
New chemicals 
Because of widespread resistance, new 

chemicals must be evaluated not only 
against susceptible mosquitoes but also 
against strains that represent specific resis- 
tance mechanisms. This laboratory main- 
tains several strains of mosquitoes, each 
possessing one or more of the known mech- 
anisms of resistance, such as DDT-dehy- 
drochlorinase, DDT-nerve insensitivity, or- 
ganophosphorus-degrading esterases, car- 
bamate-degrading oxidases, pyrethroid-in- 
sensitivity, juvenile hormone resistance, 
and organophosphorus- and carbamate-in- 
sensitive cholinesterase. Every new insecti- 
cide received from universities, from indus- 
try, or by agreement through the World 
Health Organization is thoroughly tested 
against these strains to determine the im- 
pact of already existing resistance mechan- 
isms on its effectiveness. Several hundred 
new chemicals have been subjected to this 
crucial test during the past decade. 

Successful compounds are subsequently 
studied for their propensity to induce resis- 
tance. A representative field population is 
established in the laboratory, and succes- 
sive generations are subjected to intensive 
selection by the new chemical. The resul- 
tant resistance is then characterized bio- 
chemically and genetically, providing vital 
information on the future of the chemical. 

Such studies in recent years have yielded 
useful information on potential resistance 
to methoprene in Cx. tarsalis, resistance to 
pyrethroids in Cx. quinquefasciatus, insen- 
sitive cholinesterase in Anopheles albiman- 
us, and organophosphorus resistance in 
Cx. tarsalis and Cx. quinquefasciatus. 
They have also revealed a limited response 
to selection by propoxur and diflubenzuron 
in Cx. tarsalis, and to selection by chlor- 
phoxin in An. albimanus. 

Chronology of appearance of resistance to 
insecticides in mosquitoes, in relation to re- 
sistance in all arthropods. 
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Counteraction of resistance 
To remain effective, an insecticide must 

be used in ways that minimize selection 
pressure toward resistance. To achieve this 
goal it is necessary to develop means of 
quantifying the “propensity for resis- 
tance” in a given situation, and to devise 
sophisticated control techniques that keep 
selection below a permissible level. Pro- 
gress has been achieved toward both ob- 
jectives. 

The genetic and biological parameters 
that influence the evolution of resistance 
have been identified and their contribution 
quantified by simple models on a com- 
puter. Population isolation, reproductive 
fitness of resistant individuals, and 
dominance of resistant genes were found to 
be strong determinants of the propensity 
for resistance. Likewise, significant opera- 
tional parameters included the dosage of 
chemical applied, the size of the treated 
area, and the environmental persistence of 
the residue. This information was used in 
constructing a computer simulation model 
to predict population densities and evolu- 
tion of resistance in Cx. tarsalis. This 
research and similar studies in other labor- 
atories should eventually make it possible 
to forecast the course of resistance in 
insects. 

Research on chemical approaches for 
countering resistance has focused on the 
principle of synergism, or utilizing interact- 
ing chemicals, and on the employment of 
chemicals in mixtures or in rotations. A 
thorough knowledge of the types of resis- 
tance already present in the target popula- 
tion is required, and new chemicals are 
needed with distinctly different modes of 
action and pathways of detoxication. 

The principle of mixtures assumes that 
genes for resistance to each member chem- 
ical are so rare that they are not present to- 
gether in the same mosquito. Thus, an indi- 
vidual capable of surviving one insecticide 
will be killed by the other insecticide in the 
mixture. The principle of rotation is based 
on the premise that resistance to a given 
chemical declines in the absence of selec- 
tion pressure. Thus, when insecticides are 
used in rotation it is expected that resis- 
tance to each member chemical will decline 
during the time intervening between succes- 
sive uses of the same chemical. Recent dis- 
coveries of compounds of disparate chem- 
ical structure and mode of action have 
prompted us to initiate long-term experi- 
ments aimed at testing these approaches to 
forestalling the development of resistance. 
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lmmunochemical 
methods to detect 
pesticide residues 

F o r  the safe, effective use of a pesticide, 
the residue of the pesticide in food, fiber, 
and the environment after application must 
be known. Gathering residue data on a new 
pesticide is a major expense in its develop- 
ment, and this expense may be prohibitive 
when registration of a pesticide is being 
considered for use on minor crops or as a 
mosquito larvicide. To insure the future 
availability of safe new compounds, espe- 
cially for minor uses, the cost of residue 
analysis must be reduced. 

Gas liquid chromatography has been the 
most commonly used residue analysis tech- 
nique. More recently, high-performance 
liquid chromatography has proved useful, 
especially with nonvolatile or heat-unstable 
compounds, such as benzoylphenyl ureas 
and carbamates. However, these tech- 
niques often require extensive sample 
cleanup before the assay, which is costly 
both in time and money. These analytical 
techniques also have some deficiencies 
and-for various reasons-rapid, sensi- 
tive, reproducible, and economical residue 
technology is not presently available for 
some compounds including the benzoyl- 
phenyl ureas, juvenile hormone analogues 
and some pyrethroids. 

