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ABSTRACT

Introduction: Mosquito-borne diseases are a serious global problem, particularly in tropical and sub-tropical countries such as
Nepal. Citronella oil is a natural mosquito repellent as well as a local fragrance in Nepal, which is accessible at very low cost because
citronella plants are widely cultivated in rural areas of the Terai belt in Nepal. This study was conducted using a real-life randomized
controlled pilot trial to confirm the effectiveness and applicability of locally-produced citronella oil as a mosquito repellent for the
prevention of mosquito-borne diseases in Nepal.

Methods: A repellency activity test was performed with 100% citronella oil (Cymbopogon winteratus) from April to May 2013 in the
Tikapur Municipality of the Kailali district, Nepal. The test was divided into two trials: an indoor exposure (IE) test (N=101) and an
outdoor exposure (OE) test (N=140) from 5.00 pm to 7.00 pm. Each trial contained an experimental citronella oil-applied group
and a non-applied (control) group. The outcome measures were the protective effect of citronella oil against mosquitoes, the
number of mosquito bites, the repellency percentage, the smell satisfaction and the irritation level.

Results: Experimental group had a significant protective effect against mosquito bites in IE (96.5%, n=57) and OE (95.7%, n=70)
tests compared to the control group in IE (29.5%, n=44) and OE (28.6%, n=70) tests (experimental vs control groups, p<0.001).
The repellency percentage for the OE test was 96.7%. In the smell satisfaction test (n=127), most of the participants responded
with high satisfaction: 'good' (67.7%), 'very good' (16.5%), 'bad' (13.4%) and 'very bad' (2.4%). IE and OE tests showed similar
satisfaction levels in each category. In the irritation level test (n=127), 87.4% and 12.6% responded with no irritation and slight

irritation, respectively. There were no reports of moderate or severe irritation.
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Conclusions: The topical application of citronella oil can be employed as an easily-available, affordable and effective alternative

mosquito repellent to prevent mosquito-borne diseases in rural areas such as Tikapur, Nepal.

Key words: citronella oil, cost-effectiveness, mosquito repellent, Nepal, rural area.

Introduction

Vector-transmitted diseases such as dengue fever, Japanese
encephalitis, malaria, lymphatic filariasis and yellow fever are
global burdens that affect tropical and sub-tropical regions,
causing significantly high morbidity and mortality rates
worldwide?.  The Nepalese  government has  been
continuously implementing a strong malaria control program,
with the purpose of eliminating the local indigenous
transmission of malaria’. Around 20.36 million people in
Nepal (about 73% of the population) live in malaria-prone
areas, which comprises 65 out of 75 districts. In particular,
the 13 districts located in the Terai belt (the plain zone)
bordering India are part of the high malaria endemic area,
which includes the Kanchanpur and Kailali districts in the far-

4
western area .

The mosquito Culux tritaeniorhyncus, a main vector of the
Japanese encephalitis virus, is prevalent in the rice paddies of
the endemic areas during the transmission season in Nepal.
From 1978 to 2004, the average fatality rate for Japanese
encephalitis patients in Nepal was 20.2%, 60% of which were
aged less than 15 years’. As Japanese encephalitis generally
requires long-term medical treatment, it has a high economic
impact on houscholds with these paticntsé. In contrast,
dengue fever, transmitted by Aedes mosquitoes, is
accompanied by fatal clinical symptoms. In a cross-sectional
study in the Terai belt of Nepal in 2007, the anti-dengue
IgM-positive rate was about 30.0% out of 183 symptomatic
pcoplc7. In Nepal, dengue fever occurred mainly in the
central Terai region; however, it has substantially expanded
into the western and far-western Terai region including

Kanchanpur and Kailali districts®’. Despite the increasing

threat of dengue fever, to date Nepal has no effective dengue

surveillance program.

