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Efficacy of imidacloprid 10%/moxidectin 2.5% spot on (Advocate®, Advantage Multi®) and 
doxycycline for the treatment of natural Dirofilaria immitis infections in dogs                               
Marco Genchi, Alice Vismarra, Chiara Lucchetti, Antonio Biglietti, Serena Grosara, Giacomo Gnudi,
Cecilia Quintavalla, Roland Schaper, Laura Kramer

Introduction                                                                                                                                                                    
▶フィラリア症は蚊によって媒介され無治療だと慢性的な肺高血圧によりうっ血性心不全を引き起こす。 
▶メラルソミン(MEL)が唯一の成虫に対する治療薬であるが、コスト、有効性、副作用の点からもこれに変わる
治療法が研究されている。 
▶いくつかの研究では、大環状ラクトン類(MLs)とドキシサイクリン(DOXY)の効果が示されている。 
▶目的：モキシデクチン(MOXI)とDOXYを併用した際の成虫への効果を評価し、MELの効果と比較する。 
Material and Method                                                                                                                          
▶動物：イタリアで自然感染した犬20頭(組み入れ基準：Table1a) 
▶2つの群で比較(Fig1) 
　・MOXI/DOXY群 ：Advocate®(10%イミダクロプリド、2.5% MOXI含有)とDOXYの併用 
　・MEL群：Immiticide®を3 step プロトコルで使用 
▶調査項目 
　・寄生虫学的評価(血中ミクロフィラリア(mf)濃度、抗原検査、抗原濃度) 
　・呼吸・循環器の評価(胸部レントゲン、心エコー検査): 
　　正常(スコア0)～重度(スコア3)で評価(Table2)(Mavropoulou et al., 2014) 
Results                                                                                                                                                                                
▶MOXI/DOXY群はn=14、MEL群はn=6であった(Table1b) 
▶寄生虫学的評価： 
　・血中mf濃度(Fig2) 
　　-MOXI/DOXY群の13/14頭が治療開始時にmf(+)→うち10頭は1ヶ月後にmf(-)、4頭は4/mlであった。 
　　-MEL群の2/6頭で治療開始時にmf(+)→1頭は3ヶ月後にmf(-)、もう1頭は9ヶ月でmf(-)となった。 
　・血中抗原(Fig3) 
　　-MOXI/DOXY群の13頭は治療開始後9ヶ月で抗原(-)っとなった。 
　　-MEL群の1頭は治療開始後3ヶ月、3頭は4ヶ月、残り2頭はそれぞれ5, 6ヶ月で抗原(-)となった。 
　　-抗原濃度はMOXI/DOXY群で緩徐に減少、MEL群で始めは上昇し、その後急激に減少した。 
▶呼吸・循環器の評価：両パラメーター共に治療開始時には0または1のみで、最終的には全頭で0となり
(0→1→0の場合もあり)、MOXI/DOXY群はMEL群より早く改善が認められた。 
Discussion                                                                                                                                          
▶血中mf濃度：mfに対する効果はMELだけでは弱く、MOXI/DOXY併用での効果が大きかった。 
▶血中抗原濃度：MOXI/DOXY群は、成虫の子宮内容の緩徐な減少と、死滅する成虫の抗原の放出が緩徐であ
るため→抗原濃度の減少が緩徐。MEL群は、成虫の死滅が急激であるため抗原の放出と濃度低下が早い。 
▶呼吸・循環器の評価：MOXI/DOXY群で炎症性変化の改善が早かったのは、DOXYによるボルバキアへの効
果や、炎症前駆抗原の減少によるものと考えられる。 
▶イタリアでの調査：全体の35%の施設がMELを使用しており、他の29%がMLs/DOXY併用をしている
(Genchi et al., 2019)。→MELの代替プロトコルとなりつつある。 
批評                                                                                                                                                   
・症状のグレードや治療中の運動制限などの表記がなく、細かな部分が不明。 
→症状のグレードでは、無症候or軽度では運動制限をすれば問題ないが、中程度or重度or合併症ありならば治
療は困難。今回の研究では、画像検査上では、無症候or軽度であると考えられる。 
・本研究では、MELのみの投与であったため、AHSのガイドラインに載っている方法との比較も必要。 
・コストや投薬の簡便さ、有効性から、フィラリア症の治療としてAdvocate®の使用はオーナーに薦めやすい。 
・当院では、治療に対して統一がないため、治療方針の確立の一助になるのではないか。
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availabilityandside-effectsoftreatmenthaveledtothesearch
foral-

