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ABSTRACT

Project Code: PDF/67/2540

Project Title:* Pesticide Avoidance Behavior in Anopheles minimus, a
Vector of Malaria in Thailand

Investigators: Theeraphap Chareonviriyaphap, Ph.D. Assist Prof.

Division of Biology, Faculty of Liberal Arts and Science
Kasetsart University (Kamphaengsaen),

Nakhon Pathom 73140

Supaporn Ratanatham, Ph.D. Assist Prof.

Department of Biology, Faculty of Science

Mahidol University, Bangkok 10400

E-mail Address: faasthc@ku.ac.th
Project Period: 3 years
Objectives: Survey insecticide resistance (physiological resistance) in

Anopheles minimus, a vector of malaria in Thailand
Determine the pesticide avoidance behavior (behavioral
resistance) in Anopheles minimus, a vector of malaria in
Thailand

Methodology: Anopheles minimus populations
Physiological resistance was detected using World Health
Organization test (1981)
Behavioral resistance was determined using an improved
ERE chamber (Chareonviriyaphap, 2000)
Survival analysis with the log-rang test

Resuits

1.Physiological resistance: All wild-caught populations used in this study were
found to be completely susceptible to insecticides commonly used in malaria control in
Thailand, namely DDT, deltamethrin and lambdacyhalothrin (See included tables).
Those Anopheles minmus populations were collected from Tak, Mae-Hong-Sorn,
Kanchanaburee, Trat, Nakhon Ratchseema and Chantaburee Provinces.

2.Behavioral resistance: Due to the availability of the specimens, only 2
populations were used in this study. The first population was a wild-caught collected
from Ban Pu-Teuy, Kanchanaburee Province and the second population was a
laboratory-reared colony obtained from Malaria Division, CDC. Both exhibited strong
avoidance behavior (behavioral resistance) to all 3 compounds, DDT, deltamethrin and
lambdacyhalothrin.
Discussion and Conclusion

This finding showed that both young and wild-caught populations of An.
minimus female demonstrated tremendous irritancy responses to DDT, deltamethrin
and lambdacyhalothrin and most spacimens took off from the treated chambers without
receiving a letal dose, indicating strong natural behavioral avoidance to all 3
compounds. In the present study, the wild population showed much quicker escape
responses to the chambers treated with DDT and lambdacyhalothrin than that of
deltamethrin; whereas a young colony exhibited stronger responses to 2 pyrethroids
than DDT. The comparatively weaker response to deltamethrin by test specimens from
the wild population than a young colony was unclear. However, age composition and
physiological status of wild specimens could play a role in this resuit.
Suggestion
Clearly, more field research is needed on the behavioral responses of vector

populations from different geographical areas in Thailand. Chemically-induced
avoidance behaviors by malaria vector mosquitoes should be defined using
standardized methods (e.g., excito-repellency boxes and experimental huts) to
determine the exact impact of chemicals on malaria transmission and malaria control.
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1:sm-sv‘|’lauaua- JuUgd Anopheles minimus AlvonAusiues AU [UdENITN
ﬂaﬂaumw‘mn‘mmnﬂuI.'netn':"[ﬂU'l'n World Health Organization Susceptlbmty Test
(1981) uazly An iImproved Excito-Repellency Escape Chamber (2000) Lwa'nﬂaaun'l:i
ﬁ"mmusiamsmﬁ'lmiownﬁmm

'usmﬂnumama. 'l-nnul.i'lumua'lum'nnum Teswiseaniduasingy /e
mumam'u. uowmmuﬂnm 1800-0600 . mnuuﬂwan"lﬁ'lﬂmu'l"i'lum-uanmuom
Wi u.un'numaom'luﬂammua-ﬂﬂmmﬂaau

38nmasau: WHO Susceptibility Test (1981) '[ﬂu'lfm-mwmmm-nmuanu
(4%DDT, 0025%deltamethr|n u.n.. 0. 1%lambdachalothnn) Ymmimesauy 3 ﬂﬂﬂaﬁud
mmeasddanilimsiadl una-mahm 100 @7 thm'nmum'mﬁﬂau'lﬂ;au«m-uunn
$IIUMTABURENTOLTEANAINN 24 lu9

An Improved Excito-Repellency Escape Chamber (2000): wReu

Wirunmmannildemanil 3 mmmlauuﬂﬂumeua.mmﬂﬂuaau (aoazidonlu
i) Taevinmesas 4 G 'l'nmmaa- 100 &7 sianitamsiadl

mmﬂmﬂ-—ﬂnauaua-uﬂwa- 14 sSurvival Analysis lunsiiamsinams
Lﬂauuuﬂmmnmwuaoﬂs.mmumaomnrmmmaaaewauem 1% Log Rank test
wRsuifiguauuanedn

HANTINARDY

innmmnm'luwm'\mnuﬂaawmuuum'mwund‘u 9  #Asulduanimasu
mMusdamnailuiiiaise (Physuolog:cal resistance) A 1EluMINeaas usiwuIIg
fudassdifidmnneanads ws: induneinsluanansmasiumusamyaiiluss
WO AN (Behavioral resistance) BENITULTY
am]ua..'nwm

ninmsinsisuafilvinlinmuieaeihls 3 ofie (DDT, deltamethrin uaz
lambdacyhalothrin) m.lrmnnmwm'lumm'umumnuﬂamlﬂumm-' DDT mmmh.
anﬁmwmn'nm's'lmmanam'nv.ﬂ 2 m'lumnlmm.‘lamnuﬂnm wTzaziulunis
imjn'mﬂamu.u.lMmﬂ-nmﬂﬂumuﬂummwimﬂuﬁ’ammmmﬂazmua..mumau
unzita

Lwa'lnmmﬂaauauumﬂamﬂﬂmumw-ﬂmsm Standardization LA
aﬂmmn'l'ﬁ'lummnﬂau ua.mmmm:muauﬂwumo % (confounding factors) ozl
Wan3z NUABHAMINAABD uanmnumsﬂﬂmmﬂamuﬁuumuunum’l.unmmh.mns
T nﬁ'mtymﬂ-mmmnm'[nﬂ'l'ﬁ’m-naunnaaa




Executive Summary
The study was designed to determine toxicity responses of DDT, deltamethrin
\

and lambdacyhalothrin to several wild-caught Anopheles minimus populations using the

WHO Susceptibilty Test. In addition, the behavioral responses of 2 test populations of
An. minimus fermales to 2 glm2 DDT, 0.0625 glm2 deitamethrin and 0.0369 glm2
lambdacyhalothrin using an improved excito-repellency escape chamber were
performed. One test population was colonized in 1993 and referred to as “"a young
colony”. The second field test population was collected from Ta-Soa County, Tri-Yok
District, Kanchanaburi Province, West of Thailand and referred to as “a wild
population”. Results showed that females of both young and wild test populations
rapidly escaped from direct contact with DDT, deltamethrin, and lambdacyhalothrin.
Lambdacyhalothrin exhibited the strongest irritant effect to female mosquitoes followed
by DDT and deltamethrin. Fewer females escaped from test chambers without direct
contact with treated surfaces, indicative of non-contact repellent action, but the
response was significantly different from the controls (P<0.05). This suggested that
both contact iritancy and non-contact repellency are involved in An. minimus escape
responses. Experimental hut studies that include monitoring of house-entering

populations of An. minimus are needed for a meaningful assessment of non-contact

repellent actions.
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Anopheles minimus  Sauilun st lznanadodeonuuninaeludzinasingg
wnuvSiedoussialBooaudramatsnanalnedas wdsznalne An. minimus ‘lﬁ'
gnimilugswmzniindudow nmmammtmun*umm-muaum'lﬂ uwuﬂuuunmn
aumﬁﬂu'mmmummamuunnmh‘lv\amq ua.uuau'naunﬂnunumulumu
(Endophagic) ﬂammmjauuuﬂawmamwunmnu'lﬁ'l'lvu.mmnaumﬁummmmmu
smuauﬂﬂmnm-ad'wmamwwmaaumo*] 'nuJauu‘lﬂaumaama’mnwﬂ'\mmh
Puinslsmaefiviedn g MmessumaneasuszmasumIunndlananzatig
mmﬂmnnmuaummnmﬂunmmu ﬁ'ﬂmuwunuumﬂﬂauuuﬂmmqunnﬂu
ua-ummauav.amamnﬂauuuﬂaamnwu‘[ﬂunnma:J'lnamuuutfmnmmunmu
l.ﬂumw'm-'num'lummylummummﬂ's-mﬁ'lnﬂ

aumaummﬂnnnmme'l'nmumlmmmrti'lurm‘rf‘m‘mun‘ma-mu'nnaﬂ
ﬂmm'l'ummnu‘lamuﬁ'mu ﬂtummnmu'luﬂwuuﬁ‘lau.nﬂs-'m-nuummaumms
Auddftasssluaudau m'l'mmmmmmmmjuu'mﬂuﬂunsmmu'[ﬂumm-ms
Imslunguininsasdfonmed 1su mﬂ'nuomrumu permethrin WIamMINUHINID
1Thudae deltamethrin uaﬂtymmnmu'lwm.unﬂam'luumnmumsﬁnmmn':m'uu'n
mnua..na'inmmaumm'[ﬁumﬂuwnanﬂummamam (avoidance behavior') 783
mmn-xh'[mu'lmnu'nmuaamnhu.uaqamoumn uazMIAATIEWTYAN AU
behavioral response m‘luummnmmnumwrl-n:umwm'mﬁ'uﬂuamamﬁe-ﬂm
WeanusulsuazdinmluiFosvosunum  ue:  nalnnsnauauasvesmsadsiuyes
Taoawiz3es avoidance behavior 'lm.‘www:ﬂﬂm'nﬁﬂﬁilﬁ'u'mﬁu unuInuasnalnd
U939 avoidance behavior 'nmuqmw'lh'[mmml.'s'miamnni’nhu.um:Tatﬂuﬁnn
muanuau'lwnmmg'mmmammwnmw-n-naﬂmmmn‘nu-nau Iananannane
Tudes eTm'lmmJnsmnuﬂ‘rmiﬁLm-mu.a~6|aamﬁmnmﬂmﬂ-nnamauannnﬂm
uazuwingn maumnao‘l'&'mmn v\muﬂs-mnnwaﬂs..'[umﬂumm.ﬁuumzr.qun
NIIUAINAEINN

'lwum-ﬁ:Te'l;i:‘.'lmsﬁnmua-rwrmuﬁ'mﬁ‘una‘lnﬁaunmnﬁuu‘.uaueﬁu
avoidance behavior 'ummmv&-ﬂﬂmmmnununamm a9 Afmsldaafumty
fuflus- ﬂwuuumﬂwmmunmmﬂ-u"lw:ﬂuuwaeumnmums permethrin LAZ
m'swumm.l'muou'mmu deltamethrin r‘ﬂanmhunmma'l'i'lummwﬂuuamnzm
lanadoaug lUruaad mﬂ..a.uummtmmsﬁnmhuwnmﬂwmmui
mmﬂ.ﬁuunmnam\ﬂwammu.mml.su'[ﬂmnm-hmu avoidance  behavior
m'n.'lmmamfmmﬂ..w‘ﬂoﬁ'ma'lmmuma naunkdafilunInuguliauislan
auuamawmmamu excito-repellency M3

'umulfmi'lBeluvicnlmiiuumlemn'tdnvhﬂmmm'mkdeﬁnedulmmhrhudeh-mehlwlﬁ'm“mﬁm
sclective presture of insecticide use, that increase the frequency of insecticide svoidance behavior).