Tikapur is a municipality in the Kailali district, one district
outside of the far-western development region. Ecologically,
it belongs to the Terai belt of Nepal, located in the southern
part of Nepal. The Terai belt occupies 23.1% of the total land
area and the population constitutes more than 48.4% of
Nepal’s total population. It contains the most fertile
agricultural land and forests. The belt’s ecosystem is very
favorable to the breeding of mosquitoes that cause mosquito-
borne diseases’. Among the 75 administrative districts of
Nepal, the Kailali district has the highest number of
disadvantaged ethnic groups, whose main source of income is
agriculture. Due to their low socioeconomic status, people
are bound to move to bordering countries such as India in
search of work®. Furthermore, the area’s unsanitary living
conditions — including an unsystematic sewerage system,
littered rubbish, and ditches of contaminated water — affect
the increase in the number of mosquitoesm. Tikapur lies on
the banks of the south-eastern Karnali River, where the
temperature exceeds 37°C in the summer season and ranges
from 7°C to 23°C in the winter season. Thus, Tikapur
residents face the threat of mosquito bites throughout the
year. Many aspects of the transmission cycle are strongly
influenced by environmental conditions such as the climate,
agricultural practices, land use, and urbanization, which are
changing and might eventually allow the re-emergence of a

setting that is more hospitable for mosquitocs“.

Although various control methods have been implemented to
prevent the spread of mosquito-borne diseases, complete
control and prevention remain a major challenge. Nowadays,
people depend on commercial products such as bed nets,

sprays, mosquito electric vaporizers and coils as protection
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from mosquito bites. However, these products are mainly
utilized indoors and are not very effective for outdoor
activities. Commercial topical mosquito repellents can elicit

7120 Perhaps for this reason, local

chemical side effects
people in Tikapur rarely purchase commercial chemical
repellents despite their relatively low price and ready
availability as an import from countries such as India. Plant-
derived mosquito repellents such as citronella oil have been

1214 Citronella oil

proven to have little or no adverse effects
could be promoted as a mosquito repellent to be used in both
indoor and outdoor activities due to its affordability, safety

and accessibility in Ncpalls’m.

This study was conducted to investigate the effectiveness and
applicability of citronella oil as a natural mosquito repellent
by measuring the mosquito repellency effect, irritation level,
and smell satisfaction on human subjects in both indoor and
outdoor conditions in the Tikapur Municipality of the Kailali
district of Nepal.

Methods

Preparation of citronella oil

Citronella grass (Cymbopogon winteratus) harvested in Tikapur
Municipality ~was processed using steam distillation
equipment involving a boiler, a vessel, a condenser, and an
oil separator. In this process, the water was allowed to boil at
more than 100°C in a separate boiler, with a minimum
pressure of 138 kPa and a maximum of 276 kPa. The steam
was condensed and transferred to the vessel containing the
citronella grass. The oil-bearing vapor was changed to a liquid
through a cold-water condensor. Lastly, the water was

separated from the oil.
Study design

The subjects of this study were recruited from among the
people living in Tikapur Municipality. Age and sex were not
restricted. To investigate the mosquito repellency effect of

citronella oil, the number of people who were bitten and the

number of mosquito bites were measured in indoor exposure

(IE) and outdoor exposure (OE) tests.

For the IE test, 101 recruited volunteers were randomly
divided into an experimental group (n=57), where 100%
citronella oil was applied on both legs from the ankle to the
knee, and a control group (n=44), where citronella oil was
not applied. The two groups were exposed to mosquito bites
on 9—12 April 2013 from 5.00 pm to 7.00 pm in two yoga
training centers in Tikapur Municipality, far-western region
of Nepal. In order to reproduce the general indoor conditions
of houses in the area, the windows and doors of the
experimental rooms were kept open 1 hour before the start
of exposure testing and were not treated with any
mosquitocides or mosquito repellent. To protect against
mosquito bites, the bodies of the participants were covered
with a mesh except for the legs. The average temperature
range over the four experimental days for the IE test was
19.5-38.5°C.

The OE test was conducted in the front yard of Tikapur
Hospital on 19 and 20 April 2013. The average temperature
range during the experimental period was 20.0—34.5°C. For
the experimental group (n=70), citronella oil was applied on
the legs of participants from the ankle to the knee. The
control group (n=70) was not treated with citronella oil. The
participants were then exposed to mosquitoes in the open
field from 5.00 pm to 7.00 pm. To investigate the repellent
effect of citronella oil, the number of participants who were
not bitten by mosquitoes and a repellency percentage were
measured after 2 hours of exposure. The repellency
percentage was calculated based on the following equation: %
Repellency = (C—E)/C X 100. In this equation, C represented
the total number of mosquito bites on the right leg in the
untreated control group, and E was the total number of

mosquito bites on the left leg in the experimental group”.