ternativetherapeuticprotocols(Krameretal.,2018).
Severalstudiesinbothexperimentally-andnaturally-infecteddogs

have
reported

the
adulticide

effectofa
combination

ofmacrocyclic
lactonesanddoxycyclineagainstD.immitis,showingthattheseproto-
colsaresafeandeffective(Bazzocchietal.,2008;Bendasetal.,2017;
Grandietal.,2010;Mavropoulou

etal.,2014;Savadelisetal.,2017).
Doxycycline

targets
the

endosymbiont
W
olbachia,whose

reduction
leadstoworm

infertilityanddeath(Krameretal.,2007).Thisactivity,
combinedwiththeknowndetrimentaleffectsofmacrocycliclactones,
eliminatesadultwormsand

lessenstheinflammatoryreaction
against

deadanddyingworms(Krameretal.,2011).TheAmericanHeartworm
Society

(AHS)and
theEuropean

Society
ofDirofilariosisand

Angios-
trongylosis(ESDA)currently

includein
theirguidelinesthatin

cases
wheretreatmentwithmelarsomineisnotpossibleoriscontraindicated,
a
monthly

macrocyclic
lactone

along
with

doxycycline
fora

4-week
period

mightbeconsidered
(AHS

guidelines,2018;ESDA
guidelines,

2017).
Theaim

ofthepresentstudywastoevaluatetheadulticideeffectof
acombinationofmoxidectinanddoxycyclineindogsnaturally-infected
withD.immitisfrom

twoendemicareasofItalyandtocompareeffi
cacy

tomelarsomine.

2.Materialsand
methods

2.1.Studydesign

Thepresentstudyevaluated
theeffi

cacyof10%
w/vimidacloprid

and
2.5%

w/v
moxidectin

(Advocate®,Advantage
Multi®,Bayer)in

combination
with

doxycycline
(Ronaxan®,Merial).A

melarsomine
group

of
dogs

was
treated

with
melarsomine

dihydrochloride
(Immiticide®,Merial),accordingtothethreestepprotocol.Briefly,one
dose

ofmelarsomine
(2.5mg/kg

body
weight)wasadministered

at
enrollmentandwasfollowedonemonthlaterbytwofurtherdoses,24h
apart.

2.2.Animals

A
totalof20dogswithnaturallyacquiredHW

D
wereenrolledfrom

two
Italian

provincesendemicforD.immitis,Parma(Emilia-Romagna
region,northofItaly)andCarloforte(Carbonia-Iglesiasprovince,island
ofSardinia).Inclusioncriteriatargeteddogsofanybreed/sex,weighing
atleast1kgofbodyweight,being>

5
monthsofageand

nothaving
been

treated
within

2
monthspriorwith

any
macrocycliclactone

or
doxycycline.Dogswere

considered
positiveforinfection

when
a
cir-

culatingantigentest(PetChek®HTW
M
PF,IDEXX)and/ormicrofilariae

(modifiedKnott’stest)waspositiveforD.immitis.Owners’consentwas
obtainedpriortoanystudyactivities.

2.3.Treatmentprotocols

Treatmentprotocolsaresummarized
in
Fig.1aand

b.Briefly,to-
pical

administration
of

10%
imidacloprid+

2.5%
moxidectin

(Ad-
vocate®)wasadministratedto14dogsonceamonthfor9consecutive
monthstogetherwithdoxycycline(10mg/kgBW

,BID)forthefirst30
days

(Fig.
1a).

For
the

melarsomine
group,

melarsomine
dihy-

drochloride(Immiticide®)wasadministered
atthemomentofenroll-

ment,2.5mg/kgBW
,followedonemonthlaterbytwoinjectionsofthe

samedose24haparttosixdogs(Fig.1b).

