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Project Code: RSA/01/2645

Project Title:  Standardization of Excito-Repellency escape chamber for mosquito behavior

investigator:  Theeraphap Chareonviriyaphap, Department of Entomology, Facuity of
Agriculture, Kasetsart University Bangkok

E-mail. faasthc@ku.ac.th

Project Period:3 Yrs

The objective of this present study is to complete development of tests for
quantifying behavioral responses of disease vectors to insecticides using the excito-
repellency test system. Seventeen test populations of mosquitoes were used for the
standardization processes. Of these, nine lest populations were Aedes aegypti and eight
were Anophsles mosquitoes. All test populations were exposed to pyrethroids and DDT at
the operational field doses. Factors influencing the excito-repellency test results were
characterized. These included time of the test, temperature, humidity, holding period, age
of mosquitoes, nutritionat status, physiological conditions, insecticide levels, resistant vs.
susceptible test populations, sources of {est paper, field and laboratory test populations and
contact vs. noncontact with insecticides.

Alt test populations of Anopheles showed marked contact irritancy to deltamethrin
compared to paired controls and non-contact repellency trials, in controlled laboratory
colonies and field-caught populations. The degree of repellency was less profound than
irfitancy but, in most cases, produced a significant escape response compared to paired
controls. tn case of Ae. aegypti, both field and laboratory test populations demonstrated
irritancy action, not repellency function as seen in Anopheles mosquitces. [n this study,
very interesting result was found when behavioral responses to insecticides of two species
within An, minimus taxon were compared. Anopheles minimus species A showed
dramatically strong repellency function whereas An minimus G demonstrated the irritancy

actions to pythroids and DDT. This will provide a basic cue of how insecticide

resistance {physiclogical) will occur in the mosquito populations.

In this study, seasonal abundance and blood feeding activity of An. minimus was
also obtained. In addition, other minor factors that may influent test resuits were tested to

compare the behavioral responses of An. minimus. Results are the subject of this report.

Keywords: Irritancy-Repellency Mosquitoes Insecticides Resistance
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INTRODUCTION

One of the principal techniques of vector borne disease abatement has been
through various methods of vector control to reduce transmission risk. For decades,
Insecticides has been used to conlrol vectors of disease. Today, resistance of several
mosquito vectors including Anopheles minimus and Aedes aegypti to DOT and pyrethroids
occurs.  Concomitantly, mosquito populations in some countries have not developed
resistance in spite of regular insecticde of use, especially with vectors of malaria. These
difference responses io insecticides have raised the issue of avoidance behavior
(sometimes referred to as "hehavioral resistance™ having a role in disease prevention and
in the suppression of insecticide resistance, especially in malaria vectors (Roberts and
Andre 1994).

Avoidance of insecticides by malaria vectors has been recorded in the presence
and absence of physiological resistance and the relationships, if any, between resistance
and behavioral avoidance are still unctear. The failure to understand these relationships is
due to a remarkable shortage of systematic and detailed studies on behavioral responses
of vectors to insecticides. The contributions that insecticide resistance vice insecticide-
avoidance contribute to the reemerging malaria problem are unclear.

Excito-repellency tests to study the irritant (contact) effect of insecticides on
mosquitoes have been developed as far back as 1963 (WHO 1970). Investigations have
been conducted on malaria vectors using modified WHO excito-repellency test boxes
{Bondareva et al. 1986; Ree and Loong 1989; Pell et al. 1989). The typical chamber
mimics a house miniturized, having walls, an entrance and an exit window. Unfortunately,
no method for assessment of behavioral responses of mosquitoes have been fully
accepled, indicating the past difficulties of conducting excito-repellency testing, data
analysis and interpretation (Roberts et al. 1984; Evan 1993). Until recently, adequate
methods have not been available for testing non-contact repellency {Roberts et al. 1997).
Chareonviriyaphap et al. (1997}, used an improved experimental escape chamber that was
provided information on both contact irritability and non-contact repeliency for behavioral
response tests on Anopheles afbimanus in laboratory and natural field conditions.
However, this prototype test system was cumbersome, sometimes difficult to use, and
required much time to attach the test papers onto the inner walls, especially under field
conditions, To help alleviate these problems, an improved collapsible, metal excito-

repeliency test chamber was developed as described in Chareonviriyaphap and Aum-Aong,



2000. This test system has already been used in a study of behavicral responses of a An.
minimus laboratory colony to DDT. Using this test system obtained highly reproducible test
resuits (Chareonviriyaphap, et al. 2000).

. As with DDT, synthetic pyrethroids also elicit behavioral responses in insects.
Recently, mosquite control strategies using pyrethroid-impregnated bed nets and
intradomiciliary spraying with pyrethroids has been introduced to many countries including
Thailand. The continuing prospect of wide-scale pyrethroid use should be a major
stimulus for extensive studies on the significance of pyrethroid avoidance in Thailand. The
role of pyrethreid irritability and repellency should be clearty defined for important malaria

vector before large-scale programs are initiated and limited major resources are expanded.

OBJECTIVE

Presently, there are no adequate standardized tests for accurately for quantifying

the behavioral responses of malaria vectors to insecticide sprayed house wails. The
proposed research herein was to quantify vector behavioral responses to insecticides using
excito-repeliency test chambers. The ultimate goal was to complete of tests for
measu;'ement of behavioral responses of malaria vectors to insecticides used in vector
contrel. The improved test systems was evaluated against level of insecticides and types

of behavicral responses as measured both in the laboratory and in the field.

A regime of standardizing test procedures was conducted, as follows:

A.the accuracy of the excito-repellency test system in counting specimens escaping
from test chambers was verified.

B.the relationships between escape frequency and wvariations in number of test
specimens were defined.

C.An ambient temperature, relative humidity, the cycle of dark and light, nutritional
and physiological conditions of test specimens, insecticide tested papers, different level
insecticides, different populations, and length of holding periods before specimens taking off
from the chamber were completely compared.

C.escape frequency between female mosquitoes released into filter paper-lined
chambers and female released into chambers with the screen cylinders was measured
(with prevent contact with the surface of filter paper) and,

D.the relationships of these variables and the relationship between these and

insecticides used in this study were measured.



Study site. Based on preliminary surveillance on pesticide avoidance behavior in
Anopheles minimus, a vector of malaria in Thailand, Ban Pu Teuy, Kanchanaburee
Province was selected for a study site. This site is a perfect location for this proposed study
since all three main malaria are abundance and is useful for comparative field studies, for
collecting specimens for electrophoretic analysis, for testing laboratory-based assays of

excito-repeliency behavior, and for detection of insecticide resistance.

Isozyme. Specimens from field site were obtained by landing collection. We emphasized
landing collection simply because we would like to know exactly which species of An.
minimus (A and C} remains endophilic and endophagic‘. Polyacrylamide gel
electrophoresis will be performed on ODH following the technique of Green et al. 1981.

ODH is used as a diagnostic enzyme to separate a sibling species of An. minimus.

Physioloqgical resistance assay: Populations of Anopheles minimus adults were exposed

for one hour to diagnostic dosages of DDT, deltamethrin and fambdacyhalothrin elc
according to the WHO proiocol (World Health Organization 1981). For each test, five
cylinders (2 for the controls and 3 for the treatments) were used. Control cylinders contain
filter paper impraegnated with solvent; whereas treatments contained paper impregnated with
the diagnostic concentration of Insecticide in solvent. Twenty-five mosquitoes were
introduced into each cylinder for one hour., Mosquitoes were then transferred to holding
containers, and a 10% sucrose solution will be provided. Mortalities were recorded at 24

hours. Each test was replicated 3 times.

Measurement and criteria_ for _assessing resistance  status: Insecticide

resistance/susceptibility was measured using the standard World Health Organization
susceptibility test procedures which were a more or less standardized and precise method
of measuring mainly field materials. In use of discriminating dosages, the test results had
been classified and reconfirmed on the F1 generation as:
A_>90% mortalities: susceptible
50-90% mortalities:intermediate,and

>50%mortlaities: resistant

' Previous work showed both endophilic {endophagic) and exophilic (exophagic) of An. minimus



Excloto-repellency test: A standardizing test procedures was conducted as

follows:

1. verify the accuracy of counts of specimens taking off from test chambers.

. 2. define the relationships and interactions between numbers escaping and
variations in. (@) number of test specimens, (b) temperature, {¢) relative humidity, (d) a
cycle of dark and light period, (e) nutritonal state and physiological condition of test
specimens, (f) mosquito species and {g) lengths of holding period before specimens are
allowed to escape test chambers.

3. compare the escape pafterns of female releases in filter paper-lined chambers
with females released in chambers with the screen cylinders {with prevent contact with the
susface of filter paper).

4, determine the relationships of variables listed in 1,2 and 3 and variable doses of
insecticides used in malaria controt program.

5. In collaboration with the Department of Biostatistic, Facuity of Liberal Arts and
Science, the preliminary data to evaluate various statistical treatments for the bioassay data
was used.

Only An. minimus fernales was used in 'excito-repellency tests. Each test was
replicated at least 4 times, To fulfill the goals of this research, test was performed to
compare Insecticides used in malaria control program, different concenteations of
insecticides, insecticide resistant versus insecticide susceptible populations, colony versus
field-caught populations, insecticide contact versus non-contact, and short term (30
minutes) versus long term({four hours) exposure etc.

Observations on mortality of test populations were made immediately after each test
was compared, i.e., the number of dead specimens inside the exposure chamber was
recorded. Additionally, test specimens coliected from the exposure chamber were held
separately for observations on 24 hour mortalities.

We used the iffe table method, a survival analysis approach, to estimate mosquito
escape rates {or rate of mosquitoes staying in the chambers} and then compare differences
in mosquito escape among populations, insecticides and concentrations (doses) of
insecticides). With this method, we estimated the mosquito escape rate one-minute
intervals. We treated mosquitoes that escaped as “deaths” and those remaining in the
exposure chamber as “survivals”. The time in minutes for 50% and 90% of the test
popuiation to escape was estimated with the life table method and these estimates were

used as the “escape time” summary statistics (ET50 and ETS0).



MATERIALS
AN EXCITO REPELLENCY ESCAPE CHAMBER SYSTEM (ERECS}

Four ERECS were used for a complete development of tests for quantifying

behavioral responses of malaria vectors to insecticides. Standardized method was
included as described in Method and Experimental Design Section. Today, there are no
adequate standardized tests for quantifying the behavioral responses of malaria vectors to
insecticide sprayed house walls. Another component of the proposed research was to
continue developing and evaluating tests for quantifying vector responses to insecticides,
The test systems were evaluated against level and types of behavioral responses
measured both in the laboratory and in the field. This ERECS system was developed by Pl
using the Thailand Research Fund (TRF} grant (PDF 67/2540).

MOSQIUHTO POPULATIONS

1.Field populations: Anopheles minimus was chosen as the test species as it is one
of the most important malaria vector in Thailand. Based on our previous work, in addition,
An. minimus, is endophagous, and anthrophilic, and thus is likely to come into contact with
DDT and pythrethroids used in bed net impregnation and intradc-:micillary spraying.
Anopheles minimus populations will be obtained from landing collection near a slow running
stream of Ban PuTuey, Ta Soa County, Ti Yok Nai District, Kanchanaburee Province,
western Thailand, and Chumpom Province, south of Thailand. Anopeles minimus
populatiom from Mea Sof was also tested as a compared field species.

2.Laboratory colony: This colony has been maintained in the laboratory since 1994,
It was originally collected from human landing cellection in Prae Province, north of Thailand
in 1994, Subsequently, it has been maintained in the laboratory-controlled condition at the
Malaria Division, Department of Communicable Disease Control (CDC), Ministry of Public
Health, Nontaburee Thailand. The colony was received from the Malaria Division {CDC)
and is currently maintained in an insectary at the Department of Entomology, Faculty of
Agriculture, Kasetsart University, Bangkok, Thailand,

3. Aedes aegypti field and laboratory populations. Aedes aegypti populations were
used for standardization processes. Six field populations, three from Thailand and three

from Indonesia, and 3 laboratories were used for these analysis.
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INSECTICIDES

1.DDT (Dichioro-diphenyl-trichioroethane) (99% purity), This chemical will be obtained
through World Health Organization (WHO), Penang Malaysia,

2.Deltamethrin - [(S}a  cyano-3-phenoxybenzyl  (IR)-cis-trans-3-(2,2-dibromovinyl)-2,2-
dimethyl-cyclopropane carboxylate].  This chemical will be obtained from AgrEvo
Environmental Health (UK),

3.Lambdacyhatlothrin:(+}-cyano-3-phenoxybenzyl(+)cis-trans-3(2,2-dichlorovinyl)-2 2~
dimethyleyclopropanecarboxylate. This chemical will also be obtained from Agr Evo
Environmental Health (UK), and

4. some other pyrethroids (depending upcn availability)

WORLD HEALTH ORGANIZATION TEST KITS
The World Health Organization Susceptibility Test Assay will be purchased from WHO,

Geneva, Switzerland. in order to fulfill the goal, 4 sets of kits will be ordered thru Vector

Biology Research Unit, Sains University, Penang, Malaysia.

1M



RESULTS (see attached manuscripts)

1. Factors tested (ﬁgﬂuﬂnmuﬁ%ﬁ'ﬂg}ﬂua:x‘é‘ﬂmﬁmﬁmlu manuscripts ﬁLLuum)
*1. Temperature
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Laboratory populations
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4. Holding period
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5. Chemicals
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6. Nutritional condition
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. Age composition
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10. Level of Insecticide
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2. Percent mortalities (indicating of resistance) to 3 compounds in field mosquito

populations according WHO protocol {1992)

Populations DDT Deltamethrin Lambdacyhalothri—n_‘
An. minimus A 0 0 0
LTak

An. minimus C 0 0 0
Kanchanaburi

An. minimus A 0 0 0
Petchaboon

An. dirus 0 0 0
Kanchanaburi

An. maculatus 0 0 0
Kanchanaburi

An. swadiwongporni 0 0 0
Kanchanaburi

Ae. aegypti 6 77 67
@kok

Ae. aegypti 7 64 60
Pathomtani

Ae. aegypti 12 68 54
Nontaburi

Ae. aegypti 7 65 76
Kanchanaburi
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3. Excito repeliency test  (see aftached manuscripts for more details)
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Discussion (see attached manuscripts)
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ABSTRACT

Although several evidences support the existence of behavioral responses of
insecticides by malaria vectors worldwide, no standardized test methed has yet been
available. This study attempts to standardize the test system using an improved excito-
repellency test chamber, as described by Chareonviriyapbap (1999). by defining the
relationships between number of escaping and various variables using laboratory colony

of Anopheles minimus mosquitoes. Those variables include biological conditons of

mosquitoes i.e. nutritional and physiologicai states of mosquitoes, and environmenial
factors such as times of test, temperature and humidity against 3 compounds. Results
indicated that variables tested influents the test results differently as described herein,
There was statistically significant in escaping when times of test were compared
(P<0.05). Test performed in the morning is recommended due 1o a consistency of tesl
results. Responses to insecticides by young mosquitoes are higher than the old ones.
However, there was no statistically different in escape pattern between young and old
female mosquitoes. © No statictical significance was found in escape patlern under
various temperature and humidity tested from all 3 compounds (P>0.05). Qbvious
responses 10 DT and 2 synthetic pyrethroids by mosquitoes were observed when unfed
mosquitoes were compared to the others, sugar fed, early blood fed, late blood fed and
gravid (P<0.05). We conclude that both biological conditions of mosquitoes and
environmental factors effect the test results. Therefore, careful and intentional monitoring

should be aware. Datails are included herein.



INTRODUCTON

Although behavioral responses of insecticides by malaria vector remains enigma
for years, several reports firmly supported the existence of behavioral responses in
malaria vectors (Spark et al. 1989). In the past, behavioral responses have been
normally overlooked in national malaria control programs, with focusing exclusively on
biochemical {toxicological) responses to insecticides. Today, the development of
inseclicide resistance in insect pests and disease vectors occurs in some countries, but
it has been very limited in many areas in spite of an extensive use of chemicals 10 control
insect pests and disease vectors {Roberls and Andre, 1984, Chareonvirivaphap et al.
1997). This phenomena suggests that behavioral avoidance could be a cnincal espect in
effective reduction of human-vector contact than toxicology (Reberts et al. pers commy.

Assays for evaluating behavioral responses of insecticides by ms.zria vectors
have been progressively reviewed {Roberts et al. 1997 and Rutledge et al. ~299). Mosl
tests in the past were done using modified WHO excito-repellency test box (Bondareva
et al, 1986, Ree & Loong, 1889, Pell gt al., 1989, Quinones & Suarez, 1989 and Rubedge
et al.,, 1999} and do not discriminate petween contact and noncontact conditions.  All
tests rely exclusively on the concept of the responses of malaria vectors o insecticides
only after physical contact with the chemical insecticides and this concept is prejudicial
and unrealistic {Robers et al. 1997). Furthermore, a qualified and accepted method for
behavioral responses by malaria vectors has never been available.

Method of excito-repellency study including testing, analyzing and interpreting
was not totally accepted {Roberts et al. 1984, Evan 1993 and Chareonvisiyaphap et al.
1997), compounding difficulty of analyzing and interpreting test daia. Recently, Roberts
et al. (1997) proposed a valuable test system to discriminate between contact irritancy
and noncantact repeliency and used a sutrvival analysis approach t¢ estimate mosQquita
escape rate from chamber. The test system was used by Chareonvinyaphap et al
(1997) and, subsequently by Bangs et al. (submitted). Unfortunately, this test system
was cumberseme, and required much time to attach the test papers, esgeciaily in the
field condition. Chafeonviriyaphap et al. (1999) developed an improved coliapsible,

metal excito-repellency test chamber for behavioral tests on mosquitoes.  But, little is



known about standardizing the test chamber system against various parameters thal
might influent the test results.

The objective of this study is’ to standardize the test system for quantifying the
behavioral responses of malaria vectors to insecticides. This is conducted by defining
the series of the relationships between numbers escaping from test chamber and
variations in some different environmental factors such as temperature, humidity and
physiological and nutritional states of mosquitoes against those vanatles under

laboratory-controlled conditions. The results are the subject of this report.



MATERIALS AND METHODS
Anopheles minimys test populations:

Mosquito colony. This colony-has been maintained in the labolatory for at least 5
years. It was originally collected from human biting collection in Prae Province, north of
Thailand in 1993. Subsequently, it was maintained in laboratory-controlled conditions at
the Malaria Division, Department of Communicable Disease Control (CDC). Ministry of
Public Health, Nontaburi 11000 THAILAND. The colony was received from CDC and was
raised in the insectary at the Division of Biology, Faculty of Liberal Ars znd Science,
Kasetsart University, Kamphaengsean Campus, Nakhon Pathom 73140 Thaiand in 1998.

This colony was completely susceptible to DOT, delatmethrin and lambda-

cyhalothrin.

Mosguilo readng;

Anopheles minimus  colony was reared following the method of

Chareonviriyaphap et al. (1997), with only minor modification. Al life stages were
maintained under the insectary controlled condition (25150(: and 80=1Q3% relative
humidity) at the Faculty of Liberal Aris and Science, Kasetsart University,
Kamphaengsean Campus, Nakhon Pathom 73140 Thailand. Adulls were provided
cotten pads soaked with 10% sugar solution from the day of emergence and adults were
maintained in the 12x12x12-in. screened cage. Female mosquitogs were permitted to
have a human btlood meal on the fourth day post-emergence. Two days post blood

feeding, oviposition dishes were placed in the cage with the gravid females.

Inseclicide papers.

