


INTRODUCTION

Mosquitoes and other blood sucking insects are of 
great economic importance in the world today as they 
spread deadly diseases like malaria, yellow fever, den-
gue, Zika and chikungunya viruses. Among the vectors, 
Anopheles gambiae s.l and Aedes aegypti are of significant 
medical importance. While malaria transmitted by An. 
gambiae s.l infects 228 million people per year and kills 
405,000 people per year1, arboviruses like yellow fever, 
Zika virus, chikungunya fever and dengue fever transmit-
ted by Ae. aegypti are similarly causing huge morbidity 
and mortality to human populations. It is feared that over 
3.9 billion people worldwide  are currently at risk of den-
gue virus2. The World Health Organization reports that 
there may be 100–400 million dengue infections in the 
world annually2. To exacerbate the problem, apart from 
yellow fever, there is currently no treatment or universal 
licensed vaccine against the other diseases transmitted by 
Ae. aegypti. Whereas vaccines like Dengvaxia® (CYD-
TDV) have been developed and licensed against dengue 
infection, it has been reported to pose a risk of severe den-
gue in seronegative patients and is thus not recommended 
for use in children less than 9 years old2. This leaves vector 

control as a major method for control and prevention of 
these diseases.

A lot of effort has therefore been made to develop 
devices to attract and capture mosquitoes especially Ae. 
aegypti and An. gambiae s.l in the field3–6. The aim is to 
use such tools for surveillance and control of mosquitoes 
through mass trapping, push-pull as well as lure and kill 
strategies3–6. These devices include traps with visual7 and 
olfactory cues mainly derived from host odor as baits8. 

Considerable research has been conducted on iden-
tifying mosquito attractant chemical compounds in hu-
man host sweat and skin odor9–19 with an overall goal of 
developing synthetic odor blends that would out-compete 
the attractive power of humans, thereby leading mosqui-
toes away from their preferred host and breaking disease 
transmission20–24. 

 Varying success has been reported. While some au-
thors found that their optimal blends could not compete 
with natural skin emanations23, others found their blends 
to be at par with host skin odour in attracting Ae. aegypti23 
and An. gambiae22 whereas others found theirs to be more 
attractive than humans to the malaria vector An. gambiae 
s.l20–21.  One such blend to be reported is the Mbita blend 5 
(ammonia + L-lactic acid + tetradecanoic acid +3-methyl-
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1-butanol augmented with 2-butanone) which was used 
successfully in mass trapping of malaria vector An. gam-
biae s.l leading to a reduction of malaria prevalence in 
areas of intervention in Rusinga island, Kenya24.

In addition to human odour, efforts have been made 
to understand the chemical mediation in mosquito–plant 
interactions and to explore the opportunity presented by 
this unique behaviour for development of new vector con-
trol tools. The advantage of phytochemicals is that they 
have the potential of attracting both male and female mos-
quitoes of diverse age groups and varying gonotrophic 
stages25 unlike human host odour baits which target main-
ly blood seeking female mosquitoes. However, potential 
challenges to their successful use are the abundance of 
competing volatiles, narrow plant-host specificity, and a 
weaker behavioural response to phytochemical cues25.

This review concentrates on human odor that has been 
tested in attracting mosquitoes with the hope of devel-
oping a bait for trapping especially Ae. aegypti and An. 
gambiae in the field. The review also emphasizes mos-
quito attractant plants, plant attractant compounds and 
plant volatiles that have been used as lures to trap and kill 
mosquitoes. 

Human host volatiles 
To orient toward hosts, female mosquitoes seeking a 

blood meal detect a variety of chemical and physical cues 
including body odor, carbon dioxide (CO2), moisture, 
heat, and visual contrast26; Gibson and Torr, 199926–29. Of 
these sensory cues, ~4% CO2 exhaled in breath is a potent 
behavioral activator and attractant for mosquitoes and is 
often considered to be the most important sensory cue 
used by these disease vectors to find humans30. Smith et 
al. 19709 reported the enhanced attraction of mosquitoes 
to sweat in conjunction with CO2 and concluded that other 
components of human odor may be involved as well. Sub-
sequently, the role of other chemical compounds in human 
host odor as mosquito attractants has been examined in 
detail31–42 leading to the identification of over 300 chemi-
cal compounds in human skin odour12–13, 19, 31–42 . These 
compounds mainly fall within seven groups; Aldehydes, 
organic fatty acids, ketones, alcohols, aliphatic aromatics, 
esters and amines/amides. 

