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During the early use of residual insec
ticides against mosquito vectors, the can· 
trol of the insects and the reduction of 
diseases such as malaria were spectacular. 
More recently, however, mosquito control 
efforts in many areas have become increas
ingly difficult because of the de\·elopmem 
of insecticide·resistant populations. Since 
unsatisfactory control also can arise from 
inadequate insecticide applications, defec
tive chemicals, or the action of environ· 
mental factors on the residues, it is 
important to determine the correct cause 
for the operational failure. The need for 
a suitable field technique as a means of 
determining the susceptibility level of the 
vector population to the toxicant involved 
soon became obvious. Consequently, in 
1956, studies were begun to develop a kit 
which would contain all essential equip
ment for conducting tests in any locality, 
would be compact enough for a person 
to carry easily, and would be durable under 
tropical climatic conditions. Efforts were 
made to incorporate the more important 
features of existing test methods (Fay 
et al .• '953 ; Busvine and Nash. 1953), and 
so far as possible produce a method having 
simplicity, sensitivity, accuracy, and reo 
producibility under field conditions. 

MATERIALS AND METHOD. The complete 
test kit (Figure 1) is contained in a sturdy 
marine.plywood carrying case (14 liz" by 
22" X 6"). It includes the following items: 
2 plastic aspirator tubes; 30 wire·screen· 
top threaded-base plastic tubes (125 mm. 
long by 44 mm. diameter) with 10 marked 
red for use as exposure tubes and 20 un· 
marked for use as holding tubes; 30 
screw<ap metal bases equipped with slid-
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ing metal closures; 30 metal spring dips; 
16 impregnated papers each of five DDT· 
Risella oil concentrations, of six dieldrin. 
Risella oil concentrations and of RiseHa 
oil only; and miscellaneous auxiliary items 
such as untreated papers, rubber bands, 
cotton, forceps, record forms, grapb paper, 
and instructions. Tbe test papers 2 (What
man No. I or Schleicher-Schull 2043A 120 
nun. x 150 mm.) are commercially im
pregnated to give residual deposits of 
360 mg./ IOo sq. cm. of 0.25, 0.5, 1.0, 2.0, 
and 4.0 percent DDT in RiseUa oil and of 
0.05, 0.1, 0.2, 0.4, 0.8, and 1.6 percent 
dieldrin in Risella oil. 

In a typical test sequence, the adults 
of the desired species are aspirated from 
natural resting sites and 25 to 30 specimens 
are placed in a single holding tube (Figure 
2, steps r and 2. Subsequently, these 
specimens are transferred to an exposure 
tube fitted with a treated paper. To do so, 
the metal bases of a holding and an 
exposure tube are placed together, the 
metal slides are opened, and the mosquitoes 
are gently blown into the exposure tube 
(Figure 2, steps 3 and 4) which is placed 
in an upright position. At the end of a 
I-hour exposure period, the mosquitoes are 
returned to a holding tube, lined with an 
untreated paper, by reversing the transfer 
procedure described above. Paper is 
substituted as a cover for the holding tube 
and a cotton pad soaked in sugar solution 
is placed on the screened end of the tube 
(Figure 2, steps 5 and 6). At the end 
of 24 hours, the specimens incapable of 
resting on the sides of the tu be are 
counted as dead, and the percentage 
mortality is calculated. 

In the application of the kit for resistance 
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determinations, an initial baseline of 
response of a given species of mosquito 
to various concentrations of DDT or 
dieldrin is established. Subsequent routine 
checks then are made periodically to deter
mine any change in the response of the 
species. The method does not reBect varia
tions in the behavioristic response of the 
insects, but measures their ability to 
survive contact with the test residues for 
a specific time under certain conditions. 
Since these conditions do not reBect the 
actual exposure of the insect to field control 
application, the method should not be 
used to compare the field effectiveness of 
different insecticides. Essentially, it is 
designed to detect physiological resistance 
levels of sufficient magnitude to hamper 
control operations. 

In determining the base line of suscep
tibility valu;:s, mosquito populations should 

be sampled from several locations in the 
yrogram area and processed as follows for 
each insecticide: 

(a) Run one test (20-25 specimens) 
with each insecticidal concentration and 
with a Rise1la-oil control, using a I-hour 
exposure period. If these tests provide 
the desired mortalilies-one concentration 
giving less than So percent mortality and 
one (or preferably two) giving complete 
mortality-proceed to step (c). 

