6+(>,1(!03!1A+!Y0'((0/!6+K6+(('0/!80*+,!'/4,>*'/K!1A+!30>6!16+718+/1!

768(!(+B7671+,-<!O06!1A+(+!1)0!6+K6+(('0/!80*+,(C!'/'1'7,!'/*'5'*>7,!?O@!)7(!7((04'71+*!)'1A!1A+!

7BB+767/4+! 03! /+)! /0*>,+(<! $(! (A0)/! '/! 3'K>6+(! "l! 7/*! "IC! 1A+(+! 80*+,(! 6+5+7,! 7! (160/K!

'/1+6741'0/!2+1)++/!1A+!'/'1'7,!/>82+6!03!/0*>,+(!7/*!1A+!B6+*'41+*!/>82+6!03!/+)!/0*>,+(<!Q1!

(A0)(! 1A71! '/! (>2h+41(! 16+71+*! RM80/1A,-! D+'1A+6!)'1A! "dF! 06! #FF!mKV.KJ! 3+)+6! /0*>,+(! A7*!

7BB+76+*!1A7/!'/!(>2h+41(!16+71+*!7//>7,,-!D)'1A!"dF!06!#FF!mKV.KJC!7/*!1A71!1A+!*'33+6+/4+!03!

7BB+767/4+! )7(! A'KA,-! 4066+,71+*! )'1A! 1A+! '/'1'7,! />82+6! 03! /0*>,+(! A7620>6+*! 2-! 1A+!



!

! "Rl!

B761'4'B7/1(<!Q/!7**'1'0/C!16+718+/1!)'1A!A'KA!Qs?!*0(+!*0+(!/01!(++8!10!'/3,>+/4+!1A+!/>82+6!

03!/+)!/0*>,+(C!6+K76*,+((!03!1A+!/>82+6!03!'/'1'7,!B7,B72,+!/0*>,+(<!!

 

 

 Saturated model Stepwise model 

Appearance of nodule(s) 

(Yes/No) 
OR [95% CI]! P OR [95% CI] P 

Less than 5 nodules:     

150 µg/kg 3-monthly (n=66) Ref.  Ref.  

150 µg/kg annually (n=77) 1.6 [0.6-3.8] 0.320 1.6 [0.7-3.8] 0.280 

800 µg/kg 3-monthly (n=54) 2.6 [0.8-7.7] 0.092 2.6 [0.9-7.9] 0.082 

800 µg/kg annually (n=58) 0.9 [0.4-2.1] 0.777 0.9 [0.4-2.2] 0.871 

More than 5 nodules:     

150 µg/kg 3-monthly (n=59) 0.8 [0.3-1.9] 0.619 0.9 [0.4-2.0] 0.736 

150 µg/kg annually (n=49) 3.5 [0.9-13.3] 0.066 4.1 [1.1-15.3] 0.034 

800 µg/kg 3-monthly (n=58) 1.2 [0.4-2.9] 0.759 1.3 [0.5-3.2] 0.577 

800 µg/kg annually (n=64) 5.2 [1.4-19.5] 0.014 5.5 [1.5-20.1] 0.010 

Age 1.0 [1.0-1.0] 0.872   

Weight 1.0 [1.0-1.0] 0.661   

CMFL in the village of residence$     

Low! Ref.    

Middle! 1.2 [0.5-2.9]! 0.704   

High! 1.3 [0.6-3.0]! 0.537   

MFD     

0 – 30 mf/mg Ref.    

31 – 80 mf/mg 1.3 [0.6-2.6] 0.459   

81 – 170 mf/mg 1.2 [0.6-2.4] 0.624   

More than 171 mf/mg 1.7 [0.8-3.7] 0.151   

^/7."/&$LaB$C*=0#)03$-"=-"##0*+$*;$)5"$/22"/-/+3"$*;$+*%&."##

[Ug![**(M671'0H!Gd]!=Qg!Gd]!40/3'*+/4+!'/1+657,(H!/g!/>82+6!03!(>2h+41(H!$Q=g!$.7'.+j(!Q/306871'0/!=6'1+6'0/H!&Q=g!

&7-+('7/!Q/306871'0/!=6'1+6'0/H!=?O%g!4088>/'1-!8'4603',76'7,!,07*H!?O@g!8'4603',76'7,!*+/('1-!

!

!

!



!

! "RI!

!

$ Saturated model! Stepwise model!

$ b [95% CI]! P- b [95% CI]- P-

Increase in no. of new nodules for each additional initial nodule*!

Annual treatment ! 0.055 [0.030-0.080]! < 0.001! 0.058 [0.035-0.081]! < 0.001!

3-monthly treatment! 0.023 [0.0004-0.046]! 0.045! 0.026 [0.005-0.048]! 0.014!

! ! ! ! !

Age$ 0.005 [0.0001-0.010]! 0.045! 0.006 [0.002-0.009]! 0.002!

Weight! -0.007 [-0.005-0.003]! 0.703! ! !

! ! ! ! !

CMFL in the village of residence!

Low! Ref.! ! ! !

Middle! 0.089 [-0.153-0.332]! 0.470! ! !

High! 0.149 [-0.074-0.372]! 0.191! ! !

! ! ! ! !

MFD! ! ! ! !

0 – 30 mf/mg! Ref.! ! Ref.! !

31 – 80 mf/mg! 0.084 [-0.108-0.277]! 0.389! 0.102 [-0.081-0.285]! 0.275!

81 – 170 mf/mg! 0.265 [0.082-0.447]! 0.004! 0.290 [0.117-0.463]! 0.001!

More than 171 mf/mg$ 0.358 [0.181-0.535]! < 0.001! 0.383 [0.217-0.550]! <0.001!

P of the model! < 0.001! < 0.001! !

AIC! 1648! 1644! !

BIC! 1686! 1669! !

Log likelihood! - 815.2! -816.3! !

^/7."/&$LbB$P*0##*+$-"=-"##0*+$,*%".$Y0)5$2**."%$/-,#$

q!:A+!6+3+6+/4+!'(!*+3'/+*!7(!7//>7,!16+718+/1!7/*!E!'/'1'7,!/0*>,+(!

2g!6+K6+(('0/!40+33'4'+/1(H!Gd]!=Qg!Gd]!40/3'*+/4+!'/1+657,(!!

!

!

!

!

!



!

! "R#!

!

! Saturated model- Stepwise model- -

! b [95% CI]! P! b [95% CI]- P- -

Increase in no. of new nodules for each additional initial nodule*! ! !

150 µg/kg annually! 0.043 [0.014-0.071]! 0.004! 0.046 [0.019-0.073]! 0.001! !

800 µg/kg annually! 0.067 [0.039-0.095]! <0.001! 0.070 [0.043-0.096]! <0.001! !

150 µg/kg 3-monthly! 0.021 [-0.004-0.047]! 0.106! 0.024 [-0.000-0.048]! 0.052! !

800 µg/kg 3-monthly! 0.026 [-0.001-0.053]! 0.063! 0.029 [0.004-0.056]! 0.026! !

! ! ! ! ! !

Age! 0.005 [-0.00001-0.010]! 0.051! 0.006 [0.002-0.009]! 0.003! !

Weight! -0.001 [-0.005-0.003]! 0.659! ! ! !

! ! ! ! ! !

CMFL in the village of residence! ! ! ! !

Low! Ref.! ! ! ! !

Middle! 0.090 [-0.154-0.333]! 0.470! ! ! !

High! 0.151 [-0.072-0.375]! 0.185! ! ! !

! ! ! ! ! !

MFD! ! ! ! ! !

0 – 30 mf/mg$ Ref.! ! Ref.! ! !

31 – 80 mf/mg$ 0.089 [-0.103-0.281]! 0.364! 0.105 [-0.079-0.288]! 0.263! !

81 – 170 mf/mg$ 0.278 [0.095-0.461]! 0.003! 0.301 [0.128-0.474]! 0.001! !

More than 171 mf/mg$ 0.371 [0.194-0.549]! < 0.001! 0.394 [0.227-0.561]! < 0.001! !

<!03!1A+!:'X5:'2++DY0/4'+-45(4!306!1A+!'/1+6741'0/!1+68g!F<FRd! ! !

P of the model! < 0.001! ! <0.001! ! !

AIC! 1649! ! 1645! ! !

BIC! 1695! ! 1678! ! !

Log likelihood! -813.5! ! -814.6! ! !

^/7."/&$ LMB$ P*0##*+$ -"=-"##0*+$,*%".$ 9Y0)5$ 0+)"-/3)0*+$ )"-,$7")Y""+$ 0+0)0/.$ +&,7"-$*;$ +*%&."#$ /+%$

)-"/),"+)$/-,#:$

q!:A+!6+3+6+/4+!'(!*+3'/+*!7(!"dF!mKV.K!7//>7,,-!7/*!E!'/'1'7,!/0*>,+(!
2g!6+K6+(('0/!40+33'4'+/1(H!Gd]!=Qg!Gd]!40/3'*+/4+!'/1+657,(!
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&76( '/*'471+ Gl] 40/3'*+/4+ '/1+657,(.

&76(!'/*'471+!Gl]!40/3'*+/4+!'/1+657,(<
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Initial number of nodules

150 �g/kg annually 800 �g/kg annually

150 �g/kg 3-monthly  800 �g/kg 3-monthly

V0=&-"$LaB$P-"%03)"%$+&,7"-$*;$+"Y$+*%&."#$6#$0+0)0/.$+&,7"-$*;$+*%&."#$9/++&/.$6#$X1,*+)5.@$

/-,#:

V0=&-"$L_B$P-"%03)"%$+&,7"-$*;$+"Y$+*%&."#$6#$ 0+0)0/.$+&,7"-$*;$+*%&."#$9;*&-$)-"/),"+)$

/-,#:



"^F

$"!"$"! .,/:8('(-+I-D'(/665/0/,)5-+I-,+D*:5(-U54W55,-?JJ$-/,D-?JJS

Q/ 1A+ E^# (>2h+41( 16+71+* 7//>7,,-C 1A+ 8+7/ />82+6 03 /0*>,+( )A'4A *'(7BB+76+*

2+1)++/ "GG^ 7/* "GGI DF<^lJ )7( ,0)+6 1A7/ '/ 1A+ ERI (>2h+41( 16+71+* RM80/1A,- DF<lFJ 2>1

1A+ *'33+6+/4+ )7( /01 ('K/'3'47/1 D91>*+/1 1+(1g < } F<FlFdJ< :A+ 8+7/ />82+6( 03 /0*>,+( 1A71

*'(7BB+76+* 2+1)++/ "GG^ 7/* "GGI '/ (>2h+41( 03 +74A 16+718+/1 K60>B 76+ (A0)/ '/ :72,+ "#<

:A+ $\[s$ *'* /01 (A0) 7/- *'33+6+/4+ 2+1)++/ 1A+ 30>6 K60>B( D< } F<EIGJ< Q/ 40/(+W>+/4+C

)+ *'* /01 B+63068 3>61A+6 7/7,-('( 0/ 1A+ *'(7BB+767/4+ 03 /0*>,+(<

@'(4>(('0/

[>6 (1>*- '( 1A+ 3'6(1 10 408B76+ 1A+ +33+41 03 576'0>( Qs? 16+718+/1 6+K'8+/( 0/ 1A+

7BB+767/4+ 03 /+) 0/4A04+647, /0*>,+( '/ A>87/ (>2h+41( +LB0(+* 10 167/(8'(('0/ 03 ;"

9+:9*:*(< Q1 *+80/(1671+( 1A71 1A+ 8+7/ />82+6 03 B7,B72,+ /0*>,+( )A'4A 7BB+76+* )'1A'/ 1A+

RM-+76 B+6'0* 03 1A+ 16'7, )7( ('K/'3'47/1,- ,0)+6 '/ 1A+ '/*'5'*>7,( 16+71+* RM80/1A,- )'1A Qs?

1A7/ '/ 1A0(+ 16+71+* 7//>7,,-C 7/* 1A71 1A+ A'KA *0(+( A7* /0 A'KA+6 +33+41 1A7/ (17/*76* *0(+(

'/ 6+*>4'/K 1A+ />82+6 03 /+) /0*>,+(< 9167/K+,-C 1A+ *'33+6+/4+ 2+1)++/ #FF mKV.K 7//>7,,-

7/* #FF mKV.K RM80/1A,- )7( ,+(( 876.+* 1A7/ 1A+ *'33+6+/4+ 2+1)++/ "dF mKV.K 7//>7,,- 7/*

"dF mKV.K RM80/1A,-C )+ A75+ /0 2'0,0K'47, 4,>+ 10 >/*+6(17/* 1A'( *'33+6+/4+C '1 87- 2+ *>+ 10

>/8+7(>6+* 40/30>/*'/K 374106( D(>4A 7( BA768740.'/+1'4( 06 BA768740*-/78'4(

4A76741+6'(1'4(J 06 10 A7N76*( *>+ 10 (+6+/*'B'1-<

P+ 30>/* /0 ('K/'3'47/1 7((04'71'0/ 2+1)++/ =?O% 7/* 7BB+767/4+ 03 /0*>,+(C )+ A-B01A+('(

1A71 )'1A 7 2'KK+6 +33+41'5+C 1A+ 7((04'71'0/ 2+1)++/ =?O% +LB0('1'0/ 7/* 7BB+767/4+ 03 /+)

/0*>,+( 87- 7BB+76<

:A+(+ 6+(>,1( (A0>,* 2+ '/1+6B6+1+* '/ 1A+ ,'KA1 03 )A71 '( ./0)/ 0/ 1A+ 2'0,0K- 03 ;"

9+:9*:*()'1A'/ 1A+ -+76 30,,0)'/K 1A+ '/3+41'5+ 2'1+< :A+80*7,'1'+( 03 *+5+,0B8+/1 03;" 9+:9*:*(
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=">!
-A51477A2(!56B*14<454'!=">!

?,:6"$':60:&>-."2:%-'CTD' P1''!1&!42<(;(2<(2@(!=D>! %77104,(!=">! %7;+4*(<!<*4)423!+04,45B!=">! ! !

?&0A6:"$'"25'>%56:"$'40,:%5&0%-'CTD' :(25*+,!@+56(5(*4N+5412!=">! P470!1;(*+5412!=">! 8;42+,!1;(*+5412!=">! Y(@6+24@+,!)(254,+5412!=">! Q2<15*+@6(+,!425A0+5412!=">!

9%40,5&:.6=%'-3-.%>'"25'#0%"-.'56-,05%0-'C)D' Y(2'5*A+5412!4**(3A,+*!=">! 8@*15+,!1(<(7+!=">! H(24,(!'](,,423!=">! 8@*15A7!'](,,423!=">! !

Q0,5&:.'6--&%-'C)D' H*1<A@5!5+'5(!+021*7+,!=">! [*123!,+0(,!=">! H*1<A@5!'A0'545A5412!4''A(!=">! H*1<A@5!+)+4,+04,45B!4''A(!=">! !

B,2A%26."$N'/">6$6"$'"25'A%2%.6:'56-,05%0-'CKD' :123(245+,!+217+,B!=">! ! ! ! !



! "#"!

!

!"#$%"&'()*'+,%-&%./0'12'3%.'4153',%61,3%7'5&56%/3%7'589:5'#0',%;<1.5'".7'<.'313"$'

$%&!'()*+,-&'!,.!/)0&+&'0!1%/2%!,223++&*!4.0&+!/5&+-&20/)!/)046&!4)*!*&'2+/7&*!/)!$478&!

9:!4+&!+&;,+0&*!/)!$478&!9<=!!

!

'!"#$%"&'(=*'+,%-&%./0'12',%61,3%7'5&56%/3%7'50.7,14%5'#0',%;<1.5'".7'<.'313"$'

>5&+-&20/)!/)*/240/,)'!.,+!0%&!9?!'&+/,3'!&)2&;%48,;40%/&'!1%/2%!,223++&*!,30'/*&!@@A!

1&+&! '247/&'! BCDE! 424+,*&+-40/0/'! BFDE! '0+,)G(8,/*/4'/'! BFDE! +,'42&4! B"DE! ,)2%,2&+2/4'/'! B"D! 4)*!

3)6),1)! /)*/240/,)'! BHD=! >5&+-&20/)! /)*/240/,)'! .,+! 0%&! ?9! '&+/,3'! &)2&;%48,;40%/&'! 1%/2%!

,223++&*!/)!@@A!1&+&!,)2%,2&+2/4'/'!B?:DE!3)';&2/./&*!./84+/4'/'!B"D!4)*!3)6),1)!B"D=!>)*/240/,)'!

.,+! /5&+-&20/)! 0+&40-&)0! /)! 24'&'! ,.! '&+/,3'! 0,I/*&+-/4! 1&+&! '247/&'! BJDE! 3)6),1)! B"9DE!

'0+,)G(8,/*/4'/'!B?DE!8/2&!B?DE!424+,*&+-40/0/'!B9DE!2('0/2&+2,'/'!B"DE!,)2%,2&+2/4'/'!B"DE!3)';&2/./&*!

./84+/4'/'! B"D! 4)*! /)! ,)&! 24'&! /5&+-&20/)! %4*! 7&&)! 4*-/)/'0&+&*! &++,)&,3'8(=! >5&+-&20/)!

>&56%/3%7'589:5E!)!BKD' >&#?>"@",".'589:5'! :1A'589:5'! !13"$'589:5!

L&4*42%&'! #:!B<?=9KD! 99!B9#=CKD! C9!

A'0%&)/4! #"!B<C=9KD! "<!B9"=CKD! <C!

M+3+/03'! F<!B#"=CKD! 9J!B?C=9KD! <#!

M(+&I/4! F9!B##=<KD! 9"!B??=?KD! #?!

N,-4! ?"!BC#="KD! H!B"?=JKD! ?#!

O/PP/)&''! 9J!B#<=FKD! "F!B?9=#KD! F?!

Q,-/0/)G! "#!BH:=:KD! "#!BH:=:KD! ?F!

R4'%! J!B9J=:KD! 99!B<"=:KD! ?"!

O/4++%&4! 9:!B##=<KD! ":!B??=?KD! ?:!

>&56%/3%7'50.7,14%5E!)!BKD' >&#?>"@",".'/"5%5'! :1A'/"5%5'! !13"$'/"5%5!

S)2&;%48,;40%(! ?9!BHC=9KD! 9?!BF"=CKD! HH!

N,).3'/,)48!*/',+*&+'! #!B9<=?KD! "#!B<9=<KD! 99!

$,I/*&+-/4! C!B9F=9KD! 9H!B<H=CKD! ??!

M'(2%,0/2!*/',+*&+'! "!BJ="KD! ":!BJ:=JKD! ""!

R&)48!*/',+*&+'! "!BH=?KD! "C!BJF=<KD! "J!

L&;40/2!*/',+*&+'! 9!B?=CKD! H"!BJ#=9KD! H?!

T4PP,00/!+&420/,)! ?F!BC"=:KD! C!B"J=:KD! F9!



!

! "#9!

/)*/240/,)'!.,+!24'&'!,.!'&+/,3'!T4PP,00/!+&420/,)'!1&+&!,)2%,2&+2/4'/'!B9CDE!8/2&!B?DE!;4+4'/0,'/'!

B"DE!'0+,)G(8,/*/4'/'!B"DE!1,+-'!B"DE!./84+/4'/'!B"D!4)*!),0!+&;,+0&*!B<D=!

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

$%&!+&'380'!,.!0%&!*/';+,;,+0/,)48/0(!4)48('&'!,.!'AOR'!,.!/)0&+&'0!4'!1&88!4'!),)U24'&'!

4.0&+!4*-/)/'0+40/,)!,.!/5&+-&20/)!2,-;4+&*!0,!7&)P/-/*4P,8&!*+3G'!4+&!;+&'&)0&*!/)!$478&!9C=!

A.0&+!4*V3'0-&)0E! 0%&! +&840/5&! .+&W3&)2(!,.! '&+/,3'!%&4*42%&'! +&;,+0&*!4.0&+! 0+&40-&)0!1/0%!

/5&+-&20/)!4)*!1/0%!7&)P/-/*4P,8&!*+3G'!14'!'/-/84+!B4*V3'0&*!RXR!Y4RXRZ[!"=99E!JHK!N>[!:=C?U

"=<CD=!$%/'!14'!48',!0%&!24'&!/)!,+/G/)U'0+40/./&*!4)48('/'!B4RXR[!"="#E!JHK!N>[!:=#CU"=JC!4)*!4RXR[!

"=?JE!JHK!N>[!:=<#U9=H?!/)!@@A!4)*!R,\E!+&';&20/5&8(D=!>)!2,)0+4'0E!'&+/,3'!&)2&;%48,;40%/&'!1&+&!

-32%!-,+&!.+&W3&)08(!+&;,+0&*!4.0&+!/5&+-&20/)!0%4)!7&)P/-/*4P,8&!0+&40-&)0E!G8,7488(!B4RXR[!

J=9?E!JHK!N>[! F=H#U"C=#"DE! /)!@@A!2,3)0+/&'! B4RXR[! 9<="E!JHK!N>[!#=?FU""#="D!4)*! /)! 0%&!R,\!

B4RXR[!#=?:E!JHK!N>[!9=#CU"F=CD=!R&;,+0'!,.!2,).3'/,)48!*/',+*&+'!1&+&!'0+,)G8(!4'',2/40&*!1/0%!

/5&+-&20/)!3'&!G8,7488(!B4RXR[!F=:HE!JHK!N>[!"=C"UJ=:JDE!/)!0%&!R,\!B4RXR[!?=##E!JHK!N>[!"=FJU

C=C<D!730!),0!/)!@@A!B4RXR[!?=C<E!JHK!N>[!:=<#U"J=#D=!@&+/,3'!'&/P3+&'!1&+&!),0!-,+&!.+&W3&)08(!

+&;,+0&*!4.0&+!/5&+-&20/)!0%4)!4.0&+!7&)P/-/*4P,8&!*+3G'!B4RXR[!:=FJE!JHK!N>[!:=FJU:=J<D=!

O+3G!R&420/,)!1/0%!S,'/),;%/8/4!4)*!@('0&-/2!@(-;0,-'!BORS@@D!14'!-,+&!.+&W3&)08(!

+&;,+0&*!1/0%! /5&+-&20/)! 0%4)!1/0%!7&)P/-/*4P,8&!*+3G'! B4RXR[! C=HJE!JHK!N>[! "=CHU?J=JD=!],!

4*V3'0-&)0'!1&+&!;,''/78&!.,+!0%&!4)48('/'!,.!ORS@@!7&243'&!,.!0%&!8,1!)3-7&+!,.!24'&'=!@&+/,3'!

0,I/*&+-/4'! BORS@@E! @0&5&)'U^,%)',)! '()*+,-&E! 0,I/2! &;/*&+-48! )&2+,8('/'! 4)*! 4230&!

G&)&+48/P&*! &I4)0%&-40,3'! ;3'038,'/'D! 1&+&!-,+&! .+&W3&)08(! +&;,+0&*!1/0%! /5&+-&20/)! 0%4)!

1/0%!7&)P/-/*4P,8&!*+3G'!G8,7488(!B4RXR[!F=F?E!JHK!N>[!9=:<UJ=F<D!4)*!/)!0%&!R,\!B4RXR[!#=:HE!

JHK!N>[!9=<#U"?=?DE!730!),0!/)!@@A!2,3)0+/&'!B4RXR[!:=H9E!JHK!N>[!:=:HUH=:"D=!>0!/'!),0/2&478&!0%40!

&/G%0! 24'&'! ,.! 0,I/*&+-/4! 1&+&! &I283*&*! .+,-! 0%&! 4)48('&'! 7&243'&! /5&+-&20/)! 14'! 2,U

4*-/)/'0&+&*!1/0%!487&)*4P,8&=!

@&+/,3'! ;'(2%,0/2! */',+*&+'! 4)*! '3/2/*48! */',+*&+'!1&+&! ),0!-,+&! .+&W3&)08(! +&;,+0&*!

1/0%!/5&+-&20/)!0%4)!1/0%!7&)P/-/*4P,8&!*+3G'!B4RXR[!"=<CE!JHK!N>[!:=<:UF=H?!4)*!4RXR[!<=#<E!

JHK!N>[!:=CHU#J=:E!+&';&20/5&8(D=!

X)8(! H! 24'&'! ,.! @&5&+&! A230&! R&';/+40,+(! @()*+,-&! B@AR@D! 1&+&! +&;,+0&*E! 4)*! ),!

'/G)/./24)0!4'',2/40/,)'!1&+&!.,3)*=!4RXR!5483&'!*/*!),0! /)*/240&!4)(!4'',2/40/,)'!.,+!'&+/,3'!



!

! "#?!

%&;40/2!*/',+*&+'!,+!'&+/,3'!+&)48!*/',+*&+'!&/0%&+!B4RXR[!:=H"E!JHK!N>[!:=?#U:=<F!4)*!4RXR[!"=?#E!

JHK!N>[!:=##U9=CHE!+&';&20/5&8(D=!!

@&+/,3'! 24+*/42! .4/83+&'! 1&+&! '/G)/./24)08(! 4'',2/40&*! 1/0%! /5&+-&20/)! 2,-;4+&*! 0,!

7&)P/-/*4P,8&! *+3G! /)046&! BRXR[! ""=FE! JHK! N>[! "=?<UJF=JE! ),! 4*V3'0-&)0! ;,''/78&D=! @&+/,3'!

+%(0%-!*/',+*&+'!1&+&!),0!.,3)*!0,!7&!4'',2/40&*!1/0%!/5&+-&20/)!2,-;4+&*!0,!7&)P/-/*4P,8&!

*+3G'=!

_/)488(E! '&+/,3'! T4PP,00/! +&420/,)'! 1&+&! '0+,)G8(! 4'',2/40&*! 1/0%! /5&+-&20/)! 2,-;4+&*! 0,!

7&)P/-/*4P,8&!*+3G'!7,0%!/)!@@A!B4RXR[!"=JHE!JHK!N>[!"=:JU?=H9D!4)*!/)!0%&!R,\!B4RXR[!"J=<E!

JHK!N>[!9=9:U"<H=HD=!

!"!"!"0!12+&%*%3%*./,+,-.&%&/

O/';+,;,+0/,)48/0(!4)48('&'!1&+&!+&;&40&*!1/0%!488!4)0/)&-40,*48!*+3G'!+40%&+!0%4)!,)8(!

7&)P/-/*4P,8&!*+3G'!4'!2,)0+,8!G+,3;!B$478&!9JD=!A'',2/40/,)'!.,+!+&;,+0'!,.!'&+/,3'!%&4*42%&!/)!

R,\!B4RXR[!"=C9E!JHK!N>[!"=:"`?=9CD!4)*!'&+/,3'!+%(0%-!*/',+*&+'!/)!R,\!B4RXR[!?=FHE!JHK!N>[!

"=:9`""=<D! 1&+&! '0+&)G0%&)&*! /)! 0%&'&! '&)'/0/5/0(! 4)48('&'=! ],! 2%4)G&'! 1&+&! .,3)*! .,+!

&)2&;%48,;40%/&'E!2,).3'/,)48!*/',+*&+'E!ORS@@E!0,I/*&+-/4'E!'&/P3+&'E!+&)48!*/',+*&+'E!'3/2/*48!

*/',+*&+'E!;'(2%/40+/2!*/',+*&+'E!@AR@E!%&;40/2!*/',+*&+'!4)*!T4PP,00/!+&420/,)'=!>)!2,)0+4'0!0,!

0%&!;+/-4+(!4)48('/'E!0%&!'&)'/0/5/0(!4)48('/'!/*&)0/./&*!),!4'',2/40/,)!.,+!24+*/42!.4/83+&'=!

!



! "#$!

!

"#$%&#'!()*!+,-./0.0/1,02#%,13!#2#%3-,-!04!-&/,0'-!#56&/-&!/&#71,02-!#--07,#1&5!8,19!,6&/:&71,2!70:.#/&5!10!$&2;,:,5#;0%&!5/'<-!

%!&'()*+,'!-./!./0102!34)564%7%/%2!&-/08%!./!9.:;<!1,2',/<!%1,!%2'!=,/0.'!.-!2.+0-08%+0.2>!5!&'()*+,'!-./!1,2',/<!%1,!%2'!=,/0.'!.-!2.+0-08%+0.2!!

?!@/)1!/,%8+0.2!A0+7!,.*02.=70B0%!%2'!*C*+,D08!*CD=+.D*>!??!4,E,/,!&8)+,!9,*=0/%+./C!4C2'/.D,F!

=&/,0'-! #56&/-&!

5/'<!/&#71,02!
+/'<-! >#-&-!

?02@

7#-&-!
>/'5&!ABA!3GHI!JK;!

C5D'-1&5!ABA!%!3GHI!

JK;!

C5D'-1&5!ABA!5!,2!='$@

=#9#/#2!C4/,7#!3GHI!JK;!

C5D'-1&5!ABA!5!,2!A0E!

3GHI!JK;!

L,%'%87,!
F6&/:&71,2! M"! HNO! "F$N!??!3"FN"P"FGQ;! "FOO!3NFRQP"FMR;! "F"#!3NF#RP"FGR;! "FQG!3NFM#POFHQ;!

S,2T0D0'%T.B,*! GG! GRN! 9,-F! 9,-F! 9,-F! 9,-F!

U28,=7%B.=%+7C!!
F6&/:&71,2! HH! H"R! "NFQ!???!3HFQHP"GFG;! GFOQ!???!3$FH#P"RF#;! OMF"!???!3#FQ$P""#F";! #FQN!???!3OF#RP"$FR;!

S,2T0D0'%T.B,*! ""! "N#R! 9,-F! 9,-F! 9,-F! 9,-F!

J.2-)*0.2%B!

'0*./',/*!!

F6&/:&71,2! OO! HH"! QFRR!???!3"FRMPRFNH;! $FNH!???!3"FR"PGFNG;! QFRM!3NFM#P"GF#;! QF##!???!3"F$GPRFGM;!

S,2T0D0'%T.B,*! ""! "N#R! 9,-F! 9,-F! 9,-F! 9,-F!

4,0T)/,!
F6&/:&71,2! ""! H#O! NF$G!3NFOHPNFGM;! NFRQ!3NF$NP"FMO;!

VW&! VW&!
S,2T0D0'%T.B,*! $"! "NQR! 9,-F! 9,-F!

@9U44!?!!
F6&/:&71,2! G! H#$! RFHG!???!3"FRHPQGFG;!

VW&! VW&! VW&!
S,2T0D0'%T.B,*! O! "NMO! 9,-F!

X.Y0',/D0%!!
F6&/:&71,2! OH! H$R! QF$M!???!3"FMGP#FMQ;! $F$Q!???!3OFNMPGF$M;! NFHO!3NFNHPHFN";! #FNH???!3OFM#P"QFQ;!

S,2T0D0'%T.B,*! "H! "N#H! 9,-F! 9,-F! 9,-F! 9,-F!

Z*C87.+08!

'0*./',/*!!

F6&/:&71,2! "N! H#Q! "FMO!3NFMQP$FNR;! "FMR!3NFMNP$FHQ;!
VW&!

"F#O!3NF#OP$FOQ;!

S,2T0D0'%T.B,*! ""! "N#R! 9,-F! 9,-F! 9,-F!

4)080'%B!5,7%E0./!
F6&/:&71,2! $! H#G! MFHR!?!3NFR$P#RFN;! MF#M!?!3NFRHP#GFN;!

VW&! VW&!
S,2T0D0'%T.B,*! "! "NMR! 9,-F! 9,-F!

4&94!??!
F6&/:&71,2! $! H#G! MFHR!?!3NFR$P#RFN;!

VW&! VW&! VW&!
S,2T0D0'%T.B,*! "! "NMR! 9,-F!

9,2%B!'0*./',/*!!
F6&/:&71,2! "M! HH#! OFNQ!??!3"FNOP$FNH;! "FQ#!3NF##POFRH;!

VW&! VW&!
S,2T0D0'%T.B,*! "#! "N#Q! 9,-F! 9,-F!

L,=%+08!'0*./',/*!!
F6&/:&71,2! HN! HOQ! NF#"!3NF$$PNFR#;! NFH"!3NFQ#PNFM$;! "FQ#!3NFNRPO"FG;! NFHN!3NFQHPNFMQ;!

S,2T0D0'%T.B,*! "$H! GQ$! 9,-F! 9,-F! 9,-F! 9,-F!

J%/'0%8!-%0B)/,!
F6&/:&71,2! #! H#M! ""F$!??!3"FQMPG$FG;!

VW&! VW&! VW&!
S,2T0D0'%T.B,*! "! "NMR! 9,-F!

97C+7D!'0*./',/*!
F6&/:&71,2! M! H##! QFQO!?!3NFGMP""F$N;! QF"R!?!3NFR#P""FM;!

VW&!
QF"R!?!3NFR#P""FM;!

S,2T0D0'%T.B,*! $! "NMH! 9,-F! 9,-F! 9,-F!

[%TT.++0\*!

/,%8+0.2!!

F6&/:&71,2! Q#! HQM! OFG$!???!3"FM$P$FGG;! OF"#!??!3"F"#P$FNQ;! "FGH!??!3"FNGPQFHO;! "GFM!???!3OFONP"MHFH;!

S,2T0D0'%T.B,*! O$! "NHH! 9,-F! 9,-F! 9,-F! 9,-F!



!

! "#H!

!

!"#$%&#'!(G*!+,-./0.0/1,02#%,13!#2#%3-,-!04!-&/,0'-!#56&/-&!/&#71,02-!#--07,#1&5!8,19!,6&/:&71,2!70:.#/&5!10!019&/!#21,2&:#105#%!5/'<-!

%!&'()*+,'!-./!./0102!34)564%7%/%2!&-/08%!./!9.:;<!1,2',/<!%1,!%2'!=,/0.'!.-!2.+0-08%+0.2>!5!&'()*+,'!-./!1,2',/<!%1,!%2'!=,/0.'!.-!2.+0-08%+0.2>!!

?!!@/)1!/,%8+0.2!A0+7!,.*02.=70B0%!%2'!*C*+,D08!*CD=+.D*>!??!4,E,/,!&8)+,!9,*=0/%+./C!4C2'/.D,F!!

=&6&/&!#56&/-&!

5/'<!/&#71,02!
+/'<-! >#-&-! ?02@7#-&-! >/'5&!ABA!3GHI!JK;!

C5D'-1&5!ABA!%!3GHI!

JK;!

C5D'-1&5!ABA!5!,2!='$@

=#9#/#2!C4/,7#!3GHI!JK;!

C5D'-1&5!ABA!5!,2!A0E!

3GHI!JK;!

L,%'%87,!
F6&/:&71,2! M"! HNO! "F#$!???!3"FONPOFOH;! "F$H!??!3"FNNPOF"";! "FQ"!3NFMRPOFON;! "FRO!??!3"FN"PQFOR;!

S,2T0D0'%T.B,*! "NG! "O#H! "!]9,-,/,28,^! "!]9,-,/,28,^! "!]9,-,/,28,^! "!]9,-,/,28,^!

U28,=7%B.=%+7C!!
F6&/:&71,2! HH! H"R! GFN"!???!3HF"OP"HFG;! MF#N!???!3$F"QP"$FN;! Q"F#!???!3MFQMP"QHFQ;! $FMN!???!3OFOHPGFR";!

S,2T0D0'%T.B,*! "#! "QHR! "!]9,-,/,28,^! "!]9,-,/,28,^! "!]9,-,/,28,^! "!]9,-,/,28,^!

J.2-)*0.2%B!

'0*./',/*!!

F6&/:&71,2! OO! HH"! QFQG!???!3"FMMP#FHN;! QFOM!???!3"F#NP#F#G;! $FRO!?!3NFG#PO$FO;! OFR"!???!3"FORP#F"R;!

S,2T0D0'%T.B,*! "#! "QHR! "!]9,-,/,28,^! "!]9,-,/,28,^! "!]9,-,/,28,^! "!]9,-,/,28,^!

4,0T)/,!
F6&/:&71,2! ""! H#O! NFHG!3NFQNP"F"H;! NFRR!3NF$QP"FRO;! NF"Q!3NFNOP"F"O;! "F"Q!3NFHOPOF$O;!

