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ABSTRACT

Background & objectives: Phlebotomus argentipes is the vector for visceral leishmaniasis in India. The
development of resistance in kala-azar vector to DDT has been reported from various parts of India. The main
objective of this study was to generate information on insecticides susceptibility status of P. argentipes to DDT,
malathion and deltamethrin in different parts in three states of India.

Methods: Phlebotomus argentipes were collected from different villages, identified and used to investigate the
susceptibility status against DDT, malathion and deltamethrin as per the WHO standard methods.

Results: Phlebotomus argentipes was resistant to DDT in different areas, viz. PHCs Murumgaon in Maharashtra;
Ramgarh in Jharkhand; Kodah, Falka, Mahua and Lalganj in Bihar. In Phulwari Shareef PHC of Patna district
in Bihar, DDT produced 89% mortality in P. argentipes, indicating resistant/tolerance (verification required) to
DDT. The corrected percent mortality to malathion (5%) in different areas ranged between 98 and 100%; and to
deltamethrin (0.05%) between 98.4 and 100%. The results showed that the tested P. argentipes are susceptible
to malathion and deltamethrin.

Conclusion: Phlebotomus argentipes are still susceptible to malathion and deltamethrin, but resistant to DDT.
The susceptibility status of P. argentipes should be monitored regularly in diversified situations to ascertain the
judicious use of insecticides being used for indoor residual spraying in the programme for rational use of
appropriate insecticide.
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INTRODUCTION

Visceral leishmaniasis (VL) also known as kala-azar,
Black fever, and Dumdum fever, first came to the atten-
tion in the year 1824 in Jessore, India (now Bangladesh),
where it was initially thought to be a form of malaria.
Leishmaniasis is a disease caused by protozoan parasites
of the Genus-Leishmania. The agent of the disease was
also first isolated from endemic area of West Bengal in
India by Scottish Doctor William Leishman and Irish Phy-
sician Charles Donovan. The species was named after both
of them Leishmania donovani. Today, the name kala-azar
is commonly used along with the scientific name visceral
leishmaniasis for the severe form of the disease caused
by L. donovani1.

In southeast Asia, approximately 200 million people
are at the risk of VL and five lakh new cases are regis-
tered annually2. VL is a serious public health problem in
India since 1970s, in the state of Bihar and latter spread
to West Bengal and eastern Uttar Pradesh. In 1977, a
sample survey estimated the number of cases to be about
one lakh with 4500 deaths in Bihar3. The vector of leish-

maniasis world over belongs to order Diptera of class
Insecta (Phylum- Arthopoda). Fauna of Indian sub-zone
is represented by phlebomine and sergentomyia species4.
In India, VL caused by L. donovani is transmitted by Phle-
botomus argentipes5, 6. About 165.4 million population
and 12 states are suffering from kala-azar, of which 48
districts in four states, namely West Bengal, Bihar, Uttar-
Pradesh and Jharkhand are endemic7. In the year 2010,
28,941 cases of kala-azar and 105 deaths were reported.
The control strategy is based on the use of insecticides
for reducing populations of kala-azar vector. In Bihar,
two rounds of DDT spraying in a year have been con-
ducted in kala-azar endemic districts since 1953, first
round of indoor residual spraying (IRS) with DDT in
February–March and second round in May–June3,8,9.
These measures are now failing to control kala-azar in
West Bengal, Bihar, Uttar Pradesh and Jharkhand states.
The reason may be due resistance in P. argentipes to DDT
used in the national vector control programme in India.
A recent review on P. argentipes susceptibility to differ-
ent insecticides in the Indian subcontinent since 1978
showed that DDT resistance has been reported in India
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since early 1990’s but the results were variable. Though
some workers have reported development of resistance
in kala-azar vector to DDT from various parts of
India3,10–20, the present study was initiated to generate
more information on insecticide susceptibility status of
P. argentipes to DDT, malathion, and deltamethrin in
kala-azar endemic villages of five primary health centres
(PHCs)/districts of different states, viz. Vaishali, Katihar
and Patna (Bihar), Dumka (Jharkhand) and Gadchiroli
(Maharashtra).

