Resistance aux antiparasitaires
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Deflnlﬁon de la chimioreésistance
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(ﬁ\ppearance of the capacity in a parasite population
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& to tolerate lethal concentrations of molecules which
< normally induce the death of th@«b?najorlty of parasites of
this spemes »WHO 1957.
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Facteur de résistance “RF” -oeﬁatlo des DL50 ou 30 entre une
population testée et une g@pulatlon sensible de référence &
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-De2a5s: “tolerange ', “early resistance stage” sf’

-5-100: resmtaube etablie avec possibilite de reversﬁ’bn
->100: res@énce forte et définitive au sein de |<g$opulatlon
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STRUCTURE Proka(éQRC type of cell structure, which means Parasites are organisms that grow, feed and shelter on or in different
theplcells are non-compartmentalized, and organisms. They live in association with,
) g&eu DNA (usually circular) can be found throughout | and at the expense of their host, from which they
o(’f the cytoplasm rather than within a membrane- | obtain organic nutrition. Those that live on the outside of the
kob bound nucleus. host, such as ticks, are called ectoparasites, while others
@aQ such as ta peworms that live inside the host are called endoparasites.
SIZE @ELL Microscopic / Simple Variable mzed@omplex
TRIJCTURE (\
E%QkATEGDRIZAHON Bacterial types vary by shape and size. They are broadly | There aé“‘B main groups that include parasites :
S divided in five categories: . .\§‘ Arthropods (insects as mosquitoes, flies or fleas; acarians as |
. Coccus ’bé' ticks or mites) R
. QQ Helminths (Roundworms, Hookworms, Tapeworms, o)
° Bacillus N O
@e Strongyles, Flukes, ...) 2:90
. Rickettsia Q\OQ . Protozoans (Coccidia, Trypanosoma, Babesia, ...) Q;\O
C &
. Mycoplasma 08) We can also distinct : x<
. @Q& . Obligatory parasites: can only survive in or on a 88t and
¢ Spirillum \'ef therefore go directly from one host to ancthc(q,
<& |
Vo . Temporary parasites: spend only part cf{e‘%u lives as a parasite
e}\\e’ and another part as free-living orga r16@5
S
& . Facultative parasites: are normal %ee living and infect a host
A p g
1 \(6(“ ~h only by accident. Q;-&o .
GROWTH Bacteria growlraﬁ?od and in the body. Parasites cannot grow in food, D\m@m or on a body.
REPRODUCTION E;q;mnemiabaf,b Highly variable ¢Qf‘
SPEED O ©
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PROKARIOTA

EUKARIOTA

Although some of them produce infectious diseases,
some others are beneficial (vital in recycling nutrients).

Parasites ?é a range of effects, from minimum harm (the host
continugeYo live and reproduce normally), to the death of the host.

(?{Qf?. Coev@&mn may occur between host and parasite.
e = S o o
{G’f’ SOURCE OF Seize energy from the same essential sources as Eg@g’on the nutrients, cells and organs of the host.
’ ENERGY | humans, including sugars, proteins, and fats. ﬁg}e’ K
- — ~ ~
TARGET ONE HEALTH issue: most bacteria are capable of A Parasites are usually specific to one or a group of hosts. ’.000
infecting a wide range of host species, including@r‘z’ b\)('
: N o
humans and a_rnTaIs. FXS R A cd\
GEOGRAPHICAL They can inhabit all kinds of envi runmer@*here isno | Parasites depend on the animals that carry them. Anima\_lzsﬁare living in
ACTION geographical barrier to bacterial actiaﬁ‘. specific areas/countries/... Parasites presence is thex@0re determined
&qf by their geographical zones. ) \iqf"
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Taille des génomes
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A ycc-p Qg’ma pheumoniae
F‘%ﬁnﬂacrer ubigue
oo 1aemophilus

Bat‘.terleg,
Staphylococcus aureus
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Q “11 L b
1\ Bacillus subtilis
3¢ NPT
A0 Eschenichia colr
& . -
?::\ MNanoarchaeum equitans
S
& Archaea Pyrococcus abyssi

]

Sulfolobus solfataricus
Encephalitozoon cuniculi
Saccharomyces cerevisiae (levure)

Plasmodium fa 'G'.DE'."J m
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Caenorfiabdifis elegans ( nematq@e{} 100

Drosophila melanogaster ( ml:':fmche
e,
Eucaryotes | Arabidopsis thaliana ( p@bte

