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Abstract: Five synthetic pyrethroids, deltamethrin, cypermethrin, permethrin, alpha-cypermethrin, and 
lambdacyhalothrin, were tested on the larvae of 2 morphological variants of Cx. tritaeniorhynchus collected from 
Mysore City (ground pools) and outside Mysore (paddy fields), in Karnataka State, India. The morphological 
characters, ie, length and width of siphon, siphonal index, comb scale numbers, pecten teeth numbers, length of 
anal gills and anal gill index of larvae of two Cx. tritaeniorhynchus populations were found to be significantly 
different (p<0.05). To elicit further detail of these two variants, pyrethroid bioassays were undertaken.  In 
general, the toxicity ranking of these pyrethroids tested on the Cx. tritaeniorhynchus variants from Mysore 
City was deltamethrin > lambdacyhalothrin > cypermethrin > permethrin > alpha-cypermethrin.  However, for 
the rural variety it was deltamethrin > lambdacyhalothrin > alpha-cypermethrin > permethrin > cypermethrin.
Of the 5 pyrethroids tested, deltamethrin was the most effective on both variants.  Alpha-cypermethrin and 
lambdacyhalothrin were respectively 2.17 and 2.09 times more effective on the city variety (p<0.05), based 
on LC50 values.  The results suggest that, in addition to morphological differences, the 2 tested varieties of Cx. 
tritaeniorhynchus also differ in susceptibility status.

on length and width of siphon, siphonal index, comb 
scale numbers, pecten teeth numbers, length of anal 
gills and anal gill index from the 2 breeding sources 
in Mysore. The variety from Mysore City (ground 
pools), type A, has a comparatively shorter siphon 
index ratio and truncated tips, shorter anal-gill index 
ratio, fewer comb scales and longer basal hair tufts on 
the siphon. The variety from outside Mysore (paddy 
field) (type B) has comparatively longer siphon index 
ratio and slender tips, longer anal-gill index ratio, more 
comb scales, and shorter basal hair tufts on the siphon 
(Fakoorziba and Vijayan, 2003). On the basis of this 
finding, the current investigation was undertaken to 
assess the susceptibility status of these 2 morphological 
variants.

Materials and Methods

Study area and larval collection
	F or the purpose of comparison, 2 variants of Cx. 
tritaeniorhynchus from Mysore (12˚ 18’, N; 76˚ 18’ 
E), in Karnataka State, India, were employed. Larvae 
were collected from ground pools in Mysore and 
paddy fields outside Mysore, and brought to the Vector 
Biology Research Laboratory of the Department of 
Studies in Zoology. They were maintained at 28 ± 
2˚C and 70 ± 5% relative humidity in enamel trays 
(32 ¥ 32 ¥ 4 cm) employing dechlorinated water. 
The immatures were provided with finely ground dog 

Introduction

	 Japanese encephalitis (JE) was first recognized in 
India in 1955 (Work and Shah, 1956). Several outbreaks 
of JE have occurred and hundreds of children have 
died of this disease since then (Dhanda et al, 1989). 
Outbreaks of JE of varying intensity have occurred in 
Kolar and Mandya districts of Karnataka State since 
1977 (Mishra, 1984). From these areas, the JE virus has 
been isolated from > 10 species of mosquitoes; of these, 
5 species, ie, Culex tritaeniorhynchus, Cx. vishnui, Cx. 
pseudovishnui, Cx. gelides and Cx. fuscocephala are 
considered important vectors for the transmission of 
JE. Another report shows that JE virus has been isolated 
from 16 species of mosquitoes in India, the Culex 
vishnui subgroup being the major vectors, consisting 
of Cx. tritaeniorhynchus, Giles; Cx. vishnui, Theobald; 
and Cx. pseudovishnui, Colless (Samuel et al, 2000). 
Cx. tritaeniorhynchus is considered to be the most 
important vector of JE virus in most parts of south-
central Asia (Gingrich et al, 2001).

