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1. INTRODUCTION

The Informal Consultation on Detection of Inseccticide Resistance was held in Geneva
from 10 to 12 June 1987. Dr R. Slooff, Director of the Division of Vector Blolegy and
Control, opened the meeting. He ewmphasized the need to develop new methods apd
techniques to further facilitate the early detection of veetor resistance to pesticides
and the mechanisms involved that could help in the monitering and management of the
resistance problem.

5ince the late 19350s WHO has been actively engaged in promoting measures to counter
resistance te insecticides in vectors of disease, Ope early and important action was the
development of standard test methods for detecting and measuring resistance.
Accordingly, & number of test kits based on biocassay methods were designed.

In the early years, it was suffiecient tv test only two insecticides ¢(DDT and
dieldrin) for the detection of resistance te c¢hlorinated hydrocarbons used in public
health. Later ‘gn, a number of organcphosphates, c¢arbsmates and pyrethreids were
introduced in vector and pest control programmes, This complicated the procedure of
providing a representative pumber of standard solutions and impregnated papers for
testing larval and adult stages, respectively, since no one organophosphate, carbamate or
pyrethreoid alleowed a unequivocal detection of resistance to other members of the
insecticide class concerned. The test kits, therefore, had to include impregnated papets ‘
and solutjons of all new ingecticides,

The characteristic of the standard mechods as expressed at the time were simpliciuy,
validity, relisbility and comparability. The equipment involved had to be simple, cheap,
casily availahble, and compact for easy use and transportation to the field, The methods
of application were to be simple and easy enocugh to be understood and implemented by
mid-level field workers. Preliminary methods and kits were subjected to fleld testing
and eritical evaluation before submitting them to expert committees on resistance of
vectors to pesticides for standardization. At present WHO has standard metheds and test
kits for almost all insects of medical importance.

Resultz of tests performed with these test kits throughout the world were collected
by WHO, computerized and periedic summaries issued either in the Expert Committee report
or by individual reviewersz., Results were also provided to research and field workers as
well a# countries and WHO regions.

The simplification of the procedure in test kits had zome negative effects in that
unqualified staff who started using them made a number of procedural mistakes, of which
some could have zignificantly affected the interpretation of results, In some Instances
a hasty switeh to other insecticides was made which was not justified, Tt wag
recommended that the detection of resistance by these methods should not be taken as .y.
conclusive evidence for a contrel failure and that supporting entomelogical and
epidemiological data on the failure to control the disease should be cbtained before a
decizion on the change of Insecticide was made,

In 1970, the Expert Committee on Insecticide Resistance and Vector Control
recomrended basjc research on the genetics and biocchemistry of resistance. These aspects
of inzeecticlde resistance were studied in depth by come laboratories, which led to a
hetter understanding of the mechanisms of registance in certain vectors and the
development of prototypes of new bilochemical methods of detecting vector resistance.
These test mathods have the advantage of detecting resistance in individual insects and _
identifying the type of resistance mechanism involved. #
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An informal consultation was convened in London in 1985 to further stimulate
research on the new leads and define how close various laboratories were to being able to
produce simple biochemical tests for the major resistance mechanisms and to examine the
possibility of intrxeducing a prototype kit for these tests in the field. A number of
recommendations on the exchange of information, on cost of the future kits, on field
testing of available methods, on development of field methods for testing those
mechanisms not yet evaluated under field conditions, and on the possibilicy of using
immunological metheds, were made by the group.

The present informal consultation aimed at (a) consldering the progress made since
the last meeting and (b) formulating recommendations concerning the use of biochemical
methods for field determination of resistance, their application, their use to back up
existing methods, and thelr limitations,

It should be borme in mind that these test methods will sometimes have to be used in
remote areas where highly trained personnel may not be available.

2. MECHANISMS OF INSECTICIDE RESISTANGE

The vast amount of literature on insecticide resistance mechanisms gathered over the
last twe teo three decades indicates that there are only a limited numbex of ways in which
any insect species develops resistance to pesticides. These can be gummarized briefly
as:

(I} an increase In the rate of pesticide detoxification;

{ii} a reduection in the sensitivity of the inszecticide target zite within the
insect;

(111} a deerease in penetration or increase in excretion of the pesticide from the
intact insect.

