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PALUNEC Project: Context 1/3

Project motivation
27?7

Current means of Few studies on sweet

control => Phenomena feeding of mosquito vectors
of resistance

Exploring this long-neglected part of vector bio-ecology




PALUNEC project: Context 2/3

'] Frequent ingestion of nectar by
both sexes of mosquitoes of all
ages (Foster 1995)

'] Nectar => energy required for
flight. Improves survival and

fecundity in female mosquitoes
(Manda et al. 2007a)

'] Females able to locate plant
nectar sources and show
preferences among different plant
species (Manda et al. 2007b)

1 Nectars can influence malaria
transmiIssion (Hien et al. 2016)
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General objective:

4 N

Specific o

1. To explore the effect
of a wide range of
natural sugar-
producing plant
species on the
competence and
survival of Anopheles
gambiae s.l.

Role of natural
nectar sources on
malaria
transmission and
contribution of

2. a. To study the sugar

vectors to feeding behaviour of
ecosystem Anopheles gambiae s.|.
services . trophic preference

2. b. To determine the
sugar plant susceptibility
effect of Anopheles
gambiae s.l. to
insecticides

\_

njectives:

3. To develop new
Attractive
Transmission-blocking
Sugar Baits (ATBS)

4. To assess the role
of mosquitoes in the
pollination of
flowering plants




Competence and survival 1/11

Screening of flowers/fruits: 34 plant species

Plumeria alba Albizia lebbeck Bignonia corymbosa Centaurea aspera Crotalaria retusa Hyptis suaveolens Lantana camara

Tridax procumbens

R
-

5

Saba senegalensis
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Screening of flowers/fruits: 34 plant species

Methodology: Collecting and making flower bouquets

L
Wi 4

Washing the flowers and wrapping

Fresh flowers collection
collected flowers on aluminium them with moistened paper towels
foil and aluminium foll

Solution control:
5% glucose

Species: An. coluzzii

Survival: 1-7 days

Test antrhone (van Handel, 1972) VRCEY e
Flowers in the cages Flower bouquets in plastic cups
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Mosquito survivorship

1.00

0.75 1

0.50 -

0.25 1

0.00 ~

Screening of flowers/fruits
Results

3 3 A 5 8 7

Time (days)

. o ose 5%
== Jatropha integerrima

‘

== Bougainvillea glabra

== Caesalpinia pulcherrima

=t= Tradescantia pallida

== Onobrychis viciifolia

== Canna indica

== |xora coccinea

== Lantana camara
Cassia alata

== Plumeria alba

== Albizia.lebbeck

== Bignonia corymbosa

I

=+ (Cassia occidentalis

== Barleria prionitis

== Clotalaria retusa
== Spartium junceum
== Hyptis suaveolens
Urena lobata
== Tridax procumbens
Azadirachta indica
== Cassia corymbosa
=+ Cassia sieberiana
== Cassia siamea
== Galeopis segetum
Combretum indicum
== Duranta erecta
== Antigona leptopus
== Plumbango auriculata

== Anogeissus leiocarpa

Barleria prionitis

Jatropha integerrima

Caesalpinia pulcherrima
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Screening of flowers/fruits

Methodology: Anthrone test (van Handel, 1972)

Individual mosquitoes crushed in 0.5 mL of anthrone solution.

Incubation: 60 min at room temperature

The lemon-yellow anthrone solution reacted with fructose to give light
green, blue or dark blue colours depending on the amount of fructose

Ingested by mosquitoes

Positive reaction Negative reaction Control
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Proportion of mosquitoes positive
to anthrone test

1.00+

0.751

0.50

0.251

0.001

Anthrone test

Anopheles coluzzii

n=10 n=18 n=16 n=16 n=12 n=23 n=16
] Barleria prionitis B Jatropha integerrima
B caesalpinia puicherrima [l Tecoma stans
B Duranta erecta B Trivax procumbens

. xora coccinea

blp cp de ic i st tp

Figure 1: Proportion of mosquitoes positive to anthrone test
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Methodology: Experimental infection

Female (3-5 days old) of An.
gambiae s.I. fed with blood
containing P. falciparum
gametocytes through direct | —
membrane feeding system