	F akoorziba and Vijayan (2003) revealed two 
morphological variants of Cx. tritaeniorhynchus based 
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Table 1
Susceptibility status of type A and type B of  Culex tritaeniorhynchus types A and B against synthetic pyrethroids.

	
Insecticide

	T ype A	T ype B	F old difference
		LC  50 (mg/l)a	LC 90(mg/l)a	LC 50(mg/l)	LC 90(mg/l)	 (LC50)	
		LCL    UCL	LCL    UCL	LCL    UCL	LCL    UCL	                    

Deltamethrin	 0.00097	 0.0216	 0.00078	 0.00603	 1.24b

		  (0.00063-0.00141)	 (0.0112-0.06310)	 (0.00059-0.00099)	 (0.00419-0.01038)	

a-cypermethrin	 0.00310	 0.01525	 0.00143	 0.00636	 2.17b

		  (0.00269-0.00357)	 (0.0114-0.02310)	 (0.00029-0.00325)	 (0.00293-0.99266)	

Cypermethrin	 0.00262	 0.06267	 0.00271	 0.00895	 0.97
		  (0.0009-0.00559)	 (0.0202-1.58690)	 (0.00218-0.00319)	 (0.0074-0.01163)	

Permethrin	 0.00265	 0.00861	 0.00228	 0.0124	 1.16
		  (0.00146-0.00467)	 (0.0048-0.05997)	 (0.00193-0.00263)	 (0.0095-0.01817)	

Lambdacyhalothrin	 0.00226	 0.03199	 0.00108	 0.00626	 2.09b

		  (0.00169-0.00292)	 (0.02122-0.05628)	 (0.00087-0.00133)	 (0.0046-0.00943)

LCL: Lower concentration limit; UCL: Upper concentration limit; aCalculated by probit analysis regression; bIndicates a significant 
difference between LC50 value of the two populations based on the non-overlapping or overlapping 95% CLs of LC50 values (Yang 
et al, 2002).

Pyrethroid bioassay on Cx. tritaeniorhynchus

biscuit and yeast at a ratio of 3:1. Early 4th instar larvae 
were used for measuring morphological characters and 
for bioassay.

Synthetic pyrethroid insecticides
	T echnical grade formulations of 5 synthetic 
pyrethroid insecticides were used for the larval 
bioassay study: deltamethrin (98% from M/s AgrEvo 
India, Mumbai), cypermethrin (93.7% M/s Bayer India, 
Mumbai), permethrin (94.7% from M/s Rousell Ucalf, 
UK), alpha-cypermethrin (94.2% from M/s Zenica 
India, Mumbai), and lambdacyhalothrin (90.8% from 
M/s Syngenta, India).

Larval bioassay
	 Susceptibility tests were conducted per the 
standard WHO method (WHO, 1981). Technical 
grade pyrethroids were used to prepare different 
concentrations of insecticide using absolute alcohol 
as solvent. Different concentrations (deltamethrin 
0.0001-0.0120 mg/l, cypermethrin 0.0005-0.0320 mg/
l, permethrin 0.0002-0.0112 mg/l, alpha-cypermethrin 
0.0004-0.0080 mg/l, and lambdacyhalothrin 0.0004-
0.0280 mg/l) were used to achieve mortality rates up 
to 90% after 24 hour exposure. For each concentration, 
at least 3 sets of replicates comprising 25 early 4th-
instar larvae were maintained. Control experiments 
were conducted by adding 1 ml of absolute alcohol to  
249 ml of dechlorinated water. The LC50 and LC90 

values of the 5 pyrethroids for the 2 variants were 
calculated by probit regression analysis (Finney, 1971). 
Percent mortality was corrected using Abbot’s formula 
(Abbott, 1925) when control mortality was < 20%.