Carbon dioxide 
The attractive power of CO2 to mosquitoes was dis-

covered in bioassay experiments by Rudolfs, 192243 who 
observed that small quantities of the gas led to activation of 
the insects, and that human expiration, caused the insects 
to display pleasure and a directed flight and probing of the 
emitting source. Consequent investigations noted that in 

a broad range of mosquito species, CO2 elicits a suite of 
context-dependent effects that promote host-seeking be-
havior43–46. Filamentous intermittent plumes of CO2 in the 
region of 0.01% above background have been reported to 
elicit stereotyped and sustained patterns of upwind flight 
toward the CO2 source in female An. gambiae44 in Ae. ae-
gypti46 and Cx. quinquefasciatus45. However, carbon di-
oxide alone emitted at a rate equivalent to that released by 
the human bait is less attractive than human baits47.

Due to its role as a flight activator and in sharpening 
attraction of human skin volatiles to mosquitoes, carbon 
dioxide has widely been used in mosquito traps , includ-
ing the BG-Sentinel trap48 Counter Flow Geometry trap/ 
MMX trap49–50 and CDC light traps51 in disease surveil-
lance programs. It is normally released through tanks43–47, 
frozen ice9–20, fermented molasses or sugar52. 

Although carbon dioxide alone has been reported to 
be more efficient in some instances in catching mosqui-
toes in the field53, studies on malaria vectors, Anopheles 
spp.22, 51 and Ae. aegypti (L)19, 29, 45 reported that it was in-
sufficiently attractive as a standalone bait. Better catch 
rates were obtained when using CO2 in combination with 
other host attractant odor like lactic acid, water vapor and 
human sweat54–61.

Lactic acid
Humans have uniquely high levels of skin-borne 

lactic acid9, 12–15, 37–42 as compared to other mammals and 
birds40 which has been associated with strong attraction of 
anthropophilic mosquito species; An. gambiae9, 37, 40 and 
Ae. aegypti 9, 11, 31, 33–34. The addition and removal of lac-
tic acid from human skin extracts respectively increases 
and decreases attraction of Ae. aegypti11, 31 and An. gam-
biae34. Similarly, lactic acid also appears to contribute to 
host specificity in tsetse fly62. The combination of lactic 
acid with ammonia23, 36, 63  and fatty acids of various chain 
lengths (64) and carbon dioxide creates a powerful attrac-
tive synergism9, 31, 61, 65–66 as do other compounds from hu-
man skin, namely, dimethyl disulfide, and acetone12–13, 35. 
This synergistic effect of lactic acid has led to it being used 
as a component in most human volatile derived blends 
targeting various mosquito species. For example, in the 
BG lure, a synthetic odour bait popularly used to trap Ae. 
aegypti in the field for surveillance19. has lactic acid as 
its major chemical component8 whereas attractive odour 
baits for sampling the malaria vector An. gambiae also 
have lactic acid as a major component20–22. It is important 
to note that a blend of lactic acid is also attractive to other 
hematophagous insects like Triatomine bugs that feed on 
man67.  However, lactic acid on its own is much less attrac-
tive than whole human odor extracts11, 61, 67 and in some in-
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stances, lactic acid has been reported to have antagonistic, 
repellant and negative effect on trap collections of Aedes 
vexans65, Aedes nigripalpus68 and Culex sp66.  

It can therefore be stated that the response to lactic 
acid alone or when combined with other kairomones is 
dose dependent11, 63, 69 and depends also on the species of 
the mosquito66, 68, 70. Lactic acid has also been reported 
to attract at a distance, but to repel at short range and 
thus has a negative influence on Ae. aegypti attraction in  
close proximity to a host53. These results underscore the 
fact that attractants available commercially are not uni-
versally attractive to all mosquito species, and consider-
ations need to be made about the target species and their 
propensity for attraction to the compound(s) released 
from the lures.