5% glucose

- W\ o . X
J. integerrima O. viciifolia T. stans T. procumbens 10




Competence and survival 7/11

Methodology: Dissection

[ Competence]
I

\

Oocyst preva|ence OocySt intenSity |nde).( Survival
7DPI /DPI sporozoique
The proportion of mosquitoes The average number of Proportion  of Survival 1-14DPI
exposed to infectious blood oocysts in the midgut of sporozoites 9-
and that had at least one infected mosquitoes 14DPI
oocyst in their midgut
INFECTION Dissection J7PI Dissection D9-D14 PI
! 'ﬁ A *DPI
DO D1 Phase oocyste D9 Sporozoite stage J14

Monitoring of mosquito survival

Sporozoites

midgut positive to

oocysts Glands positive to sporozoites 11
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Results: Prevalence and intensity of oocysts at 7DPI

Oocyst prevalence

1.00;

0.757

0.501

0.25;

0.00

Anopheles coluzzii

108 106 102

Bl 5% Glucose
[ | Barleria prionitis

94

Bl Caesalpinia pulcherrima

Bl /xora coccinea
B Tecoma stans

:
|

107

G5% b'p c'p

ic

st

1.00

0.757

0.50

0.25;

0.00

Anopheles gambiae
121 110

110

112

110

G5% bp

Figure 2: Oocyst prevalence

Treatment effect: LRT
X?2,=44.81 ; P<0.001

Species effect: LRT X?,=
3.18; P =0.07

Treatment*species: LRT
X2,=5.73,P=0,22

G5% = 52%
cp=73%
bp : 62%

An. coluzzii : 60%
An. gambiae : 63%

12
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Results: Prevalence and intensity of oocysts at 7DPI

120

1001

Oocyst intensity

o)
Q

o))
Q

n
o

Anopheles coluzzii

Anopheles gambiae

n=63 n=75 n=77 n=61 n=71 1201 n=71 n=76 n=90 n=80 n.=73
B 5% Glucose
Barleria prionitis
£ Caesalpinia pulcherrima 1001
B3 [xora coccinea
B3 Tecoma stans
80
60
- 401
0. . '
. 201 -
i’é |
G5% bp cp ic st G5% bp c¢cp ic st

Figure 3: Oocyst intensity

Treatment effect: LRT
X2,=24.37 , P<0.001

Species effect: LRT X?,=
15.94 : P< 0.001

Treatment*species: LRT
X?,=26.38, P<0.001

G5% = 8.05 < bp=12.65
cp=10.85<bp =12.65
ic =8.75<bp =12.65
ic =8.75<st=10.48

An. coluzzii : 11.85
An. gambiae : 9.19

13
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Results: Temporal dynamics of the appearance of sporozoites

Anopheles coluzzii Anopheles gambiae
1.00;

0.751

0.501

sporozoite

0.25]

Proportion of infected
mosquitoes with

0.001°

An. coluzzii
Treatment effect: LRT X2,=12.11 ,
P=0.01
bp = 6% < G5% = 24%

== 5% glucose
Barleria prionitis
== Caesalpinia pulcherrima
== [x0ra coccinea
== Tecoma stans

An. gambiae
Treatment effect: LRT X2,=9.45, P=0.03
G5% = 19%
bp = 25%
cp=26%
ic = 30%
st = 24%
14
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Results: Survival post-infection

Mosquito survivorship

1.001

0.751

0.501

0.251

0.001

Anopheles coluzzii Anopheles gambiae
—_
1 1
- Eits
—
j -
== 5% glucose
Barleria prionitis

== Caesalpinia pulcherrima

== [X0ra coccinea
== Tecoma stans

0 2 4 6 8

1012 14 0 2 4 6 8

Time (days)

10 12 14

Treatment effect : LRT X2,= 69.95,
P<0.001

Species effect : LRT X?,=89.93,
P<0.001

Treatment* species: LRT X?,=
50.10, P< 0.001

15



Trophic preference 1/3

;I\/Iethodology: Sugar diet selection

An. coluzzii
Caesalpinia pulcherrima  Combretu indicum Ixora coccinea 1.00-
I |
8 0.75;
K
@»
o
=
Z
a 0.501
o
'S
g == Glucose 5%
§ == Caesalpinia pulcherrima
0.25\  ~ Combretum indicum
== [xora coccinea
0.00
0 1 2 3 4