S,2T0D0'%T.B,*! $$! "QQN! "!]9,-,/,28,^! "!]9,-,/,28,^! "!]9,-,/,28,^! "!]9,-,/,28,^!
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sd, standard deviation; bpm, beats per minute; 95% CI, 95% confidence intervals. ITQ, interquartile range 

 

 Cohort 1 Cohort 2 Cohort 3 Cohorts 2 & 3 

 Placebo 
Levamisole 

1 mg/kg 

Levamisole 

1.5 mg/kg 
Placebo 

Levamisole 

2.5 mg/kg 
Placebo 

Levamisole 2.5 

mg/kg 
Placebo 

Levamisole 2.5 

mg/kg 

Sex          

Female 9 10 10 15 16 7 7 22 23 

Male 18 17 17 39 37 24 25 63 62 

Age (mean ± sd) 47.6 ± 15.0 47.5 ± 14.9 47.7 ± 13.6 47.3 ± 11.8 48.0 ± 12.9 45.9 ± 13.2 46.5 ± 12.4 46.8 ± 12.3 47.4 ±12.7 

Microfilaremia (mf/ml)          

Arithmetic mean ± sd 636 ± 575 641 ± 536 641 ± 549 5082 ± 3826 5104 ± 3843 23 356 ± 19 714  18 146 ± 15 843 11 468 ± 14 799 9817 ± 11 742 

Minimum; Maximum 15; 1995 15; 1995 60; 1975 10; 14 015 5; 13 850 255; 69 085 940; 60 920 5; 69 085 10; 60 920 

Geometric mean [95% CI] 
350  

[204–600] 

412  

[265–642] 

359  

[210–614] 

2916  

[1938–4388] 

2832  

[1816–4416] 

13 320  

[7936–22 355] 

10 927  

[7074–16 879] 

4957  

[3483–7055] 

4614  

[3255–6540] 

Median [ITQ] 
470  

[175–885] 

510  

[180–920] 

475  

[145–915] 

4362  

[2090–7500] 

4075  

[2035–7150] 

16 370  

[9035–34 120] 

11 450  

[6160–30 000] 

6070  

[2415–13 185] 

6160  

[2750–112 45] 

Mansonella perstans  

Prevalence (N; %) 
2; 7.4% 3; 11.1% 3; 11.1% 7; 13.0% 9; 17.0% 5; 16.1% 4; 12.5% 12; 14.4% 13; 15.3%  

Heart rate  

(mean [bpm] ± sd) 
72.2 ± 12.6 75.8 ± 13.0 69.8 ± 10.2 78.6 ±12.3 76.5 ± 13.7 72.3 ± 13.0 77.0 ± 10.2 76.4 ± 12.8 76.6 ± 12.5 

Mean blood pressure 

(mean [mmHg] ± sd) 
101 ± 18 104 ± 15 99 ± 13 105 ± 17 105 ± 14 105 ± 18 107 ± 16 105 ± 17 105 ± 15 

Systolic blood pressure 

(mean [mmHg] ± sd) 
128 ± 21 131 ± 20 127 ± 21 132 ± 22 130 ± 20 132 ± 23 133 ± 21 132 ± 23 131 ± 20 

Diastolic blood pressure 

(mean [mmHg] ± sd) 
74 ± 12 76 ± 12 71 ± 9 78 ± 14 79 ± 11 77 ± 17 81 ± 13 78 ± 15 80 ± 11 

Body temperature  

(mean [°C] ± sd) 
36.2 ± 0.7 36.4 ± 0.6 36.4 ± 0.6 36.6 ± 0.3 36.7 ± 0.3 36.5 ± 0.2 36.5 ± 0.3 36.6 ± 0.3 36.6 ± 0.3 
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 LEV 1.5 mg/kg LEV 1 mg/kg Placebo P * P ** 

 

MFD 

arithmetic 

mean  

Mean 

relative 

difference 

Median relative 

difference 

MFD 

arithmetic 

mean 

Mean 

relative 

difference 

Median relative 

difference 

MFD 

arithmetic 

mean 

Mean 

relative 

difference 

Median relative 

difference 
 

 

Day 2 
587.5 

mf/mL 

+0.7% ± 

40.7% 

–13.4% 

[–27.8%; +33.9%] 

792.4 

mf/mL 

+17.1% ± 

72.7 % 

+3.1% 

[–35.4%; +40.9%] 

600.3 

mf/mL 

+8.2% ± 

96.6% 

–2.5% 

[–35.9%; +34.3%] 
.952 .738 

Day 7 
679.8 

mf/mL 

+33.5% ± 

116.5% 

+13.4% 

[–35.2%; +52.7%] 

869.8 

mf/mL 

+27.9% ± 

60.0% 

+19.7% 

[–20.9%; +61.9%] 

524.4 

mf/mL 

+4.6% ± 

117.0% 

–20.0% 

[–53.8%; +22.3%] 
.036 .559 

Day 

30 

648.6 

mf/mL 

+15.8% ± 

58.4% 

+3.8% 

[–18.6%; +20.0%] 

704.4 

mf/mL 

+23.0% ± 

80.3% 

+2.2% 

[–35.8%; +75.5%] 

536.0 

mf/mL 

–5.3% ± 

93.7% 

–23.3% 

[–49.5%; +13.8%] 
.107 .563 

!"#$%"&'()*'+%",'-./012.$"0%-."3'-%",'",4'-%4.",'0%$"5.6%'4.22%0%,/%'.,'-./012.$"0%-."'#%57%%,'89:'",4'8;'<;=>3')'10'(?@3'#A'"0-'</1B105'C@'

* Kruskal-Wallis test; ** ANOVA 

 

 40% decrease in microfilaremia 80% decrease in microfilaremia 

 LEV 1.5 mg/kg LEV 1 mg/kg Placebo 
P * 

LEV 1.5 mg/kg LEV 1 mg/kg Placebo 
P * 

 Yes No Yes No Yes No Yes No Yes No Yes No 

Day 2 

(N, %) 

4 

(15.4%) 

22 

(84.6%) 

4 

(17.4%) 

19 

(82.6%) 

5 

(19.2%) 

21 

(80.8%) 
1.000 

$!

%$&'!

26 

(100%) 
$!

23 

(100%) 

(!

%##)*&'!

23 

(88.5%) 
.103 

Day 7 

(N, %) 

5 

(19.2%) 

21 

(80.8%) 

2 

(8.7%) 

21 

(91.3%) 

9 

(33.3%) 

18 

(66.7%) 
0.108 

0 

(0%) 

26 

(100%) 

#!

%+)+&'!

25 

(95.6%) 

(!

%##)#&'!

24 

(88.9%) 
.204 

Day 30 

(N, %) 

4 

(15.4%) 

22 

(84.6%) 

8 

(33.3%) 

16 

(66.7%) 

12 

(48.0%) 

13 

(52.0%) 
0.047 

0 

(0%) 

26 

(100%) 

#!

%+)"&'!

23 

(95.8%) 

+!

%#,)$&'!

21 

(84.0%) 
.058 

!"#$%"&'(D*'E01F105.1,'12'F"05./.F",5G'7.5B'"'H?I'",4'D?I'0%4&/5.1,'.,'5B%.0'-./012.$"0%-."'F%0'50%"5-%,5'"0-'.,'/1B105'C'

* Fisher exact test 
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Treatment Adverse event Gradation 
Baseline MFD 

(mf/mL) 

Days post-

treatment 

Absolute and relative 

difference in MFD from 

baseline to Day 2 

Placebo Dizziness Mild 2305 1 – 1595 mf/mL (– 69.2%) 

Placebo Pruritus Mild 5990 2 – 210 mf/mL (– 3.5%) 

Placebo Conjunctivitis Mild 36 990 0 + 1738 mf/mL (+ 4.7%) 

LEV 2.5 mg/kg Conjunctivitis Mild 4920 2 – 763 mf/mL (– 15.5%) 

LEV 2.5 mg/kg Blepharitis Mild 4920 3 – 763 mf/mL (– 15.5%) 

LEV 2.5 mg/kg Pruritus Mild 5985 0 – 180 mf/mL (– 3.0%) 

LEV 2.5 mg/kg Dizziness Mild 6160 0 – 1337 mf/mL (– 21.7%)  

LEV 2.5 mg/kg Vomiting Mild 7330 0 – 3665 mf/mL (– 50.0%) 

LEV 2.5 mg/kg Dizziness Mild 24 420 0 + 11 843 mf/mL (+ 48.5%) 

LEV 2.5 mg/kg Dizziness Mild 30 000 0 – 4170 mf/mL (– 13.9%) 

LEV 2.5 mg/kg Dizziness Mild 32 090 0 – 8664 mf/mL (+ 27.0%) 

LEV 2.5 mg/kg Epigastralgia Mild 30 950 0 – 9130 mf/mL (– 29.5%) 

LEV 2.5 mg/kg Vomiting Mild 60 920 0 – 15 473 mf/mL (– 25.4%) 
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LEV 2.5 mg/kg Placebo 

P * P ** 
Mean 

MFD  

Mean relative 

difference 
Median relative difference Mean MFD  

Mean relative 

difference 
Median relative difference 

Day 

2 

All participants 

8509 

mf/mL 

+6.1% ± 108.6% –12.9% [–32.4%; +19.7%] 

12 443 

mf/mL 

+33.0% ± 82.3% +15.5% [–9.4%; +43.4%] .078 .001 

1-2499 mf/mL +40.7% ± 212.8% –6.1% [–34.6%; +26.0%] +76.4% ± 147.3% +17.8% [–4.5%; +88.9%] .545 .087 

2500-6999 mf/mL +6.7% ± 46.8% –4.8% [–27.4%; +46.7%] +33.2% ± 47.0% +23.4% [–0.4%; +63.3%] .075 .047 

7000-11 999 mf/mL –3.7% ± 30.5% –3.6% [–23.0%; +17.7%] +23.0% ± 25.3% +19.3% [+3.6%; +39.4%] .005 .007 

≥12 000 mf/mL –19.5% ± 30.3% –25.2% [–40.5%; –13.9%] +2.02% ± 27.1% –8.2% [–19.0%; +19.0%] .023 .008 

Day 

7 

All participants 

8847 

mf/mL 

+13.9% ± 122.3% –4.9% [–31.1%; +22.5%] 

12 879 

mf/mL 

+29.2% ± 76.6% +18.7% [–2.0%; +47.8%] .347 .001 

1-2499 mf/mL +47.1% ± 234.3% +4.3% [–31.1%; +27.8%] +62.9% ± 136.6% +34.1% [–7.0%; +78.4%] .797 .084 

2500-6999 mf/mL +12.3% ± 56.8% –0.5% [–24.6%; +63.3%] +36.8% ± 45.8% +30.8% [+7.6%; +62.4%] .141 .053 

7000-11 999 mf/mL +7.3% ± 36.0% +4.1% [–19.7%; +38.7%] +13.8% ± 29.0% +19.9% [+1.5%; +26.6%] .548 .412 

≥12 000 mf/mL –14.1% ± 23.1% –10.9% [–36.0%; –4.6%] +5.5% ± 26.9% +3.1% [–13.7%; +19.8%] .022 .020 

Day 

30 

All participants 

10 241 

mf/mL 

+55.6% ± 395.2 % –0.5% [–26.6%; +24.6%] 

13 364 

mf/mL 

+29.9% ± 86.6% +13.5% [–7.2%; +35.2%] .568 .036 

1-2499 mf/mL +231.0% ± 805.1% +9.1% [–33.9%; +81.5%] +67.7% ± 157.1% +9.0% [–26.6%; +120.7%] .367 .989 

2500-6999 mf/mL –4.0% ± 35.5% –7.2% [–29.5%; +15.9%] +20.8% ± 43.4% +17.4% [–9.0%; +31.3%] .048 .030 

7000-11 999 mf/mL +11.4% ± 25.7% +10.1% [–5.9%; +24.6%] +15.2% ± 29.8% +13.5% [+1.8%; +34.5%] .674 .673 

≥12 000 mf/mL –1.8% ± 31.0% –9.0% [–26.9%; +16.0%] +14.2% ± 26.4% +16.4% [–6.5%; +25.1%] .081 .036 

!"#$%"&'()*'+%",'-./012.$"0%-."3'-%",'",4'-%4.",'0%$"5.6%'4.22%0%,/%'.,'-./012.$"0%-."'#7'#%58%%,'9:;'",4'9<'=<>?3'@'10'A)B3'#7'"0-'=/1C105'?'",4'AB'",4'.,.5."$'+D9'E50"5&-'

Initial MFD is stratified according to interquartile range 

* ANOVA; ** Kruskal-Wallis test 
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* Fisher exact test 
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 40% decrease in microfilaremia 80% decrease in microfilaremia 

 LEV 2.5 mg/kg Placebo 
P * 

LEV 2.5 mg/kg Placebo 
P * 

 Yes No Yes No Yes No Yes No 

Day 2 (N, %) 
#%!

(17.5%) 

66 

(82.5%) 

#!

(1.2%) 

80 

(98.8%) 
 < .001 

#!

&#'()*!

79 

(98.7%) 

+!

&+)*!

81 

(100%) 
.497 

Day 7 (N, %) 
,!

(11.8%) 

67 

(88.2%) 

$!

(6.3%) 

75 

(93.7%) 
.269 

#!

&#'()*!

75 

(98.7%) 

#!

&#'()*!

79 

(98.7%) 
1.000 

Day 30 (N, %) 
#$!

(18.5%) 

66 

(81.5%) 

-!

(8.6%) 

74 

(91.4%) 
.107 

+!

&+)*!

81 

(100%) 

#!

&#'()*!

80 

(98.7%) 
1.000 
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 cCoef 95% CI P aCoef 95% CI P 

Treatment  

Placebo Ref.   Ref.   
LEV 2.5 mg/kg - 2058 -3425 – -690  0.003 - 2222 -3484 – -959  0.001 

Baseline MFD  

1–2499 mf/ml Ref.   Ref.   

2500–6499 mf/ml + 692 -1170 – +2554 0.466 + 523 -1253 – +2300 0.564 
6500–11.999 mf/ml + 564 -1320 – +2448 0.557 + 531 -1280 – +2342 0.565 

> 12.000 mf/ml  - 3107 -4992 – -1223 0.001 - 3051 -4860 – -1242 0.001 

Temperature difference 

Btw -2°C & +2°C Ref.   Ref.   
+2°C or more  + 86 -2822 – +2994  0.954 - 153 -2960 – +2653 0.915 

Body temperature 

difference 

(continuous; °C)  

+1314 -358 – 2986  0.124 + 883 -690 – +2458 0.271 

Random effect on 

area of residence 
ICC: 29.6% 0.065 

!"#$%"&'(<*'?0@%9'$01%",',%A,%440-1'2-,'/6%'"#4-$&/%'9022%,%13%'#%/5%%1'#"4%$01%'"19'B"C'<'

cCoef, crude coefficient; aCoef, adjusted coefficient 95% CI, 95% confidence intervals; Btw, between; ICC: intraclass correlation (calculated on full model) 

* No 40%-decrease in MFD in “> 15 minutes group”. 
** No 40%-decrease in MFD in “-2°C or less group” 

*** 40%-decrease in MFD only in “between-2°C and +2°C group” 
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 Day 2 Day 7 Day 30 

cOR 95% CI P aOR 95% CI P cOR 95% CI P aOR 95% CI P cOR 95% CI P aOR 95% CI P 

Treatment    

Placebo Ref.   Ref.   Ref.   Ref.   Ref.   Ref.   

LEV 2.5 mg/kg 16.7 2.2 – 132 0.007 26.6 2.9 – 237  0.003 2.0 0.6 – 6.3 0.229 1.9 0.5 – 7.2  0.320 2.4 0.9 – 6.2 0.072 2.7 1.0 – 7.1 0.051 

Baseline MFD (mf/mL)   

1–2499 1.0 0.3 – 3.9 0.966 0.8 0.1 – 4.4 0.761 5.6 0.6 – 50 0.125 8.0 0.8 – 80 0.078 2.4 0.7 – 7.8 0.145 2.5 0.7 – 8.2 0.140 

2500–6499  0.4 0.1 – 1.9 0.227 0.2 0.1 – 1.5 0.153 5.3 0.6 – 47 0.137 5.1 0.5 – 51 0.170 1.0 0.2 – 3.6 0.968 0.9 0.2 – 3.5 0.895 

6500–11 999  0.6 0.1 – 2.5 0.460 0.4 0.1 – 2.4 0.311 3.3 0.3 – 33 0.305 1.3 0.1 – 22 0.865 0.4 0.1 – 2.1 0.277 0.4 0.1 – 2.0 0.242 

> 12.000  Ref.   Ref.   Ref.   Ref.   Ref.   Ref.   

Time difference   

≤ 15 minutes .   .   Ref.   Ref.   Ref.   Ref.   

> 15 minutes Empty* 2.0 0.5 – 7.9 0.321 1.8 0.3 – 10.2 0.521 1.1 0.1 – 9.3 0.956 0.8 0.1 – 7.7 0.829 

Temperature difference  

No recorded temperatures 

 -2°C or less  Empty** Empty*** 

Btw -2°C & +2°C Ref.   Ref.   .   .   

+2°C or more  1.1 0.1 – 9.2 0.939 1.9 0.1 – 29.5 0.656 Empty*** 

Body 

temperature 

difference 

(continuous; °C)  

0.3 0.1 – 1.3  0.113 0.3 0.1 – 2.5 0.290 0.7 0.1 –3.5 0.671 0.3 0.1 – 2.2  0.248 

Random effect 

on area of 

residence 

ICC: 29.6% 0.039 Not significant Not significant 

!"#$%"&'(>*'?0@%9'$-A04/03',%A,%440-14'2-,'/6%'(78D9%3,%"4%'2,-;'#"4%$01%'?EB'"/'B"C'<F'G'"19'>7'

cOR, crude odds-ratio; aOR, adjusted odds-ratio 95% CI, 95% confidence intervals; Btw, between; ICC: intraclass correlation (calculated on full model) 

* No 40%-decrease in MFD in “> 15 minutes group”. 

** No 40%-decrease in MFD in “-2°C or less group” 

*** 40%-decrease in MFD only in “between-2°C and +2°C group” 
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With exclusion of outliers due to high variability in low MFD individuals for better fit (when the relative difference is superior at +200% or equals at -100% (only 1 individual with a

baseline at 20 mf/ml), N = 78

- Linear equation (AIC = 790.4): !"# %&''()(*+( ,(-.((* #/ 0 #1 234 5 167 8 967 : ;<=>=?@ ABC 2DEFD@4GH HHH
- Quadratic equation (AIC = 792.2):  !"# %&''()(*+( ,(-.((* #/ 0 #1 234 5 1I6J 8 KI76L : ;<=>=?@ ABC 2DEFD@4GH HHH M N O16/ : I/PQ : R;<=>=?@ ABC KSTSUMGH HHH VWX
- Fractional polynomial equation of degree 4 (AIC = 785.7):  !"# %&''()(*+( ,(-.((* #/ 0 #1 234 5 816Y N Z996[ : K;<=>=?@ ABCGH HHH MPG6HH8 /6JJ\ N Z76I : K;<=>=?@ ABCGH HHH MPG6HH : ]^ ZK;<=>=?@ ABCGH HHH M\ 8 /6//Y\W N R9Y67 : ZK;<=>=?@ ABCGH HHH MPH6_H 8 /6JJ\`V N

RaI61 : ZK;<=>=?@ ABCGH HHH MPH6_H :: b*2K;<=>=?@ ABCGH HHH M4 8 /6//Y\QV
- Piecewise regression (AIC = 794.1):  !"# %&''()(*+( ,(-.((* #/ 0 #1 234 5 '2c4 5 d I6L N I16[ : K;<=>=?@ ABCGH HHH M8 Z16[ : I/P` : K;<=>=?@ ABCGH HHH MW\ e c f aY//

I6L N ZI16[ : K;<=>=?@ ABCGH HHH M\ 8 Z16[ : I/P` : K;<=>=?@ ABCGH HHH M\W N Z76/ : I/P_ : K;<=>=?@ ABCGH HHH M : K;<=>=?@ ABCPg_HHGH HHH M\` e c h aY//
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'1.-/%*&!%*4%C%4(&!&1H801!C/.%1.!4/*&!01!-1HG&A!c!')(.-!-1.H1!IX(10X(1&!9)(.&!c!X(10X(1&!



!

! """!

H)%&M!1-!c!0)*>!-1.H1!IG0(&%1(.&!H)%&!c!G0(&%1(.&!/**b1&M:!J10/!%HG0%X(1!41(Y!',)&1&!d!I%M!

(*!.14bG%&-/>1!&3&-bH/-%X(1!41! 0/!G)G(0/-%)*!H%'.)2%0/.bH%X(1!G)(C/*-!f-.1!.1'1*&b&!

4/*&! 41&! 8/&1&! 41! 4)**b1&! /C/*-! 4g1YGb.%H1*-1.! (*1! %*-1.C1*-%)*A! G(%&X(1! 0/!

H%'.)2%0/.bH%1! /(./%-! G(! C/.%1.! /(! ')(.&! 4(! -1HG&! 1-! I%%M! (*1! G.%&1! 1*! ')HG-1! 41! 0/!

C/.%/8%0%-b!h!*/-(.1001!i!41!0/!H%'.)2%0/.bH%1!%HG)&/*-!0/!G.b&1*'1!4g(*!>.)(G1!')*-.j01!

&/*&!%*-1.C1*-%)*!Hb4%'/H1*-1(&1!C%/!(*!G0/'18)A!G/.!1Y1HG01:!

-! J,/X(1!-1',*%X(1!41!4%/>*)&-%'!8%)0)>%X(1!G)&&e41!(*1!C/.%/8%0%-b!X(%!0(%!1&-!G.)G.1:!6*!

1221-A!0).&!41!0/!01'-(.1!41&!>)(--1&!bG/%&&1&!'/0%8.b1&!G/.!41&!H%'.)&')G%&-1&!X(/0%2%b1&A!

(*1!C/.%/8%0%-bA!c!0/!2)%&!%*-./?!1-!%*-1.%*4%C%4(1001A!/(!*%C1/(!41&!.b&(0-/-&!&1!2/%-!.1&&1*-%.A!

')*-./%>*/*-!c!.b/0%&1.!41!*)H8.1(&1&!01'-(.1&!&(GG0bH1*-/%.1&:!J1--1!C/.%/8%0%-b!%*-./?!

1-! %*-1.%*4%C%4(1001! *g/! '1G1*4/*-! 9/H/%&! b-b! X(/*-%2%b1! 41! H/*%e.1! ')*2).H1! /(Y!

.b>01H1*-/-%)*&!JkFl=J!1*!C%>(1(.!/(!*%C1/(!1(.)Gb1*:!!

!

K)(.!H%1(Y!')HG.1*4.1!'1&!G,b*)He*1&!41!Gb.%)4%'%-b!1-!41!C/.%/8%0%-b!I41!H%'.)2%0/.bH%1!1-!41!

4%/>*)&-%'MA!*)(&!/C)*&!.b/0%&b!G0(&%1(.&!b-(41&!X(%!&1.)*-!4b-/%00b1&!/(!J,/G%-.1!^!d!

-! 5/!H%&1!1*!G0/'1!4g(*1!b-(41!41!Gb.%)4%'%-b!&(.!@U!G/-%1*-&!H%'.)2%0/.bH%X(1&!

-! 5/!.b(-%0%&/-%)*!41&!4)**b1&!41!0g1&&/%!'0%*%X(1!1-!4(!4bG%&-/>1!41!"#@Z!4)*-!&)*-!%&&(&!01&!

G/-%1*-&!/2%*!41!H%1(Y!')HG.1*4.1!0/!C/.%/8%0%-b!h!*/-(.1001!i!41!0/!0)/&1!

-! 5/!H%&1!1*!G0/'1!4g(*1!b-(41!41!0/8)./-)%.1!/2%*!41!X(/*-%2%1.!0/!C/.%/8%0%-b!4%/>*)&-%X(1!

41!0/!>)(--1!bG/%&&1!'/0%8.b1:!!



! ""U!

! #



!

! ""S!

#

#

#

A=!B%3)+9)/),%#",#&'3)'1)$),%#9"#

$'#()/3+6)$'3%()"#5#!%&#$%&#

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!

! ""B!

!



! ""^!

A=C!D+.,"@,"#",#E-*,)6)/',)6#9"*#%,-9"*#

51&!X(/-.1!G/.-%1&!X(%!&(%C1*-!4b')(01*-!4%.1'-1H1*-!41!G.)80bH/-%X(1&!/(YX(1001&!*)(&!

/C)*&! b-b! ')*2.)*-b1&! 0).&! 41! 0/! H%&1! 1*! G0/'1A! 0g%*'0(&%)*! 1-! 01! &(%C%! 41! 0g1&&/%! '0%*%X(1! 4(!

0bC/H%&)01!&(.!0/!0)/&1:!

m*1!41&!4%22%'(0-b&!.1*')*-.b1&!X(/*4!)*!.b/0%&1!41&!1&&/%&!'0%*%X(1&!&(.!0/!0)/&1!1&-!0/!

Gb.%)4%'%-b! /C1'! 0/X(1001! 01&! H%'.)2%0/%.1&! &)*-! G.b&1*-1&! 4/*&! 01! &/*>! Gb.%G,b.%X(1:! J)HH1!

4b'.%-!1*!',/G%-.1!"A!'1--1!Gb.%)4%'%-b!1*>1*4.1!G0(&%1(.&!G.)80bH/-%X(1&!d!!

?!J)HH1*-!f-.1!&n.!X(g(*!-./%-1H1*-!/>%-!810!1-!8%1*!&(.!0/!41*&%-b!H%'.)2%0/.%1**1!c!!&'

/"#!1-!X(g%0!*1!&g/>%-!G/&A!-)(-!&%HG01H1*-A!4g(*1!4%22b.1*'1!4(1!c!(*1!C/.%/8%0%-b!/0b/-)%.1!o!

!?!<%A!G)(.!41&!./%&)*&!0)>%&-%X(1&A!01&!G.b0eC1H1*-&!41!&(%C%!*g)*-!G/&!G(!f-.1!1221'-(b&!c!

(*1!,1(.1!&%H%0/%.1!c!'1001!4(!G.b0eC1H1*-!/C/*-!-./%-1H1*-A!')HH1*-!bC/0(1.! 0g122%'/'%-b!4(!

-./%-1H1*-!&g%0!1Y%&-1!(*1!Gb.%)4%'%-b!G,3&%)0)>%X(1!41!0/!$EF!o!!

5/!G/.-%1!^:"!41!'1!4)'(H1*-!-1*-1./!41!.bG)*4.1!c!'1&!X(1&-%)*&!c!G/.-%.!41&!4)**b1&!%&&(1&!

4g(*1!b-(41!/*'%00/%.1!c!0g1&&/%!'0%*%X(1!.b/0%&b1!1*!H/.&!"#"@:!

K/.!/%001(.&A!%0!1Y%&-1!(*!4)>H1!&10)*!01X(10!0/!$EF!c!!&'/"#!.1&-1!-.e&!&-/801!4/*&!01!-1HG&:!

J1G1*4/*-A!*)(&!/C)*&!G(!')*&-/-1.A!')HH1!4b'.%-!/(!',/G%-.1!"A!41(Y!',)&1&!d!

?!0'1+."+.A!&%!0/!$EF!1&-!&-/801!4/*&!01!-1HG&A!0gbC)0(-%)*!41!'1001?'%!4)%-!f-.1!G.)',1!41!#Q!

',1p!01&!%*4%C%4(&!-./%-b&!G/.!G0/'18):!k.A!*)(&!*)(&!&)HH1&!.1*4(!')HG-1!0).&!41!0g1YG0)%-/-%)*!

41&!.b&(0-/-&!%*-1.Hb4%/%.1&!X(1!'1.-/%*&!%*4%C%4(&!4/*&!01!>.)(G1!G0/'18)!/C/%1*-!-1*4/*'1!c!

C)%.!01(.!$EF!/(>H1*-1.!/(!')(.&!4(!-1HG&A!&(.!(*!4b0/%!/&&1p!')(.-!IH)%*&!4g(*!H)%&M:!;)(&!

/C)*&!C)(0(!4b-1.H%*1.!&%!'1--1!C/.%/8%0%-b!b-/%-!4(1!c!41&!G,b*)He*1&!/0b/-)%.1&!I20('-(/-%)*&!

41!0/!*/-(.1!41&!20(Y!&/*>(%*&A!&(.?4%&G1.&%)*!41&!H%'.)2%0/%.1&!4/*&!01!&/*>qM!)(!c!41&!2/'-1(.&!

1Y-1.*1&! I-1HGb./-(.1! ').G).1001A! -1HGb./-(.1! /H8%/*-1qM! )(! %*-1.*1&! IGb.%)4%'%-b! 41! 0/!

H%'.)2%0/.bH%1!4(1!c!41&!4%22b.1*'1&!4/*&!0g,1(.1!41!G.b0eC1H1*-M:!5/!G/.-%1!^:U!41!'1!4)'(H1*-!

-1*-1./!4g/GG).-1.!41&!.bG)*&1&!&(.!'1--1!C/.%/8%0%-b!c!')(.-!-1.H1!c!G/.-%.!41!0g1YG0)%-/-%)*!41!

4)**b1&!%&&(1&!41!0g1&&/%!'0%*%X(1:!

?!!J1.-/%*&!41&!%*4%C%4(&!4bG%&-b&!2%*!"#@Z!1-!'0/&&b&!')HH1!G)(C/*-!f-.1!%*'0(&!4/*&!(*1!

41&!'),).-1&!41!0g1&&/%!*1!.bG)*4/%1*-!G0(&!/(Y!'.%-e.1&!41!$EF!*b'1&&/%.1&!c!01(.!%*'0(&%)*!1*!

9/*C%1.! "#"@:! J)HH1*-! 1YG0%X(1.! '1'%! &%! 0/!$EF! c! !&' /"#! 1&-! &-/801! 4/*&! 01! -1HG&d! ,1(.1! 41!



""T

G.b0eC1H1*-!4%22b.1*-1 o!C/.%/8%0%-b!/0b/-)%.1 o!5/!G/.-%1!^:S!&g%*-b.1&&/!c!0gbC/0(/-%)*!41!'1--1!

C/.%/8%0%-b!c!0)*>!-1.H1!c!G/.-%. 41&!4)**b1&!%&&(1&!41!0g1&&/%!'0%*%X(1:

5/! 41.*%e.1! G.)80bH/-%X(1! 4g%*-b.f-! G)(.! '1! ',/G%-.1! ^! ')*'1.*1! b>/01H1*-! (*!

G,b*)He*1!41!C/.%/8%0%-b:!V0!&g/>%-!41!0/!C/.%/-%)* 41&!.b&(0-/-&!41!01'-(.1!H%'.)&')G%X(1:!6*!1221-A!

H/0>.b!0g1YGb.%1*'1!41&!41(Y!H%'.)&')G%&-1& %HG0%X(b&!4/*&!0g1&&/%A!*)(&!/C)*&!4n!2/%.1!.10%.1!

41&!0/H1&!'/.!*)(&!')*&-/-%)*&!41&!4%22b.1*'1&!%HG).-/*-1&!1*-.1!01&!.b&(0-/-&!41&!41(Y!01'-1(.&:!

$/*&! *g%HG).-1! X(1001! -1',*%X(1! 4%/>*)&-%X(1! 41! 8%)0)>%1A! %0! 1Y%&-1! 41&! C/.%/-%)*&! 4/*&! 01&!

.b&(0-/-&:! 6*! F./*'1A! 01&! ')H%-b&! 4g/''.b4%-/-%)*! 41&! 0/8)./-)%.1&! 41! 8%)0)>%1! Hb4%'/01!

41H/*41*-!0/!.b/0%&/-%)*!4g1YGb.%1*'1&!G1.H1--/*-!4g1&-%H1.!0/!X(/0%-b!41!.1*4(!41&!.b&(0-/-&A!

0/!C/.%/-%)*!%*-./? 1-!0/!C/.%/-%)*!%*-1.?01'-1(.:!J1&!1YGb.%1*'1&!*g)*-!9/H/%&!b-b!.b/0%&b1& 4/*&!01!

')*-1Y-1!41!4%/>*)&-%'!X(/*-%-/-%2!41!0/!$EF c!!& /"#:!;)(&!/C)*&!C)(0(A!0).&!4(!-1HG&!41!-1../%*!

')*&/'.b!c!0g1&&/%!'0%*%X(1A!.b/0%&1. '1.-/%*1&!41!'1&!1YGb.%1*'1&!/2%*!4gbC/0(1.!'1--1 C/.%/-%)*:

A=F B%3)+9)/),%#9"#$'#()/3+6)$'3%()"#5#!" $%&

V*-.)4('-%)*

V0! 1&-! ')**(!41G(%&!G0(&!41!@##!/*&!X(1A! ',1p! 0g,)HH1A 0/!$EF c!!& /"# G.b&1*-1 (*1!

Gb.%)4%'%-b! 4%(.*1A! /(>H1*-/*-! 01! H/-%*! G)(.! /--1%*4.1! (*! G%'! 1*-.1! @#! 1-! @B! ,1(.1&A! G(%&!

4%H%*(/*-!9(&X(rc!41&!*%C1/(Y!-.e&!8/&!0/!*(%-!I5)D!@Z@#M:!5/!&)(',1!41 !&'/"# &%H%1**1!X(/*-!c!

1001A! G.b&1*-1! (*1! Gb.%)4%'%-b! *)'-(.*1: 5r,38.%4/-%)*! 41&! 41(Y! &)(',1&! /! b-b! .b/0%&b1!

1YGb.%H1*-/01H1*-!H/%&A!%0 &1H801!X(g1001!*1!&1!G.)4(%-!X(1!-.e&!./.1H1*-!4/*&!41&!')*4%-%)*&!

*/-(.1001&! I$(O1! @Z^SM:! 6*2%*A! 0g,1(.1! c! 0/X(1001! &1! G.)4(%-! 01! G%'! 41! $EF 1&-! 4b-1.H%*b1

>b*b-%X(1H1*-!1-!')..1&G)*4!1*!.b/0%-b!c!0r,1(.1!4r/'-%C%-b!H/Y%H/01!41&!C1'-1(.&:!K1(!4gb-(41&!

&1!&)*-!%*-b.1&&b1&!41!H/*%e.1!G0(&!/GG.)2)*4%1!/(Y 2/'-1(.&!G)(C/*-!%*20(1*'1. 0/!Gb.%)4%'%-b!

41! 0/!$EF!c!!&' /"#:!K/.H%! 01&!X(10X(1&!b-(41&!&(.! 01!&(91-A!*)(&!*)-)*&!X(10X(1&!b-(41&!-.e&!

/*'%1**1&!4/-/*-!4(!4b8(-!)(!4(!H%0%1(!4(!"#%eH1 &%e'01:!!6*!@Z"@A!5)D!s!kg$.%&')00 )*- b-(4%b!

0g%HG/'-!41!0g%*C1.&%)*!4(!'3'01!*3'-,bHb./01!4g/'-%C%-b!41!G/-%1*-&!I4).H%.!0/!9)(.*b1!1-!-./C/%001.!

0/!*(%-M!&(.!0/!Gb.%)4%'%-b!41!!&'/"#'/(!;%>b.%/:!V0& .b2(-1*- 0/ -,b).%1!41!@Z#S!X(%!/22%.H/%-!X(1!



!

! ""L!

0g%*C1.&%)*!4(!'3'01!*3'-,bHb./0!41&!G/-%1*-&!1*>1*4./%-!(*1!%*C1.&%)*!41!0/!Gb.%)4%'%-b!41!!&'/"#'

41!H/*%e.1!&%H%0/%.1!c!'1!X(%!b-/%-!)8&1.Cb!/C1'!%&'(#)*+",-.'I4)**b1&!*)*!G(80%b1&M:'6*!1221-A!%0&!

H1--1*-!1*!bC%41*'1!41&!G%'&!41!$EF!1*-.1!H%4%!1-!@^!,1(.1&!',1p!41&!G/-%1*-&A!X(10!X(1!&)%-!

01(.!.3-,H1!*3'-,bHb./0!4g/'-%C%-b! I5)D!/*4!kg$.%&')00!@Z"@M:!6*!@ZB#A!_1.&,/D!/!b>/01H1*-!

b-(4%b!0/!Gb.%)4%'%-b!41!0/!$EF!c!!&'/"#!&(.!U^!,1(.1&!/(!J/H1.)(*!',1p!*1(2!G.%&)**%1.&:!a%1*!

X(1!G.b&1*-/*-!41&!C/.%/-%)*&!%HG).-/*-1&!4/*&!&)*!/HG0%-(41A!0gbC)0(-%)*!41!0/!$EF!/(!')(.&!

41! 0/! 9)(.*b1! &1H80/%-! &%H%0/%.1! ',1p! 01&! Z! G/-%1*-&! /C1'! (*1! /(>H1*-/-%)*! 1-! 0/! 4%H%*(-%)*!

')t*'%4/*-!/C1'!0r/(81!1-!01!'.bG(&'(01!1-!41&!G%'&!G.b&1*-&!1*-.1!L!,1(.1&!4(!H/-%*!1-!"!,1(.1&!

41!0g/G.e&?H%4%A!/C1'!(*1!>./*41!G.)G).-%)*!/(Y!/01*-)(.&!41!Z!,1(.1&!I_1.&,/D!@ZB#M:!6*!@ZBBA!

`/DO%*>! .1C%1*-! &(.! 01&! .b&(0-/-&! 41! _1.&,/D!1-! .b/0%&1! 41&! b-(41&! ')HG0bH1*-/%.1&! /2%*! 41!

')HG/.1.!0gbC)0(-%)*!41!0/!$EF!',1p!41&!G.%&)**%1.&!H1*/*-!(*1!C%1!/(Y!,)./%.1&!-.e&!.b>(0%1.&!

1-!-.e&!H/-%*/(Y!1-!',1p!41&!%*4%C%4(&!C1*/*-!9(&-1!4gf-.1!,)&G%-/0%&b&!1-!C%C/*-!4)*'!&10)*!41&!

,)./%.1&!H)%*&!.b>(0%1.&!1-!G.)8/801H1*-!H)%*&!H/-%*/(Y!I01C1.!G0(&!-/.4A!')(',1.!G0(&!-/.4M:!

51&!G%'&!.1-.)(Cb&!',1p!01&!G/-%1*-&!*)(C1001H1*-!,)&G%-/0%&b&!)&'%00/%1*-!1*-.1!@S!,1(.1&!1-!@L!

,1(.1&A!-/*4%&!X(1!'1(Y!.1-.)(Cb&!',1p!01&!G.%&)**%1.&!)&'%00/%1*-!/(-)(.!41!@@!,1(.1&:!`/DO%*>!

')*'0(-!X(1!'1--1!4%22b.1*'1!41!G%'&!b-/%-!G.)8/801H1*-!0r1YG.1&&%)*!41&!,/8%-(41&!4%(.*1&!H)%*&!

.b>(0%e.1&!41&!G/-%1*-&!*)(C1001H1*-!,)&G%-/0%&b&!G/.!')HG/./%&)*!/(Y!G.%&)**%1.&:!$1!G0(&A!0/!

$EF!c!"",!',1p!01&!C)0)*-/%.1&!41!0g,jG%-/0!b-/%-!>b*b./01H1*-!')HG.%&1!1*-.1!#!1-!"#Q!41!01(.!

H/Y%H(H! 41! 0/! 9)(.*b1A! (*1! G.)G).-%)*! 81/(')(G! G0(&! b01Cb1! X(1! '1001! )8&1.Cb1! ',1p! 01&!

G.%&)**%1.&!c!0/!HfH1!,1(.1!I`/DO%*>!@ZBBM:!!

6*!@Z^TA!`/DO%*>!2-'#/:!2)*-!0g,3G)-,e&1!X(1!0/!-1HGb./-(.1!').G).1001!1-N)(!/H8%/*-1!

G1(-! /C)%.! (*1! %*20(1*'1! &(.! 0/! $EF!H1&(.b1! 4/*&! 01! &/*>! Gb.%G,b.%X(1! G(%&X(1! 01! 2/%-! 41!

G.)C)X(1.!(*1!b0bC/-%)*!41!0/!-1HGb./-(.1!').G).1001!I1*!G0/u/*-!01&!&(91-&!4/*&!(*!8/%*!',/(4M!

4b'01*',1!(*1!/(>H1*-/-%)*!41!0/!$EF!4/*&!01&!U#!H%*(-1&!X(%!&(%C1*-!I`/DO%*>!1-!/0:!@Z^TM:!

6*!@ZT^A!k>(*8/!b-(4%/!0gbC)0(-%)*!41!0/!$EF!',1p!X(/-.1!;%>b.%/*&!/4(0-1&!1*!/--1*-1!

4g)Gb./-%)*! ',%.(.>%'/01:!$1&! G.b0eC1H1*-&! )*-! b-b! .b/0%&b&! c! 41&! %*-1.C/001&! 41! 41(Y! ,1(.1&!

G1*4/*-!@S!,1(.1&:!51&!$EF!41!41(Y!41&!X(/-.1!G/-%1*-&!G.b&1*-/%1*-!41(Y!G%'&A!0r(*!c!@S!,1(.1&!

1-! 0r/(-.1!c!@L!,1(.1&A! -/*4%&!X(1!'1001&!41&!41(Y!/(-.1&!G/-%1*-&!G.b&1*-/%-!(*! &1(0!G%'!c!@L!

,1(.1&:!J,1p!01&!X(/-.1!G/-%1*-&A!0/!$EF!c!""!,1(.1&!b-/%1*-!-)(9)(.&!G0(&!b01Cb1!X(gc!@#!,1(.1&:!

k>(*8/!2/%-!0g,3G)-,e&1!4g(*1!%HG0%'/-%)*!4g(*!/(-.1!C1'-1(.!G)(.!!&'/"#A!01!H)(&-%X(1!3#)4").#'

#,+.*#)#A!H)(&-%X(1!-.e&!')HH(*!/(!;%>b.%/!1-!G.b&1*-/*-!(*!G%'!4g/'-%C%-b!41!G%Xn.1!c!""!,1(.1&!