Ammonia
Ammonia is a typical animal excretory product found 

on the skin of all vertebrates. Just like lactic acid, am-
monia is present on human skin as well as in breath and is 
attractive at doses where it’s supposed to evaporate from 
a human host8, 9, 15, 36, 63, 71. Ammonia on its own is attrac-
tive to the malaria transmitting mosquito, An. gambiae 
s.s3, 11, 15. However, ammonia alone or in combination with 
carbon dioxide has been reported to be not attractive to 
Aedes aegypti, but the addition of lactic acid increases its 
attractiveness64, 72. On the other hand, no synergistic effect 
was witnessed when ammonia was combined with lactic 
acid to An. gambiae, but addition of third compound, car-
boxylic acid, led to synergistic effect11. 

Ammonia has thus been incorporated in synthetic 
odour blends used in trapping anthropophilic An. gambiae 
s.l20, 22–23. The Mbita blend 5 which consists of ammonia 
+ L-lactic acid + tetradecanoic acid +3-methyl-1-butanol 
+ carbon dioxide/butanone has been used successfully 
in mass trapping of malaria vectors in Rusinga island in 
western Kenya24. The synergistic effect of ammonia with 
other attractant compounds has also been observed in 
other insects. Addition of ammonia to a trap baited with 
CO2 increased the trap catch of “canyon flies” (Fannia 
conspicua Malloch), which are not typical blood feeders, 
by 89.9% over CO2 alone72.

Alcohols 
Alcohols are widely known to repel mosquitoes. For 

example, citronellol (3,7-imethyl--octen-1-ol), and its 
related aldehyde analog, citronellal exhibits spatial repel-
lence of Aedes aegypti in laboratory bioassays. 

Octenol
Octenol found mainly in bovine breath73 and human 

breath and sweat74 had been first reported to be a poten-
tial attractant for mosquitoes in several studies that have 
investigated its use in a variety of habitats and for a range 
of mosquito species68, 73–80. It has been suggested to have 
species-specific effects and response to it also varies geo-
graphically, seasonally, and according to the physiologi-
cal state of the mosquito81.  

It is attractant for only a few mosquito species53, 75 

and catch rates only increase when it is in combination 
with other attractants especially, carbon dioxide. Octenol 
does not appear to be a strong attractant for Aedes aegypti 
and was reported to significantly decrease collection of 
Ae. aegypti by 50% in laboratory and 100% in the field53. 
Laboratory tests revealed that octenol repelled Ae. aegyp-
ti even when used in combination with carbon dioxide. 
Similarly, it is not a potent attractant to Ae. albopictus, 
another member of the stegomyia just like Ae. aegypti77.  
It has been suggested that the negative effect of octenol 
on Ae. aegypti attraction is possibly due to octenol be-
ing a product of rumination yet Ae. aegypti is a highly 
anthropophilic mosquito and, as such, probably has had 
little interest in bovines. Octenol has also been isolated 
from many plants and fungi81, and it is therefore expected 
that any mosquito not usually attracted to omnivorous or 
semi-omnivorous vertebrates will not be attracted to oc-
tenol. Probably for the same reasons octenol even though 
it elicits electrophysiological reaction in An. gambiae16 
is similarly not a good attractant to this highly anthropo-
philic mosquito76. The lack of attraction to octenol has 
also been demonstrated in Culex mosquitoes68,77.  How-
ever, some mosquito species like Anopheles (Kerteszia) 
sp seem to be attracted to octanol78.

Apart from mosquitoes, olfactory effect of octenol 
and other alcohols has been observed in other insects. The 
alcohols, 1-octen-3-ol and 1-nonanol induced a clear con-
centration-dependent activation and attraction response 
in sand flies females79. Also, octenol (1-octen-3-ol) is an 
ingredient in “synthetic ox-odour” which has been used 
successfully as an odour bait in tsetse fly traps80. Other 
alcohols that have also shown the potential to be used as 
attractants for mosquitoes apart from octanol are 3-meth-
yl-1-butanol which showed significant synergistic effect 
with a standard blend consisting of ammonia, (S)-lactic 
acid, tetradecanoic acid, and carbon dioxide to Anopheles 
gambiae in olfactometer73 and both semi field and field 
conditions in western Kenya21. However, 3-methyl-1-bu-
tanol alone might not be a good lure for malaria vectors74. 
Dodecanol also showed synergistic effect with ammonia 
and lactic acid22 while other alkenols like 4-penten-2-ol  
and 2-decen-4-ol have been reported to be more attractant 
to Culex sp mosquitoes than octanol82.  

