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Introduction

Table 1 Taxonomic classification of major vector-borne

diseases
Vectors Diseases
Order Family Genius
Diptera Culicidae Anopheles Malaria,
Lymphatic filariasis
Culex West Nile disease cuticle
Japanese encephalitis
Aedes Yellow fever
Chikungurya
Dengue
Psychodidae  Phleboromus Leishmaniasis
Lutzomyia —
Glossinidae Glossina Human African ==
Trypanosomiasis hindgut
Simulidac Simuliurn Onchocerciasis
Tabanidae Tabanus Loiasis & P — ™
Hemiptera Redwviidae — Triatoma Chagas disease ﬁ K'"°‘°P'fs"“3 U 6} o‘ PN ‘ RANAAN ...
Rhodnius bl Plasmodium ® ’! (] I ) e ‘ 0 ‘ ® | epithelium 1)
hodida  lxodidee  Amblyomma Rickettsiosis o T St ) ® . e
Tularemia AAAR Borrelia T basal lamina
Nodes Lyme disease g Helminths PSS "m"'z?’!"’f
Babesiosis U Arboviruses plasmatocytes =
Haemaphysalis Tularemia
Tick bome encephalitis Baxter ef al.
Argasidae  Omithodoros Relapsing fever
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The taxonomic dassification of the major hematophagous arthropod vectors
described in the present review is given with their cormesponding diseases.

Fontaine et al. Parasites & Vectors 2011, 4187



Table |

Medically importani species of phlebolomine sand fly and transmission of kbshmaniasis

leishmaniose

Sand fly species Geographical distribution Specics of Lelshmanic  Main disease(s) in Transmission  Important mammalian hosts
humans
Phietotormes papatast, Phichotomus Central and West Asia, Morth Africa, Sahel of  Ledsfhonamio Cutancous (oriental Rural Gireat gerbil [ Rhomfromys opime), fat
dubosgi, Phiebotorms salehi Adfrica, Central and West Africa { Leishmarmia) major s0re) 2oonolic sand rat {Psaommomps obesus)
Phiebotomus sergenti Central and West Asia, North Alnca Leishmarnia Culaneous (onenial Urban Humams, rock hyraxes
{ Leishmania) tropica  sorc) anthroponotic
Philehotors longipes, Phishotomus Ethiopia, Kenya I eivhruaric Cutancous diffuse Rural Rock hyraxes [ Heterolyprax bracet,
pedifer { Leixhrnarmi ) cutaneous FOOnOLic Procamin spp.)
aethiopica
Phiehotomus argentipes, Phiehotoms Indian subcontinent, East Africa Leichmania Visceral (kala arar) Epidemic Humans
ovientalis, Phiehotomus marting { Leishrmuarie ) anthroponotic
domovani
Phiebotomus ariasi, Phicheioms Mediterranean basin, Central and West Asia  Leishmanio Infantile visceral Zoonolic Domestic dog
perniciosus { Leishmaria ) penidomestic
injfaniturm
Lutzomyin ongipalpis Central and South America L. (L.} infuntum (spe. Infantile visceral Zoonotic Domestic dog, foxes (Lycalopex vefwdes,
chagusi) peridomestic  Cerdocyon thows)
Lutzomyia olmeca olmeca Central Amenc Leishmaria Cutaneous (chiclero’s  Sylvatw: Forest rodents { Cvotvlomys
{ Leishmaria ) ulcer) Foonobic phylloris + others)
FeXican
Lutzomyin flavizcutellat South America Leixfermarics Cutaneous Sylvatic Forest rodents { Proechimys
{ Leishmaria ) woonolic spp- + others)
PRI ENRLS
Festzomyia wellcomel, Futzompia Central and South Amernca Peishmaria | Viammia)  Cutancous Syhatc Forest rodents { Akodon spp.,
comiple s, Lufzomyia carreral brgziliersis MICOCUEANGOUS Zo0notic Prowchimys spp. + others)
(espundia)
Lutzomyia peruensis, Lutzomyia Peru Leishmarnia [ Viamnia) Culaneous {ula) Upland Reservorr unknown, dog?
DEFFLCEPLET PEFLIDIER Foonotic
Lestzomyia unihrarilic South America Feishmaria | Viammia )  Cutancous, oficn Syhatc Sloth {Choloepis didactyliee), antcater
EUPGREREiE metastatic (pian-bois)  2oonotic ( Tamuandua teiradact pla)
Lutzomyia (rapidoei Central Amenc Leishmaria | Viamnia) Culaneous Sylvatic Sloth { Choloepus hoffmanni)
PAREERSLT woomolic

Varnous specics in the genus Plilehotomes arc responsible for transmission of lcishmaniasis in the O0d World and Latzomyia specics in the New World. Each sand fly spocies typically transmits only onc
species of parasite and each parasite leads 1o a particular type of disease. Animal reservoirs are important for maintaining the life cycle of many Leismania species and consequently transmission is

Iregquently zoonotic and ruralfsylvatic. Important exceplions are Leishmenia tropica and Leishmania donovami, which are transmitled between human beings.
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leishmaniose

* Transmission promastigotes :

— Nouveau monde : Lutzomya

— Ancien monde : Phlébotomus

* Promastigote secretory gel
— fPPG

e salive

The PSG plug. (A) The typical position of Leisimania PSG in the gut of heavily infected sand flies (FG, foregut; TMG, thoracic
midgut; AMG, abdominal midgut; HG, hindgut; CV/SV, cardiac or stomodeal valve; SG, salivary gland; scale bar: 1 mm). (B)
Freshly dissected PSG from L. mexicana-infected Lu longipalpis (scale bar: 100 um). (C) Sagittal section through the anterior
thoracic midgut of a heavy L. mexicana-Lu. longipalpis infection, showing numerous attached and unattached parasites (Pa) and

occlusion to the stomodeal valve (Scale bar: 10 pm).