Ik>(*8/!@ZT^M:!



""Z

6*!@ZLUA!J/.H1!/!.bbC/0(b!0/!Gb.%)4%'%-b!41!!&'/"# ',1p!'%*X &(91-&!1* lbG(80%X(1!4(!J)*>)!

1*!G.b01C/*-!4(!&/*>!G/.!G%Xn.1!/(!8)(-!4(!4)%>-!c!%*-1.C/001!.b>(0%1.&!G1*4/*-!@"!,1(.1&:!<1&

.b&(0-/-&!&)*-!')*2).H1&!c!'1(Y!41!0/!0%--b./-(.1 /C1'!(*!G%'!41!$EF!c!@"!,1(.1&!1-!(*1!bC)0(-%)*!
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,1(.1&! 1-! "#! ,1(.1&:!$1&! b',/*-%00)*&! 41! &/*>! )*-! b-b! G.b01Cb&! &(.! ',/X(1! %*4%C%4(! 4/*&! (*!
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').G).1001 )*-!b-b!.b/0%&b&!/C/*-!',/X(1!G.b0eC1H1*-!&/*>(%*: 51&!$EF )*-!b-b!X(/*-%2%b1&!1*!

(-%0%&/*-!41&!>)(--1&!bG/%&&1&!'/0%8.b1&:!51!&/*>!/!b-b G.b01Cb!G/.!G%Xn.1!/(!4)%>-!c!0r/%41!4r(*1!



"U#

0/*'1--1!&-b.%01!1-!.1'(1%00%!4/*&!41&!-(81&!'/G%00/%.1&!*)*!,bG/.%*b&:!m*!C)0(H1!41!B#!v5!41!&/*>!
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%41*-%X(1&!c!@U!1-!@^!,1(.1&:!
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G/.-%.!41&!.b&%4(&!%&&(&!4g(*1!.b>.1&&%)*!/9(&-b1!&(.!0/!-1HGb./-(.1!').G).1001!IK/*10!JM:!!
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3'0!2.(1/.!23!C"D$#!B!C"D="< Q+3!DG?*0DR'3!'3-1&0!7)3 /1!038?.-10)-3!(*-?*-3//3!?*)--1&0!14*&-!
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Results From 2 Cohort Studies in Central Africa Show 
#at Clearance of Wuchereria bancro"i Infection A$er 
Repeated Rounds of Mass Drug Administration With 
Albendazole Alone Is Closely Linked to Individual 
Adherence
Jérémy T. Campillo,1,  Naomi P. Awaca-Uvon,2,a Francois Missamou,3,a Jean-Paul Tambwe,2 Godefroy Kuyangisa-Simuna,2 Gary J. Weil,4 Frédéric Louya,3 

Michel Boussinesq,1 Sébastien D.S. Pion,1,a and Cédric B. Chesnais1,a

1UMI 233, Institut de Recherche pour le Développement, Montpellier, France; Université de Montpellier, Montpellier, France; INSERM Unité 1175, Montpellier, France, 2Ministère de la Santé 

Publique, Kinshasa, Democratic Republic of the Congo, 3Programme National de Lutte contre l’Onchocercose, Direction de l’Epidémiologie et de la Lutte contre la Maladie, Ministère de la Santé et 

de la Population, Brazzaville, Republic of Congo, and 4Washington University School of Medicine, St. Louis, Missouri, USA

Background. Two community trials conducted from 2012 to 2018 in the Republic of Congo and the Democratic Republic of 

the Congo demonstrated the efficacy of semiannual mass drug administration (MDA) with albendazole (ALB) alone on lymphatic 

filariasis (LF). However, a high interindividual heterogeneity in the clearance of infection was observed.

Methods. We analyzed trial data to assess the effect of individual adherence to ALB MDA on clearance of circulating filarial antigenemia 

(CFA) and microfilaremia. Community residents were offered a single dose of ALB every 6 months and tested for LF with a rapid test for 

CFA at baseline and then annually. CFA test results were scored on a semiquantitative scale. At each round, microfilaremia was assessed in 

CFA-positive individuals. All CFA-positive individuals for whom at least 1 follow-up measure was available were included in the analyses. 

Parametric survival models were used to assess the influence of treatment adherence on LF infection indicators.

Results. Of 2658 individuals enrolled in the trials, 394 and 129 were eligible for analysis of CFA and microfilaremia clearance, 

respectively. A$er adjusting for age, sex, and initial CFA score, the predicted mean time for clearing CFA was shorter in persons 

who had taken 2 doses of ALB per year (3.9 years) than in persons who had taken 1 or 0 dose (4.4 and 5.3 years; P < .001 for both). 

A similar pattern was observed for microfilaremia clearance.

Conclusions. #ese results demonstrate a clear dose-response relationship for the effect of ALB on clearance of CFA and 

microfilaremia.

Keywords.  albendazole; lymphatic filariasis; mass drug administration; treatment adherence; parametric survival analysis.

Lymphatic filariasis (LF) is a mosquito-borne parasitic infec-

tion caused mainly by Wuchereria bancrofti. The strategy for LF 

elimination is to interrupt the transmission cycle between hu-

mans and vectors. In African countries where onchocerciasis is 

endemic, programs provide annual mass drug administration 

(MDA) with ivermectin (IVM) plus albendazole (ALB). Bednets 

are also often provided to limit mosquito exposure. Treatment 

with IVM and ALB reduces the density of the larval stages of the 

parasite (microfilariae [Mf]) in the blood. However, MDA has to 

be repeated for many years because these drugs have a limited ef-

ficacy for killing adult worms [1]. In areas where LF is coendemic 

with loiasis, another filarial infection caused by Loa loa, this 

strategy is dangerous because IVM can induce serious adverse 

events (SAEs) in people with very high L.  loa microfilarial 

densities (MFD) [2]. In these areas, alternative strategies have 

to be implemented. Previous clinical trials that compared the ef-

fects of various drugs on W. bancrofti MFD suggested that treat-

ment with ALB alone might reduce MFD, albeit at a slower rate 

than after combined treatment with IVM and ALB [3–13]. ALB 

does not induce SAEs in patients with high L. loa MFD [14–16]. 

In 2012, the World Health Organization (WHO) proposed that 

MDA with ALB (preferably semiannual, and combined with in-

tegrated vector management) might be used to eliminate LF in 

areas where loiasis is coendemic [17]. The results of 2 commu-

nity trials conducted in the Republic of Congo (Congo) and the 

Democratic Republic of the Congo (DRC) confirmed that this 

strategy was effective. At the first site, where baseline circulating 

filarial antigenemia (CFA) and Mf prevalences were moderate 
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(17.3% and 5.3%, respectively) and treatment adherence was high 

(83%–90%), these indicators decreased to 4.7% and 0.3%, respec-

tively, after 3 years of semiannual MDA with ALB alone [18]. In 

DRC, where baseline infection prevalences were higher and treat-

ment adherence lower (56%–88%), CFA and Mf prevalences de-

creased from 31.6% to 8.5% and from 12.0% to 0.9%, respectively, 

after 4 years of semiannual MDA with ALB [19]. Although MDA 

with ALB alone was highly effective at the community level, con-

siderable heterogeneity was observed in parasite clearance at the 

individual level; some individuals cleared their infections rap-

idly, while others remained infected after 8 rounds of MDA. In 

this study, we reanalyzed data collected from these 2 community 

trials to assess the effect of individual adherence to ALB treat-

ment on the CFA and W. bancrofti microfilaremia clearance rates.

METHODS

Study Populations

The design of the 2 studies has been described elsewhere [18, 

19]. In Congo, the study was conducted from 2012 to 2015 

in Seke-Pembe, a village located in Mabombo Health District 

(Bouenza division). In DRC, the study site consisted of 2 con-

tiguous villages (Mbunkimi and Misay) located in the Kwilu 

province, and the trial took place from 2014 to 2018. Study par-

ticipants were tested for LF infection at baseline and then an-

nually. Both studies were approved by ethics committees and 

administrative authorities in the respective countries. Adult 

participants signed an informed consent form. Participants 

aged <18 years were enrolled only after verbal assent and if 1 

parent signed a consent form.

A total of 2658 individuals were examined for LF infection 

at least once during the 2 studies. #e present analysis included 

all individuals who were CFA-positive at the time of their first 

test (which was not necessarily performed during the year when 

the trial started at the site) and who had at least 1 subsequent 

examination. #erefore, individuals who had progressed from 

CFA-negative to CFA-positive during the follow-up period and 

those who were CFA-negative at all time points tested were not 

included in the analysis.

Assessment of W. bancrofti Infection

Annual parasitological assessments were performed for par-

ticipants aged ≥5  years. LF infections were detected by CFA 

testing using point-of-care tests. In Congo, testing was done 

with the BinaxNOW Filariasis immunochromatographic card 

test (ICT; Alere, Scarborough, ME) in 2012, 2013, and 2014 and 

with the Filariasis Test Strip (FTS; Alere, Scarborough, ME) in 

2015. All antigen testing in DRC was performed with FTS. ICT 

and FTS results were scored semiquantitatively (0, 1, 2, or 3 ac-

cording to the relative intensities of the test and control lines) 

[18, 20]. All CFA-positive individuals were invited to return 

for blood sampling between 10:00 PM and 1:00 AM for assess-

ment of W. bancrofti microfilaremia. MFDs were based on the 

arithmetic mean of the counts of two 70-µL-thick blood smears 

and expressed as microfilariae per milliliter.

Drug Distribution and Assessment of Treatment Adherence

CFA-negative individuals were treated with a single tablet of 

ALB (400 mg) immediately after antigen testing under the di-

rect observation of investigators. Those with positive CFA test 

results were treated with ALB just after collection of night blood 

for Mf testing. Residents who had not participated in the parasi-

tological survey were also offered ALB treatment.

All treatments were provided under the supervision of a local 

healthcare worker who was also responsible for conducting a 

population census before each semiannual MDA. Every treat-

ment was recorded in a drug treatment register. In addition, 

during the annual assessment visits, we asked the participants 

if they had received ALB during the previous MDA campaign, 

which was 6  months earlier. #erefore, for each year of the 

study, we could determine for each participant whether he/she 

had taken 2, 1, or 0 ALB tablets.

Sociodemographics and Risk Factors for LF

At inclusion, we collected information about sex and age. At 

each visit using a standardized 1-page questionnaire, we also 

collected sociodemographic characteristics and habits that are 

known to be risk factors for LF, such as bednet usage and occu-

pation (fishing, hunting, and farming), and regularly sleeping 

outside of the village in the bush [21, 22].

Statistical Analyses

The events analyzed are clearance of CFA (the transition from 

a positive to a negative CFA test during follow-up) and clear-

ance of microfilaremia. We used survival analysis methods 

[23] to account for the individual follow-up nature of the data. 

The start date for the survival analysis was the first visit (index 

date). Individual observations were censored at the end of the 

follow-up or at the date of the event (date of the annual para-

sitological survey). Each participant’s data were considered for 

calculation of cumulative person-years in the survival analysis.

We considered the following covariates for the analysis: sex, 

initial MFD (placed into 3 categories of similar sample size: 1 

to 150, 150 to 300, and > 300 Mf/mL), initial CFA score (from 

1 to 3), a history of fishing as an occupation (yes or no), and a 

history of regularly sleeping in the bush (yes or no).

We also considered the following time-varying covariates: 

age (categorized according to interquartile and median values: 

5–17, 18–30, 31–45, and ≥46  years), number of ALB tablets 

taken during the previous year (0, 1, or 2), bednet use during the 

previous night (yes or no), and the CFA test used (ICT or FTS).

Univariate analysis of clearance rates was conducted using 

Mantel-Haenszel tests. Clearance rates represent the probability 

of occurrence of clearance in a specified period of time.

We used a parametric survival model with accelerated failure 

time [24] to estimate the influence of time-varying variables on 
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infection clearance (time-to-event) [25]. Several time distribu-

tions that do not require meeting the proportional risk assump-

tion were tested according to the Akaike information criterion 

(AIC). For the survival models, random effects, at both village 

and household levels, were assessed using results of likelihood-

ratio tests. Results are presented as time ratios with 95% confi-

dence intervals. Time ratios represent time differences to event 

according to the reference category. Sociodemographic data, 

occupation, initial infection intensity (CFA and/or MFD), and 

the number of ALB tablets taken each year were included in the 

CFA and microfilaremia clearance survival models. #e type of 

test (ICT or FTS) was included in the CFA clearance model. #e 

fitted models used to estimate average times to clear CFA and 

microfilaremia included all explanatory variables.

A mixed model with random effect at the individual level was 

used to describe changes in MFD according to time, treatment 

history, and sociodemographic information. Several transform-

ations (linear, quadratic, first-order fractional polynomials, and 

second-order fractional polynomials) were tested for the time 

variable, and selection was made according to the AIC. As for 

CFA clearance analysis, random effects at village and household 

levels were assessed. Last, the significance of relevant interac-

tion terms was assessed (age and sex, age and initial CFA score, 

age and initial MFD, age and number of ALB treatments taken, 

sex and initial CFA score, sex and initial MFD, sex and number 

of ALB treatments taken) for CFA and microfilaremia clearance 

and MFD change analyses. All analyses were performed using 

STATA v.15.1 so$ware (StataCorp, LP, College Station, TX).

RESULTS

Study Participants

Of the 2658 participants enrolled in the studies, 879 were tested 

only once; 22 who were CFA-negative at baseline acquired CFA 

(15 in DRC and 7 in Congo), and 1363 were CFA-negative at 

baseline and all follow-up times. Thus, observations from 394 

participants were available for analysis of CFA clearance for a 

total of 1369 person-years of follow-up and 203 CFA clearance 

events. For the microfilaremia clearance analysis, 129 indi-

viduals had a total of 400 person-years of follow-up with 100 

microfilaremia-clearance events. The survival data concerning 

nontime-varying variables are summarized in Table 1.

CFA and Microfilaremia Clearance Rates

Clearance rates with significance values are presented in 

Table  2. The probability of CFA clearance was negatively 

correlated with initial CFA score, and the probability of 

microfilaremia clearance was negatively correlated with in-

itial MFD. A  history of sleeping regularly in the bush de-

creased the probability of CFA clearance. CFA clearance was 

Table 1. Survival Data for Time Constant Variables Used in Circulating Filarial Antigenemia and Microfilaremia Survival Models

 CFA Clearance Microfilaremia Clearance

Variable Category Person-years No. of Events Person-years No. of Events

 1369 203 400 100

Sex Male 754 112 232 61

Female 615 91 168 39

Age at inclusion, y 5–17 304 47 87 22

18–30 349 48 92 23

31–45 402 59 113 24

≥46 314 49 108 31

CFA score at inclusion 1 488 128 30 9

2 352 51 91 28

3 529 24 279 63

Bednets use at inclusion No 561 82 138 33

Yes 808 121 262 67

Fishing activities at inclusion No 596 100 161 43

Yes 699 95 211 52

History of sleeping outside at inclusion No 953 159 248 63

Yes 408 44 144 36

Village Misay (DRC) 297 39 85 21

Mbunkimi (DRC) 660 79 199 49

Seke Pembe (Congo) 412 85 116 30

Study site Bouenza (Congo) 957 118 284 70

 Kwilu (DRC) 412 85 116 30

Initial microfilarial density 0–150 Mf/mL   144 44

151–300 Mf/mL   77 22

>300 Mf/mL   179 34

Abbreviation: CFA, circulating filarial antigenemia; DRC, the Democratic Republic of the Congo; Mf, microfilariae. 
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also more likely in Congo than in DRC. The probabilities 

for clearance of CFA for each of the 39 treatment patterns 

during the 5-year period are included in the Supplementary 

Materials 1.

Parametric Survival Multivariate Models for the Clearance of CFA and 

Microfilaremia

Results from the parametric survival model analyses are pre-

sented in Table  3. Log-logistic distribution and log-normal 

distribution were the best fits for time in the CFA and 

microfilaremia clearance models, respectively. No interactions 

between covariates were found. A random effect at the village 

level (P = .0277) was included in the CFA clearance model 

(intraclass correlation coefficient = 7.27%), but this was not 

significant in the microfilaremia clearance model (P = .346). 

CFA score at inclusion, frequently sleeping outdoors, and type 

of CFA test were all significantly associated with CFA clearance. 

Times to CFA clearance were significantly longer in individ-

uals with higher initial CFA scores. Sleeping outdoors signifi-

cantly increased the time to CFA clearance. Assessment of the 

CFA by ICT decreased the observed duration to CFA clearance. 

Predicted average time for clearing CFA was shorter in those 

who had taken 2 doses of ALB per year (3.9 years) than in those 

who had taken 1 or 0 dose (4.4 and 5.3 years, P < .001 for both 

comparisons). Microfilaremia clearance had a similar pattern: 

individuals who had taken 2 doses of ALB per year became 

amicrofilaremic after a mean time of 3.1 years, whereas those 

who had taken 1 or 0 dose per year needed 3.6 (P < .001) and 

5.9 years (P < .001), respectively, to clear their microfilaremia. 

Time to microfilaremia clearance was also significantly longer 

in individuals with higher initial MFD.

Changes in MFD Over Time

No transformation of time was required for the model. Neither 

the village- (P = .496) nor the household-level (P = .529) 

random effect was significant in the mixed model. Results 

from the mixed model with no random effect are presented 

in Table  4. MFD reduction was more rapid when individuals 

were adherent with MDA. The decrease in MFD was not signif-

icantly different in those who had taken 0 or 1 dose of ALB per 

year. Figure 1 shows predicted changes in MFD according to the 

number of doses taken per year with time transformation into a 

fractional polynomial of order 2 (see Supplementary Materials 

2). All predictions were adjusted for sex, age, and initial MFD. 

Differences in slopes were highly significant between 0 and 2 

doses of ALB (P = .009) and between 2 and 1 dose (P = .004) 

but not significant between 1 and 0 dose (P = .419).

Table 2. Univariate Clearance Rates for Circulating Filarial Antigenemia and Microfilaremia

 CFA Microfilaremia

Variable Category Clearance Ratea 95% CI PValueb Clearance Ratea 95% CI PValueb

 14.8 12.9 to 17.0  25.0 20.5 to 30.4  

Sex Male 14.8 12.0 to 18.2 .989 26.3 20.4 to 33.8 .543

Female 14.8 12.3 to 17.9 23.2 17.0 to 31.8

Age at inclusion, y 5–17 15.5 11.6 to 20.6 .859 25.3 16.6 to 38.4 .739

18–30 13.7 10.4 to 18.2 25.0 16.6 to 37.6

31–45 14.7 11.4 to 18.9 21.2 14.2 to 31.7

≥46 15.6 11.8 to 20.6 28.7 20.2 to 40.8

CFA score at inclusion 1 26.2 22.1 to 31.2 <.0001 30.0 15.6 to 57.6 .184

2 14.5 11.0 to 19.1 30.8 21.2 to 44.6

3 4.5 3.0 to 6.8 22.6 17.6 to 28.9

Bednets use at inclusion No 14.6 11.8 to 18.1 .677 23.9 17.0 to 33.6 .752

Yes 14.9 12.5 to 17.9 25.6 20.1 to 32.5

Fishing activity at inclusion No 16.8 13.8 to 20.4 .671 19.0 14.1 to 25.6 .444

Yes 13.6 11.1 to 16.6 16.2 12.4 to 21.3

History of sleeping outside at inclusion No 16.7 14.3 to 19.5 .042 26.7 19.8 to 36.0 .696

Yes 10.8 8.0 to 14.5 24.6 18.8 to 32.2

 Village Misay (DRC) 13.1 9.6 to 18.0 <.0001 24.7 16.1 to 37.9 .859

Mbunkimi (DRC) 12.0 9.6 to 14.9 24.6 18.6 to 32.6

Seke Pembe (Congo) 20.6 16.7 to 25.5 25.9 18.1 to 37.0

 Study site Bouenza (Congo) 12.3 10.3 to 14.8 <.001 24.6 19.5 to 31.1 .826

Kwilu (DRC) 20.6 16.7 to 25.5 25.9 18.1 to 37.0

Initial microfilarial density 1–150 Mf/mL    30.6 22.7 to 41.0 .036

151–300 Mf/mL   28.6 18.8 to 43.4

>300 Mf/mL   19.0 13.6 to 26.6

Abbreviations: CFA, circulating filarial antigenemia; CI, confidence interval; DRC, the Democratic Republic of the Congo; Mf, microfilariae. 

aCalculated for 100 person-years.
b
P value is calculated from significance tests using the Mantel-Haenszel method based on stratified rate ratios.
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Table 3. Results From Parametric Survival Models for Circulating Filarial Antigenemia With Village as a Random Effect and Microfilaremia Clearance

CFA Clearance Microfilaremia Clearance

Variable Category Adjusted Time Ratio 95% CI PValue Adjusted Time Ratio 95% CI PValue

Sex Female Ref.   Ref.   

Male 1.01 .96 to 1.06 .718 0.94 .84 to 1.05 .281

Age, y 5–17 Ref.   Ref.   

18–30 1.00 .93 to 1.07 .910 1.02 .87 to 1.20 .769

31–45 1.02 .95 to 1.08 .515 1.15 .98 to 1.34 .082

≥46 1.00 .93 to 1.07 .992 1.03 .89 to 1.20 .644

Initial CFA score 1 Ref.   Ref.   

2 1.14 1.08 to 1.20 <.001 0.91 .74 to 1.11 .357

3 1.40 1.31 to 1.51 <.001 1.00 .83 to 1.21 .982

Annual treatment 0 dose 1.35 1.26 to 1.45 <.001 1.82 1.46 to 2.27 <.001

1 dose 1.12 1.06 to 1.19 <.001 1.18 1.04 to 1.34 .008

2 doses Ref.   Ref.   

Bednets No Ref.   Ref.   

Yes 0.98 .94 to 1.03 .515 0.94 .84 to 1.04 .243

Fishing No Ref.   Ref.   

Yes 0.97 .92 to 1.02 .280 1.06 .95 to 1.18 .305

Sleeping outside No Ref.   Ref.   

Yes 1.09 1.03 to 1.16 .002 1.05 .94 to 1.18 .397

Test used Filariasis Test Strip Ref.      

Immunochromatographic card test 0.76 .69 to .85 <.001    

Initial microfilarial density 1–150 Mf/mL    Ref.   

 151–300 Mf/mL    1.04 .92 to 1.19 .514

 >300 Mf/mL    1.28 1.14 to 1.43 <.001

Abbreviations: CFA, circulating filarial antigenemia; CI, confidence interval; Mf, microfilariae. 

Table 4. Mixed Model Results for the Evolution of Microfilariae Density 

Variable Category Adjusted Coefficients 95% Confidence Interval P Value

Sex Female Ref.   

Male −26.6 −131.2 to 77.9 .618

Age, y 5–17 Ref.   

18–30 −93.1 −236.6 to 50.4 .203

31–45 35.3 −103.6 to 174.1 .619

≥46 −59.6 −196.8 to 77.5 .394

Initial circulating filarial antigenemia score 1 Ref.   

2 −37.8 −250.9 to 175.4 .728

3 52.6 −156.8 to 262.0 .622

Initial microfilarial density 1–200 Mf/mL Ref.   

> 200 Mf/mL 221.3 124.3 to 318.3 <.001

Bednets No Ref.   

Yes 29.9 −61.9 to 121.8 .523

Fishing No Ref.   

Yes –18.5 −133.9 to 96.9 .753

Sleeping outside No Ref.   

Yes −21.0 −138.5 to 96.5 .753

Annual treatment 0 dose Ref.   

1 dose 177.8 −472.3 to 828.0 .592

2 doses 416.6 –217.3 to 1050.5 .198

Time Continuous −22.0 −174.6 to 130.5 .777

Annual treatment interacted with time 0 dose Ref.   

1 dose −68.6 −234.9 to 97.7 .419

2 doses –210.9 –369.3 to –52.44 .009

Abbreviation: Mf, microfilariae. 
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DISCUSSION

The WHO’s provisional recommendation to use semiannual 

MDA with ALB alone to control LF in areas where L.  loa is 

coendemic was based on thin evidence. The few trials [5, 11–13] 

that had evaluated the effect of a single dose of ALB on LF infec-

tion had demonstrated a modest effect of the drug on MFD. In 

addition, 2 meta-analyses of the efficacy of a single dose of ALB 

alone on Mf and CFA prevalences concluded that this treatment 

would induce only a small to nonexistent decrease in these out-

comes at 3, 6, or 12 months post-treatment [26, 27].

We conducted community trials in 2 settings to evaluate the 

impact of semiannual MDA with ALB on LF [18, 19]. However, 

a major methodological limitation of these trials was that the 

effect of semiannual treatment was not directly compared with 

that of annual treatment or no treatment. #us, the analyses 

presented here provide important information regarding the 

added value of semiannual ALB treatment vs annual MDA or 

no treatment on LF infection parameters. Our longitudinal ana-

lyses from infected persons clearly demonstrate a dose-response 

effect for ALB treatment on CFA and on microfilaremia. Our 

results show that good adherence leads to faster clearance of 

LF infection in individuals. Both clearances were significantly 

associated with the number of doses of ALB taken annually and 

with initial infection levels. A  lower initial CFA score was as-

sociated with a higher probability of CFA clearance. #erefore, 

the knowledge of the individual semiquantitative results at 

baseline may be useful to improve planning for LF elimination 

programs. #e use of the ICT was associated with an increased 

probability of CFA clearance relative to use of the FTS, and this 

is likely due to the higher sensitivity of the FTS [28]. Although 

baseline CFA scores were not associated with more rapid clear-

ance of microfilaremia, higher initial MFD increased the time 

required for total microfilaremia clearance.

Regarding an individual’s exposure and habits, individ-

uals who slept regularly outdoors took longer to clear CFA. 

#is was probably due to reinfection; prior studies have iden-

tified sleeping outdoors as a significant risk factor for LF in 

central Africa [21, 22]. However, the use of bednets or a his-

tory of fishing were not significantly associated with the clear-

ances. Although the nonuse of bednets has been shown to be 

a risk factor for LF infection, their use in infected individuals 

(without MDA) was not effective for clearing infections or for 

Figure 1. Predictions of Mf density evolution according to time (fractional polynomial of order 2) and adherence with mass drug administration (A, 0 dose per year; B, 1 

dose per year; C, 2 doses per year). Full model and time transformations are available in Supplementary Materials 2. Abbreviation: Mf, microfilariae.
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reducing Mf prevalence in the time frames (3 or 4 years) of this 

study [29]. Data on the relationship between bednet usage and 

treatment adherence are included in Supplementary Materials 

3. Hunting and agricultural activities were not included in the 

models because the numbers of hunters and farmers were small 

at the study sites and inclusion of these occupations would have 

destabilized the models. Individuals were more likely to clear 

CFA a$er MDA in Congo than in DRC. #is might be due to 

the fact that therapeutic coverage was higher and more constant 

and baseline infection prevalence lower in Congo than in DRC, 

which may reduce transmission and, therefore, the probability 

that reinfection occurs.

#e activity of ALB alone for LF has important implica-

tions for current protocols that rely heavily on CFA surveys in 

school-aged children for MDA-stopping decisions and post-

MDA surveillance. Indeed, since soil-transmitted helminth 

programs routinely only treat children, using this demographic 

as a sentinel for MDA-stopping decisions may underestimate 

the level of community-wide transmission because LF will tend 

to be less prevalent in children who are treated more frequently 

than adults.

We elected to use parametric survival models to analyze 

these data because these models are more flexible and allow 

longitudinal analyses with time-varying variables (ie, ALB in-

take). In addition, they are more informative than nonpara-

metric approaches because they provide time ratios, enable 

predictions of mean and median survival times, and have more 

power than semiparametric models. Log-logistic distribution 

for the CFA clearance model and log-normal distribution for 

the microfilaremia clearance model were the best fits for our 

data, and they have the advantage of not requiring proportional 

risk assumptions, unlike conventional Cox survival models.

#e presence of bias cannot be excluded. Prevalence bias may 

be present. However, fewer than 11% of the population (8.5% 

and 10.4% for the CFA and microfilaremia clearance models, 

respectively) had taken ALB prior to our study. We believe that 

this bias, if it exists, would have had very little impact on our re-

sults. In addition, participation bias cannot be excluded: people 

with a high participation frequency in our study may have dif-

ferent characteristics than nonparticipants, including adher-

ence with treatment.

We have mentioned that participation rates in MDA de-

creased over time, probably reflecting a type of fatigue on the 

part of some community members [19]. We believe that we 

have demonstrated through these new analyses that participa-

tion rates in MDA programs must be maintained at high levels 

to accelerate the elimination of LF in individuals and commu-

nities. Evidence from this study could be used in social mo-

bilization programs to illustrate the importance of achieving 

and sustaining high rates of MDA adherence in LF elimination 

programs.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online. 

Consisting of data provided by the authors to benefit the reader, the posted 

materials are not copyedited and are the sole responsibility of the authors, so 

questions or comments should be addressed to the corresponding author.
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Duration of 

follow-up 
Treatment Pattern a N b CFA clearance c 

Proportion of CFA-negative 

subjects at the end of follow-up 
1

 y
ea

r 
0 5 2 40.0% 

1 30 6 20.0% 

2 54 15 27.8% 

Total 89 23 25.8% 

2
 y

ea
rs

 

0 2 2 1 50.0% 

1 0 1 1 100% 

1 1 8 5 62.5% 

1 2 12 8 66.7% 

2 1 15 5 33.3% 

2 2 52 30 57.7% 

Total 90 50 55.6% 

3
 y

ea
rs

 

0 0 0 2 1 50.0% 

0 2 0 1 1 100% 

0 2 1 1 1 100% 

1 0 2 1 0 0% 

1 1 0 2 2 100% 

1 1 2 1 1 100% 

1 2 0 3 3 100% 

1 2 1 2 1 50.0% 

1 2 2 11 5 45.5% 

2 0 1 1 0 0% 

2 0 2 1 0 0% 

2 1 1 3 1 33.3% 

2 1 2 13 6 46.1% 

2 2 0 14 14 100% 

2 2 1 6 3 50% 

2 2 2 88 51 57.9% 

Total 150 90 60.0% 

4
 y

ea
rs

 

0 1 2 0 1 1 100% 

0 2 1 2 1 1 100% 

1 1 2 0 1 1 100% 

1 1 2 2 1 0 0% 

1 2 0 0 1 1 100% 

1 2 2 2 6 2 33.3% 

2 0 2 1 1 0 0% 

2 1 2 0 1 1 100% 

2 1 2 2 1 1 100% 

2 2 0 0 4 4 100% 

2 2 1 0 2 2 100% 

2 2 2 0 8 8 100% 

2 2 2 1 3 2 66.7% 

2 2 2 2 34 16 47.0% 

Total 65 40 61.5% 

Total 394 203 51.5% 

Supplementary material 1. Proportion of subjects who were CFA-negative at the end of their follow-up 

according to the number of albendazole doses received during each year of follow-up ("treatment pattern") 

a the first digit corresponds to the number of treatment received during the first year of follow-up, the second 

digit corresponds to the number of treatment received during the second year of follow-up, etc. 

b numbers of subjects corresponding to each pattern 

c numbers of subjects who experienced CFA negativation during the last year of follow-up. 



Variables Categories Adjusted

coefficients

95% CI a P

Sex Female Ref.   

Male -47.1 -147.5 – 53.3 .358

Age 5 – 17 years Ref.   

18 – 30 years -68.5 -206.4 – 69.5 .331

31 – 45 years 28.6 -103.7 – 161.0 .672

 46 years -60.4 -191.8 – 70.9 . 367

Initial CFA score 1 Ref.   

2 -43.7 -247.2 – 159.8 .674

3 56.1 -145.0 – 257.3 .584

Initial MFD 1 – 200 Mf/mL Ref.   

> 200 Mf/mL 175.8 81.6 – 270.0 < .001

Bednets No Ref.   

Yes -11.0 -100.9 – 78.9 .810

Fishing No Ref.   

Yes 16.3 -94.3 – 126.9 .773

Sleep outside No Ref.   

Yes -31.7 -143.2 – 79.7 .577

Annual treatment 0 dose Ref.   

1 dose -78.7 -455.4 – 297.9 .682

2 doses -62.5 -427.3 – 302.3 .737

FP1 (Time)b Continuous -286.9 -2221.3 – 1647.5 .771

FP2 (Time)c Continuous 128.8 -806.3 – 1063.9 .787

Annual treatment interacted 

with FP1 (Time)

0 dose Ref.   

1 dose -654.1 -2698.4 – 1390.3 .531

2 doses -450.9 -2417.8 – 1515.9 .653

Annual treatment interacted 

with FP2 (Time)

0 dose Ref.   

1 dose 392.7 -631.7 – 1417.1 .452

2 doses 132.6 -841.5 – 1106.7 .790

Supplementary material 2. Model results for the evolution of Mf density (MFD) with time as a 

fractional polynomial of order 2. 
a 95% confidence intervals 
b the transformation for the Fractional polynomial 1 is: log(time) - .7406723224 
c the transformation for the Fractional polynomial 2 is: log(time)2 - .5485954892 

 

 



 

 Treatment adherence N (%) 

Total 

Bed net usage 0 dose in the year 1 dose in the year 2 doses in the year 

No 60 (55.6%) 109 (37.5%) 253 (30.8%) 422 (34.6%) 

Yes 48 (44.4%) 182 (62.5%) 569 (69.2%) 799 (65.4%) 

Total 108 291 822 1221  

 

Cuzick test: Z = 4.992, P = 0.0001 

Spearman coefficient between bed net usage (yes/no) and treatment adherence (0, 1 or 2 doses) for all observations: 

0.129 (P < 0.0001) 

 

Supplementary material 3. Relationship between bed nets use and treatment adherence for all observations included in 

parametric survival model on CFA clearance (N: number of observations, %: percentage of observations according to 

bed net usage) 
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A strong effect of individual compliance 
with mass drug administration for lymphatic 
filariasis on sustained clearance 
of soil-transmitted helminth infections
Jérémy T. Campillo1 , Naomi P. Awaca-Uvon2, Jean-Paul Tambwe2, Godefroy Kuyangisa-Simuna2, 

Johnny Vlaminck3, Gary J. Weil4, Michel Boussinesq1, Cédric B. Chesnais1 and Sébastien D. S. Pion1*  

Abstract 

Background: The impact of semiannual mass drug administration (MDA) with albendazole (ALB; 400 mg) alone on 

lymphatic filariasis (LF) and soil-transmitted helminth (STH) infections was assessed during two trials conducted from 

2012 to 2018 in the Republic of Congo and the Democratic Republic of Congo. The collected data were analyzed to 

evaluate the effect of compliance with ALB treatment on STH infections.

Methods: STH infections were diagnosed with duplicate Kato-Katz thick smears and the results are reported as eggs 

per gram of stool. All subjects with at least two STH infection assessments were included in the analyses. We used 

parametric survival models to assess the influence of compliance with ALB treatment on the probability of (i) achiev-

ing sustained clearance of an STH infection, and (ii) acquiring an STH infection during the follow-up.

Results: Out of 2658 subjects included in the trials, data on 202 participants (701 person-years; PY)  with hookworm 

infection, 211 (651 PY) with Ascaris lumbricoides infection and 270 (1013 PY) with Trichuris trichiura infection were 

available to calculate the probability of achieving sustained clearance of infection. The effect of ALB was dose related 

for all three STH. For hookworm, the time required for sustained clearance was longer (4.3 years, P < 0.001) for partici-

pants who took zero doses per year and shorter (3.4 years, P = 0.112) for participants who took two doses per year 

compared to those who took one dose per year (3.7 years). For Ascaris, the time required to obtain sustained clear-

ance followed the same pattern: 6.1 years (P < 0.001) and 3.2 years (P = 0.004) vs 3.6 years for, zero, two and one dose 

per year, respectively. For Trichuris, less time was required for sustained clearance (4.2 years, P < 0.001) for fully compli-

ant participants, i.e. those who took two doses per year, than for those who only took one dose per year (5.0 years). 

ALB was more effective in achieving sustained clearance of STH infection in subjects with light baseline infection 

intensities compared to those with higher egg counts.

Conclusion: Our results illustrate the importance of MDA compliance at the level of the individual with respect to 

the STH benefit provided by semiannual ALB MDA, which is used for the  elimination of LF in Central Africa.

Keywords: Soil-transmitted helminths, Albendazole, Parametric survival analysis, Treatment adherence, Mass drug 

administration
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Background
Soil-transmitted helminth (STH) infections are among 

the most common infections in the world and affect 

poor and disadvantaged communities, particularly in 

sub-Saharan Africa, Southeast Asia and Latin America. 

In 2010, it was estimated that 438.9 million people were 

infected with hookworm, 819.0 million with Ascaris 

lumbricoides and 464.6 million with Trichuris trichiura 

[1]. "e current strategy used to control STH infections 

is to conduct periodical deworming campaigns with-

out individual diagnosis that target at-risk populations 

in endemic areas (preschool children, school-age chil-

dren, women of reproductive age and adults in certain 

high-risk occupations). "e World Health Organization 

(WHO) recommends the use of benzimidazoles: alben-

dazole (ALB; 400 mg) or mebendazole (500 mg). Because 

of logistic and cost constraints, preventive chemotherapy 

campaigns for STH are usually conducted once or twice 

per year, depending on the initial prevalence of infec-

tion with any STH [2]. However, the optimal frequency 

of administration to maximize impact remains a topic of 

discussion [3]. In this study, we had the opportunity to 

assess the individual effect of a semiannual ALB treat-

ment on STH infections. "e data originate from two 

community trials that were designed to evaluate the 

effect of mass drug administration (MDA) with semian-

nual ALB on lymphatic filariasis (LF) in two countries in 

central Africa. "e first study was conducted in a village 

in the Republic of the Congo (Congo), where A. lum-

bricoides infection prevalence decreased significantly 

from 56.5% to 12.9% and T. trichiura infection preva-

lence decreased significantly from 78.6% to 59.4% after 

7 rounds of ALB MDA with global treatment adherence 

between 83 and 90% [4]. "e second study took place 

in two contiguous villages in the Democratic Republic 

of the Congo (DRC), where hookworm infection preva-

lence decreased significantly from 58.6% to 21.2% after 

eight rounds of ALB MDA with a global treatment adher-

ence of between 56 and 88%; Ascaris and Trichuris infec-

tion prevalences also decreased (from 14.0% to 1,6% and 

from 4.1% to 2.9%, respectively) [5]. "e results of these 

two trials are consistent with those previously observed 

regarding ALB efficacy: according to a meta-analysis 

of more than 50 clinical trials, ALB has very good effi-

cacy for clearing hookworm infections, good efficacy for 

Ascaris infections, but only moderate efficacy for Tri-

churis infections [6].