Owino: Lures for malaria and dengue vectors



 J Vector Borne Dis 58, March 20214

Aldehydes
It has been hypothesized that aldehydes may play a 

role in the commonly observed differential attraction of 
anthropophilic mosquitoes Ae. aegypti83 and An. gambi-
ae84 to different individuals. Higher amounts of aldehydes 
have been associated with higher attractiveness of indi-
viduals to mosquitoes83–85. It has also been reported that 
individuals infected with malaria have greater amounts 
of aldehydes like heptanal, octanal, and nonanal making 
them more attractive to the malaria vector An. gambiae 
than the uninfected84. Addition of aldehyde heptanal to 
healthy human odour blend increased their attractiveness 
to the malaria vector An. gambiae84. The differential at-
traction of Cx. quinquefasciatus to humans has also been 
linked to the aldehyde mixture ratio between individu-
als where the mixtures in the attractant individuals were 
found to be different from the mixtures in the non-attrac-
tant individuals Leal et al., 201785. However, Logan et al., 
200883, associated 3 aldehydes; octanal, nonanal, deca-
nal together with ketones; 6-methyl-5-heptan-2-one (6-
MHO) and geranylacetone (GA) with people who were 
less attractive to Ae. aegypti. 

Some aldehydes, 2-nonenal40 and nonanal43, on hu-
man skin have even been used to differentiate between 
different ages40. Men older than 39 years were reported 
to have larger amounts of 2-nonenal, that imparts an un-
pleasant ‘ageing odour’ than younger men40. Olfactory 
effects of aldehydes on mosquitoes have also been con-
firmed with electrophysiological studies on Ae. aegypti19, 

86 and in Cx. quinquefaciatus mosquitoes87. Apart from 
attraction of mosquitoes to humans, aldehydes have been 
reported to be responsible for attraction of mosquitoes to 
birds too88–89. 

Carboxylic acids
Fatty acids are present in significant amounts in hu-

man skin odour19, 42, 90. Attractivity of Ae. aegypti to car-
boxylic acids has also been reported for the yellow fever 
vector Ae. aegypti19, 22.  A weak attraction of Ae. aegypti to 
a blend of several aliphatic and amino acids was reported 
in 196183 and the attractiveness is enhanced when pre-
sented together with CO2.  It has also been reported that the 
attractive effects of fatty acids in host finding of anthro-
pophilic Ae. aegypti depends on two factors: their chain 
length and their specific combination in the blend91. The 
most attractive carboxylic acids are of two groups: C1–C3 
(short chain) and C5–C8 (Long chain). Addition of lactic 
acid and ammonia to an unattractive augment the attrac-
tion. However, longer chain fatty acids (C13–C18) were less 
attractive to Ae, aegypti, and fatty acid C14, which is the 
most abundant in human sweat92 and C11 even reduced the 

attractiveness of any combination of lactic acid with an-
other fatty acid. These findings point in a direction similar 
to those reported by Skinner et al.,93–94 who found a repel-
lent effect of skin-surface lipids. 

Fatty acids have also been reported to be attractive to 
An. gambiae and to play an essential role in host-seeking 
behavior16, 23 and their contribution to blend attractiveness 
depends on the specific compound studied. While carbox-
ylic acids like propanoic acid, butanoic acid, 3-methylbu-
tanoic acid, pentanoic acid, heptanoic acid, octanoic acid, 
and tetradecanoic acid have been reported to increase at-
traction of a mixture of lactic acid and ammonia such that 
in the absence of tetradecanoic acid led to the blend be-
ing repellent, 3-methylbutanoic acid had a negative effect 
on trap entry response. Isovaleric acid on the other hand 
was reported to cause an inhibitory effect when added to 
a standard blend consisting of ammonia, (S)-lactic acid, 
tetradecanoic acid, and carbon dioxide in An. gambiae.