leishmaniose

* PSG:
— Protéophosphoglycanes
— Cicatrisation accélérée chez la souris
— Recrutement macrophages/neutrophiles
— Activation des macrophages
Mais Inhibition indirecte production NO

 Echappement parasite : 1L4/IL10
e Amélioration infection :

— Modification comportement alimentaire/leishmanie



leishmaniose

e Salive

— Composition

— Role :
* Vasodilatation : maxadilan, 5’AMP, adenosine
* Hémostase : anti-aggregants, anticoagulants
* Inflammatoire

* immunologique



leishmaniose salive : composition

Table 2
Sand My salivary protdeins withi known biological activity,

Samd My salivary  Biological activities of salivary prodeins {moleoular weight') Anti
transcriptomes inflammatory
Janti-arthritis
Inhibitor of comtact Biogenic Anti- Ecto ADPase, DNAse Degradation of Furine metabolism  Vasodilator Nucleotidase  Wasodilaror
activation, heparin amine coagulant,  inhibitor of CLRALY hyaluronan hydrolyzis  hydrolysis of and inhibitor
binding binding inhibitor platelet of chondroitin sulfates  adenosine of platelet
[proteins of factor aggregation agpregation
Xa
Small odorant binding Yellow Lufaxinf Apyrase Endonuclease  Hyaluronidase Adenosine Adenosine 5 Maxadilan LM111
profein (EF) - lile [rotein Lulaxin (*~~36 kDa) [~44 kDa) [~ kD) deaminase Nucleotidase  pepide
{15 kiDa) {~~15 kiDa) like [~46 kida) (-~61 kiDa) (6 kia)
[~32 ki)
Lu lengipalpis LMo LM77, [ITREES LuloAry [TTRE"S LuloHYA® (Cerna et al,  ADA® (Charlab LudoSMLCT Maxadilan®  LJM111°
[(Valenzuela M7, (Lufaxin}*  (Charlab [Lundepy 2002; Charlab et al., el al,, 1999) {Charlab: (Lerner and (Grespan
et al, 2004) LMI11*(3u  (Collin etal,1999) (Chagasetal. 1999; Kohousova etal, 1999)  Shoemaker, et al., 2012) .
etal,2011) etal, 2014) et al_, 20012 19492) =
2012) E
L intermedia Linb-7, &, 28, 59 Limb-21 Linb-17 Linb-35 Linb-4& Linb-54 Linb-147 B
(e Moura =]
et al, 2013) 3
L. ayocuchensis  Lay512-17, 48 72 Lay522-24,  LayS120 LayS8-14, Lay5147 ]
(Kato et al, 117, 118 132 16-21 B
2013) g
P. papatasi PETSP12-15 PPTSP42, 44 PPTSP24°  PPTSPIG" “Cema et al. (2002))  “Ribeiro et al. Adenosine g
Tunisia [ Collin {Kibeino (1999), Charlab and 5'-AMP" E
[(Abdeladhim el al., el al, 1939h) el al. [ 1999), [Ribwesiro et al., P
et al, 2012) 2012) Carregaro et al. 100} E
(2011} =
P duboscgi Mali  PduMO2-03, 06-07, 12, PduM10, 35  PduMO4-  PdoM38-39° BCema et al. (2002) PduM73 2
(Kato et al, 31-32,49-50, 57-58, 60, 05" (Collin  {Hamasaki E_
2006) 62, 99" (Alvarenga et al. et al, et al, 2009) g
2013) 2032) 2
P, dubascei PdukDl-03, 40-42, 49,  PdukDd 06,  Pduk70" Pduks0 * SCema et al, (2002) Pk B
Kenya (Kato  56-58, 109-110¢ 86 (Collin (Hamasaki :.
ef al, 2006) (Alvarenga et al, 20013) et al, et al,, 2009) _P:
2012) =
P. sergenti PsSPA-11, 14-15, 54-55  PSPIR-20,  P<SP4g P<SPAD-42 “Cema et al, (2002), &
(Rohousova 22,26 Eohousowa et al. o
et al, 2012) (2012) T
F. arbricus PabSPZ, 45, 63164, 93,  PabSP26, 53  Pab5P34,  PabSP39, 40— Pab5P4s PahSP72" (Rohousova &
(Hostomska 32 41 eral, 2012)
el al, 2009)
P. argentipes PagSP01, 02, 07,12, 13 PapSPod PagSPog PagsPo3 * FagsP11 ERohousova et al. Adenosine
(Anderson (Rilweire (2012) and 5'-AMP"
et al, 2006) et al, 1939b) (Ribeiro et al.,
1)
P, arigesi [ (Miveira  ParSPO3, 06, D8 ParSP04, ParSP9 ParSP01 ParSPI0
et al, 2006) ME
P. permiciosis PpeSPz, oa, 11 PpeSPIG, PpeSPiG PpeSPOl, OIB  PpeSP32 FRohousova et al,
{Anderson 03B ¥ (Ribeiro (2012)
ef al, 2006) et al, 1989b)
F. permicions 5P02, 09, 11 SPOZE SPG SPOLOE ™ *Rohousova et al.
Madrid Spain (Kibeiro (2012)
(Martin el al, 1989h)
Martin et al,
2013)

(romtimmed on et page)
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leishmaniose

e Salive

— Composition

— Role :
» Vasodilatation : maxadilan, 5’AMP, adenosine
 Hémostase : anti-aggregants, anticoagulants
* Inflammatoire