2.4.Parasitologicalevaluation

Blood
sampleswerecollected

oncea
month

forninemonthsand
then

at12,18,24
monthsfrom

alldogsenrolled
in
thestudy,apart

from
threedogsinthemelarsominegroupthatdidnotpresentatoneor

twocontrolvisits.
Microfilarialconcentration

wasdetermined
in
1mlofblood

with
the

modified
Knott’stest(Balbo

and
Panichi,1968).The

numberof
microfilariae(mf)wasexpressed

asn°ofmf/1mlblood.Serum
sam-

pleswere
tested

forcirculating
antigensusing

PetChek®
HTW

M
PF

(IDEXX),
following

the
manufacturer’s

instructions.
Antigen

con-
centration

was
also

evaluated
reading

the
plates

with
a
spectro-

photometerat650nm.Thecut-off
wasdefinedastheaveragevalueof

allthenegativecontrolsprovidedbythemanufacturerofthekitsused
duringineachantigenictestsession+

3SD.Inparticular,ninetesting
sessionsweredoneandallthesampleswithOD

valueshigherthanthe
cut-off

wereconsideredaspositive.ThemeanOD
valueofallthedogs

foreachtimepointwasconsideredinordertocomparethedecreasein
antigenconcentrationbetweenthetwotreatmentgroups.

2.5.Thoracicradiographyandcardiacultrasound

Thoracicradiography
in
double

orthogonalviewsand
cardiacul-

trasound
werecarried

outatmonths0,6,12,18
and

24.Scoring
of

interstitiallungpatternsandhaemodynamicparameterswasaccording
to
Mavropoulou

etal.(2014).The
following

scoreswere
used:lung

pattern0(normal)to3(severe)andcardiacultrasound0(normal)to3
(severepulmonaryhypertension)(seeTable1).

Atthe
same

time
asblood

sampling,dogsunderwenta
physical

examinationtoverifytheirhealthstatus.

2.6.Statisticalanalyses

Thestatisticalanalysiswasperformed
byDipl.-Stat.Marion

Ocak,
MD

research,Munich,Germany.Thedataweresupplied
in
electronic

form
(MS

EXCEL,file
name

“Bayer_24
months_summary

incltable-
s.docx”,˜101

kilobytes,dated
12.April2019)forthestatisticalana-

lysis.Afterchanging
the

titlesofthe
rowsaccording

to
idv-standard

(idv
computer

programs
were

used
for

the
analysis),the

data
for

Fig.1.a.Treatmentregimenformoxidectin/doxycycline;b.Treatmentregimenformelarsomine.
(EN:enrollment;mf:microfilariae).
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Advocate ®を
4週
ご
と
に
9ヶ
月
間
投
薬
 

DOXY 10m
g/kg BIDを

30日
間
投
薬
 

m
fカ
ウ
ン
ト
と
抗
原
検
査
 

心
エ
コ
ー
検
査
と
レ
ン
ト
ゲ
ン
検
査
 

M
EL 2.5m

g/kg投
薬
し
、
1ヶ
月
後
に
同
量
を
24時

間
間
隔
を
あ
け
て
 

2回
投
薬
 

m
fカ
ウ
ン
ト
と
抗
原
検
査
 

心
エ
コ
ー
検
査
と
レ
ン
ト
ゲ
ン
検
査

組
み
入
れ
基
準

犬
種
・
性
別
は
関
係
な
し

体
重
１
kg以

上

5ヶ
月
齢
以
上

2ヶ
月
以
内
に
M
Lや
DOXYの

使
用
歴
が
な
い

抗
原
検
査
、
m
fが
片
方
ま
た
は
両
方
(+)で

D. im
m
itis 感

染
と
み
な
す

3.3.Thoracicradiographs

Fourdogsin
themoxidectin/doxycyclinegroup

had
an

interstitial
lung

pattern
scoreof1

atenrollment,whiletheremaining
10

had
a

scoreof0.At6monthsfrom
thebeginningoftreatment,onedogwitha

scoreof0atenrollmenthadascoreof1.Ofthefourdogswithascore
of1

atenrollment,3
improved

(scoreof0)whileoneremained
1.At

months12,18
and

24,alldogstreated
with

moxidectin/doxycycline
hadascoreof0.