Test papers (27.5x35.5 cm’) were impregnated, based on WHQO diagnostic
doses, with 0.025%deltametrin and 0.1%lambda-cyhaicthrin. In the case of DDT, field
rate at 2 gfm2DDT was used. DDT and deltamethrin impregnated papers were
supported by Division of Tropical Public Health, Department of Preventive Medicine and
Biometrics, Uniformed Services University of the Health Sciences, Bethesda, Maryland
and those received were prepared according to World Health Organization (WHO)

specification.  0.1%Lambda-cyhalothrin papers were purchased from WHO. Vector



Contral Unit, Penang, Malaysia. All papers were treated at the rate of 2.75 ml of the

insecticide solution per 180 cm’.

Test Parameters

1. Physiological age : 3-5 days-old female mosquitoes vs. 7-10 days-old female

mosaguitoes
2. Times of test - {0500-0730, 0830-1100, 1300-1630 and 1800-2030)
3. Insecticides 2 gfszDT. 0.1%deltamethnin, 6.05%lambda-cyhalothrin

4. Nuititional stages  :Unfed, sugar fed, early blood fed, late blood fed and gravid

5. Temperature - 20-24°C, 25-29°C and 30-36°C

=

Humidity : 40-60%, 61-80%, and >80%

Behavioral tests:

The test system used in this sludy was collapsible as described by
Chareonviriyaphap and Ratanstham, (1999). A fuli test required 4 chambers, a pair of
treatment chamber and a pair of control chamber, Tests were performed as descnbed in

the recent publication of Chareonviriyaphap et al. (1997) with some modifications.

Data analysis

Survival analysis method was used for excito-repellency data as a method of
choice (Chareonviriyaphap et al. 1997). With this method, we can minimize the loss of
useful information and are able to estimate the mosquito escape rate at 1-min interval.
The log-rank method was used to compare pattem of escape behavior (Mantél and
Haenzel 1959). The methods of analyzing excito-repellency data has been recently

described by Roberts et al. (1997).



RESULTS

The excito-repellency test system was standardized by defining the series of the
relationships bétween numbers escaping from test chamber and variations in an ambient
temperature, retative humidity and nutritional and physiclogical states of mosquitoes
under laboratory controlled-condition against 3 currently used insecticides in national
malaria control program in Thaitand, namely DDT, deltamethrin and lambda-cyhalothrin
(Tables 1-6 and Figures 1-8).

This finding indicated that escape patterns of Anopheles minimus from the

contact trial to all 3 chemical insecticides was considerably higher than those from the
cantrol and noncontact, regardtess of physiclogical and nutriticnal conditions of the test
populations. Significant differences in escape pattems were found, in all cases, when
noncontact trial was compared o the controls. We also found that high numier of gravig
females escaped from the control chambers for all 3 compounds. In addition, higher
number of mosquitoes took off from the controls when the test was performed in the late
evening. There is no statistically significant in extremes temperature and humidity. Low
mortality of escape mosguitoes was observed, in all cases, as indicated in Tables 1-6. In
brief, nutritional conditions of mosquitoes and some environmental factors, to a cerain
extent, affect mosquite responses to insecticides tested.

Table 1 showed mortalities of 2 test populations, 3-5 days-old and 7-10 days-old
test populations, after a 24-h holding period from contact and noncontact triais. In
contact trial, percent mortality of escape and nonescape specimens from 2 test
populations was very fow {<10%) from all 3 compounds. High percent mortality was
found in neonescape specimens of 7-10 days-old est specimens when tested against
lambdacyhalothrin {100%) and deitamethrin (55%). Deltamethrin (>90%) produced more
number of escaping from 2 test populations, followed by Lambdacyhalothrin (>80%) and
DOT (72%). in contrast, low number of specimens escaped from the controls for alt 3
compounds. In nongontact trial, percent mortality of escape and nonescape of 2 lest
populations was also low {<9% for the escape and <3% for nonescape) (Table 1).
Higher number of take ;aff mosquitoes was observed in the chamber treated with lambda-
cyhalothrin {45% for 7-10 days-old mosquitoes and 26% for 3-5 days-old mosquitoes),

followed by deltamethrin (39% for 7-10 days-old mosquitoes and 24% for 3-56 days-old



mosquitoes) and DDT (21% for 7-10 days-old mosquitoes and 23% for 3-5 days-oid
mosquitoes. Low percent mortalities were found in all the control trials of 2 test
populations.

Mortalities of unfed females, at 4 different times of test, after a 24-h holding
period from contact and noncontact trials are given in Table 2. Again, with all 3
compounds, low percent mortalities {<10%) of escape and nonescape mosquitoes from
contact, noncontact and 2 controls were observed, except nonescape specimens from
contact trial with deltamethrin {100%) of population tested in the afternoon {1300-1530)
and lambdacyhalothrin (46.7%) of population tested in the morning (3800-1130).
Lambda-cyhalothrin and deltamethrin produce higher number of escaping than DOT
does in all cases. Perfect escape (100%) from the chamber was observed in contact trial
with lambdacyhalothrin in the alternocon test (1300-1530 pm). Interestingly, in contact
trial, higher escape specimens were oberved in the control in the mormng test, 0800-
1130 am, compared with those in the afiernoon, 1300-1530, of all 3 compounds. Due o
shortage of mosquite sgecimens, no test was performed during 0500-0730 am and 1800-
2000 pm.

Mortalities of unfed females, performed at different temperature, afler a 24-h
holding period from contact and noncontact trials are given in Table 3. Overall mortalities
were very low as seen in contact, noncontact and control of escape and nonescape
mosquitoes. in contact trial, Jlambdacyhalothrin produced higher escape specimens
almost 100% when temperature is between 25-36 °C. However, mortalities after 24-h
holding period were higher in the tests conducted at higher temperature. In contact trial,
higher number of mosqguitoes takes off, in all cases, in the chambers treated with
deltamethrin and lamodacyhalothrin than those with DDT.

Mortalities of unfed females, performed at different humidity, after a 24-h holding
period from contact and noncontact trials are given in Table 4. In contact trial, low
mortality was seen in contact, nencontact and 2 conirols of escape and nonescape
mosquitoes. However, mortalittes after 24-h post-treatment were higher in the tests
conducted at extremely low humidity. Number of escape mosquitoes is more hkely {o be
related to percent humidity for alt 3 compounds. In the case of DDT, 684%, 87% and 75%

escaped from the chamber tested at 40-60%, 61-80% and >80%, respectively. For



Lambdacyhatothrin, 100% of mosquitoes escaped from the chamber when tested at
80% relative humidity. In noncontact trial, percent mortalities from escape, nonescape
and control tnals were also low as indicated in Table 4. Higher mortalities of escaped
and nonescaped mosquitoes were observed in the teéts conducted at lower percent
humidity.

Tables 6 and 7 disclosed the escape pattern in different nutritional states of
female An. minimus in contact and noncentact trials.  In contact irial with DOT, low
percent mortality was observed in escape and nonescape specimens. With deltamethrin
in contact trial, percent maortality of nonescape unfed and late blood fed were 33.6 and
18.2%. With lambda-cyhalothrin, comparatively high percent mortality was found in
unfed (87.5%), sugarfed (25.8%). early biocod fed (90%). late blood fed {48.3%) and
gravid (61.5%) of nonescape maosquito tested. In noncontact trial with all 3 compounas,
percent mortality was very low in escape and nonescape mosquitoes at different
nutritional stales.

Multiple comparisons of escape patierns of each variable tested n contact,
noncontact and control trials against 3 compounds are given in Tables 7 and 8. The
patterns of escape responses were tested with the log rank method and  significance
was determined by the 0.05 level of probability. In contact trial with DDT, deltamethrin
and lambdacyhalothin, significant differences in escape patterns were found 1) when
unfed combared to the other nutritional status 2) when test population conducted at
1800-2030 pm was compared with the other test times (P>0.05). In noncontact trial with
DDT,deltamethrin and lambdacyhaiothrin, mark differences in escape patierns were
found when unfed was compared with the other nutritional sates and 2) when test
population conducted at 1800-2030 pm was compared with the others (P>0.05).

Figures 1-8 demonstrate the proportions of mosguitoes remaining in the exposure
chambers under different physiological and nutritional states of mosquitces including
environmental factors such as temperature, humidity and times of test. These
proportions are used to develop patterns of escape rates and are indicalive of escape
probabilities betweaen colntact and noncontact (Fig 1), contact and control (Figs 2-7), and

noncontact and control trials (Fig 8) with laboratory colonized An. minimus population.



There were significant differences in escape patterns for all 3 compounds when
contact trials were compared with control and noncontact trials (P<0.05). In contact trial,
escape rate was higher in lambdacyhalothrin compared with BDT and deltamethrin {not
ilustrated) as seen in Figure 1(P<0.08). With all 3 compecunds, escape rates of younger
test populations in contact and noncontact trials was higher than those from the olczar iest
populations as shown in Figure 2 (deltamethrin was not illustrated} (P<0.05). No
significant differences were found in escape patterns when young and old popuations
were compared {P>0.05). Rapid escape responses in contact and noncontac: (not
iliusirated) trials were observed with those conductied in the afternoon (1300-1532% and
morning (0800-1130) tests compared with early morning (0500-0730) and late evening
(1800-2030) (Figure 3). Significant differences were seen when the afternoon test ; 1300-
1500) was compared to the others. Higher number of female mosquitces escaced from
the conirol chambers, of ali cases, when lesis were periormed in the late evaming.
especially 0700 pm. More escape responses in contact trial were observed 1 ‘emale
mosquitoes tested at higher temperalure compared with the lower temperature {Figure
4). With deltamethrin, similar escape patterns in temperature differences were seen (not
ilustrated}, However, no significant differences were found in all 3 compounds
(P<Q05). The patterns of escaping females from contact and control trials under
different humidity were simitar to those of temperature (Figure 5). Dramatic escape
responses of female mosqu'itoes‘in contact trials were observed in gravid females
compared with the other nutritional states for lampdacyhaiothrin (Figure 8). Similar
escape patterns were seen in both DDT and deltamethrin {not Hlustrated). Responses of
sugar-fed female mosquitoes in both contact and noncontact trials for 3 compunds were
comparatively tow.  Significant contact irrtancy was seen when gravid females were
compared 1o all the other nutritional states for all 3 compounds (P<0.05). Significance in
the escape patterns of female mosquitces to DDT, deltamethrin and lambdacyhaicinrin in

noncontact trials was observed when compared to the controls (P<0.05) (Figure 7+,



CISCUSSION

ON THE PROCESS
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TABLES and FIGURES

Table 1. Mortalities of unfed Anopheles minimus females after a 24-h holding per.c
following exposures in contact and control trials of excito-repellency tests.

Table 2. Mortalities of 3-5 unfed Anophetes minimus females at different test times afa- 3
24-h holding period following exposures in contact and noncontact triaiz of
excilo-repellency tests.

Table 3. Mortalities of 3-5 days-old unfed Anopheles minimus females tested at differznt

temperature after a 24-h holding perlod following exposures in contact ard

noncontact trials of excito-repellency tests.

Table 4. Mortalities of 3- days-old unfed Anopheles minimus females tested at differant
humidity after a 24-h holding pericd following exposures in contact 2+d
noncontact trials of excito-repellency tests.

Table 5. Mortalities of unfed, sugar fed, early blood fed, late blood fed and ¢ravid

Anopheles minimus females after a 24-h holding peried following exposuras in

contact trials of excito-repellency tests.

Table 6. Mortalities of unfed, sugar fed, early blood fed, late blocd fed and gravid
Anopheles minimus females after a 24-h holding period following exposures in
noncontact trials of excito-repellency tests.

Table 7. Comparison of escape patterns (in excito-repeliency test) of different nutribonal
stages, ages, times of test, temperatures and humigity by insecticides for
laboratory Anopheles minimys colony in contact trials

Table 8. Comparison of escape patterns (in excito-repellency test) of different nutritional
stages, ages, times of test, temperatures and humidity by insecticides for
laboratory Anophetes minimus coleny in noncontact trials

Figure 1. Proportions of 3-5 days-old unfed female Angpheles minimus in exposure

chambers in contact and neoncontact trnals with 2 g.’m2 DDT and
0.1%lambdacyhalothdin

Figure 2. Proportions of 3-5 days-old  (Y) and 7-10 days-old (O} unfed female Anopheles
minimus in exposure chambers in contact and control trials with 2 g!rn2 DDT

and 0.1%lambdacyhalothrin



Figure 3. Proporiions of 3-5 days-old unfed female Angphetes minimus in exposure
chambers in contact and control trials with 2 g;’m2 DDT  and
0.1%lambdacyhalcthrin ftests were performed at 0500-0730 (E), 0800-
1130 (D}, 1300-1530 (P) and 1800-2030 (A)}

Figure 4. Proportions of 3-5 days-old unfed female Anopheles minimus in exposure

chambers in contact and control  trials  with 2 gfnn2 DDT  and
0.1%lambdacyhalothrin at differrent temperature [{tests were performed at 20-
24°C (L), 25-29°C (M) and 30-36°C(H)]

Figure 5. Proportions of 3-5 days-old unfed female Anopheles mimmus in exposure
chambers in  contact and control trials  with 2 g;fm2 DT and
0.1%iambdacyhalothrin at different humidity [(lests were performed at 40-
60%({L), 61-80% (M) and >80%(H)]

Figure 6. Proportions of unfed, sugar fed (SF), early blood fed (EBD), laie blooc ‘ed

(LBD) and gravid (G) female Angpheles minimus in exposure chambers in

contact and control trials with 0.1%lambdacyhalothrin

Figure 7. Proportions of 3-5 days-old unfed female Anopheles minimus in exposure

chambers in  noncontact and control  trials  with 2 gfm2 DODT,

0.025%deltamenthrin and 0.1%lambdacyhatothrin
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RESULTS (tWan@)
TABLE 1

laseclicides 3-5 Days-old mosquitoes 7-10 Days-old mosquitoes
Number %ionality Number YeMoriality
Tested Escaped Escaped Notescaped Tested Escaped Escaped Notescaped
CONTACT
oBT 100 i2 55 71 100 72 4.2 72
DoT-C 100 16 Q 1.2 100 5 o] 2
Del 100 20 0 10 100G 96 2 100
Del-C 10G 6 a 1.06 100 14 0 0
Lam 100 86 8.3 7.1 100 80 1.2 55
Lam-C 100 24 4.1 0 100 g 0 G
NONCONTACT
ooY 100 23 0 25 300 21 4.7 z
ooT1-C 100 12 o Q 100 10 0 H
Del 100 24 4.1 0 100 33 26 22
DelC 100 6 0 1.4 100 13 0 0
Lam 100 26 0 2.7 100 45 22 J
Lam-C 100 12 a3 0 100 13 0 0

DOT: 2 g/m’DOT,

Del: 0.025% Dellamethrin
Lam: 0.1% Lambdacyhalothrin
C. Conlrol



TABLE 2

Tral Tesi-time inseclicides

Number %Mortality
Tesled Escaped Escaped Not 2scape
CONTACT

0500-0730 oot 100 - -
DO7-C 100 - -
Del 25 22 0 25
Del-C 25 7 0
Lam 100 - -
Lam-C 100 -

0800-1130 DOT 100 71 56 A
DDY-C 100 22 3} L
Del 100 90 y) 20
Det-C i00 5 0 R
tam 100 85 9.4 ag 7
Lam-C 100 23 43 Y

1300-1530 ooT 100 78 51 43
DoT-C 100 10 0 -
Del 100 98 1 %
Dal-C 100 7 J N
Lam 100 100 0 o
Lam-C 100 19 0 ™

1800-2030 oDT 50 46 a :
ooT-C 50 4 0 o
Del 50 48 0 O
Del-C 50 7 ¢ 0
Lam 100 - -
Lam-C 100 - -

NOMNCONTACT

05000730 oDT 100 - -
bDT-C 100
De! 25 13 0 o
Del-C 25 1 0 Q
Lam 100
Lam-C 100 - -

(800-1130 ooT 100 20 5 12
LoT-C 160 15 0 o]
Del 100 23 0 0
Dal-C 100 4 0 0
tam 100 18 0 0
Larn-C 100 4 o O

13001530 oDT 100 ks 0 13
DOT-C 00 14 0 a
Del 100 14 8] d
Del-C 100 & 0 0
Lam 100 27 0 C
Lam-C 100 10 0 J

1800-2030 Dot 50 16 Q G
onT-C 50 13 0 0.2z
DCat 50 14 4 U
Oel-C 50 7 o] 0
Lam 100 - - -
Lam-C 100 - -

|

DDT: 2 g/m'DDY, Det0.026% Dehamethrin, Lam 0.1% Lambdogcyhalothrin, C: Conlrot , {- non applicable



" TABLE 3

Trial Temperature Insecticides Number YeMonrtality
Tested Escaped Escaped No!2scaprs
CONTACT
20-24°C DOT 100 74 2.7 I3
0DT-C 100 7 C i
Del 100 92 a3 3
Del-C 100 6 o :
Lam 100 90 5.5 N
Lam-C 100 14 70 <3
26.29°C 00T 100 8a 5.9 i
oDT-C 100 15 0 :
Cel 100 97 0 333
Del-C 100 9 0 :
Lam 100 99 9.1 y
Lam-C 100 17 58 N
30-38°C DoT 100 87 5.7 B
oDT-C 100 5 0
Del 100 80 0 N
Del-C 100 10 0
Lam 100 32 0
Lam-C 100 18 0
NONCONTACT
20-24°C DOT 100 16 6.2 a
: DDT-C 100 5 0 2
Del 100 15 6.6 0
Del-C 100 6 16.1 12
Lam 100 34 12.8 28.7
Lam-C 100 20 0 0
25-29°C DDT 100 21 47 12
DDT-C 700 11 0 J
Dal 100 28 0 0
Dal-C 100 5 2 0
Lam 100 30 0 0
Lam-C 100 8 0 1
30-38°C oDT 100 38 0 32
DDT-C 100 6 0 J
Del 100 27 37 0
Del-C 100 13 0 0
Lam 100 27 0 0
Lam-C 100 3 0 G

DDT: 2 g.fm’DDT, Del . 0.025% Dellarnelhrin. Lam : 0.1% Lambdacyhalothnn, C : Conirol



"TABLE 4

Trial Humidity Inseclicides Number YeMontalizy
Tested Escaped Escaped Natescape
CONTACT
40-60% DDT 100 64 12.5 RER:|
DDT-C 100 12 83 g
Del 160 84 59 G2
Qel-C 100 1 9.1 11
Lam 100 97 0 3
Lam-C 100 10 0 2
61-80% 00T 1G0 a7 5.7 e
DDT-C 100 12 0 |
Del 100 92 0 ¢
Del-C 100 11 0 112
Lam 100 ar 0 33
Lam-C 100 22 4.5 o]
>80% DoT 160 75 53 g
DOY-C 100 18 55 2
Del 100 83 0.82 B
Del-C 100 18 0
Lam 100 100 0 <
Lam-C 100 14 0 2
NONCONTACT
40-60%  0OT 160 14 0 3
DOYT-C 100 11 9.9 0
Del 100 17 5.8 J
Det-C 100 8 o 0
Lam 100 16 6.2 [
tam-C 100 7 0 2.1
61-80% DDT 100 21 4.7 1.2
00T-C 100 14 ¢ 0
Del 100 32 0 o
Del-C 100 6 0 0
Lamn 100 32 0 0
Lam-C 100 10 0 0
>80% oDT 100 24 0 26
DOT-C 100 4 0 0
Del 100 27 37 0
Del-C 100 14 0 0
Lam 100 30 0 0
Lam-C 100 24 0 0

CoT: 2 g!mJDDT, Del : 0.025% Dalamethrin, Lam : 0.1% Lambdacyhalothnn, C : Conirol