* immunologique



Leishmania : hémostase

Extravascular o X o oA - Vascular damage /Collagen
A N K D5 mi . < . . g "
;
(1) Vasoconsriction

Sialokinins  SAMP — v

; » Exposure to tissular factor (TF)
Peroxidase  Prostaglandins Subendothelial structures e den
Maxadilan Nitrophorins (collagen, basal membrane...) 8
Adenosine  SVEP (3a) Contact activats thway (intrinsic) (3b) Tissue factor pathway (extrinsic)
. - SRS g !
(2) Platelet activation and aggregation HMWK Anophensin i FVila «— FviI | FVIl complex
FXII FXlla Haemaphysalin | Case i
Aegyptin Longicomin Triplatin y Triafesting \ N
g AAPP  Pallipidin \ X! Xia
> > Collagen Disagregin NP2
5 Y e -
RPAL1 Variabilin FIX . FiXa | Xase complex 4
Apyrases Lo Savignygrin \ E evilla TAP Penthalaris
& \ f caes | Salp14
€ " R \ i i Amblyomin-X
- [ 34 g \ ko i Ubigurtous
\ A .f U
S oty g e
FXa - FX

| FX

3 / I \ ‘ Cass

X’ W. (‘I Ubiguitous —1 va Prothrombinase complex
& & \ / PL

Anophcfn SHT §Qm 07 i l

Ornithodorin Moubatin /’/ Fis. ¢ i

Savignin D7 ) Lo _/'/ {Thrombin)

Boophilin Monotonin y /

Rhodniin ABP * Soluble fibrinogen » Insoluble fibrin
Triabin

™ BFA families: Culicidae Psychodidae Ticks (Argasidae/ixodidae) Reduvidae Glossindae  Simuliidae  Ubiquitous

Figure 1 Schematic representation of arthropod salivary proteins acting on primary and secondary haemostasis. Haematophagous
arthropods (HA) induce injuries to vascular endothelium when probing for a blood meal. The initial event of this vascular damage is
vasoconstriction (1), which retards extravascular blood loss and enhances the adhesion of platelets to exposed subendothelial collagen. This
adhesion activates platelets (2) and causes the release of platelet activation agonists (Adenosine diphosphate (ADP), Thrombin, Thromboxane A,
(TXA,), serotonin (5-HT)) as well as platelet membrane integrin receptor allb3. Fibrinogen binds to this receptor and crosslinks platelets to form
a platelet plug. The blood coagulation cascade (3) is then initiated to strengthen the platelet plug with fibrin at the site of injury. The
coagulation cascade is separated into two pathways converging into a common pathway. The contact activation pathway (intrinsic) involves
high-molecular weight kininogen (HMWK), prekallikrein (PK), factor XlI, factor X1 and factor IX (3a), and the tissue factor pathway (extrinsic)
involves the tissue factor and factor VIl complex (3b). Both pathways lead to the activation of factor X. The common pathway leads to the
generation of thrombin from prothrombin and the ultimate production of insoluble fibrin from fibrinogen. HA have evolved anti-haemostatic
salivary proteins that inhibit specific agonists and factors of platelet aggregation and the blood coagulation cascade. The known actions of some
HA salivary proteins listed in Additional file 1 are indicated. (Salivary protein affiliation to HA families is indicated by colour as represented on the