Populus fr.c.'“ocarp@%peupller}

L
Zea mais {ma\@b

A0
Mus mua@us (souns)

Hn@?&prens (homme)
©
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Taille des génomes
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. Nematoglzés génomes de 50 a 250 Mb
— SQM b pour Haemonchus contortus
- «0?40 Mb pour Trichinella spiralis

,\o\ﬂ@allle similaire pour trématodes, cestodé% annélides et
&

& arthropodes (~60-100 Mb upwards) shais plus petit que pour

& d’autres invertébrés comme les rg@lusques et les échinodermes
(~400-500 Mb). &

'\

* Parasites = animaux

— Reproduction intra- gp’\euflque uniguement
— Aucun echange cté genes interspécifique

- Reproductlon&ente / bactéries
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Caractéristiques biologiques

<
A\
&Q/
(2]

Q 5 ’ 7,
° Base msfnutations genetiques
— Bﬁsstance plurigénique: plusieurs genes, différents alleles

ﬁiechamsme &
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%Qp‘?f’ — Résistance métabolique: Detoxuz,-é‘tmn (activités
KQ’

= enzymatiques: Estérases, P- Gg) “Glutathion-S-transférases...)

e Acquisition progressw%fmtensne croissante / 6-10 ans a\@(\

(0

plus (20 ans) b@" \&@Q
— Modification des r%e%pteurs aux antiparasitaires  ©
* Mutation deg;?ecepteurs GABA, Ach, ou GIutarr\g%E pour
les msectl@f’des \)c,s‘o
. Mutatlé’n de |la Beta-tubuline pour les be@hmldazoles
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Dynaﬁnque de la résistance

Q;

. Selectlom‘genethue plusieurs alleles, difféerentes
mutatfi)ns

— c@?fferents niveaux de résistance
Q
2
\;@f— Role de la dose, du temps de contact avec I%s,aparasnes = variations au sein
L0
& d’une méme classe d’antiparasitaires. . &&
Q} \.

& — Processus de sélection: Intenmﬂcatmmprogresswe
& G
— La résistance est un processus dyng?nlque Ny
&
* Frequence d’'un gene dgofe5|stance 1.10° &
‘\

* Evolution au sein d’uﬂe population hétérogene d’ Lm
statut stable chlm,l%sen5|ble vers un statut stablé

O

résistant c;@" &0
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* Durant la s&i’ectlon réversion possible
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Seiectlon de la résistance

e Pour un s@‘lsteme donné: Hote/Parasite/environnement
(elevage mode de vie, mode d’activité)

. Pre%smn de Sélection qui pousse les individus résistants
& survivre puis a dominer malgre &N colt souvent

X

négatif (“negative fitness”) &

e Sélection = fonction de@@"? &

* Absence de reserv0|gk§e susceptibilité &

— Animaux traités vergshs non traités <9
— Spécificité des@‘ades parasitaires ¢t

* Nombre de Iz?altements S

® EfflcaC|t®°aes antiparasitaires o
\')

. Nom)bre d’années d’utilisation (generaleﬂﬁwent pas de
r@s‘fstance avant 10 ans d’utilisation |nten5|ve)



Individuals
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istant alleles
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EvolutiQﬁ of resistance by detoxication mechanisms
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% of resistantlleles
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Dxp%imlcs of resistance by receptor mutation
&

X
100 \\@Q’c’ (— &+
&6
be
90 - o
fel@
<
80 ,Q}OQ
<
b\)
.'\0
70 (@R
60 Quick appearence of <
inefficacy \\Qﬁ’f’
50 - X2 ]
,bé‘ ——9% frequency of resistant genes
o
40 - "QF\\
N\
(0

30 @Q

1 - &

Well known for flies, mosqyitoes
20 | and ticks towards Pyrethgpids:
KDr resistance and SU KDr
10 - 6{\.‘9
>
0%
0 * + > + "; ‘ ‘ ‘ ‘ T T ) &0
0 2 4 96\6 8 10 12 14 16 18 @ib
N v
«© ‘ P
% ears \\(J
¥ ‘b
N ©
o8
O



Quels aﬁhropodes sont concernes?

rzi\

° Agrlgﬁlture Nombreux insectes et acariens
génte animale et humaine

<&

9 — Mouches (Musca domestica, Stom,ﬁxys Haematobia) aux

g2 organophosphorés, carbamategz, yrethr0|des

’ — Moustiques (Culex, Aedes, A*hophe/es) aux
organophosphorés, carba?nates pyréthroides