- TABLE 5

Chemicals Mosquitoes Number Y%Mortality
Tested Escaped Escaped Not escaped
DOT Unfed 100 71 4.2 (371) 5.8(2/29)
ODT-C Unfed 100 16 0(0/16} 1.2(1/84)
DOT Sugar fed 100 55 0i0155) 41245
0OoT-C Sugar fed 100 7 O(Oi7) 02 93)
oRT Early blood fed 100 54 (154 6 &{3:45°
DDT-C EarlyDlood led 100 t1 0(0/11) 01'89)
onT Late blood fed 100 65 1.5(1/€5) 5.712/35)
DOT-C Late blood fed 100 a 0(0/4) 0(0.96)
oDT Gravid 50 3 22(7:31) 0
ODT-C Gravid 50 20 153 20) 0
Del Unfed 100 94 4.2(2/94) 33 36
Del-C Unied 100 8 0{0/8) 130192}
Del Sugar fed 100 &7 1 5(1/67) 01 2033)
Dei-C Sugar led 100 0 (o)) 0(01100)
Del Early bload fed 100 75 5.3(4/75} 8(2/25)
Del-C Early blood feq 100 7 14.201/7) 1(1/93)
Del Late blood feg 100 78 2.6(2/78) 18.2(4/22)
Dei-C Lale blood fed 100 5 0(0r5} 1.1(1/95)
Del Gravid 50 43 16.2(7143) 0
Del-C Gravid 50 19 21(4/19) 10{2/19)
Lam Unfed 100 92 7.8(7/92) 87 5(7/8)
Lam-C Unfed 100 20 5{1/20) 0(0/80}
Lam Sugar led 100 85 4.6{3/85} 25.8(%/35)
Lam-C Sugar fed 1G0 10 0{0N1G) 1.1(1/90)
Lam Early blood fed 100 80 11.3{5/80) 200187200
Lam-C Early blood fed 100 12 0(0112) 4.5(4/88)
Lam tate blood fed 100 69 18.8(13/69) 48.3(15/31)
Lam-C Late blood fed 100 B 18.7{1/6}) 6.4(6/94)
Lam Gravig 100 87 6.8(6/87) 61.5(8/13}
Lam-C Gravid 100 37 0(0/37) 3.1(2/63)

DOT: 2 g/m"DOT, Del:0.025% Deltamethnn, Lam:0.1% Lambdacyhalothrin, C: Control



TABLE 6

Chemical Mosquitoes Number Y%Mortality

Tested Escaped Escaped Not escaped
ooT Unfed 100 24 0{0r24) 2 6{2/76)
Lot-c | Unfed 100 15 6.6(1/15) 1.2(1/85)
DDT Sugar feg 100 8 o(os8) 1.1(1/92)
00T-C Sugar fed 100 6 O{ove) (0738 )]
por Early blood feg 100 21 9.6(2/21) O{0r7g)
DDI-C Early blood fed 100 12 0(0/12) 0(0/88)
obT Lale blood fed 100 18 0{0/18) 0(0:82)
DDT-C Lale blood fed 100 5 0(0/5) 0(0/95)
Dot Gravid 50 32 25(8/32) 16.6{3/18)
DOT-C Gravid 50 22 4.5{1/22) 14.2{4/25"
Del Unfed 100 20 5{1/20) 13018010
Del-C Unfed 100 6 oo/6) 11190
Del Sugar fed 100 7 Q07} 0(0an
Cel-C Sugar led 100 5 0(0/5) 0(vos5)
Del Early blood fed 100 1 18.2(2/11) 1.1(1/88)
Del-C Early blood fed 100 3 Oo{0/s) 2.1¢2/95)
Del Late blood fed 100 15 0{0/15) 1.2{1/85)
Del-C Late plood fed 100 3 0(0/3) 2.1{2/97)
Del Gravid 50 19 25(2/8) 0
Det-C Gravid 50 25 16{4/25) 0
Lam Unfed 100 24 4.2(1/24) 0{0/78)
Lam Unfed 100 8 (VL)) 1.{1492)
Lam Sugar fed 100 1 o0/1) 1{1/99)
Lam-C Sugar fed 160 i o0/1) 4{4/99)
Lam Early blood fed 100 22 4.5(1/22) 130178
Lam-C Early blood fed 100 11 10111} 4.5(4/89)
Lam Late blood fed 100 15 13.3(211%) 3.5(3/85)
Lam-C iLate bleod fed 100 4 0{0/4) 2.1(2/84)
Lam Gravid 100 66 {0/66) 5.8(2/34)
Lam-C Gravid 100 26 0{0/26) 1.3(174)

DOT:2 g/m’DOT, Del:0.025% Deltamelnrin, Lam'0.1% Lambdacyhalothrin, G: Control



" TABLE 7

Inseclicide Nutritional stage  Times of test Ternperature Humidity Age
2 g/m'DOT UF vs. SF* Evs. D Lvs. M* Tvs. 2 Yvs. 0
UF vs, EBF* Evs. P Lvs. H* 1vs. 3
N UF vs. LBF* Evs. A Mvs. H 2vs 3
UF vs. G* Pvs A
SF vs. EBF Ovs. P
SFwvs. LBF Dvs. A"
SFvs. &
EBF vs. LBF
EBFvs. G
LBFvs. G
0.025%Dehameinnn UF vs. S F* Evs. D Lvs. M* 1vs, 2 Y vs, O
UF vs. EBF" Evs P Lvs. H* Tvs. 3
UF vs. LBF® Evs A Mvs H 2vs 3
UF vs. G* Pvs A®
SF vs. EBF Dvs P
SF vs. LBF Dvs. A"
SFvs. G
EBF vs. LBF
EBFvs. &
LB8F vs. G
0.1Lambdacyhalothrin
UF vs. SF* Evs.D Lvs. M* 1vs. 2 ¥vs O
UF vs. EBF* Evs. P Lvs H* Tvs. 3
UF vs. LBF* Evs. A* Mwvs. H 2vs5. 3
UF vs. & Pvs. A
SF vs. EBF Dvs. P
SF vs. LBF Dvs. A
SFvs. G
EBF vs. LBE
EBFvs. G
LBFvs. G

UF: UNFED, 5F: SUGAR FED, EBF: EARLY BLOOD FED, LBF: LATE BLOOD FED, G: GRAVID

£: 0500-0730AM, D: 0800-1 130AM:P: 1300-1530PM.A: 1800-2030PM L: 20-24°C H: 25-29°C M. 30-36°C
1:40-60%, 2:61-80%, 3: >80% ¥: 3-5 DAYS-OLD, O: 7-10 DAYS-OLD

The * identifies results of log-rank tests with statistically significant (0.05 level of probabilty) differences in patterns of

-escape behavior Detween biological and environmental factors.



" TABLE 8

Insecticide Nulritional stage  Times of test Temperalure Humidity Age
2 g/m'DOT UF vs. SF Evs. D Lvs. M* 1vs. 2 Yvs. O
UF vs. EBF Evs. P Lvs. H" 1vs. 3
) UF vs. LBF Evs. A* Mvs. H 2vs. 3
UFvs. G Pvs At
SF vs, EBF Dvs. P
SF vs. LBF Dwvs A
SFvs. G
EBF vs. LBF
EBFvs. G
LBFvs. G
0.025%0Deltamethrin UF vs, § £° Evs. D Lwvs. M* 1vs. 2 Yvs O
UF vs. EBF" Evs P Lvs. H* Tvs. 3
UF vs. LBF Evs A" Mwvs. H 2vs.3
UF vs. G* P v, A
SF vs, EBF Dvs. P
SFvs. LBF Dvs A
SFvs. G
EBF vs. LBF
EB8Fvs. G
LBFvs. G
0.1Lambdacyhalothrin
UF vs. SF* Evs. D Lvs. M* 1vs. 2 Yvs. 0
UF vs, EBF* Evs. P Lvs. H* 1vs. 3
UF vs. LBF* Evs A* Mvs. H 2vs. 3
UFvs. G* Pvs A
SF vs. £BF Dvs. P
S5F vs, LBF Dwvs. A*
SFvs. G
£B8F vs. LBF
E8Fvs. G
t8Fvs. G

UF: UNFED, SF: SUGAR FED, EBF: EARLY BLOOD FED, L8F: LATE BLOOD FED, G: GRAVID

£: 0500-0730AM, D: 0800-1130AM.P: 1300-1530PM A 1800-2030PM L: 20-24°C,H: 25-26°C M: 30-36°C
1:40-60%. 2:61-80%, 3: >80% Y: 3-5 DAYS-OLD, O; 7-10 DAYS-OLD

Tha " idenilifies results of log-rank tests with statisticalty significant {0.05 level of probability) differences in paiterns of

escape behavior between biclogical and environmenial factars.
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ABSTRACT. The study was designed to compare the behavioral responses between two field
populations in Anopheles minimus species Aand Cto 2 ngm2 of DDT, 0.029)’!’!12 of deltamethrin,
and 0.03 gfmz of lambdacyhalothrin using an improved excito-repellency escape chamber. The
first population was collected from Tum Suae County, Mae Sot District, Tak Province and the
second was from Pu Teuy County, Tri Yok District, Kanchanaburi Province, west Thaitand.
Results showed that females of both test populations rapidly escaped from direct contact with
DDT, deltamethrin, and lambdacyhalothrin. Repellency function of DOT and 2 pyrethroids was
significantly pronounced when tested exclusively against An. minimus species A. No strong
repellency action was observed on An. minimus species C. We conclude that non-contact
response plays a significant role in escape respenses of An. minimus A whergas contact irritant

action is limited to An. minimus C. Both contact irtancy and non-contact repellency are involved

in An. minimus escape respoenses.

Key Words: Avoidance Behavior Excito-repellency Malaria Vector



INTRODUCTION

Anopheles minimus Theobald is one of the most efficient malaria vectors throughout the
Orientat Region (Reid 1968 and Rao 1984). ‘In Thailand, An.minimus is considered to be the
primary vectors of mataria {Ayurakit-Kesol and Griffith 1862, Sucharit et a/. 1988) and is found
exclusively in the forested hilly and clear forested foothill areas (Nutsathapana et al. 1986). This
species was reported to be mostly endophilic and endophagic (Sambasivan et al. 1953). After
DDT was used Lo interrupt the malaria transmission, An. minimus appears t¢ be an outdoor
l‘,ieeding and preferably feeds on domestic bovids (Ziegler 1967 and Ismail et al. 1876). Even
though DDT provided a considerable effect on reduction of indoor biling mosquitoes, it seems
ihat this methed could not completely interrupt the malaria transmission. A certain group of this
species remains feeding and resting indoor (Chareonviriyaghap et al. 2003). Similar
observation was also reported from Vietnam {Bortel el al. 1899). This raises some queslicis on

behavioral variations in An. minimus taxon.

Bases on information on morphological variation and genetic basis, at least two close’y
|related species within this'taxon were documented in Thailand (Sucharit et al. 1888 and Green
et al. 19903 and all have been incriminated as vectors of malaria. Species A is the predominant
species and commonly distributed throughout the country (Green et al. 1980) whereas species
C is restricted to the areas aiong the weslern Thai-Myanmar border, especially in Tak and
Kanchanaburi Provinces (Sucharit et al.1988 and Baimai 1989). In additicn, An. minimus
‘species D have been proposed in _Thailand by Baimai (1989) but no sufficient information is
available to support the species status. Although An. minimus species A and C are occurring in
sympatry in Thailand, differences in biting, resting and feeding behaviors, anthropophily, and
ecology may influence the vector capagity of 2 species in this taxon.

Behavioral divergences of this complex were reporied and the differences between two
species in tecms of biting and resting behavior were abserved (Bortel et al. 1899). Specie A
demonstrated five time endophilic behavior than those of specie C. In addition, An. minimus
complex from various areas has been reported to have a different level in responding to
intragomicilary use of insecticides (Harrison 1980, Parajuli et al. 1981, Lien 1991,
Chareonviriyaphap et al. 1@99 and 2001). In Thaitand, indoor house spray has been conducted
lo interrupt man-vecler contact (Chareonviriyaphap et al. 2001). Knowing the behavioral

responses to insecticides of different species especially within the same taxon will facilitate the




vector control and help to target disease vector. Behavioral responses (behaviroral avoidance)
to inseclicides can be divided into two important classes, contact irritancy and noncontact
repellency. Irritancy is referred to those leave the treated surfaces upon contact with insecticide
whereas repellency is those leave the treated area before making contact with insecticides
(Roberts et al. 1899). Although, behavioral responses have been conducted to test behavioral
responses of various populations of Anopheles mosquitoes from Thailand using an excito
repellency test box (Chareonviriyaphap et al 1997, 2001, and 2003 and Sungvocnyothrin et al.
2000 and Kong-Me et al. 2004), none has been performed 1o compare behavioral responses
between two species within An. minimus taxon (species A and C). Described herein the resuits
from experimental trials using the excito repellency test system to detemine behavioral
resposnes between field populations of An. minmus species A and C te field rates of DDT (2

g/m2), deltamenthrin (0.02 g/m?2) and lambdacybhalothrin (.03 g/m2). These experimantz!

Lo
|

observations are subject of this report.

METERIALS AND METHODS

Anopheles minimus test popuiations:

1.Anopheles minimus Species A: This population was obtained from human collections at Ban
Tum Saue, Mae Sot District, Tak Province, West of Thailand in September- December 2004,
This population was fpund physiclegically susceptible to DDT, deltamethrin, and
lambdacyhalothrin (Chareonviriyaphap et al. unpublished daia).

2.Anopheles minimus Species C: This population was obtained from human bail collections at
Putuey County, Ta-Soa Village, Tri-Yok Disltrict, Kanchanaburi Province, West of Thailand in
Janvary-December 2003. This population was physiologicaily susceptible to DDT, deltamethrin,

and lambda-cyhalothim (Chareonviriyaphap et al, unpublished data).

Mosquito collections

‘Anopheles minimus specie A and C: females were collected as adults by human bails during
the night (1800-0600 hrs). Behavioral tests were performed during the next day. Temperature
and relative humidity were r‘ecorded during the tests. All mosquitoes were starved

approximately 4 hours before iests (Chareonviriyaphap et af. 2001).




Mosquito identification

To oblain a correct species, Ancpheles minimus complex were identified based on
morphological keys of Payton and Scanton (1966}, Harrrison (1980) and Rattanarithikul and
Punthusiri (1994). Species A and C were differentiated by the presence or absence of the
humeral pale spot on the costal vein on wings. Previous study using diagnostic enzyme (ODH)
showed those without HP spots belonged to species A at 95%and species C at 73% (Green et

al. 1990). Molecuiar method was applied to confirmed species C from Kanchanatun (Manguin

Pers Comm.).

Insecticide papers.
Insecticide impregnated papers with field dosages at 2 ﬂ«lglm2 of DDT, 0.02 Al g_-*'m: of

deltamethrin, and 0.03 Al gim2 of lambdacyhalothrin were prepared using diluent acaorang 1o

World Health Organization {(WHO) protocol {(Busvine 1958).

Behavioral tests.

1. Test chamber. in this study, we used the improved test chamber jor all tests as described in
a recent publication (Chareonviriyaphap and Aum-Aong 2000).

2.Tests performed.  An. minimus specimens were used in excito-repellency tests. The wild
population was deprived of water for a minimum of 4 hours before tests. Tests were performed
during the day and each test was replicated at least 4 times. Tests were conducted to compare
two wild poputations in contact vs. non-contact against 3 insecticides, DDT, deltamethrin, and
lambdacyhalothrin, After a test was completed, the number of dead specimens were recorded
separately for exposure and escape chambers. In addition, the escaped specimens and those
remaining in the chamber, both controls and treatments, were mainiained separately and 24-h
mortalities were recorded.

3. Data analysis. Behavioral response data was analyzed using a life table methed, a survival
analysis approach, to estimate the escape rate and compare differences in mosquito escape
response among different poputations and insecticides. The mosguito escape rale was
estimated at 1-min intervals. Mosquitoes that escape were treated as *‘deaths’” and those
remalning in the test chamber were treated as “survivals” (Chareonviriyaphap et af. 1997). The

ET,, . ETgand ETy, the ime in minutes for 50, 75 and 80% of the test population to escape,



respectively, were estimated with the life table method. The log-rank method was used (o
compare patterns of escape responses (Mantel and Haenzel 1959). A statistical software

package, STATA, was used for this analysis as described by Roberts et al. (1997).



éESULTS

Behavioral responses of two wild populations of Anopheles minimus species A and C
against 2g;|frr|2 DDT, 0.02 g»fm2 deitamethrin, and O.O’&:g;u’m2 lambdacyhalothrin were cer-oared
using an excito repellency escape system. Behavioral responses, regarding contact -~ ancy
and noncontact repellency, to all three compounds were observed and percent mona - as of
escape and non escape specimens from exposed chamber were recorded (Table 1).

In contact trial, percent escape of An. minimus species A (92-86%) from the irszcticide
treated chamber was generally higher than those from An. minimus species C (51-97".
regardless of compounds used. Higher number of An. minimus specie A (82%) escazzd from
DDT treated chamber than those of specie C {77%). Similarly, percent escapee of spac.as A
was also higher from two synthetic pyrethroids (Table 1). Pattern of escape responsas were
stronger in An. minimus species A than An. minmus C for all 3 compounds. Percent - ality of
escape mosquitoes from both test populations was low (0-13.3%) whereas those remz ~ed in
the test chamber {nonescape mosquitoes) gave high percent mortality (42.8-100%). T~ere was
a complete mortalities from non escape specimens when tested against deltarmethrin end
lambdacyhalothrin (Tabie 1). In noncontact trial, An. minimus species A demonstratec
dramatically escape responses to all {hree compounds as compared to specie C. Percant
escape responses were 96% for DDT, 92% for deltamethrin, and 87% for lambdacyhatothrin in
An. minimus A whereas 24% for DDT and deltamethrin and 18% for lambdacyhaiothrir. Percent
mortalities of escaped and nonescaped specimens were very low, ranging from 1.1-4.5%. For
controls, a comparatively low degree of test specimens took off from the chamber (12-23% for
contact and 10-15% for noncontact (Table 1).

Tirnes in minutes for test population to escape from the exposure chambers were
defined in Table 2. The escape patterns from chambers containing insecticides were
determined as times for 50, 75, and 90% of the test population to take off from the exposure
chambers {ET50, ET75, and ET90), In contact trial, the ET50, ET75, and ETS0 values ¢ An.
minimus A for 2 g/m2 DDT were 5, 12.5, and 24, for 0.02 ¢/m2 deltamethrin were 2.5,8. and 16
and for 0.03g/m2 jambdacyhalothrin were 7, 23.5, and 30 respectively (Table 2). The £T50
value of An. minimus C waé 5, 8.5 and 6 for 2 g/m2 DDT, 0.02 g/m2 deltamethrin and C.03 g/m2
lambdacyhalothrin. The ET75 and ET90 values for all three compounds against An. minmus C

could not be calculated. Lisewise, the ET50, ET75 and ET90 values for An. minimus C against all



three compounds in noncontact trial could not be estimated (Table 2). For An. minimus A in
noncontact trial, the ETS0, ET7S, and ET90 values for 2 g/m2 DDT were 5, 4.5, and 14, for 0.02
- g/m2 deltamethrin were 5.6 ,8, and 25 and for 0.03g/m2 lambdacyhaiothrin were 6.5 and 23.5
 (Table 2).

Comparison of escape responses between An. minmius species A and C in contact and
noncontact trials was analysed with the fog rank method at the 0.05 level of probabitity (Tabie 3).
Statistically significant differences in escape pattermns between An, minimus A and C were found
in noncontact trials for all three compounds (P<G.05). in contact trial, significant differences in
escape responses between An. minimus A and C were observed when tested against DDT and
deltamentrhin exclusivety (P<0.05) (Table 3). Comparison of escape responses between
contact and control, contact and noncontact, and noncontact and contral trials for An. mmimus
A and C for all 3 compounds was given in Table 4. No significant difference in escape
respenses of An. minimus A was found when contact and noncontact trials were compared
(P>0.05). Escape probabilities in contact and noncontact trials were significant higher than in
the controls for all tests {Table 4).

