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Abstract

Repellent technology is one of the oldest strategies used for mosquito control. These products have evolved and diversified over 
the years with value addition on user-friendly front and environmental safety aspects. An overview of the conventional and advanced 
strategies for mosquito control has been provided and the evolution of mosquito repellent formulations from synthetic chemical 
compounds to natural products and their application methods from simple coils to functionalized clothes have been discussed. While 
comparing the extent of relief provided by different control methods, repellents appear to be marginal. Despite this fact, mosquito re-
pellents have carved a persistent and sustainable niche in mosquito control programs as an acceptable option over the centuries. The 
ready-to-use feature and handy application methods combined with effective formulations have driven the success of these products 
in the market. In the present context of the emergence of new mosquito-borne diseases and increased mobility of people across the 
world, mosquito repellents will remain practically relevant till the mosquito menace persists. Among the repellents, the importance 
and advantages of spatial repellent formations have been analyzed.
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Introduction

Mosquitoes belong to a diverse family of insects, called Culici-
dae, having 3 subfamilies, namely Toxorhynchitinae, Anopheline, 
and Culicine. More than 3400 species of mosquitoes have been re-
ported so far [1]. They are cosmopolitan in their distribution mark-
ing their presence from the tropical to the polar zones. However, 
they exhibit differential patterns of latitudinal distribution among 
various species, with the highest species diversity maintained in 
Southeast Asia and the Neotropics [2]. Meanwhile, a gradient in 
the diversity of mosquito species has been reported from the tem-
perate to the tropical regions [3]. Mosquitoes enjoy a wide range 
of vertical distribution as well. The presence of mosquitoes has 
been reported from 6000m above sea level on mountain ranges 
and 1250m below sea level as in the case of mines and caves [4]. 
They are considered as highly invasive insects, expanding their ter-
ritories to new areas continuously. 

 Mosquitoes are a group of high-risk household pests, with an 
established role as vectors for the transmission of human and ani-
mal diseases. Aedes aegypti and Ae. albopictus have been identified 
as the predominant species well adapted for successful invasion 
among the vector mosquitoes. The intimate association of these 
species with human dwellings, the endurance of their eggs to pro-
longed desiccation, and larval development in small and temporary 
water holdings in the vicinity of human habitation have contrib-
uted to their successful invasion and transmission of human patho-
gens [5]. The nature of severity, the types of diseases transmitted 
by mosquitoes, and the extent of disaster caused by them to public 
health have elevated them to the status of notorious vectors.

 Encephalitis is a group of mosquito-borne diseases taking 
a heavy toll on human health and is transmitted by Culex spp. of 
mosquitoes. They also transmit many other viral infections among 
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the human population across the world [6]. Many other viral infec-
tions like dengue, chikungunya, zika, etc. have attained the status 
of serious public health challenges with recurring incidences. Spe-
cies of Aedes have been identified as the primary vectors of these 
pathogens [5]. The number of pathogens transmitted by mosqui-
toes, their cosmopolitan distribution [4], their invasive trend [5], 
and the physiological and behavioral resistance evolved by them 
to pest management strategies [7] make the process of mosquito 
control challenging. 

 The use of mosquito repellents is one of the strategies to man-
age mosquito menace and is in practice for a long time [8]. Mos-
quito repellents comprise a wide range of compounds of natural 
and synthetic origins [9]. Similar to other pest management prod-
ucts, synthetic compounds are more popular and in higher demand 
in the mosquito repellent product range and enjoy a large market 
share. DEET

(N, Ndiethyl- m-toluamide) represents the most popular and ef-
fective mosquito repellent [10]. Regardless of its extensive use as 
a repellent, this compound has also been reported to have envi-
ronmental and health risks [11]. This has led to a focused attempt 
towards developing eco-friendly repellents from natural sources 
and new formulations of this range are in demand in the market.

This article intends to bring out the relevance of mosquito re-
pellents as a large and powerful arsenal for mosquito control and 
the importance of environmentally safe alternatives to DEET and 
other synthetic chemicals in mosquito repellents. 

Mosquito control strategies 

Mosquito control is a worldwide health care strategy and is cru-
cial in the prevention and management of mosquito-borne diseas-
es. Mosquito control has got a long history and multiple strategies 
are evolved from time to time. Mosquito control strategies target 
different life stages of the mosquitoes, as well as aimed towards 
different outcomes via different approaches (Figure 1) [12-14]. 
The physiological and behavioral diversities of mosquito species 
demand specific strategies of control measures for individual spe-
cies of mosquito. Conventional strategies are more popular and 
common approaches prevailing worldwide. However, few ad-
vanced methods have been evolved during recent years and have 
been tested on Ae. aegypti (Table 1). These techniques have further 
scope for improvement and customization against other vector 
mosquitoes.