Some studies have shown that semiannual ALB MDA 

is highly effective for reducing STH prevalence at the 

community level [4, 5, 7–10]. However, considerable 

heterogeneity has been observed at the individual level, 

and no prior studies have examined the impact of the 

compliance of individuals with MDA on their STH 

infections. For example, in one study, infections cleared 

in some individuals after a single treatment, while 

infections were still present in others (due to persis-

tence or reinfection) after eight rounds of semiannual 

MDA [11]. In the present study, we used longitudinal 

treatment and parasitology data collected between 

2012 and 2018 from two community MDA studies to 

assess relationships between MDA compliance by indi-

viduals with STH infections and their subsequent infec-

tion status. "e results indicate a clear link between 

MDA compliance by individuals and sustained clear-

ance of STH infections.

Methods
Study population

"e design of the MDA studies has been described 

elsewhere [4, 5]. In Congo, the study was conducted 

from 2012 to 2015 in Seke-Pembe, a village located in 

Mabombo health district (Bouenza division). In the 

DRC, the study site consisted of two neighboring vil-

lages (Mbunkimi and Misay) located in Kwilu province, 

and the trial took place from 2014 to 2018. Study partici-

pants were tested for STH infections at baseline and then 

annually. No deworming program had ever been con-

ducted in the two areas prior to our trials. Both studies 

were approved by ethics committees and administrative 

authorities in the respective countries. Adult partici-

pants signed an informed consent form. Participants 

aged < 18 years were enrolled only after verbal assent and 

if one parent signed a consent form.

During the course of the two trials, a total of 2658 indi-

viduals were examined at least once for LF, and a total of 

1573 provided stool samples at least once.

Assessment of STH infections

Annual parasitological assessments were performed 

for participants > 5  years of age. STH infections were 

detected by microscopic examination of stool specimens. 

Participants were given a 50-mL plastic stool container 

and asked to collect a sample of their stool in the morn-

ing. "e stool specimens were collected and stored in 

cooling boxes and shipped within 6 h to the laboratory, 

where they were immediately processed or stored over-

night at 6  °C. Two thick smears were prepared accord-

ing to the Kato-Katz method for each stool sample [12]. 

"ick smears were examined by microscopy at 40× mag-

nification, and the slides prepared from each sample were 

examined by two different microscopists. "e arithmetic 

mean egg count from the two slides was calculated, and 

the results are expressed for each species as eggs per 

gram of stool (EPG).
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Drug distribution and assessment of treatment adherence

All participants were offered treatment with one ALB 

tablet (400  mg) that was swallowed under the direct 

observation of study staff. All inhabitants who had 

not participated in the parasitological survey or who 

missed testing (due to absence or refusal) were later 

visited at home and offered ALB treatment. All treat-

ments were provided under the supervision of a local 

healthcare worker who was also responsible for conduct-

ing a population census before each semiannual MDA. 

Every treatment was recorded in a drug treatment reg-

ister. In addition, participants were asked whether they 

had received ALB during the previous MDA campaign 

(6 months earlier) during annual parasitological surveys. 

"erefore, for each annual parasitological assessment, we 

determined if each participant had taken two, one or zero 

ALB treatments since the last parasitological assessment.

Statistical analysis

"e primary endpoint (i.e. event of interest) for the study 

was conversion in STH infection(s). "is was considered 

separately for conversion from a positive to a negative 

test during follow-up (defined as the sustained clearance 

of infection analysis) and for conversion from negative to 

positive (defined as the incident infection analysis).

"e sustained clearance analysis included all individu-

als who were positive for A. lumbricoides, T. trichiura or 

hookworm at the time of their first test (which was not 

necessarily performed during the year when the trial 

started at the site) who also had at least one subsequent 

stool sample tested for STH. "erefore, individuals who 

were negative at baseline and remained negative through-

out their follow-up were not included in the analyses 

(representing 59.1%, 47.8% and 37.6% of the population 

with at least one follow-up test for hookworm, Ascaris 

and Trichuris, respectively). "e numbers of excluded 

individuals are provided in Additional file 1: Table S1. A 

sensitivity analysis including data on all the participants 

who were positive at the time of their first test but who 

had become negative by their follow-up, regardless of 

whether they subsequently became positive again, is pro-

vided in Additional file 1: Table S2.

"e incident infection analysis included all individu-

als who were negative for A. lumbricoides, T. trichiura 

or hookworm at the time of their first stool test who had 

a positive stool test at a later time point (regardless of 

whether they subsequently became negative again).

We used survival analysis methods for the sustained 

clearance and incident infection analyses. "e start date 

for the survival analysis was the first visit (index date) 

with a positive STH test for the sustained clearance of 

infection analysis or a negative STH test for the incident 

infection analysis. Individual observations were censored 

at the end of the follow-up or at the date of the event 

(date of the annual parasitological survey). Each partici-

pant’s data were considered for calculation of cumulative 

person-years (PY) in the survival analysis.

We considered the following non-time-varying covari-

ates for each STH analysis: sex and initial EPG intensity 

(categorized according to WHO guidelines [13]). We also 

considered the following time-varying covariates: age 

(categorized according to interquartile and median val-

ues—5–8, 9–12, 13–30 and ≥ 31 years old); and the num-

ber of ALB tablets taken during the previous year (0, 1 or 

2).

Univariate analysis of infection status conversion rates 

was conducted using Mantel–Haenszel tests. We used 

parametric survival models with accelerated failure 

time to estimate the influence of time-varying variables 

on infection status conversion (time-to-event) [14, 15]. 

"ese models allow longitudinal analyses with time-vary-

ing variables; they are more informative and provide time 

ratios that enable prediction of mean time until an event 

occurs (either sustained clearance or incident infection 

events).

Several time distributions that do not require meeting 

the proportional risk assumption were tested accord-

ing to the Akaike information criterion (AIC). Random 

effects at the household and at the village level were 

assessed in all survival models, and significance was 

assessed using the results of likelihood ratio tests. Signifi-

cant random effects were retained in the models. Results 

are presented as time ratios with 95% confidence inter-

vals (CI). Time ratios represent time differences to event 

(individual infection status conversion) according to the 

reference category. Sociodemographic data, occupation, 

initial infection intensity and the number of ALB tablets 

taken per year were included in the Ascaris, Trichuris and 

hookworm infection status conversion survival models. 

For the Trichuris model, the variable Numbers of ALB 

tablets taken per year had only two categories (1 or 2) 

because only 1 PY contributed to the zero-dose category. 

Predicted average times to infection status conversions 

were estimated using the command margins in STATA 

v.15.1 software (StatCorps, College Station, TX) [16].

For individuals for whom sustained clearance of infec-

tion was  achieved, mixed models with random effects 

were used to describe changes in EPG according to time, 

treatment history and sociodemographic information 

for each STH infection. Several transformations (linear, 

quadratic, first-order fractional polynomials and second-

order fractional polynomials) were tested for the time 

variable, and selection was made according to AIC. Ran-

dom effects at village level were considered for the para-

metric survival analysis and mixed models for changes in 
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EPG. Lastly, the significance of relevant interaction terms 

was assessed (age and sex, age and initial infection inten-

sity, age and number of ALB treatments taken, sex and 

initial infection intensity, sex and number of ALB treat-

ments taken) for all models. All analyses were performed 

using STATA v.15.1 software.

Results
Study participants

For the sustained clearance model, repeated observations 

were made for the hookworm infection analysis for 202 

of 2658 participants enrolled in the studies (7.6%), with 

701 PY of observations. Stool examinations were nega-

tive for hookworm for 135 of these participants (66.8% of 

individuals diagnosed with hookworm infection at their 

first parasitological exam) during the course of the study, 

which remained the case until their last follow-up visit. 

For Ascaris, there were longitudinal data for 211 (7.9%) 

participants for analysis, with 681 PY of observations. 

In 172 of these participants (81.5% of individuals with 

Ascaris at their first parasitological exam), stool sam-

ples became negative during the course of the study and 

remained so until their last follow-up visit. For Trichuris, 

there were baseline and follow-up data for 270 partici-

pants (10.2% of all study participants) for the analysis, 

with 1,019 PY of observations. Of these participants, 85 

(31.5% of individuals with a Trichuris infection at their 

first parasitological exam) became negative during the 

course of the study and remained so until their last fol-

low-up visit. "e key infection survival data are summa-

rized in Table 1 along with results of a bivariate analysis 

of co-factors. Of note, most individuals with hookworm 

infection lived in the DRC study site, whereas most indi-

viduals with Ascaris and Trichuris infections lived in the 

Congo study site.

For the incident infection model, out of 542 individuals 

negative for hookworm at baseline with at least one fol-

low-up visit, 102 (220 PY) experienced an incident infec-

tion (18.8%). For Ascaris, out of 533 participants negative 

at baseline with at least one follow-up visit, 177 (727 PY) 

experienced an incident infection (33.2%). For Trichuris, 

out of 474 participants negative at baseline with at least 

one follow-up visit, 194 (772 PY) experienced an incident 

infection (40.9%).

Bivariate analysis of sustained clearance of STH infection

"e unadjusted sustained clearance rates for hookworm, 

Ascaris and Trichuris infections were 19.2, 25.2, and 8.4 

events per 100 PY of observation, respectively (Table 1). 

Table  1 also shows sustained clearance rates adjusted 

for each covariable. Because the number of ALB tab-

lets taken per year is a time-varying variable, it was not 

included in the sustained clearance rate calculations. 

For hookworm and Ascaris, the probability of sustained 

clearance was higher for females than for males. Older 

individuals converted to negative more often than chil-

dren for all three STH infections. Despite low numbers of 

participants with heavy worm loads in the earlier years of 

the study, the initial intensity of infection was negatively 

correlated with the probability of sustained clearance for 

Ascaris and Trichuris. Finally, the probability of sustained 

clearance varied by village of residence.

Parametric survival multivariate models for sustained 

clearance of STH infection

Parametric survival model results for sustained clearance 

are presented in Table 2. For the hookworm and Ascaris 

models, a log-normal distribution gave the best fit to the 

data, whereas a log-logistic distribution was a better fit 

for Trichuris. No significant interactions between the 

covariates were found. Household random effects were 

included for the Trichuris model [intraclass correla-

tion coefficient (ICC) 12.2%, P = 0.002]. Village random 

effects were included for the hookworm model (ICC 

18.0%, P < 0.001). Random effects were not significant for 

the Ascaris model. For hookworm, Ascaris and Trichuris, 

older individuals (> 30  years of age) achieved sustained 

clearance more rapidly than children aged 5–8 years (3.3 

vs 5.7  years for hookworm; 3.1 vs 3.8  years for Ascaris 

and 4.1 vs 4.7  years for Trichuris, respectively). It took 

significantly longer for non-compliant individuals (zero 

doses per year) to achieve sustained clearance for Ascaris 

or hookworm than for individuals who took one dose 

per year [6.1 vs 3.6 years for Ascaris (P < 0.001) and 4.3 vs 

3.7 years for hookworm (P < 0.001), respectively]. In addi-

tion, it took less time to achieve sustained clearance of 

Ascaris and Trichuris infection in individuals who were 

highly compliant with MDA (two doses per year) com-

pared to individuals who took only one dose per year [3.2 

vs 3.6 years for Ascaris (P = 0.004) and 4.2 vs 5.0 years for 

Trichuris (P < 0.001), respectively].

Figure  1 illustrates that, for all three STH infections, 

the predicted proportion of participants who experienced 

sustained clearance of infection was higher in highly 

compliant individuals and increased with the duration 

of follow-up. Figure 1 also shows that in individuals with 

low compliance, sustained clearance was observed after 

2 and 3 years of follow-up for hookworm and Ascaris 

infection, respectively, whereas this started after 1 year in 

fully compliant individuals.

Regarding infection intensity, it took significantly 

longer to achieve sustained clearance in individuals 

with moderate to heavy initial infection intensity with 

Trichuris (≥ 1000 EPG) than in individuals with light 

infections (< 1000 EPG) (4.2 vs 5.0  years, respectively). 

Baseline infection intensities did not significantly affect 
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Table 1 Sustained clearance rates for hookworm, Ascaris and Trichuris infections

P is calculated from significance tests using the Mantel–Haenszel method based on stratified rate ratios

PY Person-years, CI confidence interval

a Infection status conversion rate (for 100 PY)

b According to World Health Organization (WHO) guidelines: for hookworm, 1–1999 (light), 2000–3999 (moderate), > 4000 eggs per gram of stool (EPG) (heavy); for Ascaris, 1–4999  (light), 5000–49,999 (moderate), > 

49,999 EPG (heavy); for Trichuris, 1–999  (light), 1000–9999  (moderate), > 10,000 EPG (heavy)

Variables Categories Hookworm (202 individuals) Ascaris (211 individuals) Trichuris (270 individuals)

PY No. of  events Ratea 95% CI P PY No. of  events Ratea 95% CI P PY No. of events Ratea 95% CI P

All participants 701 135 19.2 16.2–22.8 681 172 25.2 21.7–29.3 1019 86 8.4 6.8–10.4

Sex Male 390 69 17.7 14.0–22.4 0.023 299 63 21.1 16.5–27.0 0.017 420 36 8.6 6.2–11.9 0.919

Female 311 66 21.2 16.7–27.9 382 109 28.5 23.7–34.4 599 50 8.3 6.3–11.0

Age 5–8 Years 245 30 12.2 8.6–17.5 0.009 153 20 13.1 8.4–20.3 0.001 201 7 3.5 1.7–7.3  < 0.001

8–12 Years 166 39 23.5 17.2–32.2 189 46 24.3 18.2–32.5 222 9 4.0 2.1–7.8

13–30 Years 135 24 17.8 11.9–26.5 117 32 27.3 19.3–38.7 209 16 7.6 4.7–12.5

≥ 31 Years and more 155 42 27.1 20.0–36.6 222 74 33.3 26.5–41.9 387 54 13.9 10.7–18.2

Initial 
infection 
 intensityb

Light 575 131 20.0 16.8–23.7 0.059 269 77 28.6 22.9–35.8 0.022 634 74 11.7 9.3–14.7  < 0.001

Moderate 29 4 13.8 5.2–36.5 374 87 23.3 18.8–28.7 369 11 3.0 1.6–5.4

Heavy 16 0 0 N/A 38 8 21.0 10.5–42.1 16 1 6.2 0.9–44.4

Village Misay 323 61 18.9 14.7–24.3 0.001 44 8 18.2 9.1–36.3 0.247 3 1 N/A N/A

Mbunkimi 336 56 16.7 12.8–21.6 41 13 31.7 18.4–54.6 20 4 N/A N/A

Seke Pembe 42 18 42.8 27.0–68.0 596 151 25.3 21.6–29.7 994 80 8.0 6.5–10.0
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the time to sustained clearance for Ascaris or hookworm 

infections.

Parametric survival multivariate models of STH incident 

infection

Parametric survival model results for incident infection 

are presented in Table 3. A log-logistic distribution gave 

the best fit for data in the hookworm and Trichuris mod-

els; a log-normal distribution provided the best fit for the 

Ascaris model. No interactions between the covariates 

were found. Household random effects were included 

for the Trichuris model (ICC 42.9%, P < 0.001). Vil-

lage random effects were included for the Ascaris mod-

els (ICC 45.7%, P < 0.001) and hookworm model (ICC 

31.4%, P < 0.001). For hookworm and Trichuris, males 

acquired infection significantly more slowly than females. 

For the Trichuris model, older individuals (> 13  years) 

acquired infection significantly faster than individuals 

Table 2 Results of parametric survival models for sustained clearance of hookworm, Ascaris and Trichuris infections (with random 

effects)

Ref. Reference, ICC intraclass correlation coefficient, AIC Akaike information criterion; for other abbreviations, see Table 1

a Adjusted time ratio (TR)/95% confidence intervals (CI). For example, for the Ascaris model, compared to a female (TR = 1), it took  11% (TR = 1.11) more time to 

achieve sustained clearance in a male

b According to WHO guidelines: for hookworm, 1–1999 (light), > 2000 EPG (moderate to heavy); for Ascaris, 1–4999  (light), > 5000 EPG (moderate to heavy); for 

Trichuris, 1–999 (light), > 1000 EPG (moderate to heavy)

Variables Categories Hookworm Ascaris Trichuris

TR/95%  CIa P TR/95%  CIa P TR/95%  CIa P

Sex Female Ref. Ref. Ref.

Male 1.10 (1.01, 1.19) 0.020 1.11 (1.02, 1.21) 0.013 0.99 (0.92, 1.06) 0.807

Age 5–8 Years Ref. Ref. Ref.

8–12 Years 0.93 (0.83, 1.04) 0.223 0.95 (0.86, 1.08) 0.398 1.06 (0.91, 1.23) 0.452

13–30 Years 0.87 (0.77, 0.98) 0.019 0.86 (0.75, 1.00) 0.046 0.96 (0.83, 1.10) 0.557

More than 30 years 0.79 (0.70, 0.88)  < 0.001 0.81 (0.71, 0.92) 0.001 0.88 (0.77, 0.99) 0.049

Initial infection  intensityb Light Ref. Ref. Ref.

Moderate to heavy 1.20 (0.98, 1.46) 0.072 1.06 (0.97, 1.16) 0.170 1.18 (1.07, 1.31)  < 0.001

Treatment Zero dose per year 1.16 (1.00, 1.35)  < 0.001 1.74 (1.28, 2.38)  < 0.001 Not calculable

One dose per year Ref. Ref. Ref.

Two doses per year 0.91 (0.81, 1.02) 0.112 0.87 (0.79, 0.95) 0.004 0.84 (0.77, 0.91)  < 0.001

Random effects Village  < 0.001 Not included Household 0.002

ICC 18.0% 12.2%

Model Distribution Log normal Log normal Log logistic

AIC 464.1 515.9 410.2

Log likelihood − 222.0 − 249.0 − 196.1

Fig. 1 a–c The influence of compliance with albendazole treatment on soil-transmitted helminth infection status in study participants with prior 

infections. a Hookworm, b Ascaris, c Trichuris 
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aged 5–8  years. Non-compliant individuals (zero doses 

per year) acquired Ascaris infection significantly more 

quickly than individuals who took one dose of ALB per 

year.

Changes in EPG over time

Linear transformation of time provided the best fit for 

the EPG data. No multilevel effects were included in 

these mixed models because neither the village nor the 

household effect was significant. Overall decreases in 

EPG were superior in individuals with better compliance 

(Table 4). For all three STH, the decline in EPG over time 

was slower in younger individuals, regardless of the num-

ber of ALB tablets taken per year.

According to the mixed model, decreases in hookworm 

EPG were not significantly different for individuals with 

different compliance patterns: —81.2 EPG/year (95% CI 

− 316.0–153.6) for one dose and − 197.1 EPG/year (CI 

95% − 402.6–8.4) for two doses, compared with no treat-

ment. Decreases in Ascaris EPG were significantly differ-

ent between individuals who took zero and one dose per 

year (regression coefficient: − 7076.1 EPG/year, CI 95% 

− 13,103 to − 1048.9) and between those who took zero 

and two doses per year (regression coefficient: -6,207.3 

EPG/year, CI 95% − 1.2196 to − 218.5). Finally, decreases 

in Trichuris EPG were not significantly different between 

individuals who took two doses per year (regression coef-

ficient: -207.5 EPG/year, CI 95% − 603.2–188.3) and 

those who took one dose per year.

Discussion
ALB is widely known to be effective for the treatment of 

STH infections. Community MDA with ALB can reduce 

Ascaris and hookworm prevalence, but the effects on 

Trichuris tend to be modest [6, 17]. "is is the first lon-

gitudinal study to examine the effect of individual com-

pliance with semiannual MDA with ALB alone, given 

for the elimination of LF, on STH infections. We found 

that good compliance with semiannual rounds of MDA 

resulted in shorter times to achieve sustained clearance 

of STH infections. "is was likely due to a combination 

of curing existing infections and curing incident infec-

tions during the follow-up period. "is dose-related 

effect was particularly strong for ascariasis. A similar pat-

tern was observed for hookworm, although the difference 

between one and two doses per year was not statistically 

significant. "is might indicate that reinfection is more 

rapid for hookworm than for Ascaris. Further studies are 

needed to validate this hypothesis. As individuals with 

Trichuris infection in this study were generally compliant 

with MDA, we were unable to compare times to infection 

status conversion based on ALB intake. It is interesting 

that some non-compliant individuals with hookworm or 

Ascaris infections achieved sustained clearance, and that 

this phenomenon was more common in the later years of 

the study, as shown in Fig. 1. Although some spontane-

ous loss of infection was expected, particularly for light 

infections, an increase in sustained clearance events in 

later years might have been due to a reduced force of 

Table 3 Results of parametric survival models for incident hookworm, Ascaris and Trichuris infections (with random effects)

For abbreviations, see Tables 1 and  2

Variables Categories Hookworm Ascaris Trichuris

TR/95% CI P TR/95% CI P TR/95% CI P

Sex Female Ref. Ref. Ref.

Male 1.39 (1.11, 1.73) 0.004 1.10 (0.94, 1.19) 0.234 1.22 (1.031, 1.44) 0.018

Age 5–8 Years Ref. Ref. Ref.

8–12 Years 1.12 (0.87, 1.45) 0.361 1.07 (0.88, 1.32) 0.489 0.88 (0.73, 1.05) 0.156

13–30 Years 1.02 (0.72, 1.46) 0.872 1.13 (0.87, 1.46) 0.364 0.62 (0.46, 0.84) 0.002

More than 30 years 0.95 (0.70, 1.28) 0.738 1.11 (0.87, 1.41) 0.412 0.53 (0.40, 0.70)  < 0.001

Treatment Zero doses per year 0.79 (0.51, 1.22) 0.290 0.62 (0.42, 0.91) 0.001 0.78 (0.53, 1.13) 0.190

One dose per year Ref. Ref. Ref.

Two doses per year 0.97 (0.70, 1.33) 0.828 1.10 (0.80, 1.50) 0.559 1.14 (0.85, 1.54) 0.385

Random effects Village  < 0.001 Village  < 0.001 Household  < 0.001

ICC 31.4% 45.7% 42.9%

Model Distribution Log logistic Log normal Log logistic

AIC 505.5 626.5 718.4

Log likelihood − 243.7 − 304.2 − 350.2

Key survival data Number of subjects 102 177 194

PY 420 727 772
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infection in study communities (due to a “herd treatment 

effect”) as a result of MDA.

"e use of random effects at the household level 

improved the parametric survival model for Trichuris. 

Continued infection in households due to non-compli-

ance or shared poor sanitation might increase the risk of 

reinfection for other household members who do com-

ply with treatment. "is would tend to increase the mean 

time for the sustained clearance of infection. Additional 

studies will be needed to test this hypothesis and to 

understand why the same household effect was not seen 

with hookworm or Ascaris infection.

It is interesting that incident infections were observed 

for all three STH infections during the course of the 

study despite community MDA. While most of these 

were probably true incidence events, it is likely that some 

of them were examples of pseudo-incidence, which may 

occur if light infections are not detected in prior stool 

samples.

Based on our analysis, good compliance with MDA 

was most effective for preventing Ascaris infections. "is 

was because random household effects were significant 

for the Trichuris incidence model and for the hookworm 

incidence model. "is means that a fraction of the inci-

dent infections for hookworm and Trichuris were due to 

random household effects regardless of MDA compli-

ance. Random effects set at the village level were signifi-

cant for the hookworm sustained clearance model and 

the Ascaris incident infection model. "is suggests that 

a significant proportion of these status conversions were 

due to common village-specific effects related to sanita-

tion and/or infection-promoting behavior.

Higher infection intensity was negatively associated 

with sustained clearance for all three STH, but this only 

Table 4 Mixed model results for the evolution of EPG intensity

a Adjusted regression coefficient (Coeff.)/95% CI

b According to WHO guidelines: for hookworm, 1–1999 (light), 2000–3999 (moderate), > 4000 EPG (heavy); for Ascaris, 1–4999 (light), 5000–49,999 (moderate), > 

49,999 EPG (heavy); for Trichuris, 1–999 (light), 1000–9999 (moderate), > 10,000 EPG (heavy)

c Interpretation of the interaction variable: for the hookworm model, all else being equal, each participant’s EPG decreased by 58.2 each year; and all else being equal, 

participants taking one dose and two doses per year, as compared to zero doses, showed a decrease in their EPG by 81.2 and 197.1 EPG per year, respectively

Variables Categories Hookworm Ascaris Trichuris

Coeff./95%  CIa P Coeff./95%  CIa P Coeff./95%  CIa P

Sex Female Ref. Ref. Ref.

Male 65.8 (− 34.4, 166.0) 0.199 1056.7 
(− 1115.9, 3229.2)

0.340 234.2 (− 139.1, 607.5) 0.219

Age 5–8 Years Ref. Ref. Ref.

8–12 Years 32.6 (− 122.6, 187.8) 0.681 − 4540.2 (− 7576.5,  
− 1504.0)

0.003 126.1 (− 439.3,  691.6) 0.662

13–30 Years − 128.0 (− 274.1, 18.0) 0.086 − 6432.5( − 9910.3,  
− 2954.8)

0.0001 − 333.9 ( − 929.6,  
261.7)

0.272

More than 30 years − 107.1 (− 251.4, 37.1) 0.088 − 8030.3 (− 11035,  
− 5024.5)

 < 0.001 − 498.6 (− 1179.8,  
− 162.3)

0.010

Initial infection 
 intensityb

Light Ref. Ref. Ref.

Moderate 1155.4 (929.3, 1383, 5)  < 0.001 8727.8 (6302.6,  11153)  < 0.001 1061.2 (653.1,  1469.4)  < 0.001

Heavy 3171.6 (2875.8, 3467.3)  < 0.001 33, 843 (28637,  39050)  < 0.001 6886.7 (5518.5,  8254.9)  < 0.001

Timec Continuous − 58.2 (− 263.2, 146.6) 0.577 1631.5 (− 4174.5,  
7437.4)

0.582 − 91.9 (− 378.8,  195.0) 0.530

Annual treatment inter-
action with  timec

Zero doses Ref. Ref. Not calculable

One dose − 81.2 (− 316.0, 153.6) 0.498 − 7076.1 (− 13,103,  
− 1048.9)

0.021 Ref.

Two doses − 197.1 (− 402.6, 8.4) 0.060 − 6207.3 (− 12,196,  
− 218.5)

0.042 − 207.5 (− 603.2,  188.3) 0.304

Study site Bandundu Ref. Ref. Ref.

Seke Pembe − 196.9 (− 427.8, 34.0) 0.095 2596.8 (− 1004.8,  
6198.3)

0.158 721.0 (− 410.1,  1852.1) 0.212

Intercept at baseline Zero doses 387.4 (− 478.5, 1253.2) 0.381 − 7884 − 33,495,  
17,725.7)

0.546 Not calculable

One dose 272.7 (− 636.0, 1181.4) 0.556 22,598 (− 3365.0,  
48,561)

0.088 − 199.5 (− 170.9,  
1305.9)

0.795

Two doses 404.0 (− 439.6, 1247.7) 0.348 22,888 (− 2750.4,  
48,527)

0.080 936.6 (− 192.0,  2065.1) 0.104
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resulted in a significantly longer time to achieve sus-

tained clearance for Trichuris. However, low baseline 

frequencies of moderate or high infection intensities for 

hookworm and Ascaris provided low statistical power 

for assessing the effect of infection intensity for these 

infections. For all models, a shorter time to sustained 

clearance was associated with older age. "is is consist-

ent with higher reinfection rates in children due to their 

behavior and exposure (e.g. frequent close contact with 

other children, walking barefoot outdoors, and hand to 

soil to mouth) relative to those of older people.

We used mixed models to study changes in infec-

tion intensity (EPG) over time according to the number 

of ALB tablets taken per year for each STH. Only the 

Ascaris model showed a greater decrease in EPG for 

compliant participants. No significant differences were 

found for EPG decrease and ALB compliance in the 

hookworm and Trichuris models. "is was probably due 

to a lack of power because EPG trended down in regres-

sion models as compliance increased.

One limitation of this study is that results may have 

been influenced by prevalence or participation bias. We 

believe that prevalence bias is unlikely to have impacted 

our results because fewer than 20% of the study popu-

lation had taken ALB prior to our study. On the other 

hand, participation bias cannot be excluded because par-

ticipants with a high participation frequency in our study 

may have had different characteristics (including MDA 

adherence) than non-participants.

As previously reported, MDA and stool survey par-

ticipation rates decreased over time in these community 

MDA studies [5]. "is was probably due to study fatigue 

on the part of some community members. "e results of 

this study that show the clear benefits of compliance with 

MDA may help social mobilization campaigns to increase 

initial and sustained MDA adherence by individuals and 

populations.

Conclusions
"is study demonstrated a clear dose–response relation-

ship between individual MDA adherence with semian-

nual ALB and sustained clearance of STH infection over 

time. In other words, sustained clearance of STH infec-

tions was more likely to be achieved in individuals with 

good MDA adherence. "ese results should be used in 

social mobilization programs to publicize the fact that 

semiannual MDA with ALB for the elimination of LF also 

significantly contributes to the control of STH infections 

in individuals and communities.
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Individuals living in an onchocerciasis focus 
and treated three-monthly with ivermectin 
develop fewer new onchocercal nodules 
than individuals treated annually
Jérémy T. Campillo1 , Cédric B. Chesnais1, Sébastien D. S. Pion1, Jacques Gardon2, Joseph Kamgno3,4 

and Michel Boussinesq1*

Abstract 

Background: Little information is available on the effect of ivermectin on the third- and fourth-stage larvae of 

Onchocerca volvulus. To assess a possible prophylactic effect of ivermectin on this parasite, we compared the effects of 

different ivermectin regimens on the acquisition of onchocercal nodules.

Methods: We analyzed data from a controlled randomized clinical trial of ivermectin conducted in the Mbam Valley 

(Cameroon) between 1994 and 1998 in a cohort of onchocerciasis infected individuals. The number of nodules that 

appeared between the start and the end of the clinical trial was analyzed, using ANOVA and multivariable Poisson 

regressions, between four treatment arms: 150 µg/kg annually, 800 µg/kg annually, 150 µg/kg 3-monthly, and 800 µg/

kg 3-monthly.

Results: The mean number of nodules that appeared during the trial was reduced by 17.7% in subjects treated 

3-monthly compared to those treated annually (regardless of the dose). Poisson regression model, adjusting on sub-

ject’s age and weight, initial number of nodules and intensity of O. volvulus infection in his village of residence, con-

firmed that the incidence of new nodules was reduced in 3-monthly treatment arms compared to annually treatment 

arms, and that the dosage of ivermectin does not seem to influence this effect. Furthermore, the number of newly 

acquired nodules was positively associated with the initial number of nodules. Analysis of disappearance of nodules 

did not show any significant difference between the treatment groups.

Conclusions: To our knowledge, these results suggest for the first time in humans, that ivermectin has a partial pro-

phylactic effect on O. volvulus. Three-monthly treatment seems more effective than annual treatment to prevent the 

appearance of nodules.
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Background

Human onchocerciasis, also called “river blindness”, is 

a neglected tropical disease (NTD) caused by the filar-

ial nematode Onchocerca volvulus. In 1995, the World 

Health Organization (WHO) launched the African Pro-

gramme for Onchocerciasis Control (APOC), which was 

mainly based on mass drug administration (MDA) of 

ivermectin (IVM). IVM, which is usually given annually 

at the standard dose of 150 µg/kg of body weight, has a 

direct effect on the microfilariae (mf) present in the skin 

(microfilaricidal effect) and prevents the release of new 

mf by the adult female worms for several months (embry-

ostatic effect). However, the effect of IVM on the viability 

of the adult worms (macrofilaricidal effect) is considered 

as moderate and treatments have to be repeated every 

year (or at shorter intervals) to maintain skin microfilarial 

densities (MFD) at low levels not associated with clinical 

manifestations. Besides this, little information is available 

on the effect of IVM on the third- and fourth-stage lar-

vae (L3s and L4s) which develop to the adult stage during 

the first months following the bite of an infective blackfly, 

and on the immature adults. #e effect on these L3s, L4s, 

and immature adults, which would prevent the develop-

ment up to the stage of fecund adult worms releasing mf, 

has been called causal prophylaxis, or suppressive effect 

[1]. We will use the term “prophylactic effect” through-

out the text below.

Only four in vivo studies were conducted to evalu-

ate the prophylactic effect of IVM on Onchocerca spp. 

#e first one included 18 chimpanzees experimentally 

infected with O. volvulus. Six animals were treated with 

IVM (at 200 µg/kg) on the day of inoculation of the L3s, 

six were treated on day 28 and six were not treated. 

After having followed-up the development of infection 

by repeated skin biopsies for 30 months, the authors 

concluded that IVM could have a partial effect on the 

L3s (which live for about two to three days in the defin-

itive host before molting to the L4 stage [2]), but no 

effect on the L4s [3]. #e second study was conducted 

in an area of North Cameroon where the cattle parasite 

O. ochengi is endemic. Two groups of calves between 

two and eight weeks of age were treated monthly with 

subcutaneous IVM (Ivomec®) at either 200 µg/kg or 

500 µg/kg for 21 months, and a third group was left 

untreated. Before each treatment, the animals were 

palpated for O. ochengi nodules and underwent a skin 

biopsy. #e fact that none of the 15 treated calves devel-

oped adult worm infection, whereas five of the six con-

trol calves became infected led the authors to conclude 

that IVM had an effect on the L3s and L4s of O. ochengi 

[4]. #e third study was conducted in an onchocercia-

sis hyperendemic focus (Mbam valley, Cameroon) and 

included human subjects with no O. volvulus mf in skin 

biopsies (“skin snips” taken with a 2 mm Holth punch). 

#ese patients were treated, just after the start of the 

high transmission period, with either a single oral dose 

of IVM (150 µg/kg) plus ferrous sulphate tablets, or the 

latter drug only. One year after, the incidence of O. vol-

vulus microfilaridermia was 23.4% in the IVM group 

and 25.8% in the control group, and the mean MFD 

were similar in the two groups (2.2 and 2.7 mf per skin 

snip, respectively). #e authors concluded that a single 

dose of IVM had no perceptible prophylactic effect in 

this highly endemic area [5]. #e fourth study included 

calves (mean age: 9 weeks) naturally exposed to O. 

ochengi infection, and treated with IVM at monthly or 

3-monthly intervals, or left untreated. After 22 months 

of exposure, 11 of the 14 control animals had acquired 

nodules (including ten with skin mf ), two of the ten ani-

mals treated 3-monthly had nodules (but no skin mf ), 

and none of the ten animals treated at monthly inter-

val had acquired nodules [6]. #ese results suggest that 

3-monthly treatment has a partial prophylactic effect 

on O. ochengi. Besides these trials, the effect of IVM on 

L3s and the L3-L4 molting process was supported by in 

vitro studies using Onchocerca lienalis [7, 8].

A double-blind randomized controlled trial aimed at 

assessing the potential macrofilaricidal effect of high 

(400–800 µg/kg) and/or more frequent (3-monthly) 

doses of IVM on O. volvulus was conducted in the Mbam 

valley (Cameroon) between 1994 and 1998. #is effect 

was evaluated by the histologic examination of sections 

of nodules collected at the outset and at the end of the 

trial [9]. #e proportion of dead female worms was 

found to be higher in the nodules collected from subjects 

treated 3-monthly than in those treated annually. Dur-

ing this trial, a careful examination for all palpable nod-

ules was conducted at the outset of the trial, and during 

the nodulectomy round organized in 1997. #e number 

and the location of each palpated nodule was noted on 

a standard chart. In the present paper, we present the 

results of statistical analyses performed on the number 

of nodules which had appeared or disappeared between 

the two examination rounds. Our main objective was to 

assess whether high doses or more frequent IVM treat-

ment was associated with a lower number of new nodules 

(suggesting a prophylactic effect). Analyses were also per-

formed on the number of nodules that had spontaneously 

disappeared.

Methods

Study population and subjects

#e protocol of the trial has been described in detail else-

where [9]. Briefly, it was conducted in the Bafia health 

district, located in the onchocerciasis hyperendemic 

focus of the Mbam Valley (Cameroon). Eligible subjects 
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were males aged 18–60 years-old in a good state of 

health, with no contra-indication to IVM, and who pre-

sented at least two palpable nodules at the outset of the 

trial.

Procedures

After having signed an informed consent form, subjects 

were randomly allocated to one of the four treatment 

groups receiving either 150 µg/kg annually (control 

group), or high dose (400 µg, then 800 µg/kg) annually, or 

150 µg/kg 3-monthly or high dose 3-monthly. #e pre-

treatment nodulectomy round was performed in May-

June 1994. Before the nodulectomy, each participant 

was carefully examined and the location of each palpa-

ble nodule was noted on a standard anatomic chart. #e 

randomly selected nodule to remove during the opera-

tion was represented by a green dot on the chart, and all 

the others were noted as a red dot. After nodulectomy, 

each participant received a 150 µg/kg “clearing dose” of 

IVM to avoid the possibility of severe reactions develop-

ing in any patients subsequently taking their first dose 

on the high-dose regimen. #e 3-year courses of treat-

ment under investigation began in August 1994, 2–3 

months after the clearing dose. A total of 643 subjects 

participated in this treatment round. #e second round 

of nodulectomy was organized in August 1997. A total of 

102 subjects was lost between August 1994 and August 

1997 (24 deaths, 17 excluded on medical grounds and 

61 subjects who moved away or were excluded because 

they missed one treatment round). #e number of sub-

jects participating in the second nodulectomy round 

was thus 541. Before the collection of the nodules, each 

patient was re-examined and the location of the nodules 

present was noted on the anatomic chart used in 1994. 

#e nodules which had spontaneously disappeared in 

the interval were noted, and the location of the nodules 

which had appeared between 1994 and 1997 (thereafter 

called “new nodules”) were noted by a blue dot. As these 

examinations had been performed just before the opera-

tion, an additional clinical examination was performed in 

November 1997, i.e. in a less time-constrained context, to 

confirm the results obtained three months before. #is 

examination could be performed in 485 subjects and the 

statistical analyses were conducted on the latter.

