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SUMMARY OF OCCURRENCES OF INSECTICIDE RESISTANCE
IN ANOPHELINE MOSQUITOS (ALL REGIONS) AND OF RESULTS 0{
SUSCEPTIBILITY TESTS BY THE WHO METHOD IN THE AMERICAS

WHO Headquarters hés so far issued three compilatigns of the results of tests
for susceptibility to insecticides in anopheline mosquitos, Two were of tests on
adult mosquitos, viz. document WHO/Mal/189 - WHO/Insecticides/63 (June 1557), later
published in Bull. Wld Hlth Org. 16, 874=850 (1957); and document WHO/Mal/203 -
WHO/Insecticides/T7 (April 1958). The third was of tests on larvae, viz.
WHO/Mal/199 - WHO/Insecticides/74 (February 1958). In these documents the test

results received were set‘out in full. The adult tests were carried out for the
most part following the method of Busvine and Nash. For the larval tests no

standard method was consistently used.

Between April 1958 and April 195C the volume of tests performed on adult
anophelines and reported to WHO has increased rapidly, whereas the number of tests
on larvae remains small. The great majority of investigators now use the standard
WHO test kits (adult and larval kits), which for brevity are called the WHO method.

Detailed instructions accompany every kit sent out.

Because of the much greater velume of results it is now found necessary to
change the form of compilation, Probably few readers would be interested in details
of the mortalities obtained at each concentratien of insecticide. Most will wish
to see at a glance what conclusions may be drawn ffom the tests, Furthermore, it
seems desirable tg present side by side all the data relating a lecal population
of a vector species to both DDT and dieldrin. The form of compilation adopted
here allows this tQ be done.

1 Prepared by the Divisign of Malaria Eradicatien, WHA HQ, Geneva.
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Mwing to pressure of work it has been found necessary to assess and summarize
these test results region by region. The present document gives the reader an
up-to-date survey of all the instances of insecticide resistance in anopheles so
far confirmed from any part of the world, followed by a summary of information
from susceptibility tests received from the Americas. Tests included in the
earlier documents are not repeated in this summary. It is our aim to present

similar summaries from each of the other regions during 1959.

Insecticide Resistance in Anophelines

Within the past twelve months the number of anopheline species shown to be
capable in the wild state of developing resistance to chlorinated hydrocarbon
insecticides has grown from six (see WHO/Mal/203) to seventeen. They are listed
in Table 1. Two species have been found resistant to DDT only, four to DDT and
dieldrin, and eleven to dieldrin only. Most of the species tested and confirmed
as resistant are known to be important vectors of malaria. In a few cases (e.g.

A. fluviatilis in Saudi Arabia) the resistance has occurred in a country other than

that where the species 1s a confirmed vector; and the role as vectors of_a few

resistant species (e.g. A. annularis, A. vagus) is doubtful.

The most immediate problem from the point of view of vector control arises
where a vector is resistant to bo-h DDT and dieldrin in the same area. Fortunately

this 1s not the case in A. subpictus subpictus, for whereas the resistance of this

sub=-species to dieldrin occurs in Javé its resistance to DDT is found at the

opposite end of its range, in Nepal and a small area of India.
)

Again, the DDT-resistance found in A. quadrimaculatus in the United States of

America was limjgited to the larvae, whose’LC50 was 20 times or more that of a

susceptible popdlation. Brown (1958) contluded, from all the available evidence,
that A. quadrimaculatus can develop very little DDT-tolerance, if any, in the

adult stage. On the other hand the dieldrin-resistance of this species in
Mississippil, though apparently produced by contamination of the breeding places,
1s exhibited by both the larval and the adult stages.
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In A. sacharovi the phenomenon of dual resistance has been recognized in

Greece since 1954. Nevertheless, DDT is regarded by the National Malaria Service
of Greece as'still a useful insecticide against the vector, for.where the need is
to stop transmission in localized residual foci of malaria a prompt application
of DDT, combined with the use of drugs, is often found sufficient. This may be

due on the one hand to the fact that A. sacharovi is no longer as resistant as

formerly, in areas where there has been no spraying for several years, and secondly,
to the action of the insecticide in driving the mosquitos out of doors, where

they may be less likely to survive or to bite man.