The first two categexies are by far the most important. ‘These can be further
subdivided zs follows:

(1) {(a) esterasge;
(b) oxidase:
(c) glutathione S-transferase;

(ii) (a) ldr;

(b} insenzitive acetylcholinesterase (AChE).

The enzymes invelved in resistance can either be qualitatively and/or guantitatively
changed. The foxmer invelves a change in the active site of rhe enzyme, allowing it for
sxample to metabollize the insecticide more rapidly; the latter involves production of a
larger amount of the same enzyme, again resulting either in faster conversion of the
insecticide or, perhaps in some cases, sequestration of the insecticide by the enzyme,

A complete susceptibility test system should ideally enable the identification of

resistance mechanisms, indicate the level of resistance, and suggest the spectrum of
cross-resistance conferred by each mechanism,
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The biochemical assays with the exception of the target acetylcheoline mieroassay
deseribed below do not in iseclation give information on the ocourrenee or level of
resistanes. A causal correlation between these mechanisms and resistance should he
verifiad,

The susceptibility tests developed so far are based on enzymatie and Immunological
Teactions and are mainly concerned in the detection of enzymes involved in
organophosphate and carbamate resistance.

3. TESTS FOR DETECTING RESISTANCE

3.1 High esterase tests
Testing for high esterase activity as a means of detecting resistance presumes that

the relationship betwean esterase activity and resistance in the populatien in question
has been established threugh appropriate gemetic tests,

There are two approaches to test for high activity of esterases against maphthyl
eésters: one is based on the measurement of metabolic activity, the other on immunelogy.

3.1.1 FEllter-paper test (FP/Est.test)

A small drop of single mosquito homogenate is deposited on filter-paper, incubated
in a solution of naphthyl acetate, and stained for the product of esterase tetabolism.
The level of esterase activity is revealed by the development of a stain on each spot
(Pasteur & Georghiou, 1981). The test has been optimized with respect to the type of
paper used, homegenization of the mesquito, enhanced recovery of esterase, and length of
incubation and staining perieds.

The insects can be visually clasgified qualitatively as possessing high or low
esterase activity. The FP/Est.test holds promise in the determination of the degree of
resjstance. This iz accomplished through quantification of the esterase in the
homogenate and estimarion of the amount of e-naphthol produced by referring to & stendard
curve for ®-naphthel vs. colour intensity. The intensity of colour produced can be
determined using a densitometer or by reference to a chart,

The advantage of the filter-paper test is its simplicity and speed with which it can
he performed, even by non-professional individuals. Another important aspect is that the
results of the assay (the test papers) can be permanently preserved and may thus be
re-evaluared at a later time, for quantification or other purposes, or may serve as
baselines for comparisons with subsequantly obtained data, The test materials are
relatively Inexpensive. A further simplification of thiz test would be the use of
naphthyl acetate pre-impregnated papers om which mosquitos could be direetly squashed.

3.1.2 Nitrocelilulose mewbrspe test (NC/Est.test)

This method for the detection of non-specifie eaterases is a variant of the
filter-paper test and is based on the usze of nitrocellulose membranes instead of
filter-papers. It has the advantage that nmitrocellulose binds the esterase molacules
more firmly, and thus the stain has no tendency to diffuse on the membrane as may
cecasionally be the cage with filter-papers. Despite this advantage, the test holds
little promise for routine application due to the high cost of nitrocellulose membranes.

3.1.3 Mjicrotitre plate assay (MT/FEat test)

This method invelves the addition of a knmown quantity of naphthyl acetate substrate
golutien to a microtitre plate well containing a known quantity of homogenate from a
single insect. This is followed by an incubation peried after which a dye =zolution is
added and results are then elither determined visually or spectrophotometrically
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(Hemingway & Georxghliouw, 1984). Individuals with high esterase activity give a much
stronger colour than thosze with low esterase activity. Quantification of the esterase
aetivity can be obtained by preparing serlal dilutions of the mosquite homogenate and
comparing this to that of a reference curve of naphthel.

Precise quantification of esterase activity may require that the amount of naphthol
produced be expressed on the basis of the quantity of protein contained in the
homogenate. This may be done using the microtitration protein assay (Brogdon, 1984a,b).