tﬁn‘lﬁl‘ﬁ'ﬂhﬂﬂngmﬂﬁtﬁr.nﬁ'uunm'nua-nﬂ'lnﬁuv'l’a"iaﬁ"m avoidance behavior
givuldeaniuundpaiudrans (experimental escape chamber’) @yaansolddnen
wqﬂmmmwauauawaammwmhﬂmmnunuﬂamnua~'lw1mauwaun11~w
TovezlvnswdaefiFoni  tarsi vosmawmeiilomalddudmiumanailavase
(physical contact with chemical) Wiafi3undn "MIfNEIMIIN” FIu “MIANEINIY
Sau”  szniznlend tarsi -ulouamwnmmmnm‘luu'[ammw-auutmummm
(without physical contact ) naaeﬁ'\aaanmm.muuunumuﬁﬂaamaatanfj ‘nwmatm
(entrance) WRZNIBAN (exit) ﬂaomammzﬂua'ﬂmma n'm'lunaaw-unam-uu'lwnom
mua'nhuun-mmmmaurmaan‘lmwa'l.ﬁﬁnm'lummjm "nrsAnEINIdaN” datu
$raInandneg wastlezssetunodauidlaunumussnalnfiwioTamedu
avoidance behavior mwawm:m'['mmmmmuaamn ussIwinsapdsaazy (@
Liuuamwa-'l'nnm'lun'nsm'mﬂnumuamumuah wam-ﬁ'm'nuwﬂm'mmadm
ananielewdol minfinmwuhudassdomaed)  usmIfnmaiflasvinms
drzifudszandnmseimtinInienddainzing permethrin us: deltamethrin 7iileia
gavmnbilzansniolesianis An.  minimus Frezbunlfifuinainmaadaniona
unumﬂ'man-nquuwﬂuum-mn'lﬂuammau'lnau

pitadufinruiududrileinldmnaiidruuasswanuinlulszinalnans
d"mm'.ﬂ.nsmuazmamummwnu-no'-n-una'[ﬂnmau.a-huaaunamww-m'[mnu
unsavnawluAufivmaineesussidantenumsluim ﬂmmmmn.mhm’l’w
mudasaail (physiological resistance W&t biochemical resistance) TiHa#N39 u
vrzinalnsdindldfuanuanlatesannuasidulgmiddgyfiniseldfumsfinely
uwnamam.u.ﬁ'l'namum:m“lanunmmnwmﬂuomwmhﬂumsmumuaamﬂﬂu
wioatufarsesfinfnendonalnsanahsanudumusdamyng (mechanism of
resistance) udnzrfinlduitaiafezimautlylderdsidunmiin ussifalyma
anzmIdumusdaanIsiuualuganmshlalulsznalng mifinsnadtlesyin
m‘:é"\namsmumuaamsmuulmjmmw'm-m'[mmmuu'luwunmq 9 vaunlszina
ne mnﬂﬂng'nﬂn'nmumumtmu.ummmm findulasamslninezmana
L'nauTma'mann'ltﬂuamna'[ﬂue-mmmnmna'lnmsmumu (physiological
resistance) namwwm’m--nuﬂuw] Lwam-ﬂu-nutﬂmrauawupu'lummnmma
ohus-'mmnmnnnnaaua.mmmmmnﬂnnunm.h*amrmwna'lﬂ

3Bnrmeaas
1. World Health Organization Susceptibility Test (1980)
1.n1nau (Field collection)

*Experimentsal cacape chamber (Chemically clean box) Wgneonam Taongunin36ue 0 Department of Preventive Madicine and Biometrics, Unifoamed
Services University of the Health Sciences, Bethesds, Maryland UATNGLITINTS N Walter Reed Army Institute of Rescarch (WRAIR), Washington DC, Tu
T 2536 iile 19 i1 @nun avoidence behavior vosgmmzihlimnmSofiddermiisinunate Hlumsnuquunawio sere lsdn e Wnns
vufunms WawhnhzmaIno@ita 1 wrisninafnlyanssd

"§ilouaznmz Toonunn ooperimental cocape chamber rife 18110 13#Mu1 non-comact condition Sxduatusn



mam-'lﬁ'lﬂmmmu An. minimus #yuduufidasms ﬁ'lmnnumamomﬁ"m
38lfauduniada (human-tanding collection) Tﬂﬂﬂ*'l'&'ﬂuﬁ'm'm 8 AW TevzurLang
vinueaniiu 2 ngulasnguuin @4 au) il..nuﬂgum'mmtm 18.00 w. ©i3 24.00 u
ua..nmm 2 (4 AW) vﬂmﬂgumﬂumuﬁ 00.00 w. 69 06.00 u. usiaznguIdiaa1wn 10
m'n-uaaﬂmum'[umﬁwmmum zuml.nu'1.ﬂmnuni)~nn|.nu'l'3'lunaa\'l 11&11’161‘18“5!"11’1
‘thu'l'S'lunnamnnuua:mw'numm.aumammmnn-nuﬂ'luﬂamm naomnu‘um
fdudoadlo An. mimimus 92MNANAREUNTEIMNIUG BN TRINULUAT

2. Wanljuensyd A (Temporary Laboratory)

mMInasaumIswmMudamsiuua lugavmmnihlimnaFeesduiiunilesis
m:muu.m'[ﬂuammmmuu'[an (World Health Organization/Vector Control/Biology/
81 806)Iﬂu7rn'lm‘a.1'nﬂ‘)'m|.1m‘uwummﬂﬂu {Organochlorine, Organophosphate
Carbamate &S Pyrethroids) m*amwmu (diagnostic dose) voudszsmTadl logasdd
%ani"ﬂ'mﬂ'numﬂﬂumu us Army Center for Health Promotion and Preventive
Medicine (USACHPPM) ‘Bauaﬂ‘lﬂﬂ'lnn'ﬁ'nﬂﬂﬂuvnUtfdil"ln'nﬂ\'m (treatment) azUwN
uﬁuumuunuﬂauammmu (uoﬂ'lumumuﬂam‘:mumuumua-ﬂaql.ﬂuml.mu
ﬂr'mn:r'nnmammﬁu‘luammnuu‘[ﬂa fudu) Lwa'lnmmﬂaauﬁ'nuu'lﬂatnamh-
anBnwedasvnnmInasas 3 daudazdne: slfyarizanm 20-25 Mdanilinnuitudu
35malesdiey An. minimus ‘lﬂmmﬂﬂans-mummmsmuu.a.n:r-mvn'lu'numsmu
(control) 'lum-nwilmﬂmam-uamﬂunm 1 Faluandsnniuesir luwn 1y holding
wbe Wineadfanudutulizann 10% Wwas 24 Falusussiusurneny®
mﬂl.ﬂ'n"wuaua (Data analysis)

e..aaemm'mﬂaaa'lnumnwm'maﬂmsmmlaauauﬁuumuu (nJuauaw)
\fin 20% udthdamnisagvasnguniuquiasnin 20% ﬂ-ﬂaaﬂ':uaﬂﬂn'mrm'lmn'l
fiugudlasliifvas Abbott's formula (aney. 1971) §WUMIIATE ﬂmauaum-'lm
nﬂvlmu'mmwaq Probit u.a.mw'nwuaaLsmn'nvh-uan'lnmnﬂum':.em-umms
mumudamaaiilasnmulisufisuiunguaiunn (World Heaith Organization, 1975)

2.An Improved Excito Repellency Escape Chamber (2000)

1. U2 An. minimus Iau'l.-nﬂul.ﬂumuaw:amw.'l-ﬁ’m'mmmmﬂumuaaamn
WU41 An. minimus 'luw:unutu‘] whnefiuananiatuiiuemas uﬂ'lummnmmmm
nH'lummﬂaauLﬂumnLnu'lﬂmnmﬂ.'nﬂmﬂumua

2. m'mﬂam'lunaoﬂguamﬂ.'lmmmmunm‘lu‘lﬂnutaaﬂmuﬂizmm 3635
mmu'lunmm 'l-zmammunmmwu'lﬂ wiwinuas naummﬂaaw.mlnﬂ'lmmuﬂ
a*u.rlﬁ'mﬂmhumn -]'nmunaaauw-'n'm'nmam'lurmm (7.00-12.00) 1yintin

3. m..mmmmnnwuﬂmo‘] muanututiuiidasmyssfidalavasinn Us
Army Center for Health Promotion and Preventive Medlcme (USACHPPM)

4. wdpITmMmenadatnotas 3 1 W n..umma..mmmﬂam (treatment)
dalizneudmsnimemeulasmente 2 naaoua-'m-mﬂaau'[ﬂummau 2 naad 919y
Uszuan 100 e luudazganimeasss un:ma'lu'lw.nﬂmsﬁ'uam'lum'mﬂaau aevh
mmu'l-nnaaamuﬁ'mmrﬁ 4 nasluusnzns ad'n‘lsnmm.ﬂaahuannaaaa-nutha
rﬁammwa-mwnaaoﬁmﬁ'laaanaum-ﬁwn‘lﬂuuﬂa:ﬂﬂ naamnunnaamuﬁﬁam
fwnzmwgumnaldifsdasin USA CHPPM ua: n’lu‘lﬂ'numsmu ('numuu) N

"msmuminnfmlﬂhmsﬂuimwfmmqunnﬁ



mimmuﬂm{lummmaﬂuﬁ": ﬂ'rm'lmm'lﬂlunaaoua.ﬂﬂﬂ'rﬂmow-w.a"wnaam:‘]u
180 3 m'rmaomnuuuuﬁqmumnuwﬁuaanmnnaaom 4 'nn*] 1 %1fi IuAsL 30
w1 ﬂ'm’Jﬁn‘lﬂlm Chareonviriyaphap, (1997) ild'lﬂﬂﬂn‘n'nﬂﬂle (ﬂ.unamni.ms
ﬁ'\mummnuuwuaanmmnnaaamunnam) AReRlWAuwmwFaunIuns

nnnamauu‘mfuum.uam'lnmummnomaa‘lﬂu

With or Without contact with test papers

Papers lining the exposure chambers

With Without
With Insecticide(Treatment Chamber) X X
Without Insecticide (Control Chamber) X X

5. mn'lmmua'ﬂummﬂaaml nnﬁnmmm‘li’luamwnmm TR (m'nwuaan
a-mnaaamuﬁmaaua-mnuommaaar.‘l‘,;lunammuﬁ'lam) uuﬁ'm'mnmumaaau'lu
YosUU (Tufin anm.nuun-ﬂ'nu-nunnma'lun'nnnaaa)

m3llansidaaa
11auan‘lﬂm:nnﬂﬂmmu‘li‘lummmuahu'l'ﬁ'[ﬂsunm excel %32 double helix

express uazilALaTzimen ET-50 (na’mﬂ:-'mnmammu'lﬂ 50% wia Aru3on
N escape time of 50%) uaz ET-75 (nmnﬂ:*mnwawmu‘lﬂ 75% wsamﬂrmn'n
escape time at 75%)IaE3% survival analysis 3INTUTUNTY SAS NBlATEWIS eyl
erﬂ:ummwuJu'lﬂ'lﬂmaum'[uu‘nm'lﬂurmﬂnumua (mu:m) ml.ﬂw.ra‘lu uas
mm‘muan'lunﬂummwuﬂnmwaamwauauawaomnnu Afiedusznitadszm

nwaoqmmﬂwmuﬁuumnu

"Ser Robers, D.R., T. Charconviriyaphap, H_H. Harlan & P. Haheih 1995. Methods of testing snd analyzing resposses of malaria veciors 10 insceticides. J,
Amner. Mos. Cont. Ageo. Submicting.
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ﬂammnamﬂ 1 (Physiological Resistance)
1. DDT (4%) exposure time 1 Falaua

aoufinmaasy Sanevals Smianra
LN Ap. minimus
setiz FANSY wvAle

gruugiirsuditanasey Exposure tube Holding tube
27-28 °C 27-28 °C

poAudsing 75-95% 75-95%

Replicates Replicate Replicate Replicate Raplicate Replicate Total Total

1 2 3 4 5 test control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 20 20 20 20 100 100
{at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
(al the end of
exposure)
No dead 20 20 20 20 20 100 100
(at the end of
exposure)
% dead 100 100 100 100 100 100 100
{(at the end of

exposure)

1"




2. Permethrin (0.25%) exposure time 1 dalue
aouinaney sunelials Samdane

g AN An. minimus

sruz AsiNdl Al

HUNNNIENTIINARDL Exposure tube Holding tube
28-29 °C 2728 °C
ArnAudaing 75-85% 75-85%
Replicates Replicate Replicate Replicate Raplicate Replicate Total Total
1 2 3 4 5 test control
Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 20 20 20 20 100 100
(at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
(al the end of
exposure)
No dead 20 20 20 20 20 100 100
 {atthe end of
| exposure)
% dead 100 100 100 100 100 100 100
(st the end of

mposure)

12




3. Deltamethrin (0.025%) exposure time 1 dalu

J [ ] \ » -~ -
anuRnaney eneleli Savdianse

LN An. minimus
sz AT nAlle

UNNIITENINNAREY Exposure tube Holding tube
26-27 °C 27-28 °C

pra kg 75-85% 75-85%

Replicates Replicate Replicate Replicate Raplicate Replicate Total Total

1 2 4 test control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 17 97 100
No knockdown 20 20 20 20 17 97 100
(at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
{at the end of
exposure)
No dead 20 20 20 20 17 97 100
(at the end of
sxposure)
% dead 100 100 100 100 100 100 100
(st the end of

exposure)

13




4. Lambda-Cyhalothrin (0.1%) exposure time 1 $aq
anuimeneu Sineveld Saviansn

4N ME An. minimus

szus Fdnde inendle

fruviitzuitmaany Exposure tube Holding tube
28-29 °C 27-28 °C

pruTuduing 75-95% 75-95%

Replicates Replicate Replicate Replicate Raplicate Replicate Total Total

1 2 3 4 test control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 20 20 20 20 100 100
{at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
{at the end of
exposure)
No dead 20 20 20 20 18 o8 100
{at the end of
exposure)
% dead 100 100 100 100 100 100 100
(at the end of

exposure)