— Poux (Pediculus) au r@%lathlon lindane, pyréthroides

)
— Tique tropical deg&bovms (Boophilus) a toutes les clgs“ses

— Rh/plcephalusﬁangumeus aux organophosphores;y’

carbamatq&, pyréthroides <
QY
— Puces a;b?x pyréthroides \&"’
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& Vecteur: Babesia bovis

Pourgtioi Boophilus microplus?
Tique speuﬂqg&é des bovins

Tique monQ{"rop|que et monophasique: L, N et A sur bovms sans
passage(éh milieu extérieur - v S

Cyclgo%ourt 21 jours
Pd§’b|lfICIte 3000 Eufs /femelle

Pressmn de sélection tres glcévee
; «o‘i&
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Pourguoi pas /xodes ricinus?
* Tique non spegeﬁ““que

* Tique polyy?)plque et triphasique: L, N et A sur nombreux
hotes (rgf%romammlferes oiseaux, mammiferes domestique
set saﬁvages)

. Qy&]e long: trois hbtes, 1 a 3 ans il

S
<
&

«“Réservoir sauvage principal, animaux dbmesthues =

@c’

 épiphénomene ,s«:o &
* Faible proportion de |la populatq[ﬁﬁ parasitaire traitée o

O
) \\
&

e Absence de sélection N

08 Host 2
lood meal 5 days] lood meal 5 days) jood m¢
2 >
On the dog S =
or other hosts
/
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Quels h%lminthes sont concernés?

— Nemat@ es

. Sm@ngles digestifs chez les ruminants: Haemonchus contortus, Cooperia,
$ efeladorsag/a

K * Petits Strongles digestifs chez les Equidés: Cyathostominés

Q, .
o~ (Cyathostoma....) ?}6\"@'
15 &-'
& * Ankylostomes chez les carnivores (A @nmum) |évriers de course aux
e QW
USA & .
&
* Ascarides (Parascaris equorum()@ghez les chevaux &

<
b\)
* Vis-a-vis des ben2|m|dazoIQ5‘, pyrantel, avermectlnes/m||bemyC|nes ©

* Filaires (Dirofilaria /mnyﬁs) vis-a-vis des avermectlnes/mllbemyg\gﬁes

aux USA, |V|ISSISSIpI Rﬁber Valley ége?
'Qf’
— Trematodes d;s@ &
0 )
. Sch|stomgp§es vis-a-vis du praziqguantel %@be\oo
= Cestod@:s ? Anoplocephala / pramquante{\?%
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Pourqm)l les strongles digestifs?

— Trlchoster‘i'gylldes cycles rapides ppp 3 semaines a 3 mois
.- Prollflcﬁe 3000 ceufs/femelle/jour
— Paghogemute nécessité de traitements des jeunes

eQ@ . Agneaux/haemonchose, vermifugation mensuelle
<

¥« Poulains/cyathostomose, vermlfugatlon$6us les deux mois
1.6 ’K. < ‘ &
— Faible réservoir de susceptibilité @e 24 —

D\

— Mode d’élevage



Pourqubi les strongles digestifs?

N\ oo
— Pourqugi®pas les filaires?
Q
o p{@p@trés longue: 6-9 mois
\;&‘faible pression de sélection sauf D.immitis avec le « slow kill »
6596 aujourd’hui proscrit
<

&= Pourquoi pas chez les carnivores (cQgée@r'is/chats) sauf exception

‘eﬂ?. . . 7 . 7 \Q . . .
,ej,e}“ * Faibie pression de sélection (frequeoﬁte des vermifugations, population
< . . o N \ ,

: non traitée, systeme individuel eghon systeme d’élevage)
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Quels Prozoaires sont concernés?

"

<
Giardia / métronidazole

o0
&
{S\ob\) * Leishmania / glucantime (+ allopurinol)
0&6& * Trypanosoma [/ melarsoprol, pentamidg@e
A &
VG . . N\
& — Apicomplexa x5
L & <
\Z N2

]

aviaire) e

* Babesia / imidocarb &
>

- \ A . 7
* Eimeria / monensin, amprollurqwqtoltrazurll, sulfamides (élevage




Mésures de prévention?