A permanent record may be obtalned by transferring samples of assay well contents to
filter-paper using a transfer plate.

3.2 Impunological test

An Immuneleogical test has been used in c¢combination with the high esterase activity
tests in order to introduce a higher degree of Tpec1f1city. When a pesitive high
esterase result is obtained the same individual™ is "challenged" with an antiserum
prepared sgainst a native B-naphthyl acetate specific esterase from African Culex
quinguefaseiatus using an ELISA test, Earlier laboratory results have indicated that
this amtiserum cross-reacts with a number of different Culex B-naphthyl acetate specific
high esterases but not with the ®-naphthyl specific esterases. Similar results were
obtained with an antiserum prepared against a SDS-denatured B-naphthyl esterase Bl of
C. guinquefasciatus from California.

This B-naphthyl acetate antiserum mentioned above has been used to detect and
quantify B-naphthyl acetate ssterases by a dot blot method im which homogenates of single
insects are deposited on a nitrocellulose filter rather than a microplate as in ELISA,
Regults on USA field populations were comsistent with bivassay results as well as with
resulrs obtained with filter-paper and microplate assays for esterases (Pasteur, personal
communication). High esterase activity in Apopheles has not, to date, shown any
cross-reaction with antiserum against natural B-naphthyl acetate esterase
(Hemingway et al., 1986a). However, a cross-reaction was observed with Aedes sepypti and
Musca domestica using the antiserum prepared against S5DS-denatured esterase Bl.

4. FIELD STUDIES OF ESTERASE TESTS

4.1 Filter-paper test (FP/Est.test)

The wvalidity of the filter-paper test for detection of non- specific esterases and
resistance to organophosphates was tested in 1986 on 15 collections of
€. quinquefaseciatus and €. pipiens from various localities in the USA, These populations
were evaluated agalnst four insecticides (chlorpyrifos, temephos, fenthion and
walathien), using the filter-paper test, electropheresis, diseriminating doses and
complete bioassays. The proportion of mosquites lacking high esterase activity as
revealed by electrophoresis was significantly correlated with the presence of susceptible
individuals estimated by discriminating doses and by complete bicassays with each of the
four insecticides. This same study also showed that the propertion of mosquitos in which
optieal density of the esterase spot exceedsd an established threshold level was
correlated with the LCys observed for chlorpyrifes, temephos and fenthion.

4,2 Microtitre plate aszsy (MT/Est.test)

A combinatien of the MT/Est.test and protein assay on the same field strains from
California indicate that the MT/Est.test holds a high resclution power for quantification
of resistance. A high degree of similarity was observed in the shapes of the curves
obtained by bicasgay with seversl organophosphate ingecticides and of curves of esterase
activity distribution in cach population.

1 Homogenate from one single insect.
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In Haiti, biocaszgays and MT/Est. tests were used in conjunction to deteet fenitrothlon
registance duc to high estervase in A, albimanus. A significant correlation was
established between biloassay and the MT/Est.assay. Similarly, high esterase activity in
a number of 5ri Lenkan Culex species (see table) was well correlated with organophesphate
resistance.

Field work on Svi Lankan Anopheles confitmed the need to verify that the phenomenon
of high esterase activity Lz directly equated with resistance. Here, of three species
showlng high esterase aerivity in the MT/Est.agszay, only one gave evidence of resistance
dependent on esterase metabolism after biocaszay, synergist, and laboratoxy metabolism
studies were conducted, In Guatemala, high esterase activity associated with resistance
te fenitrothion did not produce cross-resistance to malathion at the same freguency.

4.3 Carboxylesterase

The resistance mechanism based on carboxylesterase cannot be differentiated from the -
non-specific esterase mechanism by a change in activity againat naphthyl acetates. A
specific reliable field asszay has yet: to be developed; however, It can be detected,
though net specifically identified, using the target acetylcholinesterase microplate
method (s¢e page B). A szpeecific test would be useful az this mechanism confers
resistance to malathion, one of the major insecticides used in publie health vector
control at present. ' Q

4.4 Glutathiong §S-rransferase

Glutathione S-transferase is involved in resistance to DDT and organcphosphate
ingectjcides in a number of species.

it has not yet been establiched whether resistance mechanisms invelving this enzyme
are determined by gquantitative or gualitative changes in the cnzyme, Howeveyr, there s
some evidence in two species of Anspheles thar gualitative changes are invelved, whersas
data from Musca domestica show a quantitative change.