%mortality

G5% =6%0.14
ic=10% * 0.34
cp=37% 0,28

ci =93,33% * 0,09



Trophic preference 2/3

;I\/Iethodology: Feeding behaviour test

Species : An. coluzzii and An. gambiae

& Mosquito net
raised to 3cm

Collection and confection
of flowers bouquets

.-

Vécuuming at 6 am and counting of Release of An. gambiae and An. coluzzii Odour traps in cages
mosquitoes per trap mosquitoes at 6 pm in the experimental cages 17



Trophic preference 3/3
Results: Feeding behaviour test

n=1625n=1625n=1625n=1625n=1625 n=2653n=2653n=2653n=2653n=2653

1.001 n=3800 n=4576
. Eau
B Glucose 5%
. Caesalpinia ,f)uf;hern‘ma
0.3 W romrmeenes "
0.751
3
o @
8]
- S 02
2 050 5
© ©
= a
Q
<
0.25 o
0.00/1 0.0
An. coluzzii  An. gémbfae An. coluzzii An. gambiae
Activation: Number of mosquitoes caught in all traps ~ Preference: Number of mosquitoes caught per trap out
out of the total number of mosquitoes released of the total number of mosquitoes caught in all traps
Species effect: LRT X?,=185.14 , P <0.001 Treatment effect : LRT X?,=1453.86 , P < 0.001
Activation of An. gambiae (58% + 0.02) Looking at different flowers, mosquitoes had a

> An. coluzzii (42% + 0.02) same preference but especially for C. indicum 18



Bioassay: Effect of sugar plants on mosquito
sensibility 1/5

QMethodoIogy: choice of plants

Barleria lupulina + Cascabela thevetia 5% glucose

Barlerialupulina  Cascabela thevetia

A

Choice based on the study of Hien et al. (2016) which showed that
mosquitoes fed on the sugars of these two plants were involved in malaria

transmission
@PLOS | PATHOGENS

RESEARCH ARTICLE

Plant-Mediated Effects on Mosquito Capacity
to Transmit Human Malaria

Domonbabele F. d. S. Hien' *, Kounbobr R. Dabiré’, Benjamin Roche?,

Abdoulaye Diabaté', Rakiswende S. Yerbanga', Anna Cohuet?, Bienvenue K. Yameogo',
Louis-Clément Gouagna®, Richard J. Hopkins*, Georges A. Ouedraogo®,

Frédéric Simard®, Jean-Bosco Ouedraogo’, Rickard Ignell®, Thierry Lefevre’3*

Photo credit: Thierry LEFEVRE

Insecticide : 0.05% deltamethrine 19



Bioassay: Effect of sugar plants on mosquito
sensibility 2/5

Methodology: Feeding mosquitoes and WHO test tube insecticide

Collection of An. Mosquitoes emerged from larvae collected in the field exposed to sugar diets
gambiae larvae during 3-5 days

24-hour mortality reading WHO test tube, exposition time 1 h

20



Bioassay: Effect of sugar plants on mosquito

sensibility 3/5

Results

1.001 98 o7 91 96 167 131 194 190
- 5% glucose
<+ 0.75] Barleria lupulina
™ I Cascabela thevetia
a Barleria lupulina + Cascabela thevetia
£ 0.50
> .
lf_é

251

g 0.25

0.001

Control 0.05% deltamethrin

Treatment effect: LRT X?, =43.51, P < 0.001

Barleria lupulina diet induced a 2.5 fold-increase in mosquito mortality
(70%+0.08) compared to the 5% glucose treatment (28%zx0.07)

Contréle : Increased mortality => B. lupilina

No mortality => C. thevetia

21



Bioassay: Effect of sugar plants on mosquito

sensibility 4/5

Results
0.05% deltamethrin « Sugar diet*genotypes kdr :
100l 17 22 23 31 14 36 43 113 76 135118 LRT X2, =17.38, P=0.01
Bariera opuine
Cascabela thevelia
Barleria lupuling + Cascabela thevetia
0.75 => The effect of the sugar
- diet varies according to the
S genotype
2 0.50
£
=
For example: RS mosquitoes
0.25 fed with B. lupulina => low
mortality compared to SS and
RR mosquitoes fed with B.
0.00 lupulina
SS RS
Genotypes