Ketones
Amongst the ketones, acetone which just like carbon 

dioxide is a major component of breath, has been found 
to attract Aedes aegypti (L.) in olfactometer bioassays 
and blends consisting of L-lactic acid and acetone have 
been reported to have attraction similar to L-lactic acid 
and carbon dioxide35. Acetone has also been demonstrated 
to be an attractant to An. gambiae and An. stephensi. Lis-
ton and synthetic blends of acetone and other compounds 
have also been used to successfully trap mosquitoes in 
the field95.

Butanone, another ketone, has shown promising re-
sults in attracting host-seeking malaria vectors An. gam-
biae s.l. and An. funestus under field conditions and has 
also been postulated to serve as a good replacement for 
CO2 in synthetic blends targeting these vectors. This pos-
tulation is supported by two separate electrophysiological 
studies that have reported that the olfactory receptor cell 
of the fruit fly Bactrocera tyoni that responds to CO2 also 
responds to 2-butanone96. Further, 2-butanone has been 
reported to induce a dose-dependent activation of the CO2 
receptor neuron in the maxillary palps of An. gambiae, Ae. 
aegypti and Cx. quinquefasciatus97.

However, other ketones are generally known to be 
mosquito repellants. 6-methyl-5-heptan-2-one (6-MHO) 
and geranylacetone (GA), have been observed to be natu-
ral repellents to Cx. quinquefaciatus at higher doses and 
may account for differential attraction in different ratios85. 

6-methyl-5-heptan-2-one (6-MHO) and geranylacetone 
(GA) were named as inhibitors/repellants against the at-
traction of Ae. aegypti83 whereas ketones of C7-C12 mo-
lecular chain length (optimum in the C8-C10 range) sup-
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pressed or inhibited attraction of Ae. aegypti in a triple 
cage olfactometer bioassay28. It has been reported that (6-
MHO) elicited no electrophysiological reactions in Cx. 
quinquefaciatus83.

Other human odour-based mosquito attractants 
Other human-associated chemical compounds impor-

tant in host location include dimethyl disulfide and dichlo-
romethane for Ae. aegypti35. Selected dilutions of butan-
1-amine, 2-pentadecanone, and 1-dodecanol increased 
the proportion of An. gambiae s.l, An. funestus, and Cu-
lex caught in traps containing Mbita Blennd (ammonia + 
L-lactic acid + tetradecanoic acid +3-methyl-1-butanol + 
carbon dioxide). However, 4, 5-dimethylthiazole caused 
an inhibitory effect on An. gambiae when added to the 
Mbita blend even more so, when added together with iso-
valeric acid21. Similarly, in the absence of CO2, addition of 
three concentrations of butan-1-amine caused inhibition 
to attraction of An. gambiae when added to the blend. 

Mosquito attraction to plant volatiles 
Most mosquito species have two hosts: vertebrate 

animals and vascular plants. The blood meal from ver-
tebrate hosts contributes energy for survival and flight, 
in addition to its role in allowing egg development in an-
autogenous mosquitoes. Sugar meals on the other hand 
provide the necessary energy for both survival and flight 
during the mating period and until the female can find 
vertebrate blood25, 98–99. Sugar feeding is therefore a funda-
mental characteristic of a mosquito’s life. Most evidence 
indicate frequent ingestion of plant sugar, usually as floral 
and extrafloral nectar and honeydew, by mosquitoes of 
both sexes and all ages25, 100.

Just like for their vertebrate hosts, the plant sugar 
sources are located by orientation to visual and chemical 
cues associated with the presence of sugar25. Therefore, 
it’s possible that these stimuli can be put to use, either 
in monitoring or controlling mosquito populations, pro-
vided that they attract large numbers to traps.

However, while the kairomones involved in attract-
ing mosquitoes to their vertebrate host have extensively 
been studied and identified, the need to intensify the char-
acterization of semiochemicals used by mosquitoes to 
find their plant hosts for sugar is excellant. The principal 
advantages of phytochemical attractants are that they lure 
a) both sexes, b) all ages, including those that are newly 
emerged, c) females in all gonotrophic states, and d) both 
nondiapausing and reproductively diapausing females25, 