Results

	 From the finding on the morphotaxonomic studies 
on certain characters in the larvae of 2 populations of 
Cx. tritaeniorhynchus from different areas of Mysore, 
this species could be categorized into types A and B 
(Fakoorziba and Viyayan, 2003). The susceptibility 
status of the Cx. tritaeniorhynchus type-A larvae from 
Mysore City, and the type B from outside Mysore 
against the 5 synthetic pyrethroids are shown in Table 
1, with a comparison of LC50 values for the 2 types. 
The LC50 values of 3 pyrethroids, deltamethrin, alpha-
cypermethrin, and lambdacyhalothrin, show significant 
differences between types of Cx. tritaeniorhynchus 
(p <0.05). Cx. tritaeniorhynchus type A from Mysore 
was more tolerant by 2.17-, 2.09-, and 1.24-fold 
against alpha-cypermethrin, lambdacyhalothrin and 
deltamethrin, respectively, than type B from outside 
Mysore.

	T he LC50 values indicated that, of the 5 synthetic 
pyrethroids tested, deltamethrin was the most effective 
for both types. Cypermethrin was least effective on 
type B, and alpha-cypermethrin on type A. In general, 
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the toxicity ranking of these pyrethroids, tested on 
Cx. tritaeniorhynchus type A from Mysore City was 
deltamethrin > lambdacyhalothrin > cypermethrin 
> permethrin > alpha-cypermethrin; for type B it 
was deltamethrin > lambdacyhalothrin > alpha-
cypermethrin > permethrin > cypermethrin. Cx. 
tritaeniorhynchus type B was more susceptible to most 
of the 5 pyrethroids tested than Cx. tritaeniorhynchus 
type A (Table 1).

Discussion

	 Synthetic pyrethroid insecticides nowadays play a 
major role in vector control, as they are reported to be 
highly lethal to insects. By exhibiting low mammalian 
toxicity, under normal conditions they may not be 
hazardous to humans. They are photo-stable, with a 
potentially valuable residual activity (Mulla et al, 1980; 
Rajvanshi et al, 1982).

	A n earlier study has shown that Cx. tritaeni-
orhynchus from Mandya, near Mysore, was 2.2 and 1.8 
times more tolerant to cypermethrin and deltamethrin, 
respectively, than the Mysore population (Vijayan and 
Revanna, 1994). However, they could not report the 
presence of two variants. In the present study, type 
A from Mysore City was 1.24, 2.17, and 2.09 times 
more tolerant to deltamethrin, alpha-cypermethrin and 
lambdacyhalothrin, respectively, than type B from 
outside Mysore. This shows that Cx. tritaeniorhynchus 
type A is a more tolerant variant than type B against 
pyrethroid insecticides. These two variants may 
diverge further, as they are restricted to different 
ecological habitats. Further studies on their vectorial 
capacity will be interesting.

	A ccording to Sirivanakarn (1975) and Colless 
(1975), the Cx. tritaeniorhynchus complex comprises 
Cx. tritaeniorhynchus and its infraspecific forms 
summorosus and siamensis. However, Bram (1967) 
and Reuben (1968) have considered both of them as 
a synonym for Cx. tritaeniorhynchus. In addition, it 
has been shown that Cx. tritaeniorhynchus is a plastic 
species, with clinal variation in certain anatomical 
features (Sucharit et al, 1989).

	A ccording to the morphotaxonomic studies on the 
larvae of Cx. tritaeniorhynchus from the Mysore area, 
and with the present observation on the susceptibility 
status of the 2 types, the opinions of Sirivanakarn 
(1975), Colless (1975), and Sucharit at el (1989) will 
hold good. However, additional studies, such as enzyme 
assay, isozyme profile, and mating experiments, will 
furnish more information about these two types of Cx. 
tritaeniorhynchus.

AcknowledgEments

	T he authors thank Mr George Jacob, National 
Institute of Virology (NIV) field station in Bangalore, 
India, for confirming species identification, ICCR India 
and Shiraz University of Medical Sciences, Iran for 
financial assistance, and the Chairman, Department 
of Studies in Zoology, University of Mysore, Mysore, 
India, for the facilities provided.