4




5. 0.25% Etophenpox exposure time 1 dalua
soufnesey sanelield Sadnnse
AN An. minimus

reaz fafnde iedle

FUNNHITNININAREL Exposure tube Holding tube
27-28 °C 27-28 °C

rradudiing 75-85% 75-85%

Replicates Replicate Replicate Replicate Raplicate Replicate Total Total

1 2 3 4 test control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 20 20 20 20 100 100
(at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
(at the end of
exposure)
No dead 20 20 20 20 20 100 100
(at the end of
exposure)
% dead 100 100 100 100 100 100 100
(at the end of

| exposure)

15




6. Deftametrin (0.025%) exposure time 1 Fa%ata
sofinaneu Auminauy dnedles Smdawidesssu
gANMT An. minimus

sz Andinde iwadle

HUNNIITNININAREL Exposure tube Holding tube
28-29 °C 25-29 °C

T T oY 4 75-95% 75-95%

Replicates Replicate Replicate Replicate Raplicat Replicate Total Total

1 2 3 4 5 tost control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 13 93 100
No knockdown 20 20 20 20 13 93 100
(at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
(at the end of
exposure)
No dead 20 20 20 20 13 93 100
(at the end of
exposure)
% dead 100 100 100 100 100 100 100
{at the end of

exposure)

16




7. Etophenpox (0.25%) Exposure time 1 dalaa
anuinasel Ausavy snadies fmdnusidesseu
LANIUE An. minimus

rzur Adnde inedle

gruniizeninanaae Exposure tube Holding tube
28-29 °C 25-29 °Cc

rruudsing 75-95% 75-95%
Replicates Replicate Replicate Replicate Raplicat Replicate Total Total

1 2 3 4 5 test control
Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 19 20 20 20 99 100
(at the end
ofexposure)
% knockdown 100 100 100 100 100 100 100
{at the end of
exposure)
No dead 20 20 20 20 20 100 100
{at the end of
exposure)
% dead 100 100 100 100 100 100 100
(at the end of

exposure)

"




8. Permethrin (0.25%) exposure time 1 d2Tue
anuiinaney Aruahavy dnedies Samdawidesnsy
LHNTINT An. minimus

sruz Anfude inedle

gruulsEninamaney Exposure tube Holding tube
29°C 28 °C

ALK NS 75-85% 75-85%

Replicates Replicate Replicate Replicate Raplicat Replicate Total Total

1 2 3 4 5 test control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 20 20 20 20 100 100
(at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
(at the end of
exposure)
No dead 20 20 20 20 20 100 100
(at the end of
exposure)
% dead 100 100 100 100 100 100 100
(at the end of

exposure)




9. Deltametrin (0.025%) exposure time 1 991349

Ao uTNaney SatneulszNIe Samdanan

FANINE An. minimus
sreiz AANSE inedln

rUUNIIENINNAReL Exposure tube Holding tube
27 °Cc 26 °C

praAuRNg 85% 85%

Replicates Replicate Replicate Replicate Raplicat Replicatd Total Total

1 2 4 test control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 18 98 100
No knockdown 20 20 20 20 18 08 100
(at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
(at the end of
exposura)
No dead 20 20 20 20 18 o8 100
{at the end of
exposure)
% dead 100 100 100 100 100 100 100
(at the end of

_ exposure)
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10. Permethrin (0.25%) Exposure time 1 dalas
anufmaney Sansusiazanm Sawiamn
RANINT An. minimus

stz ANy il

YrUUNHTEWINNARDY Exposure tube Holding tube
26 °C 26 °C
PRSI [T 0 80% 80%
|
Replicates Replicate Replicate Replicate Raplicat Replicate Total Total
1 2 3 4 5 test control
Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 20 20 20 20 100 100
(at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
(at the end of
@xposure)
No dead 20 20 20 20 20 100 100
(at the end of
| exposure)
% dead 100 100 100 100 100 100 100
(st the end of
exposure)




11. DDT (4%) exposure time 1 $2Tu4
souTinaseu Thunise fusviien wnelnslon Samdanigyaung

FINTUE An. minimus
rras aANde inadle

HOUNHHITNTNNAREL Exposure tube Holding tube
27-28 °C 27-28°C

PTUANYNS 75-85% 75-85%

Replicates Replicate Replicate Replicate Raplicat Replicate Total Total

1 2 3 4 5 test control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 20 20 20 20 100 100
(at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
{at the end of
exposure)
No dead 20 20 20 20 20 100 100
{at the end of
exposure)
% dead 100 100 100 100 100 100 100
(at the end of

exposure)
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12. Permethrin (0.25%) exposure time 1 dtaa

aouiinasey  Shuwee frusviagn sunslnstus Swmdanngyeund
gANINE An. minimus

seuz Aadnd vy .

Holding tube

gruugiissninamane Exposure tube
28-29 °C 27-28 °C

ArnALRNg 75-85% 75-85%

Replicates Replicate Replicate Replicate Raplicat Replicate Total Total

1 2 3 4 5 test control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 20 20 20 20 100 100
{at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
(at the end of
exposure)
No dead 20 20 20 20 20 100 100
(at the end of
exposure)
% dead 100 100 100 100 100 100 100
{at the end of

exposura)




13. Deltametrin (0.025%) exposure time 1 dalue

Fuinmsey Fuil 1 QU EY .M. 2541 0900 4.

spdivasey  thuwee snusvinan sunsinslus Saudanigauy?
FINIME An. minimus

szuz FoAndy ey

YUUUNNTZNINNAADL Exposure tube Holding tube
26-27 °C 27-28 °C

PRTT I 75-85% 75-85%

Replicates Replicate Replicate Replicate Rapiicate Replicate Total Total

1 2 3 4 S test control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 17 97 100
No knockdown 20 20 20 20 17 97 100
(at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
{at the end of
exposure)
No dead 20 20 20 20 17 97 100
(at the end of
exposure)
% dead 100 100 100 100 100 100 100
(at the end of

exposure)




14. Lambda-Cyhalothrin (0.1%) exposure time 1 T2l34
apinasey  Shuwae fruavinien sawnelnslus Sandangaagd

YINUE An. minimus
v & ar =)
FTHT ALANIE INALUE

ruUiTEniNnafey Exposure tube Holding tube
28-29 °C 27-28 °C

prTuRNnd 75-95% 75-95%

Replicates Replicate Replicate Replicate Raplicate Replicate Total Total

1 2 3 4 5 test control

Test/Timelhr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 20 20 20 20 100 100
{at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
(at the end of
exposure)
No dead 20 20 20 20 18 98 100
(at the end of
exposure)
% dead 100 100 100 100 100 100 100
(atthe end of

exposure)




15. Etophenpox (0.25%) exposure time 1 42T

snwinesay Jrunee funvinan sanelnsden Smdanagawnd
gINUE An. minimus

szoz Fausinde inmdly

frunpizzuitammasy Exposure tube Holding tube
27-28 °C 27-28°C

A Audsimd 75-85% 75-85%

Replicates Replicate Replicate Replicate Raplicate Replicate Total Total

1 2 3 4 5 test control

Test/Time(hr) 24 24 24 24 24 24 24
No exposed 20 20 20 20 20 100 100
No knockdown 20 20 20 20 20 100 100
(at the end of
exposure)
% knockdown 100 100 100 100 100 100 100
(at the end of
exposure)
No dead 20 20 20 20 20 100 100
{(at the end of
exposure)
% dead 100 100 100 100 100 100 100
(at the end of

exposure)




RANIINARBIT 2 (Behavioral Avoldance w3a Behavioral Resistance)
\

Table 1.Mortalities of Anopheles minimus females after a 24-h holding period following

exposures in contact trials of excito-repellency tests.

Condition Populstion  Chemical Number Mortakty
#Teet Escaped(%) Escaped not escaped
CONTACT
Yaung colony DOT 100 a7(67) o 1
DOT-C 3 18(18) 1 2
Del 126 107(85) 3 2
DelC 127 10(8) 0 1
Lam 177 132(75) & 7
LamC 171 32(19) 1 o
g poput-tom oDT 100 87(87) 1 0
DDTC 100 17017 2 1
Del o8 $3(54) 1 o
Det-C 94 10010) o 1
Lam 26 21(95) 1 o
Lam-C 97 18(19) ) [
NON-CONTACT
Young oolony DDT 101 25(24) 1 0
DDT-C 98 1(11) 2 1
Del 124 35(28) 0 0
Del-C 125 17(14) 1 1
Lam 174 27(16) 1 0
LamC 174 8(5) 0 [
Wild popuiation DOT 28 24(24) 0 0
DDT-C 97 10 (10) 0 0
Del 28 24(24) o 0
Del-C 100 11(11) 0 1
Lam 20 19(19) (] [
Lam-C 95 15(18) 0 [

Codes for chemicals and doses DDT=2g/m’DDT; Del=0.0625 g/m" deltamethrin,
Lam=0.0369 g/m’ iambdacyhalothrin
DDT-C, Del-C and Lam-C are codes for controls {(without insecticides).



Table 2.Time in minutes for 50 (ETs) and 75% (ET;s) of Anopheles minimus females to
- escape from exposhre chambers (in excito-repellency tests) treated with DDT,
deltamethrin and lambdacyhalothrin

ppT' Del’ Lam’
Population/
Colony ETey  ETys ETe ETys ETs ETys
Young 16 - 6 15 6 29
Wild 15 - 26 - 4 10
1 2
DDT at 2 g/m

*Deltamethrin at 0.0625 g/m-

*Lamdacyhalothrin at 0.0369 g/m_

4Survival analysis was used to estimate the time in minutes for 50 and 75% of test
populations to take off from the exposure chambers.

°Very fow mosquitoes (<75%) escape from exposure chambers, so that the ET;5
estimates could not be calculated for a 30- min exposure period.



Tabie 3.Comperison of escape responses between 2 populations of Anopheles minimus
females in contact vs. non-contact trials by insecticides.

Insecticides Contact trial Non contact trial
DOT Wild vs. Young Wild vs. Young
Del Wiid vs. Young* Wild vs. Young
Lam wild vs. Young® Wild vs. Young

DDT= 2 g/m DDT

Dei=0.0625 g/m’ deftamethrin

Lam=0.0369 g/m_ lambdacyhalothrin

The * identifies results of log-rank tests with statistically significant (0.05 level of
probability) differences in pattern of escape behavior



Table 4.Comparison of escape responses between contact vs. non-contact, contact vs.

control and non-contact vs. control for 2 test populations

Population contact vs. non-contact contact vs. control non-contact vs. control

Young
DoT ooT DDT*
Del* Del* Del*
Lam* Lam* lam*
Wild
DDT* ooT DDT*
Del* Del* Del*
Lam* Lam* Lam*

DDT= 2 g/m°DDT

Del=0.0625 g/m" deltamethrin

Lam=0.0369 g/m_ iambdacyhalothrin

The * identifies resuits of log-rank tests with statistically significant (0.05 level of
probability) differences in pattern of escape behavior



Table 5. Mortalities of unfed, sugar fed, early blood fed and late blood fed Anopheles
minimus females after a 24-h holding period following exposures in contact

trials with DDT, deltamethrin and lambdacyhalothrin of excito-repellency tests.

Chemicals Physiological Number(%) % Mortality
conditions Tested Escaped (%) Escaped Not escaped

CONTACT
DDT
DoT Unfed 200 142(71) 3.5 34
DDT-C Unfed 200 26(13) 38 1]
DDT Sugar fed 200 114(57) 0.8 1.1
DDT-C Sugar fed 200 23(11.5) 0 0
DDT Early blood fed 200 88(49) 0 0
DDT-C Early biood fed 200 16(8) o ]
oDT Late blood fed 200 100(50) o 0
DDT-C Late biood fed 200 17(8.5) 0 o
Deltamethrin
Del Unfed 200 177(88.5) 4.0 8.7
Del-C Unfed 200 19(9.5) 0 0.5
Del Sugar fed 200 138(59) 0.14 o
Del-C Sugar fed 200 3(1.5) 0 0.5
Del Early blood fed 200 121(60.5) 4.1 25
Del-C Early biood fed 200 10(5) 0.1 21
Deal Late blood fed 200 174(87) 0 0
Del-C Late blood fed 200 15(7.5) 0 0
Lambdacyhalothwin
LAM Unfed 200 178(89) 1.1 227
LAM-C Unfed 200 41(20.5) o o
LAM Sugar fed 200 168(84) 24 158
LAM-C Sugar fed 200 18(9) 0 0.6
LAM Early blood fed 200 174(87) 149 3a5
LAM-C Early blood fed 200 17(8.5) 118 22
LAM Late blood fed 200 168(84) 7.7 438
LAM-C Late blood fed 200 10(5) 02 53

Codes for chemicals and doses DDT=2g/m DDT; Del=0.0625 g/m- deltamethrin,
Lam=0.0369 g/m" lambdacyhalothrin
DDT-C, Del-C and Lam-C are codes for controls (without insecticides).



Table 6. Mortalities of unfed, sugar fed, early blood fed and late bloodfed Anopheles
minimus females after a 24-h holding period following exposures in
noncontact trials with DDT, deltamethrin and lambdacyhalothrin of excito-

repeilency tests.

