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A WHO global programme for monitoring vector
resistance to pesticides*
G.R. Shidrawi1

This paper describes the programme for monitoring vector resistance to pesticides and how it was
established. It presents a summary of the computer baseline data and the cumulative number of vector
species developing resistance at intervals of 5 years, starting in 1956, as well as information derived from
Expert Committee reports dating back to 1947. The problems and concerns of the programme and
envisaged solutions are also discussed.

Introduction
Resistance to insecticides was defined by a WHO
expert committee over thirty years ago as the
"development of an ability, in a strain of insects, to
tolerate doses of toxicants which would prove lethal
to the majority of individuals in a normal population
of the same species" (3). During the last four decades
resistance to pesticides has been, and remains, the
most important technical problem facing vector and
pest control programmes in the fields of agriculture,
veterinary medicine and public health (9). Agricul-
tural crops, for example, have to be protected from
pests to feed the ever-growing populations. In public
health and veterinary medicine, humans and animals
alike need protection from ectoparasites and vector-
borne diseases. During such protection there is a risk
of affecting non-target organisms and contaminating
the environment. The attempts to overcome resis-
tance have led to the development of more potent
insecticides or combinations of insecticides, involv-
ing higher costs and possibly greater hazards. It is
estimated that every year over US$ 5000 million are
spent worldwide on pesticides, 90% of which are
used in agriculture and 10% in public health.

Resistance to the insecticide lime sulfur was
first noted in the San Jose scale insect Aspidiotus
perniciosus Comst. in 1905 (1). The public health
importance of the phenomenon gained prominence
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when Musca domestica and Culex molestus (in 1946),
followed by the head louse and Anopheles sacharovi
(in 1951), became resistant to DDT. The subsequent
development ofDDT resistance in malaria vectors in
a number of countries, in the early 1950s, prompted
the World Health Assembly to urge WHO to pro-
mote a strategy of global malaria eradication (2). This
strategy aimed to eliminate the disease before vector
resistance to insecticides could render further control
impossible.

Realizing the practical importance of resistance
and its possible implications in public health, WHO
adopted the following measures to contain this
problem.

(1) An Expert Committee was formed to study
all aspects of resistance development and its implica-
tions for vector control programmes, and to recom-
mend possible countermeasures. The Committee held
its first meeting in 1956 in New Delhi, India, and has
since been meeting at intervals of 5 years, the latest
being in November 1985 (8).

(2) A central programme for collecting informa-
tion, coordinating field and laboratory research, and
monitoring the development of vector resistance on a
global basis was initiated in 1957 in the Division of
Vector Biology and Control at WHO headquarters.
The objective of the programme was initially to
monitor the development of resistance in malaria
vectors, in time and space, and to provide technical
assistance and guidance to countries facing serious
problems.

(3) Standard test methods for detecting mos-
quito resistance to insecticides were developed for
both adult and larval forms, and field kits were made
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available for the purpose. When vectors of other
diseases were involved, other kits were developed and
standardized. At present there are 12 standardized
kits and two more are being developed (S). Lately,
new biochemical and immunological test methods for
the determination of resistance and its mechanisms
have been developed and are being field tested for
simplification and standardization purposes.' These
methods, which have the advantage of detecting
resistance in individual insects, specifying the resis-
tance mechanism involved, and predicting possible
cross-resistance to other pesticides within each
chemical group, are at present only applicable to two
groups of insecticides, the organophosphates and the
carbamates. They are also limited in their ability to
quantify the level of resistance although immuno-
logical tests may overcome this limitation, using a
rather lengthy laboratory procedure.

(4) A WHO multi-stage scheme for testing and
evaluating new pesticides was established in 1960. It
involved basic laboratory studies followed by small-
and large-scale field trials prior to recommendation
for national and international use in public health
programmes (6).

(5) Data sheets on individual pesticides in use
were issued. Each sheet gave the chemical name,
formula, synonyms, chemical and physical properties,
uses, toxicity, requirements for safe handling and
transportation, and treatment in case of poisoning, as
well as methods of laboratory analysis (4).

(6) Specifications for pesticides in public health
were issued and updated at intervals by the WHO
Expert Committee on Insecticides. These specifica-
tions dealt with all analytical and operational aspects
of insecticides in public health use, including the
various formulations required. The sixth edition was
issued in 1985 (7).

(7) The strategy of integrated vector control,
shelved since the discovery of DDT, was revived in
the late 1970s and promoted in order to reduce
dependence on pesticides. This strategy depends on
the judicious selection and use of a combination of
control methods that are most cost-effective under
local situations and involving community participa-
tion as far as possible.