Alldogsin
themelarsominegroup

had
ascoreof0

atenrollment
andat6months.Twodogsshowedascoreof1at12months.Atmonths
18and24months,alldogsfrom

themelarsominegrouphadascoreof
0(seeTable3).

Forthoracicradiographsat12,18and24monthsnon-inferiorityofthe
moxidectin/doxycyclinegroupvs.themelarsominegroupcouldbeproven
(100.00%

vs.66.67%,100.00%
vs.100.00%

and100.00%
vs.100.00%).

3.4.Cardiacultrasound

Two
dogsin

the
moxidectin/doxycycline

group
had

a
cardiacul-

trasoundscoreof1atenrollment,whileallothershadascoreof0.At
months6,12,18and24,alldogsfrom

thisgrouphadascoreof0.Two
dogsinthemelarsominegrouphadascoreof1atenrollment,whileall
othershadascoreof0.At6months,thetwodogswith1atenrollment
were

stillscored
at1,while

anothernormaldog
atenrollmentwas

scoredwithmildalterations.Atmonths12,18and24,alldogsfrom
the

melarsominegrouphadascoreof0(asshowninTable3).
Forcardiacultrasoundat12,18and24months,non-inferiorityof

themoxidectin/doxycyclinegroupvs.themelarsominegroupcouldbe
proven(100.00%

vs.100.00%).

4.Discussion

In
the

present
study

we
evaluated

the
adulticide

effi
cacy

ofa
combinationofmoxidectinanddoxycyclineindogsnaturallyinfected
with

D.immitisandcomparedmicrofilariemia,antigenemiaandcardi-
orespiratory

parameters
in

dogs
treated

with
melarsomine.

Melarsominewasadministeredwiththethree-stepprotocol.Ithasbeen
shown

thatthis
protocolis

safer
and

more
effective

for
adulticide

treatmentin
dogscompared

to
thetwo-step

protocolreported
on

the
productlabel,independentofthedog’sclinicalstatus(Keisteretal.,
1992;Vezzonietal.,1992).Even

though
thethreestep

protocolwas
proposed,ownerconsentwaslimited

formelarsomine,explainingthe
low

number(6)ofdogsin
thistreatmentgroup.Itislikely

thatthe
absenceofpre-treatmentwith

doxycyclineand
amacrocycliclactone

beforemelarsomineadministration,asrecommended
by

themostre-
centguidelinesoftheAmericanHeartworm

Society(2018)andofthe
European

Society
forDirofilariosisand

Angiostrongylosis(2017),led
owners

to
refuse

enrollment.Indeed,as
reported

by
Genchietal.

(2019),combinationprotocolswithdoxycyclineandMLsarebecoming
increasinglypopularinItaly.

Resultsofthepresentstudyconfirm
theadulticideeffectsofmox-

idectin
combined

with
doxycycline

previously
reported

by
Savadelis

etal.(2017)in
experimentally

infected
dogsand

by
Bendas

etal.
(2017)in

naturally
infected

dogsin
Brazil.In

thepresentstudy,the
adulticideeffectwasconfirmed

through
serologywithoutpre-heating

theserum
samplesand

negativeserology
ofnon-heated

sampleswas
considered

as
definitive

cure.Indeed,
several

recent
studies

have
questioned

ifheattreatmentactually
resultsin

reliable
and

specific
seroconversion

in
dogs

that
are

negative
without

heating
serum.

Savadelisetal.(2018)reportedthatpositiveresultsofheat-treatedsera
from

D.immitis-experimentally
infected

dogswere
notconfirmed

at
necropsy.Venco

etal.(2017)showed
thatheattreatmentcaused

po-
sitiveantigen

testresultsofsamplesfrom
awidevariety

ofparasites
and

parasiticinfections,includingmono-infectionswith
Dirofilariare-

pens,the
aetiologicalagentofsubcutaneous

dirofilariosis
which

is
widespread

in
many

European
countries.Ciucăetal(2016)reported

thatheating
ofserum

samplesfrom
dogswith

D.repenscaused
false

positiveresultsandconcludedthatwhereD.repensisendemic,heating
ofsamplesisnotcurrentlyrecommended.