Statistical analysis

Variables of interest were defined as (i) the number of 

nodules which appeared between 1994 and 1997 and 

(ii) the number of nodules which disappeared. For these 

two variables, we used the same statistical analysis plan 

(Fig. 1). First, we assessed the difference between people 

treated annually and people treated 3-monthly, regardless 

of the dose, using Studentʼs t-test. #en, comparisons 

were performed between the four treatment arms using 

an ANOVA; Bonferroni test was subsequently used to 

assess which treatment arm(s) differed from the oth-

ers. In case of an ANOVA-associated P-value < 0.250, we 

performed a multivariable analysis to assess the possible 

associations between appearance of new nodules and 

the following variables: treatment group as a categorical 

variable (first considering annual arms versus 3-monthly 

arms, then considering the four treatment arms), sub-

ject’s age (continuous variable), subject’s weight (con-

tinuous variable), initial number of palpable nodules 

(expressed sequentially as a continuous variable and as 

a categorical variable using the following categories: < 5 

nodules and ≥ 5 nodules), subject’s initial microfilarial 

density (MFD, expressed as the number of mf per milli-

gram of skin), and the intensity of O. volvulus infection 

in the participant’s village of residence (proxy of exposure 

to infection). #e individual MFD was calculated as the 

ratio of the sum of the number of mf found in both snips 

(taken from the left and right iliac crests) to the sum of 

the weights of each snip. In the analyses, the MFD was 

expressed as a categorical variable using the interquartile 

categories: < 30, 31–80, 81–170, and > 170 mf/mg. #e 

intensity of O. volvulus infection in the participant’s vil-

lage of residence was expressed in three categories (low, 

moderate and high intensity) and was defined according 

to the community microfilarial load (CMFL) in the com-

munity measured during previous parasitological surveys 

in the community itself, or in neighbouring communities 

located at the same distance from the Mbam River. #e 

CMFL, a classical indicator used to express the inten-

sity of infection with O. volvulus in a community, corre-

sponds to the Williams’ geometric mean of the individual 

MFDs (here expressed as number of mf per skin snip) in 

all subjects examined (not only those skin snip positive) 

aged ≥ 20 years-old [10]. #e three categories used in the 

analyses correspond to CMFL < 20 mf/skin snip, 20–50 

mf/skin snip and ≥ 50 mf/skin snip. Multivariable logis-

tic regression models were used with the dependent vari-

able coded as a binary outcome (appearance of nodules 

versus no appearance of nodule). #e reference group is 

defined as people with less than 5 nodules in the 150 µg/

kg 3-monthly treatment group. #en, Poisson regression 

models were used, with the dependent variable recoded 

as 0, 1, 2, 3, 4 and ≥ 5 new nodules. We constructed two 

models: one with the 4 treatment arms and one with the 

pooled annual and 3-monthly treatment arms, regardless 

of the dose. For all models, an interaction term between 

the treatment arm and the initial number of nodules 

was added to assess the mean number of new nodules 

according to these two variables simultaneously. For 

each regression model, we presented two procedures: a 

saturated model with all explicative variables, whatever 
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their P-values and a backward stepwise procedure with 

a P-value threshold of 0.150 for the explicative variables. 

We presented regression coefficients and their 95% confi-

dence intervals (95% CI). #e reference group is defined 

as people who had the lowest number of initial nodules 

(i.e. 2 nodules) in the 150 µg/kg annually group or in the 

annual treatment, depending on the model. According to 

this regression analysis, predictions were made using the 

margins and marginsplot commands.

All analyses were performed using the STATA v.15.1 

software (StatCorps, LP, College Station, TX, USA).

Results

Baseline characteristics

Table  1 presents the baseline characteristics of the 485 

study subjects as a whole and in each treatment arm. 

Before the first nodulectomy round, the participants 

of the four treatment groups were similar in terms of 

age (Kruskal–Wallis H-test: χ
2 = 1.36, df = 3, P = 0.714), 

body weight (Kruskal–Wallis H-test: χ
2 = 4.98, df = 3, 

P = 0.172), mean number of nodules (Kruskal–Wallis 

H-test: χ
2 = 3.49, df = 3, P = 0.349), CMFL in the village 

of residence (Chi-square test: χ2 = 4.77, df = 6, P = 0.574) 

and MFD (Kruskal–Wallis H-test: χ
2 = 2.39, df = 3, 

P = 0.495).

Analysis of appearance of nodules between 1994 and 1997

#e mean number of new nodules in the 237 subjects 

treated 3-monthly (1.85) was 17.7% lower than in the 

248 subjects treated annually (2.25; t-test: t(483) = 2.67, 

P = 0.008). #e mean numbers of nodules that appeared 

between 1994 and 1997 in subjects of each treatment 

group are shown in Table 2. ANOVA indicated a statisti-

cally significant difference in the number of new nodules 

between the treatment groups (ANOVA: F (3, 484) = 3.60, 

P = 0.014). Bonferroni correction showed that the num-

ber of new nodules was significantly lower in the group 

which had received 150 µg/kg 3-monthly than in the 

group treated with 800 µg/kg annually (P = 0.008). No 

significant difference was found between the two groups 

treated annually (P = 1.000), nor between the two groups 

treated 3-monthly (P = 0.871), nor between the two 

groups treated with 150 µg/kg (annually vs 3-monthly) 

(P = 0.260).

According to the logistic regression analysis (Table 3), 

the probability to develop new nodules did not differ 

Fig. 1 Statistical analysis plan
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significantly between the treatment groups of subjects 

with less than 5 palpable nodules. In addition, people 

with more than 5 nodules and belonging to the groups 

treated annually with 150 µg/kg and 800 µg/kg had, 

respectively, 4.1 and 5.5 higher chance to have new 

nodule(s) than those treated with 150 µg/kg 3-monthly 

and with less than 5 nodules. #e CMFL in the village 

of residence and the individual MFD were not found to 

be associated with the probability of appearance of new 

nodules.

Table  4 shows the results of the Poisson regression 

model for each frequency of treatment explaining the 

count of new nodules. It shows that 3-monthly treatment 

(regression coefficient = 0.026; 95% CI: 0.005–0.048), 

whatever the dose, is more than twice as effective as 

annual treatment (regression coefficient = 0.058; 95% 

CI: 0.035–0.081) to prevent the appearance of nodules. 

#e difference in the slope is significant (P = 0.001). Fig-

ure  2 represents the predictions of this model. Table  5 

shows the results of the Poisson regression model includ-

ing the four treatment arms separately. For these two 

regression models, initial individual MFD was associ-

ated with the appearance of new nodules. As shown in 

Figs.  2 and 3, these models reveal a strong interaction 

between the initial number of nodules and the predicted 

number of new nodules. It shows that in subjects treated 

3-monthly (either with 150 or 800 µg/kg) fewer nodules 

had appeared than in subjects treated annually (with 150 

or 800 µg/kg), and that the difference of appearance was 

highly correlated with the initial number of nodules har-

boured by the participants. In addition, treatment with 

high IVM dose does not seem to influence the number of 

new nodules, regardless of the number of initial palpable 

nodules.

Analysis of disappearance of nodules between 1994 

and 1997

In the 248 subjects treated annually, the mean num-

ber of nodules which disappeared between 1994 and 

1997 (0.46) was lower than in the 237 subjects treated 

3-monthly (0.60) but the difference was not significant 

(t-test: t (483) = − 1.88, P = 0.061). #e mean numbers of 

nodules that disappeared between 1994 and 1997 in sub-

jects of each treatment group are shown in Table 2.

#e ANOVA did not show any difference between 

the four groups (ANOVA: F (3, 484) = 1.29, P = 0.279); 

Table 1 Baseline characteristics of the subjects included in 1994, before the start of the clinical trial

Abbreviations: No, number; SD, standard deviation; IQR, interquartile range; n, number of subjects; CMFL, community microfilarial load; MFD, individual microfilarial 

density (mf/mg)

All participants 150 µg/kg annually 800 µg/kg annually 150 µg/kg 3-monthly 800 µg/kg 3-monthly

No. of subjects 485 126 122 125 112

Mean age ± SD 36.9 ± 12.0 36.4 ± 11.4 38.1 ± 12.4 36.7 ± 11.9 36.6 ± 12.3

Mean weight ± SD (kg) 63.0 ± 8.0 62.7 ± 8.2 64.3 ± 7.1 62.4 ± 8.5 62.7 ± 8.0

Mean no. of nodules in 1994 ± SD 5.7 ± 2.8 5.5 ± 2.5 5.8 ± 2.3 5.6 ± 3.2 5.9 ± 2.9

Median no. of nodules in 1994 (IQR) 5 (4–7) 5 (4–7) 6 (4–7) 5 (3–7) 6 (4–7)

CMFL in the village of residence:

 Low (n, %) 50 (10.3) 10 (7.9) 12 (9.8) 18 (14.4) 10 (8.9)

 Middle (n, %) 135 (27.8) 39 (31.0) 37 (30.3) 30 (24.0) 29 (25.9)

 High (n, %) 300 (61.9) 77 (61.1) 73 (59.8) 77 (61.6) 73 (65.2)

Geometric mean of MFD 56.0 64.7 50.8 48.7 61.8

Median of MFD (IQR) 79 (27–171) 91 (34–197) 71 (26–157) 74 (24–143) 84 (28–187)

Table 2 Appearance and disappearance of the nodules after 3 years of treatment

Abbreviation: No, number; SD, standard deviation

All participants 150 µg/kg annually 800 µg/kg annually 150 µg/kg
3-monthly

800 µg/kg
3-monthly

P-value

No. of subjects 485 126 122 125 112

Mean no. of new 
nodules ± SD

2.1 ± 1.7 2.1 ± 1.7 2.4 ± 1.8 1.7 ± 1.5 2.0 ± 1.6 0.014

Mean no. of nodules 
that disap-
peared ± SD

0.5 ± 0.8 0.5 ± 0.8 0.5 ± 0.7 0.6 ± 0.8 0.6 ± 0.8 0.279
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consequently, we did not perform further analysis on the 

disappearance of nodules.

Discussion

To the best of our knowledge, our study is the first to 

compare the effect of various IVM treatment regimens 

on the appearance of new onchocercal nodules in human 

subjects exposed to transmission of O. volvulus. It dem-

onstrates that the mean number of palpable nodules 

which appeared within the 3-year period of the trial was 

significantly lower in the individuals treated 3-monthly 

with IVM than in those treated annually, and that the 

high doses had no higher effect than standard doses in 

reducing the number of new nodules. Strangely, the 

difference between 800 µg/kg annually and 800 µg/kg 

3-monthly was less marked than the difference between 

150 µg/kg annually and 150 µg/kg 3-monthly, we have no 

biological clue to understand this difference, it may be 

due to unmeasured confounding factors (such as phar-

macokinetics or pharmacodynamics characteristics) or to 

hazards due to serendipity.

We found no significant association between CMFL 

and appearance of nodules, we hypothesise that with a 

larger sample size, the association between CMFL expo-

sition and appearance of new nodules may appear.

#ese results should be interpreted in the light of what 

is known on the biology of O. volvulus within the year fol-

lowing the infective bite. #e modalities of development 

of O. volvulus from the initial penetration of the para-

site into the host as an L3 to the time when it is found 

as an adult fecund stage in a nodule are not fully known. 

#e time of the L3-L4 molt has been assessed by in vitro 

studies and by infecting experimentally various animals 

with L3s of Onchocerca spp. #e time of the final molt 

was evaluated by following up the appearance of antibod-

ies, which were assumed to be stage-specific, in a simian 

model, and by an in vitro culturing system. It appears 

that, for O. volvulus, the L3-L4 molt starts 2–3 days 

after inoculation [11], that the final molt occurs between 

1.5 and 2.5 months [12], that the adults become sexu-

ally mature at 7.5–11 months, and that the first mf pro-

duced by the mature adult female worms can be detected 

after an average period of 12–15 months [13]. #us, 

the lifespan of the immature adult worms would range 

between five months (7.5 minus 2.5) and 9.5 months (11 

minus 1.5). Given this timeframe, one can estimate that 

Table 3 Logistic regression of the appearance of nodules

Abbreviations: OR, odds-ratio; 95% CI, 95% confidence interval; n, number of subjects; CMFL, community microfilarial load; MFD, microfilarial density; Ref., reference

Variables Saturated model Stepwise model

OR(95% CI) P-value OR (95% CI) P-value

Appearance of nodule(s) (yes/no)

Less than 5 nodules:

 150 µg/kg 3-monthly (n = 66) Ref. Ref.

 150 µg/kg annually (n = 77) 1.6 (0.6–3.8) 0.32 1.6 (0.7–3.8) 0.28

 800 µg/kg 3-monthly (n = 54) 2.6 (0.8–7.7) 0.092 2.6 (0.9–7.9) 0.082

 800 µg/kg annually (n = 58) 0.9 (0.4–2.1) 0.777 0.9 (0.4–2.2) 0.871

More than 5 nodules

 150 µg/kg 3-monthly (n = 59) 0.8 (0.3–1.9) 0.619 0.9 (0.4–2.0) 0.736

 150 µg/kg annually (n = 49) 3.5 (0.9–13.3) 0.066 4.1 (1.1–15.3) 0.034

 800 µg/kg 3-monthly (n = 58) 1.2 (0.4–2.9) 0.759 1.3 (0.5–3.2) 0.577

 800 µg/kg annually (n = 64) 5.2 (1.4–19.5) 0.014 5.5 (1.5–20.1) 0.01

Age 1.0 (1.0–1.0) 0.872

Weight 1.0 (1.0–1.0) 0.661

CMFL in the village of residence

 Low Ref.

 Middle 1.2 (0.5–2.9) 0.704

 High 1.3 (0.6–3.0) 0.537

MFD

 0–30 mf/mg Ref.

 31–80 mf/mg 1.3 (0.6–2.6) 0.459

 81–170 mf/mg 1.2 (0.6–2.4) 0.624

 > 171 mf/mg 1.7 (0.8–3.7) 0.151
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Table 4 Poisson regression model with pooled arms

a The reference is defined as annual treatment and 2 initial nodules

Abbreviations: b, regression coefficient; 95% CI, 95% confidence interval; Ref., reference; CMFL, community microfilarial load; MFD, microfilarial density; AIC, Akaike’s 

information criterion; BIC, Bayesian information criterion

Variable Saturated model Stepwise model

b (95% CI) P-value b (95% CI) P-value

Increase in no. of new nodules for each additional initial  nodulea

 Annual treatment 0.055 (0.030–0.080) < 0.001 0.058 (0.035–0.081) < 0.001

 3-monthly treatment 0.023 (0.0004–0.046) 0.045 0.026 (0.005–0.048) 0.014

 Age 0.005 (0.0001–0.010) 0.045 0.006 (0.002–0.009) 0.002

 Weight − 0.007 (− 0.005–0.003) 0.703

CMFL in the village of residence

 Low Ref.

 Middle 0.089 (− 0.153–0.332) 0.470

 High 0.149 (− 0.074–0.372) 0.191

MFD

 0–30 mf/mg Ref. Ref.

 31–80 mf/mg 0.084 (− 0.108–0.277) 0.389 0.102 (− 0.081–0.285) 0.275

 81–170 mf/mg 0.265 (0.082–0.447) 0.004 0.290 (0.117–0.463) 0.001

 > 171 mf/mg 0.358 (0.181–0.535) < 0.001 0.383 (0.217–0.550) < 0.001

P of the model < 0.001 < 0.001

AIC 1648 1644

BIC 1686 1669

Log likelihood − 815.2 − 816.3

Fig. 2 Predicted number of new nodules vs initial number of nodules (annual vs 3-monthly arms). Bars indicate the 95% confidence interval
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the proportion of L4s exposed to IVM in an individual 

treated 3-monthly will be between 50% (if the L4s’ lifes-

pan is 1.5 months) and 83% (if it is 2.5 months). Regard-

ing immature worms, most would be exposed twice, and 

a small proportion three times, to the drug. Conversely, 

given their short lifespan, only a small proportion of 

L3s “inoculated” to these subjects treated every 90 days 

would be exposed to the drug. If one assumes that the 

appearance (or not) of new nodules reflects the effect 

of the drug on the parasitic stages preceding the mature 

adult stage, which is debatable (see below), the observed 

decrease of 17.7% in the number of new nodules in the 

subjects treated 3-monthly suggests that the prophylac-

tic effect of IVM is not limited to the effects of the drug 

on the L3s or on the L3-L4 molting process only, but that 

IVM has also a partial effect on the L4s and/or the imma-

ture adult worms. IVM is known to kill L4s and young 

adults of the canine heartworm Dirofilaria immitis and 

to have a “slow kill” activity against D. immitis adults. 

Indeed, IVM is described as a very effective prophylactic 

drug against D. immitis infection in dogs. Furthermore, 

we know that the latter parasite is a very close relative 

to Onchocerca spp. #us, we can hypothesise that IVM 

works in the same way in O. volvulus [14].

In this study, we assumed that the effect of a drug on 

the L4s and immature adults can be assessed by follow-

ing up the appearance of new nodules in hosts exposed to 

transmission of O. volvulus. #is is debatable because the 

sites where the L4s and the immature adults live, and the 

modalities by which the adult female worms are finally 

found in a nodule, are poorly known. In particular, the 

extent to which immature females are attracted by exist-

ing nodules or are able to create a new nodule are not 

known. According to Duke et  al. [11], “it is expected … 

that the L4 will be highly mobile and capable (by means 

unknown) of locating the adult sites of election or (per-

haps by means of pheromones) of finding pre-existing 

worm bundles; and that the immature females may con-

tinue these wanderings, …, but are then likely to settle 

down to form nodules of their own or to join pre-existing 

nodules. #e possibility cannot be excluded that some of 

the immature females may remain dormant at a prepu-

bertal phase, situated in the connective tissues away from 

the nodules”. Guderian et  al. [15] compared the sites of 

appearance of new nodules in a group of subjects from 

Table 5 Poisson regression model (with interaction term between initial number of nodules and treatment arms)

a The reference is defined as 150 µg/kg annually and 2 initial nodules

Abbreviations: b, regression coefficient; 95% CI, 95% confidence interval; Ref., reference; CMFL, community microfilarial load; MFD, microfilarial density; AIC, Akaike’s 

information criterion; BIC, Bayesian information criterion

Variable Saturated model Stepwise model

b (95% CI) P-value b (95% CI) P-value

Increase in no. of new nodules for each additional initial  nodulea

 150 µg/kg annually 0.043 (0.014–0.071) 0.004 0.046 (0.019–0.073) 0.001

 800 µg/kg annually 0.067 (0.039–0.095) < 0.001 0.070 (0.043–0.096) < 0.001

 150 µg/kg 3-monthly 0.021 (− 0.004–0.047) 0.106 0.024 (− 0.000–0.048) 0.052

 800 µg/kg 3-monthly 0.026 (− 0.001–0.053) 0.063 0.029 (0.004–0.056) 0.026

Age 0.005 (− 0.00001–0.010) 0.051 0.006 (0.002–0.009) 0.003

Weight − 0.001 (− 0.005–0.003) 0.659

CMFL in the village of residence

 Low Ref.

 Middle 0.090 (− 0.154–0.333) 0.470

 High 0.151 (− 0.072–0.375) 0.185

MFD

 0–30 mf/mg Ref. Ref.

 31–80 mf/mg 0.089 (− 0.103–0.281) 0.364 0.105 (− 0.079–0.288) 0.263

 81–170 mf/mg 0.278 (0.095–0.461) 0.003 0.301 (0.128–0.474) 0.001

 > 171 mf/mg 0.371 (0.194–0.549) < 0.001 0.394 (0.227–0.561) < 0.001

P of the likelihood-ratio test for the interaction term: 0.035

 P of the model < 0.001 < 0.001

 AIC 1649 1645

 BIC 1695 1678

 Log likelihood − 813.5 − 814.6



Page 9 of 11Campillo et al. Parasites Vectors          (2020) 13:258  

whom all the palpable nodules had been removed and 

a group with no nodulectomy. #ey concluded that “It 

seems likely that young, female, unencapsulated O. volvu-

lus are attracted to existing nodules, settle down next to 

them and then become encapsulated themselves”. How-

ever, as it is admitted (i) that the female worms, once in 

a nodule, stay there, and (ii) that nodules form around 

female worms (not male worms), one may assume that 

the appearance of a new nodule can occur only if new 

females have appeared. #erefore, the lower number of 

new nodules recorded in the groups treated 3-monthly, 

when compared to the annually-treated group, results 

probably from an at least partial effect of ivermectin on 

the L4s and/or the juvenile female worms.

Specific study designs, using probably animal models, 

could be developed to evaluate the strength of this pro-

phylactic effect after a single dose of IVM, which would 

help refine the mathematical models used to predict 

the impact of IVM MDA on onchocerciasis transmis-

sion intensity. Trials could also be conducted to define 

which treatment frequency would be required to obtain 

the best prophylactic effect. We found that 3-monthly 

treatments led to a significant reduction in the appear-

ance of new nodules when compared to annual treat-

ment, but the difference was not very marked. Monthly 

treatments would probably lead to a stronger effect, as 

suggested by the results of studies conducted on the O. 

ochengi/cattle model [4, 6]. Such monthly treatments 

have been used in studies evaluating their possible mac-

rofilaricidal effect on O. volvulus [16] or their effect 

on Loa loa [17]. #ey probably cannot be applied on a 

large scale, but could be proposed to individuals visit-

ing temporarily an onchocerciasis endemic area. Unlike 

loiasis which can be prevented (totally) using diethyl-

carbamazine (DEC) [18, 19], no drug is currently pro-

posed to prevent onchocerciasis. Trials using DEC were 

conducted on chimpanzees experimentally infected 

with O. volvulus and on humans by looking at the effect 

of the drug on L3s, but the results were not conclusive 

[20].

A remaining question is why the difference of impact 

between 3-monthly and annual treatment is higher when 

the initial number of nodules is higher. Before the start 

of this study, some participants had more nodules than 

others. #is variability can be explained by different 

levels of exposure to onchocerciasis transmission, but 

also by inter-individual heterogeneity in immunological 

response. Indeed, Tchakouté et al. [21] observed the wide 

variation in susceptibility between cattle (even when con-

trolling for blackfly exposure). Some individuals are more 

predisposed than others to tolerate incoming parasites, 

with a weaker immune response allowing more L3s’ and 

Fig. 3 Predicted number of new nodules vs initial number of nodules (four treatment arms). Bars indicate the 95% confidence interval
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L4s’ developing to the adult stage, and therefore lead-

ing to more nodules. During the three years of the trial, 

it is very unlikely that these two factors changed for the 

participants. #us, it makes sense that the most infected 

people (i.e. with the highest initial number of nodules 

and highest initial MFD) at the start of the study, are also 

the most infected ones at the end of the trial.

Few studies tried to evaluate the impact of IVM treat-

ment on nodules’ disappearance. Duke et al. [22] assessed 

this phenomenon by comparing patients who were given 

IVM at 150 µg/kg 3-monthly and untreated persons. 

#ey described a higher proportion of nodules that had 

disappeared in the treated group but the difference was 

not significant. #ree other studies reported that nodules 

can disappear after repeated doses of IVM [23–25]. We 

did not find a difference in the number of nodules that 

disappeared between the treatment arms of our study, 

but this could be due to a lack of statistical power due to 

a small sample size. Further studies have to be conducted 

to determine the impact of repeated doses of IVM on the 

nodules’ disappearance.

Conclusions

#is study provides evidence that 3-monthly treatment 

is more effective than annual treatment to prevent the 

appearance of onchocercal nodules. #is effect is par-

ticularly marked in individuals with a large number of 

nodules before treatment. Our results support, for the 

first time, that ivermectin has probably a prophylactic 

effect on the L4s and/or the juvenile female O. volvulus 

worms. When the drug is given at a three-month inter-

val, this effect is only partial, but it might be more effi-

cient when given at shorter intervals.

Abbreviations
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Abstract

Background

Ivermectin is known to cause severe encephalopathies in subjects infected with loiasis, an

endemic parasite in Sub-Saharan Africa (SSA). In addition, case reports have described

ivermectin-related serious adverse drug reactions (sADRs) such as toxidermias, hepatic

and renal disorders. The aim of this study was to identify suspected sADRs reported after

ivermectin administration in VigiBase, theWorld Health Organization’s global individual

case safety reports database and analyze their frequency relative to the frequency of these

events after other antinematodal drugs reported in SSA and other areas of the world

(ROW).

Methods

All antinematodal-related sADRs were extracted from VigiBase. Disproportionality analyses

were conducted to investigate nervous, cutaneous, psychiatric, respiratory, renal, hepatic

and cardiac suspected sADRs reported after ivermectin and benzimidazole drug administra-

tion across the world, in SSA and RoW.

Principal findings

2041 post-ivermectin or post-benzimidazole suspected sADRs were identified including 667

after ivermectin exposure (208 in SSA and 459 in the RoW). We found an increased report-

ing for toxidermias, encephalopathies, confusional disorders after ivermectin compared to

benzimidazole drug administration. Encephalopathies were not only reported from SSA but

also from the RoW (adjusted reporting odds ratios [aROR] 6.30, 95% confidence interval:

2.68–14.8), highlighting the fact these types of sADR occur outside loiasis endemic regions.
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Conclusion

We described for the first time suspected sADRs associated with ivermectin exposure

according to geographical origin. While our results do not put in question ivermectin’s excel-

lent safety profile, they show that as for all drugs, appropriate pharmacovigilance for

adverse reactions is indicated.

Author summary

Ivermectin is a drug used worldwide for various indications: onchocerciasis, lymphatic fil-

ariasis, strongyloidiasis, human sarcoptic scabies, acarodermatitis and rosacea. In the

early 1990s, it was discovered that ivermectin could induce severe encephalopathies in

some patients with high parasite loads of Loa loa, a filarial nematode. This objective of this

pharmacovigilance study is to summarize serious neurological and non-neurological

post-ivermectin adverse drug reactions reported in the World Health Organization data-

base called VigiBase. This study shows that reported serious adverse drug reactions associ-

ated with ivermectin are fairly consistent with those mentioned in the official product

information of ivermectin but also provides some new signals. Serious post-ivermectin

encephalopathies can also occur outside of Loa loa endemic regions but the understand-

ing of the mechanism by which it occurs requires further studies. A new signal concerning

two serious toxidermias (DRESS syndrome and acute generalized exanthematous pustulo-

sis) is also described. A lack of reporting of adverse drug reactions is noticeable in some

Sub-Saharan African countries, and actions are needed to increase the reporting rates of

these adverse effects in these countries.

Introduction

Ivermectin is included in the World Health Organization (WHO) list of essential medicines

and is commonly used worldwide. Stromectol (ivermectin 3 mg) and its generics (Arrow Lab,

Biogaran, Gerda, Mylan, Pierre Fabre, Sandoz, Zentiva) are mainly distributed in Europe and

North America. In Europe, ivermectin is labeled for the treatment of strongyloidiasis, diag-

nosed or suspected infection withWuchereria bancrofti (the filarial nematode causing lym-

phatic filariasis) or O. volvulus (the filarial nematode causing onchocerciasis), and human

sarcoptic scabies. In North America, ivermectin is labeled for the treatment of strongyloidiasis

and onchocerciasis. Ivermectin is also used off-label in certain cases of acarodermatitis (skin

inflammation due to bites of parasitic mites), rosacea and loiasis (the disease caused by the

filarial nematode Loa loa) [1,2]. In African countries, ivermectin is distributed at single oral

doses of 150–200 μg/kg as part of onchocerciasis and lymphatic filariasis elimination programs

(the drug, registered under the name of Mectizan for these indications, is donated by Merck &

Co., Inc.). It is used as preventive chemotherapy, i.e. distributed annually (sometimes biannu-

ally) using a mass drug administration strategy, i.e. to the entire eligible population of the tar-

get communities without individual diagnosis.

Ivermectin is a derivative of avermectins. It acts mainly by binding to the glutamate-depen-

dent chloride channels of invertebrate nerve and muscle cells, causing an increase in mem-

brane permeability leading ultimately to neuromuscular paralysis and death of certain

parasites. In subjects with high densities of microfilariae (mf, the larval stages of the filarial
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parasites) in the skin or the blood, ivermectin is able to induce complex inflammatory reac-

tions called Mazzotti reactions which include pruritus, rash, fever, malaise, lymphadenopathy,

arthralgia, tachycardia, hypotension, edema and abdominal pain [3,4]. These reactions reflect

the inflammatory phenomena associated with the destruction of mf by the drug. Since the

early 1990, ivermectin has been known to cause potentially fatal encephalopathies in individu-

als with very high microfilarial density of L. loa in the blood (loiasis is endemic only in Central

Africa) [5,6], also referred to as “Possible/Probable L. loa encephalopathy temporally related to

Mectizan” (PLERM). PLERM can occur in subjects with L. loamicrofilarial density>10,000

mf/mL if measured before treatment or>1,000 mf/mL if measured after treatment [7]. Since

then, few studies have been conducted to investigate the frequency of these Loa-related adverse

drug reactions (ADR) and the mechanisms by which they occur [8].

In 2017, an analysis of the WHOGlobal individual case safety report (ICSR) database (Vigi-

Base) for serious neurological adverse events was conducted [9]. The search identified 52 iver-

mectin-related ICSRs entered into VigiBase by the pharmacovigilance system of the

Democratic Republic of the Congo (DRC) between 2009 and 2013. All patients had central

and peripheral nervous system disorders. The mean L. loamicrofilarial density measured after

treatment in these patients was 2149.1 mf/mL, and 61% of them had microfilarial density

below 1000 mf/mL, suggesting the possible occurrence of PLERM at low microfilarial density.

Another search of the VigiBase was conducted in 2016 to identify serious neurological adverse

events other than PLERM after ivermectin administration. The authors found 28 cases of sus-

pected neurological serious ADRs (sADRs) following ivermectin treatment for diseases other

than onchocerciasis (10 for scabies, 8 for acarodermatitis, 3 for strongyloidiasis, 5 for lym-

phatic filariasis, 1 for myiasis and 1 for taeniasis) [10]. This study raised questions about the

mechanisms underlying the appearance of these neurological effects. To our knowledge, these

studies are the only two that have used a pharmacovigilance database to evaluate the occur-

rence of post-ivermectin ADRs and they have focused exclusively on neurological events.

Our systematic search of the literature for non-neurological adverse events found 10 cases

where ivermectin was associated with cutaneous reactions [11–15], nephropathy [16], psychi-

atric disorders [17,18], hepatic disorders [19,20] and multiorgan dysfunction syndrome [21].

Clinical trials and observational studies have reported common adverse events such as head-

ache, pruritus, muscle pain, cough, dyspnea, nausea, vomiting, diarrhea, blurred vision, pos-

tural hypotension and confusion and more anecdotal effects such as serious skin reactions and

edematous swelling [22–24].

In the present study, we searched VigiBase for all the suspected sADRs (not only the neuro-

logical ones) reported after ivermectin treatment and after treatment with other antinematodal

drugs and conducted disproportionality analyses considering the geographical origin of the

reported cases. More specifically, the aims of this study were to identify (i) possible non-neuro-

logical pharmacovigilance signals (increased reporting of serious suspected adverse reactions

after treatment with ivermectin compared to treatment with other antinematodal drugs), and

(ii) possible neurological signals related to indications other than onchocerciasis.

Methodology

Data source

Data were extracted from the WHOGlobal Individual Case Safety Report (ICSR) database,

VigiBase [25] which includes more than 20 million cases of suspected ADRs reported by

national pharmacovigilance centers in more than 130 countries participating in theWHO Pro-

gram for International Drug Monitoring [26]. An ICSR is an anonymized report for a single

individual who experienced adverse event(s) that may be linked to the use of one or more
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drugs. ICSR contains sociodemographic information (age, sex, reporter qualification, country

of origin, year of report), information about the drug administration (frequency, dosage, co-

medication) and information about the reported adverse event. The latter include the serious-

ness according to the criteria of the International Council for Harmonisation of Technical

Requirements for Pharmaceuticals for Human Use (ICH) [27], adverse event verbatim

description and associated terms from the Medical Dictionary for Regulatory Activities (Med-

DRA) developed by the ICH. All reports of suspected sADRs associated with antinematodal

drugs (Anatomical Therapeutic Chemical [ATC] code P02C) from December 2003 (first ever

report of ivermectin-associated suspected sADR recorded) up to July 15, 2020 were extracted.

Antinematodal drugs included ivermectin, benzimidazole drugs (mebendazole, tiabendazole,

albendazole, ciclobendazole, flubendazole, fenbendazole), levamisole, pyrantel, piperazine,

diethylcarbamazine, and pyrvinium. Prior to analysis, suspected duplicate reports identified

by an automated screening were excluded [28]. When ivermectin had been administered in

combination with a benzimidazole or another antinematodal drug, the report was excluded

from the analysis. Suspected sADRs were classified following the MedDRA [29], grouped at

the System Organ Class (SOC) level and at the individual preferred term (PT) level.

Study design

We performed disproportionality analyses using the case/non-case method which allows to

identify disproportionate reporting, i.e. a higher than expected number of adverse reaction

reports compared to other reactions recorded in the database by calculating Reporting Odds

Ratios (ROR). ROR compares the odds of exposure to ivermectin between cases and non-cases

[30,31].

Cases were defined as reports of each suspected sADR of interest identified by a MedDRA

PT for severe headache, encephalopathies, confusional disorders, seizures, toxidermias (drug

reaction with eosinophilia and systemic symptoms, Stevens-Johnson syndrome, toxic epider-

mal necrolysis and acute generalized exanthematous pustulosis), psychiatric disorders, suicidal

behavior, severe acute respiratory syndrome (SARS), renal disorders, hepatic disorders, car-

diac failure, rhythm disorders and Mazzotti reaction. For specific syndromes of interest, we

mapped the PTs for the most common symptoms to one variable and used that in the analyses

instead of the individual PTs (Table 1).

Non-cases were defined as reports of any other suspected sADR occurring after administra-

tion of the same drug.

Exposure definition

Exposure to ivermectin was identified in the ICSR by the use of ivermectin (ATC code

P02CF01) preceding the onset of the serious adverse reaction. Only oral administration of

ivermectin was included (topical formulations were excluded).

Statistical analysis

Descriptive statistics were used to summarize the basic characteristics according to the origin

of the ICSR: sub-Saharan Africa (SSA) or the rest of the world (RoW).

Among all suspected sADR reports associated with antinematodal drugs, our primary anal-

yses consisted in calculating the ROR of each suspected sADR of interest (and corresponding

95% confidence interval [95% CI]) for ivermectin compared to benzimidazole drugs using

logistic regression models adjusted for age groups, date of the ICSR publication, and origin of

the notification (SSA or RoW). The latter can additionally be used as a proxy for ivermectin

indication since>99% of subjects with onchocerciasis live in SSA, and ivermectin is usually
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not used for lymphatic filariasis control/elimination outside SSA. To explore a potential effect

modification by origin, we performed secondary analyses with stratification according to the

origin of the notification (SSA and RoW).

Sensitivity analyses were performed using all antinematodal drugs (including benzimid-

azoles) as the control group instead of benzimidazoles alone and using the same statistical

methods.

Table 1. Mapping of the PTs for the most common symptoms of syndrome of interest to a new variable.

New variable Algorithm

Encephalopathies At least one of the following PTs

– Confusion

– Aphasia

– Loss of consciousness

– Coma

Confusional disorders At least one of the following PTs

– Confusion

– Agitation

– Disorientation

Toxidermias At least one of the following PTs

– Drug reaction with eosinophilia and systemic symptoms syndrome

– Stevens-Johnson syndrome

– Toxic epidermal necrolysis

– Acute generalized exanthematous pustulosis

Psychiatric disorders At least one of the following PTs

– Delusion

– Hallucination

– Delirium

– Depersonalization

– Derealization

Renal disorders At least one of the following PTs

– Renal failure

– Renal impairment

– Renal pain

– Renal injury

Hepatic disorders At least one of the following PTs

– Hepatitis

– Hepatic failure

– Hepatocellular injury

– Jaundice

– Liver injury

– Hepatic function abnormal

Mazzotti reaction At least two of the following PTs

– Headache

– Asthenia or Fatigue

– Pyrexia or Chills

– Arthralgia orMyalgia

– Edema or Swelling

https://doi.org/10.1371/journal.pntd.0009354.t001
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For all analyses, the p-values in the Tables are indicated by asterisks: ���: p<0.01; ��:

p�0.01 to<0.05; �: p�0.05 to<0.10. For all analyses, "N/A" means that the category is not

available or non-applicable.

Analyses were conducted using STATA v.15.1 software (StatCorps, LP, College Station, TX,

USA). Maps were created using the mapCountryData package from R statistical software v.

3.5.0.

Results

Descriptive analysis of the sADRs reported after treatment with ivermectin

After elimination of duplicates, 2041 suspected sADRs occurring after administration of anti-

nematodal agents were reported between December 2003 and July 2020, of which 209 (10.2%)

resulted in death. A total of 667 suspected sADRs were reported after ivermectin administra-

tion: 208 cases in SSA and 459 in the RoW. Table 2 shows the distribution of cases between

SSA and RoW by age, gender, who reported the case, brand name, fatality, reporting period,

and indication.

Most cases concerned people aged 18–44 years old (43.7%) and were reported by healthcare

professionals (90.0%). Mean age (44.7 ± 22.9 years for all cases) was significantly lower for SSA

(32.3 ± 14.6 years) than for RoW cases (51.1 ± 23.8 years). Sex distribution was also signifi-

cantly different between SSA cases (female:male ratio 1:1.96) and RoW cases (1:1). Stromectol,

the most frequently brand name reported in the RoW (62.0%), was not reported at all in SSA.

Suspected sADRs were more frequently fatal in the RoW (67 deaths; 14.6%) than in SSA (9

deaths; 4.3%). Onchocerciasis was the most frequently reported indication for ivermectin use

and this was particularly the case in SSA. Scabies was the second most frequently reported

indication for ivermectin use, all cases being from the RoW (96; 28.0%). The reported SOC are

presented in Table 3, the three most reported SOC were “General disorders and administra-

tion site conditions” (44.4%), “Nervous system disorders” (31.3%) and “Skin and subcutaneous

tissue disorders” (30.4%).

The three countries that reported the highest number of cases were the United States of

America (152 ICRS, 22.8%), France (151, 22.6%) and the DRC (115, 17.2%). Distributions by

country for the 6 most frequently reported SOC (excluding the SOC “Infections and Infesta-

tions” and “Injury, poisoning and procedural complications” for which a causal relationship to

drug administration is extremely unlikely) are presented across the world in Fig 1 and across

Africa and Europe in Figs 2 and 3, respectively.

The most frequently reported suspected sADRs are presented by SOC in S1A, S1B and S1C

Table. The ten most frequently reported suspected sADRs of interest are reported in Table 4.

The syndromes of interest which occurred after ivermectin intake and described in Table 1

are reported in Table 5.

Ivermectin indications for the 23 serious encephalopathies which occurred outside SSA

were scabies (8), acarodermatitis (4), strongyloidiasis (4), rosacea (1), onchocerciasis (1) and

unknown indications (5). Ivermectin indications for the 32 serious encephalopathies which

occurred in SSA were onchocerciasis (30), unspecified filariasis (1) and unknown (1). Indica-

tions for ivermectin treatment in cases of serious toxidermia were scabies (9), unknown (12),

strongyloidiasis (3), lice (3), acarodermatitis (2), cysticercosis (1), onchocerciasis (1), unspeci-

fied filariasis (1) and in one case ivermectin had been administered erroneously. Ivermectin

indications for cases of serious Mazzotti reactions were onchocerciasis (28), lice (3), parasitosis

(1), strongyloidiasis (1), worms (1), filariasis (1) and not reported (7).
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Disproportionality analysis

The results of the disproportionality analyses of sADRs of interest as well as non-cases after

administration of ivermectin compared to benzimidazole drugs are presented in Table 6. After

Table 2. Characteristics of sADRs exposed to ivermectin reported in VigiBase according to geographical origin.