(b) If the initial lests do not provide 
the desired mortality levels noted in step 
(a), shorter exposure periods of IS or 30 
minutes, or longer exposure periods of 2, 

4, or 8 hours should be tried. If suitable 
values are then obtained, proceed to step 
( c). If 8-hour exposures to the highest 
concentrations fail to produce essentially 
complete mortality, the species may be 
assumed to have a level of resistance. How-

FlO. I.-Rc..sistancr: kit. 
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concentration, thus indicating a high level 
of resistance to that toxicant. In tests with 
DDT-Risella oil papers against a local field 
strain of Aedes taeniorhynchus, the high
est concentration (4 percent) gave 96, 98, 
and 99 percent 24-hour mortalities after 
I-, 2-, and 4-hour exposures, respectively. 

TABLE ,.-Twenty-four-hour mortahties' ,(per
cent) of adult fema.le Culex qmnqm:jasciatlls 

With 90~ and 150-minute exposures to 
dleldrin-Risell. oil impregnated papers 

Mortahty (percent) with 
. Cone. exposure of 
dIeldrin 

(percent) 90 -min. Iso-min. 

0.' 2 0 
0.2 2 14 
0·4 .6 25 
0.8 33 53 
1.6 45 42 
3·2 33 44 
4. 0 29 6, 

-3. Mortahty values represent the means of two 
replicates each. 

Since complete mortality was not quite 
obtained even with the 4-hour exposure 
period, the investigator has to accept the 
possibility of a low proportion of resistant 
individuals in the population, and proceed 
on the basis of the survival of occasional 
individuals, and the use of 95 percent 
mortality as a recheck value. 

The method also assumes that the 
mortality plotted in probit units on log
dosage grapp paper will be essentially a 
straight line function. This assumption 
has been true with laboratory strains and 
with certain field strains, In other field 
strains, however, such as Culex quin
qllejasciatlls (tatigans) (Table I),. there 
was a break in the mortality response to 
increased dosage which resulted in a 
plateau-type response. In a field strain of 
Aedes taeniorhynchlls from Savannah, 
4-hour exposure to 0.2, 0+ 0.8, and 1.6 
percent dieldrin-Risella oil papers gave n, 
33, 39, and 39 percent 24-hour mortalities, 
respectively. Here the mortality data 
indicate partially resistant populations, and 
a straight line response of probit mortality 
to log dosage no longer occurs. 

The basic concept of a straight line 
relationship between probit mortality and 
log dosage assumes a homogeneous popula
tion in which the individuals dIffer from 
each other in their response in a con
tinuous fashion. In an essentially com
pletely susceptible strain, or in a highly 
selected resistant strain, this concept may 
still apply. All the individuals in laboratory 
strains are held under essentially equal 
conditions and tend to become uniform in 
their response to whatever selective factors 
are present. In field strains, however, the 
Same selective factors are not exerted on 
the entire populations, and greater varia
tion prevails. Marked differences were 
shown to dieidrin·Risella oil papers by a 
laboratory and a field strain of Anopheles 
quad! imarolattts (Table 2). The field 
strain is composed of a mixed population 
of approximately 75 percent susceptible 
and 25 percent resistant individuals. The 
susceptible portion of the field strain in 
this case is mare susceptible than the 
laboratory strain. Between the susceptible 
and resistant indIviduals of a mixed pop-

TABLE 2 -Twenty-four-hour mortalitIes' (per
cent) of adult female A. qttadnmaculattu of 

an insectary (Savann.h) and of a field 
(Lynah) strain wJth go-mmute 
exposures to dieldrin-Rl5ella Oll 

impregnated papers 

Cone. 
dieldrin 

MortalIty (percent) 

(percent) Savannah Lynah 

.1 8 44 

.2 0 64 
·4 20 75 
.8 roo 78 

1.6 100 80 
3. 2 87 
4. 0 94 

a Mortality values represent the means of eight 
replicates each. 

ulation, there apparently is a decided 
break in the mortality response with an 
increase of exposure time. As shown in 
the mathematical model (Figure 4), the 
susceptible portion of the population may 
respond in a linear fashion following the 
line S, whereas the resistant portion of 
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MATHEMATICAL· MODEL MIXED ·POPULATION -DIELDRIN 
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FIG. 4.-Mathematical model mixed population·dieldrin. 
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the population respond along the line R. 
Mixed populations of 80 percent susceptible 
and 20 percent resistant, or of 50 percent 
susceptible and 50 percent resistant, would 
follow the curved lines shown with a 
plateau effect occurring at al?proximately 
the proportion of the mixed populations. 
The plateau effect becomes more marked 
if the differences between susceptible and 
resistant individuals are greater. 

