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The Susceptibility of Culex p4ipens fatigans
Larvae to Insecticides in Rangoon, Burma

PHILIP ROSEN'

Since April 1963, the susceptibility to insecticides oflarvae ofCulex pipiens fatigans has
been extensively studied by the WHO Filariasis Research Unit in Rangoon, Burma, as part
of a programme of research aimed at establishing which compound or group of compounds
could be used to control the vector offilariasis.

Larvae from various localities in Rangoon showed wide variations in susceptibility to
chlorinatedhydrocarbons. There were also seasonal variations and it was difficult to standard-
ize test conditions. Nevertheless, resistance to this group of compounds, especially DDT,
sufficient to prevent control has been clearly demonstrated. As C. p. fatigans has never
been subjected to intensive control by insecticides in Rangoon, the results confirm thefindings
made elsewhere that this mosquito is naturally resistant to chlorinated hydrocarbons.

The larvae are, however, susceptible to organophosphorus compounds, especially
fenthion and parathion.

As part of the investigations carried out by the
WHO Filariasis Research Unit in Rangoon, Burma,
extensive studies have been made since April 1963
on the susceptibility to insecticides of Culex pipiens
fatigans, the main vector of bancroftian filariasis
in that city.

This species of mosquito is the most common in
Rangoon, breeding in large numbers in polluted
waters. The most favoured larval habitats are pukka
(concrete) drains, roadside ditches and earth de-
pressions, sewage streams, septic tanks and pit
latrines.
Rangoon, which has an area of approximately

60 mi2 (155 kM2), had not been subjected to heavy
applications of insecticides at the time of the trials,
so that any resistance detected could hardly be the
result of selection.2

MATERIALS AND METHODS

The test method developed by the WHO Expert
Committee on Insecticides (1963) was used. For the
larval tests, three chlorinated hydrocarbons-DDT,

1 Entomologist, WHO Filariasis Research Unit, Rangoon,
Burma.

'The city was sprayed from the air with DDT on one
occasion in 1945. The municipality uses oil as a larvicide and
pyrethrum is sometimes used for street-fogging but there has
been very little use of insecticides.

HCH and dieldrin-and three organophosphorus
compounds-malathion, diazinon and fenthion-
were included in the WHO test kits. After the initial
tests, diazinon was omitted from the larval tests,
two organophosphorus compounds being considered
sufficient for assessing the susceptibility to this
group of compounds.
During 1965, several proposed organophosphorus

insecticides were submitted for laboratory and field
trials against C. p. fatigans larvae. The compounds
were formulated as emulsion concentrates or gra-
nules and the following were also prepared as solu-
tions in ethanol for use in larval susceptibility tests-
OMS-43 (fenitrothion; 0,0-dimethyl 0-(4-nitro-
m-tolyl)phosphorothioate), OMS-437 (toluene-a,a-
dithiol-bis-(0,0-dimethyl phosphorodithioate), OMS-
658 (bromophos; 0-(4-bromo-2,5-dichlorophenyl)
0,0-dimethyl phosphorothioate), OMS-711 (2-chloro-
1-(2,5-dichlorophenyl)vinyl dimethyl phosphate)
and parathion.

Larvae were collected from 17 localities in Ran-
goon (Fig. 1) and late third or early fourth instars
were selected and immediately tested in accordance
with the WHO test method.
The habitats from which the collections were

made depended on the time of year. During the
three hot months preceding the monsoons, they
were mainly pukka drains and roadside ditches,
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SUSCEPTIBILITY OF C. P. FATIGANS LARVAE TO INSECTICIDES IN RANGOON

whereas during the monsoons breeding was largely
confined to pit latrines, septic tanks and earth de-
pressions.
From each location, collections of larvae were

made four times during the year, in order to investi-
gate seasonal differences.

Larvae of all stages were rapidly transferred from
the habitats to plastic pails. In the laboratory, the
larvae were transferred to clean water in shallow
enamel trays, from which late third- and early
fourth-instar larvae were easily removed for the
tests.

Susceptibility tests were carried out in a large
shed converted into a laboratory, but temperature
control was not installed until one year after the
tests began; even then there were frequent electrical
defects, which made testing under standardized
conditions impossible until the end of 1964. Tem-
perature fluctuations in the laboratory are indicated
by the mean monthly maximum and minimum
temperatures in Table 1.