Chemicals Physiological Number(%) % Mortality
conditions Tested Escaped (%) Escaped Not escaped

NONCONTACT
DoT
DOT Unfed 200 26(13) 0 0.5
DDYT-C Unfed 200 27(13.5) 0.1 0.1
DDT Sugar fed 200 53(26.5) 0 i}
DDT-C Sugar fed 200 28(14) 0 0.6
DDT Early blood fed 200 31(15.5) o 0.8
DDT-G Early blood fed 200 9(4.5) 0 0
DOT Late biood fed 200 45(22.5) 0 0
DDT-C Late biood fed 200 17(8.5) o 0
Deltamethrin
Del Unfed 200 28(14) o 0.6
Del-C Unfed 200 8(4.5) 0 1
Del Suger fed 200 19(9.5) 0 0
Del-C Sugar fed 200 a(4) 0 0
Del Early blood fed 200 23(11.5) 8 5
Del-C Early blood fed 200 7(3.5) o 5.7
Del Late blood fad 200 42(21) 0 0
Del-C Late blood fed 200 8(4) o (/]
Lambdacyhalothrin
LAM Unfed 200 47(23.5) 0 0
LAM-C Unfed 200 18(8) 0 0
LAM Suger fed 200 10(5) 0 0.5
LAM-C Sugar fed 200 4(2) 0 0
LAM Early biood fed 200 40(20) 150 43
LAM-C Early blood fed 200 12(8) 0 o
LAM " Late blood fed 200 27(13.5) 74 48
LAM-C . Late blood fed 200 16(8) 0 3.8

Codes for chemicals and doses DDT=2g/m DDT; Del=0.0625 g/im- deltamethrin,
Lam=0.0369 g/m" lambdacyhalothrin
DDT-C, Del-C and Lam-C are codes for controls (without insecticides).

n



Table 7. Comparison of escape patterns (in excito-repellency test) of different
physiological copditions by DDT, deltamethrin and lambdacyhalothrin for laboratory

Anopheles minimus colony in contact and noncontact trials

Condition Physiological conditions DDT Deltamethrin Lambdacyhalothrin
(p-value) (p-value) {p-value)

CONTACT UF vs. SF 0.0029* 0.0001* 0.0001*
UF vs. EBF 0.0001* 0.0001* 0.0033*
UF vs. LBF 0.0001* 0.9130 0.0003*
SF vs. EBF 0.0718 0.4494 0.0104*
SF vs. LBF 0.2543 0.0001* 0.0598
EBF vs. LBF 0.5175 0.0001* 0.5072

NONCONTACT UF vs. SF 0.0008* 0.1583 0.0001*
UF vs. EBF 0.4364 0.4597 0.3053
UF vs. LBF 0.0093* 0.0613 0.0066*
SF vs. EBF 0.0101* 0.4977 0.0001*
SF vs. LBF 0.4584 0.0011* 0.0034*
EBF vs. LBF 0.0688 0.0093* 0.0864

DDT:2 yszDT. Del:0.025% Deltamethrin, Lam:0.1% Lambdacyhalothrin, C: Control
UF: Unfed, SF: Sugarfed, EBF.Early bloodfed, LBF:Late bloodfed



Table 8. Time in minutes for 50 (ET50) and 75% (ET75) of Anopheles minimus females

to escape from exposure chambers (in excito-repellency test) treated with DDT,
deltamethrin and lambdacyhalothrin

Physiological opT' Deltamethrin Lambdacyhalothrin’
conditions

ETao ETss ETs ETrs ETso ETss
Unfed 16 - 6 14 2 5
Sugar fed 25 - 16 - 6 14
Early biood fod - . 18 . 3 10
Late biood fed - - 6 13 3 10
1DDT ot 2 g/m2
2Deltamethrin at 2 gim2
SLambdacyhatothrin el 2 g/m2

48urvival analysis waa used 1o estimate the lime in minutes for 50 and 75% of test pepulations 1o eacape from axposure chambers.
SVery few specimens sscaped from exposure chambers, so the ET50 and ET75 estimates could not be calculated for & 30-min exposure

period.



Table 8. Comparison of escape patterns (in excito-repellency test) of different
physiolagical conditions by DDT, deltamethrin and lambdacyhalothrin for
laboratory Anopheles minimus colony in contact vs. control, non-contact vs.

controland contact vs. noncontact.

Chemicals Physiological Contact vs. Conftrol Noncontact va. Control Contact vs. Noncontact
conditions
{p-value) (p-valua) (p-value)

DDT Unfed 0.0001* 0.8089 0.0001"
Sugar fed 0.0001* 0.0030° 0.0001*
Early blood fed 0.0001° 0.0002* 0.0001*
Late blood fad 0.0001* 0.0001* 0.0001*

Deitamethrin Unfad 0.0001* 0.0009° 0.0001*
Sugar fed 0.0001* 0.0307" 0.0001*
Early biood fed 0.0001* 0.0021* 0.0001*
Late blood fed 0.0001* 0.0001* 0.0001°

Lambdacyhalothrin ~ Unfed 0.0001* 0.0001° 0.0001°
Sugar fed 0.0001° 0.0994 0.0001°
Early blood fed 0.0001° 0.0001° 0.0001°
Late biood fed 0.0001* 0.0395° 0.0001*

'DOT at 2 gm”

*Lamdacyhalothrin at 0.0368 g/m-

“Survival analysis was used to estimate the time in minutes for 50 and 75% of test populations to take off from the

exposure chambers.

sVuyfewmoequlmea(ﬂs%)mpaﬁumexpowmohmben.mmmﬂnmmmamtbemleulabdhr
a 30- min exposure period.



Figure 1. An improved excito-repellenct test chamber used to study the pesticide
avoidange behavior of Anopheles minimus in this study
Figure 2. Escape probability of unfed, sugerfed, early bloodfed and late bloodfed female

Anopheles minimus in exposure chambers in contact and noncontact with DDT.
Figure 3. Escape probability of unfed, sugerfed, early bloodfed and late bloodfed female
Anopheles minimus in exposure chambers in contact and noncontact with

deitamethrin.
Figure 4. Escape probability of unfed, sugerfed, early bloodfed and late bloodfed female

Anopheles minimus in exposure chambers in contact and noncontact with

lambdacyhalothrin
Figure 5. Escape probability of unfed, sugerfed, early bloodfed and late bloodfed female

Anopheles minimus in exposure chambers in noncontact and control with DDT.

Figure 6. Escape probability of unfed, sugerfed, early bloodfed and late bloodfed female
Anopheles minimus in exposure chambers in noncontact and control with

deltamethrin.

Figure 7. Escape probability of unfed, sugerfed, early bloodfed and late bloodfed female
Anopheles minimus in exposure chambers in noncontact and control with
lambdacyhalothrin

Figure 8.Escape probability of Anopheles minimus females remaining in exposure
chambers in contact vs. non-contact trials with 2 glm2 DDT, 0.0625 glmz
deltamethrin and 0.0369 glm2 lambdacyhalothrin.

Figure 9.Escape probability of Anopheles minimus females remaining in exposure
chambers in contact vs. control trialswith 2 glm2 DDT, 0.0625 glm2 deltamethrin
and 0.0369 glm2 lambdacyhalothrin.

Figure 10.Escape probability of Anopheles minimus females remaining in exposure
chambers in non-contact vs. control trials with 2 g/m° DDT, 0.0625 g/m’
deftamethrin and 0.0369 g/m’ lambdacyhalothrin.







Probabilty remaining in Exposura Chambers

Probebiity remaining in Exposure Chambens

Probebilly remaining in Exposurs Chambers

FIGURE 2

v
1.0 EoRvRopeoRy
¥-=-n-
™ CEEE s wny
0.7 4
098 2
os | 2 g¢/m DDT
04 4
03 4
0.2
01 |
t' T T L L L) i L] Li L i L L) L ¥ v L L L L] T Ll L] Ll ¥ L T 1
% 2 3 4 B 6 7 & B 10 W 12 13 14 6 16 17 18 10 20 21 22 23 24 25 26 27 28 28 W
Time (Minutes)
K R R ot OPT
1.0
-
0.8 | g1iﬂ""‘§’**iﬁﬁ
2%
G-0-0-6 a3 B 4
o8 -G e-e e *X-M-XK- N 3 - “NC
o7 | ©-0. -0-6-0- 955
o8 4
[.T. ¢
04 2
a3 . 0.0625 g/m deltamethrin
2 4
a1
“ i i Ll L Ll L] L L ¥ L] L B Ll L] Ll Lal L L] L L L L] L] T |
P 1 2 3 4 85 6 T & 8 W H 12 13 M B W ITHNDODN2DDMID TS NN
Tima (Minutes)
—&—— Young contact deltarmathrin ==+~ --- Young noncontact deltamethrin
0 el -
il il i B P T
08 1 BEW R hoa A A
as. plial 2 5 = 5 SN
ar |
on - 2
o5 . 0.0369 g/m lambdacyhalothrin
o
o3
82 J
0t
an il T T Ll L T r v T T L T - T T L T T T L g . T T T v ™
.1!ll5.7lIIDI‘II!'II141516171.1'”212”3‘358!’38”
Time (Minutes)
——— Young contact lambdacyhalothrin ----#---- Young noncontact lambdacyhalothrin

——— Wiid contact ismbdacyhslothrin ---4---- Wid noncontact lambdacyhalothrm




- )

Probehiity Remaining In Exposurs Chambars

Probetilly Rameining = caposure Gahmbars

Probabllly Remaining in Exposise Chambers

10

o9

ad -
[}
oS -
a8 4

a4 4

\ FIGURE 3

ﬁ{(*‘!'gzz:g:k:a-a:a&-n-l-!-l-l-¥=¥-8:§:§:§:8=8-—¥-a=k=!-¥=¥

W g g g g g g ¢
8 1 2 3 ¢ 5 6 7 5 9 W1t 12 1 14 18 18 7T W19 WD N VDM BB WD D
Time (Minutes)

—4&@— Young contaci DDT -+ -- @ ---- Young convol DDT ——3¢— Wiid contact DDT  ---- 3¢ --- vid conbal DDT

1.0

a8 4

ar
08

2 .:Q.-.Qu.nQ=.=.=.=Q-I-.=I=Q?Q‘Q3§3Q3Q?Q-QTQ-’Q:Q:Q:Q-Q

0.0625 glmz deitamethrin

4

i

v T v —rr T v T - T T g T T T L ™1

o 1 2 3 4 8 & 7 B 5 WM 12T MWW 7T W W N DD N IIYT SR D
T (Minutes)

—@— Young contac! deltametivin ==+ € - --- Young control deltamaethrin

—W— Wid contact deltsnetivin =+ 2 -+~ Wid control deltamaethvin
190 _'.
o N"**etbakdhbEEsttdt s
a | BEEEEE S 000000
or |
ad J 2
o | 0.0369 g/m  lambdacyhalothrin
a4 J
ay 4
ox 4
a1 4
o ——r—rr—r———r—r—r—r—r—r—r —————r—r———r—r—
8 t 2 3 4 8 & 7 B OB 1! 12 13 W W W 17 WM Y N N 2T M NAANT NN
Tima (Minules)
—d— Young contact ambdacyhalothrin =+ d - Young control lambdacyhalothrin

—4— Wid contact lambdacyhaiotvin === =« Wil control lambdacyhalothrin




Probahifly Remaining in Exposurs Chamben Prohabilty Remsining in Expasure Chambers

Probabiity Remaining in Exposure Chambars

FIGURE 4

T - T T T T T r—rer T T T T T L a—

2 1 2 3 &4 5 8 7T 8 9 1 11 12 13 14 45 18 17 18 19 20 21 2 I 4 3 28 27 MW 2 D
Time (Minutes)

——@— Young noncontact DDT ---- @ - --- Young cantrot DDT —3—— Wild noncontact DOT ---- D€~ --- Wild control DDT]

100
095 -
090
088 -
(L

ars| 0.0625 g/m’ deltamethrin

a —rrrrr—r—r—Trr——r— T T

oss . R e

¥,
090 4 +'+--h.

