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Abstract

BACKGROUND: Phelebotumus papatsi is considered to be the main vector of zoonotic cutaneous leishmaniasis as well as sand
fly fever in Iran. There are several measures for vector control, with emphasis on insecticides. The objective of this study was
to determine the baseline susceptibility of this vector to the commonly used insecticides in an endemic focus of the disease
in central Iran. P. papatasi collected from the field were used for susceptibility status. Its baseline susceptibility to DDT and
pyrethroids was assessed on about 6866 specimens collected from Badrood rural district, Esfahan Province, Iran, during the
summer of 2010. The LT50 and LT90 values were measured according to the World Health Organisation (WHO) test using probit
analysis and regression lines.

RESULTS: Results of tests against female P. papatasi revealed LT50 values to DDT 4%, permethrin 0.75%, deltamethrin 0.1%,
cyfluthrin 0.15% and lambdacyhalothrin 0.05% of 1104.97, 182.35, 26.79, 15.42 and 1.48 s respectively. The figures for male
P. papatasi were 973.51, 59.5, 4.4, 2.65 and 1.5.

CONCLUSION: The results of this study provide a guideline for implementation of different vector control measures. Furthermore,
guidelines are needed for monitoring and evaluation of insecticide susceptibility tests against sand flies.
c© 2012 Society of Chemical Industry
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1 INTRODUCTION
Phlebotomine sand flies (Diptera: Psychodidae) transmit many
zoonotic diseases (arboviruses, bartonellosis and especially leish-
maniasis) of importance to human health in 88 countries.1 – 6

Approximately 1000 species of sand flies are known, and around
70 of these act as leishmaniasis vectors.7 Worldwide there are
an estimated 2 million new cases of leishmaniasis annually, and
12 million people are currently believed to be infected throughout
the world [World Health Organisation (WHO)8].

There are two types of cutaneous leishmaniasis (CL) in
Iran: anthroponotic (ACL) and zoonotic (ZCL). There are some
differences between clinical symptoms of ZCL and ACL types of
the disease, but sometimes symptoms are not distinguishable.
The incubation period for the ACL type is normally longer than
for ZCL. The main reservoir hosts of ACL are humans; dogs
can act as secondary reservoirs. The main vector is Phlebotomus
sergenti, and the parasite is Leishmania tropica. Zoonotic cutaneous
leishmaniasis is distributed in many rural areas of 16 out of 31
provinces of the country. The disease is zoonotic, and rodents
of Gerbellinae are the main reservoir hosts. There are different
rodents that act as reservoir hosts in various parts of the country,

including Rhombomys opimus, Tatera indica, Meriones hurrianae
and Meriones libycus. Phlebotomus papatasi is the main vector to
humans and rodents; Leishmania major is the parasite.9 – 27

Figure 1 shows the number of disease cases in Iran from 1997
to 2009. Owing to improvement of the reporting system by the
Ministry of Health and Medical Education of Iran, natural disasters
such as earthquakes, urbanisation, the construction of buildings
close to colonies of rodents and the immigration of non-immune
people to endemic areas, a sharp increase in cases has been
reported since 2004. Sandfly fever is another important disease
in the country. Infection from the virus has also been detected in
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R. opimus. Human infection from this virus in some parts of the
country is high (Javadian E, private communication).

P. papatasi is a widely distributed species throughout the world
and is a common species in the Eastern Mediterranean region.
ZCL is reported from rural districts in 50% of the 31 provinces in
Iran.28 – 30 M. libycus and R. opimus (Rodentia: Gerbillinae) are the
main reservoir hosts in the study area, and P. papatasi is the vector
of L. major to humans.19 P. papatasi exhibits a close association
with the burrowing rodents that serve as the reservoirs of L.
major. Rodent burrows are considered to be the primary habitat
of immature P. papatasi in ZCL foci, and sand fly larvae have been
observed feeding on rodent faeces.

