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Project motivation 

??? 

Exploring this long-neglected part of vector bio-ecology 
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Few studies on sweet 

feeding of mosquito vectors 

Current means of 

control => Phenomena 

of resistance 

PALUNEC Project: Context 1/3  



 Frequent ingestion of nectar by 

both sexes of mosquitoes of all 

ages (Foster 1995)  
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PALUNEC project: Context 2/3  

 Nectars can influence malaria 

transmission (Hien et al. 2016) 

 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) 



Specific objectives: 

Role of natural 

nectar sources on 

malaria 

transmission and 

contribution of 

vectors to 

ecosystem 

services 

General objective:  

2. a. To study the sugar 

feeding behaviour of 

Anopheles gambiae s.l.

: trophic preference 

 

2. b. To determine the 

sugar plant susceptibility 

effect of Anopheles 

gambiae s.l. to 

insecticides 

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.

3. To develop new 

Attractive 

Transmission-blocking 

Sugar Baits (ATBS)  

4. To assess the role 

of mosquitoes in the 

pollination of 

flowering plants 

PALUNEC project: Objectives 1/1  
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Screening of flowers/fruits: 34 plant species 

Competence and survival 1/11  

5 
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Fresh flowers collection Removal of leaves from the 

collected flowers on aluminium 

foil  

Washing the flowers and wrapping 

them with moistened paper towels 

and aluminium foil 

Flower bouquets in plastic cups Flowers in the cages 

Methodology: Collecting and making flower bouquets 

Species: An. coluzzii 

Survival: 1-7 days 

Screening of flowers/fruits: 34 plant species 

Solution control:  

5% glucose 

Competence and survival 2/11  

Test antrhone (Van Handel, 1972) 
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Results 

Screening of flowers/fruits 

Competence and survival 3/11  

Barleria prionitis Caesalpinia pulcherrima 

Duranta erecta  Ixora coccinea 

Jatropha integerrima Onobrychis viciifolia 

Tridax procumbens Tecoma stans 
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Methodology: Anthrone test (Van Handel, 1972) 

 

Screening of flowers/fruits 

Competence and survival 4/11  

• 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 
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Competence and survival 5/11  

Anthrone test 

Figure 1: Proportion of mosquitoes positive to anthrone test  



Female (3-5 days old) of An. 

gambiae s.l. fed with blood 

containing P. falciparum 

gametocytes through direct 

membrane feeding system 

Infected females cages according 

to types of sugar diet 
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Competence and survival 6/11  

Methodology: Experimental infection 

5% glucose 

T. procumbens 

C. pulcherrima D. erecta  B. prionitis I. coccinea 

J. integerrima O. viciifolia T. stans 



Oocyst prevalence 

7DPI 

The proportion of mosquitoes 

exposed to infectious blood 

and that had at least one 

oocyst in their midgut 

The average number of 

oocysts in the midgut of 

infected mosquitoes 

J14 

INFECTION 
 

D0 

Dissection J7PI 

Phase oocyste  

Dissection D9-D14 PI 

D1 

Monitoring of mosquito survival 

Oocyst intensity 

7DPI 
Survival 

Survival 1-14DPI 

DPI 
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oocysts 

midgut positive to 

oocysts 

Sporozoite stage 

Index 

sporozoique 

Proportion of 

sporozoites 9-
14DPI 

Glands positive to sporozoites 

Sporozoites 

Competence and survival 7/11  

Methodology: Dissection 

D9 

Competence 
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Competence and survival 8/11  

Results: Prevalence and intensity of oocysts at 7DPI  

Figure 2: Oocyst prevalence 

G5% = 52% 

cp = 73% 

bp : 62% 

An. coluzzii : 60% 

An. gambiae : 63% 

Treatment effect: LRT 

X2
4 = 44.81 ; P< 0.001 

Treatment*species: LRT 

X2
4= 5.73 , P = 0,22 

Species effect: LRT X2
1= 

3.18 ; P = 0.07 
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Competence and survival 9/11  

Figure 3: Oocyst intensity 

Results: Prevalence and intensity of oocysts at 7DPI  

Treatment effect: LRT 

X2
4 = 24.37 , P< 0.001 

Treatment*species: LRT 

X2
4 = 26.38 , P< 0.001 

Species effect: LRT X2
1= 

15.94 ; 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 
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Competence and survival 10/11  

Results: Temporal dynamics of the appearance of sporozoites 

An. coluzzii 

Treatment effect: LRT X2
4= 12.11 , 

P= 0.01 

bp = 6% < G5% = 24%  

An. gambiae 

Treatment effect: LRT X2
4= 9.45 , P= 0.03 

G5% = 19% 

bp = 25% 

cp= 26% 

ic = 30% 

st = 24% 
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Competence and survival 11/11  

Results: Survival post-infection 

Treatment effect : LRT X2
4= 69.95 , 

P< 0.001 

Treatment* species: LRT X2
4= 

50.10 , P< 0.001 

Species effect : LRT X2
1= 89.93 , 

P< 0.001 



Trophic preference 1/3  

16 

Caesalpinia pulcherrima Combretu indicum Ixora coccinea 

5% glucose Water 

%mortality 

G5% = 6 ± 0.14    

 ic = 10% ± 0.34 

 cp = 37% ± 0,28 

 ci = 93,33% ± 0,09 

Methodology: Sugar diet selection 



Species : An. coluzzii and An. gambiae  

Mosquito dusting Collection and confection 

of flowers  bouquets 
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Trophic preference 2/3  