99–100. Potential challenges to their successful use are the 
abundance of competing volatiles, narrow plant-host 
specificity, and a weaker behavioral response to phyto-

chemical cues.
The potential for plant volatiles to lure mosquitoes 

was first reported in the 1960s. It was reported that vari-
ous mosquito species in the field were attracted to light-
colored flowers with distinct fragrances. Subsequently, 
studies on plant-mosquito interactions have shown  that 
floral nectar forms an important component of both male 
and female mosquito diet25, 99, 101–104. In the recent past, it 
has been observed that plant odours and synthetic plant 
odour blends are attractive to An. gambiae51, 104–105 and 
Ae. aegypti103 in olfactometer and field bioassays. Ae. 
aegypti mosquito was observed to prefer landing on the 
plant Lobularia maritima (L.) Desv. (Brassicaceae) when 
compared to Plectranthus neochilus Schltr. (Lamiaceae), 
Tagetes patula L. [Asteraceae and freshly cut inflores-
cences of L. maritima elicited a positive flight response 
in both sexes (male and female)]. Amongst the volatiles 
found in L. maritima static head space, acetophenone was 
attractive and 1-octanol caused a flight aversive response 
to Ae. aegypti104. A solution of guava and mango nectars 
was shown to be a promising lure candidate for male Ae-
des aegypti in an attractive toxic sugar bait-based (ATSB) 
tests103. The solution performed significantly better than 
floral-based attractants phenylacetaldehyde, linalool ox-
ide, phenylethyl alcohol, and acetophenone previously 
identified.  

Odours released by plants; Parthenium hysteropho-
rus, Bidens pilosa (Asteraceae) and Ricinus communis 
(Euphorbiaceae (Asteraceae), were also shown to be 
significantly more attractive to the malaria vector An. 
gambiae than the control (solvent only) in olfactometer 
assays102. Parthenium hysterophorus released the most at-
tractive volatiles while Bidens pilosa (Asteraceae) vola-
tiles were the least attractive. Out of the 15 EAD-active 
components identified from the three plants, six: hexanal, 
β-pinene, limonene, (E)-β-ocimene, (E)-linalool oxide 
and (E)-β-farnesene were observed to be attractive to Ae-
des aegypti either singly or in blends. A blend of all the 
six at high concentrations (hexanal, β-pinene, limonene, 
(E)-β-ocimene, (E)-linalool oxide and (E)-β-farnesene) 
was significantly more attractive than volatiles of by P. 
hysterophorus, the most attractive plant102.

Consequent field evaluations of the attractive blend 
[(E)-linalool oxide, (E)-β-ocimene, hexanal, β-pinene, 
limonene, and (E)-β-farnesene] showed that these plant 
volatile based blends compared favorably with human 
volatile based blend comprising heptanal, octanal, non-
anal, and decanal and worn socks in trapping malaria vec-
tors under semi field and field conditions50.  

In yet another study, a plant-derived 3-component 
blend of (E)-linalool oxide, β-pinene, β-ocimene also 
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compared favourably to human derived 4-component 
blend comprising heptanal, octanal, nonanal, and decanal 
in olfactometer bioassays105. However, when the plant and 
human odour blends were combined, fewer females of An. 
gambiae were attracted than with the individual blends. In 
contrast, a dose-dependent effect was observed when the 
plant and human volatile blends were combined in field 
trials. Significantly improved trap catches were witnessed 
at higher doses105. These results highlight the potential of 
plant-based odors for the surveillance and mass trapping 
of malaria vectors. 

Several other studies have also reported the attractive-
ness of flowers and/or fruits/pods to wild An. gambiae106–

107Aedes albopictus108–109  Ae. aegypti15, 118–119. Laboratory 
assays have also shown that floral and vegetative scents 
play a vital role in the attraction of other mosquitoes for 
example Culex pipiens pipiens which  was demonstrated 
to be attracted to L. vulgare, A. meillefolium, Aselepias 
syriaca and Solidago canadensis99. Attraction of Ae. mc-
intoshi and Ae. ochraceus and to five plants including 
Pithecellobium dulce (Fabaceae), Opuntia ficus-indica 
(Cactaceae), Leonotis nepetifolia (Lamiaceae), Senna 
alata (Fabaceae) and Ricinus communis (Euphorbiaceae) 
has also been reported107.