Larval susceptibility tests were carried out in
small enamel bowls during the first two years and
thereafter in disposable waxed-paper cups.
The tests followed the recommended WHO pro-

cedures as closely as possible, except that, because
of a ready abundance of larvae, far more replicates

TABLE I
MEAN MINIMUM AND MAXIMUM TEMPERATURE IN

THE LABORATORY: 1963-64

Temperature (OC)
Month

Max. Min.

1963

May 31.6 23.9

June 28.5 21.5

July 28.6 21.0

August 30.0 26.0

September 29.8 25.6

October 29.7 26.2

November 29.6 25.8

December 27.9 23.4 __

1964

January 28.5 22.2

February 29.7 24.0

March 30.5 24.5

April 32.5 26.1

were generally made than are required by the
standard procedure. This led to greater precision of
results.
The tests were repeated four times during the

year for each of the 17 localities from which material
was collected, in order to investigate seasonal varia-
tions. At least four replicates were made at each
concentration in each test.

In addition to the WHO test method, the French-
Kitzmiller (1965) and Elliott (1958) tests were used
on various occasions against larvae collected in the
field.

Values of LC,0 were determined by plotting the
results on logarithmic probability paper. In the
case of the chlorinated hydrocarbons the regression
lines obtained by using the WHO test methods were
usually flat, with pronounced deflections. Straight
ld-p lines could not be obtained for these compounds.
LC50 values thus obtained cannot therefore be con-
sidered completely reliable. Minimum values of
LCIoo determined experimentally give a much better
indication of larval susceptibility.
For organophosphorus compounds the regression

lines were linear, with steep slopes, indicating that
the larvae were susceptible to these compounds.

Because of the variations of susceptibility noted
in larvae from the 17 locations in Rangoon, it is
impossible to give LC values for the " Rangoon "
fatigans as a single population; therefore, LC ranges
covering the C. p. fatigans larvae from the various
locations in Rangoon are presented below.

RESULTS

Table 2 shows the ranges of LC50 and LCeo0 values
for five larvicides.

TABLE 2
RANGES OF LCso AND LCioo FOR FIVE LARVICIDES

AGAINST C. P. FATIGANS

Larvicide 1 LCso (ppm) LC.oo (ppm)
Min. .Max. Min. Max.

Fenthion 0.0006 0.0085 0.0008 0.07

Dieldrin 0.0006 0.72 0.08 4.0

DDT 0.0025 4.0 0.5 6.0

HCH 0.009 2.25 0.9 4.0

Malathion 0.011 0.098 0.05 0.80
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Ranges for the individual locations from which
C. p. fatigans collections were made are shown in
Table 3 and the seasonal ranges, covering all the
populations tested, are given in Table 4.
The seasonal variations shown in Table 4 are most

pronounced in the case of the chlorinated hydro-
carbons. Larvae in Rangoon are generally suscepti-
ble to the organophosphorus compounds, so that
considerably less variation was observed for mala-
thion and fenthion.
A comparison between the susceptibility levels

of the various C. p. fatigans collections tested can
be obtained from the highest LC values recorded
during a year. These are presented in Table 5.
With regard to DDT, a better picture of the

susceptibility ofRangoon C.p.fatigans larvae is given
by the results of exposure of late third- and early
fourth-instar larvae for 24 hours to the highest
concentration in the WHO test kit-namely,
2.5 ppm. The results (Table 6) further demonstrate
the variation in susceptibility that has been noted
in C. p. fatigans from different locations.
The French-Kitzmiller test showed that C. p.

fatigans in Rangoon is a mixture of susceptible,
hybrid and resistant individuals, as far as DDT and

TABLE 6
MORTALITY OF C. P. FATIGANS LARVAE FROM DIFFERENT
LOCALITIES IN RANGOON ON EXPOSURE TO 2.5 PPM OF

DDT FOR 24 HOURS

Locality Mortality (%)

Aung San 24.0

Thompson St. 31.0

Mill Road 49.3

Ahlone 52.0

Kemmendine

Section I 57.0

section IX 60.0

section X 60.0

section VIII 62.0

section IV 72.0

Myoma 85.0

East Side 89.0

Okkalapa 89.3

Kemmendine Road 97.8

Kemmendine

section V 100.0

a

z
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FIG. 2

RESISTANCE TO DIELDRIN OF THIRD- AND
FOURTH-INSTAR LARVAE OF C. P. FATIGANS a

a Dieldrin concn = 8 ppm; tested by French-Kitzmiller
method.