Resistance, cost of development and marketing
potential, among other considerations, discouraged
industry from searching for and developing new
compounds. As a result, a decreasing number of new
insecticides were filtering through to WHO for

Report of an Informal Consultation on Detection of Insecticide
Resistance, 10-12 June 1987. Unpublished document WHO/VBC/
88.3, 1988.

evaluation. Since 1985, only 4-6 compounds per year
have been received.b

Results of tests performed with the WHO stan-
dard kits have been collected, computerized and
stored in a mainframe computer since 1956. Periodic
revisions and summaries of these results were made
regularly and issued either in the Expert Committee
reports (published in the WHO Technical Report
Series) or as separate reviews. Printouts of up-to-date
records are also made available to research and field
workers as well as to WHO Member States, Regional
Offices and Collaborating Centres.

Vector resistance: present status
To date WHO has accumulated about 17 000 records
in the pesticide resistance database. Naturally, the
bulk of information gathered initially pertained to
malaria vectors in particular and to mosquitos in
general. The information is stored in two files. The
first file contains 12 877 records of results gathered
between 1956 and 1986, and are classified according
to LC_, and LCgo values. The second file was started
in mid-1986 and has so far some 5000 records. The
information in this file is classified according to the
highest level of response using mainly the discrimin-
ating concentration and/or time of exposure. A sum-
mary of the contents of both files is presented in
Tables 1-4.

Table 1 shows, by year, the number of com-
puterized records and the number of countries from
which the reports were received up until the end of
February 1986 and the end of October 1988. It will
be noted that the highest number of reporting coun-
tries and of records received was during 1967, which
corresponds with the highest level of malaria control
that was attained on a global basis. Yet, the number
of responding countries represents about one third of
the number of Member countries in WHO (at present
166). Not only fewer countries reported results, but
also the number of records received is far less than
the actual number of tests performed. The reasons for
this may be attributed to lack of interest, unsuit-
ability of results for computerization, publication
of results in different formats in various types of
reports and journals, or failure to reach the WHO
Regional Offices and/or headquarters.

Table 2 presents the cumulative number of
species that have developed resistance to one or more
insecticides among the various genera of importance
at intervals of five years between 1947 and 1985. It
will be noted that from a total of 12 species reported

° Report on Meeting of Directors of WHO Collaborating Centres
on the Evaluation and Testing of New Pesticides, Geneva, 9-13
November 1987. Unpublished document WHO/VBC/88.957, 1988.
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Table 1: Number of countries and records added to the
computer database

Number entered up to:

Year End of February 1986 End of October 1988
of

testing Countries Records Countries Records

1957 1 2 1 2
1958 2 8 2 8
1959 1 2 1 2
1960 5 45 5 45
1961 3 8 3 8
1962 3 19 3 19
1963 15 148 16 149
1964 35 369 36 376
1965 43 771 43 771
1966 39 793 40 796
1967 57 1610 58 1611
1968 49 1063 50 1065
1969 33 773 34 775
1970 34 876 33 876
1971 36 943 36 943
1972 24 436 24 436
1973 36 291 35 292
1974 40 408 41 413
1975 26 465 27 467
1976 29 479 30 487
1977 5 111 5 111
1978 9 89 10 98
1979 22 472 22 472
1980 21 689 22 691
1981 21 617 22 622
1982 18 480 20 658
1983 6 494 9 720
1984 6 330 12 1015
1985 1 15 12 1166
1986 0 - 18 594
1987 - 3 373
1988 - 1 4

Total 12 806 16 065

resistant by 1950, the number reached 186 species by
1985, of which 117 were mosquito species. This does
not necessarily mean that resistance was developing
faster among mosquito species because there may be
a bias towards mosquito screening. The number of
resistant species of agricultural pests is said to be
several times higher than those of public health and
veterinary importance.

Tables 3 and 4 classify 16064 computerized
records according to the number of tests and the
status of resistance in relation to each insect genus
and to each insecticide tested. In the total of 16064
records, 15 222 concerned mosquitos (94.8%), the
genera involved being Anopheles (7422 (46.2%)),
Aedes (4941 (30.8%)), and Culex (2859 (17.8%));
29.9% of all tests were classified as resistant and
50.6% as susceptible (Table 3).

As for the insecticides (Table 4), DDT had the
highest number of tests (28.6%) followed by mala-
thion (19%), dieldrin (14%) and fenthion (7.9%).
However, the proportion of tests indicating resistance
was highest for dieldrin (56.9%) followed by DDT
(48.4%), chlorphoxim (38.1%), deltamethrin (30.7%),
HCH (26.5%), propoxur (20%), malathion (18.5%),
permethrin (9.7%) and fenitrothion (8.1%).

Problems and concerns
In spite of efforts to standardize and simplify the test
procedures and test kits, the programme still faces a
number of problems and difficulties, some of which
relate to the methods themselves and others to the
field operators.