Figure : Interaction between sugar diet and genotypes kdr
on the mortality 24 h post-exposition

22



Bioassay: Effect of sugar plants on mosquito
sensibility 5/5

www.nature.com/scientificreports

scientific reports

OPEN Natural plant diet impacts
phenotypic expression
of pyrethroid resistance
in Anopheles mosquitoes

Prisca 5. L. Paré™** ', Domonbabele F. D. 5. Hien*, Koama Bayili',

Rakiswendé S. Yerbanga'**, Anna Cohuet®*, David Carrasco?®, Edwige Guissou™"*,
Louis-Clément Govagna®, Koudraogo B. Yaméogo', Abdoulaye Diabaté'*, Rickard Ignell®,
Roch K. Dabiré'*, Thierry Lefévre®*” & Olivier Gnankiné®’

23



Extract and molecule 1/8

1 Some plant extracts and synthetic molecules can

significantly reduce infection

1 or block the development of plasmodium in malaria

mosqguitoes.

Demonstration of the anti-plasmodial
activity of the commercial extract of
NeemAzal(R) in An. coluzzii (Yerbanga
et al.,2014)

Yerbanga et al. Parasites & Vectors 2014, 7:185 -
Etpe/forsres parasitotandvectorcomicontantiy /11185 e Parasites
&Vectors
RESEARCH Open Access

Transmission blocking activity of Azadirachta
indica and Guiera senegalensis extracts on the
sporogonic development of Plasmodium
falciparum field isolates in Anopheles coluzzii
mosquitoes

rbanga'”, Leonardo Lucantoni’, Robert K Oué
500 45 S C her?

Proguanil, pyrimethamine, cycloguanil
etc. => Dblock the development of the

parasite in the mosquito vectors (Terzian et
al., 1968)

EXPERIMENTAL PARASITOLOGY 23, 56-66 (1968)

The Sporogonous Cycle of Plasmodium vivax in Anopheles
Mosquitoes as a System for Evaluating the Prophylactic
and Curative Capabilities of Potential
Antimalarial Compounds!

Levon A. Terzian, Nathan Stahler, and Albert T. Dawkins, Jr.?
Naval Medical Research Institute, Bethesda, Maryland 20014
{ Submitted for publication, 15 December 1967)

24
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Extract

Hii=n et al Porasites Wactors e o R e o F
I'r|1|:|::=.'-'_:-"|:|ni.nr5|."'ll:l.'I'IB-E:":'I:-I-III?'I-IIII'I-::IﬂEHEE‘-z Pa rasies & .II"III-EC ors

RESEARCH Open Access

Contrasting effects of the alkaloid ricinine g

on the capacity of Anopheles gambiae
and Anopheles coluzzii to transmit Plasmodium
falciparum

Domonbabele F D. 5. Hien'22"®, Prisca 5. L Paré’>*, Amanda CDDl:ler'". Senjamin K. Koama -,

Edwige Guissou'-2, Koudraogo B. Yaméogo 2, RakiswendéE 5. Yerbanga'<, lain W. Farrell®, Jean B. Ouddracgo’,
Cilivier Gnanking®, Rickard kgnell’, Anna Cohuet®?, Roch K. Dakiré! <, Philip C. Stevenson~® and

Thierry Lef@wra™ -

25
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Extract: results

1.001

Oocyst prevalence

0.001

0.751

0.50+

0.251

Ricinine 0.04q/1
Isolate A (72 gam/pl)

n=60

n=60

Coﬁtrol Riciﬁine

1.001

0.751

0.501

0.251

0.001

Ricinine 0.08q/1
Isolate B (144 gam/pl)
n=60 n=43  1.001
0.751

0.50

0.251

0.001

Ricinine 0.08q/|
Isolate C (672 gam/pl)

n=27

n=25

Coﬁtrol Ricihine

Coﬁtrol Riciﬁine

> 0.04 g/l no effect, (LRT X2, =0.06, P =0.81), isolate A

1.001

0.751

0.50+

0.251

0.001

Ricinine 0.08q/1
Isolate D (264 gam/pl)

n=30

n=29

Coﬁtrol Riciﬁine

»However, 0.08g/| ricinine’infection rate of 14% (LRT X?;=4.5, P =0.03),

isolates B, C and D

26
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Extract: results

Oocyst intensity

—
o

»Particularly, 0.08g/l increased the number of parasites for isolates B and D in

w
o

]
(=)