Characteristics Sub-Saharan cases
(n = 208)

RoW cases
(n = 459)

Total
(n = 667)

Age, n (%)

0–17 23 (11.5%) 32 (8.3%) 55 (9.4%)

18–44 136 (68.3%) 119 (31.0%) 255 (43.7%)

45–64 36 (18.0%) 110 (28.6%) 146 (25.0%)

65–74 3 (1.5%) 45 (11.7%) 48 (8.2%)

>74 1 (0.5%) 78 (20.3%) 79 (13.5%)

Unknown 9 75 84

Gender, n (%)

Male 137 (66.2%) 221 (50.0%) 358 (55.2%)

Female 70 (33.8%) 221 (50.0%) 291 (44.8%)

Unknown 1 17 18

Reporter type, n (%)

Healthcare professionals 185 (94.9%) 380 (87.8%) 565 (90.0%)

Non-healthcare professionals 10 (5.1%) 53 (12.2%) 63 (10.0%)

Unknown 13 26 39

Brand name, n (%)

Stromectol 0 285 (62.0%) 285 (42.7%)

Mectizan 100 (48.1%) 8 (1.7%) 108 (16.2%)

Others� 0 45 (9.8%) 45 (6.7%)

Unknown 108 (51.9%) 122 (26.6%) 229 (34.3%)

Fatal, n (%)

Yes 9 (4.3%) 67 (14.6%) 76 (11.4%)

No 199 (95.7%) 392 (85.4%) 591 (88.6%)

Reporting period, n (%)

� 2012 91 (43.7%) 86 (18.7%) 177 (26.5%)

2013–2015 33 (15.9%) 144 (31.4%) 177 (26.5%)

2016–2018 70 (33.6%) 142 (30.9%) 212 (31.8%)

2019–2020 14 (6.7%) 87 (18.9%) 101 (15.1%)

Indications, n (%)

Onchocerciasis 110 (74.8%) 10 (2.9%) 120 (24.5%)

Scabies 0 96 (28.0%) 96 (19.8%)

Acarodermatitis 0 80 (23.3%) 80 (16.3%)

Strongyloidiasis 1 (0.7%) 64 (18.6%) 65 (13.3%)

Filariasis 29 (19.7%) 7 (2.0%) 36 (7.3%)

Rosacea 0 27 (7.9%) 27 (5.5%)

Parasitosis 1 (0.7%) 20 (5.8%) 21 (4.3%)

Others�� 6 (4.0%) 39 (11.4%) 45 (9.2%)

Unknown 61 116 177

� Soolantra (28), Scabioral (7), Sklice (6), Rosiver (2), Driponin (1), Ivermec (1).
�� Error (10), Lice (10), Prophylaxis (6), Skin disease (4), Pruritus (3), Cysticercosis (3), Helminth infection (2), Hookworm (2), Schistosomiasis (2), Loiasis (1), Taenia

(1), Worms (1).

https://doi.org/10.1371/journal.pntd.0009354.t002
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adjustment, the relative frequency of serious headaches reported after treatment with ivermec-

tin and with benzimidazole drugs was similar (adjusted ROR [aROR]: 1.22, 95% CI: 0.83–

1.78). This was also the case in origin-stratified analysis (aROR: 1.16, 95% CI: 0.68–1.98 and

aROR: 1.39, 95% CI: 0.76–2.53 in SSA and RoW, respectively). In contrast, serious encepha-

lopathies were much more frequently reported after ivermectin than benzimidazole treatment,

globally (aROR: 9.23, 95% CI: 4.56–18.61), in SSA countries (aROR: 27.1, 95% CI: 6.34–116.1)

and in the RoW (aROR: 6.30, 95% CI: 2.68–14.8). Reports of confusional disorders were

strongly associated with ivermectin use globally (aROR: 4.05, 95% CI: 1.81–9.09), in the RoW

(aROR: 3.66, 95% CI: 1.49–8.87) but not in SSA (aROR: 3.87, 95% CI: 0.76–19.6). Serious sei-

zures were not more frequently reported after ivermectin than after benzimidazole drugs

(aROR: 0.49, 95% CI: 0.49–0.97).

Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS) was more frequently

reported with ivermectin than with benzimidazole drugs (aROR: 8.59, 95% CI: 1.85–39.9). No

adjustments were possible for the analysis of DRESS because of the low number of cases. Seri-

ous toxidermias (DRESS, Stevens-Johnson syndrome, toxic epidermal necrolysis and acute

generalized exanthematous pustulosis) were more frequently reported with ivermectin than

with benzimidazole drugs globally (aROR: 4.43, 95% CI: 2.07–9.47) and in the RoW (aROR:

6.05, 95% CI: 2.76–13.3), but not in SSA countries (aROR: 0.52, 95% CI: 0.05–5.01). It is

Table 3. Frequency of reported SOC by regions and in total. Multiple SOC can be reported in a single ICSR.

System Organ Class (SOC), n (% of ICSR with mention of the SOC) Sub-Saharan reports RoW reports Total reports

General disorders and administration site conditions 120 (57.7%) 176 (38.3%) 296 (44.4%)

Nervous system disorders 112 (53.8%) 97 (21.1%) 209 (31.3%)

Skin and subcutaneous tissue disorders 72 (34.6%) 131 (28.5%) 203 (30.4%)

Gastrointestinal disorders 51 (24.5%) 78 (17.0%) 129 (19.3%)

Infections and infestations 5 (2.4%) 77 (16.8%) 82 (12.3%)

Musculoskeletal, connectives tissues disorders 52 (25.0%) 26 (5.7%) 78 (11.7%)

Injury, poisoning, procedural complications 0 67 (14.8%) 67 (10.0%)

Psychiatric disorders 20 (9.6%) 42 (9.2%) 62 (9.3%)

Respiratory, thoracic, mediastinal disorders 10 (4.8%) 52 (11.3%) 62 (9.3%)

Renal and urinal disorders 28 (13.5%) 29 (6.3%) 57 (8.5%)

Investigations 1 (0.5%) 56 (12.2%) 57 (8.5%)

Eye disorders 28 (13.5%) 21 (4.6%) 49 (7.3%)

Hepatobiliary disorders 1 (0.5%) 47 (10.2%) 48 (7.2%)

Vascular disorders 23 (11.1%) 24 (5.2%) 47 (7.0%)

Blood and lymphatic system disorders 2 (1.0%) 42 (9.2%) 44 (6.6%)

Cardiac disorders 1 (0.5%) 27 (5.9%) 28 (4.2%)

Metabolism and nutrition disorders 0 24 (5.2%) 24 (3.6%)

Immune system disorders 2 (1.0%) 13 (2.8%) 15 (2.2%)

Ear and labyrinth disorders 6 (2.9%) 8 (1.7%) 14 (2.1%)

Reproductive system and breast disorders 6 (2.9%) 3 (0.7%) 9 (1.3%)

Pregnancy, puerperium, perinatal disorders 0 9 (2.0%) 9 (1.3%)

Neoplasm benign, malignant and unspecified 0 8 (1.7%) 8 (1.2%)

Endocrine disorders 0 7 (1.5%) 7 (1.0%)

Social circumstances 0 4 (0.9%) 4 (0.6%)

Surgical and medical procedures 0 4 (0.9%) 4 (0.6%)

Product issues 0 3 (0.7%) 3 (0.4%)

Congenital, familial and genetic disorders 0 1 (0.2%) 1 (0.1%)

https://doi.org/10.1371/journal.pntd.0009354.t003
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noticeable that eight cases of toxidermia were excluded from the analyses because ivermectin

was co-administered with albendazole.

Serious psychotic disorders and suicidal disorders were not more frequently reported with

ivermectin than with benzimidazole drugs (aROR: 1.78, 95% CI: 0.70–4.53 and aROR: 7.67,

95% CI: 0.85–69.0, respectively).

Only 5 cases of Severe Acute Respiratory Syndrome (SARS) were reported, and no signifi-

cant associations were found. aROR values did not indicate any associations for serious hepatic

disorders or serious renal disorders either (aROR: 0.51, 95% CI: 0.36–0.74 and aROR: 1.36,

95% CI: 0.66–2.85, respectively).

Serious cardiac failures were significantly associated with ivermectin compared to benz-

imidazole drug intake (ROR: 11.4, 95% CI: 1.37–94.9, no adjustment possible). Serious rhythm

disorders were not found to be associated with ivermectin compared to benzimidazole drugs.

Finally, serious Mazzotti reactions were strongly associated with ivermectin compared to

benzimidazole drugs both in SSA (aROR: 1.95, 95% CI: 1.09–3.52) and in the RoW (aROR:

19.7, 95% CI: 2.20–175.5).

Sensitivity analyses

Disproportionality analyses were repeated with all antinematodal drugs rather than only benz-

imidazole drugs as control group (S2 Table). Associations for reports of serious headache in

RoW (aROR: 1.82, 95% CI: 1.01–3.28) and serious rhythm disorders in RoW (aROR: 3.45,

95% CI: 1.02–11.7) were strengthened in these sensitivity analyses. No changes were found for

encephalopathies, confusional disorders, DRESS, toxidermias, seizures, renal disorders, sui-

cidal disorders, psychiatric disorders, SARS, hepatic disorders and Mazzotti reactions. In

Fig 1. Number of Individual Case Safety Reports (ICSRs) per country and distribution of sADRs of the 6 most reported SOCs (created with R
software and the Rworldmap package). The pie charts show the proportion of the most reported SOCs described by country. The number next to
the pie chart represents the number of ICSRs by country (an ICSR can contain multiple SOCs).

https://doi.org/10.1371/journal.pntd.0009354.g001
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contrast to the primary analysis, the sensitivity analysis identified no association for cardiac

failures.

Discussion

Our study used a case-non-case approach to assess the association between the use of ivermec-

tin and the reporting of neurological as well as non-neurological suspected sADRs, recorded

in the WHO drug adverse events database from 2003 to 2020 (see S3 Table for STROBE check-

list of case-control studies). To our knowledge, it is the first to globally review the main serious

ADRs reported with ivermectin. Some strong significant disproportionality signals were

found, showing more frequent reporting of encephalopathies after ivermectin than after benz-

imidazoles, both in SSA countries and in the RoW. Disproportionality signals were also identi-

fied for serious toxidermias, serious confusional disorders and serious Mazzotti reactions with

ivermectin when compared with benzimidazole drugs or all non-ivermectin antinematodal

drugs. A less consistent signal was found for cardiac failures and further studies are needed to

confirm this result.

Fig 2. Number of Individual Case Safety Reports (ICSRs) per African country and distribution of serious ADRs of the 6 most reported
SOCs (created with R software and the Rworldmap package). The pie charts show the proportion of the most reported SOCs described by
country. The number next to the pie chart represents the number of ICSRs by country (an ICSR can contain multiple SOCs).

https://doi.org/10.1371/journal.pntd.0009354.g002
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Some of these results were expected, given the different mechanisms of action of ivermectin

and benzimidazoles on the various targeted parasites. Ivermectin exerts a strong microfilarici-

dal effect on filariae, leading to a destruction of mf within one week after treatment. In subjects

Fig 3. Number of Individual Case Safety Reports (ICSRs) per European country and distribution of sADRs of the 6 most
reported SOCs (created with R software and the Rworldmap package). The pie charts show the proportion of the most reported
SOCs described by country. The number next to the pie chart represents the number of ICSRs by country (an ICSR can contain
multiple SOCs).

https://doi.org/10.1371/journal.pntd.0009354.g003

Table 4. Frequency of ten most reported suspected sADRs by regions and in total.

Suspected sADRs, n (%) Sub-Saharan sADRs RoW sADRs Total sADRs

Headaches 60 (73.2%) 22 (26.8%) 82

Asthenia 61 (78.2%) 17 (21.8%) 78

Pruritus 47 (61.8%) 29 (38.2%) 76

Pyrexia 42 (66.7%) 21 (33.3%) 63

Coma 31 (86.1%) 5 (13.9%) 36

Dizziness 29 (67.4%) 14 (32.6%) 43

Vomiting 16 (50.0%) 16 (50.0%) 34

Rash 9 (29.0%) 22 (71.0%) 31

Diarrhea 20 (66.7%) 10 (33.3%) 30

https://doi.org/10.1371/journal.pntd.0009354.t004
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infected with Onchocerca volvulus, the destruction of mf in the skin is associated with inflam-

matory processes leading to the so-called Mazzotti reaction. In those infected with L. loa, the

drug probably induces a paralysis of the L. loamf, which are then drained passively in the

blood circulation. If the microfilarial density is high, the process can lead to an embolization of

mf in the brain capillaries, to inflammatory reactions at the cerebral level, and to an encepha-

lopathy. In contrast, benzimidazoles have little short-term effect on the mf of any filarial spe-

cies, and thus do not induce Mazzotti reactions, but impair the production of new mf by the

adult female worms.

The US Food and Drug Administration (FDA) approved product information for ivermec-

tin mentions that "Rarely, patients with onchocerciasis who are also heavily infected with Loa

loamay develop a serious or even fatal encephalopathy either spontaneously or following treat-

ment with an effective microfilaricide." [2] In our study, we confirmed the findings of a previ-

ous analysis of the data in VigiBase [10] which identified encephalopathies reported with

ivermectin also outside of SSA where L. loa is not endemic. In addition, we quantified this

association by estimating aRORs for ivermectin-induced encephalopathy. aROR was higher in

the SSA countries than in the RoW but both were significant, demonstrating a strong global

safety signal. Another recent publication described the case of a 13 years old boy presenting a

progressive encephalopathy after a single oral dose of ivermectin given at 230 μg per kg, i.e.

only slightly higher than the dose used for ivermectin mass drug administration for onchocer-

ciasis (150 μg/kg) and lymphatic filariasis (200 μg/kg) control or to prevent scabies infection

(200 μg/kg). The authors found that the patient was a carrier of non-sense mutations in the

gene coding for the ATP-binding cassette subfamily B member 1 (ABCB1) transporter which

is known to efflux ivermectin from the brain. These mutations can lead to neurological adverse

reactions induced by ivermectin [32]. Our results are therefore consistent with the literature

and support the evidence of post-ivermectin serious neurological ADRs in some people not

infected with L. loa. The clinical presentations of Loa-related and non-Loa-related post-iver-

mectin neurological ADRs are summarized in Table 7.

The FDA-approved product information for ivermectin also includes the risk of toxic epi-

dermal necrolysis and Stevens-Johnson syndrome as very rare events. By identifying a strong

disproportionality signal between ivermectin and benzimidazole drugs or all other antinema-

todal drugs, our study suggests that ivermectin may be associated with a higher risk of toxider-

mias than other antinematodal drugs. We also found in VigiBase two types of toxidermia that

were never mentioned in the literature: 9 cases of DRESS and 2 cases of acute generalized

exanthematous pustulosis after ivermectin intake. These findings could be of great interest for

clinicians considering ivermectin treatment in patients at risk for these sADRs or assessing the

causality of ivermectin in the development of a toxidermia.

Our study has several strengths. First, we used the global ADRs database VigiBase intended

to collect information on suspected ADRs from nearly all national pharmacovigilance centers

Table 5. Frequency of reported suspected syndromes by regions and in total.

Suspected syndromes, n (%) Sub-Saharan cases RoW cases Total cases

Encephalopathy 32 (58.2%) 23 (41.8%) 55

Confusional disorders 6 (27.3%) 16 (72.7%) 22

Toxidermia 8 (24.2%) 25 (75.8%) 33

Psychotic disorders 1 (9.1%) 10 (90.9%) 11

Renal disorders 1 (5.3%) 18 (94.7%) 19

Hepatic disorders 2 (3.8%) 51 (96.2%) 53

Mazzotti reaction 34 (81.0%) 8 (19.0%) 42

https://doi.org/10.1371/journal.pntd.0009354.t005
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in the world, allowing us to estimate ROR for rare events with sufficient statistical power and

to stratify on geographical origin (SSA vs. RoW). Second, analyses were performed with

adjustment for several potential confounders such as origin, gender, age and period of notifica-

tion. Third, nearly all results of our principal analysis were confirmed in our sensitivity analy-

ses considering all antinematodal agents. Fourth, our results are consistent with already

known risk associated with ivermectin (encephalopathy in SSA and Mazzotti reactions).

Limitations of this study include the concern about under-reporting of suspected ADRs

and differences in the under-reporting between different countries as well as the lack of infor-

mation on the number of drug administrations, which is a major disadvantage inherent in

studies using pharmacovigilance databases [33,34]. Although under-reporting may be less

important since we focused on serious ADRs (which are more likely to be reported) [35], our

Table 6. Disproportionality analysis of serious adverse reactions associated with ivermectin compared to benzimidazole drugs.

Serious adverse drug
reaction

Drugs Cases Non-
cases

Crude ROR (95%
CI)

Adjusted ROR a

(95% CI)
Adjusted ROR b in Sub-Saharan
Africa (95% CI)

Adjusted ROR b in
RoW (95% CI)

Headache Ivermectin 71 502 1.40 �� (1.01–1.93) 1.22 (0.83–1.78) 1.16 (0.68–1.98) 1.39 (0.76–2.53)

Benzimidazoles 99 980 Ref. Ref. Ref. Ref.

Encephalopathy Ivermectin 55 518 10.3 ��� (5.35–19.9) 9.23 ��� (4.56–18.6) 27.1 ��� (6.34–116.1) 6.30 ��� (2.68–14.8)

Benzimidazoles 11 1068 Ref. Ref. Ref. Ref.

Confusional disorders Ivermectin 22 551 3.88 ��� (1.87–8.05) 4.05 ��� (1.81–9.09) 3.87 (0.76–19.6) 3.66 ��� (1.49–8.97)

Benzimidazoles 11 1068 Ref. Ref. Ref. Ref.

Seizure Ivermectin 11 562 0.49 (0.25–0.97) 0.83 (0.40–1.72) N/A N/A

Benzimidazoles 41 1038 Ref. Ref.

DRESS � Ivermectin 9 564 8.59 ��� (1.85–39.9) N/A N/A N/A

Benzimidazoles 2 1072 Ref.

Toxidermia Ivermectin 25 548 3.47 ��� (1.79–6.73) 4.43 ��� (2.07–9.47) 0.52 (0.05–5.01) 6.05��� (2.76–13.3)

Benzimidazoles 15 1065 Ref. Ref. Ref. Ref.

Psychotic disorders Ivermectin 10 563 1.72 (0.73–4.08) 1.78 (0.70–4.53) N/A 1.62 (0.62–4.23)

Benzimidazoles 11 1068 Ref. Ref. Ref.

Suicidal behavior Ivermectin 4 569 7.58 � (0.84–68.0) 7.67 � (0.85–69.0) N/A N/A

Benzimidazoles 1 1078 Ref. Ref.

SARS �� Ivermectin 4 569 7.58 � (0.84–68.0) N/A N/A N/A

Benzimidazoles 1 1078 Ref.

Renal disorders Ivermectin 17 556 2.03 �� (1.02–4.05) 1.36 (0.66–2.85) N/A N/A

Benzimidazoles 16 1063 Ref. Ref.

Hepatic disorders Ivermectin 50 523 0.61 (0.44–0.86) 0.51 (0.36–0.74) 1.36 (0.08–21.9) 0.50 (0.35–0.73)

Benzimidazoles 145 934 Ref. Ref. Ref. Ref.

Cardiac failure Ivermectin 6 567 11.4 �� (1.37–94.9) N/A N/A N/A

Benzimidazoles 1 1078 Ref.

Rhythm disorders Ivermectin 7 566 3.32 � (0.97–11.40) 3.18 � (0.86–11.7) N/A 3.18 � (0.86–11.7)

Benzimidazoles 4 1075 Ref. Ref. Ref.

Mazzotti’s reaction Ivermectin 36 537 2.94 ��� (1.74–4.99) 2.16 �� (1.16–4.03) 1.95 �� (1.09–3.52) 19.7 ��� (2.20–175.5)

Benzimidazoles 24 1055 Ref. Ref. Ref. Ref.

a Adjusted for origin (Sub-Saharan Africa or RoW), gender, age and period of notification
b Adjusted for gender, age and period of notification
� Drug reaction with eosinophilia and systemic symptoms
�� Severe Acute Respiratory Syndrome.

https://doi.org/10.1371/journal.pntd.0009354.t006
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analyses cannot measure the real risk of ADR but only the differences in reported events.

Indeed, subjects in the control group (non-cases) are not healthy controls but patients with

other various reported ADRs and pharmacovigilance data do not consider the total amount of

patients exposed to the drug. Nevertheless, there is no apparent reason that, in a specific

region, ADRs would be more or less reported with ivermectin than those occurring after treat-

ment with benzimidazole drugs or other antinematodal drugs. By analyzing real-life surveil-

lance data, disproportionality analyses have demonstrated their usefulness for detecting drug

risks [36,37]. Anyway, these results should be taken with caution because of potential missing

information. Pharmacovigilance systems are not yet well established in SSA countries. In 2017,

only 30% of these countries had specific procedures for the monitoring of ADRs and only 28%

had a platform for coordinating pharmacovigilance activities at the national level [38]. Cases

of serious adverse events occurring during the ivermectin mass drug administration organized

by the onchocerciasis and LF control programs have to be reported by the countries to the

Mectizan Donation Program, but the extent to which all relevant observations are recorded in

the rural areas where onchocerciasis and LF are endemic and then passed on to the central

level is unknown as is the extent to which they are reported into theWHOVigiBase. For exam-

ple, we found no cases from Cameroon even though ivermectin mass drug administration pro-

grams have been ongoing there for 30 years, and many cases are known to have occurred since

the early 1990s [39]. In addition, the first case of a post-ivermectin ADR was reported in Vigi-

Base in December 2003 while the first reported death after ivermectin was reported by the

WHODrug Information in 1991 [40]. We consider it likely that availability of complete data

from SSA would show more cases associated with ivermectin use and would increase the

strength of the safety signals we identified.

In addition, a notoriety bias (selection bias in which a case has a greater chance of being

reported if the drug is known to cause, thought to cause, or likely to cause the event of interest

[41]) could be considered for reports of encephalopathy in SSA given that the first cases of

encephalopathies involving ivermectin led to complications in the early mass drug administra-

tion campaigns for elimination of onchocerciasis. However it is unlikely that such bias exist

for two reasons (i) in SSA countries, ivermectin is distributed as part of mass treatment orga-

nized by the Ministries of Health, and those of L. loa-endemic countries might be less inclined

to report post-ivermectin sADRs because the cases are not regarded as exceptional and (ii) we

also found a strong disproportionality signal in the RoW which is not being affected by this

bias.

Table 7. Possible/Probable Loa loa encephalopathy temporally related to Mectizan and other encephalopathies related to ivermectin: mains risk factors, symptoms
and mechanisms involved.

Main risk factors Main symptoms Main mechanisms involved

Possible/Probable Loa loa

encephalopathy temporally related
to Mectizan (PLERM)

- Intensity of the
initial Loa
microfilaremia

- 12-24h following treatment: fever, fatigue, arthralgia,
agitation, mutism, incontinence
- 24-72h following treatment: consciousness disorders
including coma and extrapyramidal signs, typical
hemorrhages in the palpebral conjunctiva, retinal lesions
- Existence of diffuse pathological process at
electroencephalogram level

- Paralysis of the microfilariae due to the
action of ivermectin resulting in
embolisms in the brain capillaries
- Inflammatory processes at the cerebral
level

Other encephalopathies related to
ivermectin:
- Toxicosis due to an overdose
- Toxicosis due to a mutation

- Polymorphism of
MDR1 gene
- Deficiency in P-
glycoproteins
- Intentional or
unintentional
overdosing

- Few hours after administration: nausea, vomiting,
abdominal pain, salivation, tachycardia, hypotension,
ataxia, pyramidal signs, binocular diplopia
- Normal paraclinical tests results

- Passage of ivermectin through the blood-
brain barrier (due to overdose or
mutation of transporters/metabolism
actors)

https://doi.org/10.1371/journal.pntd.0009354.t007
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Our analyses identified serious ADRs that can be associated with ivermectin use that to

date have received little, if any attention. As ivermectin is currently widely used off label, espe-

cially in Latin America, to control COVID-19 without strong evidence for beneficial effect

[42], this study is timely to describe the various suspected sADRs to which this population is

potentially exposed even in the absence of onchocerciasis and loiasis endemicity. While iver-

mectin’s excellent safety profile is the basis for mass drug administration campaigns and prog-

ress towards elimination in particular of onchocerciasis, one must remain aware and vigilant

about the sADRs it may possibly induce.
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33. Bégaud B, Martin K, Haramburu F, Moore N. Rates of Spontaneous Reporting of Adverse Drug Reac-
tions in France. JAMA. 2002; 288: 1588. https://doi.org/10.1001/jama.288.13.1588 PMID: 12350188

34. Van Der Heijden PGM, Van Puijenbroek EP, Van Buuren S, Van Der Hofstede JW. On the assessment
of adverse drug reactions from spontaneous reporting systems: The influence of under-reporting on
odds ratios. Stat Med. 2002; 21: 2027–2044. https://doi.org/10.1002/sim.1157 PMID: 12111885

35. Martin RM, Kapoor K V., Wilton L V, Mann RD. Underreporting of suspected adverse drug reactions to
newly marketed (’black triangle’) drugs in general practice: Observational study. Br Med J. 1998; 317:
119–120. https://doi.org/10.1136/bmj.317.7151.119 PMID: 9657787
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Levamisole was initially prescribed for the treatment of intestinal worms. Because of

immunomodulatory properties, levamisole has been used in inflammatory pathologies

and in cancers in association with 5-fluorouracil. Levamisole is misused as a cocaine

adulterant. Post-marketing reports have implicated levamisole in the occurrence of

adverse drug reactions (ADRs) and its use is now limited in Europe and North

America. In contrast, all other parts of the World continue to use single-dose

levamisole as an anthelmintic. The aim of this study was to identify ADRs reported

after levamisole exposure in VigiBase, the World Health Organisation's

pharmacovigilance database, and analyse their frequency compared to other drugs

and according to levamisole type of use.

Methods: All levamisole-related ADRs were extracted from VigiBase. Dis-

proportionality analyses were conducted to investigate psychiatric, hepatobiliary,

renal, vascular, nervous, blood, skin, cardiac, musculoskeletal and general ADRs

associated with levamisole and other drugs exposure. In secondary analyses, we

compared the frequency of ADRs between levamisole and mebendazole and

between levamisole type of use.

Results: Among the 1763 levamisole-related ADRs identified, psychiatric disorders

(reporting odds ratio with 95% confidence intervals: 1.4 [1.2–2.6]), hepatobiliary dis-

orders (2.4 [1.9–4.3]), vasculitis (6.5 [4.1–10.6]), encephalopathy (22.5 [17.4–39.9]),

neuropathy (4.3 [2.9–7.1]), haematological disorders, mild rashes and musculoskeletal

disorders were more frequently reported with levamisole than with other drug. The

majority of levamisole-related ADRs occurred when the drug was administrated for a

non–anti-infectious indication.

Conclusion: The great majority of the levamisole-related ADRs concerned its

immunomodulatory indication and multiple-dose regimen. Our results suggest that

single-dose treatments for anthelmintic action have a good safety profile.
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1 | INTRODUCTION

Levamisole is an old drug derived from imidazothiazole, discovered in

1966 and originally used in veterinary medicine as an anthelmintic

and then marketed for the same indication in humans. The

anthelminthic action of levamisole is mainly used against Ascaris

lumbricoides, Trichuris trichiura and hookworms (Necator americanus

and Ancylostoma duodenale), the 3 main soil-transmitted helminths

(STH) belonging to the World Health Organisation's (WHO's) list of

Neglected Tropical Diseases. Because of levamisole's broad spectrum

activity and safety, as well as the fact that it is relatively inexpensive

and requires only a single oral dose to treat STH, it has been included

in the WHO list of essential medicines in 1988.1 From the early

1980s, national programmes to control STH have typically

implemented annual mass drug administration with any of the follow-

ing anthelmintic drugs: albendazole, mebendazole, levamisole or

pyrantel (the exact drug is at the discretion of each country).2

However, since 2003, the 3 drugs used by national programmes are

albendazole, mebendazole and praziquantel (only in combination with

1 of the other 2 treatments), while levamisole is no longer used in

mass drug administration according to the WHO data.3,4 This is due

to 3 main reasons: (i) contrarily to levamisole, benzimidazoles

(especially mebendazole) are very little absorbed by the organism and

remain in the intestine where they kill the intestinal parasites, which is

a guarantee of safety; (ii) since 2010, 2 pharmaceutical companies

have been donating large quantities of mebendazole (Johnson &

Johnson) and albendazole (GlaxoSmithKline) to countries where STH

are endemic, thus promoting the use of these molecules from an

economic perspective; (iii) albendazole and mebendazole do not

require weight adjustment, unlike levamisole, which is used at

2.5 mg/kg. In 2008, Albonico et al. reported that “no literature was

found specifically on the use of levamisole in pre-school age children”

(i.e. as part of mass drug administration for STH infections).5

However, it appears that the last documented uses of levamisole in

national control programmes were in China, Iran, Vietnam, Brazil,

Kenya and Nigeria in the 1990s.5,6

Besides these national control programmes, levamisole can be

purchased with or without a medical prescription for personal use in

many countries around the world, particularly in areas where STH are

highly endemic (South America, Asia and Africa). For both individual

treatment and mass drug administration, levamisole is usually adminis-

tered as a single oral dose of 2.5 mg/kg or 80 mg for all school-age

children to treat STH.7

The mechanisms of action of levamisole are multiple and not

yet fully elucidated. Levamisole is able to paralyze nematode

muscles, leaving the worms unable to attach themselves to the

mucous membranes, and causing them to be expelled through the

intestine.8 Levamisole has several other effects on human

organisms: it exerts immunomodulatory properties and acts on the

dopaminergic, cholinergic and noradrenergic systems.9 Levamisole

was subsequently used for its immunomodulatory action in certain

forms of rheumatoid arthritis and in association with 5-fluorouracil

in patients with colon cancer or melanoma.10 In some countries,

levamisole is also used in the treatment of paediatric nephrotic

syndrome.11

The majority of levamisole-related adverse drug reactions (ADRs)

reported when used as an anthelmintic treatment were mild and

transient.12–15 During 1994–2000, some cases of nervous system

disorders were reported in North Vietnam but levamisole was

produced locally, which, according to the Centre for Adverse Drug

Reaction of the Vietnam ministry of health, “raises the issue of quality

assurance”.6 In 2009, for the first time, 16 cases of multifocal

inflammatory leucoencephalopathy were reported from China after a

single dose of levamisole.16

The scientific literature also reports various ADRs after levamisole

treatment for other purposes than anthelmintic indication. In cancer

treatments, levamisole is generally used at high doses (50 mg every

8 h for 3 d) every 2 weeks for at least 1 year17 and in combination

with 5-fluorouracil. Several authors reported cases of multifocal

inflammatory leucoencephalopathy,18–34 vasculitis,35 agranulocyto-

sis36 and thrombocytopenia37 associated with this regimen.

As part of paediatric nephrotic syndrome or rheumatoid

polyarthritis, the recommended dose of levamisole is 2 or 2.5 mg/kg

on alternate days for 12–24 months.11 In studies concerning

immunomodulatory properties of levamisole, some serious ADRs have

been reported: nervous system disorders,38 vasculitis39–43 and

agranulocytosis.44,45

Since 2009, levamisole has been involved in case reports as a

cocaine adulterant; the amphetamine-like substance aminorex

(an anorectic stimulant) being its metabolite.46 Several hypotheses

have been made to explain cocaine adulteration with levamisole:

its cheapness, the large quantity available, its chemical properties,

which enable it to go undetected in typically used street purity

tests, and/or potentiation of cocaine effects.47 Severe somatic

complications widely reported in users of levamisole-adulterated

What is already known about this subject

• Levamisole has had many different indications, has been

misused and has been associated in the occurrence of

serious adverse drug reactions (ADRs).

• This association has led several countries to suspend its

use. Nevertheless, other countries still use it daily for its

antiparasitic indication and do not report serious ADRs.

What this study adds

• Most levamisole-related ADRs concern its immunomodu-

latory proprieties.

• Single-dose treatments of levamisole for an antiparasitic

indication appear to have a good safety profile.

• The use of levamisole in specific areas where benzimid-

azole resistance is feared could be an important resource

to overcome the possible occurrence of resistance.
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cocaine include leucopenia, agranulocytosis, leucoencephalopathy,

arthritis, thrombotic vasculopathy and vasculitis.48 Cardiac

complications, cognitive impairments and cerebral toxicities were

also recently described.49–51 As the percentage of levamisole in

cocaine powder and the amount of cocaine consumed is never

known at the time of consumption, it is very difficult to estimate

the level of levamisole exposure in the cases.

Although levamisole is considered as an essential medicine by the

WHO, the USAand Europe decided to withdraw its marketing

authorization in 2004 and 1998 respectively, and to regulate its use

(temporary authorization) for specific indications such as nephrotic

syndrome or (as an adjuvant) cancer therapy.

Encephalopathies, vasculitis and agranulocytosis are post-

levamisole ADRs whicthath seem related to the type of use of the

drug, and thus to the dosage regimen. Besides the adulterated

cocaine, information regarding the extent of levamisole use, both in

general (including in automedication) and specifically for treatment of

STH (i.e. at single dose of 2.5 mg/kg) is scarce. As levamisole has been

used in many indications, with very different administration

schemes and various coadministered drugs, it is likely that the ADRs

occurring varies according to each use. The prescription drug

information mentions the following ADRs: neutropenia, thrombocyto-

penia, leucoencephalopathy, hypersensitive reactions, nervousness,

sleepiness, depression, nausea, vomiting, reduced appetite, diarrhoea,

constipation, pancreatitis, skin rash and inflammation, muscle and joint

pain, inflammation of the mouth, and change of odour.52 Finally, with

the emergence of the COVID-19 pandemic, levamisole has been

proposed as a therapeutic strategy option on the basis of its immuno-

modulatory properties, which were thought to improve clinical status

of patients with COVID-19.53 In this context, we searched the WHO

global pharmacovigilance database, VigiBase, for all the suspected

ADRs reported after levamisole treatment. We then conducted

disproportionality analyses considering the types of use. More

specifically, the aims of this study were: (i) to identify new

pharmacovigilance signals (increased reporting of suspected ADRs

after treatment with levamisole compared to other treatments); (ii) to

compare ADRs after levamisole according to its type of use (and

therefore its regimen); and (iii) to assess, using all available informa-

tion, the safety of a single dose. Finally, an overview of the known

mechanisms of action of levamisole is provided.

2 | METHODS

2.1 | Data source

Data were extracted from the WHO Global Individual Case

Safety Report (ICSR) database VigiBase,54 which includes >24 million

cases of suspected ADRs reported by national pharmacovigilance

centres in >130 countries participating in the WHO Program for

International Drug Monitoring.55 An ICSR is an anonymized report

for a single individual who experienced adverse event(s) that may be

linked to the use of 1 or more drugs. ICSR contains sociodemographic

information (age, sex, reporter qualification, country of origin, year of

report), information about the drug administration (frequency, dosage,

comedications) and information about the reported adverse event(s).

The latter includes the seriousness according to the criteria of the

International Council for Harmonization of Technical Requirements

for Pharmaceuticals for Human Use (ICH),56 adverse event verbatim

description and associated terms from the Medical Dictionary for

Regulatory Activities (MedDRA) developed by the ICH. From

VigiBase, all reports of suspected ADRs associated with levamisole

from 27 February 1977 (first ever report of levamisole-related

suspected ADR recorded) up to 7 February 2021 were extracted.

Primary analysis used all reports from VigiBase, comparing levamisole-

related ADRs to all ADRs reported in the database (any drugs).

Mebendazole-related cases were also extracted and used as control

cases because of this drug has similar anthelmintic indications. Prior

to analysis, suspected duplicate reports identified by an automated

screening were excluded.57 Suspected ADRs were classified following

the MedDRA classification,58 grouped at the system organ class (SOC)

level and at the individual preferred term (PT) level.

2.2 | Study design

We performed disproportionality analyses using the case–noncase

method, which allows to identify disproportionate reporting, i.e. a

higher-than-expected number of adverse reaction reports compared

to other reactions recorded in the database by calculating reporting

odds ratios (RORs). ROR compares the odds of exposure to levamisole

between cases and noncases.59,60

Cases were defined as reports of each suspected ADR of interest

identified by a MedDRA PT. ADRs of interest were identified from

the scientific literature or from the drug official information (summary

of product characteristics) and include vasculitis, encephalopathies,

peripheral neuropathy, convulsions, agranulocytosis, leucopenia,

neutropenia, thrombocytopenia, vertigo, fever, tachycardia, failures

(cardiac arrest, cardiorespiratory arrest, heart attack and chest pains),

arthritis or synovitis, arthralgia or myalgia and hypothrombinaemia.

Because of the small number of PT reported among some SOCs, a

global analysis was performed for all PT reported among the 3 follow-

ing SOCs: “psychiatric disorders”, “hepatobiliary disorders” and “renal

and urinal disorders”. For “skin and subcutaneous tissue disorders”

SOC, we conducted 2 separated analyses, 1 on severe skin disorders:

Stevens–Johnson syndrome, or toxic epidermal necrolysis or acute

generalized exanthematous pustulosis; and 1 on all mild skin disorders

(rash or erythema).

Noncases were defined as reports of any other suspected ADR.

2.3 | Exposure definition

Exposure was identified in the ICSR by the use of levamisole

(Anatomical Therapeutic Chemical [ATC] code P02CE) preceding the

onset of the adverse reaction.
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2.4 | Statistical analysis

Descriptive statistics were used to summarize the basic characteristics

according to the indication of levamisole: anti-infectious, immuno-

modulator, adulterant or unknown/unprecise indication.

The indication categories were retrieved based on the

information available in VigiBase and defined as follows. The anti-

infectious category includes cases where the drug was administered

for any infection according to the market authorization, i.e. for

parasitic infections, or off-market authorization, i.e. at the discre-

tion of the prescribing physician, for viral or bacterial infections.

The adulterant category includes all cases where cocaine was part

of the coadministered molecules or where the reporter notified

that it was a misuse. The immunomodulator category includes all

cases where levamisole is defined as an adjuvant, immunomodula-

tor or anti-cancer treatment or where 5-fluorouracil was part of

the coadministered drugs. Finally, the unknown/unprecise category

includes all other cases where the reporter did not report any

specific indication.

An analysis of characteristics associated with each ADR of

interest where levamisole was suspected, including sex ratio, age,

percentage of cases considered as serious, median time from initia-

tion of levamisole to effect, reported use, reported period of notifi-

cation and frequency of administration (single dose or multiple

doses), was conducted. The reporting period was categorized into

4 categories (before 1990, between 1990 and 1999, between

2000 and 2009 and after 2009) according to important dates in

the history of levamisole (approved in 1970 for its anthelmintic

action; approved in 1990 for its immunomodulatory action; loss of

marketing authorizations in the 2000s; first case of levamisole uses

as a cocaine adulterant in 2009).