Sl. 
No. Strategies Description Case studies

1 Advanced 
Targeted 

Sugar bait

Attractive toxic sugar 
bait (ATSB) coupled 
with host kairomone 

(L-lactic acid and 
1-octen-3-ol,) set up 

at outdoor n sta-
tions. Both males and 
females are attracted 
in large numbers and 

get trapped.

Florida, US [15]

2 Auto dis-
semination 
augmented

by males 
(ADAM)

Larvicide, pyriproxy-
fen is dusted on males 
which carry them to 
larval habitats and 
also disseminate to 
females during mat-

ing.

Tested on Ae. aegypti 
Los Angeles, California, 
Clovis, California, and 
Key Largo, Florida and 
found successful [16]

3 Incompat-
ible insect 
technique 

(Wolbachia 
method)

Infection of the 
natural bacteria 

Wolbachia to male 
mosquitoes leads to 
cytoplasmic incom-
patibility. Infected 
male when mates 
with uninfected 

females, the eggs 
produced by them 
become unviable,

thereby sterilizing the 
females.

Applied on Ae. ae-
gypti [17] at Florida by 
releasing more than 6 
million infected males 
leading to more than 
70% reduction in the 

female population.

4 Trapping 
egg laying 

females

Autodissemination 
trap for mosquitoes

In2Care trap (BV, Wa-
geningen,

The Netherlands). 
Tested successfully in 
the US. Gravid female 
mosquito enters the 

trap to lay eggs, where 
pyriproxyfen or spores 
of Beauveria bassiana 

get stick on to the 
mosquito body. Due to 

the skip-oviposition 
feature of Ae. aegypti, 
the female carries the 

pyriproxifen or the 
fungal spores to other 
oviposition sites. The 

eggs laid in such areas 
will get destroyed [18]

Table 1: Advanced Strategies for Mosquito Control. 
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History and evolution of mosquito repellents

 Repellents are materials or formulations that deter arthropods 
from touching or biting a host or landing on a surface [19,20]. Gen-
erally, repellents create a barrier of vapor in the immediate sur-
roundings of the protected surface [21]. Therefore, volatile com-
pounds or materials containing them are often used in repellents. 
Plant essential oils have a long history as insect repellents. Citro-
nella oil, Dialkyl Phthalates, Indalone, and Rutgers 612 [21] are few 
pioneering examples under this category. Commercial insect repel-
lents have a long history that dates back to 1929. The first repel-
lent formulation of synthetic compounds, Indalone®, got registered 
in 1937 [8]. This product enjoyed an extensive demand during the 
1940s and 1950s. 

 DEET (N, N diethyl- m-toluamide), is a magic compound intro-
duced to mosquito repellent formulations during 1956 and enjoys 
the status as the most popular active ingredient in commercial 
synthetic repellents against vector mosquitoes [10,22], despite the 
environmental and health concerns associated with this compound 
[11, 23] even today. A synthetic pyrethroid, Permethrin, another 
synthetic compound of the pyrethroid group was introduced to 
the market in 1973 as an alternative to DEET [22]. This is exten-
sively used in preparing mosquito repellent nets, particularly for 
the management of malaria in the United States [24,25]. Picaridin 

[2-(2-hydroxyethyl)-1-piperidine carboxylic acid 1-methyl propyl 
ester] is yet another compound introduced in different parts of the 
world for mosquito control during 1998 [26] with the endorse-
ment of the WHO [27]. In India, the DRDO has confirmed the insect 
repellent property of N, n- dialkyl -morpholin- 4 - carboxamide 
compounds and developed a process for their synthesis [28].

A phenomenal surge in public concern regarding the environ-
mental and health risks associated with mosquito repellents has 
driven the scientific community towards a search for environmen-
tally sustainable and safe repellents against mosquitoes. The use of 
phytochemicals and essential oils of plants as mosquito repellents 
has gained momentum and formulations developed from volatile 
compounds and essential oils have been evolved and put into use 
against blood-sucking arthropods [29]. Mosquito repellent activ-
ity of citronella oil is well-known since the 1940s and is still used 
for this purpose, despite its efficacy being inferior in comparison 
with synthetic compounds [21]. Similarly, several studies have 
confirmed the mosquito repellent activities of extracts and oils of 
Lantana camara, Artemisia vulgaris, Vitex negundo, lemongrass, eu-
calyptus, etc. [30-32]. 