bottom right comner legend). Fontaine et al. Parasites & Vectors 2011, 4:187




leishmaniose salive : composition

Table 2
Sand My salivary protdeins withi known biological activity,

Samd My salivary  Biological activities of salivary prodeins {moleoular weight') Anti
transcriptomes inflammatory
Janti-arthritis
Inhibitor of comtact Biogenic Anti- Ecto ADPase, DNAse Degradation of Furine metabolism  Vasodilator Nucleotidase  Wasodilaror
activation, heparin amine coagulant,  inhibitor of CLRALY hyaluronan hydrolyzis  hydrolysis of and inhibitor
binding binding inhibitor platelet of chondroitin sulfates  adenosine of platelet
[proteins of factor aggregation agpregation
Xa
Small odorant binding Yellow Lufaxinf Apyrase Endonuclease  Hyaluronidase Adenosine Adenosine 5 Maxadilan LM111
profein (EF) - lile [rotein Lulaxin (*~~36 kDa) [~44 kDa) [~ kD) deaminase Nucleotidase  pepide
{15 kiDa) {~~15 kiDa) like [~46 kida) (-~61 kiDa) (6 kia)
[~32 ki)
Lu lengipalpis LMo LM77, [ITREES LuloAry [TTRE"S LuloHYA® (Cerna et al,  ADA® (Charlab LudoSMLCT Maxadilan®  LJM111°
[(Valenzuela M7, (Lufaxin}*  (Charlab [Lundepy 2002; Charlab et al., el al,, 1999) {Charlab: (Lerner and (Grespan
et al, 2004) LMI11*(3u  (Collin etal,1999) (Chagasetal. 1999; Kohousova etal, 1999)  Shoemaker, et al., 2012) .
etal,2011) etal, 2014) et al_, 20012 19492) =
2012) E
L intermedia Linb-7, &, 28, 59 Limb-21 Linb-17 Linb-35 Linb-4& Linb-54 Linb-147 B
(e Moura =]
et al, 2013) 3
L. ayocuchensis  Lay512-17, 48 72 Lay522-24,  LayS120 LayS8-14, Lay5147 ]
(Kato et al, 117, 118 132 16-21 B
2013) g
P. papatasi PETSP12-15 PPTSP42, 44 PPTSP24°  PPTSPIG" “Cema et al. (2002))  “Ribeiro et al. Adenosine g
Tunisia [ Collin {Kibeino (1999), Charlab and 5'-AMP" E
[(Abdeladhim el al., el al, 1939h) el al. [ 1999), [Ribwesiro et al., P
et al, 2012) 2012) Carregaro et al. 100} E
(2011} =
P duboscgi Mali  PduMO2-03, 06-07, 12, PduM10, 35  PduMO4-  PdoM38-39° BCema et al. (2002) PduM73 2
(Kato et al, 31-32,49-50, 57-58, 60, 05" (Collin  {Hamasaki E_
2006) 62, 99" (Alvarenga et al. et al, et al, 2009) g
2013) 2032) 2
P, dubascei PdukDl-03, 40-42, 49,  PdukDd 06,  Pduk70" Pduks0 * SCema et al, (2002) Pk B
Kenya (Kato  56-58, 109-110¢ 86 (Collin (Hamasaki :.
ef al, 2006) (Alvarenga et al, 20013) et al, et al,, 2009) _P:
2012) =
P. sergenti PsSPA-11, 14-15, 54-55  PSPIR-20,  P<SP4g P<SPAD-42 “Cema et al, (2002), &
(Rohousova 22,26 Eohousowa et al. o
et al, 2012) (2012) T
F. arbricus PabSPZ, 45, 63164, 93,  PabSP26, 53  Pab5P34,  PabSP39, 40— Pab5P4s PahSP72" (Rohousova &
(Hostomska 32 41 eral, 2012)
el al, 2009)
P. argentipes PagSP01, 02, 07,12, 13 PapSPod PagSPog PagsPo3 * FagsP11 ERohousova et al. Adenosine
(Anderson (Rilweire (2012) and 5'-AMP"
et al, 2006) et al, 1939b) (Ribeiro et al.,
1)
P, arigesi [ (Miveira  ParSPO3, 06, D8 ParSP04, ParSP9 ParSP01 ParSPI0
et al, 2006) ME
P. permiciosis PpeSPz, oa, 11 PpeSPIG, PpeSPiG PpeSPOl, OIB  PpeSP32 FRohousova et al,
{Anderson 03B ¥ (Ribeiro (2012)
ef al, 2006) et al, 1989b)
F. permicions 5P02, 09, 11 SPOZE SPG SPOLOE ™ *Rohousova et al.
Madrid Spain (Kibeiro (2012)
(Martin el al, 1989h)
Martin et al,
2013)

(romtimmed on et page)

569



leishmaniose

e Salive

— Composition

— Role :
* Vasodilatation : maxadilan, 5’AMP, adenosine
* Hémostase : anti-aggregants, anticoagulants
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leishmaniose : conséquences cliniques

Response Ratio

Experiment Mean [ Variance | Vector Pathogen d
Norsworthy Fig. 1 C, 2004 : 6.59[ 6.58, 6.59) Lu. longipalp L. I
*Morris Table 1, 2001 6.05[ 596, 6.13) Lu. longipaipis L. i
*Morris Table 1, 2001 : 5.26[ 521, 532) Lu. longipalpis L. major
Mbow Table 2, 1998 : 431([ 425 436]) Ph. papatasi L. major
Donnelly Fig. 5, 1998 : 1.08( 061, 1.55) Luw. longipalpis L. il
*Laurenti A Fig. 2, 2009 : 0.50[ 0.40, 0.61]) Lu. longipalp L
*Laurenti A Fig. 2, 2009 : 0.87[ 0,80, 093] Luw. longipalpis L.
Thiakaki Fig. 2 B, 2005 H 0.26[ 0.20, 0.32) Luw. longipalpis L. 1ensis
Titus Table 1, 1988 : 368( 295, 441) Lu. longipalpis L. major
“Ben Hadj Ahmed B Fig. 2, 2010 0.00{-0.15, 0.14] Ph, papatasi L. major
*Ben Hadj Ahmed B Fig. 2, 2010 -0.06 (-0.18, 0.06) Ph. papatasi L. major
Styer Fig. 1 rep 1, 2011 0.19[ 0.08, 0.30) C. tarsalis West Nile Virus
Styer Fig. 1 rep 2, 2011 0.04[-0.04, 0.12] C. tarsalis West Nile Virus
Styer Fig. 4 rep 1, 2011 0.24( 0.1, 0.37) C. tarsalis West Nile Virus
Styer Fig. 4 rep 2, 2011 0.27[ 0.17, 0.36) C. farsalis West Nile Virus
Styer Fig. 6 Arep 1, 2011 0.12[-0.03, 0.27] C. tarsalis West Nile Virus
Styer Fig. 6 Arep 2, 2011 0.16[ 0.03, 0.29) C. farsalis West Nile Virus
Styer Fig. 5 Arep, 2011 0.18[ 0.11, 0.25) C. tarsalis West Nile Virus
Styer Fig. 2 C rep 1, 2011 042 0.34, 0.50] C. tarsalis West Nile Virus
Styer Fig. 2 C rep 2, 2011 -0.52[-0.63,-0.41] C. tarsalis West Nile Virus
Styer Fig. 2 C rep 3, 2011 0.38[ 0.34, 043] C. tarsalis West Nile Virus
Styer Fig. 7 A, 2011 0.12[-0.04, 0.28] C. tarsalis West Nile Virus
Styer Table 2, 2011 0.05(-009, 0.19] C. farsalis West Nile Virus
Le Coupanec Fig. 3, 2013 056 056, 0.56] Ae. aegypti Rift Valley Fever Virus
Carregaro Fig. 38, 2013 042 042, 042] Lu. longipalpis L. braziliensis

Random Effects Model

1241 0.43, 2.06]

-2.00

Figure 1

1
8.00

Forest plots of the relationship of vector saliva and infection level in naive mice (Category 1).