The activity of P. papatasi in Badrood starts from late April or
early May and extends to mid-October with two peaks, one in mid-
or late June and the second in early or mid-September.31

In the foci of the disease in Esfahan, DDT 75% at a dosage
of 2 mg AI m−2 as residual spraying was used from 1952 until
1959 for malaria control, but from 1959 onwards, owing to malaria
consolidation, the use of DDT was stopped.16 In foci of ZCL in Iran,
control of malaria with DDT yielded no effect on the incidence of
leishmaniasis or the sand fly population.32

Measures used to control adult sand flies include the use of
insecticides for residual spraying of dwellings and animal shelters,
space spraying, insecticide-treated nets and curtains and personal
protection through application of repellents/insecticides to skin
or fabrics. Because the breeding sites of sand flies are generally
unknown in Iran, control measures that act specifically against
immatures are not feasible, although the effectiveness of a
few biological and chemical agents has been demonstrated in
laboratory evaluations.33

In some circumstances, reservoir control is also recommended.
In addition, patient treatment with antiparasite drugs has been
prescribed at the acute stage of the disease.34

Global warming may cause increased geographic distribution
of P. papatasi, and the seasonality of the disease and transmission
could be extended throughout all months of the year in endemic
countries.35,36

The objective of this study was to determine the baseline
susceptibility of this vector to the commonly used insecticides in
an endemic focus of ZCL in central Iran. The results will provide a
guideline for implementation of vector control measures.

2 MATERIALS AND METHODS
2.1 Study case
The investigation was carried out during the summer of 2010 in
the rural district of Badrood (33◦ 44′N, 52◦ 2′E), Natanz County,
Esfahan Province, central Iran (Fig. 2). Badrood is situated at an
altitude of 1056 m among the foothills of the Karkas Mountains
(altitude 3895 m). The area has a desert climate and is very hot in
summer and quite cold in winter.

2.2 Sand fly collection
Sand flies were collected by mouth aspirator from 8.00 pm
until 2.00 am at different time intervals in Badrood district,
Natanz County, Esfahan Province, during the summer of 2010.
After collection they were released into the cages and were
then transported to the Isfahan Health Research Station for
susceptibility tets.

2.3 Susceptibility tests
All the susceptibility tests were carried out according to the WHO
recommendation (1981).37 During the tests, the sand flies were
transfered into the exposure tubes at different time intervals, and
mortality was then scored after a 24 h recovery period. During
the holding time, the insects were supplied with a cotton pad of
20% sucrose solution. All mortalities were corrected according to
the results of control with Abbott’s correction formula.38 If the
mortality rate in the control group was between 5 and 20%, all
mortalities were corrected by Abbott’s method. All the tests were
ignored when the mortality was higher than 20% in the control
group. After each test, all dead and alive sand flies were mounted
separately by Pouri’s medium for species identification. Males and
females were counted separately.

2.4 Paper supplements
The papers impregnated with DDT 4%, deltamethrin 0.1%,
permethrin 0.75%, lambdacyhalothrin 0.05% and cyfluthrin 0.15%,
as well as the control, were supplied by WHO.

2.5 Statistical analysis
The mortality times of sand flies to insecticides at different time
intervals were subjected to Finney’s test39 for calculation of
regression lines. From the lines, the LT50 and 95% confidence
interval as well as the LT90 and its 95% confidence interval were
calculated. For plotting of regression lines, computer graphics
were used.

CASE

0

5000

10000

15000

20000

25000

30000

197719781979198019811982198319841985198619871988198919901991199219931994199519961997199819992000200120022003200420052006200720082009

Years

Figure 1. Number of leishmaniasis cases in Iran (Zoonosis Department, Ministry of Health and Medical Education, Iran).
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Figure 2. Study area in Badrood rural district, Natanz County, Esfahan Province, Iran.