References

Abbott WS. A simple method of computing the 
effectiveness of an insecticide. J Econ Entomol 
1925;18:265-7.

Bram RA. Contribution to the mosquito fauna of 
Southeast Asia. II. The genus Culex in Thailand 
(Diptera; Culicidae). Contr Am Entomol Ins 
1967;2:234.

Colless DH. Notes on the Culicine mosquitoes of 
Singapore. II. The Culex vishnui group (Diptera: 
Culicidae) with descriptions of two new species. 
Ann Trop Med Parasitol 1957;52:87-90.

Dhanda V, Mourya DT, Mishra AC. Japanese 
encephalitis virus infection in mosquitoes reared 
from field collected immature and in wild-caught 
males. Am J Trop Med Hyg 1989;141:732-6.

Fakoorziba MR, Vijayan VA. Variation in morphological 
characters of Culex tritaeniorhynchus (Diptera: 
Culicidae), a Japanese encephalitis vector at 
Mysore, India: J Commun Dis 2003;35:206-13.

Finney DJ. Probit analysis. Cambridge: Cambridge 
University Press, 1971:25-325.

Gingrich JB, Harlan HJ, Perkins PV, Trosper JH. 
Regional disease vector ecology profile south 
central Asia, DEVP 2001:49-54. [Cited 2005 Dec 
7]. Available from URL: http://www.afpmb.org

Mishra AC. Monitoring of the vector of Japanese 
encephalitis.  Proceeding of the National 
Conference on Japanese Encephalitis. New Delhi: 
Indian Council of Medical Research, 1984:62.

Mulla MS, Darwazeh HA, Dhillon MS. New 
pyrethroids as mosquito larvicides and their effect 
on non-target organisms. Mosq News 1980;40:6-
12.

Rajvanshi AC, Watal BL, Das M, Joshi GC. Laboratory 
evaluation of two new synthetic pyrethroids against 
larvae of five vector mosquitoes. J Commun Dis 
1982;14:52-6.



Vol 37  (suppl 3)  2006	 131

Pyrethroid bioassay on Cx. tritaeniorhynchus

Reuben R. A description of the species Cx. vishnui 
Theo. with notes on Cx. pseudovishnui Colless and 
Cx. tritaeniorhynchus Giles from southern India. 
Bull Entomol Res 1968;56:643.

Samuel PP, Hiriyan SJ, Gajanana A. Japanese 
encephalitis virus infection in mosquitoes and its 
epidemiological implications. Indian Counc Med 
Res Bull (ICMR) 2000;30:40-3.

Sirivanakarn S. The systemic of Cx. vishnui complex 
in Southeast Asia with the diagnosis of three 
common species (Diptera: Culicidae). Mosq Sys 
1975;7:69-73.

Sucharit S, Surathin K, Shrestha SR. Vectors of 
Japanese encephalitis virus (JEV): species 
complexes of the vectors. Southeast Asian J Trop 
Med Public Health 1989;20:611-21.

Vijayan VA, Revanna MA. Elevated insecticide 
tolerance status of two Japanese encephalitis 
vectors in an agricultural area, Trop Biomed 
1994;11:193-7.

World Health Organization. Instructions for determining 
the susceptibility or resistance of mosquito larvae 
to insecticides. WHO /VBC/81.80.1981

Work TH, Shah KV. Serological diagnosis of Japanese 
encephalitis in North Arcot district of Madras 
State, India, with epidemiological notes. Indian J 
Med Res 1956;10:582-92.

Yang X, Lawrent L, Buschman, Zhu KY, Margolies 
DC. Susceptibility and detoxifying enzyme activity 
in two spider mite species (Acari: Tetranycidae) 
after selection with three insecticides. J Econ 
Entomol 2002;95:399-406.