Symbols represent the mean response ratio of the individual studies (squares) and of the entire analysis (diamond) using a

Random Effects Model; the size of the square is proportional to the weight of an individual study. Error bars represent 95%
Confidence Interval (CI). Squares to the right of the dotted line indicate larger measurements in the experimental (saliva) group,
while those on the left indicate larger measurements in the control group. Those that cross the center indicate no significant

difference.
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Response Ratio

Experiment Mean [ Variance ] Vector Pathogen

Belkaid Fig. 6 A, 1998 0.60[ 0.09,1.10] Ph. papatasi . major
Belkaid Fig. 1 A, 1998 0.72[-1.59, 3.02] Ph. papatasi . major
Belkaid Fig. 7, 1998 1.26[ 0.09, 2.44] Ph. papatasi . major
Belkaid Fig. 1 B, 1998 0.60[-0.15, 1.36] Ph. papatasi . major
Belkaid Fig. 9 A, 1998 0.71[-0.19, 1.61] Ph. papatasi . major
Belkaid Fig. 9 B, 1998 094 0.52, 1.36] Ph. papatasi . major
*Theodos Table 1, 1991 0.50[-0.63, 1.36] Lu. longipalpi: . amazc ?
*Theodos Table 1, 1991 0.39] 0.04, 0.75] Lu. longipalpis L. amazonensis
sTheodos Table 2, 1991 0.76 [ 0.67, 0.84] Lu. longipalpis . major
*Theodos Table 2, 1991 0.99[ 0.85, 1.14] Ph. papatasi . major
Theodos Fig. 1, 1991 0.38[-0.56, 1.33] Lu. longipalpi: . major
*Theodos Fig. 1, 1991 0.91[ 0.58, 1.25] Lu. longipalpi: . major
“Theodos Fig. 1, 1991 0.80[ 0.77, 0.84] Lu. long i . major
9Theodos Fig. 1, 1991 0.34[ 0.26, 0.42] Lu. lo . major
*Theodos Fig. 1, 1991 0.51[ 0.43, 0.59] Lu. lor . major
Theodos Fig. 2, 1991 0.64[ 0.58, 0.70] Lu. longipalpis . major
Theodos Fig. 3, 1991 0.67 [-1.49, 2.83] Lu. longipalpi: . major
Theodos Fig. 4, 1991 1.71[ 1.68, 1.74] Lu. longipalpi: . major
Norsworthy Fig. 1, 2004 0.48[-0.20, 1.17] Lu. lor i . amazc SIS
*Morris Fig. 1 A, 2001 0.88[ 0.79, 0.97] Lu.long . major
“Morris Fig. 1A, 2001 0.18[ 0.14,0.22] Lu. longipalpis . major

Morris Fig. 1 B, 2001 1.17[ 1.03, 1.31] Lu. longipalpis . major

Mbow Fig. 1, 1998 1.12[ 0.88, 1.36] Ph. papatasi . major

“Ben Hadj Ahmed A Fig. 1, 2010 0.09[-0.52, 0.70] Ph. papatasi . major

*Ben Hadj Ahmed A Fig. 1, 2010 -0.06 [-0.59, 0.47] Ph. papatasi . major

sLima Fig. 1, 1996 0.70[ 0.62, 0.78] Lu. longipalpis . braziliensis
“Lima Fig. 1, 1996 0.74[ 0.60, 0.88] Lu. longipalpis . braziliensis
Lima Fig. 1, 1996 1.04[ 0.82, 1.27] Lu. longipalpis . braziliensis
Lima Fig. 2, 1996 0.81[ 0.68, 0.94] Lu. longipalpi . braziliensis
Donnelly Fig. 4, 1998 1.45[ 0.87, 2.02] Lu.long i . braziliensis
*Laurenti a Fig. 1, 2009 0.85[ 0.24, 146] Lu. lor . amazc £
“Laurenti a Fig. 1, 2009 0.41[ 0.30, 0.78] Lu. lor . amazc
Thiakaki Fig. 2 A, 2005 0.20[-0.92, 1.31] Lu. long . amazonensis
Titus Fig. 1A, 1988 1.28[ 1.23, 1.34] Lu. lor . major

Titus Fig. 2 B, 1988 0.32[ 0.19, 0.45] Lu. long . major

Titus Fig. 2 D, 1988 1.03[ 0.98, 1.09] Lu. longipalpi . major

Titus Fig. 3, 1988 120 117, 1.24] Lu. lor . major
“Laurenti B Fig. 2, 2009 0.76 [ -0.40, 1.92] Lu. long . amazonensis
“Laurenti B Fig. 2, 2009 0.34[-0.24, 0.92] Lu.lor . amazonensis
sWarburg Fig. 7, 1994 0.46[ 0.36, 0.55] Lu. longipalpi . infantum chagasi
*Warburg Fig. 7, 1994 0.19[ 0.15, 0.23] Lu. long . infantum chagasi
*Warburg Fig. 6, 1994 1.06[ 1.03, 1.09] Lu. lol . infantum chagasi
“Warburg Fig. 6, 1994 0.76 [ 0.74, 0.78] Lu. longipalpi; . infantum chagasi
“‘Warburg Fig. 6, 1994 0.30[ 0.29, 0.30] Lu. long . infantum chagasi
“Ben Hadj Ahmed B Fig. 1, 2010t -0.07 [-2.15, 2.02] Ph. papatasi . major