Our primary analyses consisted in calculating the ROR of each

suspected ADR of interest (and corresponding 95% confidence inter-

val [95% CI]) for levamisole compared to all other drugs reported in

VigiBase using logistic regression models. A first secondary stratified

analysis consisted in calculating the ROR of each suspected ADR of

interest for levamisole compared to mebendazole but only when the

indication was anti-infectious. In 2 last secondary analyses, ADRs

were compared according to levamisole type of use: immunomodula-

tory indication vs. anti-infectious indication, and adulterant use vs.

anti-infectious indication.

Analyses were conducted using STATA v.15.1 software

(StatCorps, LP, College Station, TX, USA).

2.5 | Description of the mechanisms of action of

levamisole

A separate literature review was performed using the Medline data-

base to search information on the mechanisms of action of levamisole,

their potential implication in occurrence of ADRs and their potential

synergy with cocaine or 5-fluorouracil.

3 | RESULTS

3.1 | Descriptive analysis of the ADRs reported

with levamisole

Among the 24 217 750 cases reported in VigiBase and after elimina-

tion of duplicates, 1763 suspected ADRs after administration of

levamisole were reported between 27 February 1977 and 7 February

2021. Among them, 265 (15.0%) were reported as serious, 89 (5.0%)

resulted in death, 82 (4.6%) involved cocaine, 142 (8.0%) occurred

after use for an anti-infectious indication, 953 after use for immuno-

modulatory action (54.1%) and 586 (33.2%) had no specified indica-

tion. Within immunomodulatory cases, 51 (5.3%) concerned

treatment of paediatric nephrotic syndrome and 902 (94.7%) con-

cerned cancer treatment in association with 5-fluorouracil. Table 1

shows the distribution of cases according to levamisole use by age,

sex, dosage regimen, seriousness, reporter type, geographical area and

reporting period.

Most cases concerned adults (64.0%) and were reported by

healthcare professionals (98.9%). Mean age was 35.7 ± 23.9 years for

all cases, 35.7 ± 12.7 years for adulterant cases, 23.4 ± 19.5 years

for anti-infectious cases, 59.0 ± 16.7 years for immunomodulator

cases, 9.0 ± 3.3 years for nephrotic syndrome and 61.9 ± 11.8 years

for cancer therapy. Suspected ADRs were more frequently fatal in

adulterant cases (55 deaths; 68.7%) than in other indications. All

deaths that occurred in cases where levamisole was used as an adul-

terant also cited cocaine as a potential suspect. The 4 countries that

reported the highest number of cases were the USA (958 cases,

54.2%), the UK (98, 5.5%), France (75, 4.2%) and India (75, 4.2%). Sin-

gle dose was more frequent in anti-infectious cases than in immuno-

modulator or unknown indication cases. The 3 most reported SOC

were general disorders and administration site conditions (25.8%),

nervous system disorders (23.9%) and skin and subcutaneous tissue

disorders (20.9%; Table 2).

3.2 | Description of ADRs related to levamisole

Description of adverse events where levamisole was suspected are

presented in Table 3.

With the exception of convulsions, thrombocytopenia, neuropa-

thy, severe skin disorders and failures, the majority of ADRs

were more frequently reported in women than in men. The median

time to onset of ADR was lower than 2 weeks for vasculitis,

convulsions, thrombocytopenia, severe skin disorders, rashes, vertigo,

fever, failures, arthralgia/myalgia and hypothrombinaemia, and higher

than 2 weeks for encephalopathy, agranulocytosis, neutropenia,

tachycardia and arthritis/synovitis. Relatively few levamisole-related

ADRs were reported for the anti-infectious indication and adulterant

use, comprising <8% and 5% of reported cases, respectively. Similarly,

relatively few ADRs were reported following a single dose of

levamisole.
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TABLE 1 Characteristics of levamisole-related adverse drug reactions reported in VigiBase according to indication

Levamisole use

Adulterant

(n = 82)

Anti-infectious

(n = 142)

Immunomodulator

(n = 953)

Unknown/Unprecise

(n = 586)

Total

(n = 1763)

Age

<18 y 1 (1.4%) 31 (23.3%) 49 (6.0%) 66 (13.4%) 147 (9.7%)

18–65 y 69 (97.2%) 96 (72.2%) 449 (55.2%) 353 (71.6%) 967 (64.0%)

>65 y 1 (1.4%) 6 (4.5%) 315 (38.7%) 74 (15.0%) 396 (26.2%)

Missing data 11 9 140 93 253

Sex

Female 33 (42.9%) 72 (51.0%) 452 (51.9%) 310 (58.0%) 867 (53.4%)

Male 44 (57.1%) 69 (49.0%) 419 (48.1%) 224 (42.0%) 756 (46.6%)

Missing data 5 1 82 52 140

Dosage regimen

Single dose 0 72 (60.0%) 5 (1.5%) 105 (37.1%) 182 (25.0%)

Multiple doses 0 48 (40.0%) 319 (98.5%) 178 (62.9%) 545 (75.0%)

Missing data 82 22 629 301 1036

Seriousness

Yes 80 (97.6%) 19 (21.3%) 42 (70.0%) 124 (65.3%) 265 (62.9%)

No 2 (2.4%) 70 (78.7%) 18 (30.0%) 66 (34.7%) 156 (37.1%)

Missing data 0 53 893 396 1342

Seriousness criterion

Caused/prolonged

hospitalization

19 (23.7%) 5 (38.5%) 8 (20.0%) 82 (66.7%) 114 (44.5%)

Death 55 (68.7%) 0 3 (7.5%) 31 (25.2%) 89 (34.8%)

Disabling/incapacitating 0 0 2 (5.0%) 0 2 (0.8%)

Life threatening 2 (2.5%) 2 (15.4%) 1 (2.5%) 5 (4.1%) 10 (3.9%)

Other important condition 4 (5.0%) 6 (46.1%) 26 (65.0%) 5 (4.1%) 41 (16.0%)

Reporter

Health professionals 74 (96.1%) 108 (99.0%) 213 (100%) 433 (98.9%) 828 (98.9%)

Other occupations 3 (3.9%) 1 (1.0%) 0 5 (1.1%) 9 (1.1%)

Missing data 5 33 740 148 926

Continent

Africa 0 22 (15.5%) 0 70 (11.9%) 92 (5.2%)

North America 55 (67.1%) 1 (0.7%) 794 (83.3%) 147 (25.1%) 997 (56.6%)

South America 0 15 (10.6%) 0 56 (9.6%) 71 (4.0%)

Asia 1 (1.2%) 79 (55.6%) 8 (0.8%) 63 (10.7%) 151 (8.6%)

Australia 0 4 (2.8%) 40 (4.2%) 27 (4.6%) 71 (4.0%)

Europa 26 (31.7%) 21 (14.8%) 111 (11.7%) 223 (38.0%) 381 (21.6%)

Reporting period

Before 1990 0 15 (10.6%) 1 (0.1%) 143 (24.4%) 159 (9.0%)

1990–1999 0 10 (7.0%) 816 (85.6%) 140 (23.9%) 966 (54.8%)

2000–2009 5 (6.1%) 26 (18.3%) 88 (9.2%) 100 (17.1%) 219 (12.4%)

After 2010 77 (93.9%) 91 (64.1%) 48 (5.0%) 203 (34.6%) 419 (23.8%)
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3.3 | Disproportionality analysis

The results of the disproportionality analyses of levamisole-related

ADRs of interest compared to any other drugs are presented in

Table 4.

The relative frequencies of psychiatric disorders, hepatobiliary

disorders, encephalopathies, neuropathy, agranulocytosis, leucopenia,

neutropenia, thrombocytopenia, fever, arthritis/synovitis, arthralgia/

myalgia, hypothrombinemia and vasculitis were significantly higher

with levamisole than with other drugs (see all ROR values and 95% CI

in Table 4). Psychiatric disorders were significantly more frequently

reported after levamisole-adulterated cocaine intake than after levam-

isole intake for anti-infectious indication. No cases of hepatobiliary

disorders, encephalopathy, neuropathy, agranulocytosis, serious skin

disorders (Stevens–Johnson syndrome, or toxic epidermal necrolysis

and acute generalized exanthematous pustulosis), arthritis/synovitis,

tachycardia, failures or hypothrombinaemia were reported when

levamisole was given for an anti-infectious indication. Encephalopa-

thies and leucopenia were more frequently reported when levamisole

was used for an immunomodulatory action than when it was used for

an anti-infectious indication. Neutropenia was more frequently

reported when levamisole was misused than when it was used for its

TABLE 2 Levamisole-related adverse drug reactions: frequency of reported system organ class (SOC) by indications and in total. Multiple

SOCs can be reported in a single Individual Case Safety Report (ICSR)

SOC, n (% of ICSR with

mention of the SOC)

Adulterant

(n = 82)

Anti-infectious

(n = 142)

Immunomodulator

(n = 953)

Unknown/Unprecise

(n = 586)

Total

(n = 1763)

General disorders and administration

site conditions

30 (37.0%) 28 (19.7%) 221 (23.2%) 174 (29.7%) 455 (25.8%)

Nervous system disorders 8 (9.9%) 36 (25.4%) 246 (25.8%) 132 (22.5%) 422 (23.9%)

Skin and subcutaneous tissue

disorders

3 (3.7%) 30 (21.2%) 180 (18.9%) 154 (26.3%) 369 (20.9%)

Gastrointestinal disorders 3 (3.7%) 79 (55.6%) 151 (15.8%) 118 (20.1%) 352 (19.9%)

Blood and lymphatic system disorders 13 (16.0%) 7 (4.9%) 118 (12.4%) 96 (16.4%) 234 (13.3%)

Psychiatric disorders 32 (39.5%) 14 (9.9%) 81 (8.5%) 56 (9.6%) 183 (10.4%)

Musculoskeletal, connectives tissues

disorders

6 (7.4%) 5 (3.5%) 98 (10.3%) 62 (10.6%) 171 (9.7%)

Investigations 9 (11.1%) 0 92 (9.7%) 26 (4.4%) 127 (7.2%)

Metabolism and nutrition disorders 3 (3.7%) 4 (2.8%) 99 (10.4%) 20 (3.4%) 126 (7.1%)

Vascular disorders 9 (11.1%) 5 (3.5%) 45 (4.7%) 27 (4.6%) 86 (4.9%)

Injury, poisoning, procedural

complications

57 (70.4%) 0 8 (0.8%) 20 (3.4%) 85 (4.8%)

Respiratory, thoracic, mediastinal

disorders

12 (14.8%) 4 (2.8%) 34 (3.6%) 28 (4.8%) 78 (4.4%)

Infections and infestations 5 (6.2%) 1 (0.7%) 53 (5.6%) 16 (2.7%) 75 (4.2%)

Hepatobiliary disorders 0 0 59 (6.2%) 13 (2.2%) 72 (4.1%)

Renal and urinal disorders 5 (6.2%) 4 (2.8%) 39 (4.1%) 17 (2.9%) 65 (3.7%)

Cardiac disorders 15 (18.5%) 1 (0.7%) 26 (2.7%) 21 (3.6%) 63 (3.6%)

Eye disorders 0 3 (2.1%) 37 (3.9%) 18 (3.1%) 58 (3.3%)

Immune system disorders 0 4 (2.8%) 10 (1.0%) 8 (1.4%) 22 (1.2%)

Neoplasm benign, malignant and

unspecified

0 0 15 (1.6%) 2 (0.3%) 17 (1.0%)

Ear and labyrinth disorders 0 2 (1.4%) 6 (0.6%) 8 (1.4%) 16 (0.9%)

Endocrine disorders 2 (2.5%) 9 (0.9%) 1 (0.2%) 12 (0.7%)

Reproductive system and breast

disorders

0 2 (1.4%) 4 (0.4%) 2 (0.3%) 8 (0.5%)

Pregnancy, puerperium, perinatal

disorders

1 (1.2%) 2 (1.4%) 0 1 (0.2%) 4 (0.2%)

Product issues 2 (2.5%) 0 0 1 (0.2%) 3 (0.2%)

Congenital, familial and genetic

disorders

0 1 (0.7%) 1 (0.1%) 0 2 (0.1%)

Surgical and medical procedures 1 (1.2%) 0 0 1 (0.2%) 2 (0.1%)

Social circumstances 1 (1.2%) 0 0 0 1 (0.1%)
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TABLE 3 Description of adverse drug reactions related with levamisole

Adverse events Sex Ratioa Seriousb Time of occurrencec

Age (n, %) Use (n, %)

<18 y 18–65 years > 65 years Adulterant Anti-infectious Immunomodulator Unknown indication

Vasculitis 0.31 91.7% 9 2 (11.8%) 14 (82.4%) 1 (5.9%) 4 (23.5%) 1 (5.9%) 3 (17.5%) 9 (52.9%)

Encephalopathy 0.49 100% 53 1 (1.7%) 32 (54.2%) 19 (32.2%) 1 (1.7%) 1 (1.7%) 50 (84.8%) 7 (11.9%)

Neuropathy 1.30 100% 47.5 0 (0%) 10 (40.0%) 7 (28.0%) 1 (4.0%) 0 (0%) 21 (84.0%) 3 (12.0%)

Convulsions 1.37 50.0% 8 1 (4.5%) 10 (45.5%) 6 (27.3%) 0 (0%) 1 (4.5%) 13 (59.1%) 8 (36.4%)

Agranulocytosis 0.39 100% 38 3 (5.0%) 35 (58.3%) 14 (23.3%) 4 (6.7%) 3 (5.0%) 18 (30.0%) 35 (58.3%)

Leucopenia 0.72 66.7% 19 3 (4.3%) 43 (61.4%) 20 (28.6%) 1 (1.4%) 1 (1.4%) 47 (67.1%) 21 (30.0%)

Neutropenia 0.74 73.7% 26 16 (28.6%) 24 (42.9%) 13 (23.2%) 7 (12.5%) 2 (3.6%) 17 (30.4%) 30 (53.6%)

Thrombocytopenia 1.00 75.0% 9 3 (9.4%) 15 (47.0%) 11 (34.4%) 2 (6.3%) 1 (3.1%) 22 (68.8%) 7 (21.9%)

SJS/TEN/APEGd 1.50 100% 9.5 1 (20.0%) 4 (80.0%) 0 (0%) 0 (0%) 0 (0%) 3 (60.0%) 2 (40.0%)

Rashes 0.65 33.3% 11 21 (11.2%) 95 (50.8%) 51 (27.3%) 0 (0%) 12 (6.4%) 109 (58.3%) 67 (35.6%)

Vertigo 0.80 58.3% 1 5 (6.7%) 54 (72.0%) 11 (14.7%) 0 (0%) 16 (21.3%) 25 (33.3%) 34 (45.3%)

Fever 0.65 68.4% 9 11 (8.3%) 84 (63.4%) 29 (22.0%) 5 (3.8%) 14 (10.6%) 54 (40.9%) 59 (44.7%)

Tachycardia 0.36 100% 35 1 (6.3%) 13 (81.2%) 1 (6.3%) 1 (6.2%) 0 (0%) 9 (56.2%) 6 (37.5%)

Failures 1.16 95.5% 2 0 (0%) 34 (80.9%) 5 (11.9%) 10 (23.8%) 0 (0%) 16 (38.1%) 16 (38.1%)

Arthritis/synovitis 0.75 MD 30 1 (6.3%) 7 (43.7%) 4 (25.0%) 0 (0%) 0 (0%) 12 (66.7%) 6 (33.3%)

Arthralgia/myalgia 0.74 86.0% 2 7 (7.0%) 68 (68.0%) 15 (15.0%) 3 (3.0%) 4 (4.0%) 57 (57.0%) 36 (36.0%)

Hypothrombinaemia 0.78 MD 16.5 0 (0%) 11 (35.5%) 13 (41.9%) 0 (0%) 0 (0%) 27 (87.1%) 4 (12.9%)

MD, missing data.

For age, indication, reporting period and dosage regimen, the lines contain the number of cases and the percentage over all cases. Missing data are not described but are included in the percentage calculations.
aRatio male/female.
bPercentage of cases reported as serious.
cMedian time to onset of effect from initiation of treatment (in days).
dStevens–Johnson syndrome, toxic epidermal necrolysis or acute generalized exanthematous pustulosis.
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TABLE 3 Continued

Adverse events

Notification period Dosage regimen

Before 1990 1990–1999 2000–2009 After 2010 Single dose Multiples doses

Vasculitis 2 (12.5%) 2 (12.5%) 0 (0.0%) 12 (75.0%) 0 (0%) 5 (29.4%)

Encephalopathy 0 (0.0%) 42 (71.2%) 9 (15.2%) 8 (13.6%) 0 (0%) 27 (45.8%)

Neuropathy 2 (8.0%) 15 (60.0%) 6 (24.0%) 2 (8.0%) 0 (0%) 8 (32.0%)

Convulsions 1 (4.5%) 19 (86.4%) 0 (0%) 2 (9.1%) 1 (4.5%) 12 (54.5%)

Agranulocytosis 21 (35.0%) 24 (40.0%) 6 (10.0%) 9 (15.0%) 0 (0%) 28 (53.3%)

Leucopenia 15 (21.4%) 46 (65.7%) 6 (8.6%) 3 (4.3%) 0 (0%) 31 (44.3%)

Neutropenia 21 (37.5%) 5 (8.9%) 11 (19.6%) 19 (33.9%) 0 (0%) 32 (57.1%)

Thrombocytopenia 5 (15.6%) 20 (62.5%) 3 (9.4%) 4 (12.5%) 0 (0%) 14 (43.8%)

SJS/TEN/APEGd 0 (0%) 3 (60.0%) 0 (0%) 2 (40.0%) 0 (0%) 1 (20.0%)

Rashes 28 (15.0%) 124 (66.3%) 14 (7.5%) 21 (11.2%) 12 (6.4%) 67 (35.8%)

Vertigo 3 (4.0%) 28 (37.3%) 15 (20.0%) 29 (38.7%) 27 (36.0%) 20 (26.7%)

Fever 34 (25.8%) 60 (45.5%) 20 (15.1%) 18 (13.6%) 15 (11.4%) 49 (37.1%)

Tachycardia 2 (12.5%) 10 (62.5%) 1 (6.2%) 3 (18.8%) 0 (0%) 5 (31.3%)

Failures 0 (0%) 17 (40.5%) 3 (7.1%) 22 (52.4%) 9 (21.4%) 11 (26.2%)

Arthritis/synovitis 1 (6.2%) 12 (75.0%) 3 (18.8%) 0 (0%) 0 (0%) 6 (37.5%)

Arthralgia/myalgia 12 (12.0%) 57 (57.0%) 11 (11.0%) 20 (20.0%) 17 (17.0%) 25 (25.0%)

Hypothrombinaemia 0 (0%) 31 (100%) 0 (0%) 0 (0%) 0 (0%) 6 (19.4%)

MD, missing data.

For age, indication, reporting period and dosage regimen, the lines contain the number of cases and the percentage over all cases. Missing data are not described but are included in the percentage calculations.
aRatio male/female.
bPercentage of cases reported as serious.
cMedian time to onset of effect from initiation of treatment (in days).
dStevens–Johnson syndrome, toxic epidermal necrolysis or acute generalized exanthematous pustulosis.
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TABLE 4 Disproportionality analysis of levamisole-related adverse reactions at preferred term (PT) level

System organ class Preferred term

Primary analysis a Secondary analysis 1 b Secondary analysis 2 c Secondary analysis 3 d

n ROR (95% CI) P n ROR (95% CI) P n ROR (95% CI) P n ROR (95% CI) P

Psychiatric disorders All PT 183 1.4 (1.2–2.6) .050 13 4.0 (2.0–7.8) < .001 72 0.8 (0.4–1.5) .509 32 7.4 (3.5–15.3) <.001

Hepatobiliary disorders All PT 72 2.4 (1.9–4.3) .009 0 No cases* 58 No cases* 0 No cases*

Renal and urinal disorders All PT 65 1.3 (1.0–2.3) .065 3 1.4 (0.4–4.7) .608 42 2.1 (0.6–6.9) .209 5 3.3 (0.8–14.2) .108

Vascular disorders Vasculitis 17 6.5 (4.1–10.6) <.001 1 8.3 (0.5–133) .136 3 0.4 (0.1–4.3) .485 4 7.9 (0.9–72.4) .066

Nervous system disorders Encephalopathy 59 22.5 (17.4–39.9) <.001 1 No cases** 50 7.8 (1.1–57.0) .043 1 1.9 (0.1–30.9) .650

Nervous system disorders Neuropathy 25 4.3 (2.9–7.1) <.001 0 No cases* 21 No cases* 1 No cases*

Nervous system disorders Convulsions 22 1.4 (0.9–2.4) .064 1 0.4 (0.1–3.4) .444 13 1.9 (0.2–15.0) .521 0 No cases***

Blood and lymphatic system disorders Agranulocytosis 60 25.2 (19.5–44.7) <.001 3 No cases** 18 0.9 (0.2–3.1) .857 4 2.6 (0.6–12.0) .217

Blood and lymphatic system disorders Leucopenia 70 9.8 (7.7–17.5) <.001 1 4.1 (0.4–46.0) .247 47 7.3 (1.0–53.5) .050 1 1.9 (0.1–30.9) .650

Blood and lymphatic system disorders Neutropenia 56 4.8 (3.7–8.5) <.001 2 3.3 (0.6–17.3) .153 17 1.3 (0.3–5.6) .749 7 7.2 (1.4–35.6) .015

Blood and lymphatic system disorders Thrombocytopenia 32 2.8 (2.0–4.8) <.001 1 4.1 (0.4–46.0) .247 22 3.3 (0.4–24.9) .241 2 3.9 (0.3–43.3) .273

Skin and subcutaneous tissue disorders SJS/TEN/AGEP e 5 1.3 (0.6–1.9) .093 0 No cases* 3 No cases* 0 No cases*

Skin and subcutaneous tissue disorders All rashes f 187 1.5 (1.3–2.8) .042 12 0.7 (0.4–1.4) .337 109 1.4 (0.7–2.6) .290 0 No cases***

General disorders Vertigo 75 1.1 (0.8–1.9) .088 16 1.8 (1.0–3.2) .038 25 0.2 (0.1–0.4) <.001 0 No cases***

General disorders Fever 132 2.4 (2.0–4.4) .008 14 2.7 (1.5–5.1) <.001 54 0.5 (0.3–1.0) .057 5 0.65 (0.2–1.9) .432

Cardiac disorders Tachycardia 16 1.3 (0.8–2.2) .074 0 No cases* 9 No cases* 1 No cases*

Cardiac disorders Failures g 42 1.0 (0.7–1.7) .101 0 No cases* 16 No cases* 10 No cases*

Musculoskeletal disorders Arthritis/synovitis 18 3.9 (2.4–6.3) < .001 0 No cases* 12 No cases* 0 No cases*

Musculoskeletal disorders Arthralgia/myalgia 100 2.3 (1.9–4.2) .010 4 4.2 (1.2–14.2) .020 57 2.2 (0.8–6.1) .134 3 1.4 (0.3–6.6) .641

Investigations Hypothrombinaemia 31 41.5 (29.1–70.6) <.001 0 No cases* 27 No cases* 0 No cases*

n: number of exposed cases; ROR: reporting odds ratio; CI: confidence interval.

*No cases when levamisole is used as an anti-infective.

**No cases in mebendazole group.

***No cases when levamisole is used as an adulterant.
aPrimary analysis comparing levamisole-related cases with all cases reported in the World Health Organization pharmacovigilance database.
bSecondary analysis comparing adverse drug reactions (ADRs) after use of levamisole for an anti-infective indication with those occurring after use of mebendazole (control group).
cSecondary analysis comparing ADRs after use of levamisole for an immunomodulatory indication with those after its use for an anti-infective indication (control group).
dSecondary analysis comparing ADRs after use of levamisole for an adulterant action with those after its use for an anti-infective indication (control group).
eStevens–Johnson syndrome, toxic epidermal necrolysis or acute generalized exanthematous pustulosis.
fRegroups all rashes and all erythema.
gRegroups cardiac arrest, cardiorespiratory arrest, heart attack and chest pains.
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anti-infectious action. The association between vasculitis and levami-

sole intake disappeared in the 3 secondary analyses. Arthralgia/

myalgia were also more frequently reported with levamisole com-

pared to mebendazole for anti-infectious purposes. Serious skin and

subcutaneous tissue disorders were not more frequently reported

with levamisole than with other drugs. Vertigo was more frequently

reported with levamisole than with mebendazole and when levamisole

was used for an anti-infectious purpose than for an immunomodula-

tory purpose.

3.4 | Levamisole mechanisms of action

Table 5 summarizes the mechanisms of action of levamisole identified

from the scientific literature, their potential implication in the

occurrence of ADRs and their potential synergy with cocaine or

5-fluorouracil. We identified 11 different pharmacological mecha-

nisms for levamisole. For each identified mechanism, we summarized

the pharmacological effects both on worms and humans.

4 | DISCUSSION

Our study used a case–noncase approach to analyse data collected in

the WHO drug adverse events database from 1977 to 2021 to assess

the association between levamisole use and the reporting of

suspected ADRs of interest. To our knowledge, it is the first study to

review the main ADRs associated with levamisole. Significant

disproportionality signals were found, with our results showing more

frequent reporting of psychiatric disorders, hepatobiliary disorders,

TABLE 5 Mechanisms of action of levamisole and their potential synergy of action with 5-fluorouracil and cocaine

Mechanisms

Potential effects

Potential synergy ReferencesOn worms On humans

Nicotinic receptor agonist

and allosteric modulator

Reduces the capacity of male

worms to control their

reproductive muscles and

limits their ability to copulate

Mimics the effects of

acetylcholine on nicotine

receptors

Increases the pleasurable and

behaviour reinforcing effects

of cocaine

47,61

Inhibition of cyclic AMP-

mediated glycogenolysis

Increases glucose incorporation

into glycogen and decrease

glycogen phosphorylase

activity ratios

62

Selective inhibition of

MAO-A and COMT

Resembles certain

antidepressant drugs

Limits the degradation of

dopamine

Increases dopamine

concentration in the cerebral

reward pathway

Potentiates the dopamine level

due to cocaine inhibitory

action in dopamine reuptake

63–65

Decrease of norepinephrine

reuptake

Resembles certain

antidepressant drugs

Convulsions at high doses

Potentiates the norepinephrine

release due to cocaine at

sympathetic synapsis level

63,66,67

Anticholinesterase activity Increases the concentration of

acetylcholine

Increases the concentration of

acetylcholine

Increases the pleasurable and

behaviour reinforcing effects

of cocaine

64,67

Endogenous opioid synthesis Increases endogenous opioid

concentrations in specific

areas of the brain and in

peripheral tissues

Potentiates cocaine effects 65

Metabolization into an

amphetamine-like

compound (aminorex)

Modulates norepinephrine,

dopamine and serotonin

levels

Potentiates cocaine effects 68–70,78

Local anaesthetic properties 79

Stimulation of T-cell Activates and induces

proliferation of T-cells

Potentiates 5-fluorouracil

immunomodulatory activities

9,71

Potentiation of monocyte

and macrophage functions

Increases phagocytosis and

chemotaxis

Increase neutrophil functions Increases mobility, adherence

and chemotaxis

MAO-A: monoamine oxidase type A; COMT: catechol-omethyl transferase.
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vasculitis, encephalopathies, neuropathies, agranulocytosis,

leucopenia, neutropenia, thrombocytopenia, mild rashes, fever,

arthritis, arthralgia and hypothrombinaemia. When comparing

levamisole to mebendazole in anti-infectious indications, we identified

new pharmacovigilance signals regarding hepatobiliary disorders,

neuropathy, serious skin disorders, tachycardia, failures, arthritis and

hypothrombinaemia. In addition, some other known ADR were not

retrieved: leucopenia, neutropenia, thrombocytopenia, rashes and

hypothrombinaemia. One of our main hypotheses is that levamisole is

used at single dose in the vast majority of anti-infectious indications

and that this administration regimen results in far fewer ADRs, with

this reduction likely to be most significant for serious ADRs. This

hypothesis is supported by 2 secondary analyses. Encephalopathies

and leucopenia were more frequently reported when levamisole was

used for an immunomodulatory action compared to when it was used

for an anti-infectious action, and psychiatric disorders and neutrope-

nia were more frequently reported when it was used as an adulterant

than for its anti-infectious activity.

The majority of the levamisole-related ADRs concerned either its

use in immunomodulatory indications, or when delivered as a

multiple-dose regimen. The median times to onset of each ADR sug-

gest that the drug induces short-term effects (vasculitis, convulsions,

thrombocytopenia, rashes, vertigo, fever, failures, arthralgia,

hypothrombinaemia) as well as delayed effects (encephalopathy,

neuropathy, agranulocytosis, leucopenia, neutropenia, tachycardia and

arthritis). These delayed effects could be immuno-mediated effects,

potentially induced by the immunomodulatory properties of

levamisole. If clinical trials on the use of levamisole in patients with

COVID-19 give good results, its benefit–risk balance as an

immunomodulator in this infection will have to be re-evaluated to

enable its use in hospital or ambulatory settings. In June 2021,

4 clinical trials evaluating levamisole in the management of COVID-19

were reported in ClinicalTrials.gov, and the results of 1 of them have

been published. The authors conclude that levamisole could

potentially improve the cough and dyspnoea of patients with

COVID-19 but no benefit could be demonstrated on mortality or

aggravation of the disease.53

The mechanisms of action of levamisole are multiple. It acts at

the level of nicotinic receptors,47,61 the glucose pathway,62 dopami-

nergic pathways,63–65 norepinephrine and acetylcholine.63,64,66,67 In

addition, secondary mechanisms exist such as its capacity to increase

endogenous opiate synthesis,65 to metabolize into an amphetamine-

like compound,68–70 and to act on the immune system.9,71 Some of its

mechanisms of action are synergistic with those of 5-fluorouracil,

used in the treatment of cancers, or with those of cocaine. The fact

that levamisole is often administered in combination with cocaine or

5-fluorouracil and the potential synergy of action between these

molecules make it difficult to differentiate the molecule most likely to

cause certain adverse effects.

Our study has several strengths. First, we used the global ADRs

database VigiBase to collect information on suspected ADRs from

nearly all national pharmacovigilance systems in the world, allowing us

to identify new pharmacovigilance signals for rare events with

sufficient statistical power and to stratify on levamisole indication in

secondary analyses. Second, our results are consistent with already

known risks associated with levamisole (encephalopathy, agranulocy-

tosis and vasculitis). Third, the analysis of real-life surveillance data

with disproportionality analyses have already demonstrated their

usefulness for detecting drug risks.72,73

One of the main limitations of this study, inherent to all studies

using pharmacovigilance databases,74,75 is related to the potential

missing information. Under-reporting of suspected ADRs, differences

in the capacity of reporting between countries and the lack of infor-

mation about the total number of patients exposed to the drug may

cause biased estimates. Nevertheless, there is no apparent reason

why, in a specific region, ADRs would be more or less reported with

levamisole than those occurring after treatment with any other drugs.

Whilst this might mitigate potential bias in the results presented here,

these results should be still interpreted with caution because of this

potential missing information. Additionally, pharmacovigilance sys-

tems are not yet well established in African countries. In 2017, only

30% of these countries had specific procedures for the monitoring of

ADRs and only 28% had a national platform for coordinating

pharmacovigilance activities.76 Despite the widespread usage of

levamisole in some African, Latin American or Asian countries, there

remains little information about its use or potential ADRs arising from

this use. However, our analyses suggest a good safety profile of

single-dose levamisole for anthelmintic treatment and its use could be

considered in some focal areas where emergence of benzimidazole

resistance may occur, due to the high drug pressure caused by mass

administration of albendazole or mebendazole.77
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To confirm our earlier evidence of a temporal and dose–re-

sponse relationship between onchocerciasis and epilepsy, 

we conducted another cohort study in a different setting in 

Cameroon. Individuals whose Onchocerca volvulus microfilarial 

density (Ov-MFD) was measured in 1992–1994 when they were 

children were revisited in 2019 to determine if they acquired 

epilepsy. With reference to individuals with no microfilariae in 

1992–1994, the relative risks of acquiring epilepsy were 0.96, 

2.76, 3.67, and 11.87 in subjects with initial Ov-MFD of 1–7, 

8–70, 71–200, and > 200 microfilariae per skin snip, respec-

tively. $is study further demonstrates reproducibility using the 

Bradford Hill’s criteria for causality.

Keywords.  onchocerciasis; epilepsy; causal relationship; 

Africa; cohort.

Eighty percent of the 50–70 million people with epilepsy (PWE) 

worldwide are found in low- and middle-income countries [1, 

2]. $is over-representation of PWE in the general population 

is particularly patent in Central Africa, where the prevalence 

is estimated at 59.7 per 1000 people [3]. Furthermore, a meta-

analysis showed that the median incidence rate of epilepsy 

worldwide is 50.4 per 100
 
000 persons-years, whereas values 

recorded in Sub-Saharan Africa range between 64 and 187 per 

100
 
000 person-years [3].

A possible association between onchocerciasis and epilepsy 

was originally suggested in 1938 in Mexico [4]. Several studies 

and meta-analyses subsequently demonstrated a significant re-

lationship between the 2 diseases [5, 6], even a%er adjusting for 

other risk factors and infections [7, 8]. Consequently, the con-

cept of onchocerciasis-associated epilepsy (OAE) was proposed, 

and in 2015, 381
 
000 people were estimated to have OAE [9].

A longitudinal study conducted in 2017 in the Mbam valley 

onchocerciasis focus of Cameroon demonstrated that the inci-

dence of epilepsy was positively correlated with the intensity of 

Onchocerca volvulus infection at a young age (5–10 years old) 

[10]. $is first cohort study provided evidence for 2 of the main 

Bradford Hill criteria, supporting causality between onchocer-

ciasis and epilepsy (temporality and biological gradient) but 

had to be replicated in another setting to provide evidence for 

another criterion, namely consistency (reproducibility). In the 

present study, we used a design similar to that used in the Mbam 

valley to evaluate whether the level of infection with O. volvulus 

measured in 1992–1994 in children aged 5–15 years living in 

the Lékié Division (Center Region, Cameroon) was associated 

with an increased risk of subsequently developing epilepsy.

METHODS

Initial Parasitological Surveys and Selection of Subjects for the 

2019 Survey

Between 1992 and 1994, parasitological surveys were con-

ducted in 18 villages of the Lékié Division to measure the levels 

of O. volvulus infection in individuals aged ≥5 years (Table 1; 

Supplementary Figure 1). Two skin snips were collected from 

each volunteer using a Holth-type corneoscleral punch and in-

cubated in saline at room temperature for 24 hours. Emerged 

microfilariae (mf) were counted using a microscope, and the 

individuals’ microfilarial density (MFD), expressed as mf per 

snip, were calculated using the arithmetic mean of the counts. 

Community microfilarial load (CMFL), defined as the Williams 

geometric mean of the MFD in subjects aged ≥20  years, was 

calculated for each village. In addition, standardized thick blood 

smears were prepared between 10:00 and 16:00 to measure the 

participants’ Loa loa and Mansonella perstans MFD (mf/mL). 

All 18 communities surveyed in 1992–1994 were re-visited in 

2019. Since the average age of first seizure in subjects with OAE 

is between 10 and 14 years old [11, 12], we sought information 

for all those 1258 individuals who were 5–15 years old during 

the baseline surveys.

Evaluation and Definition of Epilepsy

In November 2019, we investigated, with the help of key in-

formants (village authorities, long-standing residents, health 

workers), whether the selected subjects were still alive and which 

ones had developed epilepsy. Once identified, we visited, with 
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Table 1.  Data by Village

Health District Village

Subjects 

Targeted

Subjects 

Retrieved 

in 2019

No. (%) SR With 

O. volvulus mfa CMFLa 

Loa loa 

prevalencea

No. (%) of SR 

with L. loa mfa

Mansonella 

perstans 

prevalencea 

No. (%) 

SR with 

M. perstans
a PY

No. 

SCE

IR (per 100  

000 PY) 95% CI CDTI Start Year

Ebebda Djouniat 40 37 34 (91.9) 32.4 13.1 1 (2.7) 30.3 2 (5.4) 972.2 1 102.9 14.5–730.2 1999

Ebebda Eyene 85 73 56 (76.7) 61.8 10.3 1 (1.4) 17.4 2 (2.7) 1981.2 0 0.0 N.A. 1999

Ebebda Mbenega 70 50 47 (94.0) 53.1 4.0 1 (2.0) 8.0 3 (6.0) 1208.7 10 827.3 445.2–1537.6 1999

Ebebda Nega Lendong 155 111 90 (81.1) 29.3 21.1 8 (7.2) 10.2 5 (4.5) 2873.6 7 243.6 116.1–511.0 1999

Elig Mfomo Elig Mfomo 31 23 11 (47.8) 2.5 31.2 4 (17.4) 32.6 2 (8.7) 573.9 2 348.5 57.2–1393.4 1999

Evodoula Nkolakok 42 35 26 (74.3) 17.6 27.3 2 (5.7) 28.1 2 (5.7) 864.0 1 115.7 16.3–821.6 1994

Evodoula Nkolassa 50 26 24 (92.3) 53.8 15.7 2 (7.7) 38.6 6 (23.1) 612.3 4 653.3 245.2–1740.7 1994

Evodoula Nkolmeyos I 35 27 24 (88.9) 118.4 16.7 1 (3.7) 40.5 5 (18.5) 663.9 1 150.6 21.2–1069.3 1994

Monatélé Nkongmessa 42 23 21 (91.3) 81.3 9.6 1 (4.4) 4.1 0 449.1 10 2226.5 1198.0–4138.1 1994

Obala Nkolfep 82 51 4 (7.8) 0.3 31.9 7 (13.7) 3.5 0 1259.6 1 79.4 11.2–563.6 1999

Okola Ayos 81 73 35 (48.0) 5.7 24.9 11 (15.1) 31.4 6 (8.2) 1847.8 0 0.0 N.A. 1999

Sa’a Lebamzip I 46 27 4 (14.8) 1.3 33.1 2 (7.4) 3.1 0 729.7 0 0.0 N.A. 1999

Sa’a Nkolbogo I 70 65 26 (40.0) 3.8 25.8 5 (7.7) 28.1 10 (15.4) 1735.5 0 0.0 N.A. 1999

Sa’a Nkolbogo II 63 58 38 (65.5) 22.8 26.1 8 (13.8) 54.5 29 (50.0) 1541.5 2 129.7 32.4–518.8 1999

Sa’a Nkolebassimbi 73 53 40 (75.5) 24.8 13.4 1 (1.9) 11.4 2 (3.8) 1419.1 1 70.5 9.9–500.3 1999

Sa’a Nkolntsa 104 44 13 (29.6) 2.3 28.5 6 (13.6) 8.0 0 908.0 10 1101.3 592.6–2046.9 1999

Sa’a Nkolossang 62 47 10 (21.3) 3.3 26.4 5 (10.6) 18.2 3 (6.4) 1206.0 0 0.0 N.A. 1999

Sa’a Ntsan 

Mendouga

127 99 52 (52.5) 10.8 18.2 6 (6.1) 13.8 3 (3.0) 2441.3 3 112.9 39.6–381.0 1999

Abbreviations: CDTI, start year of community-directed treatment with ivermectin; CMFL, O. volvulus community microfilarial load (in mf/snip) in the village during the baseline parasitological survey; IR, incidence rate (number of cases per PY); Ov, 

Onchocerca volvulus; PY, person-years; SCE, suspected cases of epilepsy (number); SR, Subjects Retrieved. 

aAssessed in 1992–1994.
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the assistance of local health workers or local authorities, the 

household of each selected individual or that of their relatives. 