The problem of imagocidal measures is especially acute in those areas of

Central America where A. albimanus exhibits dual resistance. As in a number of

other cases (ﬁxmgambiae in Nigeria, A. sacharovi in Greece and Turkey) resistance

appears to be most marked, and to develop most rapidly where there are cotton
crops liberally treated with DDT/BHC dust. It was first confirmed in El Salvador
in July 1958 and has since been found in four other countries, most recently at
Belize, British Honduras. An active search is now under way in Central America

for an alternative insecticide to control A. albimanus.

Table 1 lists the instances of physiological resistance only. Some instances
have been reported of an heritable change'of normal resting place, produced by
selection pressure from a residual insecticide sprayed in houses. This is a

phenomenon we have at present no reliable means of measuring.

Measurements have recently been made, however, of another type of
behaviouristic change: developed hyper-irritability. DDT probably has an
irritant effect on all anophelines. In a susceptible population the individuals
most quickly irritated will be the ones most likely to escape lethal intoxication.
Selection can occur, therefore, of strains exhibiting increased irritability
to DDT. The development of such hyper-irritable strains of Anopheles has been

shown during 1958 in A. albimanus (by Brown in Panama) and in A. sacharovi

(by de Zulueta, in Greece). Each of these workers used as a measure of
irritability the incidence of take-off by mosquitos resting on known concentrations

of DDT in Risella oil.
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DDT in houses will naturally tend to drive irritated mosquitos to seek other
resting places. Thus the collectors may find them resting exclusively in
outdoor or other unsprayed shelters, glthough they have developed no inherent
preferénce for such resting places, and do not exhibit the inherited change of
resting habit mentioned above. A mosquito showing changes in its chosen resting
places will be likely, if still anthropophilic, to continue transmitting malaria.
One that is driven from the houses by DDT irritation, on the other hand, may cease
t0 be a vector by reason of the increased hazards it encounters out of doors,
provided that all indoor shelters have been well sprayed. We have suggested the
possibility that this happens to A. sacharovi in Greece.

Regional Summary of Susceptibility Tests - I: The Americas (Table 2)

In the earlier assessments the LCSO value was used as the only yardstick of
susceptibility. This value is a logical expression of the relationship between
an insect population and an insecticide only where the population is genetically
homogeneous in its response to the insecticide and where variations in individual
tolerance are due to normal variability. Where, on the other hand, thé;e exists
an hereditary factor conferring ability to tolerate the insecticide, the specimens
possessing this factor fit one dosage-mortality curve and those lacking it fit

another. The IC o’ applied to such a mixed population, may be wholly misleading

5

and in any case, provides no accurate index of the susceptibility of the

population as a whole.

The LC50 value was sometimes based, in the past, on a single unreplicated
test. This might include as few as ten mosquitos exposed to each concentration of
the insecticide. If the mortalities obtained were all above, or all below 50%
the value would be read graphically by extrapolation. This procidure might
be grossly misleading. In preparing the present summary the practice of
extrapolating upwards from the highest concentration in the kit has been
discontinued, on the supposition that populations showing a top kill of less than

50% are almost certainly heterogeneous.
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A rether large number of tests has had to be excluded from the present
summary on account of inadeguacies of one kind or another. ?he’cbmmonest
woeknesses were: lack of replicates, too few mosquitos exposed to each concentration,
too few concentrations included in the test, and excessive mortality in the controls,
Comparison of the criteria adopted for tests included in the summary, with the
instructions issued with the "HO kits, will show that it has unfortunately been
necessary frequently to relax tihe insistence on strict attention to the
instructions. Obedience to these is, nevertheless, the minimal basis for
obtaining scientifically valid results, and WHO will continue to ask entomologists
to make every effort to carry out susceptibility tests in conformity with the

instructions in future.

Criteria for Including Tests in the present Summery (Table 1)

1. Range of concentrations

(2) the full range to b¢ used whenever a population was first tested, If the

preliminary test showed that susceptibility was very high or very low, replicate
tests were accepted in which were used only the three lowest or the three highest
concentrations, respectively; - ‘

(b) in routine checks on the continued susceptibility of a population, the lowest

concentration expected to give 100% mortality might be used alone (on three sr
more batches),

(¢) 1in checks to measure any increase in the proportion of resistant specimens,

tests on at least 50, and preferably 100, specimens, at the lowest concentration
known to kill all susceptible specimens; also (numbers permitting) tests at the

next concentration above this.

2. DNumber of femele mosquitos per tube: 16 - 25,

3, Exposure time: one hour., (But in addition, 2, 4, 8 or 16 hours where

the investigator, héving recognized resistance, aimed to establish the order of

exposure lethal to the resistant specimens).