Table 1. Parameters of probit regression lines of different insecticides against female P. papatasi

Insecticide A B± SE
LT50,

95% CI
LT90,

95% CI χ2 (df)
Heterogeneity

P-value y = a + bx

DDT 4% −7.73 2.54 ± 0.409 711.09 2025 14.35 (3) <0.05 y = −7.7296 + 2.5398x

1104.97 3531.45

1879.25 15 418.4

Permethrin 0.75% −5.33 2.36 ± 0.183 159.77 523.25 5.72 (3) >0.05 y = −5.3318 + 2.3583x

182.35 637.3031

207.39 821

Deltamethrin 0.1% −1.71 1.20 ± 0.100 19.37 238.7 9.90 (6) <0.05 y = −1.7095 + 1.1975x

26.79 315.03

34.79 447.2

Cyfluthrin 0.15% −1.36 1.148 ± 0.126 10.05 147.39 8.92 (4) <0.05 y = −1.3627 + 1.1470x

15.42 202

20.94 315

Lambdacyhalothrin 0.05% −0.148 0.866 ± 0.063 0.71 35.62 1.219 (5) >0.05 y = −0.1480 + 0.8658x

1.48 44.8

2.48 58.14

3 RESULTS
Susceptibility tests against specimens collected in Badrood,
Esfahan Province, central Iran, were carried out during the summer
of 2010. Table 1 shows the probit regression line parameters for
females of P. papatasi to different insecticides at the discriminative
dose. Figure 3 shows the probit regression lines.

The results of tests against the male vector are presented in
Table 2 and Fig. 4.

The results of tests against male P. papatasi revealed LT50

values to DDT 4%, permethrin 0.75%, deltamethrin 0.1%, cyfluthrin
0.15% and lambdacyhalothrin 0.05% of 973.51, 59.5, 4.4, 2.65 and
1.5 s respectively. The data for females were 1104.97, 182.35,
26.79, 15.42 and 1.48. The results showed that males were more
susceptible than females to all the insecticdes tested at the LT50

level.

4 DISCUSSION AND CONCLUSIONS
The main measures for ZCL control in Iran are rodent control
operation, using impregnated bed nets and curtains with
pyrethroids, the use of repellent indoor residual spraying, and
health education to the community; during complex emergency
situations, leishmanisation is also recommended. According to
data released by the Zoonosis Department of the Iranian Ministry of

Health and Medical Education, the disease has increased during the
last decade. There are several reasons for this increase, which can
be summarised as follows: improvement of surveillance systems
in the country; monitoring of the disease throughout the year;
migration of people from non-endemic regions into disease foci;
the occurrence of different reservoirs for ZCL and their migration
to non-endemic areas; defects in prevention and in control of the
disease and in vector control.

Owing to the lack of information about the susceptibility of
sandflies to different WHO-recommended imagicides, the authors
conducted a comprehensive field test against the disease vector
in the focus of ZCL in Esfahan, Iran. WHO susceptibility tests
recommended for mosquitoes were followed. The discriminative
doses of DDT and pyrethroids were used in the tests.

In accordance with WHO,40 the bioassay results for malaria
vectors were summarised in three resistance classes: susceptible
(mortality 98% or higher); possibly resistant, so called ‘tolerant’
(mortality between 97 and 80%); resistant (mortality lower than
80%). Results of the present tests against P. papatasi at the LT50

level revealed that the females need more time than males to be
killed at the same concentration. For both sexes, the susceptibility
levels to DDT were greater than to pyrethroids. For example, at
the LT50 level, the required time to gain the same mortality for
females against DDT in comparison with lambdacyhalothrin was
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Figure 3. Probit regression lines of different insecticides against female P. papatasi.

Table 2. Parameters of probit regression lines of different insecticides against male P. papatasi

Insecticide Aa B± SEb
LT50,

95% CIc
LT90,

95% CId χ2 (df)
Heterogeneity

P-value y = a + bx

DDT 4% −3.99 1.336 ± 0.487 – – 9.78 (3) <0.05 y = −3.9922 + 1.3359x

973.51 8864.77

– –

Permethrin 0.75% −2.02 1.136 ± 0.162 40.26 424 4.787 (5) >0.05 y = −2.0156 + 1.1359x