Figures 1-3 show the progortions of mosquitoes remaining in the exposure cHambers
under different test conditions. These proportions provide the patterns of escape rates and are
indicative of escape probabilities between An. minimus A and C for DDT (Fig 1), deltamethrin
(Fig 2} and lambdacyhalothrin (Fig 3). Significant differences were seen when contact trials were
compared with control and noncontact trials (P<0.05). Escape pattems in ail noncontact

repellency were significantly higher than those from the controls for all three compounds.



DICUSSICN

This is the first finding to demonstrate the behavioral responses of An. min mus species

AandC,
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Table 1.

Condition Population  Chemical Numper

YeMortality

#Test Escaped{%) Escaped

not escapad

CONTACT
An.minimus A DDT 85
ODT-C 85
Del 76
Del-C 75
Lam 77
Lam-C 78
Anminimus C  DDT 100
ODT-C 100
Del 98
Del-C 94
tam 97
Lam-C 100
NON-CONTACT
An, minimus A DDT 856
DDT-C 83
Del 75
Del-C 75
La'm 77
Lam-C 77
An.minimus C DOT 100
DDT-C 100
Del 100
Del-C 100
Lam 85
Lam-C 85

78(92)
10(12)
73(96}
17(23)
72(94)
18(23)
77(77)
15{15)
50(51)
13(14)
94(97)
18(18)

82(96)
22(27)
70(92)
22(29)
67(87)
21(27)
24(24)
10010
20(24)
1010}
17(18)
14(15)

45
1.5

o T o N o o N o B

12.8

[}

130

66.7

50

Codes for chemicals and doses DDT=2g!m20f DDT; Del= 0.02 g/m” of deltamethrin, Lam=0.03

g;’m2 of lambdacyhalothrin

DDT-C, Del-C and Lam-C are codes for controls {without insecticides).



Table 2.

DOT ' Del? Lam®
Test condition  Population/ --——emrmmmmmssmere e
Colony er,' ET, &1, €E7, EY, ET, €T, ET, ET
Contacl
Min A 5 125 24 25 6 16 7 232 30
Min C 5 - - 8.5 - - 6 12.3 -
Noncontact
Min A 2 45 14 56 8 25 6.5 235 -
Min C - - - . - -
i 2
DDT at 2 g/m

’Deltamethrin at 0.02/ g/m’

*Lamdacyhalothrin at 0.03 g/m’

“Survival analysis was used to estimate the time in minutes for 50 and 90% of test gopulations to

exit exposure chambers.
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: Table 3.

i:lnsecticides Contact trial - Non contact trial
: DoT Min A vs. Min C* Min A vs. Min C*
' Del Min A vs, Min C* Min A vs. Min C*
iLam Min A vs, Min C Min A vs. Min C*

DDT= 2 g/m” of DDT

| Det=0.02 g/m” of dettamethrin

Lam=0.03 g}m2 of lambdacyhalothrin

; The * identifies results of log-rank tests with statisticaily significant {0.05 level of grocadility)

| differences in patterns of escape behavior.

L



Table 4,

Population confact vs. non-contact  contact vs. control non-comact vs. Contre.
Min A

boT* ooT" DDt

Del Det* Del”

tam Lam* lam*
Min C

ooT* DDT DD

Del* Del* Del®

Lam” Lam* Lam®

ODT= 2 g/m’of DDT
Dei=0.02 g!m2 of deltamethrin
Lam=0.03 g/m’ of lambdacyhatothrin
The * identifies results of log-rank tests with statistically significant (0.05 level of probabiiity)

differences in patterns of escape behavior.



TABLE LEGEND

Table 1. Mortalities of Anopheles minimus females after a 24-h holding period follcw, =g

exposures in contact trials of excito-repellency tests.
Table 2.Time in minutes for 50 (ET,) and 90% (ET,,) of Anopheles minimus females 10 escape

from exposure chambers {in excito-repellency tests) treated with 2 glm:' 27 DDT, 0.02

gf’m2 of deltamethrin, and 0.03 gfm2 of lambdacyhalothrin.

Table 3.Comparison of escape responses between 2 test populations of Anopheizz minimus

females in contact versus non-contact triais by insecticides.

Tabie 4. Comparison of escape responses between contact versus non-contact, cs~1act versus

control and non-contact versus control for 2 test populations.
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Scientific Note

An improved excito-repellency test chamber

Despite significant gains in its control, malaria
remaing & serious threat in Thailapd especially in areas
that border with neighboring countries
(Chareonviriyaphap et al. 2000). The prevention of malaria
iransmission in Thailand relies on the effective treatment
of infections and the reduction of contacts between
vectors and humans. Understanding the behavioral

behavior to residual insecticides, is of particular
importance to any vector ¢ontrol program. There have
been numerous attempts to accurately measure the
behavioral responses of mosquitoes to insecticides using
various types of excito-repellency test systemas (Roberts
et al. 1984, Rutledge et al. 1999, Sungvomyothin et al,

2001). However, nio test system has been fully accepted
is a standardized method of testing and analyzing,
avmdance rm_‘ponses (Robeﬂs etal. 1984 and Evans 1993).

arconvmyaphap et al. (1997), using an experimental
¢scape chamber system (Roberts et al. 1997), provided

tepellency for behavmral response tests on Anophe!es
Ibimanus under laboratory and field conditions.
nfortunately, this prototype test system was
umbersome and required extended time to attach the
lest papers onto the inner walls. To overcome this
roblem, @ collapsible excito-repellency test chamber was
eveloped {Chareonviriyaphap and Aum-Aong 2000).

laboratory colony and field populations of Anopheles
iinimaes to DDT, deltamethrin-and lambdacyhalothrin
{Chareonviriyaphap et al. 2001). Although the chamber

ieyword Index; Excito-repellency, improved syster,
‘behavioral test.

icsponses of malaria vectors, especially avoidance

information on both contact irritability and non-contact

. making direct contact with the
“the non-contact repellency test}A"

This test system evaluated the bebavioral responses of

for mosquito behavioral tests
Theeraphap Chareonvirtyaphap!*, Atchariya Prabaripai?, and Sungsit Sungvornyothrin'
'Department of Entomology, Faculty of Agriculture, Kasetsart University, Bangkean, Bangkok 10900
‘Faculty of Liberal Arts and Science, Kasetsart U:itz:i?;fi}(ampkaengsean Campus, Nakhon Pathom 73140
Thailand
ICorresponding Author
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system could be disassembled for transport and resulis
Ee_r_cg@d_ggﬂ:_l_e, this test system required much tirmne
to assemble. Morecver, test paper holders were affected
by the assembly screws penetrating the inner chamber,
complicating test set-up. To overcome these technical
problems, an iroproved version of the excito-repellency
test chamber design was developed as described in this
report.

system is shown in Figure 1. Asin previous modcls(ﬂle
outer chamber is constructed with four metal sides, each
“side wall measuring 33.5 x 33.5 cm?. Walls : Walls are constmcted
of stainless steel (thickness 0.7 mm) with an alumintm.
sliding rib on each end, ‘fa e screened inney chamberisa

4 side-box slightly smaller than the outer chamber walls,

measuring 33.5 x 22.5 cm? cachgﬁc inner chamber

functions as the test paper holder, ‘sach wall having 2
functional sides. Each side of the wall has a frarped
panel to hold the test paper in  place. Depending upon
the objective of the test, the ug;gnatcd papers can be
placed on either side of the ¢ panel in a position to allow or
prevent mosqmioes1ﬁrom making physical contact wlth

the the test paper surface. Thereisa is20.9cm gap between the :

test p paper aper and screen barrier to prevent mosquitoes

frame is used to hold the Plexdglas panel in place and
secure the whole system tightly without the use of metat
screws. The panel has a rubber door of 15 cm diameter
made of a split sheath of dental dam, allowing mosquitoes
to be placed inside the chamber or to remove them after
the testing penodff% forward exit portal is a composed of
a horizontal opening, 15 cm long and 2 _cm wide, at the the
end 1 of an outward pro;ecnng ﬁ.mnell A’stainless steel

The improved version of the excito-repellency test sty

p per surfaces during ; |
lexiglas™ holding ~

\.)H

-+
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7. Exit window

6. Front door

5. Quter chamber
4. Screened inner chamber

3. Plexiglass holding frame
2. Plexiglass panel with rubbered door

I. Rear door

Figure 1. An improved excito-repellency test system for behavioral study.

cover secures the rear door tightly.

Insecticide treated surfaces (insecticide-
impregnated or non-impregaated control papers) are
attached to one side of each holding frame depending
on the test objective (either contact and pon-contact
test design). There are four small spring clamp
mechanisms on each corner to firmly secure the test
papers. To assemble the excito-repellency charnber, the
four inner walls are connected by sliding the apprepriate
aluminum tongue and groove elements together to
construct the screened inner chamber. Each inner wall
also serves as the test paper holder in either the contact
or non-contact mode. A spring mechanism on each comer
of the wall secures the test paper. The four outer watls
are connected by sliding the appropriate comer tongue
and groove clements together to form a box. The inner
chamber with attached papers is then carefully inserted
into the outer chamber so that no part of the inper chamber
is exposed outside and the rear deor cover can be
attached. The front door is then attached to the chamber
together with the front escape funnel. The rear metal
door cover is attached. A Plexiglas holding frame is
attached to secure the entue sys(em A__refgfxvmg box, 6 X
with sczeen netlmg on top for obsewahon of ‘escaped
mosquitoes, The box has a square bole the same size of
the outward projection of the escape funnel and is
attached to the exterior exit portal of the chamber. A hole,

5 crm diameter and sealed with a piece of split dental dam,
is placed on the front face of the receiving cage to allow
collection of the escaped mosquitoes with an aspirator.

Test methods and apalysis have been described
elsewhere (Sungvornyothrin et. al. 2001, Roberts et al.
1997). Only female specimens are used in excito-~
repellency tests, After a test is comupleted (30 or 60-min
exposure tirmes), the number of dead and live specimens
is recorded separately in the exposure chamber and
receiving box. Immediately following the test, all live
specimens iz control and teatment test chambers are
maintained separately by lot (escaped or nonescaped)
and given a 10% sucrose diet to observe post-exposure
24-h mortalities.

This recent version of the excito-repellency test
system has been used to measure the behavioral
responses of An. minimus and Anopheles dirus
laboratory colonies exposed te paper surfaces

impregnated with 2 g/m? DDT asd 20 me/m? deltamethrin.

Results showed that female An. minimus and 4n. dirus
derponstrated a dramatic-escape response to DDT and
deltamethrin compared to mosquitoes exposed to the
untreated control chambers. A more rapid response in
time to escape to both insecticides was observed with
An. minimus compared to An. dirus. Results revealed
that most specimens escaped the test chamber without
acquiring a lethal dose at 24-h post-exposure. DDT and
deltamethrin demonstrated a small degree of non-contact
repellency with both species. Details from these excito-
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tpellency tests will be reported in a future study. This
wdified excito-repellency test system is a vast
mprovernent, with more desirable operational attributes

ared to previous designs regarding ease of use
ud repreducibility of test observations. The entire test
§stem is easy 10 assemble and can be disassembled in
unutes. It is also much easier to remove remaining
wsquitoes from the test chambers after the test is
smpleted compared to the previous versions. We have
fund the new test system can generate consistent and
andardized resulis for measuring IOSquito behavioral

Eoudance and separate contact irritancy and non-comact?
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Seasonal Abundance and Blood Feeding Activity of Anopheles minimus
Theobald (Diptera: Culicidae) in Thailand

THEERAPHAP CHAREONVIRIYAPHAP,! ATCHARIYA PRABARIPAL? MICHAEL ]. BANGS?
AND BOONSERM AUM-AUNG?

J. Med. Entomol. 40(6)- 876-881 (2003)

ABSTRACT Anopheline mosquito larvae and adults were sampled at Ban Pu Teuy, Tri- Yok District,
Kanchanaburi Provinece, western Thailand, from January 2000 to December 2001. Over the period of
2 yr, Anopheles minimus sensu lato was the most commonly collected species, followed by Anopheles
swadiwongporni and Anopheles dirus sensu lato; all three species are important vectors of malaria in
Thaitand. Attempted blood feeding by An. minimus occurred throughout the night, with two distinet
feeding peaks: strong activity immediately after sunset (1860-2100 hours), [ollowed by a second. less
pronounced, fse before sunrise (03000600 hours). Anopheles minimus were more abundant during
the wet season compared with the dry and hot seasons, although'nocturnal adult feeding patterns were
similar. Anopheles minimus fed readily on humans inside and outside of houses, showing a slight
preference for exophagy. The human-biting peak of An. mirimus in our study area differed from other
localities sampled in Thailand, indicating the possible existence of site-specific populations of
An. minimus exhibiting different hest-seeking behavior. These results underscore the importance of
conducting site-specific studies to accurately determine vector larval habitats and adult activity

patterns and linking their importance in malaria transmission in a given area

KEY WORDS Anopheles minimus, blood feeding, mosquito abundance, exophagy, Thailand

IN THADLAND, MALARLA is still one of the important in-
fectious diseases, with more than 100,000 reported
cases each year (Department of Communicable Dis-
ease Control 1985-2001}. Surveillance data has indi-
cated malaria continues to occur sporadically over
mwuch of the country and has reemerged in previously
malaria-free localities (Department of Communicable
Disease Control 1985-2001}. Malaria remains preva-
lent along the underdeveloped national borders be-
tween Thailand and eastern Myanmar and western
Cambodia (Chareoaviriyaphap et al. 2000). Nearly
one half of all reported malaria cases in the country
have been from the mountainous western frentier and
internationol borderlines with Myanmar extending
from Tak to Kanchanabuii Provinces. These areas are
especiallv vulnerable, because of uncontrolted tribal
population movements associated with occupational
activities, including gem mining, hunting, and logging,
Anopheles minimus, a confirmed and important ma-
laria vector in Thailand, is abundant in the border
frontier area (Chareonviriyaphap et al. 2000).

i Department of Entomology, Faculty of Agriculture, Kasetsart
University. Banghkok 10900 Thailand.

2 Division of Mathematics, Biostatistics and Computer, Faculty of
Liberal Arts and Sclence, Kasetsart University, Kamphaengsean,
Nakhon Pathom 73140 Thailand.

3 1.5, Naval Medical Research Unit No.2, JL Percetakan Negara No.
29. Jakarta, 10560, Indonexia.

* Malaria Division, Department of Communicable Disease Control,
Ministry of Public Health, Nonthaburi 11000 Thatlend.

The taxon An. minimus Theobald represents a com-
plex of closely related species that are difficult to
distinguish morphologically (Rattanarithikul and
Punthusiri 1994). Members of this species complex are
common slong the Thai-Myanmar border, particularty
in Kanchanaburi Province {(Green et al. 1990). In Thai-
land, at least three related species are present
(Sucharit et al. 1988, Baimai 1989, Green et al. 1990);
species A is found throughout the country; whereas
species C and D are more commonly collected along
the western Thai-Myanmar border, including Kan-
chanaburi Province {Baimai 1989). This complex has
been reported to be primarily zoophilic in feeding
habits, preferring to feed and rest out of doors, espe-
cially in response to indoor residual spraying (IRS) of
insecticides {Nutsathapana et al. 1956). Behavioral
avoidance of structures by the An. minimus group in
response to IRS alse has been reported from Vietnam
(Van Bortel et al. 1999). During the past two decades,
disease vector research in Thailand had been reorga-
nized and gained useful information on the public
health tmportance of vectars, As a consequence, the
number of Anopheles species and species complexes
reported has increased (Baimai 1989). In recent years,
infrastructural development, expanded housing, and
facility-based tourism in forest and forest-fringe areas
has resulted in the adaptation of many malaria vectors
to these ecological changes. Information on the life
history, blood feeding activity, and ecological rela-
tionships for pathogens transmission by An. minimus

00222355/ 03/ 05760831 $0:4.00/0 © 2003 Entomelogical Society of America
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Fig 1. Map of Ban Pu Teuy and collection sites (marked
X).

requires careful study and reassessment, especially in
areas in which sympatric sibling species coexist. Tak-
ing a stratified approach, the host-locating habits of
mosquito vectors in malaria endemic areas are of par-
ticular concemn forvector incrimination and to acquire
information on the epidemiological factors related to
high malaria risk areas. Research on larval habitat
variability related to seasonal adult density and blood
feeding behavior of An, minimus s.l, were conducted
in Ban Pu Teuy, Tri-Yok District, Kanchanaburi Prov-
ince to provide information on this malaria vector in
relation to malania transmission.

Materials and Methods’

Study Area. The study was conducted at Ban Pu
Teuv. Tri Yok District, Kanchanaburi Province
(14+717°N, 99°11’E), =30 km southwest of Bangkok.
The site is located in mountainous terrain surrounded
by deep forest (Fig. 1). Local occupations are linked
closely with the forests, principally logging, hunting,
and forest preservation. The area was determined to
be an excellent habitat for An. minimus (Baimai 1989).
There was a narrow, slow moving stream (~2 m in
width and average of 1 m in depth) with native veg-
etation along its margins, running through the low hill
zone across the village that served as reference point
for all collection activities. IRS using DDT (2 g/m?)
had been routinely applied in homes for 40 yr (1960-
Eﬁ), but was not done during the investigation pe-
n

Larval Surveys, All potential aquatic habitats asso-
ciated with the stream were surveyed every mouth
from Janmuary 2000 to December 2001. Surveys took
ploce during morning (0800-1200 hours) and after-
noon {1300-1600 hours) hours, 3 d each month. Two
collectors sampled the margin of the steam for =300 m

CHAREONVIRIYAPHAP ET AL.: An. minimus IN THAILAND 877

upstream (2 m width) from the field laboratory station
using a 500-ml dipper. Approximately 20-30 dips were
taken by each collector along a designated area of the
stream. All samples were kept alive in plastic bags and
returned to the laboratory at the Department of En-
tomology, Kasetsart University, Bangkok. for process-
ing and species identification.

Adult Surveys. Collections during the first vear
were made =~200 m from the stream bank by two teams
of four persons each. One team collected mesquitoes
from 1800 to 2400 hours, followed by the second team
collecting from midnight to dawn (0000 - 0600 hours).
Each group including both indoor and ouldeor col-
lectors was rotated between early and late collection
periods to decrease bias. Paired, outdoor and indoor
landing collections from human volunteers {two col-
lectors per site) were conducted in a uniform manner
throughout hourly collection intervals of 30 minth
with a 10-min break, Each collector exposed their
lower legs and collected all landing mosquitoes indi-
vidually in glass vials. Qutdoor collection sites were
=10 m from the dwellings where the indoor collec-
tions were conducted. Specimens were recorded by
collection hour and identified to species the fellowing
moming. Human-landing collections were made two
nights each month from the same localities. Adult
collections during the second vear were shifted to the
village, which is =400 m from the first year collection
site. All collection methods were the same as de-
scribed for the first year. Hourly ambient outdoor
temperature and humidity readings were made during
the period of mosquito collection. Rainfall data were
obtained from the local Meteorological Station lo-
cated in the Tri Yok District, Kanchanabuyri Province,

Data Analysis, Three main factors, involved in hu-
man landing collections, are selected for analysis
including, seasons [wet {June to November), dry
(December to February), and hot {March to May)},
time periods [evening (18002100 hours}, late night
(2100 -2400 hours), before dawn (0100 -0300 hours},
and dawn (0300 -0600 hours) | and indoors and out-
doors.