The smell satisfaction and irritation level were evaluated
through the responses of the 127 participants in the
experimental group of IE and OE test after 2 h of application
with citronella oil on the legs (57 in the IE test and 70 in the
OE test). The degree of smell satisfaction was categorized as
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'very bad', 'bad', 'good', or 'very good'. The irritation level
was classified as 'no irritation', 'slight', 'moderate’, or 'severe

irritation'.
Statistical analysis

Microsoft Excel and PASW Statistics v20 for Windows (SPSS
Ltd, http://www.spss.com.hk/statistics) was used for the
data analysis and statistical treatment. Chi-squared test was
used to assess gender, number of people bitten by
mosquitoes, smell satisfaction and irritation level between
groups. Student’s t-test was used to assess the frequency of
mosquito bites. A p value <0.05 was considered statistically

significant.
Ethics approval

This study was approved by the director of Tikapur Hospital,
Kailali district, Nepal. Permission was obtained from the
health authorities of Tikapur Municipality. The participants
were informed of all ethical issues and were asked to sign
consent forms. For participants under the age of 18, consent

was obtained from the accompanying adult guardian.

Results

Subjects

The participants for the IE test (n=101) comprised
54 females and 47 males (mean age 42.4711.46 years, range
1081 years). In the OE test, the participants (n=140) were
construction workers and health volunteers of Tikapur
Hospital. They comprised 30 females and 110 males (mean
age 23.69%0.88 years, range 1646 years). For the smell
satisfaction and irritation level tests, 127 people who were

applied with citronella oil participated in the survey.

Effectiveness of citronella oil as a mosquito

repellent

In the examination for mosquito repellency effect, the

proportion of people not bitten by mosquitoes did not show

significant differences between IE (67.3%) and OE (62.1%)
test; however, it showed significant difference between the
experimental group (96.1%) and the control group (28.9%)
(p<0.001 via ) test). For the frequency of mosquito bites,
there was statistical significance between IE and OE tests
(p<0.05), and between the experimental and control group
(p<0.001) (Table 1).

Comparing exposure place, for the IE test 55 participants
(96.5%, n=>57) in the experimental group were not bitten by
mosquitoes, with only two (3.5%) participants having one
and two mosquito bites, respectively. In contrast, the control
group had 13 people (29.6%) who were not bitten by
mosquitoes, while 31 (70.5%) were bitten by mosquitoes
with frequencies ranging from one to eight bites (Figl). In the
OE test conducted for 2 hours in the evening, 67 people
(95.7%) in the experimental group had no mosquito bites,
and only three (4.3%) people had one, two or three
mosquito bites. In the control group, 20 participants (28.6%)
had no mosquito bites, while 50 participants (71.4%)
presented a number of mosquito bites ranging from 1 to 10,
including four participants who were bitten 10 times (Fig2).
The OE test showed a 96.69% repellency.

Smell satisfaction and irritation level test

In the smell satisfaction examination, 86 (67.7%) and
21 (16.5%) of the 127 participants reported the smell of the
citronella oil to be 'good' and 'very good', respectively. Only
17 (13.4%) and 3 (2.4%) participants responded 'bad' and
'very bad', respectively. The IE and OE tests showed a similar
tendency in the smell satisfaction level; however, 'very good'
response was higher in the OE setting (27.1%) than in the IE
setting (3.5%) (Fig3).

In the irritation test, 111(87.4%) participants reported no
irritation: 86.0% in the IE test and 88.6% in the OE test. The
remaining 16 people (12.6%) reported a slight irritation: 14.0% in
the IE test and 11.4% in the OE test. Those who felt irritation
reported only a slight irritation and a mild burning sensation
during the first few minutes of the application with citronella oil.

No one reported a moderate or severe irritation (Fig4).
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Figure 1: Frequency distribution of mosquito bites in indoor exposure test, Nepal, 2013.
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Figure 2: Frequency distribution of mosquito bites in outdoor exposure test, Nepal, 2013.