Technkal problems
The standard kits and methods as they exist today
still have some residual problems that need to be
resolved. Some of these are the following:

(1) Exposure time. Exposure times vary from
one insect to the other depending upon the natural
physical ability of the individual species to withstand
a high or low dosage, or upon the insecticide's
chemical properties. This necessitates the preparation
of a series of discriminating concentrations and thus
increases the expense and the volume of orders for
different concentrations of the same insecticide for
use against different species.

(2) The holding period. Some tests have a hold-
ing or recovery period after exposure to the insec-
ticide, and this period varies from one insect to
another. It would be easier to have either one stan-
dard holding period or none at all so that field
workers do not get confused over what to hold and
what not to hold.

(3) Continuous exposure to the insecticide vs. fixed
exposure periods. Again, some insects are exposed for
fixed times and others are exposed continuously with
recording of mortality at regular intervals.

(4) Methods of application of insecticides. Some
tests require exposing insects to a treated surface,
others require applying the insecticide directly to the
insect. This also necessitates the development of more
than one kit with different types of testing equipment.

(5) Lack of discriminating concentrations for
some species andfor some insecticides. Discriminating
concentrations have been established for only a few
of the vector species. Since these concentrations are
determined on susceptible populations, there is hard-
ly any wild insect population that has not been
exposed to a selection pressure from various insec-
ticides, either through agricultural or public health
spraying. Therefore, establishing discriminating con-
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Table 2: Vector reslstance to pesticides-cumulative numbers of arthropod species of medical and veterinary
importance reported resistant to one or more insecticides, 1947-85

1947-50 1951-55 1956-60 1961-65 1966-70 1971-75 1976-80 1981-85

Anopheles species 0 5 28 36 38 45 54 67
Cu/ex species 1 3 5 6 6 15 17 22
Aedes species 3 5 8 10 10 19 20 20
Other genera 0 2 2 2 2 5 8 8

Total: mosquito species 4 15 43 54 56 84 99 117

S/mulium species 0 0 0 1 3 4 6 11
Phlebotomus species 0 0 0 0 0 0 1 1
Other genera 4 9 14 17 19 20 20 20

Total: fly species 4 9 14 18 22 24 27 32

Flea species 1 3 4 5 5 6 8 9
Lice species 0 1 2 3 5 6 6 6
Bed bug species 1 2 2 2 2 2 2 2
Reduvid bug species 0 0 0 0 0 2 2 2
Tick species 2 4 8 9 9 11 12 15
Cockroach species 0 1 2 2 3 3 3 3

Total: arthropod species 12 35 75 93 102 138 159 186

Table 3: Classification of all computerized suscetbility tsts untIl 11 November 1968, by genus and according to status

No. of tests classified as:
Resistant'

Genus Resistant Susceptible For verification Total (%)

Aedes 736 3220 985 4941 14.9
Anopheles 3301 2753 1368 7422 44.5
Armigeres 2 4 3 9 -

Cimax 30 20 17 67 44.8
Ctenocephal/des 2 0 6 8 -

Culex 624 1809 426 2859 22.8
Cul/sets 0 1 3 4 -
Dermacentor 0 8 0 8 -

Echldnophaga 0 2 3 5 -

Glossina 0 2 9 11 -

Hyalomma 0 0 3 3 -

Ixodes 0 3 12 15 - .

Mansonla 0 0 4 4 -

Musca 0 64 35 99 0.0
Pediculus 23 50 137 210 11.0
Phiebotomus 0 12 1 13 -

Psorophora 0 3 0 3 -
Pulex 14 2 1 17 -
RhIp/cephalus 4 6 3 13 -
Rhodnius 9 31 20 60 15.0
Simulium 1 3 1 5 -

Trlatoma 8 47 8 63 12.7
Xenopsyl/a 39 68 84 191 20.4
Other genera 10 11 1 22 -

Total 4803 8131 3130 16 064 29.9
Percentage 29.9 50.6 19.5 100

' Where the sample sizes were too small, the percentage resistant Is not given because this would be misleading.
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Table 4: Claaalficatdon of all computerized suaceptiblllty tests until 11 November 198U, by pesticide and according to
attus

No. of tests classified as:
Resistant'

Pesticide Resistant Susceptible For verification Total (%)

DDT 2229 1275 1098 4602 48.4
HCH 193 300 234 727 26.5
Dieldrin 1282 547 424 2253 56.9
Deutro-DDT 2 1 0 3 -

Malathion 566 1892 601 3059 18.5
Fenthion 84 1051 134 1269 6.6
Dichlorvos 0 4 0 4 -

Parathion 0 60 2 62 0.0
Fenitrothion 80 778 125 983 8.1
Dibrom 1 23 16 40 2.5
Parathion-methyl 0 2 0 2 -

EPN 0 6 0 6 -
S.D. 7438 0 187 2 189 0.0
Diazinon 7 155 45 207 3.4
Gardona 0 10 0 10 -