MATERIAL & METHODS

Insecticide susceptibility tests were carried out in the
months of February–March 2008 in Vaishali, Patna;
March–April 2008 in Katihar (Bihar); March–April 2009
in Dumka district (Jharkhand) and January–March 2010
in Gadchiroli (Maharashtra) as per the World Health Or-
ganization (WHO) procedure against various insecti-
cides21–22. Sandflies were collected from unsprayed hu-
man dwellings and mixed dwellings of different villages
and PHCs of different states in the early morning (0500
to 0700 hrs) with the help of suction tube and were pro-
vided 10% glucose solution soaked in cotton pads.
Sandflies collected from the fields were transported in
Barraud cages covered by wet cloth to the field laborato-
ries at the PHC level for identification of P. argentipes
which can easily be distinguished from P. Papatasi based
on blackish body colour and silvery legs in P. argentipes.
From a pool of collection five sandflies were killed and
identified through proboscis and genitalia using identifi-
cation key4 for confirmation. After confirming P.
argentipes the remaining population was used for sus-
ceptibility test. Insecticide impregnated and control pa-
pers for respective insecticides received from WHO Col-
laborating Centre at the University of Malaysia, with
different diagnostic dosages were used for detection of
resistance to DDT (4%), malathion (5%) and deltamethrin
(0.05%).

Full-fed P. argentipes were exposed to WHO
insecticide papers impregnated with diagnostic doses of
insecticides, i.e. DDT (4%), malathion (5%) and
deltamethrin (0.05%) as per the standard WHO method
for one hour22. Temperature and humidity were controlled
at 26 ± 2°C and 70–80% RH respectively. Four to five
replicates containing 25 female sandflies were used si-
multaneously for each insecticide. Two replicates of 20–
25 sandflies for control were also held parallel to each
test. After exposure to the requisite period, the holding
tubes were kept for recovery in dark and cool places im-
mediately. Cotton pads soaked in 10% glucose solution

were given as supplementary food during the recovery
period for 24 h. The percent mortalities were calculated
by scoring the dead and alive sandflies after 24 h of re-
covery period and mortality in sandflies was corrected
by using Abbott’s formula23, in case the control mortal-
ity was within 5–20% that was expressed as corrected
percent mortality.

RESULTS & DISCUSSION

Results of susceptibility tests on P. argentipes against
DDT (4%), malathion (5%) and deltamethrin (0.05%) are
given in Table 1. The corrected percent mortality of adult
P. argentipes to DDT (4%) ranged between 31 and 89%
in different areas, which indicate resistance/tolerance to
DDT. Though the species was resistant to DDT in differ-
ent areas in PHCs Murumgaon, Ramgarh, Kodah, Falka,
Mahua and Lalganj, in Phulwari Shareef PHC of Patna
district in Bihar, DDT produced 89% mortality in P.
argentipes, indicating tolerance (verification required) to
DDT. The corrected percent mortality to malathion (5%)
ranged between 98 and 100%; and to deltamethrin (0.05%)
between 98.4 and 100%. The results were almost same in
different areas indicating that the tested P. argentipes are
still susceptible to malathion and deltamethrin. In
Murumgaon PHC of Gadchiroli district in Maharashtra,
DDT resistance was very high as compared to other areas
studied, showing only 31% mortality in sandflies against
DDT.

DDT is still being used in the kala-azar control
programme in Bihar and other endemic states. Most of
earlier research workers have reported development of
tolerance/resistance in sandflies against DDT from vari-
ous parts of India3,10–19. Development of resistance to
DDT in P. argentipes has been reported from Samastipur,
Bakhtiyarpur, Dharbhanga and Vaishali districts of Bihar.
However, P. argentipes has been reported to be suscep-
tible to DDT in Samastipur and Patna districts13,18. There
are only a few reports showing susceptibility status of
sandflies to malathion and deltamethrin. Most of these
reports have shown P. argentipes to be fully susceptible
to malathion and deltamethrin in India18. However,
sandflies have shown to be resistant to malathion and
also deltamethrin from Puducherry, a non-endemic area
for kala-azar20. Our study has shown resistance in P.
argentipes to DDT only, while these are still susceptible
to malathion and deltamethrin. Resistance to DDT in P.
argentipes may be due to prolonged use of DDT for in-
door residual spray since 1976 in vector control activities
targeting kala-azar.

