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Briefly talk about the host-seeking 
behavior of Mosquito
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• Overview of Mosquitoes research

• Why Mosquitoes like us? (preference)

• How Mosquitoes find us? (sensation & pathway)



Overview of 
mosquito 
research
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中华按蚊 Anopheles sinensis 库蚊 Culex

埃及伊蚊 Aedes aegypti 亚洲虎蚊 Aedes albopictus

Common mosquito species in China



Global distribution of mosquito-borne diseases

疟疾 西尼罗河热

基孔肯雅热 登革热è

淋巴丝虫病 寨卡病毒



Male vs. Female mosquitoes: what's the difference?

Size and appearance

Females are larger than males

Males have finer hairs called flagella on their antennae, 
compared to the plain, thin antennae of the females

Lifespan and feeding

Female mosquitoes live longer than male mosquitoes

Only female mosquitoes need blood

Behavior and mating

Female mosquitoes have specialized sensory receptors to locate host

Male and female make different love buzz



Sex determination in mosquitoes

The sex determination pathway 
in Drosophila melanogaster

Comparison of sex determination 
pathways of holometabolous insects

Alternative splicing 
of doublesex pre-mRNA 
in D. melanogaster and mosquitoes



Mosquito 
behaviors



Mating behavior Larva (wiggler)
1, 2, 3 instar

Pupa (tumbler)

Egg laying behavior

embryoFemale biting behavior

Eclosion
Adult

孑孓

Mosquito life cycle: eggs, larval instars, pupa, and adults







J. B. Smith

History of Mosquito 
Control at Rutgers
The John B. Smith Legacy

Lawyer è Scientist
New Jersey Agricultural Experiment Station (NJAES)



The mosquito genome: The post-genomic era opens



The main direction of mosquito research
• Transmission and control of diseases caused by mosquitoes Population suppression



Population modification



王四宝



Serratia AS1 bacteria efficiently spread throughout multiple mosquito generations



Inhibition of P. falciparum infection of A. gambiae by recombinant Serratia strains



Protein-Rich Blood Meals Induce Sustained Host-Seeking Suppression



NPYLR7 mutant mosquitoes show abnormal host-seeking regulation



Small-molecule NPYLR7 agonists suppress mosquito host-seeking and biting behavior





• Mosquitoes host seeking behavior





• Sleep, feeding and other behaviors of mosquito

Outstanding Questions
• Does sleep deprivation impact blood-feeding propensity in mosquitoes?
• What effects do human-associated odor blends have on the mosquito sleep-like state?
• How are mosquito immunity and pathogen transmission impacted by sleep deprivation?
• What are the unique gene expression changes associated with mosquito sleep compared with Drosophila?
• What are the interactions between feeding, seasonality, and other factors in relation to mosquito sleep cycles?



Photograph of Anopheles gambiae ss 
swarm in the VK5 village

Male mosquito swarming

Mating behavior of Mosquito 



Transcriptome 
analysis of An. 
coluzzii head 
gene expression 
between 
swarming and 
non-swarming 
male mosquitoes



Temperature and light affect mating activity



Desat1 regulates male flight activity and mating.



Silencing of desat1 changes the CHC profile of male mosquitoes



Flight Tones of 
a Tethered 
Female and a 
Tethered 
Male Tx 
brevipalis



How Mosquitoes Locate a 
Blood Host

ZYN
2022/07/01
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CO2 Visual Heat？



Wind tunnel experiment :CO2 can attract mosquitoes 

Ring T. Cardé et.al, Journal of Experimental Biology, 2011



Odor-gated visual attraction in Ae. aegypti

Florisvan Breugel et.al, Current Biology, 2015



The maxillary palps of Ae. aegypti

Insect Biochemistry and Molecular Biology, 2014

Je Won Jung et.al, Sci Rep, 2015 



CO2 sensitive G3 gustatory receptors are located in  Ae.aegypti 
maxillary palps

Insect Biochemistry and Molecular Biology, 2014 C. N. G. Erdelyan et.al,Insect Molecular Biology, 2011



Gr3 mutants are selectively impaired in their response to CO2

Conor J.McMeniman et.al, Cell, 2014



CO2 detection are required for heat-seeking behavior in 
female Ae. aegypti，and can enhance attraction to Lactic Acid 
and Human Scent

Conor J.McMeniman et.al, Cell, 2014



Mosquito Attraction to Humans in a Semi-Field Environment Is 
Diminished but Not Abolished in Gr3 Mutants，dependent on 
Spatial Scale

Conor J.McMeniman et.al, Cell, 2014



Multiple Host Sensory Cues Combine to Elicit Mosquito 

Conor J.McMeniman et.al, Cell, 2014



Heat is perceived by the Ir21a receptor and via transient 
receptor potential (TRPA1) channels

Chloe Greppi et.al, Science, 2020 Román A Corfas,elife, 2015



Mutation of both op1 and op2 greatly impairs CO2-induced 
vision-guided target attraction

Yinpeng Zhan et.al, Current Biology , 2021



Mutation of both op1 and op2 greatly impairs CO2-induced 
vision-guided target attraction

Yinpeng Zhan et.al, Current Biology , 2021



Mutation of both op1 and op2 greatly impairs CO2-induced 
vision-guided target attraction

Yinpeng Zhan et.al, Current Biology , 2021



Visual-Olfactory Integration in Ae. aegypti

ClémentVinauger et.al, Current Biology , 2019



Human odorants attractive to female mosquitoes

Jeffrey A. Riffell et.al, Trends in Parasitology, 2022



A novel olfactory organ in the mosquito stylet——AaOr8 
and AaOr49

Je Won Jung et.al, Sci Rep, 2015 



Functional study of AaOr8 and AaOr49

Je Won Jung et.al, Sci Rep, 2015 



Summary

Florisvan Breugel et.al, Current Biology, 2015 Jeffrey A. Riffell et.al, Trends in Parasitology, 2022



Why do mosquitoes prefer humans?