Ricinine 0.04g/1

Isolate A (72 gam/pl)
1 n=49

n=50

%

801

601

401

201

0_

Ricinine 0.08a/1
Isolate B (144 gam/pl)

n=28 n=29

300

2001

i 100

Ricinine 0.08g/1
Isolate D (264 gam/ul)

n=22 n=27

wih

Ricinine 0.08g/
Isolate C (672 gam/ul)
n=18 n=21
901
\. 601
304
L] .L' 0-

Coﬁtrol Riciﬁine

Coﬁtrol Riciﬁine

contrast to isolate C

Coﬁtrol Riciﬁine

Coﬁtrol Riciﬁine

»0,04 g/l no effect, (LRT X?;
=0.5,P=0.48), isolate A

>0,08g/lr (LRT X2,
16.51, P = 0.0003
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Extract: results

EY

Proportion of infected mosquitoes
with ruptured oocysts

Sporozoite index

1.00{ ¢+

0.751

0.501

0.25

0.001

1.001

0.751

0.50{ 17/

0.251

0.001

Control
- Ricinine
10 11 12
Ricinine 0.08g/1
Isolate C (672 gam/ul)
{‘/.// . ‘
,'// J;
|
|
9 10 11

Days post bloodmeal

Fraction of ruptured oocysts

0.75

0.50

0.25

0.75

0.50

0.25

Ricinine 0.04g/I
Isolate A (72 gam/ul)

F ¢ 1.0 =
N/ N /A
)
o
I £ o8
- 2
'S
N
=4
2
& o7
061 —
10 11 12 10 11 12
Ricinine 0.08g/| Days post bloodmeal
Isolate D (264 gam/ul)
9 10

Days post bloodmeal

»Ricinine increases the
growth rate of P. falciparum
(LRT X?, =12.8, P = 0.0003,
LRT X?, = 109, P <0.0001,
Figure 2a,b respectively).

»sporozoite dissemination in
the head/thorax of ricinine-
fed mosquitoes occurred
earlier than in control (LRT
X2, = 4.36, P=0.037, Figure
2c, d).

» These results suggest that
ricinine increased the
maturation of P. falciparum

28
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Molecules

Anopheles gambiae We found a significant effect

of treatment on oocyst

n=174 n=169 n=139 n=173 n=152 prevalence
(LRT X?2,=31.83, P <0.001)
° 1.007 [ 5% glucose ‘
= Atovaquone :
5 0.75- Icyclnguanil In Particular, ATQ+ CG
S Y| B Atovaquone+Cycloguanil treatment reduced the
S L] Pyrimethamine number of oocyst
— 0.901
S
S 025
i ﬁ G 5% = 26% > ATO+CG = 1%
0.00 S — |

G5% G  ATO+CG CG = 19% > ATO+CG = 1%

PYR =31% > ATO+CG = 1%

29
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Molecules

Anopheles gambiae

1.00- We found a significant effect
f of treatment on sporozoite
5% glucose invasion of mosquito salivary

== Afovaquone
0751 — Cycloguanil glands

== Atovaguone+Cycloguanil (LRT X24: 19.63 , P < 0.001)

Pyrimethamine

0.501

with sporozoite

0.251

Proportion of infected mosquitoes

———— [ !
0.00+

7 8 9 10 11 12 13 14

Days post-infection 30



Extract and molecules 8/8

Mosquito survivorship

1.00

0.751

0.501

0.251

0.00+

Anopheles gambiae

_EE:_':E_f—
=

== 5% glucose

== Atovaquone

== Cycloguanil

== Atovaquone+Cycloguanil
== Pyrimethamine

01234567 8910111213 14

Days post-infection

we did not find a significant
effect of treatment on
mosquitoes survival

LRT X2,=3.05, P =0.55

31
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