Nocturnal blood-feeding cvcles of An. minimus
were tabulated by number per human per hour for
indoor and outdoor cotlections during the 2-vr period.
The differences in number for mosquitoes landing
were analyzed by three-way analysis of vadance, with
year as a block factor and differences among groups
determined by Dunean multiple range test. All data
were analyzed using SAS program package {SAS Re-
leases 6.10, SAS Institute, Carv, NC).

Results

Mosquito larval survey results from Januarn 2000 te
December 2001 are summarized in Table L. All Anoph-
eles mosquitoes were identified to species using illus-
trated morphological keys to adult Anopheles in Thai-
land {Harrison 1980, Rattanarithikul and Panthusic
1994, Department of Communicable Disease Control
1985-2001}. Three genera, Anopheles, Culex, and
Aedes, were collected along the grassy margins of the
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Table 1. Monthly collectbon of larval of three A pheles species by two collectors in & siream st Ban Pa Teuy,

Kanchanaburd Province, 2000 and 2001
. An. minima s, An dirus An

Year Month Total (%) Total (%) Total (%) Toul

000 January 485 (9.7} 2{02) 1{0.1) 953

February 1295 (99.6) 2 (02) 2(0.2) 1299

March 587 (98.2) 3 {05} 8413 508

April 73 {97.8) 5 (0:5) 13 (L.6) 791

May 1276 (96.4) 2 {02) 18 (1A} 1206

Iune 067 (97.5) 2 {0.2) 23 (2.3) 992

fuly 623 {35.9) 6 {09) 21 {(32) 650

Augst 856 (38.5) 1{0.1) 12 (1.4} 569

September 45 {847 1{02) 24 (5.0) 470

October 645 {30.9) 1 {01} 56 (8.0} )

November 142 {89.9) 4 (25} 12 (7.6) 15§

December 122 {85.2) 0 {0} 23 (14.8) 155

001 January 555 {99.6) 1 {02} 1 {02) 337

February 665 {69.7) 0 {0) 2(0.3) 667

March 543 {993) 1{02) 3{035) 547

April 1224 (99.7) 1 {0 3 (02) 1298

May 976 (990.]) 1(0.1) 8 {0.8) 685

June 897 (99.5) 2 (02) 3(0.3) 902

Juk 993 (08.6) i (0.1) 12 (1.3) 936

August £23 (99.5) 0 {0} 3 {0.5) 626

September 434 (99.3) t (0.2) 2 (05) 37

October 443 (98.5) 1(02) 5{L.3) A0

Movember 189 {96.4) 0 {0} 7{18) 196

December 156 (99.4) 0(0) 1 {0.6) 157

slow running stream. Both margins of the stream con-
tained shallow, stagnant water, often covered with
dense vegetation along the edges, which served as
habitats for An. minimus and An. swadiwongporni.
Mosquite larvae were more abundant in the first half
of the year (January-July) than in the second half of
the vear {August-December}. Low numbers of larvae
were collected in November and December. Anoph-
eles minimus was the most common species encoun-
tered. comprising 84-99% of the total larval mosquito
collected. Anopheles swadiwongporni larvae were rel-
atively abundant, ranging from 0.1 to 17.4% of total
anophelines depending upon time of year. Larvae of
Anopheles dirus 5. were uncommon in this stream
environment compared with the other two species
vgeneradly <1%). Because of the relatively low num-
ber of larvae and adult An. swediwengporni and An.
dirus s.l.. results focused on An. minimus.

Human-landing collection (HLC) rates of An. mini-
mus were recorded from indoor and outdoor collec-
tons over a 2-yt period, Generally, cutdoor collection
of An. minimus exceeded indoor collection. During
the frst year, the outdoor HLC began to increase in
Juve. reaching a peak in October, before dramatically
decreasing in November. Similarly, indoor eatches
showed an elevated peak in October and November.
in the second year. the outdoor landing rate was con-
sistently higher than the indoor landing rate through-
out the vear, An outdoor activity peak was observed
in April, witheut a corresponding indoor peak that
followed much later in Noevember. The lowest indoor
and outdoor activity was observed in February, The
mean HLC was higher in October than in all other
months of the year (Fig. 2).

Indoor and cutdeor feeding cycles of An. minimus
were ebserved during the 2-yr period. In the first year,

peak outdoor biting activity was observed from 1800 to
2100 hours, with a maximum at 1900 -2000 hours. Low-
est outdoor biting activity of An. minimus was ob-
served from 0100 to 0300 hours. Indoor collections
consistently peaked in the early evening between
1800 -1900 hours, with only a moderate peak cbserved
just before dawn at 0100-0300 hours. In the second
year, outdoor feeding activity was ~2 times greater
than that of the paired indoor collections. The mean
HLCs were elevated at dusk (1800-2000 hours) and
dawn (0300-0600 hours) in both indoor and outdoor
collections over the period of 2 yr (Fig. 3).

Total numbers landing per hour were used in a
three-way analysis of variance, with seasons, indoors
and outdoors, and time periods as main effects. No
significant differences (P > 0.05) in HLCs were cb-
served between the 2 yr of collection, Significant dif-
ferences were found among seasons {F = 13.09: df =
2, 23; P < 0.001), between indeor and outdoor (F =
8.02; df = 1, 23; P = 0.009}), and among time periods
(F = 6.12; df = 3, 23; P = 0.003). Strong interactions
between seasons and indoors and outdoors were ob-
served |F = 4,15:df = 2, 23; P = 0.029, Fig. 4). There
was no interaction between seasons and time periods
(F=21;df = 6, 23; P = 0.092), between time periods
and indoors and outdoors (F = 195, df = 3,23, P =
0.15), and among seasons, time periods. and indoors
and outdoors {F = 0.99; df = 6,23; P = 0.457) (Fig. 4).

Discussion

Anopheles minimus sl. is regarded as an important
malaria vector in forest fringe and hill areas of Thai-
land (Reid 1968, Ismail et al. 1978). Members of this
widely dispersed species complex are indistinguish-
able morphologically from one another (Rattana-
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Fig 2. Monthly indoor and outdoor human-landing rates of Anopheles minimus over the 2-yr period.

rithikul and Punthusiri 1994). In Thailand, this group
contains at least three genetically related species, des-
ignated An. minimus A, C, and D {Sucharit et a), 1988,
Bainyai 1989, Creen et al, 1990, Baimai et al. 1996,
Kengne et al. 2001).

In our study, An, minimus s.I. was the most com-
monly collected mosquito species along the stream
margins and represented more than 95% of the total
larvae collected for each month of the 2-yr period.
Low numbers in November and December were at-
tributed to the removal of water plants along the
stream to improve drainage. This activity commonty
was conducted at the end of wet season and tempo-
rarilv modified Jarval habitats. In Kanchanaburi Prov-
ince. An. minimus generally is abundant throughout
the vear {Department of Communicable Disease Con-
trol 1983-2001). As seen in our study, ambient tem-
perature. humidity, and rainfall patterns appear to

120

jmpact the sbundance of An. minimus. As the mean air
temperature decreased, a corresponding reduction in
number of adult mosquitoes was observed.

In Ban Pu Teuy, Anopheles minimus A, C. and D are
sympatric, with species C the most common species
during preliminary sampling at our study site {Baimai
1989). Because of routine IRS using DDT, An. minimus
populations have decreased dramatically along the
peninsula and have almost disappeared from the cen-
tral plains of Thailand {Nutsathapana et al. 1986}. The
species complex, however, remains abundant in the
foothill and forest fringe areas. Explanations range
from poor coverage by IRS to dilferences in adult
vector behavior {greater exophagy) in areas in which
RS has been applied (Nutsathapana et al. 1986). It has
been speculated that the feeding habits of Ar. minimus
have changed to include a greater perference for host-
seeking outdoors and feeding on domestic animals
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{Harrison 1950}. Ismail et al. (1978) reported that the
outdoor biting of An. minimus from Muatlek District,
Saraburi Province was 4.4-3.8 times greater than in-
door biting in studies conducted in 1972-1974, The
outdoor biting rate of An. minimus in Pakehong Dis-
trict. Nakhon Rachseema Province, was 2.5 times
greater than the indoor biting rate { Ratanatham et al.
1958). In our study, outdoor biting was 2.8 and 2.1
times greater than indoor biting during the first and
second vear collections, respectively. Despite chang-
ing collection locations between the first and second
vears, exophagy was the predominant behavior. Mi-
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crobabitats differed between the two collection sites
in our study. In the first year, adult mosquito collec-
tions were made near the forest fringe, =100 m from
the stream, and were surrounded by dense vegetation
and shrub trees. There was only one house in the area,
which served as the collection point. The house was
sprayed with DDT once each vear until 2000, Because
of conditions beyond our control. the second year
collection was moved to the village area of Ban Pu
Teuy, =400m from the first year collection site (Fig.
1). In the village. there were =30 houses clustered in
smalt groups of =4-5 houses: most houses were
sprayed with DDT once each vear until 2000. Again,
outdoor feeding activity was higher than indoor en-
tering and feeding. The relative predominance of ex-
ophagic behavior by An. minimus could have been the
result of the annual IRS activities. becausa of behay-
ioral avoidance of sprayed structures by these vectors
(Chareonviriyaphap et al. 2001).

The blood feeding activity of An. minimus has been
reported in Thailand. In Mae Tha Waw Village, Tak
Province, this species exhibited feeding activity
throughout the night with peaks between 2100-2200
hours (Harbach et al. 1987). Ratanatham et al. (1988)
reported two feeding peaks for An. minimus collected
in Pakchong Distriet, Nakhon Ratchasima Province;
the fist and largest peak occurring during early
evening (1800-2200 hours), and a second much
weaker moming peak occurring at dawn (=0500
hours). Rattanarithikul et al. (1996} also reported two
-outdoor feeding periods for An. minimus from south-
em Thailand, one beginning from 1800 to 2300 hours,
and a second, more moderate, peak beginning at 0100
hours and declining throughout the second half of the
night. In our study, feeding activity in Ban Pu Teuy
differed from previously published observations. Two
peaks of activity were seen in indoor and sutdoor
collections, regardless of season. The frst peak was
seen immedintely after the sunset (1800-1900 hours)
and the second peak was at dawn (0500 hours). How-
ever, the feeding pattern during the Rrst half of the
night was limited in duration {1600 -1900 hours) com-
pared with the broad time period (1800-2200 hours)
of increased activity seen by Ratanatham et al. {1988),
The biting peak in the second half of the night in our
study occurred close to 0500 hours, whereas it was less
distinet in the study of Ratanatham et al. {1958) with
activity elevated between 0100~-0500 hours. depend-
ing upon the season of the year. These marked dif-
ferences in feeding patterns between studjes may he
the resutt of normal biclogical variability between
populations of the same species or the result of adap-
tation or selection induced by focal extrinsic events.
At Kanchanaburi Province, there are at least two dif:
ferent sibling species of An. minimus, species A and C.
Therefore, it becomes important to determine the
biting activity of different field populations and sibling
species of An, minimus to provide site-specific activity
patterns estimating the relative risk of malaria trans-
mission,




November 2003

Acknowledgments

We thank all students of Department of Entomology, Fac-
ulty of Agriculture, Kasetsart University and entomological
staff of Malaria Division, Ministry of Public Health, Nonta-
buree for their assistance in mosguite collections. Special
thanks to Dr. P. Hshieh of Uniformed Services University of
the Hezlth Science for his valuable assistance and suggestions
for data anadysis. We gratefully thank the Thajland Research
Fund (TRF}. Center of Agricultural Biotechnology (CAB),
and the Research and Development Institute (KURDI},
Kasetsart Unisersity, Bangkok for the generous funding sup-
part.

References Cited

Baimai, V. 1989. Speciation and species complexes of the
Anopheles malaria vector in Thailand. Chiang Mai, Thai-
land. The Third Conference on Malaria Res., Thailand,
1820 October 1989: 146-162.

Baimai, V., U. Kijchalao, and R. Rattanarithikul. 1996.
Metaphase karyotypes of Anopheles of Thailand and
Southeast Asia: V. The Myzomyia series, subgenus Cellia
{Diptera: Culicidae). J. Am. Mosq. Cont. Assoc, 12: 97—
1035.

Chareonviriyaphap, T, 5. Ratanatham, and M. J. Bangs.
2000. Status of malara in Thailand. Southeast Asian J.
Trop. Med. Publ. Hith. 31: 223-237.

Chareonvirivaphap, T., §. Sungvernyothin, $. Ratanatham,
and A, Prabaripai. 2001, Insecticide-induced behavioral
responses of Anopheles minimus, a malaria vector in Thai-
land. }J. Amer. Mosq. Cont. Assoc. 17: 13-22.

Department of Communicable Disease Control. 1985-2001.
Annual Malaria Reports. Malaria Division, Department of
Communicable Disease Control, Ministry of Public
Health, Nontaburi, Thailand.

Creen, C. A, R F. Gass, E. Munstermann, and V. Baimai
1990. Population genetic evidence for two species in
Angpheles minimus in Thailand. Med. Vet. Entomol. 4:
25-34

Harbach. . E, }. B. Cingrich, and W. P, Lorrin. 1957. Some
entomological observations on malaria transmission in a

remote village in Northwestern Thailand. J. Amer. Mos.
Cont. Assoc. 3: 206 -301.

Harrison. B. A, 1980. Medical entomology studies XIIL The
Myzomyia Series of Anophieles (Cellia) in Thailand, with

CHAREONVIREVAPHAF ET AL.: An. minimus IN THALAND

851

emphasis on intra-interspecific variations {Diptera: Cu-
licidae). Contrib. Am. Entomol. Inst. {Ann Arbor) 17{(4):
1-195.

Ismail, LA.H., 5. Phinichpongse,and P. Boonrasri. 1975. Re-
sponses of Anopheles minimus to DDT residual spraving
in a clear forested foothill area in central Thaitand. Acta
Trop. 35: 69.

Kengne, P, H. D). Trung, V. Baimai, M. Coosemans, and 3.
Manguin. 2001, A multiplex PCR-based method deriv ed
from random amplified polymerphic DNA (RAPD)
markers for the identification of species of the Anopheles
minimus group in Southeast Asia. Insect Mol Biel. 10:
427435,

Nutsathapana, S., P. Sawadiwongphom, U. Chitprarop. and
J. R. Cullen. 1986. The behavioral of Anopheles minimus
subjected to different levels of DDT selection pressure in
Northern Thailand. Bull. Entomol. Res. 76: 313-320.

Reid, J. A. 1968, Anopheles mosquitoes of Malaya and
Bomeo. Studies of the Institute for Medical Research,
Malaysia, no. 3.

Ratanatham, S., E. S. Upatham, C. Prasittisuk, V. Rojanasu.-
nan, N. Theerasilp, A. Tremongkol, and V. Vivanant.
1988, Bionomics of Anopheles minimus and its role in
malariza transmission in Thaitand. Southeast Asian |. Trop.
Med. Publ. Hith. 19: 283-289.

Rattanarithikul, R, and P. Punthusiri. 1994, Hlustrated keys
ta the medically important mosquitoes of Thailand.
Southeast Asian ). Trop. Med. Publ. Hith, 25 (Suppl):
1-66.

Rattanarithikul, R, E. Konishi,and K Linthicum. 1996. Ob-
servations on nocturnal biting activity and host prefer-
ence of Anophelines collected in southern Thailand.
J. Amer. Mosq. Cont. Assoc. 12 58-57.

Sucharit, S., N. Komalamisra, §. Leemingsawat, C. Apiwath-
pasorn, and §, Thongrungkiat. 1988. Population genetic
studies on the Anopheles minimus comptex in Thailand.
Southeast Asian J. Trop. Med. Publ. Hlth. 19: 717-723

Van Bortel, W, H. D. Trung, N. D. Manh, P. Roelants, P.
Verle, and M. Coosemans. 1999, Identification of two
species within the Anopheles minimus complex in north-
em Vietnam and their behavioural divergences. Trop
Med Int Health. Aprs. 4: 257-65.

Received for publicetion 8 November 2002; accepted 3 May
2003.




Journal of the American Mosquito Contral Association, 20(1):45-54, 2004

Copytight © 2004 by the American Mosquito Control Association, 1nc.

EXCITO-REPELLENCY OF DELTAMETHRIN ON THE MALARIA
VECTORS, ANOPHELES MINIMUS, ANOPHELES DIRUS, ANOPHELES
SWADIWONGPORNI, AND ANOPHELES MACULATUS, IN THAILAND

THEERAPHAP CHAREONVIRIYAPHAPR' ATCHARIYA PRABARIPAY anp MICHAEL I. BANGS?

ABSTRACT. This study compared the behavioral avoidance responses of 4 mosquito malana vectors. Anophi-
eles minimus, Anopheles dirus, Anopheles maculatus form B, and Anopheles swadiwongporri. to deliamethrin.
the primarcy insecticide used for indoor residual spraying for malaria vector control in Thailand. Six st popu-
tations. representing 4 laboratory colonies and 2 wild-caught populations, were observed during and afier ex-
pasure 10 deltamethrin at the operational dose (0.02 g active ingredient/m?) 1n excito-repellency escape chambers.
The laboratory colonies included a deltamethrin-susceptible colony and a deltamethrin-resistant colony of An.
minimus species A, 1 colony of An. dirus species B, and 1 colony of An. macularus form B, The 2 witd-caught
populations included An. swadiwongporni and members of the An. dirus complex. Times to escape by female
mosquitoes during 30 min of exposure to deltamethrin-treated papers were observed in all populations and
compared 10 nontreated paired controls in contact and noncontact test configurations. Strong behavioral avoid-
ance was observed in the deltamethrin-resistant colony of An. minimus, followed by An. swadheongporni and
An. maculanis. The slowest escape response was observed in the coleny of An. dirus species B. All & populations
of Anopheles showed marked contact imitancy to deltamethrin compared to paired controls and aencontact
repellency irials, in both controdled laboratory colonies and field-caught populations. The degsree of repellency
was less profound than irritancy but, in most cases, produced a sigaificant escape response compared to paired
contols. Avoidance behavior appears to be an innate behavior of mosquilees, as indicated by the generat
avoidance response detected in all 4 species, regardless of deltamethrin susceptibility status. age. or nuiritional
and physiological status. Excito-repellency assays of the type described in this study should become an integral

part of the overall assessment of an insecticide’s ability 1o conirol disease {ransmassion in any given area.

KEY WORDS Behavioral avoidance, irritancy, repellency, deliamethrin, Anopheles minimus. Anopheles
macnlatus, Angpheles dirus, Anopheles swadiwongporni, Thailand

INTRODUCTION

In Thailand, malaria remains a major and re-
emerging health problern (Chareonviriyaphap et al.
2001). The primary vectors in Thailand include
Anoplieles dirus Peyton and Harrison, Anopheles
minimis Theobald, Anopheles maculatus Theobald,
and Anopheles swadiwongporni Rattaparithikul and
Green. all members of the subgenus Cellia. Each
species represents a member in broader species
complexes. including An. dirus, An. minimus, and
An macufarus (which contains An. swadiweongpor-
niy. respectively (Rattanarithikul and Green 1986,
Subbarao 1998). Many members within these spe-
cies complexes exhibit both endophagous and ex-
ophagous behavieral patterns conducive for effi-
cient malaria transmission {(Pinichpongse and
Bullner 1967, Suwonkerd et al. 1990, Chareonvi-
rivaphap et al. 2000). Anopheles dirus and An. min-
imus are members representing individual species
complexes. of which the respective sibling species
often are not distinguishable morphologically from
one another (Baimai 1989, Rattanarithikul and Pan-
thusiri 1994). Anopheles inaculatus and An. swa-
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diwongporni are morphologically distinct members
in the An. macularus group (Rattanarithikul and
Green 1986). Onc of the principal methods of ma-
laria abatement in Thailand has been use of various
methods of vector control to reduce transmission
risk. For many years, DDT was the chemical of
choice and was used extensively in malaria-endem-
ic areas. Because of reported adverse impact on the
environment and general negative public attitudes,
DDT use was gradually phased out between 1995
and 2000 for the control of malaria vectors in Thai-
land (Chareonviriyaphap et af. 1999).
Deltamethrin, a common synthetic pyrethroid, is
frequently and widely used for indoor residual
spraying of house surfaces to conurol anopheline
mosquitoes (Patipong 2000). This compound gen-
erally is applied in | or 2 spray rounds per year in
malaria-endemic areas of Thailand (Ministry of
Pubtic Health 2000). The true mode of action of
deliamethrio on the contrel of vectors and malana
is still open to investigation in terms of the relative
importance of the lethal properties and behavioral
responses of vector populations (Roberis et al
2000). Because most pyrethroids demonstrate a sig-
nificant and immediate excito-repellency action on
exposed mosquitoes, the proposed wide-scale use
of deltamethrin for malaria control in Thailand has
stimulated the need for well-designed studies on the
significance of pyrethroid avoidance behavior and
its overall efficacy in reducing human—vector con-
tact. Moreoves, the respective roles of irritability
and repellency of deltamethrin against the impor-
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tant malaria vectors in Thailand merit careful in-
vestigation before taunching programs that use this
compound exclusively.