At present there are two laboratory methods for detecting this type of resistance
mechanism and which can be adapted for use in microtitre plates (Booth et al., 1961;
Clark et al., 1984). Neither of the reactions involved induces a colour change in the
visible range. Microtitre plate tests can then only be read in a specialized microtitre
plate reader with a 340-mm filter and a UV source light. Although they are useful
laboratory methods, in their present form they are of little use for field studies.

4.5 Multi-functf idase {mfo) assa
The prineiple of a prototype method explervad so far on A, subpictus is based on the ‘,/
observed fasztex im vitro conversion of fenitrethion to its oxon analogue in resistant

rosquitos than in susceptible individuals, It is assumed that the faster conversion of
thion to oxon is asccompanied by faster detexication of the oxon ip vive. Fenitrethion
was chozen for this assay because at a coneentration which ylelds sufficient oxon to give
high-level acetylcholinesteraze (AChE) inhibition, it does neot itself inhibit the AChE
cnzyme and remains in selution. lHence, compared to the controls, this insecticide has
little or no effeet on absorbence readings in test wells in the absence of the mfeo
resistance mechanisgm,

The fenitrothion and mosgquite homogenate are pre-inecubated for ome hour before
addition of the normal AChE substrate, acetylthiecholine iodide. This pre-incubation
allows preductien of sufficient quantities of the oxon to give a high level of AChE
inhibkition in the susceptible strain ceompared te the resistant strain, witheut allowing
the normal uninhibited AChE activity te decline in vitre to a level tos Llow to yield a
good comparison between test sand control wells.
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At present the assay has not been tested against any other specles whose resistance
mechanicsm is based on mfo since no other mfo-based resistant material was available when
the protetype test was being developed.

This assay was field-tested in Sri Lanka using the F1 gensration of A. subpictus.
It was already known from earlier bioassay, synergist, enzyme-kinetic, and metabelism
studies that in Sri Lanka the resistance mechanism based on mfo is highly frequent in
this species (Hemingway et al., 1987). Individual families were "genotyped“: half the
progeny frem each family (eone-day-old adults) underwent bivassays after a two-hour
exposure to 1% fenitrothion-impregnated papers; the remaining progeny were subjected to
the prototype mfo assay. Results obtained by the two metheods indicated good agreement on
the resistance status of the family evaluated.

It is possible, but not yet demonstrated, that this resistance mechanism may be
detected using the target acetylcholinesterase mleroplate assay (see page 8) and
specifically identified using piperenyl butoxide az a synergist.

4.6 Insensirive acetylcholinesterase (ACHE)

These tests exploit the differencesz in inhibition characteristics that exist between
insensitive and mormal AChE when they are incubated in the presence of a carbamate or an
organophosphate insecticide.

The testes developad in the different laboratories use eirher nitrocellulese
membYsnes as a support for the homogenates (Dary & Georghlou, personal communiecation) or
are performed in microtitre plates (Hemingway et al., 1986b; Raymond et al., 1985;
Brogdon & Dickinson, 1983; Brogden & Barber, personal communication). In the former
test AChE activity is revealed using the method of Karnovsky & Roots (1964}, in the
latter by the method of Ellman et al. (1961). Acetylthiocheline iz uszed in both methods
ag a substrate for AChE since it yields thiocholime after a chemical reaction.

In all tests, insensitive AChE is identified by comparing visually and
phatometrically the quantity of thiocheline iodide produced by AChE activity in the
presence and abzence of insecticide. 1In the case of €. pipiens, A, nigerrimus and
A. albimanus, homozygous gusceptible and resistant ags well as heterozygous insects are
readily distinguished using propoxur as the inhibiter.

The AChE test using the method of Hemingway et al. (1986b) has now been used In the
field in Sri Lanks for over twe years, Data collected for 22 species of Apopheles and a
number of Culex species, comprising many tests, suggest that this test is reliable under
field conditions. However, approximately 2% of the mosquitos exhibited very low
(uninhibited) AChE activity and could not be classified. It is not ¢lear whether they
represent homozygous resistant individuals.