This type of response was demonstrated 
in the laboratory using a mixture of a 
susceptible (S) and a dieldrin-resistant 
(C) strain of A. quadrimaculatus. Twenty
five adults removed from mixed popula
tions containing known proportions of 
each strain were exposed to dieldrin
Risella oil test papers. The resultant 
values (Figure 5) show a plateau effect 
at approximately the expected levels with 
some irregolarities which probably arose 
from the fact that the samples did not 
contain true proportions of the mixed 
population, or from the percentage (3-5) 
of susceptible individuals which existed in 
the resistant strain. 

A field population prior to exposure to 
chemical measures may show a linear 
response of probit mortality to log dosage 
and still contain a small undetected seg
ment of resistant individuals since only 
a small portion of the total adult popula
tion is being sampled. With the institu
tion of control measures the susceptible 
population may be greatly reduced (par
ticularly apparent if specimens are captured 
inside treated dwellings). Thus, the ratio 
of resistant to susceptible individuals in 
the population is increased and the resist
ant portion of the population now may 
be evident and cause the mortalities to 
fall below 100 percent. This drop in 
mortality levels indicates a definite resist
ance potential in the population. 

The usefulness of this resistance detec
tion method lies equally on the manner 
and accuracy followed in conducting the 
tests, and on the interpretation which is 
given the results. The method should 
not be expected to provide a consistent 
narrow range of mortalities, since even 

under controlled conditions the variation 
in mortalities of laboratory-reared spec
imens in replicated tests varies as much 
as 30 to 35 percent. Consequently, the 
average mortality of 4 to 5 tests is the 
assessment index to be considered. 

Of the components in the kit, the im
pregnated papers theoretically offer the 
greatest chance of variability. However, 
extem:led studies of these papers indicate 
that; 

(a) .Preparation of the test residues by 
a single commercial source appears to be 
the best guarantee of uniformity. Papers 
prepared commercially at three different 
impregnation dates over a I-year period 
gave comparable results. 

(b) Under repeated tests with four 
individual 4 percent DDT papers, a series 
of fifty-live 6o-min ute exposures with 
each paper showed a mean mortality of 
88 percent (range 67-roo percent). A 
series of thirty-three 90-minute exposures 
with each of four 0.8 percent dieldrin 
papers showed a mean mortality of 93 
percent (range 62-100 percent). The cur
rent recommendation is that each paper be 
used about 20 times. 

(c) Two papers each of 4 percent DDT
Risella oil and of 0.8 percent dieldrin
Risella oil which were tested weekly over 
a one-year period maintained their effec
tiveness. It is recommended that papers 
may be used for one year from the date 
of impregnation. 

( d) The deposits of both toxicants 
remained stable under 80° F. storage for 
at least I year, but at II5° F., the DDT
treated papers showed some loss of effec
tiveness after 2 months of storage. 

(e) The Risella-oil base itself does not 
have any measurable action on test 
mosquitoes and mortality is a function of 
the insecticide only. 

From these data, it is apparent that 
preparation, storage, and usage in the 
time periods and condition specified have 
little effect upon the reliability of the 
impregnated papers. 

In the interpretation of data, the 
investigator must rely on the general guide 
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A. QUADRIMACULATUS MIXED POPULATION - DIELDRIN 
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lines previously indicated. Completely 
susceptible or highly resistant strains are 
readily differentiated, but those falling 
between the extremes may sometimes be 
difficult to assess. The chief criterion for 
resistance concerns the appearance of a 
plateau response to an increase in insec
ticide concentration. Where such evidence 
appears, its relationship to the failure or 
success of the program must be interpreted 
by the field personnel familiar with the 
control area. 

Thus, the kit data establish whether or 
not a vector population is developing 
physiologic resistance to the toxicant 
employed. The influence of such findings 
must be weighed against other factors 
(i.I:., mosquito indices in dwellings, par
asite rates) to obtain an overall evaluation 
of resistance as to its effect upon the 
eradication program. 

In addition to detecting resistance devel
opment in vector populations under treat
ment, the present method is of value in 
giving an insight into the potential of a 
vector population becoming resistant to a 
specific toxicant prior to the initiation of 
control operations. Thus, while the method 
is not designed and should not be used 
to compare the relative residual efficacy of 
compounds, it may be employed to detect 
the presence of a population segment 

which is resistant to certain toxicants but 
not to others. Bas('.d on the genetic shift 
in populations under selection, the chances 
of critical resistance development in a 
species would appear to be greater in a 
population containing the genes responsible 
for this characteristic than in those from 
which the genes were absent_ 
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