Two different types of behavioral avoidance re-
sponses by mosquitoes are recognized: irritancy
and repellency (Rutledge et al. 1999, Roberts et al.
2000). Kritability occurs when ingects actually
rmake physical contact with chemical residues be-
fore eliciting a stimulus-mediated response, where-
as repellency is defined as a stimulus acting from
a distinet distance from the insecticide-treated sur-
face that deters insects from entering treated areas
or otherwise disrupts normal patterns of bebavior.
Excito-repeliency bicassays for describing and
quantifying the irritant effects of insecticides on
mosquitoes were developed beginning in 1963 and
have been modified over the years (Rachou et al.
1663, Shalaby 1966, WHO 1970). Initial laboratory
investgations on behavioral response of Anepheles
10 various insecticides were conducted by using the
World Health Organization (WHO) excito-repellen-
cy test box design (Coluzzi 1963, Bondareva et al.
1686, Pell et al. 1989, Quinones and Suarez 1989,
Ree and Loong 1989). Presently, no methed for the
assessment of mosquite behavioral responses has
been universally endorsed as a standard for con-
ducting excito-repellency testing, data analysis, and
imerpretation {Brown 1964, Roberts et al. 1984,
Evans 1993, Ruiledge et al. 1999, Roberts et al.
2000. Chareonviriyaphap et al. 2001). Recenitly, a
controlled-design excito-repellency box was devel-
oped for testing both conitact irritancy and noncon-
tact repeilency (Roberts et al. 1997, Chareonviri-
vaphap et al. 2001). This initial system has been
modified further into a collapsible chamber de-
signed for greater ease of use (Chareonviriyaphap
el al. 2002). Described herein are the behavioral
responses when using contact and noncontact as-
savs and celonized An. minimis species A, An. ma-
culares form B, and An. dirus species B, and 2 field
populations. | of An. swadiwongporni and the other
of members of the An. dirus complex, against the
standard field dosage of deltamethrin (0.02 g/m?).

MATERIALS AND METHODS

The imitability and repeliency of deltamethrin
were determined by observing the number of mos-
quitoes escaping from matched test and control
chambers when using 4 species of Anopheles mos-
quitoes considered vectors of malaria in Thailand.
Of the 6 different populaticns tested {Chareonviri-
vaphap. unpublished data), only 1 was considered
10 be resistant to residual deltamethrin based on the
standard WHO contact bicassay (WHO 1975). All
behavieral tests were conducted under near-identi-
¢al laboratory-contrelled conditions (temperature
and humidity), between 0800 and 1630 h, at the
Oepartment of Entomology, Faculy of Agriculture,
Kasetzart University. Bangkok, Thailand.

Test populations: Anopheles dirus species B

(DISB) originally was collected from wild-animal
footprints in Ban Paung District, Chantaburee Prov-
ince, eastern Thailand, in 1987, and was maintained
in insectary-controlled conditions at the Armed
Forces Research Institute of Medical Science (AF-
RIMS), Bangkok, Thailand. The colony was ob-
tained by the Malaria Division, Depantment of
Communicable Disease Control {CDCY, Ministry of
Public Health, Nontaburi, Thailand. in 1995 and
obtained in 1998 by the Department of Entomolo-
gy. Kasetsart University, for the purposes of this
study. This colony was found 1o be completely sus-
ceptible to deltamethrin at the field operational dos-
age of 0.02 g/m? when using the standard WHO
contact bioassay and impregnated papers supplied
by WHO. Susceptible An. minimus species A
{MISA) originally was collected from animal quar-
ters in Rong Klang District. Prae Provinge, northemn
Thailand, in 1993 and maintained in insectary-con-
trolled conditions at the CDC, Nontaburi, beginning
in 1995. The colony was received from the CDC
in 1998 and raised in the Department of Entomol-
ogy, Kasersart University. This colony was deter
mined to be completely susceptible to the field dos-
age of deltamethrin. The eorigins and colonization
of resistant Arn. minimus species A (MIRA) have
been described in a previous swmudy (Sungvormy-
othrin et al. 2001). This colony exhibited between
50 and 60% resistance to deltamethrin at the op-
crational dosage based on standard contact bicas-
say. Anopheles macularus form B (MASB) was ob-
tained from resting collections in animal quarters at
Ban Khun Hauy, Mae Sot District. in 1999. The
colony was initially maintained at the Department
of Entomology, AFRIMS. and was provided to the
Department of Entomology. Kasetsart University,
in February 2002. The colony was found o be
completely susceptible to deltamethrin. Anopheles
swadiwongporni (§ASA) was collected by evening
resting collections from animal quarters in Ban Pu
Teuy, Tri Yok Noi, Kanchanaburi Province, during
Janvary and February 2001. The wild-caught fe-
males were determined to be completely suscepti-
ble to deltamethrin. Anopheles dirus complex
(DISC) was obtained from human-landing coliec-
tions in the foothill area of Ban Pu Teuy during
January and February 2001. A determination of the
ratio of An. dirus species A, B, C, and D in the
collection was not made. The field-caught females
were determined to be susceptible to deltamethrin.

Mosquite rearing: Mosquito colonies were
reared by following the method of Chareonviriya-
phap et al. (1997), with enly minor modifications.
Each colony was maintained in separated rooms
within a common insectary under controlled con-
ditions (25 = 5°C; 80 = 10% relative humidity) at
the Department of Entomology, Kasetsart Univer-
sity. Adult insects were provided cotton pads
soaked with 10% sugar solution from the day of
emergence and were maintained in 12 X 12 X 12-
in. screened cages. Female mosquitoes were per-
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mitted to imbibe a blood meal from restrained lab-
oratory hamsters on the 4th day after emergence.
Depending on the mating requirements, some
stzains required forced copufation before oviposi-
tion. Approximatety 2-3 days after bloodfeeding,
oviposition dishes {moist filier paper in petri dishes)
were placed in the cages with the gravid females.
Larval stages were rcared in enameled pans under
identical physical and nutritional conditions
throughout the study period.

Inseciicide-impregnated papers: Qnly a single
standard field dose of deltamethrin was used in this
investigation, based on current malaria control pol-
icy in Thailand. The amount of active ingredient
varied only slightly from the dosage (0.025 g/m*)
generally recommended by WHO (WHO 1992).
Test papers (27.5 X 35.5 cm?), impregnated with
0.02 g/m?, were purchased from WHO, Vector Con-
trol Unit, Penang, Malaysia. All papers were treated
at the rate of 2.75 ml of the insecticide sotution per
180 cm? and used before their specified time of ex-
piration.

Behavioral 1ests: Tests were conducted to com-
pare the behavioral responses (irritancy and repel-
iency) of An. minimus species A, An. dirus s.1. and
species B, An. macularus form B, and An. swadi-
wongpoerni to an operational dosage of deltamethrin
applied to a paper surface. For all bioassays, slight-
ly moedified test chambers from those previously
described were used in paired control and treatment
trials (Chareonviriyaphap et al. 2002). Details of
the chamber design and test methodology follow
closely those of Sungvomnyothrin et al. (2001) and
Roberts et al. (1997). For colonized populations,
only unfed. nulliparous female specimens were
used in excito-repellency tests, whereas field-col-
lected mosquitoes represented a mix of different
physiological and nutritional siates. All tests were
performed during the day (0800-1630 h) based on
availability of mosquitoes.

Each test series consisted of 2 insecticide test
chambers and 2 paired contrel boxes. Mosquitoes
were maintained in holding cups approximately 2—
3 h before testing. For a complete test, 25 mosqui-
toes. 35 days old, were carefully introduced into
¢ach of 4 chambers by using a mouth aspirator, af-
ter which the outer rear door was closed and se-
cured. A receiving cage (6 X 6 X 6-cm paper box)
was connected to the exit portal for collecting any
escaped mosquitoes. Mosquitoes were allowed a 3-
min resting period to permit adjustment to test
chamber conditions. after which the escape funnel
wak opened 1o begin the observation period. Mos-
quitoes escaping from the chamber into the receiv-
ing cage were recorded a1 1-min intervals for a pe-
riod of 30 min.

All trials were replicated 3 or more times for
each particular test combination. Immediately after
30 min of exposure, the number of dead specimens
remnaining inside the chamber and those that had
escaped to the receiving cage were recorded for

treatmeot and control chambers. Additionally, all
live specimens that had escaped or remained inside
the charnber after 30 min were collected. provided
sugar solution, and held in separate lots o record
mortality during the 24-h postexposure period.

Data analysis: A survival analviis method de-
scribed by Roberts et al. (1997) was used to analyze
and interpret the behavioral respanse data (Char-
eonviriyaphap ¢t al. 1997). The sicape response
data were subjected to Kaplan—Meier survival anal-
ysis as the preferred and most robust stadstical
treatment for excito-repellency daia (Kleinbaum
1995). Unlike other methods of analvsis that have
attempted to quantitatively describe the behaviorial
responses (irritability) to insecticide deposits, the
generation of survival curves minimizes the loss of
useful information and allows an estimation of
mosquito escape probability over time of exposure.
A log-rank method (Mantel and Haenzel 1959) was
used to compare patterns of escape behavior within
and between different treatment groups and biolog-
ical conditions.

RESULTS

Excito-repellency patterns of 4 irmportant malaria
vector species in Thaitand exposed to field-rate del-
tamethrin {0.02 g/m?) were performed in contact
and noncontact exposure chambers. Qverall per-
centage and rate of escape response was found to
be higher in contact trials compared to noncontact
and controt trials in all test populanons (Table [).
Contact rate of escape patterns from treated cham-
bers allowing physical contact with residual delta-
methrin were significantly higher than those from
paired controls, aithough escape rates varied by test
populations (Figs. 1 and 2). For example, a rapid
escape response during the 30-min exposure was
observed in populations MIRA (100%). MASB
(99%)}, MISA (96%), and SASA (90%), whereas a
more subdued response 70 and 80% escape. re-
spectively. was observed in DISB and DISC test
populations. Comparatively low numbers of female
mosguitoes (=25%) departed from the control
chambers, with the exception of the DISB coatrol
where almost 60% escaped during the test time
(Fig. 2). Unusually high escape pauems in control
tests occur from time to time for reasons that are
unclear. Repeated trials ander the zame or nearly
identical conditions normally see these high rates
of escape among controls as an unexplained anom-
aly.

In the noncontact trials, marked escape responses
were observed in MISA (75%), DISB (72%). and
DISC (58%) test populations, compared to the
MASEB (33%), SASA (49%), and MIRA (50%)
populations after 30 min of exposure (Figs. 1 and
2). In some cases, a higher percentage of mosqui-
toes escaped from the control chambers, as ob-
served in DISB (62%), MISA (58%), and SASA
(25%) test populations when compared to MIRA
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Table 1. Summary of escape response and mortality of female Anopheles species exposed o deltamethrin at
0.02 g/m? in contact and noncontact trials.
No. observed % mortality
Test! Tested Escaped % escaped Escaped? Not escaped?
Contact
DISB-C 200 114 57 6.1 {71114} 0
DISB 200 140 70 1.4 (2/140) S6.7 (38/6M
MISA-C 160 21 21 0 0
MISA 160 98 o8 3.1 (3/98) 100 (2
MIRA-C 200 22 11 0 0
MIRA 200 200 100 2.0 (47200) v
MASB-C 75 10 13 0 0
MASB 5 74 99 0 100 (/D
SASA-C 200 50 25 0 0
SASA 200 180 90 0 100 (207200
DISC-C 200 3 4 0 0
DISC 200 160 20 3.1 (5/160) 100 40/
Noneentact
DISB-C 200 124 62 1.6 (2/124) Q.13 176
DISB 200 144 72 0 Q053 (356
MISA-C 100 58 58 0 0
MISA 100 75 75 0 0
MIRA-C 200 28 14 0 0
MIRA 200 100 50 2.0 (2/100) 0.04 141000
MASB-C 75 5 7 0 0
MASHE 75 25 33 0 0
SASA-C 100 25 25 4.0 (1/23) 0
SASA 100 49 49 2.0 (1149 0
DISC-C 100} 8 8 0 0
mscC 100 T 58 58 0 0

' DISB, An. dirus species B (Jaboralory population); MISA, Ar minimus species A: MIRA, An. minimus species A: MASB, An.
maculams form B; SASA, An. swadiwengporni, DISC, An. dirus complex (field population): €, control lest without insecncide.

* Dead/no. escaped given in parentheses.
* Dead/ne. remaining inside chamber given in parentheses.

{14%). MASB (7%), and DISC (8%) populations.
As noted in other studies, the repellent effect on
mosquite behavior is far less. evident compared to
the immitant effect caused by direct physical contact
with an insecticide in the pyrethroid class or DDT.

Times of escape from treated and contrel cham-
bers, measured in 1-min intervals, were defined as
escape time (ET), in terms of the time elapsed for
530% (ET.) and 75% {ET,,) of the test population
to depart the exposure chamber from the single exit
aperture (Table 2). Because contact tests showed a
greater and more rapid response than noncontact
trials. escape patterns reflected this in time of es-
cape. In contact trals, alt 6 populations had ET,,
values of between 2 and 9 min, and an ET,; of =13
min {3-13 min) for 5 of the populations. As noted
in the within and between population comparisons,
DISB had the lowest percent escape and highest
mortality in contact trials compared to the other
populations. In the noncontact trial, the ET s for
DISB, MISA, MIRA, and DISC are 7, 18, 5, and
12, respectively (Table 2). The ET,; values for
DISB could not be calculated. In noncontact trials,
some ET,, and ET,, values for test populations
could not be calculated for a 30-min exposvre pe-

riod because a few specimens escaped from the ex-
posure chamber. '

Female mosquite monality from different test
populations after a 24-h postexposure holding pe-
rod in all contact and noncontact treaunent and
control Irials are provided in Table ). Tn general.
low percent mortality was observed in females
from all test populations managing t¢ escape in
both comtact (0-6.1%) and nonconiact wials (0—
4%), All females that remained inside the chambers
after 30 min of exposure in contact trials had died
within 24 h, whereas most noncontact test speci-
mens survived with a low percent mornality (0.04-
0.13%) after the 24-h helding period.

Within-population comparisons of escape re-
sponses between contact trials and paired conuols,
contact and noncontact trials, and noncontact and
paired controls for the 6 test populations are shown
in Table 3. Significant differences were observed in
all combination comparisons except in DISB. This
population showed no difference when comparing
irritancy and repellency responses (£ = 0.962) or
any differences between noncontact and paired con-
wol designs (P = 0.07), indicating that this long-
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Table 2. Escape time in minutes for 50% (ETy,) and 75% (ET,,) of female Anopheles species 10 escape from
exposure chambers treated with deltamethnin,?

DISB MISA MIRA SASA MASE DISC
Test ET, ETy ET, ET, ET, ET, ET, ETs ET, ETy, ET, ET,
Contact 5 — 6 10 2 3 9 1 9 13 5 9
Noncontact 7 — 18 — 5 —_— — — —

— 12 _

' DISB. An. dirns species B (laboralory population): MISA, An. minimus species A: MIRA, An. mrinimucs species A: MASB, An
maclas fonm B: SASA, An. rwadiwengporni; DISC, An. dirus complex (ficld population}. A dash indicates that too few specimens
escaped from exposore chambers to allow calcplation of an BTy, or ET,,.

standing Jaboratory colony showed no marked re-
pellent response to deltamethrin.

Multipte comparisons of escape patterns (rate of
escape) between the 6 test populations of female
Anopheles in contact and noncontact trials were an-
alvzed with the Jog-rank method at the 0.05 level
of probability {(Table 4). In contact trials, significant
differences were found in all cases, except for
DISB vs, SASA, DISB vs. DISC, and MISA vs,
DISC population comparisons, For noncontact tri-
als. only 2 paired population comparisons failed to
show a significant difference (MIRA vs. MASB
and MASE vs. SASA). In this study, only An. min-
imues (MIRA) was found to be physiologically re-
sistant to dettamethrin and significant differences
were found in escape responses berween MIRA and

the 5 deltamethrin-susceptible populations in con-
1act tests.

DISCUSSION

The mathematical framework for understanding
the repetlent, irritant, and toxic properties of insec-
ticides on mosquilces and how they function in
controt of malaria has been proposed by Roberts et
al. (2000). This work, along with other related stud-

Table 3. Within-population comparison of escape
response between paired control and contact trials,

ies, has clearly suggested that the excito-repellent
and toxicological actions must be accurately as-
sessed by using different vectors and chemical in-
secticides throughout mataria-endemic areas (Char-
eonviriyaphap et al. 2001, Sungvornyocthin et al,
2001). This study observed the behavioral respons-
es of 4 important malaria vectors from Thailand to
the standard operational field dose of residual del-
tamethrin, the currently approved indoor residual
insecticide for malariz control in Thailand. These
results contribute to the ongoing work to optimize
and standardize an excito-repellency test system
that is deemed an essential component for assessing
public health insecticides and their mode of action
in disease vector and transmission control. We aiso
compared the behavioral responses between a del-
tamethrin-susceptible and deltamethrin-resistant
laboratory population of An. minimus species A.
Significant avoidance responses were observed
in contact trials, compared o noncontact and con-
trol trials, and significant differences in escape re-
sponses were documented between noncontact iri-
als and contemporaneous paired controls. The most
dramatic behavioral avoidance response after phys-

Table 4. Comgparison of escape patterns between test
populations of female Aropheles in contact and
noncontact triaks with deftamethnn.!

vonwct and noncomact trials, and paired noncontact and 165t population Contact trial  Noncontact
control Wials for 6 test populations of fernale Aropheles comparisons ) wial (P)
against deliamethrin at the field rate of 0.02 g/m?.! DISB vs. MISA 0.0001 0.0001
~o DISB vs. MIRA 0.0001 ©.0004
repli- DISB vs. MASB 0.0001 0.0001
ames Control  Contact Noncontact ngB vs. SASA NS 0.0001
contacy v§. V5, VS, ISB vs. DISC NS 0.0009
aon- Test contact noncontact  control MISA vs. MIRA 0.0001 0.0001
contact  population €4 Py [¥24) MISA vs. MASE 00001 0.0121
MISA vs. SASA 0.0469 0.0032
*E DISE 0.0120 NS NS MISA vs. DISC NS 0.0001
YA MISA 0.0001 0.0001 0.0080 MIRA vs. MASB 0.0020 NS
RIS MIRA 0.0001 0.0001 0.0001 MIRA vs. SASA 0.0001 06.0287
A3 MASE 0.0001 0.000k 0.0001 MIRA vs. DISC 0.0001 0.0001
Wy SASA 4.0001 0.0001 0.0010 MASB vs., SASA 0.0001 NS
4 DISC 0.0001 0.0001 (.0001 MASB vs. DISC 0.0001 0.0001

" PMSB. An dirus species B (laboratory population); MISA, An.
minimus species A MIRA. A minimus species A; MASH, An
macudetes form B: SASA, An. swadiwengporni, DISC, An. dirus
compley (tield population): P < 0.05 Indicates log-rank tests with
signiticam differences in avoidance behavior patterns; NS = P >
0.05.