Likewice, tests using 2000 mosguitos and following the method of Raymond et al.
{1985) gave an equally good performance in a survey of insensitive AChE distribution in
C. pipiens from southern France (Magnin & Pasteur, personal communication).

Up teo now, the nitrocellulose test has been used only on C. pipiens and
€. guinguefasciatus populations from the USA and, as expected, showed the absence of the
insensitive AChE in these specles (Dary & Georghiou, personal communicatiom)}.

Insensitive AChE (together with high esterase} microplate assay methods were
incorporated into field studies of the geegraphile distributien of organophosphate- and
carbamate-reslstant A, albimapus and A. pseudopunctipennis in Guatemals (Brogden et al.,
personal communication). Areas of complete susceptibility to organophosphates and
carbamates wers observed along with others where resistance phenotypes represented up to
98% of the population. The high esterase activity and insensitive AChE mechanisms were
independently associated, the high esterase activity mechanism being the predominant
resistance mechanism,
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In these studies (Brogdon et al., personal communieation), resistance data from
biocassay and microplate assay methods were collected and correlated. Resistance
thresholds were established for microplate assay and bloassay methods of resistance
detection, Correlations were established between insensitive AChE microplate assay data
and data from bivassays. In tests for detection of rTesistance to propoxur an absorbance
at 410 nm of greater than 0.3 in microplate assay was correlated with survival at 60 min
in bioassays.

4.7 Tarpet acetylcholinesterase microplate assay

A prototype assay method has been developed for detection of resistance to
organophosphates and carbamates, based upon the measurement of AChE activity of mosquitos
pre-exposed to organophogphates. This in vive expeosure to organcphosphate insecticides
allows the activated insectlelde to reach the AChE target enzyme rapldly. Residual AChE
activity is assayed using the method of Ellman et al. (1961).

For A, albimanus, A, ayrshbiensis, and A, stephensi bicassay exposure thresholds of
2 h (5% malathion) or 3 b (1% fenitrothion) were establighed., To determine resistance teo

carbamates, the existing method of insensitive AChE microplate assay is used on the same
homogenate since the rapid decarbamylation step prevents use of in vivo exposures; also,
carbamates (e.g., propoxur) work well in virre (Ellman et al., 1961). A drawback of this
approach 1s that resistance mechanisms based on metabolism, specifically those conferring
resistance ta carbamates but not erganophosphates, will be missed. Such mechanisms are
generally rare, but they do exist, In these instances, biocassays using carbamates will
need to be Incorporated inte the testing scheme.

The prototype test method features advantages of both the bicassay and microplate
asgays. The method may be augmented, as necessary, through the use of specific assays
(e.g., esterase, AGhE} te detect othet resistance mechanisms, by uging portions of the
same homogenate used in the Ellman assay. As a microplate assay, in its augmented Fform,
it shows the resistance mechanism invelved and, in certain instaneccs, reveals the
phenotype of the individual from small portions of single mosquitos, Thiz test methed
has allowed the detection of resistance te malathion due te carboxylesterase in
A, arabiensis and A, egtephensi, as well as multi-resistance due to high esterase activity
and ingengitive AChE in Guatemalan A. albimanus.

The methed has alsze the advantage of allowving collection of mertality data on the
same mosquitos used for microplate assay and may be more effective in the identification
of cross-resistance patterns than the specific biochemical azsaye deseribed earlier.

5. CONCLUSIONS

1. In developing new blochemical tests, all assays should be verified by running the
new tests In combination with biocassays and, when necessary, with more complex laboratory
methods to verify that there is causal correlation between results obtained with
biachemical tests and resistance.

2. Estevase and acetylcholinesterase biochemical assays have been laboratory- and
field-tested, and have been shown to correlate well with bioassay data.