If the targeted person was not at home, we asked his/her rela-

tives whether he/she was still alive. If the subject had died, the 

year of death was recorded. For all individuals, a standardized 

5-item questionnaire [13] was used to identify “suspected cases 

of epilepsy” (SCE). SCE was identified when a positive answer 

was given to at least 1 of the 5 questions. Interviewers had no in-

formation on the individuals’ MFD measured during the initial 

parasitological survey. When no information could be obtained 

from the families, we used the responses from the key inform-

ants to define the SCE status. This study was approved by the 

Cameroon National Ethics Committee for Research in Human 

Health (registration number 2018/12/1123/CE/CNERSH/SP).

Statistical Analyses

The variable of interest was SCE status. Independent variables 

were gender, age during the initial survey (5, 6–7, 8–9, 10–11 

[reference group], 12–13, or 14–15  years), MFD (0 [refer-

ence group], 1–7, 8–70, 71–200, and > 200 mf/snip), the pres-

ence of blood L.  loa mf (negative vs positive), the presence of 

M. perstans mf, CMFL measured in 1992–1994 in the subject’s 

village of residence (<4, 4–19, 20–29, and ≥30 mf/snip), and 

the start year of community-directed treatment with ivermectin 

(CDTI) for onchocerciasis control in the health district (HD; 

1994 or 1999). HDs are health administrative units in charge of 

the implementation of health programs.

Data (individual duration of follow-up) concerning individ-

uals who were not identified as SCE and who died between the 

initial survey and 2019 were censored by the year of death if it 

was known, or at half-time of the follow-up period if it was not 

known. Data concerning the SCE were censored at half-time 

of the follow-up period if the patient was alive or at half-time 

of the period between baseline and the year of death if de-

clared dead. Incidence rates (IRs) were estimated by dividing 

the number of SCE by the total number of person-years of fol-

low-up. $en, in order to assess individual risk factors associ-

ated with SCE (incidence rate ratios [IRRs]), we performed a 

multivariate Poisson regression model including all the inde-

pendent variables mentioned above.

All possible and relevant interactions as well as random ef-

fects on the HD were assessed using likelihood ratio tests. All 

analyses were performed with Stata (version 14.0).

RESULTS

Population Interviewed and Incidence Rates

In 2019, information on SCE could be obtained for 922 of the 

1258 targeted subjects (73.3%). The mean follow-up period for 

these 922 subjects was 25.2 years, and the number of person-

years of follow-up was 23 287. Fifty-three SCE were identi-

fied, including 45 through questionnaires applied directly to 

the person or his/her relatives, and 8 were identified through 

questionnaires applied to key informants. The overall IR of ep-

ilepsy was 53/23 287 (227.6 per 100
 
000 person-years). The IR 

increased gradually with the initial MFD, with values ranging 

from 117.8 per 100
 
000 persons-years for individuals without 

skin mf to 952.8 per 100 000 persons-years for those with an 

MFD >200 mf/snip (P < .0001) (Table 2).

Individual Risk Factors Associated With SCE

The risk of being identified as an SCE in 2019 was higher for 

those who were 5 years old during the initial surveys than for 

the 10-year-olds (adjusted IRR [aIRR], 3.60; P < .0001). There 

was no difference between genders or between CMFL categories 

(after adjustment for individual MFD). The risk increased grad-

ually with the individual MFD: aIRRs for individuals with 1–7, 

8–70, 71–200, and >200 mf/snip were 0.96 (P = .937), 2.76 

(P = .017), 3.67 (P < .001), and 11.87 (P < .001), respectively. 

No significant association was found between SCE status and 

presence of L.  loa or M. perstans microfilaremia, or start year 

of CDTI. No interactions between the covariates were found. 

Inclusion of a random effect at the HD level (P = .090) did not 

affect the strength and significance of the effect of the MFD on 

SCE status.

DISCUSSION

This study confirms the results obtained in the neighbouring 

Mbam division [10]: a temporal relationship between oncho-

cerciasis and epilepsy and a dose–effect relationship with a 

risk of developing epilepsy increasing gradually with the MFD 

during childhood. This study also confirms the absence of any 

gender effect but an increased risk for the younger children, all 

other parameters being equal. Lowering the minimal age of in-

clusion in CDTI (presently 5 years) should be considered.

Considering that all villages in a given HD benefitted from 

similar CDTI-related activities, the random effect was evaluated 

at the HD level (not the village level). As this random effect was 

close to significance, the risk of developing epilepsy could vary 

slightly between the HDs.

Unexpectedly, the start year of CDTI was not associated with 

SCE incidence. However, one should consider that the HDs 

where CDTI started in 1994 had the highest onchocerciasis en-

demicity levels. Although there is a possible lack of statistical 

power, one may consider that the first years of CDTI in these 

HDs had little impact on the intensity of transmission and/or 

that children were less treated than adults during the first years 

of CDTI implementation. As individual history of treatment is 

lacking, it is impossible to support one hypothesis or the other.

As in the previous study [10], our current study presents these 

possible biases: (i) the possible misclassification of SCE for in-

dividuals with a history of provoked seizures, (ii) the absence 

of control for other possible risk factors (eg, cysticercosis), (iii) 



4 
• 

O
F

ID
 

• 
B

R
IE

F
 R

E
P

O
R

T

Table 2.  Population Study, Follow-up Data, Incidence Rates, and Incidence Rate Ratios

No. Examined in 

Baseline Study 

(% of Total)

No. With Information 

Collected in 2017 

(% of Total)

SCE, 

No. PY

IR (per 100
 
000 PY) 

(95% CI) P
a

Model Without Random-Effect

Model With a Random-

Effect at HD Level

aIRRb (95% CI) P aIRRc (95% CI) P

Total  1258 922 53 23 287.4 227.6 (173.9–297.9)      

Age, y 5 95 (7.6) 59 (6.4) 7 1445.8 484.1 (230.8–1015.6) .380 3.60 (2.19–5.92) <.0001 3.39 (1.25–9.14) .016

6–7 273 (21.7) 182 (19.7) 6 4673.4 128.4 (57.7–285.8)  0.83 (0.37–1.85) .645 0.74 (0.26–2.09) .572

8–9 222 (17.7) 169 (18.3) 8 4285.5 186.7 (93.4–373.3)  1.03 (0.35–3.31) .956 1.07 (0.42–2.74) .889

10–11 273 (21.7) 212 (23.0) 10 5410.4 184.8 (99.4–343.5)  Ref    

12–13 235 (18.7) 182 (19.7) 12 4556.2 263.4 (149.6–463.8)  1.06 (0.54–2.07) .868 0.99 (0.42–2.36) .991

14–15 160 (12.7) 118 (12.8) 10 2916.0 342.9 (184.5–637.4)  1.19 (0.436–3.86) .775 1.17 (0.47–2.90) .735

Sex Female 637 (50.6) 449 (48.7) 25 11
 
216.6 222.9 (150.6–329.9) .892 Ref  Ref  

 Male 621 (49.4) 473 (51.3) 28 12
 
070.8 232.0 (160.2–336.0)  0.75 (0.33–1.73) .505 0.78 (0.44–1.38) .388

CMFL, mf/snip <4 395 (31.4) 257 (27.9) 13 6412.7 202.7 (117.7–349.1) .004 Ref  Ref  

4–19 250 (19.9) 207 (22.4) 4 5153.1 77.6 (29.1–206.8)  0.24 (0.04–1.36) .106 0.29 (0.08–1.02) .054

20–29 291 (23.1) 222 (24.1) 10 5834.1 171.4 (92.2–318.6)  0.32 (0.07–1.47) .143 0.20 (0.10–0.93) .036

≥30 322 (25.6) 236 (25.6) 26 5887.5 441.6 (300.7–648.6)  0.51 (0.09–2.86) .447 0.49 (0.15–1.66) .251

Ov in skin snip Negative 524 (41.7) 367 (39.8) 11 9341.8 117.8 (65.2–212.6) .004     

 Positive 734 (58.43) 555 (60.2) 42 13
 
945.6 301.2 (222.6–407.5)      

MFD, mf/snip 0 524 (41.7) 367 (39.8) 11 9341.8 117.8 (65.2–212.6) <.001 Ref  Ref  

1–7 241 (19.2) 182 (19.7) 4 4638.1 86.2 (32.4–229.8)  0.96 (0.38–2.43) .937 0.93 (0.28–3.07) .909

8–70 245 (19.5) 178 (19.3) 10 4558.8 219.4 (118.0–407.7)  2.76 (1.20–6.35) .017 2.66 (0.98–7.19) .054

71–200 129 (10.3) 100 (10.9) 7 2544.8 275.1 (131.1–577.0)  3.67 (1.86–7.21) <.001 3.29 (1.01–10.71) .048

>200 119 (9.5) 95 (10.3) 21 2203.9 952.8 (621.3–1461.4)  11.87 (5.56–25.33) <.001 11.60 (3.89–34.61) <.0001

Loa loa, mf/mL Negative 1077 (85.6) 796 (86.3) 47 20
 
046.7 234.5 (176.2–312.0) .484 Ref  Ref  

Positive 99 (7.9) 72 (7.8) 2 1848.7 108.2 (27.1–432.6)  0.46 (0.14–1.55) .211 0.46 (0.11–1.96) .292

Missing 82 (6.5) 54 (5.9) 4 1391.9 287.4 (107.9–765.7)  1.46 (0.75–2.83) .265 1.52 (0.48–4.77) .476

Mansonella perstans, 

mf/mL

Negative 1074 (85.4) 788 (85.5) 43 19
 
857.7 216.5 (160.6–292.0) .679 Ref  Ref  

Positive 102 (8.1) 80 (8.7) 6 2037.7 294.4 (132.3–655.4)  0.93 (0.31–2.75) .896 1.15 (0.45–2.97) .770

Missing 82 (6.5) 54 (5.9) 4 1391.9 287.4 (107.9–765.7)  N.A.  N.A.  

CDTI 1994 169 (13.4) 111 (12.0) 16 5589.4 617.9 (378.6–1008.6) <.001 Ref  Ref  

 1999 1089 (86.6) 811 (98.0) 37 20
 
698.0 178.8 (129.5–246.7)  0.63 (0.11–3.80) .617 0.49 (0.13–1.75) .270

Abbreviations: aIRR, adjusted incidence rate ratio; CDTI, start year of community-directed treatment with ivermectin; CI, confidence interval; CMFL, community microfilarial load (in mf/snip); HD, health district; IR, incidence rate (number of cases per PY); 

MFD, individual microfilarial density (in mf/snip); Ov, Onchocerca volvulus mf; PY, persons-years; SCE, suspected cases of epilepsy (number). 

a
P values were calculated within each variable and assessed using the log-rank test for sex, skin snip positivity, Loa loa microfilariae positivity, Mansonella perstans positivity, CDTI, and the trends modified log-rank test for age, CMFL, and skin snip in 5 

categories of variables. 

bMultivariate logistic model with a cluster-robust standard errors to account for possible intra-community clustering. 

cMultivariate logistic model with a random effect at the HD level.
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and the absence of confirmation of epilepsy by detailed neu-

rological examination of the SCE.

Nevertheless, this study provides significant new findings, 

investigating for the first time the possible role of L.  loa and 

M. perstans in inducing epilepsy and demonstrating that it was 

not the case.

In conclusion, this study supports the previous findings and 

consequently adds the reproducibility principle to the Bradford 

Hill’s criteria [14], supporting the causal nature of the relation-

ship between O. volvulus infection and epilepsy.
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Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, 

the posted materials are not copyedited and are the sole responsibility 

of the authors, so questions or comments should be addressed to the 
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Effect of Lymphatic Filariasis and Hookworm Infection on Pregnancy Course and Outcome in

Women Living in the Democratic Republic of the Congo
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Abstract. Little is known about the effect of helminth infections on the natural gynecological and pregnancy course.
Our goal was to assess the relationship between Wuchereria bancrofti and hookworm (HW) infections with pregnancy
course and outcome in a group of 82women living in a rural area of theDemocratic Republic of theCongo. Demographics
and information on gynecological and obstetrical histories were collected retrospectively with standardized question-
naires.Wuchereria bancrofti and HW infections were diagnosed using a filarial antigen-detection test and the Kato–Katz
method, respectively. Analyses consisted ofmultivariable logistic regressions adjusting for age, number of deliveries, and
history of anthelmintic treatment (HAHT). The median age of study participants was 35 (interquartile range [IQR]: 30–44)
years, and the median number of deliveries was five (IQR: 3–7).Wuchereria bancrofti and HW infection rates were 44.5%
and 43.3%, respectively. Filarial antigenemia and HW infection were not significantly associated with the number of
deliveries. Theproportionsofwomenwith ahistory of pregnancy resulting in neonatal death,miscarriage, prematurebirth,
and postpartum hemorrhage were 56%, 44%, 23%, and 36%, respectively. History of pregnancy associated with
neonatal deathwas less frequent inwomenwithHAHT, tended tobemore frequent inwomenwithfilarial antigenemia, and
was not associated with HW infection. None of the three other pregnancy events studied (miscarriage, premature birth,
and postpartum hemorrhage) were associated with filarial antigenemia or HW infection. The positive association found
between HAHT and lower risk of neonatal death warrants investigation in larger groups of women.

INTRODUCTION

Many infectious diseases can cause infertility in males or

females, as well as lead to adverse pregnancy outcomes.1–3

Infertility, defined as “a disease of the reproductive system

defined by the failure to achieve a clinical pregnancy after

12 months or more of regular unprotected sexual in-

tercourse,”4 can arise because of “male factors” (such as al-

terations in sperm concentration and/or motility and/or

morphology), female factors, or both. The most common

causes of female infertility are ovulatory disorders, tubal oc-

clusion or abnormalities, pelvic adhesions, and endometri-

osis. Sexually transmitted infections with bacteria Chlamydia

trachomatis and Neisseria gonorrhoeae are a major cause of

endometritis and of salpingitis, both of which can result in

tubal occlusion and pelvic adhesions, leading to infertility.5

Protozoan infections have also been reported as causes of

male and female infertility due to local inflammatory processes

or hormonal disorders arising from infection.6 Evidence also

supports potential impacts of helminthic parasites on fertility:

infection with Schistosoma haematobium can cause tubal

occlusion, leading to infertility and ectopic pregnancy,7–10 and

infection with Schistosoma sp. can also induce hormonal

imbalances and dysregulation associated with infertility.10

Infertility was found to be significantly associated with resi-

dence in areas of high S. haematobium prevalence in East

Africa.11 Adult stages of the filarial wormWuchereria bancrofti

(the main cause of lymphatic filariasis [LF]) have been found in

nodules or lymphatics of the genital tract, where they have

been shown to lead to salpingitis, blockage of the fallopian

tubes, and ectopic pregnancy.12–15 Microfilariae of W. ban-

crofti and other filarial species such as Loa loa andMansonella

perstans have been found in the follicular fluid and in cervi-

covaginal smears, but the impact of this presence on fertility is

uncertain.16–19 Results of a single community-wide study

suggest that LF infection has no effect on fertility, despite a

strong positive association being found between being

microfilaremic and abnormal menstruation patterns in women

aged ³ 30 years.20 It has also been suggested that L. loa and

M. perstans microfilaremia may affect the functions of the

hormonal system, leading to delays in puberty, disturbances

to the menstrual cycle, and infertility in older subjects.21 Soil-

transmitted helminths (STH) might also have an impact on

fertility. In a longitudinal study conducted in Bolivia, infection

with Ascaris lumbricoides was found to be associated with

earlier first births and shortened inter-birth intervals, whereas

infection with hookworm (HW) was associated with delayed

first pregnancy and extended inter-birth intervals.22 Whether

this impact of STH on fertility is due to immunological phe-

nomena is a matter of debate.23 The worms Enterobius

vermicularis and, to a lesser extent, A. lumbricoides can in-

duce tubo-ovarian lesions, leading to infertility or ectopic

pregnancies,24,25 but these cases are exceptional, and STH

do not seem to have a significant impact on the reproductive

potential before the implantation of the embryo in the uterus.

Viral, bacterial, and parasitic infections can also impact the

pregnancy outcomes, by increasing the risk of abortion,

congenital anomalies, stillbirth, intrauterine growth re-

tardation, preterm birth, or neonatal death.26–31 Besides the

ectopic pregnancies described earlier, the effects of maternal

infection with Schistosoma sp. on the pregnancy outcomes

are not well known.32–35 The same uncertainties exist re-

garding the effect of maternal filarial infections. In some

studies, risk of abortion and/or postnatal deaths was higher in

females with filariasis than that in controls, or higher in areas

* Address correspondence to Jérémy T. Campillo, UMI 233, Institut de
Recherchepour leDéveloppement (IRD) andUniversity ofMontpellier,
911 Ave. Agropolis, P.O. Box 64501, Montpellier 34394, France.
E-mail: jeremy.campillo@ird.fr
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where LF was highly endemic than in non-endemic areas.36,37

Evidence ismixed however; in a study conducted in Sri Lanka,

neither gestation age at delivery nor birthweight differed sig-

nificantly between females with or without circulating filarial

antigens (CFAs).38 The effects of maternal infection with

Schistosoma sp. or STH on the pregnancy outcomes have

been assessed by several cross-sectional or longitudinal

studies, including clinical trials with anthelmintic drugs. Be-

cause of extensive variability in study designs, outcomes

assessed, and levels of infection across studies, as well as

numerous potential confounding factors, the effects of

Schistosoma and STH on pregnancy outcomes remain

unclear.39–42 In this context, we conducted a retrospective

study in two villages in the Democratic Republic of the Congo

(DRC) toevaluate theeffect of LFandHW (Necator americanus

orAncylostoma duodenale) on pregnancy outcomes in female

residents.

METHODS

Study population and selection of subjects. The study

was conducted in June–July 2018 in two neighboring villages

(Misai and Mbumkimi) located in the Kwilu Province of the

DRC. These villages had been previously selected for a

community trial which started in 2014 and whose objective

was to assess the impact of community biannual treatment

with albendazole alone on LF and STH infections.43,44 During

this trial, all individuals aged ³ 2 years were offered treatment

with a single dose of albendazole (400 mg) every 6 months,

and volunteers aged ³ 5 years had yearly parasitological as-

sessment for LF and STH infections. For the purpose of the

present study, we invited women aged at least 15 years in

2018 to answer a standardized questionnaire including soci-

odemographic and obstetric history information. This ques-

tionnaire was applied by the nurse in charge of these two

villages. Consenting women were included only if they had

been married for at least 2 years.

Obstetric history and outcomes. The following informa-

tion was collected from surveyed women: number of de-

liveries, number of living children, number of dead children,

number of miscarriages, number of children born before

8 months of pregnancy (preterm birth), number of newborns

who died within 1 month of delivery (neonatal mortality), and

number of postpartum hemorrhages (see questionnaire in

Supplementary Material). Statistical analyses focused on

four pregnancy adverse outcomes derived from these sur-

veys: history of miscarriage, history of preterm birth, history

of neonatal mortality, and history of postpartum hemorrhage,

all represented as binary (presence/absence) variables.

We also assessed the relationship between the number of

deliveries and the infection (either LF or HW) status of the

participants.

Parasitological status regarding LF andSTH. From2014,

all participants in the albendazole trial were invited to undergo

a rapid test assessing their LF infection status. This test was

delivered before their first treatment and then annually there-

after. This was performed using the Filarial Test Strip (FTS)

which detects CFAs in the blood (indicative of the presence of

live adult worms).45 The test was used according to the

manufacturer’s instructions (Alere, Scarborough, ME). Most

participants in the present study had received their first

albendazole treatment in 2014 and were followed up until the

date of the present study in 2018. The first FTS result obtained

during the trial was used in the analyses (as a proxy for chronic

LF infection) to define LF-infected versus LF-non-infected

women.Theuseof a recent result (at the timeof inclusion in the

albendazole trial) as a proxy for the historical level of infection

in the participants is relevant because longitudinal studies (up

to 26 years of follow-up) have shown that, in the absence of

treatment, individual status regarding W. bancrofti remains

fairly stable over time.46–49

Hookworm infection in studyparticipantswasdiagnosedby

the examination of stool samples using the double-slide

Kato–Katz method. In a manner similar to LF, we considered

that individual HW infection status remains relatively stable

over time in the absence of treatment. This assumption is

based on the fact that 1) studies comparing egg densities

before and after treatment in the same individuals suggest a

predisposition to infection (and thus chronically exposed to a

given level of exposure. Hence, the result of the earliest par-

ticularly in women)50–54 and 2) intensity of exposure to HW is

closely related to environmental factors,51,55 and one can

assume that, oncemarried, females living in rural African areas

remain more or less in the same perimeters of activities; stool

examination performed during the course of the trial was used

in the analyses presented here.

Other independent variables. Before inclusion in the

albendazole community trial, participantswere askedwhether

they had ever taken anthelminthic drugs before commence-

ment of the trial in 2014. In the statistical analysis, we used the

history of anthelmintic treatment (HAHT) before 2014 as a bi-

nary variable (yes versus no). Participants were grouped into

four balanced age categories (< 31, 31–35, 36–44, and ³ 45

years), with the number of deliveries analyzed using four cat-

egories for the bivariate analysis (< 4, 4–5, 6–7, and ³ 8), and

two categories for the logistic regression (< 5 versus ³ 5) be-

cause of the small sample size.

Statistical analysis. Each independent quantitative vari-

able was described by its arithmetic mean, SD, median, and

interquartile range. Each independent qualitative variable was

described using percentages (of total number of women). Bi-

variate analyses relating LF and HW infection status to de-

mographic and reproductive variableswere performed by chi2

or Fisher’s exact test if chi2 conditionswere not respected. For

quantitative variables, nonparametric mean comparisons

(Mann–Whitney test) were performed. Qualitative ordinal var-

iableswere analyzed using Cuzick’s test for trend. In a second

step, multivariable logistic regression was used to assess the

association between dependent and independent variables

while adjusting for potential confounders. Four dependent

variables were analyzed using logistic regressions: post-

partum hemorrhage, miscarriage, neonatal mortality, and

preterm birth, expressed as binary variable (history of adverse

outcome or no history of adverse outcome). For logistic re-

gression, we included all variables, whether significant or not;

that is, we used saturatedmodels. Someof the questionnaires

were not fully completed by the nurse in charge of its appli-

cation, resulting in missing data. For all models, the signifi-

cance of relevant interaction terms was assessed (age and

infection status, age and HAHT, infection status, and HAHT).

For variables with missing data included in the logistic re-

gression, we created a “missing data” category. All statistical

analyses were performed using STATA 15.1 (StatCorps, Col-

lege Station, TX).
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RESULTS

Study population. A total of 215 women participated in the

parasitological examinations conducted as part of the alben-

dazole trial in 2018, and113 (52.5%)were at least 15 years old.

Of the 113 eligible women, 12 (10.6%) women refused to

participate in the study. Thirteen were excluded because they

were single or had lived as a couple for less than 2 years. Six

others were excluded from the analysis because of ambiguity

in the responses or because the questionnaires contained

only sociodemographic information. A total of 82womenwere

thus included in the analysis. Only two of the participants have

had no children. Seventy-two of them (87.8%) had partici-

pated in the first albendazole distribution in 2014 and were

followed up until 2018. Ten others were included in the cohort

during subsequent years (five in 2015, three in 2016, and two

in 2018). Table 1 summarizes the information regarding the

sociodemography and the variables related to reproductive

health in the study population. The mean age of the partici-

pants was 37 years (range: 17–74). By comparison to the 82

women included in the analyses, those 13 who have been

excluded were significantly younger (mean age: 25 years, P <

0.001) but did not differ in terms of HW or LF infection prev-

alence (P = 0.135 and 0.770, respectively).

Parasitological characteristics and bivariate analyses.

Thirty-four of the 82 women included in the analyses (44.5%)

were positive by the FTS test before their first albendazole

treatment. Only 60 (45 in 2014 and 15 in 2015) women pro-

vided a stool sample for examination; HW infection rate was

43.3% (26/60). Table 2 shows the main reproductive health

variables considered here, stratified according to the partici-

pants’ LF infection status. The presence of filarial antigenemia

was not associated with the history of miscarriage (P = 0.847),

history of preterm birth (P = 0.730), history of postpartum

hemorrhage (P = 0.587), history of neonatal mortality (P =

0.264), or with the number of deliveries (P = 0.772). Table 3

shows the main reproductive health variables, stratified

according to HW infection status. Hookworm infection was

not associated with the history of miscarriage (P = 1.000),

history of premature birth (P = 0.670), history of postpartum

hemorrhage (P = 0.294), history of neonatal mortality (P =

0.531), or with the number of deliveries (P = 0.396). The

number of deliveries (expressed as a continuous variable) was

not associated with HW infection (5.54 deliveries in infected

women versus 4.60 in noninfected, in mean; P = 0.141,

Mann–Whitney test) nor LF infection (5.72 deliveries in in-

fected women versus 4.97 in noninfected, in mean; P = 0.158,

Mann–Whitney test).

Multivariable logistic analyses among pregnancy ad-

verse outcomes, LF and HW infections, and history of

anthelminthic treatment. The results of multivariable logistic

regressions to assess the effect of LF and HW infections on

the incidence of four pregnancy adverse outcomes are sum-

marized in Table 4. History of neonatal mortality was more

frequent in women with a positive FTS, but this was not sig-

nificant (P = 0.135). Hookworm infection had no impact on any

of the four main outcomes. Increase in age was strongly cor-

related with increase in miscarriage and neonatal mortality

histories. Age was not included in the preterm birth model

because of convergence issues. The number of deliverieswas

correlated with prematurity (adjusted odds ratio (aOR) = 11.6,

P = 0.008 for women who had more than five deliveries with

less than five deliveries as the reference category). Neonatal

mortalitywas significantly less frequent inwomenwith aHAHT

(aOR = 0.2 with 95% CI = [0.04–0.82], P = 0.024).

DISCUSSION

The aim of the present study was to document, for the first

time, pregnancy outcomes in a rural population of DRC, and

assess whether pregnancy outcomes were related to HW or

LF parasitological status. No significant associations were

found between infections with W. bancrofti or with HW, and

the four pregnancy outcomes we focused on (miscarriage,

preterm birth, neonatal mortality, and postpartum hemor-

rhage). The only significant result was that women with HAHT

before the first albendazole treatment given as part of the trial

had a significantly lower frequency of history of neonatal

mortality.

The significant relationship observed here between HAHT

and neonatal mortality is intriguing but will require further ex-

ploration to confirmandestablishwhether it is due tobiological

causes such as anemia (see in the following text) or is instead a

product of other factors such as sociological determinants. De-

spite the potential benefits of anthelmintic treatment among

pregnant women and an informal consultation made by the

TABLE 1

Description of main sociodemographic variables

Variable

Age (years)
Mean (SD) 37 (11.7)
Median (IQR) 35 [30–44]

Already gave birth, n (%)
Yes 80 (97.6)
No 2 (2.4)

Number of deliveries
Mean (SD) 5.2 (2.6)
Median (IQR) 5 [3–7]

Currently pregnant, n (%)
Yes 10 (16.4)
No 51 (83.6)

History of postpartum hemorrhage
Yes 21 (36.2)
No 37 (63.8)

Number of postpartum hemorrhage
Mean (SD) 1.15 (2.23)
Median (IQR) 2 [1–5]

History of miscarriage, n (%)
Yes 28 (43.7)
No 36 (56.3)

Number of miscarriages
Mean (SD) 0,8 (1.2)
Median (IQR) 1 [1–2]

History of neonatal mortality, n (%)
Yes 45 (56.2)
No 35 (43.8)

History of preterm birth
Yes 12 (22.6)
No 41 (77.4)

Number of preterm births
Mean (SD) 0.32 (0.75)
Median (IQR) 1 [1–1]

History of anthelminthic treatment before
the first albendazole treatment given as
part of the trial, n (%)

Yes 51 (62.2)
No 31 (37.8)

IQR = interquartile range. For reproductive health variables, means were calculated on all
the participants and medians only on those who experienced the event.
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WHO56 which recommended treatment of all pregnant

women with praziquantel and albendazole in areas endemic

for STH or schistosomiasis, widespread adoption has not

been observed. To date, only a minority of countries have

included anthelmintic intake (albendazole or mebendazole)

during routine pregnancy care, in the second and third tri-

mesters of pregnancy: specifically, Madagascar, Nepal, and

Sri Lanka.57 Published studies suggest that it may be be-

cause of a fear of adverse birth outcomes due to a lack of

safety data. More studies are needed to assess the benefits

of implementing systematic deworming for pregnant women

in resource-poor settings.

One of the main limitations of this study is the lack of power

because of the small number of women recruited and the

missing data in the questionnaires which were frequently in-

correctly completed. An additional limitation is that pregnancy

outcomes were analyzed using infection as a binary indicator

(presence/absence) rather than a continuous one (based on

the intensity of infection measured by, e.g., the FTS score for

LF or egg counts per gram of feces for HW). This stratification

was undertaken because of limitations in the sample size.

Another important limitation of our study is that we did not

collect hemoglobin levels from the participating women.

Indeed, it is well established that HW infection can cause

anemia.58Aswell, pregnant women aremore prone to anemia

because of the physiological changes that typically accom-

pany pregnancy.59 It is likely then that pregnant women in-

fected with HW are a population at high risk for anemia.

Anemia has been implicated in the occurrence of adverse

pregnancy events such as perinatal and neonatal mortality,60

prematurity, and low birth weight.61 Indeed, work from

Mpaireweet al.39has shown that infectionwith helminths such

as HW are associated with anemia in pregnant women, and

that the risk of anemia was highly correlated with the infection

intensity. A final limitation is that we collected retrospective

data, and therefore, these data are subject to recall bias.

Our study was a retrospective observational study, but to

assess more specifically the relationships between parasitic

infections and pregnancy outcomes, prospective cohort

studies are required. Examples of such studies are present in

the literature: Christian et al.62 conducted a clinical trial of

albendazole (zero, one, or two doses) among 4,998 pregnant

women in Nepal coinfected by the three geohelminths (prev-

alenceofHW:47.5%). They assessed theproportionof severe

anemia in the treated (one or two doses) and untreated groups

and found that 20% of the women belonging to the latter

TABLE 2

Distribution of sociodemographic and reproductive health variables according to the FTS result (presence or absence of Wuchereria bancrofti)

Variable Total FTS- FTS+ P-value

Age-group (years), n (%) 0.111
< 31 22 (26.8) 11 (50.0) 11 (50.0)
31–35 20 (24.4) 16 (80.0) 4 (20.0)
36–44 20 (24.4) 12 (60.0) 8 (40.0)
³ 45 20 (24.4) 9 (45.0) 11 (55.0)

Age (continuous) 0.394
Mean (SD) 35.30 (12.49) 33.98 (11.02) 37.12 (14.21)

Current pregnancy, n (%) 0.524
Yes 10 (16.4) 6 (60.0) 4 (40.0)
No 51 (83.6) 28 (54.9) 23 (45.1)
MD 21 14 7

First trimester miscarriage, n (%) 0.574
Yes 14 (28.0) 9 (64.3) 5 (35.7)
No 36 (72.0) 20 (55.6) 16 (44.4)
MD 32 19 13

Miscarriage, n (%) 0.847
Yes 28 (43.7) 17 (60.7) 11 (39.3)
No 36 (56.3) 21 (58.3) 15 (41.7)
MD 18 10 8

Preterm birth, n (%) 0.730
Yes 12 (58.3) 7 (58.3) 5 (41.7)
No 41 (77.4) 28 (68.3) 13 (31.7)
MD 29 13 16

Postpartum hemorrhage, n (%) 0.587
Yes 21 (36.2) 14 (66.7) 7 (33.3)
No 37 (63.8) 22 (59.5) 15 (40.5)
MD 24 12 12

Neonatal mortality, n (%) 0.264
Yes 45 (56.2) 24 (53.3) 21 (46.7)
No 35 (43.8) 23 (65.7) 12 (34.3)
MD 2 1 1

Number of deliveries (categories), n (%) 0.772
< 4 24 (30.0) 15 (62.5) 9 (37.5)
4–5 19 (23.7) 12 (63.2) 7 (36.8)
6–7 22 (27.5) 13 (59.1) 9 (40.9)
³ 8 15 (18.8) 7 (46.7) 8 (53.3)
MD 2 1 1

Number of deliveries (continuous)
Mean (SD) 5.29 (2.60) 4.97 (2.61) 5.72 (2.56) 0.158

FTS = Filarial Test Strip; MD = missing data. For binary outcomes, the chi2 test has been used (or Fisher’s exact test if chi2 conditions were not respected). For quantitative variables, the
Mann–Whitney test has been performed.
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suffered of severe anemia (hemoglobin < 70 g/L) versus 5% in

the treated group. There was also evidence of an impact on

infantmortality (i.e.,mortality in the 6months after birth), which

was 14% lower in the one-dose group and 41% lower in the

two-dose group than those in the untreated group. In a similar

clinical trial conducted in 2006 in Peru among 1,042women in

the second trimester of pregnancy and coinfected by the three

geohelminths, Larocque et al.63 compared the proportion of

anemia in a group treated with placebo and iron supplemen-

tationandagroup treatedwithmebendazole (500mg) and iron

supplementation. These authors did not observe a significant

difference in anemia proportion at the third trimester, but this

could be due to the iron supplementation provided to both

groups. However, the study did show that the proportion of

very low weight birth infants was higher in the placebo group

than that in the mebendazole group.64 Although the results

appear to be suggestive of impacts of geohelminths on ad-

verse pregnancy outcomes, a limitation of both the studies

described earlier is that the effect of STH infection on preg-

nancy outcome was assessed indirectly, through adminis-

tration of anthelminthic treatment, rather than directly. A

number of other parasites sensitive to the same treatments

(Taenia spp., E. vermicularis,Strongyloides stercoralis . . .) and

which frequently co-occur with STHs could therefore be impli-

cated. To our knowledge, the only prospective cohort study

exploring the direct implication of HW on the pregnancy out-

comes is a Bolivian longitudinal 9-year study conducted in an

area with high prevalence of HW. It showed that HW infection

wasassociatedwith lowerbodymass indexof thewomen, lower

numberofdeliveries, andanolder ageatfirst pregnancy.22Some

cross-sectional studies have examined the occurrence of ad-

verse pregnancy events according to the HW infection status.

Two of the four published studies on the relationship between

HW and infant mortality found an association,65,66 whereas the

other two found no association.67,68 Results in the literature are

similarly mixed for the relationship between HW infection and

premature birth; Wanyonyi et al.66 and Asundep et al.65 found an

association, whereas Mahande andMahande68 did not.

For LF infection, despite the fact that we did not find any

significant association with pregnancy outcomes, our results

suggest that LF may have an implication on the neonatal

mortality. Because of the small number of women recruited,

this possible association has to be reevaluated within a larger

study, and using amore suitable design such as a prospective

cohort study with recurrent assessments of infection levels,

hemoglobin levels, andadversepregnancy events. A case report

TABLE 3

Distribution of sociodemographic and reproductive health variables according to the presence or absence of HW at the Kato–Katz stool examination

Variable Total HW- HW+ P-value

Age-group (years), n (%) 0.098
< 31 19 (31.7) 11 (57.9) 8 (42.1)
31–35 13 (21.7) 9 (69.2) 4 (30.8)
36–44 14 (23.3) 10 (71.4) 4 (28.6)
³ 45 14 (23.3) 4 (28.6) 10 (71.4)

Age (continuous)
Mean (SD) 34.91 (13.11) 33.14 (10.57) 36.91 (15.42) 0.461

Current pregnancy, n (%) 1
Yes 8 (18.6) 4 (50.0) 4 (50.0)
No 35 (81.4) 20 (57.1) 15 (42.9)
MD 17 10 7

First trimester miscarriage, n (%) 1
Yes 7 (21.2) 5 (71.4) 2 (28.6)
No 26 (78.2) 16 (61.5) 10 (38.5)
MD 27 13 14

Miscarriage, n (%) 1
Yes 13 (30.9) 8 (61.5) 5 (38.5)
No 29 (69.1) 19 (65.5) 10 (34.5)
MD 18 7 11

Preterm birth, n (%) 0.670
Yes 6 (16.2) 3 (50.0) 3 (50.0)
No 31 (83.8) 19 (61.3) 12 (38.7)
MD 23 12 11

Postpartum hemorrhage, n (%) 0.294
Yes 12 (31.6) 9 (75.0) 3 (25.0)
No 26 (68.4) 14 (53.8) 12 (46.2)
MD 22 11 11

Neonatal mortality, n (%) 0.531
Yes 31 (53.5) 17 (54.8) 14 (45.2)
No 27 (46.5) 17 (63.0) 10 (37.0)
MD 2 0 2

Number of deliveries (categories), n (%) 0.396
< 4 18 (31.0) 13 (72.2) 5 (27.8)
4–5 16 (27.6) 9 (56.3) 7 (43.7)
6–7 16 (27.6) 8 (50.0) 8 (50.0)
³ 8 8 (13.8) 3 (37.5) 5 (62.5)
MD 2 1 1

Number of deliveries (continuous), n (%)
Mean (SD) 5.00 (2.44) 4.60 (2.45) 5.54 (2.38) 0. 141

MD = missing data; HW = hookworm.
For binary outcomes, the chi2 test has been used (or Fisher’s exact test if chi2 conditions were not respected). For quantitative variables, the Mann–Whitney test has been performed.
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published in 2006 showed that an LF infection in a 36-year-old

womanmay have led to implantation failure in in vitro fertilization

cycles.69 If LF infection can cause implantation issue during

in vitro fertilization cycles, one cannot exclude that the parasite

may cause pregnancy outcome issues and fertility issues.

This study describes the frequency of adverse pregnancy

eventsandLFandHWinfections ina rural populationof theDRC.

Although no significant associations were found between in-

fections withW. bancrofti or with HW, and miscarriage, preterm

birth, neonatal mortality and postpartum hemorrhage, women

with HAHT had significantly less frequent history of neonatal

mortality. This topic of research is under-explored, and more

studies are needed to understand whether HW and LF are in-

volved in the occurrence of adverse pregnancy events.
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le Développement (IRD), INSERM Unité 1175 and University of
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