' DISH, An. dirus specics B (laboratory population); MISA, An
minimus species A MIRA, An. minimus species A; MASH, An
maculaius form B; SASA, An, swodiwongporni, DISC, An. dirus
complex {ficld population); P < .05 indicates log-rank tests with
significant differences in avoidance behavior paremns; NS = P >
0.05.
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ical contact with deltamethrin was observed in
MIRA. followed by MASB, and SASA test popu-
lations. A colonized population DISB demonstrated
the weakest responses to deltamethrin. Noncontact
repellency was detected at significant levels com-
pared to paired controls, except in the DISB colony.
Strong repellency was observed in MIRA and
DISC. with more than 50% of the test population
escaping from the test chambers within 30 min. Re-
pellency was less pronounced in MASB, SASA,
and MISA but remained significant compared to the
controls. These observations on repellency action
are in agreement with the results from previous
studies (Chareonviriyaphap et al. 1997, 2000; Su-
ngvornyothin et al. 2001), which reported an inter-
mediate avoidance response compared to irritancy,
yet significant overall repellency effects of delta-
methrin 10 Anopheles albimanus Wiedemann from
Central America and An. minimus from Thailand,
respectively. Monality was low in mosquitoes es-
caping the treated chambers in contact and noncon-
tact trials, an indication that behavioral avoidance
greatly reduces the opportunity for residval insec-
tcides to impact survival through toxicity.

Of the mosquitoes under study, DISB produced
higher numbers of escaped mosquitces from the
control chambers compared to the other 3 test pop-
vlations. The reason for this is unclear. Because this
colony has been maintained in the laboratory for
more than 16 years, it may have lost some ability
to respond normally to insecticides. A similar phe-
nomenon was observed in the 20-year-old colony
of An. albimanus from the Walter Reed Army In-
stitute of Research (WRAIR). The WRAIR colony
showed virually no response to all chemicals test-
ed. and all mosquitoes that remained in the treated
test chamber did not survive past the 24-h postex-
posure holding peried {(Charconviriyaphap et al.
1997). The poorer escape response compared to the
uther populations appears to be colony-related, be-
cause DISB has been continuously maintained un-
der artificial conditions in the laboratory for nearly
2 Jecades before this smudy. Long-term colonization
possibly has unintended effects on normal behav-
joral patterns in mosquitoes, although this would
not appear to be the case with An. dirus when com-
paring contact escape responses between colony
and field populations (P = 0.56).

brritancy, a result of physical contact with insec-
tivide-treated surfaces, by mosquitoes were recog-
nized even before the early stages of broad-scale
use of insecticides to control vector mosquitoes
(Kennedy 1946). Subsequent observations indicat-
ed that some insecticides also could induce a re-
pelient effect, without actual physical contact with
a eated surface. Repellency effects to insecticides
uzed in malaria conrol have been reported in sev-
eral anopheline species (Roberts and Alecrim 1991,
Ruberts et al. 1997, Chareonviriyaphap et al. 1997).
Omne of the 1st species of mosquitoes to demonstrate
a repellent effect, Anopheles culicifacies Giles from

India, provided further evidence of noncontact re-
pellency in mosquite vectors, a phenomenon that
has been long been ignored or discounted as im-
portant in malaria control. One of the reasons for
the poor understanding of avoidance behavior in
mosquitoes was the lack of an adequate test system
to measure both irmitancy and nencontact repellen-
cy, which eventually was satisfied by Robens et al.
(1997) with the development of a yue excito-re-
pellency test systern. When properly configured.
thig test systern allows observations that distinguish
irritancy and repellency, and was 1st used to mea-
sure behavioral responses of An. albimanus to DDT
and some pyrethroids under laboratory and natural
field conditions (Chareonviriyaphap et al. 1997).
Subsequently, improved excito-repellency escape
chambers have been developed that provide infor-
mation on both irritant and repeilent responses
(Chareonviriyaphap and Aum-Aung 2000; Char-
eonviriyaphap et al. 2002). Improved test systems
have been used to quantify the insecticide-induced
behavijoral responses of wild—caught An. minimus in
Thailand (Chareonviriyaphap et al. 2001).

OQur findings on behavioral responses of mataria
vectors (0 insecticides are similar to those of pre-
vicus studies (Ree and Loong 1989: Evans 1993:
Chareonviriyaphap et al. 1997, 2001; Bangs 1999,
The behavioral responses to deltamethrin by female
mosquitees from different test populations varied
depending on innate characteristics of each test
population. Although the nutritional and physiolog-
ical status of laboratory mosquitoes was carefully
controlled, field-caught mosquitoes were naturally
heterogeneous in age and nutritional status. Be-
cause avoidance behavior is significantly influenced
by the nutritional and physiological condition of the
mosquito, the interpretation of avoidance responses
to insecticides derived from field populations
should be interpreted with caution (Sungvornyethin
et al. 2001).

Pyrethroid-class insecticides have long been
known to elicit excito-repellent responses in insects
(Threlkeld 1985). The combined effecis of irritancy
and repellency preduced in the presence of an in-
secticide can have a dramatic impact on the effec-
tiveness of chemical control of mosquito vectors.
thus profoundly impacting the local transmission of
disease. Behavioral avoidance of wreated surfaces.
especially irritancy, generally prevents sufficient
contact with a residual insecticide. thus greatly re-
ducing the risk of premature monality in blood-
seeking anophelines, However, a reduction in the
toxic effects of a chemical may not necessarily
equate to an increase in risk of human—vector con-
tact inside houses (Roberts et al, 2000). We believe
a convincing argument exists that the consequence
of the combined effect of repeliency and imritancy
in reducing house-entering mosquito densities and
interrupting patterns of bloodfeeding behavior ex-
erts a profound influence on transmission, likely
overriding the influence of contact toxicity. The im-
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plications of these and other findings tbat describe
the dramatic display of mosquito avoidance of in-
secticide-treated surfaces (wall surfaces and im-
pregnated bed-nets) warrant continued study. We
believe excito-repellency assays of the type de-
scribed in this study should become an integral part
of the overall assessment of an insecticide’s ability
to control disease transmission.

In conclusion, deliamethrin exerted remarkable
excito-repellency int 4 species of Anopheles, all of
which are regarded as important vectors of malaria
in Thailand. All & populations showed vigorous
contact irritancy to the operational dosage of del-
tamethrin compared to paired controls and noncon-
tact repellency trals, in both contrelled laboratory
colonies and field-caught populations, regardless of
nutriticnal and physiclogical status of the test pop-
ulations. However, the degree of repellency was
less profound than that of irritancy,and in most cas-
es produced a significant avoidance response com-
pared to paired controls. The differences in escape
responses between the long-standing colony of An.
dirns and the other species tested appear 10 be a
consequence of prolonged colonization and isola-
tion from varying natural stimuli. Additional efforts
are currently underway to promote development of
standardized excito-repellency response tests.
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Deltamethrin and Possible Implications for Disease Control

MONTHATHIP KONCMEE,! ATCHARIYA PRABARIPAL? PONGTHEP ARKARATANAKUL,™?
MICHAEL J. BANGS,* anp THEERAPHAP CHAREONVIRIYAPHAP'

J- Med. Entemol. 41 (6): 000~ 000 (2004}

ABSTRACT Behaviorol respanses of nine Aedes aegyptt (L) strains, six from recent field collections
and three from the long-established laboratory colonies, were tested under laboratory-controlled
conditions by using an excito-repellency test system. All uine straing showed significant behavioral
escape responses when exposed to deltamethrin at the standard field dose (0.02 g/m?®), regardless of
background insecticide susceptibility status (susceptible or tolerant/resistant). Insecticide contact
imitancy played a predoinimate role in overall fenale mosquito escape responses, wherens noneontact
repellency was not observed at levels significantly different from paired noncontact control tests (P>
0.01). Among the six field populations, the Jakarta {Indenesia) Toba (north Sumatra}, and Bangkok
fesnale mosquitoes showed rapid exit (=>78%) during 30 min of direct contact with insecticidetreated
surfaces, whereas the other three strains demonstrated only mnoderate escape responses {32-36%)
from the chambers. Moderate escape responses during direct insecticidal contact also were observed
in the three laboratory test pepulations (44 -60%). Higher percentage of mortality was observed from
laboratory strains (8-33%). that failed to escape compared with nonescape females of Geld struins
[2—16%) p0531bly a reflection of background daltamelh::m susceptibility status. We conclude that

( _ g&pti when exposed directly to deltamethin
yace sprays or surfaces treated with residual
‘adult mosquito control and disease

pyrethroids could have a signific:
transmission reduction measures. 75

llency, deltamethrin

hslvrdifficult to control because of its close associ-

tropical world, are at risk of infection for dengue fe and exploitation of domestic and peridomestic

and dengue hemorrhagic fever. Annually, 50

lion people are estimated as being infected with det

gue viruses worldwide (Gubler 1997). The viruses
responsible for dengue disease in humans are trans-
itted primarily by Aedes segypti (L.), & notoriously
efficient vector mosquito that often residesin and near
human dwellings and preferentally feeds on humans
{Gubler 1997). Despite research progress, a com-
pletely effective and commercially available dengue
vaccine is not yet available. Prevention of this disease
remains ahinost entirely dependent on using vector
control, most methods of which remain the most ef-
fective means of reducing virus transmission potential
in the usually densely populated and impoverished
regions of the world (Reiter and Gubler 1997, WHO
1999}, Unfortunately, Ae. aegypti has proven tremen-

V¥ Departinent of Entomelogy, Foculty of Agricolture, Kasetsart
University, Bangkok 10900 Thailand.

2 Fueuity of Liberal Arts and Scienoa, Kasetsart University, Nak-
henpathom, 73140 Thailand.

*Center for Agricultural B-.olcchnology. Kaselsart University,
Bangkok, 10900 Thailand.

1 1.8, Naval Medical Rescarch Unit No 2, J. Pescetnkan Negara No.
29, Jakarta, 10560, Indonesia

an environments, The most effective proven
thods for disease prevention has beea by vector
eduction, either through larval habitat elimination
{“source reduction™), or control of habitats, ofien us-
ing nore vxpensive (and less efficient) approaches for
mosquite vector control by various chemieal or bio-
logical means.

Although some populations of Ae. aegypti have been
found physiologically resistant to a wide range of in-
secticides (Brown and Pal 1971, WHO 1892), the Lrue
itnpact of resistance on adult and larval vector control
has been circumstantial. In addition to toxicity, many
synthetic pyrethroids have inherent properties that
irritate (excite) and/or repel insects (Threlkeld
1985). Dating back >>95 yr, reports have docuinented
the excito-repellency properties of deltamethrin on
mosquitoes, mainly examining behavioral responses of
Anopheles species (Coosemans and Sales 1977, Pell et
al. 1989, Roberts et al. 2000, Chareonviriyaphap et al.
2001). Relabvely little has been published on the
avoidance behavior of Ae. aegypti exposed to any in-
secticide (Kennedy 1947, Lal et al. 1965, Hadaway et
al. 1970, Moore 1977).

0022-2585/04/0000-0000304.00/0 & 2004 Entomalogical Seciety of Amurica
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The najority of msectcide studies have concen-
trated on the direct toxicologicat effects of chemicals
on mosquitoes, whereas Httle focus hasbeen placed on
the behavioral response and outcome to exposure.
Many insecticides are locomotor stimulants, causing
profound excitation and premature movement of in-
sects away from sprayed surfaces, a kinetic mechanism
resulting in “avoidance.” In general, behavioral re-
sponses by insects to insecticides can be classified into
two categories: irritability and repellency (Davidson
1953; Lockwood et al 1984; Roberts and Andre 1994;
Chareonviriyaphap et al. 1987, 2001; Rutledge et al
1999). Lrritability is defined as insects leaving an in-
secticide-treated surface after physical (tarsal) con-
tact with the residual chemical, whereas repellency is
strictly a function of an insecticide to act from a dis-
tance (area effect), diverting insects away from
treated surfaces without actual physicat contact with
the chemical (Roberts et al. 1997).

Several insecticides that have long been used in
public health control prograsns hiave been shown to
exert behavioral responses by mosquitoes and other
insects, most notably DDT and the synthetic pyre-
throids (Kennedy 1947; Roberts and Alecrim 1991;
Chareonviriyaphap et ol. 1997, 2001, 2004}. Delta-

methrin is currently one of the most commonly used-
inseckicides in public health programs and has been
the mainstay for the emergency control of Ae. cegypti:
adults in Thailand since 1994. Deltamethrin formula-

tions are also commercially available to:the ggnera.l
publie for use in homes for protection agalnst indoor
biting mosguitoes and other arthropod pests. Given its
common usage, it is important to investigate how, e
tamethrin might influence Ae. segyptl behavio
understanding that could dramatically impact lﬁ'é,‘
cess of a vector control program.

Behavioral responses can be objectively ant] qua

an=isy
titatively assessed by using an excito-repellency’ tes' et
system (Roberts et al. 1997). The World Hea.]th OP )

system attempting to aoccess the behavioral responscs

of mosquitoes to insecticides (WHO 1970) and was
later referred to as an “excito-repellency” box (Ra-
chou et al. 1863). The test system was further medified
to evaluate the behavioral responses of several mos-
quito species to DDT and some of the prototyple
synthette pyrethroids (Bondareva et al. 1986, Qui-
nones and Suarez 1988, Ree and Loong 1989, Evans
1993). Up to that ime, however, no test system had
been specifically designed to accurately diseriminate
between contact (irritaney} and noncoatact (repet-
lency) behavioral responses. In 1997, an improved test
system was developed to distinguish between these
two distinet types of behavioral responses, irritancy
and repellency, and tested using Anopheles albimanus
{Chareonviriyaphap et al. 1957, Roberts et al. 1997).
Subsequently, a more field-friendly test system that
was more both easily transportable and set up was
designed {Chareonviriyaphap et al. 2002). With this
improved test chamber system, assays can better dem-
onstrate the innate aveidance response of mosquitoes

Journal, OF MEDICAL ENTOMOLOGY
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exposed to environmental conditions with varying
doses of residual insecticides.

There is a lack of information about how Ae. aegypti
responds after contact with potentially toxic cheini-
cals. We investigated the active properties (toxic and
nontoxic) of deltamethrin, one of the more coimnonly
used insecticides for dengue vector control in Asia. by
using nine Ae. asgypif test populations. Irritancy and
repellency responses were quantitatively assessed vs-
ing the iinproved excito-repellency test systein,

Materials and Methods

Mostuito Strains. Nine populations of Ae. aegmypti
were used to evaluate excito-repellency responses. All
mosquitoes were reared at the Departinent of Ento-

mology, Faculty of Agriculture, Kasetsart University.
Thailand until testing.

1. Bangkok strain was collected in January 2003 as
larvae from indoor habitats in Bangkean (13°31°4.8”
N, 100° 34'7.3" E), an urban area of Baugkok.

2. Pathumthani strain was obtained in Novewmber 2002
as larvae from outdoor container habitats in Lad
Lumkaew District (13° 5723 N, 100° 24'28" £},
Pathumthani Province, east of Bangkok in Novem-
ber 2002,

3. Nonthaburi strainy was obtained in February 2003 as

‘Taxvae from outdoor container habitats in Bang Yai

Dlst{lcta(l3°5-i'428'N 100° 26°38" E), Nonthaburi

ﬁ”&‘%:« varea west of Bangkok.
. 'mw- sg'mn was collected as larvae from o urb:m

2} )akarta as F1 eggs.

i Cepu strain was collected as larvae from an urcban

kY enlocatedm eastern Java (07°11'29"S, 111°42'57"
), Indonesia. The colony was obtained from

Yy NAMRUZ in July 2003 as F1 eggs.

6. Toba strain was collected as larvae from a rural
village area of north Sumatra (02° 33’1575, 98° 43'34"
E}, Indonesia on Sanosir Island located on Lake
Toba. The colony was cbtained from NAMRU-2 in
July 2003 as F1 eggs.

Bora Bora strain fromn the Society Islands (French

Polynesia} was obtained from the Institute of Re-
search and Development (IRD), France. It had
been maintained in an insectary for >25 yr before

“obtaining eggs.

. CDC (Thailand) strain was originally collected as
larvae from Ayutthaya Provitnice, Ceatral Thailand,
and continuously maintained in the laboratory for
nearly 10 yr at the Malaria Division, Center for
Disease Control, Ministry of Public Health, Thai-
land. Colony material was provided in June 2003.

. AFRIMS strain was originally collected as larvae
from urban Bangkok in 1987 and continuously
maintained at the U.S. Armed Forces Research In-
stitute and Medical Sciences {AFRIMS), Bangkok,
Thailand. Colony material was provided in June
2003. :

hok
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Insecticide-Impregnated Papers. A, smglu standard
field dose of deltamethria {0.02 g/m®), impregnated
onto test papers measuring 275 by 355 em, were
obtained from the WHO Collaborating Center, Vector
Control Unit, Penang, Malaysia. All papers were
treated at the rate of 2.75 ml of the insecticide solution
per 180 em® and used before their specified expiration
date.

Insecticide Susceptibility Tests. The susceptibility
of each population te deltamethrin was assessed by
exposing unfed, 3-5-d-old female mosquitoes to a sin-
gle diagnostic dose (0.05%) on insecticide-treated test
papers. as recommended by World Health Organiza-
tion and following standard testing procedures (WHO
1998). After BO-inin exposure, test and control mos-
quiloes were transferred to separate clean holding
containers and mortality recorded afier 24-h postex-
posure. The test was repeated three times and an
average susceptibility level was derived for each
strain. Based on percentnge of mortality in each pop-
ulation, mosquito survival was indicative of the degree
of physiologieal resistance.

Behavioral Aveidance Tests. Tests were carried out
to compare the bebavioral responses of nine strains of
Ae. aeuypti axposed to 0.02 g/m? deltamethrin applied

to a paper surface as described above. For all exper-:
jinents, test chambers from those descnbed p:ewously.

were used in paired control and’ mgnlxpren
{Chareonviriyaphap et al. 2002). Test chambe
modified slightly to allow for quickers

de\ncesbutdxdnotalterthemner 8t

E-Tl
treated test chambers and two paired con
bers. Female mosquitoes were kept 1‘!} oldm g
cups for =810 h belore testing, being provided only
water soaked on cotton. For each test chamber, 25
starved mosquitoes were carefully intreduced into
rach of four chambers by using a mouth aspirator
followed by elosure of the cuter rear door. A receiving
cage {6 by 6 by B-cm poper corton} was connected to
the exil portal for eollecling exiting mosquitoes. Mos-
quitoes were allowed a 3-min resting period to permit
adjustment to inside conditions of the test chamber
before opening the escape funnel to begin the obser-
vation period. Mesquitoes escaping from the chamber
into receiving cage were recorded at L-min intervals
for a peried of 30 min,

All trials were replicated four times. Immediately
after the 30-min exposure, the number of dead or
knock-down specimens remaining inside the chamber
and those that had escaped into the receiving cage
were recorded for each treated and control chamber.
Alllive specimens were collected, transferred to clean
holding cups, and provided a 10% sugar solution for
nutrition, All test mosquitoes were maintained sepa-

KoncMEE ET AL.: Ae. aegyph BEBAVIORAL RESPONSES TO DELTAMETHRIN

Tablel. Mean smacoplibility of Ae. aegypd beld and laboratory
stralog m diagnostic dosage (0.05%) deltamettoin

3

Styaing tesled % nartality”
Field
Nonthaburi 63
Pathumtheni 64
Cepu 48
Jakarta 84
Benghok 7
Toba 85
Laboratory
AFRIMS a7
Bora Bora j35]
CoC U4

* Sumple size each lest n = 104,

rately in lots during the 24 h postexposure period to
record mortality.