XLM
2022/07/01



Sexual dimorphism of mosquitoes

body size   mouthparts   
tentacles    feeding



Questions：

• Why do female mosquitoes suck blood, and why don't males?

• Are mosquitoes really biased towards humans? Mechanism?

• Are there certain groups of people that mosquitoes are 
particularly attracted to?



Why do female mosquitoes suck blood?

Attardo, G. M., et al., PNAS., 2003



结构：
shorter mandibles

内部生理：
lack ADA（腺苷脱氨酶）

刺穿皮肤

Male mosquitoes do not bite，but blood is attractive and lethal
Nikbakhtzadeh, M. R., et al., Front Physiol. 2016

Why don't male mosquitoes suck blood?



Do all female mosquitoes prefer to bite humans ？

3500-80-10

疟疾 丝虫病
流行性乙型脑炎

登革热
流行性乙型脑炎

What causes female mosquitoes to prefer humans ？

Renate C ., et al. Plos one. 2013 

Robinson A, et al. PNAS. 2018;



Carbon dioxide 

Olfaction:
Lactic acid
Ammonia
Alcohols
Octenol
Aldehydes
Carboxylic acids
Ketones
… 

Vision:
Colors
Size
Movement
…

Temperature

Humidity

Molly Z.Liu and Leslie B.Vosshall., Current Biology. 2019

long range short range



H.V. Pates et al.
Bulletin of Entomological Research,2001Omondi WP, et al. Acta Trop. 2019

Linalool oxide (LO) : plant-derived odorants 
Hexanoic acid(HA) : human-derived odorants

Human, plants and animals differ in their attractiveness to mosquitoes

J W Bakker., et al. 
Med vet entomol. 2020 



Odors from human skin bacteria increase the attractiveness of mosquitoes

Busula., et al., Med. Vet. Entomol., 2017
An. gambiae : prefers to take bloodmeals from humans

An. arabiensis : feeds on human blood only opportunistically



Carolyn S. McBride, Ph.D.

What function does smell play in sensing the host？



orco is a conserved olfactory co-receptor in insects

Whether the OR pathway is required for host discrimination？



orco functions on host detection and discrimination in mosquitoes



black—forest 
brown—domestic

Evolution of mosquito preference for humans linked to or4——which responds to 
sulcatone, a human odorant

C. S. McBride, et al. Nature. 2014 
Sulcatone 甲基庚烯酮是一种内源性代谢产物



Why human odors make Aedes aegypti 
more interested in us than animals?



Visualizing changes in the glomerulus as they are stimulated by odors



Odor extraction and homogenization



Human odor evokes unique neural responses due to the enriched key compounds

H, human-sensitive glomerulus
A, animal-sensitive glomerulus
B, broadly tuned glomerulus



Activation of the H glomerulus enhances host-seeking behavior



N. S. Basrur, et al. Elife. 2020

fruitless mutant male mosquitoes gain attraction to human odor



Conclusions：
• Sexual dimorphism of mosquito bloodsucking behavior 
• ocro functions on distinguishing humans and animals 
• or4： evolution of mosquito preference for humans 
• The response of H glomerulus to key compounds participates mosquito 

preference for humans 



What types of people do mosquitoes prefer ？



33>>25>28

Mosquitoes show strong preferences for individual humans

What sensory mechanisms do mosquitoes rely on 
to detect these interindividual differences in skin odor?

M. E. De Obaldia,. et al. 2022 
Leslie B. Vosshall



• Mosquitoes use two large multigene families to detect olfactory 
cues that each encode odor-gated ion channels, the odorant 
receptors (ORs) and the ionotropic receptors (IRs) 

ORs IRs
Number of co-receptors 1—orco 3—Ir8a, Ir76b, Ir25a

Ligand-selective 116 132
Responsive molecule esters, alcohols, 

ketones, aldehydes
carboxylic acids and 

amines



Orco and Ir co-receptors mutant mosquitoes retain individual human preferences

Mosquitoes have evolved highly redundant sensory systems to sensing humans



Acidic compounds:

pentadecanoic,
heptadecanoic, 
nonadecanoic acids

Carboxylic acids are enriched in the highly mosquito attractive humans



Are mosquitoes really attracted differently to blood types?

M. Anjomruz, et al. Acta Trop. 2014 S. A. Khan, et al. Scientific reports. 2021 Pest Manag Sci. 2022

Aedes aegypti

Anopheles	stephensi

C. S. Wood, et al. Nature. 1972 Shirai., et al., 2002



Lindsay, S. et al. The Lancet , 2000

Enserink, M., Science., 2002

An. gambiae An. atroparvus

Diego et al. Nat Commun. 2022

Different influencing factors of mosquito attraction



O Shirai., et al. 2002 Thierry Lefèvre., et al. PLoS One. 2010

Alcohol consumption increases human attractiveness to mosquitoes



Conclusions：
• Sexual dimorphism of mosquito bloodsucking behavior 
• ocro functions on distinguishing humans and animals ； or4
• The response of H glomerulus to key compounds participates mosquito 

preference for humans 

• Mosquitoes have evolved highly redundant sensory systems to track humans
• Individual differences in mosquito attractiveness were associated with carboxylic 

acids
• The evidence for “blood type theory” is scant
• Many factors can affect the attractiveness of mosquitoes



THANK YOU!