Mosquitoes are highly diversified and evolved parallel to hu-
man beings. The behavioral resistance developed by the vector 
mosquitoes towards insecticides is very complex with huge knowl-
edge gaps. This poses formidable challenges in evolving successful 
mosquito control strategies. Repellents represent one of the oldest 
strategies employed for vector control. Mosquito repellents have 
evolved in terms of the active ingredients, formulations, and modes 
of application. Accordingly, mosquito repellent formulations have 
diverse groups of active components. Synthetic chemicals have 
been replaced with natural products like oils and extracts of plant 
materials. Amines and pyridines represent major groups of insect 
repellents of plant origin [33]. The synergistic activities of the 
metabolites present in the essential oils have been found to bring 
higher levels of bioactivity compared to the activities of isolated 
components [34,35]. A combination of active components and ad-
ditives has been used as a strategy for improving the efficacy and 
shelf-life of repellents. Many additives such as salicylic acid, liquid 
paraffin [36,37], mustard oil, and coconut oil [38] are used to en-
hance the efficacy of the essential oils against mosquitoes. Vanil-
lin is a popular additive used in mosquito repellent formulations 
[20,37, 39]. Sustained release of the active components is another 
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Figure 1: Conventional strategies for mosquito control.
IRS: Indoor Residual Spraying; ORS: Outdoor Residual Spraying.



latest trend in the application of mosquito repellents. Chitosan 
encapsulated citronella oil microcapsules have been on trial [40]. 
Natural repellents are preferred over chemical repellents [41]. 
Plant-derived repellents are safe and reliable prevention options 
against mosquitoes [37] and have been approved as safe by the FDA 
[42]. Natural mosquito repellents have great market potential in 
terms of both diversity and volume demand [43]. In addition to the 
repellent ingredients, the mode of application of the formulations 
also has evolved during recent years. Incorporation of mosquito re-
pellents into textiles, mosquito nets, wearable patches, bands, etc. 
[12,43] have added to the user-friendly index of the products and 
brought a better level of consumer acceptance. While analyzing the 
relevance, potential, and prospects of mosquito repellents in gen-
eral, Norris and Coats have opined spatial repellent formulations 
of botanical origin would lead the whole race due to their multiple 
advantages over other types of repellent compositions and applica-
tion modes. The botanical-derived spatial repellents, have hetero-
geneous compositions and are hence capable of targeting multiple 
species of vector mosquitoes, better endurance against resistance 
development by mosquitoes, and long-lasting activity. Since the 
spatial repellents are not applied to the human body, they are safer 
for the users than topical applicants or wearable devices [44].

Despite having a long history, the plant-derived essential oils 
as mosquito repellents, efforts to develop them into commercial 
formulations from them remained as a low-key affair until the late 
1990s. Considering the environmental sustainability and public ac-
ceptance of the botanical extracts, essential oils, and other deriva-
tives, the potential of these agents for mosquito control is highly 
relevant. In addition to this, the advantages of the spatial repellent 
formulations need to be capitalized by making value addition to 
such formulations through enabling smart application modes and 
other means.

Effects of mosquito repellents on users

The safety of insect repellents including mosquito repellents is a 
cause of concern. A report of the Citizens Environmental Research 
Institute [45] has reported multiple acute and chronic adverse ef-
fects among users of mosquito repellents in New York. The most 
common acute side effects reported by a community survey from 
Delhi, India have reported several acute adverse effects like head-
ache, sore throat, cough, eye irritation, and allergy [46]. The fre-
quencies and intensities of such side effects vary across different 

places, types of repellents and demographic and socioeconomic 
status of the populations analyzed [45,46]. One of the recent ad-
vanced investigations based on case studies of adverse effects of 
mosquito repellents from India has reported the long-term toxic 
effects on body systems leading to disruptions of biochemical path-
ways and production intermediate metabolites, biotransformation, 
and bioaccumulation due to overexposure to these products [47]. 
It is to be noted here that all these studies have been carried out on 
chemical mosquito repellent products. Herbal or botanical prod-
ucts have been recommended as safe and effective alternatives for 
these harmful chemicals [43,44]. 

Conclusion

 Mosquito repellents provide a temporary solution for 
minimizing mosquito bites. Despite being an ad-hoc solution to 
prevent mosquito bites, this strategy and products have thrived for 
centuries, as they account for a large share of the mosquito control 
market even today. Therefore, mosquito repellents have retained 
a unique and sustainable status among mosquito control strategies 
and product range over the centuries. The instant application at all 
emergency situations as a personal safety option, say during travel, 
transit stay, for use at remote places, etc. make them ever in de-
mand, in comparison with many other long-term, effective, and ad-
vanced solutions for mosquito regulation. Mosquito repellents can 
be a personal belonging to everyone anywhere and everywhere 
and at any time. Therefore, there is a need for the development and 
commercialization of these products continuously. Eco-friendly 
formulations which can be used by all age groups and longer peri-
ods of efficacy need to be developed and promoted. These products 
will offer a safer choice for mosquito management. Meanwhile, the 
scientific community and the healthcare system should be vigilant 
about any adverse effects of these products.
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