59.5 799.45

86.29 2299.1

Deltamethrin 0.1% −0.65 1.016 ± 0.258 0.665 42.54 0.873 (4) >0.05 y = −0.6534 + 1.0159x

4.4 80.29

9.32 329.63

Cyfluthrin 0.15% −0.33 0.778 ± 0.324 0.0000 54.75 0.055 (3) >0.05 y = −0.3289 + 0.7779x

2.65 117.56

11.07 8046.56

Lambdacyhalothrin 0.05% −0.174 0.98 ± 0.431 0.0000 9.2 1 (3) >0.05 y = −0.1737 + 0.9824x

1.5 30.3

6.03 231.37

a A = intercept.
b B± SE = slope and its standard error.
c LT50, 95% CI = lethal time causing 50% mortality and its 95% confidence interval.
d LT90, 95% CI = lethal time causing 90% mortality and its 95% confidence interval.

747 times higher. The figures for permethrin, deltamethrin and
cyfluthrin were 6.25-, 41- and 72-fold respectively (see Fig. 5).

The high LT50 level of the vector to DDT is attributed to the long-
term use of insecticide for malaria vector control in the region.
From 1953 for up to 5 years, DDT was applied at a rate of 2 g m−2 as
indoor residual spraying for malaria control in Badrood. According
to the report of the branch of the Ministry of Jihad in Esfahan,
several herbicides, fungicides and pesticides have been used for

agriculture and veterinary pest control in the region, including
malathion, diazinon, fenitrothion, azinphos-methyl, metasystox,
carbaryl, permethrin and cypermethrin. There are several reports
of susceptibility of Leishmania vectors to different insecticides.
The authors used WHO criteria as recommended for mosquitoes
for the status of susceptibility to sand flies. For instance, the
insecticide susceptibility status of P. papatasi to DDT, dieldrin,
malathion, fenitrothion and propoxur has been estimated in Pali

wileyonlinelibrary.com/journal/ps c© 2012 Society of Chemical Industry Pest Manag Sci 2012; 68: 669–675
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Figure 4. Probit regression lines of different insecticides against male P. papatasi.

Figure 5. LT50 values of different insecticides against male and female P. papatasi, 2010.

and Barmer districts of Rajasthan. Tests revealed that this species
was resistant to DDT but susceptible to other insecticides.41 In
a similar study in Bikaner district, Rajasthan, the results showed
that this species is resistant to DDT, dieldrin and propoxur but
susceptible to malathion, fenitrothion and permethrin.42

The susceptibility of P. papatasi to DDT was studied in field
surveys at localities in different areas of Iran during 1985–1988.
In many parts of Iran, houses had been treated with DDT for
malaria control (1950–1968). Tests were carried out in localities
where the application of DDT had been discontinued since 1969.
This investigation showed that P. papatasi from Esfahan were
more tolerant to DDT than flies from other areas, probably a
manifestation of DDT resistance.43 To date, reports of resistance
refer to one insecticide (DDT) in only three species (P. papatasi,

P. argentipes and Sergentomyia shorti) in one country (India),
although there are reports of increased tolerance to this compound
in several countries.44 There are some reports of DDT resistance in
Bihar, India, and Turkey.45,46

In the present study, only the susceptibility of P. papatasi
to different imagicides was compared. Owing to physiological,
behavioural and size differences of mosquitoes in comparison
with P. papatasi, the criteria for resistance status for sand fly is
not the same as recommended for the malaria vectors. There is
ongoing research into the susceptibility of lab-bred P. papatasi
to these insecticides in order to find the times of 50% and 100%
mortality gain. The authors recommend that the same procedure
be used in different parts of the world to pool results and to reach
a single conclusion concerning the criteria for susceptibility status

Pest Manag Sci 2012; 68: 669–675 c© 2012 Society of Chemical Industry wileyonlinelibrary.com/journal/ps
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against P. papatasi. From the pooled results, the WHO will be able
to provide a specific guideline for sand fly, and this guidline will
help countries in the monitoring and evaluation of insecticide
resistance for implementation of control measures.
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