*Ben Hadj Ahmed B Fig. 1, 2018 0.15[-2.40, 2.71] Ph. papatasi . major
“Ben Hadj Ahmed B Fig. 1, 2010k -0.15[-2.14, 1.85] Ph. papatasi . major
Theodos Fig. 1, 1993 1.48[ 1.36, 1.59] Lu. longipalpis . major
Samuelson Fig. 2, 1991 1.61[ 0.76, 245] Lu. longipalpis . braziliensis
Carregaro Fig. 3, 2013 -0.15[ -0.40, 0.11] Lu. longipalpis . braziliensis

Random Effects Model

0.73[0.60, 0.86]

-3.00 -2.00

-1.00 0.00 1.00 2.00 3.00 4.00
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leishmaniose : conséquences cliniques

Response Ratio

Expetiment Mean | Variance | Vector Pathogen
Belkaid Fig. 1A, 1298 —_— 099[-319, 1.21]  Ph. papatasi L. major
Belkaid Fig. 1 B, 1998 f——p -1.70{-287,-053) Ph. papatast L. major
Mormis Fig. 2, 2001 ] : -205[-221,-1.90) Lu. longipaipis L. major
Kamhawi Fig. 1B, 2000 p——f | -152(-254,-050) Ph. papatasi L. major
Kamhawi Fig. 1D, 2000 . -1.46[-148,-1.44 Ph. papatasi L. major
“Ben Had) Ahmed A Fig. 1, 2010 il 0.76{-1.24,-0.29 Ph. papatasi L. major
*Ben Hadj Ahmed A Fig. 1, 2010 > 008039, 056] Ph. papatasi L. major
Gomes Fig. 2 C, 2012 " 0.72{-080,-064]  Lu longipaipis L. major
Gomes Fig. 3C, 2012 - 078|092, -064) Ly, longipalpls L. mayjor
Gomes Fig. 5 F, 2012 ~ 0.77[-090,-0.65) Lu. longipalpis L. major
“Thiakaki Fig. 2 A, 2005 et 074[-182 0.34] Lu. longipaipis L. amazonensis
“Thiakaki Fig. 2 A. 2005 | e Lt 007(-1.27, 113) Lu, fongipaipis L. amazonensis
Thiakaki Fig. 2 A, 2005 —— -006[-1.14, 1.02] Lu, longipaipis L. amazonensis
“Ben Hadj Ahmed Fig. 1, 2, 2011 } - ¢ 015(-321, 29 Ph. papatasi L. major
"Ban Had) Ahmed Fig. 1, 2, 2011 b + 4-0.02[-351, 3.46] Ph, papatasi L. mayor
“Ben Hadj Ahmed Fig. 1, 2, 2011 e 017 [ 297, 262 Ph, papatasi L. mayor
“Ban Hadj Ahmed Fig. 1, 2, 2011 —_——y -123[-3.80, 1.33) Ph. pnpamy L. mayor
“Ben Hadj Ahmed Fig. 1, 2, 2011 —_—— -126(-368, 1.16) Ph, papatasi L. magpor
'Ben Hadj Ahmed Fig. 1, 2, 2011 p—————t— 128(-352, 096]  Ph. papatasi L. magor
de Moura Fig 4 A, 2007 ‘e 0.55( 0.30, 0.80) Lu. intermedia L. brazibensis
*Rohousova Fig. 1 B, 2011 [ G S— 000(-162, 162) Ph. dubosqg/ L. mayor
"Rohousova Fig. 1 B, 2011 V- S— D15[-1.67. 1.36) Ph. dubosgl L. major
‘Rohousova Fig. 18, 2011 ——i 000[-162, 1863) Ph. dubosqgl L. major
‘Rohousova Fig. 18, 2011 [ S 0.00[-1.62, 182) Ph. duboag/ L. mayor
“Ben Had) Anmed B Fig. 1, 2010 e 001[-192, 1.94]  Ph. popatasi L. major
“Ban Hadj Ahmed B Fig. 1, 2010 (WS TE— 0.20(-274, 235)] Ph. papatasi L. major
Ben Ahmed B Fig. 1, 2010 [CR— -1.02[-227, 0.23) Ph. papatasi L. major
Rogers Fig. 3, 2002 ] : “1.231-1.25 1.21) Lu. longlpaipis L. major
Carregaro Fig. 3, 2013 [~ ~166(-192,-140] Lu, longlpaipis L. brazibensis
Random Eftects Model L 0.781-1.09,.047)

| | I I 1
400 200 0.00 200 400

M;mndumdw-m*wmmmmumn
the mean ratho of the individual studies (squares) and of the entire analysis (diamond) using a Random | flects Modet; the

mdumuwwnmumwm Error bars represent 95% Confidence Interval (Cl). Squares to the right of the

dotted ine indicate larger measurements in the wmmMﬂMMhmmmmhh

control group. Those that cross the center indicate no ugnificant difference.

dok10.1371/joumal petd 0003197.9003




leishmaniose : salive/réponse immune

* P papatasi/P. duboscgi inhibent présentation Ag par CD
* Cellule Dendritique : production PGE2 ; IL4, IL10

* Neutrophiles :
— Z1nombre
— Lu. Longipalpis favorise apoptose neutrophiles
— Leishmanies + salive : attraction macrophage
=> théorie du « Trojan rabbit »
* Macrophages : chimiotactisme +
— Orientation M2 =>
— Inhibition production NO
e Th:
— Orientation Th2: L4, IL10
— Inhibition Thl : IFN, IL12
* Protéines d’intérét :
— Maxadilan : inhibition Th1, « inactivation » macrophage
— PpSP44 : A infection
— LinB-11: N infection mais salive (Lu. intermedia) 71 infection
— PpSP15:IFN=>Th1l
=>rPdSP15 => vaccin
* Anticorps : 1gG1, IgE



TABLE 2 | Salvary compounds and el efiects on L osimans iniection.