FIG. 3
RESISTANCE TO
INSECTICIDES OF
THIRD- AND FOURTH-
INSTAR LARVAE OF
C. P. FATIGANS FROM
KEMMENDINE
EXPERIMENTAL AREA a

a Figure prepared by Dr J.
Hamon, based on work
carried out by him and the
author jointly in February
and March 1965; tested by
French-Kitzmiller method.
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TABLE 7

SUSCEPTIBILITY OF RANGOON C. P. FATIGANS
LARVAE TO ORGANOPHOSPHORUS COMPOUNDS

DURING MONSOONS, 1965 a

Concn (ppm) Mortality (%)

OMS-2 (fenthion)
0.0004 12.0
0.0006 28.8
0.0008 44.0
0.0009 50.5
0.001 56.0
0.002 87.5
0.003 96.0

LCso = 0.0009
LC.o = 0.0022

OMS-437
0.0008 4.2
0.001 19.0
0.002 68.0
0.0025 87.0
0.003 97.1
0.004 100.0

LCso = 0.0015
LCso= 0.0026

Parathion
0.0003 9.0
0.0005 26.0
0.0006 35.0
0.0007 43.0
0.0008 50.0
0.001 63.0
0.002 89.5
0.003 97.0

LC5o = 0.0008
LC.o = 0.002

OMS-43 (folithion)
0.004 4.2
0.006 33.3
0.008 51.0
0.01 73.0
0.02 99.0
0.03 100.0

LCs0= 0.0076
LCgo = 0.013

OMS-658 (bromophos)
0.0005 13.3
0.001 34.0
0.002 56.0
0.003 75.0
0.004 90.0
0.01 99.0
0.02 100.0

LC5o= 0.0015
LC,o = 0.0044

Malathion
0.01 5.0
0.02 26.0
0.03 49.0
0.04 66.0
0.05 77.0
0.06 84.0
0.07 89.5

LCso= 0.032
LCo= 0.07

dieldrin are concerned (Fig. 2 and 3). In the case of
organophosphorus compounds, such as fenthion
and malathion, this test confirmed the susceptibility
of Rangoon C. p. fatigans (Fig. 3).

In 1965, susceptibility tests with organophospho-
rus insecticides proposed for use in field trials con-
firmed the complete susceptibility of Rangoon
C. p. fatigans to this group of compounds. During the
monsoon months of July and August a mixed
collection of larvae from six separated areas in
Rangoon showed high susceptibility (Table 7 and
Fig. 4).

Larvae from pukka drains in the Kemmendine
Experimental Area, which was due to be treated
with one of the organophosphorus compounds in
April 1966, were again tested for susceptibility in
December 1965, under reasonably standard labora-
tory conditions. The results, given in Table 8, show
that the LC values lie within the ranges established
in 1963-64 (Table 4).

DISCUSSION

Resistance to chlorinated hydrocarbons sufficient
to prevent control of C. p. fatigans by these com-
pounds in Rangoon has been demonstrated. The
population always seems to be a mixture of suscepti-
ble, hybrid and resistant individuals, but the pro-
portion of each varies from place to place within
the city.
Hamon (unpublished) tested larvae taken from

pukka drains in the Kemmendine Experimental
Area by the Elliott method, using the discriminating
concentrations recommended by Davidson (1964)
to separate the DDT- and dieldrin-resistant larvae-
namely, 5 ppm DDT and 1 ppm dieldrin. The Elliott
method showed that 32% of the larvae tested were
resistant to dieldrin and 66.4% resistant to DDT.
The French-Kitzmiller test carried out in March

1964 and repeated by Hamon one year later con-
firmed that C. p. fatigans in Rangoon is a mixed
population partly resistant to DDT and dieldrin but
completely susceptible to organophosphorus com-
pounds. For these compounds, the WHO larval test
kit has proved effective, but it was necessary to use
intermediate concentrations with Rangoon C. p.
fatigans.