4, Number of rqﬁlicatas: at least two. (The results on a given concentration

ere ignored if the totel number of mosquitos exposed to it was below 40 -~ compare

the instructions, where resistance is placed upon four replicates with 20-25

mosquitos in each batch),
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5 Control mortality: 15¢ or under in any one test; 10% or under when

averaged over a series of replicates,

6. Comparability of replicatess tests are regarded as replicates when>they

ere performed under similar conditions; at the same place, within a peried of 15

days,

7. Calculation of LCcO: where a definite value is stated this means either
2

that everegc partial mortelities both above and below 503 were obtained, or that

one concentration gave az avercg e mortality of between 50 and 653%; further, that
it wes possible to draw a well-fitting, straight dosage-mortality line up to at
leest the 955 mortality level. 1In other cases the figure for the LCSO is
preceded by the sign <or>. The "basis" number, placed in brackets after the
LGSO value, is the total number of mosquitos exposed to all concentrations which
gave partial average rates of mortality, excluding any where less than 40 were

exposed to one concentration.

Where it has been necessary to depart from any of the above criteria (see,

for exemple, the results ou A, pseudopunctipennis in Peru) this fact is noted

under "Remarks", Thzt eolumn is also used to draw attention to proportions of
samples whioh survived exposure to high concentrations, and te record a few

results obtained with insecticides other than DDT and dieldrin,

The values in the table are based en figures corrected by Abbott's formula,
where the average mortality in the controls lay between 57 and the permitted

maximum of 10%.

1
1l u
Records of the LclOC— in Table 2

Some of the tests surmarized in this paper were designed primarily to establish

50°

the base-line susceptibility of American anophelines in terms of their IC

1 The importance of finding and re-checking the lowest eoncentration whieh
congistently gives complctc kills has been stressed by the Expert Commitiee on
Insecticidesin its description of the "THO test for susceptibility (sec Eighth
Report, Annex 1, p. 56). But the practice adopted here, of recording such
findings under the heading "LC. " ewaits official discussion at the fortheoming
meetings of the Expert Committée on Insecticides.
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Others howevor were routine checks, run at "the lowest concentration which has
consistently given complete kills in the four successive /earlier/ tests"

(see Instructions issued with the “HO test kit, para, 1 (¢). The LC lays no

50 F
part in these routine checks. On the other hand, if the choscn concentration

now fails to kill all the specimens, the investigator is directed to test at a
higher one (or failing thati, for a double exposure~period), Thus his single aim

in the checks is to obtein a consistent 1004 kill.

Since that aim is proper also to the tests for base~line susceptibility
{see para. 1 (b) of the Imstructions) it has been deemed essential in this summary
to roecord wherever possible the concentration that gave complete kill (or else

the failure to obtein complete kill) alongside the LC,. velues obtained, This

50

has been donoe under the convenient heading "LC although of coursec no amount of

n
100 ?
testing can prove that a concentration would kill every specimen of the sampled

population.

An additionel reason for rocording the ”LCloo" next to the LCSO is that the

relationship between the trro valuss has a bearing on the question whether a factor
for resistance is present, In homogeneous susceptible populations the “LClOO"

eppears always to be not more than 10 times grester than the LCSO: frequently

the factor is five or under. Therefore a population vhich at the first series of
tests shows any survivors to a concentration ten or more times the LC50 falls at
once under suspicion of conteining resistent individuals.

On the other hand we may wish to ;udge whether a population having, upon

re~test, a somcwhat increcsed LC,.. is heterogeneous for resistance or homogeneous

50

and vigour-tolerant, If the latter, the relationship between the values of LC50

ond "LClOO" should remain approximetely as before, But if the "LGlOO" is found

to heve risen much more sharply than the 1C o e must conclude that resistant

5

mosquitos are present,
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In order to calculate the “LCIOO" where any mosguito umexpectedly survived
exposure to a high concentration such as 1.6% dieldrin, and no complete kill was
obtained, the "LCloo" is recorded as more than that value, Wherec complete kill
was obtained 2t one or more concentrations the lowest is designeted the “Lcloo"
provided not less than 100 mosquitos were exposed to it. If botween 50 and 100
were exposed to it, this concentration is recorded as the "indicoted LGl "

00
by the placing of the abbreviation "ind" before the "basis' number of observations,
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WHO/Mal/224