Data Analysis. In contact susceptibility tests, for
control mortalities exceeding 3%. Abbott’s fonnuia
was used to adjust and report the baseline suscepti-
bility level in the test population (Finney 1964). A
Kaplan-Meier survival analysis method was used to
analyze and interpret the behavioral response data
{Roberts et al. 1997, Charconviriyaphap et al. 2002},
Survival aualysis is the preferred and most robust sta-
stical treatment for excito-repellency data (Klein-

I‘B um:1995). Unkke other methods of analysis that

lave, altempted to qu:mt:tatwe]y descnbe the behav-

\1.(.;;3.,,\"‘ ile a.llowmg an estimation of mosquito
= Pprobability over time. A log-rank mt.lhod was
12

edital

ey
viis

ditions (Ma.ntel and Haenzel 1959). Statistical
ce for all tests was set at P << 0.05.

Results

¥ Nine test populations of Ae. aegyptt, six from the
field and three from the laboratory, were exposed to
0,02 g/m® deltanethrin-treated papers to assess sus-
ceptibility to the compound. Field populations dem-
onstrated varying levels of physiological resistance to
deltamnethrin  {23-52% survival after 24-h postexpo-
sure), whereas laboratory colonies proved highly sus-
ceptible (94-100% mortality). The one exception was
the Toba (north Suinatra) population that showed 95%
mortality (Table 1),

Escape responses of Ae. aegypti to deltamethrin
were tneasured using contact and noncontact eXpo-
sure test chambers. The Ae. aegypti escape responses
varied significantly, depending upon populations
tested (Table 2). The three Geld test populations, one
from Thailand (Bangkok) and two from Indonesia
{ Jakarta and Toka}, showed dramatic contact escape
responses {>78% within 30 min} comnpared with two
Thai populations {Nonthaburi and Pathwmthani) and

. one other population from Indonesia (Cepu). The

Pathumthani population demonstrated the weakest
contact respense to deltamethrin (32% escape during

Ti
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Table 2. § ¥ mesn and mortalify of

fomale ds. acgypll exposed to 0. 02 p‘m’ deltamothrin in conlaet
and nonconiact Lrisk

Vol 41, no. 6

Table 3. ET in minnles for ET3Q, ET50, and ET?5 of

Ae. aegypt] lomales 10 escape contucl chamber treated with el
wethrin during 30-min exposure

Test condition/test

population % escaped” % wnortalily
Escape Not Escape
Contact -
Field
Nonthaburd 56 1.8 {1756} 2.3 {1744)
Pathumthan) 32 0 [
Cep 36 0 31 {2I64)
Jakarta 81 123 {1481} 16.7(2012)
Banghkok 6 0 1]
Toba = 5.1 {4/78) 0
a'{"‘!.ﬂbornlonj
AERTMS 44 45(24M) B9 {Si56)
Bora Bora 60 5.0 {3/80) 32.5 (13440)
[ols. o sl 5.8 (M5t) 25,5 {(137/49)
Nonecontact
Field
Monthabur 3 o a
Pathumthani 2 1] Q
Cepn 2 a Q
Juknrta 8 0 0
Banghok 0 0 [
Talw 4 0 0.
Laboralory
AFRIMS o 1}
Buorg Bora | D 4]
coe 3 D V]

* Sample size each test series n = 100.

Test pop ET30

ET30 ET75
Nonthebury ] 16 —_
Pathumthani 18 —_ —
Cepu 18 — —-
Jokarta 2 6 1
Bangkok k4 12 -
Toba 3 [ [§:)
AFRIMS 10 - -
Bora Bora 2 7 —
coC + 21

* InsufBcfent number of mosgquitoes cacape from test chamber,
ETS0 and ET7S could not be caleulaled.

tions {Jakaria and Teba) could provided a reliable
ET75

Significant differences in escape patterns were ob-
served in comparisons of paired control versus con-
tact, and contact versus noncontact tests for all pop-
vlations (P < 0.001). In paired noneontact vuisus
control, there were no statistically significant escope
responses between any two pairs (P > 0.03). indicat-
ing a very weak repellency response. Comparison
events could not be analyzed for the test populations
from Bangkok and AFRIMS. In contact trials, significant

. differences were observed between Jakarta compared

30-min exposure}, followed by Cepu (36% escape).
The number of escaped females was relatively low for
the three laboratory test populations, ranging from 4

to 60%; the AFRIMS strain demonstrated the weakes!

trials, pe
was very Iow rangmg from 0 to 5. 8%, wherea.q mor 1
tality was higher from these female remaining ine th% i
test chamber, varying from 0 to 32.5% (Table 2): Im
general, percentage of mortalities of nonescape fe:
ma.les from laboratory colonies were relatively higheiis
(9-325%) compared with a recently collected feld’ 1)"
population (2.2-16.7%), In all noncontact trials, mor-
tality was not recorded during the 24-h posttest hold-
ing pericd and only a small number of escapees were
observed for all test populations (8-8%). Among feld
test strains, Jakarta showed the greatest repellency
response to deltamethrin (8% escape).

The time required in minutes for Ae. aegypti females
to escape fromn contact chambers treated with delta-
methrin were calculated and escape patterns were
defined as percentages 30% (ET30), 50% (ET50), and
75% (ET75) of the test population that escaped the
test chamber during 30-min period as defined by
Kaplan-Meier survival analysis (Table 3). For field
populations, ET30 were recorded at <6 min for
Jakarta, Bangkok, Toba, and Nonthaburi, with greater
delay (18 min) seen with Cepu and Pathumtheni
strains. For the laboratory populations, the ET30
ranged from 2 te 10 min, ET,, values ranged from 6 to
21 min for six strains analyzed. Because of low per-
centage of escapees during testing, only two popula-

overall response to deltamethnn (44%) In contactwf‘

with: Nonthaburi, Pathumthani, Cepr, AFRIMS, and
CcDC, a.nd between Toba compared with Pathumithani,
Cepu;amﬁ TRIMS (P < 0.0001). In noncontact trials,
no s_ : Wﬁﬁ:ﬁm differences were seen between any pop-
p;pmfs"except for Jakarta and Toba compared
km:dAFRJ.MS (P < 0.01 and P < 0.05,
1y)
:gu:es 1-2 Hlustrate the proportion of Ae. aegypti
"males remaining in the exposure chambers treated
with'deltamethrin during a 30-min exposure period.
'ﬂf\ proportions used to develop paiterns of escape
IJL’J’E: used to calculate the eseape probabilities for the
ine mosquito strains in contact {Fig. 1} and noncon-
“tact (Fig. 2) tests. In contact trials, two Beld strains
fromn Indonesia, Jekarta and Toba, showed signifi-
cantly greater escape responses compared with the
other field and laboratory strains (P < 0.001). Among
field populations fromn Thailand, Pathumthani demnon-
strated the weakest contact behavioral response. In
noncontact trials, very few mosquitoes escaped from
the treated and control chambers. Although a greater
number of Jakarta and Toba mosquitoes escaped. the
exit was not significantly different from their respec-
tive paired controls (P > 0.05).

A,r.‘

Discussion

Behavioral responses of insects exposed to insecti-
cides remain poorly studied and relatively little un-
derstood. We believe this area of research is often
neglected. yet an important aspect to understanding
how vector control methods function and to making
sound decisions on pesticide selection. Mosquito be-
havior is of prime epidemiological importance to the

FLF2
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extent it either favors or arrests a mosquito feeding on:
a human, potentially imbibing an infectious bloed
meal or transmitting a pathogen 1o & susceptible host
An excito-repellency svaluation of Ae. aegypti to del-

behavioral avoidance by inosquite vectors iu the pres-
ence of insecticides has been considered a detriment
to effective mesquito vector contrel programs (Da-
vidson 1953, Rawlings and Davidson 1982, Quinones
and Suarez 1989, Ree and Loong 1989). Evidence to
the contrary, however, has shown that excito-repel-
leney properties and the interference caused by toxic
residues on mosquite behavior can actually advance
control efforts by reducing vector-human contact and
thus the risk of pathogen transmission (Roberts and
Andre 1994, Roberts et al. 2000). Quantitatively, the
combined effects of repellency and irritancy can po-
tentially exert the deminant actions of an insecticide
on an insect vice the lethal properties that are more
commonly attributed to a chemical’s effectiveness.
For exminple, in Brazil, the excito-repellency action of
DDT aftorded alinost complete protection of humans
indoors from Anepheles darlingffor nearly 2 mo after
the houses had been sprayed (Roberts and Alecrim
1991). Long recognized in igiportance, the actual

5 of Ae. aegyptl escaping test chambers during

ugtt of study concerning nosquito behavior has
een ‘inadequate in relation to insecticides” impact on
mlhng disease transmission (Muirhead-Thomson

| "1960 Mattingly 1662).
tamethrin (or other pyrethroids) has not been ade-"

quately documented, despite the general notion that 'clear behavioral aveidance responses to deltamethrin,

" In this study, all Ae. aegypti strains demonstruted

regardless of background insecticide susceptibility
status present at the time of the assays. Greater escape
responses from deltamethrin-treated chambers were
documented among field populations compared with
the laboratory-adapted colonies. Most tests showed
mosquitoes departed treated surfaces and chambers
before acquiring a Jethal dose of insecticide. Higher
percentages of mortalities were observed in nones-
cape versus escape females in laboratory (8-32%) and
field (2-16%) populations. The three laboratory
strains used in this study had been colonized contin-
vously for 15-20 yr and seem to have lost some of the
natural behavioral avoidance response te delta-
methrin, Similarly, suppressed avoidunce responses
were observed in two colonized populations of An.
albimanus fromn Panaina and El Salvador {Brow:s 1958,
Chareonviriyaphap et al. 1997). Both populations had
Lbeen maintained in laboratories for more than two
deecades and showed much less avoidance to insecti-
cide exposure compared with wild-caught popula-
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Fig. 2. Survival anolysis showing cumulative proportic

30-min noneontact exposure to 0.02 g/m? deltamethrin,

tions. A lgng-tenn (=15-yr} colonized strain of Arop
eles d:‘ngﬂso demonstrated alower escape responset

ethrin compared with other strains from Tha
land {Chareenviriyaphap et al. 2004). Use of long
establisbed colonized mosquito populatiens should b
carefully considered before extrapolation of findings
to “nonnal” wild-type behavioral patterns of mosqui-
ioes in natural settings.

All nine Ae. aegypti populations showed significant
irritaney responses to deltamethrin contaet, whereas
showing no significant repellency when comparing
paired noncontact and control tests. In all populaticns,
repellency did not seem to play a significant role in
bebavioral escape patterns regardless of background
toxicological susceptibility patterns. Ae. aegypl
inosquitoes 1nay have greater tolerance {ie., less
sensitive) to exogenous chemicals detected from a
distance compared with some Anopheles species. Pre-
vieus work on several populations of Anopheles mos-
quitoes from both fleld and laboratery demenstrated
a strong contact irmtancy to several insecticides
coppared with a weaker noncontact repellency; how-
ever, in many cases repellency was shown to be sig-
nificantly different compared with paired noncontact
controls. (Charconviriyaphap et al. 1997, 2001, 2004;
Sungvornyothin et al, 2001). Nevertheless, noncontact

s of-""

tram.s of Ae. cegypti escaping test chanbers during

_repellency has consistently been shown to be far less

nounced with all insecticides tested compared
yith irritancy.
5 In Thailand and Indonesia, chemical ineans of con-

: ‘-.t'i'ol is still regarded as a primary method to coinbat
" Ae. aegypti larval and adult mosquitoes. In Thailand’s

national vector control prograan, temnephos {Abate)
has been used in great measure to control larvae and
deltamethrin for control the adult mosquitoes {CDC
2003). Additionally. mnany insecticides. including syn-
thetic pyrethroids are commonly used by hoine-
owners to control household mosquitoes and other
arthropod pests. We demonstrated that Ae. aegyph
field test populations from Thailand had somne degree
of physiological resistance (27-36%) to deltamethrin
{Table 1). A high degree of resistunce also was ob-
served in the Indonesian Cepu population (52%). The
resistance seen was likely the result of selection pres-
sure generated from agricultural use of similar insee-
ticides. Ae, qegypti demonstrated significant contact
irritancy to deltamethrin, regardless of Lackground
suscepbibility status, making it unclear what role, if
any, behavioral avoidance may play in selection of
resistance. We surmise our results would be reflective
of other Ae. egypti populations in Thailand where
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insecticide resistance has been reported (Chareon-
vidyaphap et al. 1999, Somboon et ol. 2003).

Two possible origins of behavioral responses have
been proposed by Chareonviriyaphap et al (1997}
either behavioral and physiological resistance oceurs
in tanden, but under different genetic control, or the
responses evolve independently, Although resistance
and behavioral avoidance have been considered an
outcome from insecticide selection pressure (Tock-
wood et al. 1984}, as yet, no directly linked refation-
ship between the two responses was apparent in our
investigations. The strong contact irritancy observed
in two [ndonesian field strains (fakarta and Toba)
seeins to be an innate avoidance response, given the
relatively Jow level of background physiological re-
sistance seen. Siinilarly, the lower excito-repelleney to
deftamethrin in oue field population from Indonesia
{Ceput) and one from Thailand (Pathumthani}, both of
which presented the highest Tevels of resistance, may
bave influenced the overall escape respense because
of greater tolerance to insecticide and ability to with-
stand increased exposure. The escaped fernales from
Cepu alse had anong the lowest percentage of mor-
tality compared with other strains {Table 2). The
relatively  bigh  physiological  resistance in the
Pathumthani population {36%) also may have con-
tributed to the zero mortality in both nonescape and
escape individuals. Moreover, the possibility that non-
escapecs could have survived by avoiding prolonged
contact with insecticide-treated surfaces seems un-
likely (Chareonvirdyaphap et al. 2002). -

The poorsustainability of Ae. aegypti controlin most
areas of the world is well docomented {Gubler and

virus transmission after reports of dengue cases. The
need for more effective residual formulations and ap-
plication technology is an area of continned investi-
gation for adult mosquito control. We would strongly
encoursge others examining the use of residual insec-
ticides to carefully document the hehavioral responses
of Ae. aegypti in the study design. An understanding of
behavioml avoidance by mosquitoes that can interfere
with vector feeding and alter other behavioral pat-
tems (e.g., oviposition site preference) of adult nos-
quitoes, must be considered when assessing, the true
effect of insecticides on dengue control, remenbering
the pritnary easure of suecessful centrol should be
reduction of diseuse tronsmission (case incidence).
not simply the quantitative reduction of vector mos-
quito deusities.

Despite over a century of study, there remnains inuch
to understand about the biology and behavior of Ae.
aegypti that influences dengue transinission. The be-
havioral responses of mostuito vectors to {usecticides
are of great importance to better understand the
inechanising involved thalinay influence transuission
and support the tationale for ongoing wosquito con-
trol activities and expenditures. We believe excito-
repellency assays should be an integral coinponent of
any evaluation of mn insecticide’s full cupabilities and
potential to abate disease transinission.
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Avoidance Behavior of deltamethrin 6y Anopheles minimus Species A, a malaria vector

in Thailand
gaaien Urusivag ¥ Wig09900 WNENQIRURR “
Atchariya Prabaripai ¥ Nutthawan Putthangkoonsantati ¢
ous waating ? Fen Wiy Beenw ¥
Amara Naksathit % Theeraphap Chareonviriyaphap ~
? ABSTRACT

The behavioral responses of a colonized population of Anopheles minimus to
deltamethrin were characterized using an excito-repellency escape chamber test
system. A full test compared the escape responses of test population from each of 4
chambers; one with direct contact with insecticide treated surface, one without direct
contact with treated surfaces and 2 control boxes (one with and one without direct
contact with surfaces) treated with the carrier only. A dramatic escape response of test
population was seen in test chambers that affording direct contact with deltamethrin
treated surfaces. Female mosquito escaped in greater numbers from chambers without
direct contact with treated surfaces than escaped from the 2 controis. Results also
revealed that significant differences of escape responses were found in the test system
between that used WHO impregnated papers and those from our own-made
impregnated papers. We conclude that behavioral responses of An. minimus are

important in insecticide-malaria control program equation.

Key words . Avoidance behavior, Excito - repellency, Pyrethroid, Anopheles minimus
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Table 1. Mortalittes of Anopheles minimus females after a 24 holding peried following

exposures In contact and noncontract trials with WHO and KU deltamethrin

impregnated papers in excito-repellency tests.

Number % Mortality
Condition Paper Trials Tested Escaped Escaped Not
(%) escaped
Contact
WHO | Treatment 100 96 (96} 27 0
Control 100 7({7) 0 0
P Treatment 100 98 (98) 2 0
Control 100 32(32) 0 0
Noncontact
WHO | Treatment 100 31 {31 0 0
Controt 100 19{(19) 0 0
Treatment 100 75 (75} G 0.
Control 100 59 (59) 4] 0

Table 2. Time in minutes for 50 {(ET50) and 90 (ET90) of Anopheles minimus fermales to

escape from WHO and KU exposure chambers with 0.02 g/m2 deltamethrin.

Contact Treatment

Noncontact Treatment

Types of papers ETg, ETg ETg, ETy
(u¥) (UW) (U1H) (1)
WHO 3 13 - -
KU 6 17 18 -




Table 3. Comparison of escape responses of Anopheles minimus between WHO

and K 0.02 g/m2 deltamsthrin impregnated papers

Test Populations

Contact Contact
Treaiment Control

Noncontact Noncontact
Treaatment Control

Anopheles minimus WHO vs. KU WHO vs. KU*

WHO vs. KU* WHO vs, KU*

Lt =] ' - " 1 LS. ‘J - J a‘a
* AINVENNAENA WU’)’\ﬁﬂ"J’\NLW\ﬂF\’Nﬂl&ﬂﬂ'ﬁﬁﬁﬂﬂﬂ’\ﬂﬂlﬂ?:ﬁﬁﬂqquL':‘.'I‘E'qu 95%

}

Tabie 4. Comparison of escape responses of Anopheles minimus between contact and

noncontact trials, contact and control trials and noncontact and control trials

with WHO and KU impregnated papers.

Dose of insecticide Contact Contact Noncontact
Deltamethriﬁ 0.02 Treatment vs. Treatment vs. Treatment vs.
glm2 Noncontact Contact Controf Noncontact
Treatment Control
WHO P=.0001 P=.000t P=.0080
Ky P=.0001 P=.0001 P=.0418
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ABSTRACT

The objective of this study was to evaluate behavioral responses of deltamethrin and DDT by
Anopheles minimus A under a laboratory controlled conditions. Tests were conducted under two different
temperarure Jevels, 27.0-33.0°c and 33.1-38.0°. A full test compared the escape responses of test population
from each of 4 chambers; one with direct contact with insecticide treated surface, one without direct contact
with treated surfaces and 2 control boxes (ope with and one without direct contact with surfaces) treated with
the carrier only. A more escape response of test population against DDT was seen when tests were performed

outdoor as compared to the indoor, Tn contrast, deltamethrin showed higher responses from indoor tests than



outdoor tests. There was no significant differences in behavioral contact responses between deltamethrin and
DDT (P=0.069). Statistically significant responses in escape pattern between DDT and deltamethrin were found
under noncontact conditions (P=0.027). We conclude that behavioral responses of An. minimus are important

in insecticide-malaria contro! program equation.
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