3. A tentative test for the mfo resistance mechanism was presented. This was developed
and field-tested on one specles showing this resistance mechanism. Although there was a

good agreement between biocassay data and the mfo test, this method needs further testing

against reszistance and susceptible populations of a much wider range of species,

4, Two laboratory tests for glutathione S-transferace were ldentified, The reaction in
these tests does not give visually detectable colour changes, hence they may be ugeful
laboratory tools but are unsuitable for field uge.
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5. No specific tests are yet avajlable for carboxylesterase or kdr-type resistance
mechanisms.
6. A novel appreach, the target acetylcholinesterase microplate assay, was proposed for

detection of resistance to organophosphates and/or carbamates, This test comhines
elements of the bioassay with microplate assay. It has been laboratory- and
field-tested, and the results are encouraging. The method has allowed to detect
organophosphate resistance mechanisms based on high esterase, catboxylesterase and
insensitive AChE.

7.  Immunological tests have been used for deteection of esterases. The tests are more
specific than the high esterase tests with regard to the types of enzymes involved in the
reaction. However, intreduction of this type of test in the field iz unlilkely in the
immediate future due to a number of limitations.

6. RECOMMENDATTIONS

The follewing recommendations were made by the participants in the informal
consultation:

€.1 General

6.1.1 Bioassay methods must contimue to play their role in the detection ard monitoring
of resistance. Further research should be carried out with exlsting compounds to improve
the accuracy of the tests and modifications sought te extend thelr applicability to new
chemical compounds being introduced in the market.

6.1.2 BResistance assessment should be a field activity. However, the training for a
better understanding of the phenomenon of reslstance and for conducting resistance tests
should be promoted,

6.1.2 When resulrs of blcassay tests are inconcluslve regarding resistance status
(e.g., when few jinsect specimens survive the discriminating concentrations), biochemical
methode such as the target enzyme tests may be used on survivors to confirm resistance
instead of the time-consuming procedure of rearing survivers and testing progeny. When
approved, degeription of the apprepriate test methods should be annexed to the
instruetions for determining the susceptibility/resistance of insect vectors.

6.%.4 Biochemical methods, at their present stage, may help in the identification of the
mechanism invelved in resistance and the assessment of changes cccurring in a field
pepulation of insects, Thelr introduction should provide additional data to supplement
information obtained from existing bioassays,

§.1.5 Work on the introduction and development of blochemical tests should he pursued at
both the laboratory and field lavels,

6.1.6 Promising test methods should be described in detail and appropriate test kits
developed. After further revisw, arrangements should be made for their testing in
carefully selected areas,

6.1.7 Training in the use of biochemical methods should be promoted as soon as such
metheds become operationally available.

6.1.8 Multidisciplinary research should be coentinued with the objective of providing
information essential for the development of bilochemical tests,
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6.2 Specific

6.2.1 Further cfforts should be devoted to refining the test methods already developed
and producing prototype field metheds for those resistance mechanisms for which
biochemical methods are not yet available (e.g., general resistance to pyrethroids/DDT,
resistance due to gpecific carboxylesterase and resistance due te glutathione
S.transferase).

6.2.7 Test instructions should take into account extremes of envirornmental conditions
(humidity, temperature, light) likely to be encountered in the field.

£.2.3 Wew merhods should be tested against the widest possible wvariety of species and
populations,
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ANHER II
SPECIES ON WHICH WHO BICASSAYE AND HEW BIOCHEMICAL METHODS EAVE BEEW RUN IN COMBINATICN,
AND THE CONCLUSIONS WITH REGARD TO INSECTICIDE RESISTANCE MECHANISMS
) . i Erzyme
Bioassays® Biochamioal tasts Matabolism
) activity ‘
Species Bynorgist Commenta Location
FMD PPnE Eat Mfe AChE Target Gat Mfo Fenit DDT Mal
A. culicifecies (B} SRR B § DEF+ 5 & & R v v A carboxylesteraso 2ri Lanks
mala. involvement in Mal-R,
G3T invelvement in
DOT=E,
A. subpictus RRE(RYSBR DEF+ R R B R v +/ Esterase invelved in  3ri Lanka
PTop. carh-R in larvae.
Oxidnse invelved in
DF-R GS5T in DDT {plus
in CP=R7.

A. hiperritme RRR R B E 5 =4 R a v AChE pgiving broad Eri Lanka
spackrum QP+carbamate
zasistance; DDE major
matabalite in DOT
matabslism but ng
evidence of increased
G3T activity.