WHO/Insecticides/95 : TABLE 2 *(continued)
page 14 SUSCEPTTBILITY TESTS BY THE WHO METHOD - Is- THE AMERICAN REGION
Species Investigator Country Iocality (or area) , Spray record Date Homo DT Hhuoo DDT ﬁomo dieldrin Remarks 4
albimanus van Seventer |Jamaica Amity Hall DDT 7 yrs.; dln '58 Ix1.58 - - 0.11 (135) 17.5% survived 1.6%
" " " 1 " 'x11.58 - - 0.37F (93) 19% survived 4%
" " " " " prw.mm - - - 14% survived 4% x 8 hours’
" " " Big Bridge DDT/BHC ante;dln '58 xi.58 - - <0.1 (37)
" " " 1" " 1.59 . - <0.1 Awdﬂuwov
" " " Dover DDT 10 yrs.; dln '58 {1.59 0.36 - <0.05
" " " Frome dln '58 x11.58 - - <0.1 (ind:20) 1/25 survived 4%; all (51)
killed at 0.%, 0.8 & 1.6%
" " " Sal$ River DDT 10 yrs.; dln '58 |xi.58 - - <0.4 (ind:28)
" " " " n x1.58 - - - >1.6 x 2h (93) |13% survived 1.6% x 2hrs
" " " " " 1.59 <0.25 (41) 2 (ind:55) - 1/49 survived 4%
" " " Pedro Bay DDT, only xi.58 - - <0.4 (43) <1.6 (ind:85)
" Rice " St Andrew "endrin on sugar" xi.58 - - 0.2% (115) (also 1/49 survived 1.6%
i x 2 hours)
|
albitarsis Ferrer Colombia Pompeya DDT vii.58 0.75 (559) |<8 (ind:92) 0.08 (395) <1.6 (ind:90)
" Pereira Paraguay Minas-cué no record xi.58 - - 0.1% (123)
" " " Cerro Lorito "1958" x11.58 - - 0.035 (302)
" " " Puerto Pinasco " xii.58 - - 0.03 (302)
aquasalis Omardeen Trinidad Barataria DDT, . 1946-57,d1n viil.R8lviii.58 - - 0.8-1.6 (300) mortalities erratic
" " " " ) " iviii.58 - - 0.2% x 8h (360)>1.6 x 8nh (59)
" " " " " ix.58 1.1 (435) hoo (130) |>>1.6 (256) : -
" " " " " x.58 1.6 x 8n (400) 4-hour exposures to 1.6%
: gave similar kill; also
| 1-hour exposures to 4%
(596 mosquitos)
" van Seventer " Moruga DDT, 57; dln, 58 1ii.59 >>1.6 (119)
neomacyli-
palpis Conte Panama Tocumen no record xii.58 - - <0.1 (3%) <0.4 (ind:57)
pseudopuncti-| Pletsch Mexico Acatlipa DDT x1.58 <0.1 ppm - 1.2 ppm (ind:50) larval tests
pennis Martinez " Temixco, Mor. DDT. 2 x,57; dln 58 vii.58 1.1 (300) 4.0 (100) |>>1.6 (20) F, tested (reared Mex.City)
Palacios .
" " " " " viii-ix.58 | 0.97 (100) - >>1.6 (40) >1.6 x 16h (20)|Tested on spot. 1.6% x 4,
8 and 16 hours killed 55-75%
" " " Acatlipa, Mor. " '1x.58 - - - >1.6 x 16h (20)|Mort. Bo% Nmo per mxnomcnww
" " " Senta Ines, Mor. DDT only, 56-58 iix.58 <1.0 (40) - <<0.4 (L0) <0.8 (ind:60) 0.1% dln killed 10/10
" " " Tzucar, Pue " i1x.58 1.1 (120) - 0.12 (120) <1.6 (ind160)
" " " Casa Blanca, Pue dln, xi.57 11x.58 0.6% (180) 4.0 (inds60) 0.10% (120) from sprayed houses
" " " C.d.l. Coyote, Mor. | unsprayed 11x.58 2 (40) - L <0.4 (k0)
" " " Uspero, Mich. DDT '56; din '57 w»x.mm 0.5-2.0 (60) - 0.1-1.6 (100) |»1.6 x 16h (20)|morts. from 1 hour dln were
i %5-65% (20 per concentration
" " " La Tuna, Mich. it Tun.mm ; - - >0.4 (40) >1.6 x 4nh (20)
" i " San Antonio, Mich. |DDT; din 57 & vii.58 lix.58 7“m (40) - <0.2 (%0) 1/100 survived exps. to 1.6%
ﬁ H

>1.6 x 16h CooJ

for 16 hours (or less)
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