Immunochemical methods of residue 
analysis may solve some of these problems. 
Immunochemical analysis is not new; it has 
been used successfully for many years in 
several fields including clinical chemistry. 
In fact, Rosalyn Yalow received the 1977 
Nobel Prize in medicine for her pioneering 
work on immunochemical analysis. In 
many cases, the chemical structures now 
assayed by immunochemical methods are 
not fundamentally different from those of 
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Antibodies obtained from the blood serum of animals such a s  rabbits aid in immunochemi- 
cal analyses to detect pesticide residues. 

pesticides. Immunochemical methods offer 
many advantages including high specificity 
and sensitivity, which lead to few cleanup 
steps before analysis and thus rapid, inex- 
pensive assays. 

The key reagents for immunochemical 
analyses are antibodies obtained from the 
serum of animals such as rabbits or goats. 
Although animals provide the reagent, only 
their serum in highly dilute form is used in 
the assay. To raise pesticide-specific anti- 
bodies in an animal, the pesticide is 
attached to a protein, and after injection, 
this conjugate stimulates the animal’s 
immune system. Following immunization, 
the animal makes antibodies not only to the 
protein and the attached pesticide, but also 
to the pesticide alone. These serum anti- 
bodies bind tightly and specifically to the 
pesticide if they contact it. 

Many immunochemical methods are 
available for the analysis of small 
molecules, all based on the principle of 
competitive binding. Thus, immunoassays 
are physical rather than biological assays. 
In our laboratory we use radioimmunoas- 
say (RIA). For this procedure a known, 
constant amount of radiolabeled (hot) pes- 
ticide and specific antibody is added to 
each of a series of tubes. Known amounts 
of nonradiolabeled (cold) pesticide are then 
added and the components allowed to 
equilibrate. Because the antibody cannot 
distinguish between the hot and cold pesti- 
cide molecules, the presence of increasing 
amounts of cold pesticide causes displace- 
ment of increasingly greater amounts of 
hot pesticide from the antibody. The anti- 
body-bound and unbound hot pesticide can 
be separated by many methods, and the 

boundhnbound ratio indicates precisely 
how much cold pesticide was added to the 
system. By this procedure one can con- 
struct a standard curve that relates decreas- 
ing hot pesticide bound to increasing cold 
pesticide added. One can then assay for un- 
known amounts of cold material in residue 
samples by an identical process followed by 
comparison with a standard curve. Many 
such analyses may be performed simultane- 
ously. 

Immunochemical assays have already 
been developed for a few pesticides, such as 
cyclodienes, parathion, and, in our labora- 
tory, S-bio-allethrin. These assays compare 
favorably with conventional assays in 
sensitivity and reproducibility, but much 
less time is required per assay, because 
fewer cleanup steps are needed. 

The studies with allethrin demonstrate 
another important advantage of immuno- 
chemical assays in that, after injection with 
a single isomer, the assay was most selec- 
tive for this most insecticidal of the eight 
possible isomers of allethrin. Since pesti- 
cide manufacturers and regulatory agencies 
are becoming more interested in the iso- 
meric composition of pesticides, this power 
of immunoassays to distinguish com- 
pounds based on stereochemistry may 
shortly become very important. 

Other immunochemical techniques that 
may prove useful include enzyme-linked 
immunosorbent assay (ELISA), in which a 
spectrophotometric assay provides a mea- 
suring device. Radial-immunodiffusion or 
other precipitation techniques may permit 
rapid field determination of pesticide resi- 
dues or deposits, because they require no 
sophisticated equipment. Such applications 

of immunochemical technology could in- 
clude determination of pesticide drift and 
problems associated with applicator safety 
and worker reentry. 

We are now working on development of 
RIAs for the insect growth regulators diflu- 
benzuron and BAY SIR 8514, as well as 
several pyrethroids. All of these com- 
pounds show good larvicidal activity and 
are excellent candidates for registration 
against mosquitoes and other insect pests. 
In addition, we will perform a comprehen- 
sive study of the time, cost, and labor in- 
volved in classical residue techniques as 
opposed to immunochemical techniques. 

There are no panaceas in analytical 
chemistry, but immunochemical methods 
promise to solve some problems of pesti- 
cide analysis. Reducing the cost of residue 
analysis may reduce the final cost of pesti- 
cides and will possibly increase the number 
of new compounds available to mosquito 
control districts and to other small-volume 
users. 

Residue analysis is currently so expensive 
and equipment-intensive that it is used only 
to obtain pesticide registration and for sub- 
sequent enforcement and monitoring. The 
speed, economy, and simplicity of im- 
munochemical analysis may allow these 
procedures to be used to monitor pesticide 
application methods and coverage. Such 
new uses may provide valuable informa- 
tion when assessing the efficacy of a com- 
pound or when tailoring pesticide use to in- 
tegrated pest management programs. 
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