Our study reveals an increasing resistance trend in
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P. argentipes to DDT but still susceptible to deltamethrin
and malathion. Similar results showing 100% suscepti-
bility of P. argentipes to deltamethrin and malathion have
been reported by other authors from different areas18. The
current failure to control the transmission of L. donovani
in these districts of Bihar relying on IRS with DDT can
be partially explained by the resistance to this compound
and thus other insecticides should be evaluated to replace
it. District-wise susceptibility status of sandflies to the
insecticides being used in the programme should be moni-
tored for judicious use of effective insecticides for kala-
azar control. However, the first requirement for a suc-
cessful vector control programme remains the quality of
IRS implementation24. There is also a need to educate
community for enhanced spray coverage of >85% of
houses and rooms at least. There is a need to strictly moni-
tor whether two rounds of IRS activities are done during
coverage of houses.

High endemicity of kala-azar in Bihar and Jharkhand
area, which is receiving two rounds of IRS with DDT,
warrants that synthetic pyrethroids use should be under-
taken especially in Bihar and Jharkhand states as per
norms of the National Vector Borne Disease Control
Programme. Given the constraints of using IRS activity
for control of VL, alternative tools such as insecticidal
bed nets (ITNs)/ long-lasting insecticidal nets (LLINs)
may also be used. Although untreated nets may provide
some degree of personnel protection against sandfly bites,
but insecticide treated net25, particularly long-lasting in-

secticidal nets can provide better protection against
sandfly as well as control of VL26. There are, however,
conflicting reports about the role of LLINs in control of
visceral leishmaniasis vectors25–28. Dinesh et al25 showed
that LLINs although reduced the density of P. argentipes
males but not of females, as LLINs failed to reduce the
entry rate of females in selected households27. However,
another study by Picado et al26 reported that LLINs sig-
nificantly reduced the density of P. argentipes in a vil-
lage-scale trial and suggested that LLINs can be success-
fully deployed as part of the VL control programme28.
Recently, a trial with deltamethrin-impregnated LLINs
against P. argentipes has shown successful control of kala-
azar in the study areas in Bihar state (unpublished per-
sonnel communication) suggesting that large-scale inter-
vention may be undertaken with LLINs in areas with DDT
resistant kala-azar vectors.
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Table 1. Susceptibility of P. argentipes to insecticides in different states of India

Name of state/ Insecticide Sandflies exposed Sandflies dead %  Mortality in Corrected Status
district/PHC  (% conc. tested)   sandflies  mortality in

Test Control Test Control Test Control  (%)

Maharashtra/ DDT (4) 100 (4) 25 (1) 31 0 31 0 31 R
Gadchiroli/ Malathion (5) 100 (4) 25 (1) 98 0 98 0 98 S
Murumgaon Deltamethrin (0.05) 100 (4) 25 (1) 100 1 100 4 100 S

Jharkhand/ DDT (4) 100 (4) 45 (2) 69 0 69 0  69 R
Dumka/Ramgarh Malathion (5) 100 (4) 45 (2) 100 0 100 0 100 S

Deltamethrin (0.05) 100 (4) 45 (2) 100 1 100 2.2 100 S

Bihar/Katihar/ DDT (4) 125 (5) 40 (2) 83 0 66.4 0 66.4 R
Kodah, Falka Malathion (5) 125 (5) 40 (2) 125 1 100 2.5 100 S

Deltamethrin (0.05) 125 (5) 40 (2) 123 0 98.4 0 98.4 S

Bihar/Vaishali/ DDT (4) 100 (4) 25 (1) 61 0 61 0 61 R
Mahua, Lalganj Malathion (5) 100 (4) 25 (1) 100 0 100 0 100 S

Deltamethrin (0.05) 100 (4) 25 (1) 100 1 100 0 100 S

Bihar/Patna/ DDT (4) 100 (4) 25 (1) 89 0 89 4 89 VR
Phulwari Shareef Malathion (5) 100 (4) 25 (1) 100 0 100 0 100 S

Deltamethrin (0.05) 100 (4) 25 (1) 100 1 100 4 100 S

Figures in parentheses indicate the number of replicates; S–Susceptible (mortality ≥98%); R–Resistant (mortality ≤80%); VR–Verification
required; Tolerant (81–97%).
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