0 1T 2 3 4 5 8 7 B 9 10 11 12 13 14 15 18 17 W W 20 I 2 23 M B B T 3 N W
Time (Minutes)

—@— Young noncontact deltamethrin ----{3---- Young control deltarethrin

—3— Wild noncontect deltamethrin --=- 3¢ --- Wild coniol deltametivin

-V S SV S U G N5V N N O
el il T S UV UV U U SV N

e

ors{ 0.0369 g/m’ lambdacyhalothrin

« r " rOya,eemesTTeTTTTTTTT ooy T T TTTTTrTrTTTrTTTTTY YT T Ty
8 1T 2 3 4 5 8 7 B B 10 %1 12 13 14 15 16 17 18 18 20 21 22 22 N 25 B W M 2 N

—d—— Young noneoniact lambdacyhatothrin -+ - ---- Young contro! lambdacyhalothrin
——=— Wiid noncontact lambdacyhalothrin --- - --- Wid conbrot lambdacyhalothrin




FIGURE 5

Escape Probability
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FIGURE 6

Escape Probability
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FIGURE 7

Escape Probability
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FIGURE 8

Escape Probability
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FIGURE 9

Escape Probability
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FIGURE 10

Escape Probability
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CURRENT INSECTICIDE RESISTANCE PATTERNS IN
\ MOSQUITO VECTORS IN THAILAND

Theeraphap Chareonviriyahpap', Boonserm Aum-aung?
and Supaporn Ratanatham’®

'Division of Biology, 'Faculty of Liberal Arts and Science, Kasctsart University,
Kamphaeng Saen Campus, Nakhon Pathom 73140 Thailand; *Malaria Division,
Communicable Disease Control, Ministry of Public Health, Nonthaburi 11000, Thailand;
IDepartment of Biology, Faculty of Science. Mahidol University, Bangkok 10400, Thailand

Abstract. Chemical pesticides are still commonly used in Thailand for control of agriculiural pests and disease
vectors. Organophosphates, carbamaies and synthetic pyrethroids are commonly used for agriculiural pur-
poses. whereas synthetic pyrethroids have become more popular and predominate for public health use. The
genelic selection of inseclicide resistance {whether physiological, biochemical or behavioral) in pests and
disease veclors has been extensively reponed worldwide (Brown and Pal, 1971). The long-term intensive
use of chemical pesticides ro control insect pests and disease vectors is often cited as the reason behind the
development of insecticide resistance in inscct populations. Unfonunately. reliable infonnation on veclor
resistance patterns 10 pesticides in Thailand is sparse because of a remarkable shortage of carefully controlled,
systemanc studies. This review gathers useful informalion on what is presently known about disease vector
sesistance o chemical pesticides in Thaland and! provides some possible manngement stralegies when senous

insecticide resistance occurs.

INTRODUCTION

Over the 20™ century, insecticides of natural
and synthetic origins have increased in importance
and overall volume ol uses as agnicultural and public
health needs have demanded. Years of routine usc
have led in some cases (o high levels of chemical
resistance by certain pests and disease vectors
(Greorghiou and Saito. 1983).

Resistance can be broadly defined as”the de-
veloped ability in a strain of insects to tolerate doses
of insecticides which prove lethal 1o the majority of
individuals in a normal population of the same spe-
cies” (WHO, 1975). This ability is brought about
by selcction of individuals in a population with a
genetically inheritable capacity to withstand insec-
licides, and not due to the aclion of the insecticide
on a given individual insect. Therclore. the devel-
opment of resistance is dependent on genelic vari-
ability already present in a target population or spon-
tancously arising during the period of selection
(Oppenocorth, 1984). Development of physiological
resistance by mosquitos, the mos! important group
of medically important arthropods, was first reported

Correspondence : Dr Theeraphap Chareonviriyaphap, Di-
vision of Biology, Faculty of Liberal Arts and Science,
Kasetsart University. Kamphaeng Saen Campus. Kakhon
Pathom 73140, Thailand.

Tel: 66-33-351895:; 66-34-281)05; Fax: 66-34-351894; E-
mail : faasthc @nontri.ku.ac.th
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in 1947 when Aedes. taeniorhvnchus was shown 10
be resistant to DDT in Florida after only 4 years of
use (Brown, 1986). The following 40 ycars of in-
tensive vse of organic insceticides Lo control insect
pests and disease vectors has led 1o the extensive
selection of insccticide resistance in more than 450
species (Georghiou, 1986). Resistance (o insecti-
cides has been reported in over 500 species of
arthropods, including at least 109 mosquito specics
found resistant to organachlorines, primarily DDT
and dicldrin (Roberts and Andre. 1994).

There are 2 principal lypes of responscs to
insecticides. one is physiological and the other is
behavioral (avoidance). Physiological resistance,
sometimes rcferred 1o as biochemical resistance. is
the ability of mosquito to survive the effect of in-
secticide by mechanisms such as detoxifying en-
zymes. Behavioral avoidance is the ability of a
mosquilo o avoid the insecticide-ireated surface by
either direct contact irritancy or noncontact repel-
lency or the combination of both, referred to as
excito-repellency (Chareonviriyaphap et al, 1997).

Common resistance mechanisms in arthropods
include: reduced sensitivity of altered acetylcho-
linesterases to organophosphates and carbamates: the
kdr (knockdown resistance) insensitivity to DDT and
pyrethroids: reduced neuronal sensitivity to chiori-
nated cyclodienes; increased metabolism by hydrolysis
of organophosphates, carbamaies and pyrethroids;
increased activity of mixed function oxidases in DDT,
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organophosphate, carbamate and pyrcthroid resis-
tance; enhanccd metabolism by glutathion-5-trans-
ferase in DDT and organophosphale resistance;
enhanced metabolism by DDT-ase; and reduced
cuticular penetration of DDT, organophosphale, car-
bamate, pyrethroids and chlorinated rcyclodicnes
{Kerkut and Gilbent, 1985; Georghiou. 1986). An
arthropod may possess more than one mechanism at
work to avoid the adverse effects of various toxic
' compounds.

VECTOR-TRANSMITTED DISEASES
IN THAILAND

Despile years of vector control and public health
aclivities, several vector-borne diseases remain major
health threats in Thailand, principally malaria, den-
gue fever and dengue hemorrhagic fever (DHF),
lymphatic filariasis and Japanesc encephalitis.  All
are transmitted by vanous species of mosquitos, some
of which are capable of conveying more than one
pathogen. The distribution of these important en-
demic vector-borne diseascs in Thailand is presented
in Fig 1. Malaria and tymphatic filariasis are more
prevalent along the borders of eastern Myanmar,
western Cambodia and nonthern Malaysia borders.
All 3 dengue virus serotypes are widespread throughout
the country. while Japanese encephalitis ewcurs mainly
in the rice-growing areas of Thaland {Rauanarithikul
and Panthusiri. 1994). Tahle [ lists mosquilo specics
known or suspected to act as important veclors of
discascs in Thailand.

Malaria parasues are only transmitted by Anoph-
cles mosquitos. Of the 74 Annpheles speeics recogs
nized in Thailand. only 3 species are considered Lo
be imporiant malana vectors. These are Anupheles
dirus, Anopheles minimus and Anophelcs maculatus
{Malaria Division. 1994). All 3 taxa represent in-
dividual complexes: of which the respccuve sibling
species are not casily separated frem one another
{Rauanarithikul and Panthusiri, 1994). Anopheles
dirus is a forest and forest-fringe inhabiting maos-
quito, whereas An. mininmus and An. maculatus, are
associated with low hill zones and generally have
closer contact with humans along the margin of villages.
Anopheles minimus is commonly found along the
quiet edges of slow moving streams and An. maculaius
is often present a: the margin of hilly forest zones,
especially in rubber-plantation areas. All 4 human
malaria parasites have been repornted and can poten-
tially be transmined by all 3 malana veclors. Plas-
modium falciparum and Plasmodiun vivax are com-
mon in Thailand. whereas Plasmodium malariae and
Plazmodium ovale are considered rare occurrences
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{Rauanarithikul and Panthusiri. 1994).

Denguce is one of the most important arthropod-
borne viral diseases in the world and commonly
occurs throughout Southeast Asia (Gubler, 1988).
Only 2 species of Aedes mosquitos, Aedes aegypli,
an urban species, and Aedes albopicius, primarily
a rural species, are known 1o be imponant dengue
virus vectors in Thailand (Ratianarithikul and
Panthusini. 1993). Aedes acgypti is more prevalent
around human dwellings and is a principal vector in
the urban zones, whereas Ae. albopicius is consid-
ered 10 be an important vector in the rural areas. For
larval habitats, Ae. aegypti prefers clean water found
in many types of domestic comtainers inside or ncar
human dwellings. whercas Ae. albopicius is more
likely to be found in patwural containers and outdoar
man-made habitats (eg tree hole, leaf axils) contain-
ing a greater amount of organic debris (Rattanarithikul
and Panthusin, 1994).

Japanese encephalitis is an impanant mos‘,uilo-
borne virus in Thailand. A number of different species
in the genera Culex are responsible for Japanese
encephabitis virus (JEV) transmission. The most
imporiant naturally infected vector of JEV in Thai-
land is Culex triraeniorivnchus, followed by slightly
less clficient vectors, Culex fuscocephala, Culex
gelidus, Culex vishnui and Cidex psewdovishnui (Butke
and Leake, 1988). These mosquilos typicatly breed
in pouls associated with wet rice cullivation arcas
throughout the country. JEV transmission normally
occurs as perindic epidemics in the rice-growing
arcas. Pigs are considered to be the major viral
amplifying host and can circulate the virus without
obvious discase symptoms. Beswdes pigs, theee arc
several natural vertebrate reservair hosts thal can
circulate JEV. pnmanly Ardetdae tegrets. night herons)
birds. The potential roles of other animals as res-
ervoir hosts remain unknown.

Lymphatic filariasis is also present in Thailand.
consisting of at least 2 distinct species. Wuchereria
bancrofti and Brugia malayi (Phothikasikorn. 1991).
W. bancrofti is widely distributed aiong the western
Thai-Myanmar border. whereas B. malayi is more

" prevalent in lhe south and along the Thai-Malaysia

border area (Guptavanmj and Harinasuta, 1977). The
main vectors of B. malavi in the south of Thailand
are Mansonia species. in particular, Afansonia
uniformis. Culex quinquefasciatus is considered to
be the principal vecior of urban W, bancrofti. Aedes
species such as Ae. neveus along with some Anoph-
eles species have been implicated as either second-
ary or possible vectors of lymphatic filariasis in
Thailand (Rattananthiku} and Panthusiri, 1994).
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Mafaria

Dengue/Denguc hemarrhagic fever

Filariasis

Fig |-Distribution of malaria, DF/DHF and filariasis in 1997 in Thailand.
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INSECTICIDE RESISTANCE I VECTORS

Table |

Confismed, secondary and suspected vectors of human diseases in Thailand.

Discases

Yectors

References

Malaria

Dengue
(Type 1-4)

Japanese encephalitis

. Lymphatic hlariasis

Main vector {Anopheles)
). An? dirus

2. An. minimus

3. An. maculatus
Secondary vectors

). An. sundaicus

2, An. aconilus

3. An. psuedowillmori
Suspected vectors

1. An. barbirostris

3. An. philippinensis
3. An, campesiris

4. An, culicifacies

Main vector (Aedes)
1. Ae. arcgypti
2. Ae. albopicius
]
Main vector (Culex)
I. Cx. mritaeniorhynchus
2. Cx. peliddus
3. Cx. fuscocephala
4. Cx. psewdovishnui
5. Cx. vishnui

Several Anopheles, Aedes,
Mansonia, and Culex
mosguitos

(Rosenberg ef al, 1990)
{Harrison, 1980)
{Malaria Division, 1995)

(Scanlon er al, 1968)
(Gould er al, 1967)
{Green et al, 1991)

(Harrison and Scanlon, 1975)
(Rosenberg et al. 1990)
(Malaria Division, 1993)
{Harrison, 1980)

(Watis ¢r al. 1987)
(Gould et al, 1968, 1970; Chan

et al, 1971)

{Gould e1 al, 1974)
(Gould et al, 1974)
(Gould et al. 1974)
(Mourya et al, 1991)
(Guould er al, 1973)

{R:ttanamhikul and Panthuin. 1993)

INSECTICIDES USED IN PUBLIC HEALTH
AND OTHER SECTORS IN THAILAND

In Thailand. many chemical compounds, in-
cluding organochiorines. organophosphates, carbam-
ates, synthetic pyrethroids and so-called biorational
pesticides. have been used in both agricultural prac-
tices and public heaith control programs. This re-
view concentrates on public health insecticide usage
and their impact on disease vectors. For years. DDT
was vsed for malana control as an indoor residual
spray in Thailand. DDT was withdrawn for all
agricultural uses beginning 1983 and has been de-
<reasing ovenime for malania contcol use (Table 2).
Although. DDT imporation was stopped in 1995,
remaining stocks of DDT were still be used in some
malaria problem areas of Thailand. The reasons for
the removal of DDT from malaria control in Thai-
land was because of reported vector resistance and

Vol 30 No.l March 1999

perccived adverse impact on the environment. How-
ever, the truc impact of DDT on moasquilo vectors
in terms of behavioral effects and discase transmis-
sion remain poorly studied. Synthetic pyrethroids
(eg. permethnin and deltamethrin) are the current
inseclicides of choice for malaria control in Thai-
land. These pyrethroids have been used for the
impregnation of bed nets and/or as indoor residual
house spray in many pans of the country. Temephos
{Abate®). an organophosphate. is regularly used in
containers for the control of Ae. aegypri larvae. Ultra-
low-volume (ULV) applications of fenitrothion and
malathion are used during the peak period of adult
Aedes populations, especially during the rainy sea-
sons (June to November each year). Bacillus
thuringiensis israelensis (Bti), a safe and commonly
used biopesticide. is being used for the control of Ae.
aecgypii larvae 10 indoor containers. Types of com-
pounds, currently used in public health control pro-
grams in Thailand. are presented in Table 3.
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Thailand remains principally an agriculiural
country. Rice. along with several tropical products
such as palm, rubber and oranges, represent major
commercial and expont crops. Many of these crop-
growing areas (ie, rice ficlds, rubber plantations and
palm) are also suilable habitats for various discase
vectors. To control the wide variety of crop pests
and discase veclors, several major groups of pesti-
cides are being used concurrently. Quantity and cost
value of insecticides imported to Thailand each year
from 1978-1997 are relatively high, reaching a peak
in 1996 with 14,398 imported tons, costing an es-
timated 1.57 billion baht (US$=62 million based on
the old rate of 11/S5=25 Baht) secn in Table 4. Table
5 illustrates yearly quantity {in tons) of pesticides by
classes imported for use in Thailand from 1985 10
1997. Overall, use of organophosphates and syn-
thetic pyrethroids has been increasing over time,
along with some carbamates, as the pesticides of
choice compared to arganochlorines.