The response of mosquitoes to plant odours has fur-
ther been confirmed by electrophysiological tests where 
mosquito antennal response to plant-related odours have 
been demonstrated. A study identified a total of 21 Ae. 
aegypti, Ae. mcintoshi and An. gambiae antennally-ac-
tive components from host plants (Pithecellobium dulce 
(Fabaceae), Opuntia ficus-indica (Cactaceae), Leonotis 
nepetifolia (Lamiaceae), Senna alata (Fabaceae) and Ric-
inus communis (Euphorbiaceae)107. Whereas Ae. aegypti 
predominantly detected benzenoids, Ae. mcintoshi de-
tected mainly aldehydes while An. gambiae detected ses-
quiterpenes and alkenes. Interestingly, the monoterpenes 
β-myrcene and (E)-β-ocimene which were consistently 
detected by all the mosquito species were also found to be 
present in all the identified host plants suggesting that they 
may serve as signature cues in plant location107. 

In addition to An. gambiae102, plant volatiles (E)-
β-farnesene and (E)-linalool oxide have been shown to 
elicit electrophysiological and behavioral responses in the 
western flower thrips, Frankliniella occidentalis, while 
phenylacetaldehyde has been shown to be attractive to the 
cabbage butterfly, Pieris rapae, and the cotton bollworm, 
Helicoverpa armigera110.  Ae. aegypti and Ae. triseriatus 
were also shown to respond to o-cresol and related com-
pounds110–111, 123. 

Electrophysiological responses have also been dem-
onstrated in Culex sp mosquitoes with a group of terpenes 

(thujone, verbenone, α-pinene, citral, nerol, limonene, 
and farnesol), green leaf volatiles (hexanal, 1-hexenol, 
and (Z)-3-hexen-1-ol,) and fatty acid esters (ethyl pro-
panoate, methyl propanoate, ethyl butyrate and ethyl ac-
etate) shown to both broadly- and narrowly-tune antennal 
receptor neurons in Cx. Pipiens112. Antennal responses of 
Cx. pipiens and Ae. aegypti to 14 compounds of Silene 
otites (L.), a plant pollinated by moths and mosquitoes has 
also been demonstrated109. Further behavioural bioassays 
with Cx. pipiens  showed that 14 compounds were attrac-
tive out of which four compounds;  acetophenone, lin-
alool oxide (pyranoid), phenyl acetaldehyde and phenyl-
ethyl alcohol were the most attractive while hexanol was 
the least, a dual choice olfactometer bioassays showed 
that a mixture of the four most attractive compounds was 
more attractive than a mixture of all the 14107 . 

A consequent study showed that 12 electrophysiolog-
ically active compounds were common amongst nine dif-
ferent populations of Silene otites (L.). Out of the 12, Lin-
alool oxide (furanoid) and linalool evoked the strongest 
electrophysiological responses in male and female mos-
quitoes whereas and (Z)-3-hexenyl acetate was strongly 
active in females. Medium responses were evoked in 
males by (Z)-3-hexenyl acetate while benzaldehyde and 
methyl salicylate evoked the same in females. Lilac alde-
hyde, lilac alcohol, and linalool oxide (pyranoid) evoked 
medium responses in in both sexes113. 

Some of these compounds like benzaldehyde which 
is a major constituent of floral scent been attributed to the 
attraction of Cx. pipiens to Asclepias syriaca (Asclepia-
daceae) together with phenylacetaldehyde and (E)-2-non-
enal99. On the other hand, Linalool oxide, lilac aldehydes 
and lilac alcohol are isomers derived from oxidation of 
linalool. These isomers have been associated with the fra-
grance of various plants and have been shown to elicit 
electrophysiological activity in the noctuid moth, Hadena 
bicruris, which is known to rely on lilac aldehydes to lo-
cate its host plants114. Their detection by various mosquito 
species highlights the significance of this group of plant 
compounds in insect-plant interactions. 