A. jamesi S5R % 55 5 5 B 2 Zri Lenka

A. mnnularis SEER 5 58 g 5 5

A. acomitus 588§ & 58 g ] 5

4. =ubpichtus (B) SER 5 5 &8 ] 5 =}

A, kawnsi 55 5 55 =4 3 4

p. barbirostris 35R 5 5§58 5 B 3

A, stephenal SRR 85 55 DEF S 5 5 5 v/  Carboxylasterasna Pakistan

E85 8 85 TEEr 2 5 8 involvamant Mal-R. Delhi
mala.

A. arabiensis SRA 5 58 3 &8 B R ¥ v Carboxylesterase Sudan

RS 5 58 R B & invalvemgnt GST DIT-R. Zaire
A, albimanus ERR R SR =S & R AChE giving brond £1 Salwader
REER R RE R & R spectrum DF/carb-R Guatemala
SS8 B ESB 1 3 g elevated ssterace Fanama
REE 5 B & R & 8 insen&itive AChE Haiti
alevated a=ztarasaq,

A. gambiae 53R 5 58 8 8 8 R GST = DOT R, Tanzanin

£, piptens RER R &R R & R v Altered AChE + high Itely
saterass =F OF +
varhamete R.

C. guinguefasciatuz RERR R SR R 8 =8 v High astezase —F Liberia
QF + carb-R.

¢, uinguefasciatue; RRR R SR R &8 3 v High esterase — I=racl

piptensa GF + carb-R.

€. tritaeniorhyncus RERR R 3R R 5 s v High emterasa + AChE 251 Lonka

=3} OF + carb=R,
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Annox II

5PECTES OR WHICH WHQ BIDASSAYS AND NEW BIOCEEMICAL METHODS HAVE BEEN AUN IN COMBINATION,
AND THE CONCLUSIONS WITH REGARD T0 INSECTICIDE RESISTANCE MECHANISMS (continued)

Eniyme
Bicoaaays¥ Bioshamical tests Matabolism
activity
Species Synoergiat Comments Location
FMD P EnB Est Mfe ACHE Target Gat Mfe Fenit DDT Mel
¢, vishnui RE 3 = High ester, OF-R, Sri Lanka
. pasudovishnul R R 4 = High estex, OP-R, Sri Lanka
C. golidus EE R g High sster. OF-R. 5zi Lanka
0. guinguetasciatwe R HER R & R 3 High eater. OE-R, Sri Lanka
A, mibaplotus '555 5 RS 5 8 & 5 & Electrophysiology
585858 5 EBER indicates kdr-type
pyrathrold-R.
A, npzvpty #RAR R 8 R Esternse hrsod Caribbasn
OF resiztance.
C. gquinguefasciatus R R DEF R 3 - W v Esterass based OP-R usa
R -] p.b 5 R oxidrse based cark-R US4 Lab,
R p.b R kdr and oxidase US54 Lab,
bagad pyrethreld-R,
C. piplons R R DEE+ R R Voo OF+eark-R ¥ranos
chlorp, high est. +
insonsitive AChE,
., auinguafasciptus R 5 RS3 DET+ B 5 OF-R =¥ high Cota
chiecp. esteraso d'Ivolze
bbT + prrethrold-R
—t e,
Koy
Bioaseays: F = fenitrothion
M & malathion
B = DRT
F ™ propoxur
Pr @ pormethrin
B = bundieecarb
% = hlopssays conductod om Larvan, adulta or both
Finchemicnl te=nl; Est =« high esterasa
Mfp = multl-function oxidage
ACHhE = ncatylecholinasterase
Frrymn activity: GET = plutathions S-transfarase
Mfo = maolti-function oxidasse
Synarglsh; DEF = defalignt {5,5,5-triethyl phosphorethicate)
PP m» triphenyl phosphate
p.b. = piperonyl butoxide
Rosistancao/ B = ronistant
ausceptibility: B = suaceptible

( ) = indirate results in larvas only. 7

HOYE:  Much of Informatlon provided in this teblo i=s unpublizhed o¥ tantative.

sondusted.

List

is not complete,

It may ko modifiad ns furthaor rosearch is