Methodology: Feeding behaviour test 

Vacuuming at 6 am and counting of 

mosquitoes per trap 

Odour traps 

Water 5% glucose 

Mosquito net  

raised to 3 cm 

Release of An. gambiae and An. coluzzii 

mosquitoes at 6 pm in the experimental cages 
Odour traps in cages 
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Trophic preference 3/3  

Results: Feeding behaviour test 

Species effect: LRT X2
1 = 185.14 , P < 0.001  

Activation of An. gambiae (58% ± 0.02) 
> An. coluzzii (42% ± 0.02) 

Looking at different flowers, mosquitoes had a 

same preference but especially for C. indicum 

Treatment effect : LRT X2
4 = 1453.86 , P < 0.001  

Activation: Number of mosquitoes caught in all traps 

out of the total number of mosquitoes released 

Preference: Number of mosquitoes caught per trap out 

of the total number of mosquitoes caught in all traps 
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Bioassay: Effect of sugar plants on mosquito 

sensibility 1/5 

Methodology: choice of plants 

Cascabela thevetia Barleria lupulina Barleria lupulina  + Cascabela thevetia 

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 

Photo credit: Thierry LEFEVRE 

5% glucose 

Insecticide : 0.05% deltamethrine 
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Bioassay: Effect of sugar plants on mosquito 

sensibility 2/5  

Methodology: Feeding mosquitoes and WHO test tube insecticide 

Collection of An. 

gambiae larvae 
Mosquitoes emerged from larvae collected in the field exposed to sugar diets 

during 3-5  days 

WHO test tube, exposition time 1 h  24-hour mortality reading 
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Bioassay: Effect of sugar plants on mosquito 

sensibility 3/5  

Results 

Treatment effect: LRT X2
1 = 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%±0.07) 

Contrôle : Increased mortality => B. lupilina 

                             No mortality => C. thevetia 



Genotypes 
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Figure : Interaction between sugar diet and genotypes kdr 

on the mortality 24 h post-exposition 

• => The effect of the sugar 

diet varies according to the 

genotype 

• Sugar diet*genotypes kdr : 

LRT X2
6 = 17.38, P = 0.01 

• For example: RS mosquitoes 

fed with B. lupulina => low 

mortality compared to SS and 

RR mosquitoes fed with B. 

lupulina 

Bioassay: Effect of sugar plants on mosquito 

sensibility 4/5 

Results 
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Bioassay: Effect of sugar plants on mosquito 

sensibility 5/5 



 Some plant extracts and synthetic molecules can 

significantly reduce infection 

 

 or block the development of plasmodium in malaria 

mosquitoes. 

Demonstration of the anti-plasmodial 

activity of the commercial extract of 

NeemAzal(R) in An. coluzzii (Yerbanga 

et al.,2014)  
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Proguanil, pyrimethamine, cycloguanil 

etc. => block the development of the 

parasite in the mosquito vectors (Terzian et 

al., 1968)  

Extract and molecule 1/8  
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Extract and molecule 2/8  

Extract 



26 

Extract and molecule 3/8  

Extract: results 

O
o
c
y
s
t 

p
re

v
a
le

n
c
e
 

 0.04 g/l no effect, (LRT X2
1 = 0.06, P = 0.81), isolate A 

 

However, 0.08g/l  ricinine   infection rate  of 14%  (LRT X2
1 = 4.5, P = 0.03), 

isolates B, C and D 
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Extract and molecule 4/ 8 
O

o
c
y
s
t 
in

te
n
s
it
y
 

0,04 g/l no effect, (LRT X2
1 

= 0.5, P = 0.48 ), isolate A 

 

0,08g/l     (LRT X2
2 = 

16.51, P = 0.0003 

 

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

contrast to isolate C  

 

 

  

Extract: results 



Ricinine increases the 

growth rate of P. falciparum 

(LRT X2
1 = 12.8, P = 0.0003, 

LRT X2
1 = 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
1 = 4.36, P=0.037, Figure 

2c, d). 

 

 

These results suggest that 

ricinine increased the 

maturation of P. falciparum  

Extract and molecule 5/ 8 

Extract: results 
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Extract and molecules 6/8  

Molecules 

O
o

cy
st

 p
re

va
le

n
ce

 

We found a significant effect 

of treatment on oocyst 

prevalence 

 ( LRT X2
4= 31.83 , P < 0.001) 

 

In Particular, ATQ+ CG  

treatment reduced the 

number of oocyst  

 

 

 
G 5% = 26% > ATO+CG = 1%  

CG = 19% > ATO+CG = 1%  

PYR = 31% > ATO+CG = 1%  
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Extract and molecules 7/8  

Molecules 

We found a significant effect 

of treatment on sporozoite 

invasion of mosquito salivary 

glands  

 (LRT X2
4= 19.63 , P < 0.001) 
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Extract and molecules 8/8  

Molecules 
we did not find a significant 

effect of treatment on 

mosquitoes survival 

LRT X2
4= 3.05 , P = 0.55 
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Role of natural nectar sources on malaria transmission and contribution of vectors to 
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