Comiound Imrmunsmodulatony effect Refarances
Promesfigole tAg {7
secretory gel T IL-1p {TH)
o T8
10
T TNF-o
ooz
too4
+Coa
o2
T FGFRZ
t EGF
T EGFR
1 WG
Salvery Gland 1 MCP-1 1 INOS 9
Homogenale + CCH2 L N B, B1)
BEH) Ti-10 L IFMy )
1 Eosinophils Li-13
+ Macrophages s
Iy
fi-13
TI-5
Salvery Gland T4 b IFNy B, B4}
Lysate [S5E1) I L1z -8
L INOE
Salvary Gland fI-10 LN {5 (o0
Extracts. -4
[SGE) tCoB
1 INF-y
o
Salvary Gland -4 L IFMy {01, 99}
Sonicabe T PG
e + Macrophages
T LTy
Max Bclian TIL-E LIL-1p {57, 90, 94
) ti-10 L IL-12p70
T+ TGFf J TNF-z
1 ChES b IFN-y
1 COED
1 CCRY
Aenosing fI-10 {3
t PGEs

CCH, chamaokine receptar; G, chester of difforentiotion; PN, inferforon; I, intenioukdn;
NOE, indusibde nitnc: eide synthase; MCP-1, monooyte chamoattractant profein-1; NO,
facior; QU1 chemolanaes; CXCL, maolif chemolane Bgana: FERH, Bwoblast growdh fackor
recepion; B, epidormal growih faclor; FEH, opidonmal growih faclon; B, insulie-e

groeth factor

SALIVA 4 proinflammatory and
microbicidal molecules

4 Th2 response and
regulatory molecules

recruitment

yg’l

- ‘fﬁ ‘
@‘ V _//;/ Promastigote

Facilitated entry
Amastigote
.: Higher
survival/proliferation

FIGURE 1 | Role of saliva vectors on macrophage polarization, Vector saliva
Induces the recruitment of neutrophils and macrophages and acts as an
immunomodulator to reduce pro-inflammatory and microbicidal molecules and
improve Th2 cytokines and regulatory molecutes, which lead to a M2
polarization. M2 macrophages allow for the faciitated entry of Leishmania
promastigotes and higher survivaliproiiferation of intracellular amastigotes.

BENEFITS
Production of microbicide molecules Control of exacerbated inflammation
Elimination of Leishmania Resolution of disease
) - | Aatimony
Crotoxin = high dilsited
treatment @ e @ ¢ i | treatment
@ Leishmania & P .
: @ @ Infection @ @6 v
N 4 @ Al
N —
\TACI x
SLPI
3. |
= Responsible for inflammation Allow the proliferation of parasites
. exacerbation Unable to contain the infection even in
MSCs resistant mice

DETRIMENTS Assaociated with severe illness

FIGURE 2 | Role of M1 and M2 macrophages in Leishmania infection. TACI {transmembrane activator and calcium modutator and cyclophilin ligand interactor),

peroxisome proliferator-activated receptors (PPARs) and mesenchymal stem cells (MSCs) participate in M1 polarization in macrophage-leishmania studies, as well as

the crotoxin treatment. The epithelial and myeloid-derived serine proteasa inhibitor (SLPI), mammalian target of rapamycin (m-TOR) and the treatment with high diluted
i icipate in M2 polarization in lok ia models.

Tomiotto-Pellissier

(2018) MacrophagePolarization in
Leishmaniasis:Broadening
Horizons.Front. Immunol. 9:2529.




leishmaniose : salive/réponse immune

* P papatasi/P. duboscgi inhibent présentation Ag par CD
=> Cellule Dendritique : production PGE2 ; IL4, IL10

* Neutrophiles :
— Z1nombre
— Apoptose par Lu. Longipalpis
— Inhibition facteurs chimiotactiques : N migration
— « Trojan rabbit »
* Macrophages : chimiotactisme +
— Orientation M2 =>
e Th:
— Orientation Th2: IL4, IL10
— Inhibition Thl : IFN, IL12
* Protéines d’intérét :
— Maxadilan : Thl, « inactivation » macrophage
— PpSP44 : A infection
— LinB-11: N infection mais salive (Lu. intermedia) 71 infection
— PpSP15:IFN=>Th1l
— PdSP15 => rPdSP15 => vaccin

* Anticorps : 1gG1, IgE



leishmaniose : salive/réponse immune

Adapt’ive immunity

Innate immunity

Vascular damage
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coagulation cascade

Figure 2 Schematic representation of arthropod salivary proteins involved in the modulation of innate and adaptive immunity.
Protective immunity against haematophagous arthropods (HA) involves both innate and adaptive immunity. Cells involved in the innate
response (e.g., neutrophils, natural killers cells (NK), mast cells and macrophages (M®)) represent the first line of defence. Once activated, these
cells release molecules (eg, macophage inflammatory proteins -1 a (MIP-1a), tumour necrosis factor- a (TNF- a) or leukotrienes (LBy, LTC,) that
initiate the inflammation process. This local inflammation can further be triggered by the activation of complement, which has chemotactic and
inflammatory properties. Endothelial cells and platelets can be activated by the binding of factors of the coagulation cascade to PAR receptors,
leading to an over-expression of surface adhesive molecules (ICAMs, E-selectin, P-selectin) that participate in neutrophil migration. Antigen
presenting cells, such as dendritic cells (DC) migrate to the lymph nodes where they interact with naive CD4+ helper T lymphocytes (ThO cells)
via the interplay of their T cell receptors (TCR) and major histocompatibility complex (MHO) class Il proteins. ThO cells have the potential to
proliferate and to differentiate into two distinct lineages of effectors cells: Th1 and Th2 cells. Memory T helper (Th M) cells, which can improve
the quality of the response to a subsequent exposure by developing more efficient memory capacity over time, are also produced. In a general
pattern, HA saliva down-requlates the expression of Th1 cytokines (such as IL-2) modulating the adaptive immune response to an antibody
mediated Th2 response. The action of saliva or salivary proteins is indicated in the figure as well as their corresponding organism’s family.