The tests have demonstrated the existence of
considerable variation in susceptibility, especially
towards the chlorinated hydrocarbons, by C. p.
fatigans larvae taken from different localities in the
city. This would seem to indicate that C. p. fatigans

10

a OMS-711 has been omitted from this table, but the regres-
sion line for this compound is shown in Fig. 4.
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FIG. 4
RESISTANCE TO
ORGANOPHOSPHORUS
INSECTICIDES OF MIXED
COLLECTION OF
C. P. FATIGANS LARVAE
DURING MONSOON
MONTHS, 1965

normally does not fly far from its breeding-site,
although Lindquist et al. (1967), in their dispersion
studies, have shown that individual mosquitos may
fly up to 1000 yd (910 km) in 36 hours in mass-
release experiments.
The seasonal differences brought out in Table 4

show that the greatest variation between the diffe-
rent localities in Rangoon occurs during the peak
monsoon months, i.e., June to August. This is
probably because the different habitats and locations
are better able to retain their identities during this
season, there being considerably less infiltration of
adult mosquitos from one to another.
The observed variations in the LC60 and LCIoo

ranges (Table 5) are most pronounced for DDT,
dieldrin and HCH. Because there is general suscep-
tibility to organophosphorus compounds in Ran-
goon, there is considerably less variation in resist-
ance to malathion and fenthion.
Although the test conditions in the laboratory

were not standardized until late in 1964, the daily
fluctuations in temperature rarely exceeded the
limits laid down in WHO test procedures for larvae.
The water temperature in the test bowls never fell
to 20°C and only rarely exceeded 30°C. C. p. fatigans
larvae are subject to wide changes in response to
insecticides within a short period of time; therefore,

even when tests are carried out under constant
optimum conditions, tests on the same population
on different days may give different results.
Thomas (1962) noted that, despite the standardiza-

tion of rearing and testing methods, there was
considerable variation in larval mortality in experi-
ments done on different batches of larvae from the
same localities. In Malaya, the.wide differences in
mortality obtained on different days may have been
due to changes in the proportion of susceptible and
resistant larvae in the field collections owing to
insecticidal pressure, but this could not have been
the case in Rangoon.
The Kemmendine Experimental Area is approx-

imately 1 mi2 (2.6 kM2) in extent. Because a large-
scale control trial was planned to take place there,
10 of the locations from which larvae were collected
were in this area. Even in this small section of Ran-
goon, variations were observed between the popula-
tions tested. For example, larvae from section V
were completely susceptible to DDT at 2.5 ppm,
whereas those from section I, only 1500 ft (460 m)
away, showed only 57% mortality at this concentra-
tion.
Although different larval populations may have

widely different LC50 values, the mortality rates at the
higher concentrations are not necessarily affected.
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TABLE 8
SUSCEPTIBILITY OF C. P. FATIGANS LARVAE IN KEMMENDINE TO FIVE INSECTICIDES,

DECEMBER 1965 a

N o.of larvae Larvae killed LC values (ppm)
Compound Concn (ppm) No. of larvae_ |_LC,_|teted N. %LC5, LC,o

0.004 235 0 0

0.02 241 1 0.4

DDT 0.1 243 8 3.3 0.95 2.5

0.5 231 85 36.8

2.5 240 175 72.9

0.0008 242 16 6.6

0.004 242 98 40.5

Dieldrln 0.02 245 145 58.4 0.01 0.14

0.1 243 207 85.2

0.5 248 237 95.6

2.5 243 243 100.0

0.004 245 2 0.8

0.02 242 23 9.5

HCH 0.1 242 157 64.8 0.081 0.5

0.5 244 218 89.5

2.5 250 250 100.0

0.0008 379 27 7.1

0.004 385 47 12.2

Malathion 0.02 387 111 28.7 0.025 0.081

0.1 381 366 96.1

0.5 398 398 100.0

2.5 400 400 100.0

0.0008 388 151 38.9

0.004 385 330 85.7

Fenthion 0.02 400 400 100.0 0.00125 0.0042

0.1 400 400 100.0

0.5 400 400 100.0

2.5 400 400 100.0

a In this series of tests only concentrations supplied with the WHO test kit were used.