Bromophos 2 280 33 315 0.6
Bromophos-ethyl 0 1 0 1 -

Temephos 57 517 53 627 9.1
Trichlorfon 0 32 6 38 0.0
Dursban 33 419 12 464 7.1
Cidial 0 7 0 7 -

Dursban-methyl 0 70 1 71 0.0
Chlorphoxim 47 61 18 126 38.1
Jodfenphos 0 11 0 11 -

Birlane 0 1 0 1 -

Pirimiphos-methyl 0 43 2 45 0.0

Carbaryl 0 17 6 23 0.0
Propoxur 82 234 95 411 20.0
Landrin 1 0 1 2 -

Bendiocarb 0 25 6 31 0.0

Bioresmethrin 0 7 1 8 -

Permethrin 3 10 18 31 9.7
Deltamethrin 109 75 171 355 30.7
Bioallethrin 0 2 1 3 -

Neopyramine 0 0 1 1 -

Others 25 28 24 77 32.5

Total 4803 8131 3130 16 064 29.9
Percentage 29.9 50.6 19.5 100

' Where the sample sizes were too small, the percentage resistant is not given because this would be misleading.

centrations at this late stage should only be made by
Collaborating Centres or institutions where colonies
of susceptible strains of vector species are maintained
in their insectaries.

(6) Lack of a standardized test method that
measures behavioural changes or responses to the
presence of insecticides. The irritability test kit was a
step in this direction, but the fact that it limited the
freedom of exposed specimens to fly away from the
exposure or contact chamber is a strong limitation
for understanding and measuring quantitatively the
degree of repellance/irritability by the various insec-
ticides.

Procedural and operational problems
The simplification of the test kits and procedures
resulted in the unqualified use of the kits and the
introduction of a number of procedural mistakes that
were detected only in the course of field inspections
and direct observations. Some such mistakes arose
from the following:
* Incorrect exposure and testing procedures
* Use of non-standardized testing materials like

self-impregnated papers, mixed insecticides and
solutions of non-technical grades

* Use of expired impregnated papers
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* Overuse of impregnated papers
* Bad storage of test papers
* Improper cleaning of test equipment
* Small size of tested samples and incorrect samp-

ling procedures
* Too high or too low temperatures and relative

humidity during testing
* Inappropriate times of testing
* High mortality in the control groups
* Mixing of mosquitos collected from different

places in one test
* Transportation, handling and care of specimens

prior to testing.

Since all tests of susceptibility had to be reported
to WHO on a special form that evolved, in accor-
dance with computer requirements, into a very
lengthy and laborious form to complete, field work-
ers, especially when not directly employed by WHO,
were discouraged from spending much time filling in
their results and forwarding them to WHO.

Based on similarly derived results, some hasty
conclusions were made at times and, on a few
occasions, unjustifiable changes to other costlier
insecticides. Consequently, the Expert Committee
recommended that only competent personnel should
be authorized to use these kits, and that the detection
of resistance by these methods should not be taken as
conclusive evidence of a control failure. The decision
to change insecticides should be based on epidemio-
logical evidence that the insecticide in use has failed
to reduce the vectorial capacity sufficiently to
interrupt the transmission of the disease (8).

Solutions and steps taken

The following steps have already been implemented:
(1) Simplification of the record form on which

results are fed back to WHO. A new format has
already been made and distributed to all WHO
Regions. It is hoped that this will encourage more
field workers to send back their results.

(2) Intensification of the refresher training for
field workers on methods of resistance detection
among mosquitos, as well as other vectors. Two such
courses have been given in the American Region to
field officers from Mexico, seven Central American
countries, and Brazil.

(3) WHO collaborating centres throughout the
world have been approached to assist in completing
the list of discriminating concentrations/exposure
times on all susceptible vector strains maintained in
their insectaries. It is hoped that a comprehensive list
will be presented to the WHO Expert Committee in
its forthcoming meeting in March 1991.

Other envisaged steps include the following:
(1) Request the Expert Committee in its next

meeting to review some of the pertinent problems
and propose a more streamlined approach.

(2) Promote research on the development of a
standard procedure of detecting and quantifying
behavioural changes in vector species when exposed
to insecticides.

(3) Emphasize to governments and responsible
officials of vector control programmes the need to
have a properly staffed entomology unit in their
programmes to help in planning and conducting
proper entomological activities in order to evaluate
control operations and recommend appropriate
modifications.

(4) Intensify literature searches, including
reports and other unpublished documents, for
additional information that has not been com-
puterized, especially in relation to tests performed in
the past.

(5) Encourage and promote the development of
alternative methods for detecting vector resistance
and its mechanisms in a more accurate and reliable
way.

(6) Promote the confirmation of test results,
particularly those requiring verification (V), either by
testing the progeny of survivors or testing the sur-
vivors themselves by one of the newly developed
biochemical or immunological methods.
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