L (Salivary protein affiliation to HA families is indicated by colour as represented on the bottom right comner legend). Fontaine et al. P ites & Vect 2011, 8187




IL4 et salive

| DB L | R

Experiment . Mean [ ‘“arance ] Vector Pathogen
Schneider Fig. 2, 2004 b= 0.79[ 0.62, 0.95] Ae. aegypli Sindbis Virus
Thangamani Fig. 2, 2010 = B3| 6.16, 6.56 ] Ag. aegypli Chikungunya Virus
“Belkaid Table 2, 1998 = 037 [ 0.26, 048] Fh. papatasi L. major
"Belkaid Table 2, 1998 = 1.12[ 086, 1.38] Fh. papatasi L. major
Mbow Fig. 2, 1993 | 3.12[ 3.08, 3.16] Fh. papatasi L. majar
Lima, 19595 = 0.76[ 0680, 0.92] Lu. tongipalois L. brazilignsis
“Laurenti A Table 2, 2009 - 0.54[ 0,43, 064] Lu. longipalpis L. amazonensis
"Laurenti A Table 2, 2009 - 071 061, 0.81) Lu, longipalpis L. Bmazonensis
Random Effects Model ——— 0,72 0.29, 3.15)

i I I I 1
0.00 2.00 4.00 6.00 8.00

Figure 5. Forest plots of the relationship of vector saliva and IL-4 levels in naive mice. Symbaols represent the mean response ratio of the
individual studies (squares) and of the entire analysis (diamond) using a Random Effects Model; the size of the square is proportional to the weight of
an individual study. Error bars represent 95% Cenfidence Interval {C). Squares to the right of the dotted line indicate larger measurements In the
experimental {(saliva) group, while those on the left indicate larger measurements in the control group. Those that cross the center indicate no
significant difference.
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leishmaniose : salive/réponse immune
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Leishmania salive : application

 Marqueur d’exposition
* Marqueur du risque de transmission

 Marqueur de réservoir



Leishmaniose salive: application

Table 2 Recombinant salivary proteins characterized in hematophagous arthropods and their immunological
©® applications

Protein Organisms Additienal informations MW Application Ref.
names [kDa]
rAed al Aedes oegypti Salivary apyrase 68 Allergy [151,152]
rhed a2 Aedes oegypli Belong to the D7 family 37 Allergy [151,152]
rAed a3 Aedes oeqypli 30 kDa salivary gland allergen 0 Allergy [151,152]
@ Procalin Trigtorma profracta Belong to the lipocalin family 20 Allergy [225]
Argr Argas reflexs Belong to the lipocalin family 17 Allergy [227]
Der-p2 beodes ricinus Dermatophagoides ir.uk:mnﬂ.sirm allergen- 156 Allergy [226]
I
TAgS Glosing m. morsitans Tsetse Antigen 5 289 Allergy [228]
Maxadilan Lutzomyia longipalpis 95 Vaccine candidate 1123
° SP15 Phlebotomus papalasi - 15 Vaccine candidate 1162]
LIM19 Lutzomyia longipalpis - 1 Vaccine candidate [229]
Galp15s Ixodes scapularis - 147 Vaccine candidate [163]
QSG6 Anopheles gambiae g 10 Immunological marker of [218,219,230,220]
exposure
rmC Amblyomma. Calreticulin 475 Immunological marker of [221]
amernicanum exposure
rLIM11 Lutzomyia longipaipis Yellow-related protein 43 Immunological marker of [223224]
exposure
M7 Lutzomyia longipalpis Yellow-related protein 45 Immunological marker of [223224]
exposure

Fontaine et al. Parasites & Vectors 2011, 4:187



leishmaniose : spécificité vecteur

Relation privilégiée vecteur/parasite
Homologie de la salive/PSG
Phlebotomus vs Lutzomya

— Variation entre genres
— Conservation intragenre

Zone endémique/occasionnelle/saisonnalité

Fontaine et al. Parasites & Vectors 2011, 4:187



Plasmodium
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Plasmodium

Mastocytes
— recrutement
— Dégranulation => afflux sanguin ?

Neutrophiles :

— Afflux mais pas d’impact sur l'infection
Augmentation production INFgamma
Macrophage migration inhibitory factor
mMiRNA



Figure 6

Target prediction analysis. Schematic representation of genes targeted by abundant miRNAs from An coluzzii saliva and enriched
categories. miRINAs are shown by yellow dots and targeted genes (blue boxes) indicated by solid red lines. Dotted lines connect
genes to enriched KEGG pathways (green octagons).

Sci Rep. 2019 Feb 27;9(1):2955.
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Autres parasitoses vectorisées

... protéines, miRNA...?
* Salive triatomes augmente infection T. cruzi

Autres agents infectieux vectorisés

Arboviroses +++
=> vaccins !

Borrelia/Tiques



Conclusion

* RoOle du vecteur
— Evident pour Leishmania... autres parasites ?

e Activité pharmacologique de la salive ++
* Immunisation bénéfique?