This is particularly well illustrated by the data sidered by the WHO Expert Committee on Insecti-
collected during the Rangoon studies and is of special cides (1963) to be entirely satisfactory. The Com-
importance with regard to the new organophospho- mittee recommends instead that the next higher
rus compounds. serial concentration to that giving a complete kill
For routine checks, even the lowest concentration in preliminary tests be used.

giving a 100% kill in preliminary tests is not con- " Discriminating dosages " can also be used to
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measure the effect of a control programme on
susceptibility, by determining the proportion of the
population resistant at any given time after control.
Although this method has proved to be entirely
satisfactory for chlorinated hydrocarbons, as

Davidson (I 964) has demonstrated, discriminating
dosages cannot yet be established for Rangoon
C. p. fatigans exposed to organophosphorus larvi-
cides because of their complete susceptibility to these
compounds.
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RIESUMtP

D'avril 1963 a decembre 1965, l'equipe OMS de
recherches sur la filariose, it Rangoon, Birmanie, a pro-
ced6 a une etude approfondie de la sensibilite des larves
de Culexpipiensfatigans a une serie d'insecticides organo-
chlores et organophosphores.

Les larves, au 3e ou au debut du 4e stade, ont ete pre-
levees dans des habitats varies en differents endroits de
la ville de Rangoon. Leur sensibilite a et generalement
determinee par les methodes types de 1'OMS, mais dans
certains cas on a employe l'epreuve de French & Kitz-
miller ou l'epreuve d'Elliott.

Les resultats des epreuves OMS font apparaitre une
variation considerable de la sensibilite des larves aux
hydrocarbures chlores, et de faibles variations de la com-
position genotypique des populations culicidiennes ont
pour consequence de modifier considerablement les
valeurs de la CL50. On note egalement de fortes fluctua-
tions saisonnieres de la sensibilite. Dans le cas du DDT,
la gamme des CL50, pour les larves recoltees durant une
annee en differents endroits, allait de 0,0025 a 4,0 parties
par million, et les CL0OO s'etageaient de 0,5 a 6,0 parties
par million. Dans le cas de la dieldrine, les valeurs cor-
respondantes etaient de 0,0006 a 0,72, et de 0,08 is 4,0
parties par million. Les epreuves ont montre que l'on
obtient un meilleur profil de la sensibilite de C. fatigans
de Rangoon au DDT en utilisant la concentration maxi-
male de l'insecticide prevue dans le necessaire d'epreuve
(2,5 parties par million) pendant 24 heures. On note

ainsi un eventail de mortalite allant de 24 ai 100% selon
l'origine des souches, confirmant les variations enregis-
trees par l'emploi du jeu complet des concentrations d'in-
secticide. L'epreuve de French & Kitzmiller montre que
les populations de C. fatigans de Rangoon comprennent
a la fois des individus sensibles, hybrides et resistants.
Comme l'indiquent les epreuves OMS, cette resistance
est de nature a rendre inefficace la lutte par les insecticides
a base d'hydrocarbures chlores; d'autre part, la methode
d'Elliott permet de denombrer 32% de larves resistantes
a la dieldrine et 64,4% de larves resistantes au DDT a
Rangoon.
En revanche, les larves de C. fatigans de Rangoon sont

sensibles aux insecticides organophosphores. Parmi les
composes de ce type essayes jusqu'A la fin de 1965, les
plus actifs etaient le fenthion (CL50: 0,0009; CL90: 0,0022)
et le parathion (CL50: 0,0008; CL90: 0,002). La sensibi-
Iite des larves etait la moins elev&e vis-a-vis du malathion,
la CL50 et la CL00 etant respectivement de 0,032 et de
0,07 partie par million.

Il semble que le meilleur moyen d'evaluer l'efficacite
d'un programme de lutte consiste a employer des doses
discriminatoires. Cette m6thode peut etre aisement appli-
qu&e en ce qui conceme les organochlor6s, mais il est
encore trop t6t pour y recourir dans le cas des organo-
phosphores utilises contre C. fatigans de Rangoon, les
populations locales du vecteur etant completement sen-
sibles a ces composes.
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