\\

e A adaptelzgé chaque systeme hote/parasite/environnement

* PAS DEbIAGNOSTIC SIMPLE et applicable en pratique

. Tra@l?ements raisonnés (diagnostic, fréquence adaptée)

. o€|ble adaptée: traitements de certalnes@@lasses d’age
Favoriser les réservoirs de susceptlb&hte (animaux non traités)
Combinaison de molécules, rotag%bn de molécules
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< Conclusions
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. Antipar&%itaires spécifiques pour chaque type de parasite

. Antogparasnalres différents en médecine vétérinaire et humaine a

Iﬁé?xceptlon de:

\) é@"
c," — Leishmania &
k“e c,®
& — Trypanosoma \\Q:Zf

* Solution: réserver des antlparagntalres de classes différentes

destinés aux animauxeta l’ I;Icémme &
Q
— Leishmaniose canine: glucgﬁ"clme et miltefosine 0@@
»\0
— Leishmaniose humame@ﬁrecedents + formulations Ilposomales
d’amphotéricine B ’\ ;e‘v?’
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= Chez les animaux:

NZ
©
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ANTIBIQ C RESISTANCE ISSUES ANTIPARASITIC RESISTANCE ISSUES
O
b\)
e@ﬁtTERIA DEVELOP RESISTANCE QUICKLY PARASITES DEVELOP RESISTANCE SLOWLY
G ENE‘@EAN BE TRANSFERRED BETWEEN BACTERIA AND EVEN GENES CAN N'Q'EBE TRANSFERRED BETWEEN DIFFERENT SPECIES OF
'\0\} BETWEEN DIFFERENT SPECIES OF BACTERIA Q}S PARASITES
& o
¢ o

g
This is a « ONE HEALTH ISSUE ». It means that resistant Q’@ntiparasitic resistance is not a Human health issL\Lé,‘
genes of bacteria can be quickly transferred betweeR< because resistance of parasites is an issue forg}ﬁne

different species of bacteria, that can hurt both Humgﬁ% species or a limited number of species. This is dl{gbfo the

and Animals. This is also a food security issue. \)cv\ fact that parasites cannot transfer their resistg®t genes
Q@b to other parasite species. «0\5@
@ 15"
GEOGRAPHICAL ACTION: INTERNATIONP/{@%SUE GEOGRAPHICAL ACTION: LOCAL ISSQEQ’

: L o . " . . e .y
Resistance of bacteria to antibiotics d‘\Q@ not know any Antiparasitic resistance is r%sfncted to limited

- - O -
geographical barrier. {e"e geographical zones because 1t\)‘g§pends on the habitat of
&&“‘c’ the animals that carry the r%ﬁ%tant parasite.
& S
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Antiparasitic resistance is not a public health issue, for the following reasons:
\.
N

. It is impossible to gener@?se mechanisms of resistance for parasites: resistance to antiparasitics directly
depends on the hostfpa&é‘sne system, which includes the type of parasite, the type of antiparasitic drug, the type
of hosts and the Ievglz\of selection pressure,

. There are a ve%&% antiparasitic drugs common between humans and animals,
. Tailor- madgf?eatment strategies limit selection pressure, and there is no metaphylaxis practices for antiparasitic
treatme@i‘s
. ThE-@SSIStance is only concerning a host/parasite system, in a given Iocatmn
\. '&.
. '5’\3‘5 most parasites are species specific and because resistance g(gdes cannot be transferred from one species to
<
%Q}“ another, the risk of transfer to human is very low. &

@ ¥
Resistance is defined per host/parasite system. Conseq uentl@ ntiparasitic resistance cannot be generalised. There i IS((\
no transmission between systems. For instance, a COCCIdI,%ﬁeﬂ rug resistance would only apply to the coccidian spe@@s

1nvolved and not to all coccidia. Antiparasitic resml@fﬁce needs specific system with high selection presg\&e to

Q
(1) RESISTANCE IS LIMITED TO ONE TYPE OF PﬂtﬁhSITES ,@@

0\}

There are 3 main groups that include paras1t§§* S\rthropods Helminths, Protozoans. Antiparasitic drugs are different
and specific in each group. It means that&@ﬂstance is specific to an antiparasitic class, itself congérnmg a specific

host/parasite system in a determined ge@%raphlcal area. 5\“"
*3’ \.;,8\
(2)  DIFFERENCE BETWEEN HO%QES <0

Antiparasitic treatments vary ge?:endmg on the type of hosts the parasites are mfectmg?%or pets (dogs and cats) and
horses, veterinarians cnrru,ﬁonly use individual medicine, with the very first ob@%‘twe of treating infections. For
production animals, s P as swine, ruminants or avian, veterinarians use coll&tive medicine programs. The main
objective is to presem?g’the health of animals raised for food production. It implies totally different programs depending
on the host being t%atedfcured