Table 1: Mosquito repellency effect of citronella oil during exposure trials, Nepal, 2013

Independent Group Dependent variables
variable Bite status (n, %) p value Number of p value
mosquito bites
(mean * SD)
Yes (%) No (%)
Place Indoor exposure test 33 (32.7) 68 (67.3) 0.48 0917 0.02"
(n=101)
Outdoor exposure 53 (37.9) 87 (62.1) 1.31£2.2
test (n=140)
Application of Experimental group 5(3.9) 122 (96.1) <0.001™" 0.07 £0.3 <0.001™"
citronella oil (n=127)
Control group 81 (71.1) 33 (28.9) 24+24
(n=114)
Gender Male (n=157) 58 (36.9) 99 (63.1) 0.57 0.07+0.3 0.83
Female (n=84) 28 (33.3) 56 (66.7) 24124
*p<0.05, ™*p<0.001

SD, standard deviation
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Figure 3: Smell satisfaction responses in indoor and outdoor exposure trials, Nepal, 2013.
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Figure 4: Irritation level responses in indoor and outdoor exposure trials, Nepal, 2013.

Discussion

The results regarding the repellency efficacy of citronella oil
demonstrated that the direct topical application of citronella
oil had a significant protective effect against mosquito bites
compared to the non-applied group (28.9%) in both the
indoor (96.5%) and outdoor (95.7%) trials for 2 hours
(Table 1). As shown in Figures 1 and 2, the frequency of
mosquito bites was significantly lower in the citronella oil
applied group compared to the non-applied control group
(p<0.001). In the survey of smell satisfaction, 84.2% of
participants reported to be satisfied with the smell of the
citronella oil ('good' and 'very good') at the indoor and
outdoor test, showing a similar tendency. In the irritation

level test, 87.4% of the participants reported no irritation,

and the others reported only a slight irritation and a mild
burning sensation in the first few minutes of the treatment.
These results of the smell satisfaction and irritation level
indicate that the topical application of citronella oil on the
skin is fully acceptable to the local people, in a wide range of
age groups, suggesting it could be used as a mosquito
repellent in both indoor and outdoor conditions not only in
rural Tikapur but also in other rural communities in Nepal or

other developing countries.

The direct application of mosquito repellent to the skin is
considered a simple and effective way to prevent mosquito
bites during indoor and outdoor activities. Based on the
evidence provided, the average protection time of citronella
oil was approximately 1.5 h against Aedes mosquitoes, 3 h

against Anopheles mosquitoes, and 5 h against Culex
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mosquitocs”. The complete repellency for the entire
concentration of citronella oil lasted for at least 3 hours.
Furthermore, the protection time and repellency of citronella
oil can be doubled when combining it with other volatile oils,

1e 18,19
such as vanillin™".

On the basis of these protection
durations, the repellency percentage of citronella oil was
calculated as 96.69% by the modified equation of Amer and
Mehlhorn® in the OE trials in this study. The results
regarding the frequency of the mosquito bites and the
repellency percentage of citronella oil, when applied
topically, could provide a sufficient protective effect against

mosquito bites in both indoors and outdoors conditions.

The Nepalese government has been implementing a
continuous malaria-control program, with a long-term vision
of a malaria-free Nepal by 2026’ In this process, synthetic
toxic chemicals such as DDT (1,1,1-trichloro-2,2-di(4-
chlorophenyl)ethane), malathion, and bendiocarb have
generally been used on agricultural crops and even in the
control of household pests including mosquitoes, mainly
through indoor residual sprayingZI. Despite its toxic effects
on humans and the environment, due to its relatively low
cost and high insecticidal effects on most species of Anopheles
mosquitocsz, DDT is still considered valuable for malaria
control, particularly in developing countries such as Nepal.
DEET (N,N-diethyl-3-methyl benzamide)-based commercial
products are currently being used around the world for their
significant insecticidal effects”. However, over the past
decade, the safety of DEET has become controversial and has
not been clearly verified, although it is thought to be safe
when used as recommended. Based on the evidence provided
by the DEET Registry, considerable cases showed a strong
correlation between the onset of clinical manifestations such
as seizures, neurological symptoms, and dermatological cases
after DEET exposure. Seizures, especially in children of
19 years and younger, have been a particularly concerning
issue”. Currently, topical mosquito repellents including N,N-
diethyl-benzamide (eg Advanced Odomos cream) as a main
component is commercially available in Nepal and is
imported from abroad, for example from India. However,
very few people use them despite their relatively low cost