CURRENT RESISTANT STATUS OF
MOSQUITO VECTORS IN THAILAND

Anhropad-borne diseases are an ever increas-

ing cause of death and suffering worldwide. Thai-
Jand 15 endemic for several serious vector-borne
diseases, including malaria, dengue fever and DHF,
lymphatic filariasis and Japanese encephatitis. In-
creascs in human population and demographic move-
ment of the people in many parts of the country have
led to preat deforestation, irrigation and urbaniza-
tion. Many of these cnvironmental changes have
favored conditions for increasing vector transmis-
sion of diseases. Past efforts to control these dis-
eases in Thailand have Tocused on the routine use of
chemical insecticides. In the malaria control pro-
gram, the application of indoor residual insecticides
to control Anopheles mosquitos has become less ac-
ceptable to local people and vector resistance to
many commonly applied pesticides is now regarded
as a major impediment to disease control. Resis-
tance in some diseasc vectors has been documented
with several major groups of pesticides and the present
knowledge of vector resistance to chemical insecti-
cides are shown in Tabie 6.

In Thailand, information on vector resistance
to insecticides is limiled due o a remarkable short-
age of comprehensive and carefully designed stud-
ics. This paper provides some uselul background

Table 2

Quantity (tons) of DDT imported for use in Thailand for agriculiural and public health purpuses,

Year Agricultural use (tons) Public hcalth use (tons)
Al Formulation Al Formulation
1977 227 159 1.350 1.800
1978 597 1.683 999 1,322
1979 300 953 570 1.484
1980 378 1.487 390 520
1981 83 264 225 720
1982 14 36 594 986
1983 Banned Banned 345 460
1984 522 696
1985 399 600
1986 485 * 647
1987 468 623
1988 3g7 516
1989 414 552
1990 492 ) 656
1991 430 574
1992 418 357
1993 346 462
1994 254 339
1995* 161 215

Al = Active ingredient: *Stop purchasing
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Table 3
Historical use of chemical insccticides used in mosquito control  programs in Thailand.
Ctlass of compounds Name of pesticides Use Dalc-present

1. Organochlorine pDT * Malaria 1949
2. Organophosphate Temcphos Dcngue 1950

Malaria unknown*
Fenitrothion Malaria 1983:

Dengue unknown

Malathion Dengue unknown

3. Carbamate Propoxur Dengue unknown®
Pirimiphosmethyl Dengue 1990

Bendiocarb Malaria unknown*
4. Pyrethroids Permethrin Malaria 1992
Deltamethrin Malaria 1994
. Lambda-cyhalothrin Malaria 1990*
Etofenprox Malaria 1991*
5. Biopesticide Bacillus thuringiensis Dengue 1990
isrealensis (Bii) Malaria 1989+
Bacillus sphearicus Dengue 1986+
4 Malaria 1986

{Bs)

small scale
indooar use

-3
[}

Table 4

Quanuty and approximate value of all inseclicides imported for use in Thailand from 1978-1997,

Quantity (tons)®

Value (million baht)

Year
1978 10,809 514
1979 10.571 679
1980 - 10.045 785
1981 6.625 792
1982 5.588 692
1983 6.718 631
1984 8.233 884
1985 7.284 855
1986 8.299 918
1987 6.673 765
1988 8.034 1.137
1989 9.068 1.206
1990 9.356. 1.472
1991 7.233 1.2
1992 -244
N 7.903 1.386
1993 .
7,330 1.19
1994 193
1995 .
7.708 1.644
1996 -
14.398 1.57
1997 N 570
12.151 1.761

*organochlonnes, organophosphates, carbamales, synthetic pyrethroids and insect growth inhibitors
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1 Table $

: Yearly quantily (lons) of pesticides by class imported for use in Thailand.
Years Organochlorines  Organophosphates Cabamates Synthetic pyrethroids

} ~ *ons) (tons) (tons) (tons)
1985 622 4,190 917 132
1986 510 4,492 1,060 161
1987 835 5,381 998 13}
1988 624 5.463 1.550 226
1989 - - - -
1990 - - - -
1991 - - - -
1992 - - - -
1993 344 4,814 1,386 Ji4
1993 462 5,352 967 348
1995 697 6.157 1,605 409
1996 657 6.231 1,232 231
1997 543 6,123 1.231 342

- Not available
’

information on the status of insecticide -rc'_sislance.
DDT has been used in malaria control for decades
as 2 sale and eflective insecticide with a long re-
sidual lfe. For many years, chemical companies
have been developing synthetic pyrethraid pesticides
as aliernatives or replacements for DDT. These
synthetic pyrethroids have shown great promise for
insect control due to their fairly low mammalian
toxicity and outstanding potency at low doses that
rapidly immobilize and kill insccts (Prasittisuk. 1994),
However, overtime, physiological resistance ta these
compounds has been detected in numerous anthropods,
including Anepheics species IWHO. 1992 Malaria
Division. 1985-1998). Increasing resistance 1o pyre-
throids is of panticular concern because Thailand has
been exiensively using synthetic pyrethroids. such
as permethrin and deltamethrin for malaria control.

Malaria vector resistance to inseclicides has

been monitored, based on the results of standard
World Health Organization contact susceptibility tests

using discriminating dosages (WHO. 1981a). Tests:

are regularly conducted by the 5 Regional Malaria
Zones. located throughout the country. Results are
reponted to the Malaria Division, Department of
Communicable Disease Control, Ministry of Public
Health, Thailand. In 1985, there was no evidence
of insecticide resistance in mosquito vectors from
any region of Thailand. In 1986, development of
physiological resistance 10 DDT was delected in An,
aconitus from the north (Table 6) where DDT was
commonly used for malaria control. A year later,
development of resistance to DDT was found in field
collectied mosquitos of An. philippinensis. An. nivipes

190

and Anopheles aconitus from the same northern re-
gion. Bewween 1990 and 1997, the development of
physiological resistance 1o DDT had been delected
inall 3 pnmary malana vectors, An. dirus, An. minimus
and An. maculaius, mostly (rom the northern part of
Thauland {Table 6; Fig 2). This apparent rise and
spread of DDT resistance in these Anopheles mos-
quitos could be attnhuted to the rapid and increased
use of DDT cither for malaria control or use of uther
related arganochlonnes lor agriculiural necds. Re-
sistance and inherent environmental problems asso-
ciatcd with DDT use resulted in a change to the
synthetic pyrcthrowds for impregnation of bedncets
and intradomicillary spraying programs beginning
in 1992, Unfloriunately, development of insccticide
resistance lo permethrin was chown in a population
of An. minimus from northern Thailand, approxi-
mately | year after its introduction into the program
(Malaria Division, 1997). In general, malaria vector
resistance to DDT and permethrin is more prevalent
in arcas of the northern Thailand (Fig 2). This might
be a reflection of more monitoring of the resistance
status by entomology teams in the areas. Funther-
more, mosquile population numbers remain quite
stable in these northem areas compared to the other
parts of the country. Malaria teams in other paris
of the country often encounicr very low scasonal
mosquito populations resulling in incomplete insec-
ticide susceptibility monitoring. Therefore, careful
and complete monitoring of Anopheles vectors resis-
1ant {0 inseclicides. especially synihetic pyrethroids.
should be of a major emphasis of public health
activities.

Vol 30 No.l March 1999
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Table 6

mosquilos vector
diagnoslic concentrations of insecticides).

< in Thailand delected from 1985-1995

{based on WHO standard
Mosquitos Insecticides Regions Locations* Date
An. dirus DDT (4%) North Lampang, Mae Mao, Ban Dong 1995
DDT (4%) North Lampang, Maung. Ban Lang 1995
An. minimus Permethrin North Phrae, Rong Kwang. Huay Rong 1992
(0.25%)
An. minimus DDT (4%) North Urttaradit, Ban Khok, Ban Khok 1990
An. maculaius DDT (4%) North Uthaitance, Ban Rai, Ban Ru 1990
DDT (&%) North Phrae. Rong Kwang.Pai Ton 1994
An. aconitus DDT (4%) North Chiangrai, Chiang Khlong. Vieng 1986
DDT (4%) North Phayao. Pong. Ngim 1986
DDT (4%} Nonth Phayao, Chiang Kham. Rom Yen 1986
DDT (4%) North Chiang Rai, Tumg, Hagaoa 1986
DDT (4%} North Chiang Rai, Chiang Khlong. Vieng 1987
DDT (4%) Nonh Phayao. Chiang Kham, Rom Yen 1987
DDT (4%) North Lampang. Tung. Mai Mog 1991
DDT. (4%) Nonh Phayao. Chiang Kham, Rom Yen 1991
DDT (4%) Nonh Chieng Rai, Turng. Hngaoa 1991
DDT (4%) Nonh Chiangrai, Chiang Khong, Chiang Khong 1992
DDT (47%) Nonh Chiangrai, Chiang Khong, Vang 1994
DDT (47%) North Phayao, Chiang Kham, Rom Yen 1995
DDT (47%) North Phayao, Chiang Kham, Rom Yen 1995
An. culicifacies DDT (%) Nonh ? Chiang Mai, Chom Tong. Ban Pac 1991
DDT (4%) North Chiang Mai. Chom Tong. Ban Pac 1994
An. anapes DDT (47%) Nonh Chiang Rai. Thoeng, Hngaoa 1987
bDT (4%) North Nan, Thung Chang, Pou 19387
DDT (4%} Naith Nan, Sa. Eyc La Nai 1987
DDT (4%) Norsth Phrae, Song, Sa Acad 1987
DDT (4%) North Chiang Rai. Thoeng, Hngaoa 1988
DOT (4%) Nernh Phayao. Chaing Kham, Rom Yen 1988
DDT {(4°%) Nonh Unaradit, Ta Pa. Nam Mun 1989
DDT (4%) North Chiang Rai, Thoeng, Hnagaoa 1989
DT (4%} North Chiang Rai, Thueng. Hngaoa 1949t}
DDT (4%) Nonh Chiang Rai, Thoeng. Hngaoa 1991
DDT (4%) Nornh Chiang Rai, Thoeng, Hngaoa 1992
DDT (4%) North Chiang Rai, Thoeng. Hngaoa 1994
DDT (4%} North Phayao, Chaing Kham. Rom Yen 1994
An. phihppinensis .DDT (4%) Nonh Chiangrai, Thoeng. Hngaoa 1987
DODT (49%) North Phayao, Chiang Kham, Rem Yen 1987
Ae. aegypii Malathion Norheast Si Sa Ket* 1992
(1.0 ppm) Northeast Ubon Ratchathani® 1992
Malathion Central Bangkok*® 1992
Malathion Nornheast Udon Than* 1993
Temephos Central Bangkok* 1986
(0.2 ppm) Nonh Phayao* 1990
Temephos Central Bangkok® 1992
Fenitrothion Nonh Lampang* 1990
{0.05 ppm)
Cx. quingquefasciatus  Malathion Ceatral Bangkok® 1986
(1.0 ppm)
Afalathion South Pattani® 1991
Malathion Central Ratchabun® 1991
Malathion Nonheast Nakhon Raichasima® 1992
Temephos Central - Bangkok® 1986
(0.2 ppm)
Temephos Norheast Nakhon Raichasima® 1992
Temephos North Phitsanulok* 1993
Temephos Central Suphan Bur® 1995

bln some areas. routine programs for susceplibility testing was not possible due 1o the shortage of mosqurtos.
Informanen oa Distnet not avaijable.
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DDT An.
DDT Aa.
‘Matlathion Ae. aegypti

du-u.l'
munimus
maculutus
philipminensis
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culicifacies

Malathion Cr. quinguefasciarss
Temephos Ae. aegypri
Temephos Cx quinguefusciatus
Fenetrothion Ae. aegypti

Permethrin An. minimus

Fig 2-Distrsbution of mosquito vectors resistance 1o chemical insecticides in Thailand.
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Evidence of resistance to malathion, tcmephos
and fenitrathion in Ae. aegypti and Cx. quinguefasciatus
has been observed, based on data from 1985-1998
the WHO susceptibility tests for larvae (WHO, 1981b).
In 1986, there was evidence of the development of
resistance to temephos and malathion in Bangkok
mosquilo sirains of Ae. aegypti and Ca. quingue-
Jascraius. A few years later, development of physi-
ological resistance to other organophosphates and
carbamates was detecled in Ae. aegypri and Cx
quinguefasciatus populations of the south, north,
northeast and central pans of the country where those
chemicals were commonly used for mosquito control.

