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The present dvcument is a rvevised version nf the document Wi0/Mal/266 of
8 July 1960 ("The status of anopheline mosquitos with regard to resistance tn
insecticides") and has tcen prepered To revlace i, ‘This acticn was necessary
since it has become clear Trem additional information received at WHO Headquarters

that important corrections of the previcus document WHOMal/266 must be made,

The present document continues the series of summaries, the last of which was
contained in WHO/Mal/242 - WHO/Insecticides/100 of 15 September 1959. The slight
change of the title is due v the fact that the detailed reccrds of susceptibility

tests have ncw been cmitted.
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Introduction

The table which follows represents a summary qf the caééé of resistance
detected in the field up to 15 April 1960 and reported to WHO, Geneva. It

. . . 1
supersedes information contained in earlier summaries.

- The resistance here recorded is confined to those groups of chlorinated
hydrocarbons normally used in recent years in campai&ns of malaria cbntrol and
malaria eradication. Resistance to gamma BHC (1indane) is not shown séparately,
as it is believed that this is nearly always linked to resistance to dieldrin, .
regardless of which of these insecticides has been used in the area cohoerned.

As no species of Anopheles has ever been found to possess naturally a high degree

of tolerance to any of these hydrocarbon insecticides (with the exception of
seasonal tolerance connected with hibernation in a few species), it is presumed

that every case of resistance detscted in the field is due to selection pressure
from one or other of phese insecticides. In many areas the pressure is undoubtedly
produced by the presence on the walls of houses of residual insecticide applied for
“the purpose of confrolling the malaria vector. In certé;n countries, however,
resistance has appeared before any such applications were made, and must be

attributed to the spraying of crops against agricultural pests. Notable instances

of this are El Salvador (resistance in A. albimanus) and Egypt (resistance in

A. pharoensis).

1 Previous sumnaries were contained in WHO/Mal/189-WHO/Insecticides/63 of
2 June 1957; WHO/Mal/199-WHO/Insecticides/T4 of 18 February 1958; WHO/Mal/203-
WHO/Insecticides/77 of 23 April 1958; WHO/Mal/224-WHO/Insecticides/95 of ‘1 May
1959 and WHO/Mal/242-WHO/Tnsecticides/100 of 15 September 1959.
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The table is based on a study of the record forms used by investigators in the
field. Information reported to WHO in summary form only has not been included,
neither has information based on those tests which fail to meet the WHO criteria of
reliability.

In the first column of the table the species of Anopheles exhibiting resistance
are listed alphabetically. An asterisk indicates those species which are believed
to be non-vectors, or whose role as vectors is unconfirmed (and probably a minor one)

in the area concerned,

Colum 3 gives the region, or other major political division, in which resistance
has been demonstrated. For some countries the districts or subsidiary divisions
concerned are also given and are inset from the left-hand margin of the column, The
aim has been to give on;y territorial units which can be traced by reference to the
Codepid Epidemiological Cable Code Map Supplement (WHO 1954). Only where it was not
possible to identify these has another name (the one given by the investigator on his
record form) been inserted.

In the operative columrs 4 and % of the table, three abbreviations are used:

Res Resistance

Susc = Susceptibility

Int = Intermediate condition

The criteria used here for designating a mosquito population as resistant are
simplified as far as possible and are therefore somewhat arbitrary. In this summary
it means that at least half the mosquitos survived for 24 hours one hour's contact with
4% DDT, or with 1.6% dieldrin, under the conditions of the WHO standard adult
susceptibility test. It should be clear that this is not in itself a proof that DDT
or dieldrin, applied to the walls in the dosages normally used, will fail to control
the vector mosquito to the extent necessary to interrupt malaria transmission. It is,
however, a strong indication that the use of a particular insecticide may become
uneconomic, or may fail altogether in the specified area. Furthermore, the recording
of this resistancc shows the necessity of taking all due precautions to prevent the

importation of the resistant vector species into other malarious areas.
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The "Intermediate condition” is likewisec an arbitrary category, used here merely
for convenience. It means that the mosquito populations so designated have not so
far exhibited resistance-as indicated above, but have nevertheless shown a degree of
tolerance to the insecticids (particularly by an inerease in the IClOO) substantially
greater than that of normally susceptible mosquitos of the same species. Often this
condition proves an unstable one (particularly in the case of dieldrin) which will
lead to a condition of resistance if the same insecticide continues to be used in the
area. In other cases however {particularly with DDT) a parallel increase in the
LCSO and the LClOO denotes vigour tolerance, which may likeswise be developed by a
pepulaticn of mosguitos under insecticidal pressure. In this paper, both types of

X . . s 1
response are covered by the term "intermediate condition".

1t has been found necessary to provide two columns for dates as it is now some
yvears since resistance was first detected in a number of countries and recent tests
have often been performed to check the status of the mosquitos after an interval with

or without insecticidal pressure. In at least one case (Indonesia: A. sundaicus)

a vector mosquito formerly resistant to DDT is shown to have reverted to susceptibility.

It is likely also that certain populations of A. sacharovi in Greece, now reported in

an intermediate condition with regard to DDT, were formerly among those which exhibited

2
resistance to this insecticide.

The scientific interpretation of test results is explained in Annex 1 to the
Tenth Report of the Expert Committee on Insecticides (Wld Hlth Org. techn. Rep. Ser.,
1960, 191). On page 22 will be found a graph exempliifying curves of susceptibility,
vigour tolerance and incipient resistance to DDT. A curve of the second or the third

type would cause the mosquitos to be classed as "Intermediate condition” in the present
document.

Since WHO/Mal/266 appeared an instance of partial reversion from dieldrin
resistance to susceptibility has been reported in A. culicifacies in Thana district
(Maharashtra. India). This is noted in the last column of the table.
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