and convenience in Tikapur. This may be related with the

awareness of people about the side effects of chemical
insecticide. Citronella oil has been used as a natural insect
repellent for more than 50 years and is unlikely to cause
harmful effects on humans, pets, the environment, and the
ecosystem, as compared to synthetic insecticides™”.
Moreover, few side effects in human application have so far

been reported.

Besides the adverse effects of synthetic insecticides, the
affordability and accessibility of mosquito repellents should
be an important consideration in the prevention of mosquito-
borne diseases in economically-deprived people and
communities. In 2008, Nepal was ranked 144th out of 177
nations on the United Nations’ Human Development Index,
and the country’s gross domestic product per capita was
$1100. The majority of Nepal remains underdeveloped, and
over 80% of the population live in rural areas’. In particular,
the far-western region of Nepal ranked fourth out of five
development regions on the Human Development Index,
with 46% of the population living below the poverty line®.
The economic status of households and communities is
closely interrelated with individual and public health. Nepal
has relied on foreign aid to cover the cost of insecticides, and
has imported most products from other countries to control
mosquito-borne disecases because of lack of domestic
production. Thus, the country needs to look for affordable
and domestically-produced alternatives to reduce the cost of

. .1 2127
insecticides™ ",

Citronella plants are widely cultivated in the Terai zone
throughout the country. This region comprises plains and has
a tropical/sub-tropical climate. The production and
distribution of medicinal and aromatic plants including
citronella oil has been politically fostered under the
government control for the national economy, especially
since Herbs Production & Processing Co. Ltd. was
established by His Majesty’s Government of Nepal in 1981.
This public enterprise has a central office and factory in
Kathmandu, and many branches and factories in different
regions of Nepal including Tikapur. The far-western region is
also rich in biodiversity, including hundreds of species of

medicinal herbs (jadibuti), with a production of more than
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1.6 million kg annuallyZG. For this reason, citronella oil could
have a high cost-effectiveness not only for Tikapur people but
also to other rural communities in Nepal. The utilization of a
locally-produced, citronella-based mosquito repellent in
Tikapur is expected to lower the purchasing costs of
mosquitocides, to boost the economic activity of the local
communities, as well as to stimulate local efforts to enhance
the public health system and environmental protection. An
insecticide does not need to cause high mortality on the target
organisms in order to be acceptable; it is more important that
it be eco-friendly in nature”®. In this context, the application
of citronella oil in lieu of chemical mosquitocides may
represent an eco-friendly alternative as a natural mosquito

repellent.

Additionally, this study was designed to confirm the effect of
citronella oil as a mosquito repellent, particularly in real-life
conditions that the Tikapur residents faced in their daily lives.
So, the exposure conditions for the mosquito bites were
adjusted in order to reproduce the actual living environment
conditions of the local residents, considering their indoor and
outdoor activities as well as the time at which mosquitoes are
particularly active. The number and species of mosquitoes or
the age and sex of the participants were not restricted. Both
IE and OE tests showed a significant effect with similar
tendency. This suggests that citronella oil can be utilized as a
topical mosquito repellent for indoor and outdoor activities
in daily life. However, it needs further study to verify the
effect of citronella oil on the protection time according to the

dilution ratio of citronella oil.

Conclusions

The topical application of citronella oil to human skin can be
used as a potential alternative for both indoor and outdoor
activities on the basis of its high repellency effect against
mosquito bites and on the participants’ high satisfaction with
its smell and degree of irritation. Moreover, the affordability
and accessibility of citronella oil make it a particularly viable
option, as it is locally produced in the Tikapur Municipality.

The wuse of citronella oil could lower the cost of

mosquitocides, considering that the Nepalese government
currently imports insecticides from foreign countries.
Therefore, citronella oil preparations have high applicability
for the community’s health and welfare by helping to prevent
mosquito-borne diseases in rural communities as well as

Tikapur, Nepal.
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