In
thepresentstudy,moxidectin/doxycyclinetreatmentinduced

a
gradualreduction

in
adultworm

antigen
concentration

from
three

monthsonwardfrom
thebeginningoftreatment,withalldogs,except

one,becomingnegativeat9months.Thisgradualdeclineincirculating
antigensissimilartothatreportedbySavadelisetal.(2017).Thismay
beduetothegraduallossofintrauterinecontentandaslow

decreasein
antigen

release
while

wormsare
dying,ascompared

to
the

massive
release

likely
consequent

to
melarsomine-induced

death,
where

a
suddenandrapiddeclineinantigenemiawasobservedat3–4months.
Innaturallyinfecteddogs,wecannotexcludethatimmatureparasites
thataremigratingduringthe9-monthtreatmentregimemayalsohave
arrivedasadultsandthensubsequentlydied.Thepresentstudywould
also

indicatethatthecombination
ofmoxidectin/doxycyclinehassu-

perioradulticide
effi

cacy
compared

to
ivermectin/doxycycline.In

a
previousstudyin

naturally-infected
dogstreated

with
doxycyclinefor

Table2
Enrolled

dogs(moxi/doxy:moxidectin+
doxycycline;mel:melarsomine

di-
hydrochloride).
Group/No.Animals

#/sex
Age(meanyears)

MOXI/DOXY
(tot.14)

4/F10/M
2-12(mean6.5years)

MEL(tot.6)
6/M

3-8(mean5.5years)

Fig.2.Numberofmf/ml(averagevalueforpositivedogs)expressedadlog10
after

treatmentwith
moxidectin/doxycycline

(moxi/doxy)
vs.melarsomine

(mel).

Fig.3.Circulatingantigensevaluationaftermoxidectin/doxycyclineandmelarsominetreatments.
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analysisweretransferredtotheanalysisprogramsaccordingtoidv-
SOPsbymeansofthevalidatedidvExcel-transfer.

TheanalysiswasperformedwiththevalidatedprogramReport
Version6.7andTestimateVersion6.5fromIDVGauting(validationof
software,hardwareanduseraccordingtoFDA21CFRPart11.All
evaluationstepswerecompletelydocumented.

Continuousvariableswillbedescribedbynumberofvalidcases,
mean,median,standarddeviation,quartiles,minimumandmaximum.
Categoricalvariableswillbedescribedbynumberofvalidcases,fre-
quencyandpercentage.

Thestudyhasbeenconductedasanon-inferioritystudy.Thesta-
tisticalanalysiswasperformedaccordingtothe2stepapproachbased
onBauerandKöhne(1994,adaptivedesign),plannedwithaminimum
ofeightpatientsineachtreatmentgroup.Inthemelarsominegroup
werenowonlysixanimals.Reasonsandexplanationwillbeprovided.

Nonparametrictests(2×2Test)werecalculatedtojudgediffer-
encesorequalityofthetwotreatmentgroups.Thenon-inferiorityis
definedforanon-inferiority-marginof15%fortheratedifference.

3.Results

3.1.Animalsandtreatmentgroups

Fourteendogsweretreatedwiththecombinationof10%w/v
imidaclopridand2.5%w/vmoxidectin/doxycyclinecombinationand6
withmelarsominedihydrochlorideasmelarsomines.Table2reportsthe
ageandsexofdogsinthetwogroups.Fourfemalesand10males,with
anaverageageof7years,weretreatedwithmoxidectin/doxycycline.
Thegrouptreatedwithmelarsomineconsistedofmalesonly,withan
averageageof5.5years.Duetolackofownerconsentitwasnot
possibletoenroll8animalsasplannedforthestatisticalanalysis,
howeverthishadnoinfluenceontheresults.

3.2.Parasitologicalevaluation

3.2.1.Microfilariaemia
Thirteenofthefourteendogsinthemoxidectin/doxycyclinegroup

hadcirculatingmicrofilariaeatthemomentofenrollment.Tenbecame
negativeafter1monthoftreatment,whiletheremaining3had4mf/ml
ofbloodatday30.Themoxidectin/doxycyclinecombinationinduceda
consistentreductioninmfcountwitha99.9%efficacyalreadyafterone
month(Fig.2).Onlytwoofthesixmelarsominedogstreatedwith
melarsominehadcirculatingmfatenrollment.Onebecamenegativeat
threemonthsfromthebeginningofthetreatment,whiletheotherre-
quired9monthstobecomenon-microfilaremic.Thiswasnotun-
expectedasmelasomineisnotactiveagainstmicrofilariae.