Potential application of human odours and phytochemi-
cals in mosquito vector management

Increase in the transmission of mosquito borne dis-
eases like malaria and dengue fever has raised doubts on 
the efficacy of the currently available vector control tools. 
Resistance has developed against insecticides rendering 
Insecticidal Residual Spraying (IRS) and Long Lasting 
Nets (LLNs) ineffective against malaria control115–117. 
Adulticidal fogging aimed at Aedes mosquitoes has also 
not been effective as Aedes tend to rest in secluded sites15.  
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This has necessitated exploration of novel intervention 
measures that could augment or even replace the non-ef-
fective methods. Push pull system, a strategy already used 
successfully in integrated crop pest management118–119  is 
now being considered for mosquitoes6, 24, 120. The idea is to 
use push components, such as spatial repellents, to keep 
mosquitoes away from human dwellings and trapping 
systems baited with attractant lures to remove mosquitoes 
from the intervention area. The push pull system has been 
used against anthropophilic An. gambiae and Ae. aegypti 
with quite some success. It was used in a malaria endemic 
zone in western Kenya to reduce An. gambiae house entry 
by more than 50% in intervention areas5 and consequently 
reduce malaria by 29.8% compared to non-intervention 
areas121. An odour baited push pull system has also been 
tried for the vector of dengue virus Ae. aegypti 119 where 
Ae. aegypti landing collections were significantly reduced 
by 50% in laboratory experiments.

How the Push Pull system could be improved
These push pull systems could be improved further 

by research on suitable repellent concentrations and by 
improving the baits to capture more target mosquitoes. 
Screening of eaves and/or ceilings, which has already 
proven to be an effective measure against mosquito house 
entry120 could also incrementally improve the efficacy of 
the push and pull systems in the villages. Odour-baited 
traps are therefore likely to be complementary to other 
novel intervention strategies, such as LLNs, IRS and in-
tensified surveillance response or mass vaccination, for 
malaria control. 

Use of plant volatiles
The physiological need of mosquitoes, both male and 

female, to obtain energy from sugar could be exploited 
and utilized to lure mosquitoes into traps baited with 
highly selective insecticides or entomopathogenic agents 
such as fungi and viruses. Anopheles control programs 
are already successfully implementing strategies that use 
attractive toxic sugar baits (ATSB) based on attractants 
from flowers and/or fruits to attract the mosquitoes. These 
ATSB’s also include sugar to induce feeding, and an oral 
toxin to kill the mosquitoes. The technique has resulted in 
substantial reductions in the mosquito populations at the 
sites where it has been tested121–123.

Aedes albopictus control programs have also had 
similar success with ATSB108 based on guava mango nec-
tars which have proven to be attractant in trapping male 
Ae. aegypti too103. There is also a potential to use sev-
eral floral-based attractants, including acetophenone and 
phenylacetaldehyde that have shown to be attractive to 

Ae. aegypti in small scale experiments  in traps104, 107.
ATSBs dispersed in bait stations, in conjunction with 

bed nets, have also been evaluated with the idea that host-
seeking mosquitoes will deplete their energy reserves 
trying to access the host and thus would then require a 
sugar meal to regain their energy reserves and imbibe the 
available ATSB solutions124. Mortality rates in such sta-
tions were observed to range from 41% to 48% against An. 
arabiensis and 36%–43% against Cx. quinquefasciatus.  
Other studies have even gone further and integrated bac-
teria or double-stranded RNA (dsRNA) into toxic sugar 
baits125–126 against Aedine and Anopheline mosquitoes 
with success. 

Apart from floral nectar odours, the knowledge of se-
miochemicals mediating mosquito-plant interaction has 
also been exploited in integrated vector management is 
Culex quinquefasciatus oviposition pheromone ((5R,6S)-
acetoxy-5-hexadecanolide) which when combined with 
the insect growth regulator pyriproxifen resulted in in-
creased oviposition accompanied by killing of the emerg-
ing larvae127. Also studies have shown that spraying of 
vegetations around water bodies with attractive toxic 
sugar baits can reduce mosquito populations by up to 
98%128–129.

It’s important to note that apart from mosquito-plant 
interaction being utilized in luring mosquitoes into traps 
baited with highly selective insecticides or entomopatho-
genic agents such as fungi and viruses, phyto chemicals 
could be used as general toxicants against immature mos-
quitoes, repellents, larvicidal, ovicidal and oviposition 
deterrents, growth and reproduction inhibitors as well as 
attractants6, 130–131. 

CONCLUSION

Semiochemicals alone might not be sufficient as a 
control tool against mosquitoes, but their use can be max-
imized through integration with other existing mosquito 
vector control strategies which can provide a powerful 
tool that can help reduce and even eliminate vector popu-
lations.
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