Insecucide resistance in mosquito vectors could
have arisen from the common use of the same in-
secticides by other sectors such as agriculiore, for-
estry and [rom general public health use {operational
and household uses). In agriculture, most pesticides
are toxic o disease vectors and other insects. Mosquito
vectors are norma:ly found resting and breeding in
agriculiural habuats, where they are exposed to those
insecticides. Resistanse development might possi-
bly be related 1o the foraging habits of female in
search of bloodmeals. In host secking behaviors,
lemale mosquitos may spend more time in pesticide
treatcd areas enher indoars or ouldours closed 1o
preferred hosts.  Additionally, houschold products,
m:unly organophosphaies, carbamates and synthetic
pytethroids, are commonly used in hoames and may
bhe an important causc of insecticide resistance, es-
pecrally in the housc-haunting mosquiio, Ae. argypii.

Efforts 1o control resistance patterns in insccts
have becn proposed to prevent or slow the develop-
menl of insecticide resistance and (o manage the
impact of rcsistance Lo new insecticides (Brattsten
el al. 1986). Vanous countermcasurcs have been
proposed for avoiding the deselopment of insecti-
cide resistance in mosquilos { Georghiou. 1980; Brown,
1981; Leeper er al. 1986; Plapp. 1986; Crofi, 1990).
Methads include varying the doses of insecticide
applied, using restncted rather than wide area appli-
cations, applying insecicides only when vector-borne
Iransmassion occurs. using of less persistent insec-
ticides. rotation of insecticides, and prolecting the
natural enemics of vectors, all to help minimize the
selection pressure from insecticides. Use of an
integraled control approach including the applica-
uon of bactenial toxins and use of biological control
orgamsms has been encouraged (Brown, 1981; WHO,
1986. Roberts and Andre. 1994; Charconvinyaphap,
1995).

In conclusion. insecticide resistance monitor-
g should be detected and evaluated as eariy as

Vol 30 No.l March 1999

possible and should be increased in both periodicily
and geographical coverage in Thailand to include as
many known vectors as possible. Detection of in-
cipient or operationally unacceptably highllevels of
physiological resistance will alert public health
authoritics to take appropriaie steps to counter po-
tential reduced control efforts. Moreover, control
programs should remain aware of cross-resistance Lo
many related inseclicides that may anse from the
wide use of the same groups of synthenc compounds
against mosquilo populations and agricultural pests.
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The behavioural responses of malaria vectors to Insecticides are
important components of malaria control strategies. Several attempts
have been made using various types of excito-repellency test boxes to
assess the behavioural responses of mosquito vectors to insecticides.
However, no test system has yet been fully accepted. The new test
system described herein provides additional improvements on the
capacity to test behavioural responses, with and without physical
contact with insecticide residues. A behavioural response with contact
is defined as irritancy and a response without contact is repellency.
The test system has already been used in a preliminary study of
behavioural responses of an Anopheles minimus population to DDT,
deltamethrin, and lambdacyhalothrin. This test system provided highly

reproducible results.

Excito-repellency tests to study the irritant effect of insecticides on
mosquitoes have been developed (Rachou et al, 1963; WI-_iO, 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). The chamber reproduces_ local housing
conditions, with walls, an entrance, and an exi_t window.
Unfortunately, no method for behavioural studies has been fully
accepted, compounding the difficuities of excito-repeliency testing,
data analysis, and interpretation (Roberts et al, 1984; Evan, 1993).

non-contact repellency (Roberts et al, 1997). In 1997,



Chareonviriyaphap et al used an improved experimental escape
chamber, providing information on both contact irritability and
non-contact repellency for behavioural response tests. However, this
prototype test system was cumbersome, sometimes difficult to use,
and required much time to attach the test papers to the inner walls,
especially under field conditions. To help avoid these problems, an
improved collapsible metal excito-repellency test chamber was
developed as described below.

Figure 1. Excito-repellency escape chamber

1. Four side walls 4. Front donr

2. Rear Plexigias® inner door 5. Removahle exit portal
3. Ranar ouder door povar {eacapa funnel]

i 1 shows the exterior of the stainless steel collapsible
g?cliltr;repellency escape chamber (EREC) (34cm x 32cm x 32cm)_ with
the front panel and escape funnel at one end. The box has four side
walls (1), a rear Plexiglas® inner door (2_), a rear outer door cover
(3), a front door (4), and a removable exit portal (e_scape funnel) (5).
The side walls are composed of two parts, thg wall itself and the test
paper holder, The wall is constructed gf_a stalplgss s_teel sheet
(thickness 0.7mm) which has an aluminium sliding rib on eqch end
and a socket - a surface for the test paper holde_r - in the rrnddle. The
test paper holder has two sides; a sheet of fine iron mesh is
permanently attached on one side, and 3 pa_nel to hold_ test papers to
secure the panel on top is on the opposite side. There.ls a 0.8cm gap
between the test papers and screen to prevent mosgurtoes from
making physical contact with the test paper surface in the exposure
windows during the non-contact rep_ellfancy trials. The test paper
holder is convenient and functions similarly under contact and
non-contact conditions, depending on th.e purpose of the test, The
holder simply has to be inverted to prgwde the proper conditions.
There is a spring mechanism on one snde_ of the test paper holder to
secure it tightly when putting the holder into thp socket_. The front
door is constructed of a stainless steel frame with a stainless stee[ .
sheet affixed on the front side. The steel sheet has a trough for sliding
the exit funnel into place. There are two screws at one er]d that
secure the funnel to the front panel. The inner rear door is
constructed of a stainless steel frame and a tr-ansparent Plexiglas®
door which is attached to the frame. The Plexiglas® door seals the
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chamber and at the same time aliows the investigator to look inside
the exposure chamber before and after a test is conducted. There is a
self-sealing portal (diameter 15.5cm) made of dental dam for placing
test specimens inside the chamber and for removing the specimens
from the chamber after each test. The outer rear door is constructed
of stainless steel and is used to shut off all light inside the chamber
when the test is being conducted. The last component is a removable
exit funnel attached to the outside of the chamber. The escape funnel
gap is a horizontal slit 20.5cm long and 1.5cm wide.

To assemble the collapsible excito-repellency chamber, all four side
walls are put together by sliding the appropriate aluminium tongue
and groove elements together to connect the four side walls of the
chamber. The front door and the inner rear door are screwed to each
side of the adjoining walls. To change the test papers, the nuts
holding the transparent Plexiglas® to the metal frame are unscrewed,
the Plexiglas® door is removed and the test paper holder is taken out
of the chamber. When the test papers have been removed or
replaced, the holder and Plexiglas® door are put back in place.

For a complete test, 25 mosquitoes were introduced into each of the
four chambers using a mouth aspirator. After the mosquitoes were put
in the chamber, the outer rear door was secured shut. A 6cm3 paper
receiving cage was connected to the exit window for collecting
escaping specimens. At the start of a test, a three-minute resting
period was used to permit mosquitoes to adjust to test chamber
conditions (Busvine, 1964; Chareonviriyaphap et al, 1997). After three
minutes, the escape funnel was opened to initiate the observatior!
period. Numbers escaping from the exposure chamber into receiving
cage were recorded at one-minute intervals (Chareonviriyaphap et al,
1997). Tests were performed as described by Chareonviriyaphap et al
(1997). A typical test involved four chambers, one allowing contact
with the insecticide, the other preventing direct contact. The _t\tvo
chambers are paired with two other chambers without insecticide.

Preliminary results of behavioural responses Indicated.thag fe-male An.
minimus, a population recently colonised by the Malaria D'Msmr!, CDC,
Ministry of Public Health, Thailand, demoqstrate a dramatic avoidance
response to 4% DDT, 0.025% deltame'_cl']nn, and 0.1% _
lambda-cyhalothrin under contact conditions. Most specimens (>98%)
quickly escaped the exposure chamber without receiving a lethal dose
of insecticide. In our study, test specimens §how a certain degree of
non-contact repellency to synthetic pyrethroids ang DDT. Non-contact
repellency to DDT may also play a significant role in decreasnp_g _
human-vector contact as shown by studies on Anopheles culicifacies In

India (Shalaby, 1966).
In conclusion, this test system provides the following desirable
characteristics:

e Exposure chambers are made from stainless steel and can be
chemically treated between uses with different doses and types

of insecticides.
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® The test paper holder has two sides, for the dual purposes of

exposure \!vith or without insecticide contact. A sheet of fine iron
| screen!ng is used to prevent contact with the test paper.
® Mosquitoes are easily transferred to the exposure chambers and

are easily removed from the chambers after the test is
completed.

® The whole chamber system can be disassembled for transport.
e Highly reproducible test results are obtained.

The authors would like to thank LCDR Michael Bangs of U.S. Naval
Medical Research Unit No. 2 (NAMRU-2), Jakarta, Indonesia for his
valuable suggestions on E-R chamber modifications. Special thanks go
to Dr. Pornpimol Rongnoparat of the Armed Forces Research Institute
Medical Centre (AFRIMS), Bangkok, Thailand for her critical reading.
This study was supported in full by the Thai Research Fund, Bangkok,
Thailand. Insecticide papers were supported by Dr. D.R. Roberts from
the Uniformed Services University of the Health Sciences, Bethesda,
Maryland, USA. Readers who desire more information on the boxes
are kindly asked to contact the principal author (see Author contacts,

page 105)
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ABSTRACT: A probability model of how DDT residucs may function within a malaria control program
isdescribed. A step- wise organization of endophagic behaviors culminates in a vector acquiring a human
blood meal inside the house. Diffcrent vector behaviors are described, epidemiologically defined,
temporally sequenced, and quantified with ficld data. Components of vector behavior and the repellent,
frritant, and toxic actions of insecticide residues are then assembled into a probability model. The sequence
of host-seeking behaviors is used to partition the total impact of sprayed walls according to the three
chemical actions. Quantitatively, the combined effect of repellency and iritancy exert the dominant
actions of DDT residues in reducing man-vector contact inside of houses. These relationships are
demonstrated with published and unpublished data for two separate populations of Anopheles darlingi, for
Anopheles gambiae and Anopheles funestus in Tanzania, and Anopheles punctulatus in New Guinea,

Keyword Index: Probability model, malaria coatrol, vector behavior, DDT, Anopheles.

INTRODUCTION

Efficient vectors of human malaria typically move

¥a house, enter, and bite indoors. These activities are
lerrupted by intervals of resting. The acts of entering
_dexiﬁng ahouse involve finding and entering openings
aphysical barrier (the house wall), so they are distinct
- movement or flight from one location to another.
‘ousc entering and indoor biting (endophagic) behaviors
‘e epidemiologically important because they influence
‘e likelihood that a mosquito will bite a human and
1ibibe an infectious blood meal or transmit malaria.

| —

Endophagic behaviors are equally important in malaria
control to the extent that an insecticide may prevent
vectors from entering a sprayed house or stimulate
vectors to exit a house before they bite.

Practically every important vector of malaria
exhibits insecticide avoidance behavior (Elliott and de
Zulueta 1975 and Lockwood et al. 1984). Yet the
epidemiological significance of these chemically-
induced behaviors is controversial. In this paper we
describe amodel for defining the importance of repellent
and irritant actions of insecticide residues. The term
excito-repellent will be used to describe all chemically-

'3isclaimer: The views expressed are those of the authors and do not reflect the official policy or position of the
| USUHS, the Department of Defense, or the United States Government. '
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induced bebaviors, including both repellent and irri!ant
actions (Roberts and Andre 1994). A repellent is a
chemical that causes insects to make oriented movements
of avoidance without tarsal contact with the chemical.
An irritant is a chemical that causes insects to make
oriented movements of avoidance after tarsal contact.

The sequential nature of mosquito host-seeking
behaviors is used to partition the separate contributions
of repellency, irritancy/repellency, and toxicity that
cumprise the overall impact of DDT-sprayed houses. A
series of mathematical formulas are described that
explicitly isolate and quantify these actions. The formulas
are used with field data from experimental hut studies
on four important malaria vectors to show that repellency
is the primary action of DDT residues in preventing
human-vector contact.