Formicrofilaraemiaat12,18and24months,non-inferiorityofthe
moxidectin/doxycyclinegroupvs.themelarsominegroupcouldbe
proven(100.00%vs.100.00%).

3.2.2.Antigenemia
Alldogstreatedwithmoxidectin/doxycyclineexceptonewerean-

tigennegativeby9monthspost-enrollment.Onedogtreatedwith
melarsominebecameantigennegativeatthreemonthspostenrollment
(p.e),threeatfourmonths,oneatfiveandoneatsixmonthsp.e.Fig.3
reportstheaverageODobtainedfromdogstreatedwithmoxidectin/
doxycyclineandmelarsomineateachtimepoint.ODvalueswere
consideredpositiveifhigherthan0.08(cut-off).Dogstreatedwith
melarsomineshowedfirstariseinODvalues,followedbyarapidre-
ductioninantigenconcentration.Reductionofantigenconcentration
wasmoregradualindogstreatedwithmoxidectin/doxycycline.

Forantigenemiaat12,18and24months,non-inferiorityofthe
moxidectin/doxycyclinegroupvs.themelarsominegroupcouldbe
proven(100.00%vs.83.33%,100.00%vs.100.00%and100.00%vs.
100.00%) Table1

Scoresystem
appliedforthoracicradiographsandcardiacultrasoundevaluation(Mavropoulouetal.,2014).

Pulmonaryinterstitialdisease(thoracicradiography)

Score
0

1
2

3

Clinicalevaluation
Normal

Mildunstructuredinterstitiallungpattern
inthecaudallobe

Morediffuseanduniform
unstructured

interstitiallungpattern
Diffusepulmonarydensities,signscompatiblewith
thrombo-embolism/pneumonia

Pulmonaryhypertension(echocardiography)

Score
0

1
2

3

Clinicalevaluation
Normal(AT a>

64ms;AT/ET bratio
>
0.42ms)TRV

<
2.8m/s

Slightalterations(AT/ET=
0.42–0.26ms)

TRV
<

2.8m/s
Moderatealterations(AT≤

45ms;
AT/ET≤

0.25;TRV
c≥

2.8m/s)
Markedalterations(moderate/severepulmonary
hypertension:TRV

>
3.57m/s)

a
Accelerationtime.

b
Ejectiontime.

cTricuspidevalveregurgitationvelocity.

M.Genchi,etal.9HWHULQDU\�3DUDVLWRORJ\��������������²��

��

肺
高
血
圧
(心
エ
コ
ー
検
査
)

間
質
性
肺
病
変
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ン
ト
ゲ
ン
検
査
)

3.3.Thoracicradiographs

Fourdogsin
themoxidectin/doxycyclinegroup

had
an

interstitial
lung

pattern
scoreof1

atenrollment,whiletheremaining
10

had
a

scoreof0.At6monthsfrom
thebeginningoftreatment,onedogwitha

scoreof0atenrollmenthadascoreof1.Ofthefourdogswithascore
of1

atenrollment,3
improved

(scoreof0)whileoneremained
1.At

months12,18
and

24,alldogstreated
with

moxidectin/doxycycline
hadascoreof0.

Alldogsin
themelarsominegroup

had
ascoreof0

atenrollment
andat6months.Twodogsshowedascoreof1at12months.Atmonths
18and24months,alldogsfrom

themelarsominegrouphadascoreof
0(seeTable3).

Forthoracicradiographsat12,18and24monthsnon-inferiorityofthe
moxidectin/doxycyclinegroupvs.themelarsominegroupcouldbeproven
(100.00%

vs.66.67%,100.00%
vs.100.00%

and100.00%
vs.100.00%).

3.4.Cardiacultrasound

Two
dogsin

the
moxidectin/doxycycline

group
had

a
cardiacul-

trasoundscoreof1atenrollment,whileallothershadascoreof0.At
months6,12,18and24,alldogsfrom

thisgrouphadascoreof0.Two
dogsinthemelarsominegrouphadascoreof1atenrollment,whileall
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