The probability model is a product of many years of
work with vectors in the Americas, originating with
studies in 1978-1981 on the behavior and ecology of
Anopheles darlingi in the Amazon Basin of Brazil
(Roberts and Alecrim 1991). Also, this model has
benefited from recent studies on Anopheles pseudo-
punctipennis (Fermandez-Salas et al. 1993 and
Fernandez-Salas et a). 1994), Anopheles albimanus
(Chareonviriyaphap et al. 1997), An. albimanus,
Anopheles vestitipennis’, and An. vestitipennis (Grieco

et al, 2000). Others studies contributed 1o this model by
documenting repellent and irritant actions of DDT
residues with An. albimanus (Hecht and Hernandez
1960, Mancera and Hernandez 1960, Durct 1964, and
Rachou et al. 1966), An. pseudopunctipennis (Downs
and Bordas 1951, Hecht and Hernandez 1960, Loyolaet
al. 1990, Loyola et al. 1991, and Cases et al. 1998), and
An. darlingi® (Charlwood and Paraluppi 1978, Roberts
et al. 1984).

MATERIALS AND METHODS

Components of Indoor Host-Seeking Behaviors of
Malaria Vectors

The primary scenarios of host-seeking activities
that occur within the peridomestic environment and
inside houses are listed in Figures 1 and 2. Al 10
scenarios might be represented within natural host-
secking populations of a vector species. The sequence
of directed movements at sunset and early evening,
followed by variable levels of indoor biting activity
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through the remainder of the night have Peen documented
for An. darlingi populations in Brazil (Roberts et al,
1987), Colombia (Elliott 1972_). and Suriname®.
Although the pattems ofbiting activity werenot identical,
the sequence of activities was essentially the same.
Symbols employed in Figures 1 and 2 and in the

probability model are:

¢ = control house (unsprayed),
¢t = treated house (sprayed),
= average number of mosquitoes during a
post-spray interval (can indicate
numbers entering, exiting, or biting
indoors),

a’= average number of mosquitoes during a
pre-spray interval (can indicate numbers
entering, exiting, or biting indoors),

h = index of reduced numbers entering,
biting indoors, or exiling a treated
house,

r = resting for a prolonged period ( 2-3
days),

r°= not resting for a prolonged period
(temporary period of minutes to hours),

re= resting at site through cogenesis (time
required for egg development),

o = outside of house (outdoors),

i = inside of house (indoors),

f = fed (blood engorged).

u = unfed (not blood engorged),

b = biting,

b= not biting,

s = surviving for 24 hours after exiting,

£°= not surviving {(death) 24 hours after
exiting the house, and

m= movement from one site 10 another.

Endophily characterizes a mosquito that rests
indoors until oogenesis is completed (r_), and then
departs to lay eggs. Exophilic mosquitoes rest outdoors
during oogenesis(r_). Endophagy characterizes indoor
biting (b, ), and exophagy characterizes biting out of
doors (b ).

A malaria-susceptible mosquito that moves into the
peridomestic environment, enters a house (m,), bites a
buman indoors (b, ), and subsequently departs {m ) for
an outdoor resting site (r ) is epidemiologically

7Bangs_, M. 1_999. The susceptibility and behavioral responses of Anopheles albimanus Weidemann and Anapheles
vestitipennis Dyar and Knab (Diptera: Culicidae) to insecticides in northern Belize. Dissertation submitted to the
Uniformed Services University of the Health Sciences, Bethesda, MD, 448 pp. :

®Rozendaal, J. A. 1990. Epidemiology and control of malaria in Suriname. ICG Printing b.v., Dorbrecht, 170 pp.
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gortant. In the context of human malaria, a mosquito
Fbiles some nonhuman host outdoors (b_), then rests
Ipaors through cogenesis (7, ) is not epidemiologically
gortant. The formeris exhibiting endophagic (b) and
aohilic (r,) behaviors, and the latter is exhibiting
#i>hagic(b ) and endophilic (7, ) behaviors. Behavioral
kactenizations of vectors should reflect the mix and
gtive frequency of host-seeking scenarios (Fig. 1 and
} spressed by vector populations under field conditions.

h Sources
* | Abchavioral study on An. darlingi populations was

#id to develop basic probability statistics (Roberts et
1987, Roberts and Alecrim 1991). The study was
ducted along the Ituxi River in Amazonas, Brazil in
'9-1981 and was used here because the primary
hor has the complete data set. Comparative data
® also extracted from studies conducted on An
lingi in Suriname®, An. gambiae and An. funestus in
1zania (Smith and Webley 1969), and An. punctulatus
rian Jaya (West New Guinea)®.
Anopheles darlingi females captured in entrance
exittraps were examined forphysiological condition,
- using Detinova’s (1962) descriptions of Sella’s
ges of blood digestions and egg development. Based
observations by Roberts et al. (1983), specimens
cribed as being in Sella’s stages 4 through 7 probably
-24 hours or more before they were captured. We
| refer to these specimens as a group of “old” fed
imens. Specimens marked as “recent” or “late” fed
1 Sella’s stages 2 and 3 will be grouped as having fed
- night they were captured.

of Calculating Probabilities
Data from biting collections and entrance and exit
Ep collections were compiled for the two houses for
veral days before one of the houses was sprayed with
JT. Discrete probabilities (p) were developed by
viding the average number captured during an interval
time by total number collected for the whole night. As
example, consider that, over several nights of
llecting, an average of 80, S0, 20, 10, S5, and 4
squitoes/night were captured in entrance traps during
ttwo-hour intervals from 6:00P.M. /10 6:00 A.M. The
m of average values is 169 and the estimated discrete
obability for the first two-hour interval is 80/169, or
47. The estimated discrete probability for the second
%rwas 50/169, or 0.296. These values suggest that the
fobabilities for mosquitoes to enter the house from

June, 2000

6:00 to 8:00 P.M. is 0.47 and from 8:00-10:00 P.M. is
0.296. Alternatively, cumulative probabilities (cump)
would be 80/169, or 0.47 for the first interval; (80+50)/
169, or 0.769 for the second interval; and so forth until
the estimated cump for the last interval (4:00 to 6:00
A.M.} would equal 1.0.

The entrance and exit traps were identical in
dimensions and design and were employed in equal
number simultancously in identical sampling intervals.
The traps functioned as unbiased and equal estimators
of population movements into or out of the house. Con-
sequently, we adjusted patterns of entering unsprayed
houses by subtracting the average number of unfed
females that exited by window traps (m_ ) from the
average number of unfed females that entered (m )
through window traps for each time interval during the
night. This “adjusted™ value corrected for background
movement of unfed females into and out of the house
that seemed to vary according to the numbers of unfed
females that entered during a collection interval. In our
opinion, the adjustment provided amore refined estimate
of numbers of unfed females that both entered the house,
remained longer indoors and possibly took a blood meal
indoors (m_, b). These adjusted values were then
converted to cump values.

The cump values were used to estimate times for
50% or 75% of the population to enter, bite and exit
unsprayed houses. Smoothing splines were used toplot
the cump data points (with cump values on the y-axis;
time on the x-axis; cump values plotted by the midpoint
of each time interval). Estimates of time for 50% or 75%
of mosquitoes to cnter, bite, or exit were obtained by
drawing lines from the 0.5 and 0.75 values on the y-axis.
A line was dropped to the x-axis from points intersecting
the graphical plot of cump valucs. Estimates of time
were read from the x-axis.

Since entrance and eXit trap collections were
continued for 24-hour periods, values for p and cump for
entering and escaping houses were arrayed for both 12
and 24-hour intervals. However, emphasis was placed
on defining activities during the 12 hours of darkness.
Biting collections were conducted from 6:00 P.M. to
6:00 A.M. The series of cump values for house-entering
covered the same 6:00 P.M. to 6:00 A M. interval of
time: but we used a 30-min. offset becanse entrance and
exit trapping started at 6:30 P.M.

Theimpact of DDT on numbers entering the treated
house () was estimated by dividing the average number
entering a sprayed house (@) foreach time interval/night

floof, R. 1964. Observations on the effect of residual DDT house spraying on behaviour and mortality in species
f the Anopheles punctulatas group. A. W. Sythoff, Leyden, Holland, 144 pp.
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with the average number that entered before the house
was sprayed (a ), or g /a’, For the control house, the
formula a * /a_, was used to measure the natural change
in numbers entering houses from the pre-spray to post-
spray intervals of tme. The two calculations were
combined to adjust for natural difference between the
treated and control houses under pre-spray conditions
and for natural change in mosquito populations from the
pre- to post-spray time intervals. Thus, the formula for
estimating proportions entering the sprayed house is
(a/a’a’ /a ), or{axa’ (e’ xa ), Weconverted this
to an index of reduced numbers entering the sprayed
house with the formula:

Index of Reduced Numbers =

I-f(a,xa"Ma' xa)]=h. (Formula 1)
This formula was also used with numbers exiting the
experimental houses.

The Probability Model

In general, probabilities employed in this model are
conditional simply because a mosquito cannot enter a
house unless it has first moved nrear the house, cannot
bite indoors unless it has first moved into the house, and

cannot escape engorged until it has first taken a blood -

meal inside the house. Reduced house entering (see
formula 3) was estimated with entrance trap data from
the Ituxi River study. Altemnatively, investigators, using
indirect measures, inthe Suriname, Tanzania, and New
Guinea studies developed estimates of reduced house
entering. Measures of reduced indoor biting (see formula
5) were obtalned from biting collections conducted
simultanecusly in the reated and control houses, and by
proportions of females captured in exit traps that were
bleod engorged. Reduced survival (see formula 8) was
estimated by holding females captured in exit traps from
both treated and control houses for 24 hours and recording
numbers that died at end of the holding period.
All parameters of this mode! were standardized
with data from the control house. To standardize data,
- we assume that the maximum possible numberof females
will enter and bite indoors and that the smallest possible
numbers of specimens will subsequently die. As a

method of standardization, we assume that p(m ) =1,

and p(&,_J=1. We also assume that p(s, )=1, whether the
mosquito remains indoors throughout cogenesis or
departs the house after biting. Finally, we assume that

pim, ) =plb, ) =p(m, )=p(s, )=l
andtha;p(se J=1- p(s) 0.

To examine the effect of a repellency action that
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prevents mosquitoes from entering the sprayed house,
let m_ be the event that the unfed mosquito caters the
sprayed house (m”_ for notentering), then the probability
of entering will be denoted by p(m ). We assume the
probability that an unfed mosguito will enter the control
house is p(m _)=1. It follows that the probability of
reduced entry for the sprayed house is,

plm,)-plm_) =1 p(m,). (Formula 2)
Thus, the percent reduction in numbers entering the
sprayed house is,

(1-p(m_))*100.

Discrete and cumulative pi'ubabililies for entering

" the unsprayed house can be used with A values to

estimate discrete and cumulative probabilities for
entering the sprayed house (remember, k is ameasure of
reduced entering, biting, or exiting for the sprayed
house). Using the earlier example, the probability of
entering the control house p(m , ) during the 6:001t0 B:00
P.M. is 0.47. Lets suppose that the index of reduced
numbers, A, entering the sprayed house from 6:00 to
8:00 P.M. is 0.95. As a consequence, Lhe index of
entering the house is0.05, or /-h. The discrete probability
for entering the sprayed house from 6:00 to 8:00P. M. is
(p*(1-h)), or0.47 *0.05=0.0235. Estimates of discrete
probabilities for all time intervals during the night can
be summed (o give a standardized, total probability
(cump) for unfed females to move into the sprayed
house, that is, p(m_, ).

Impact of uritant/non contact repellent actions on

Vmosquitom after they enter the house is defined by

numbers bitng indoors. Let b, be the event that a
mosquito will bite in the sprayed house (b, for not
biting), then the probability that the mosquito will bite
in the sprayed house is denoted byp(b,, m_}= p(b,
im_ j*p(m , ). Wedenote the probability of the mosquito
entering and biting in the control house as p(b_,m,, } =
plbm ) *p(m ) =1. Given these rclauonshlps the

uiC

probability of reduced biting in the sprayed house is

[p(b \m ) * p(m 3] —{p(bIm ) * p(m, )] =
1-~{p(bim_}*pim ) (Formula 4)

Consegquently, the percent reduction in ﬁumbcrs that
enter the sprayed house and subsequcntly bite indoors
can be d¢ﬁned as,

[1-ptb,m,) *p(m,, )]*100. (Formula 5)

To define the reduction in numbers escaping after

(Formula 3)
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4eding indoors, let m o D€ the event that the mosquito
ll escape from the sprayed house (m~°, for not

xaping). The probability a mosquito entered, took a

dood meal indoors, and escaped from the sprayed
mxsp(mm b,.m,}= p(m_m_.b ) * p(b,m,_ )"l
fm_). Alternatively, the probability that the mosq
‘vill escape from the control house can be denoted b
‘Wm.b,_,m_ )= 1. The probability of entering, biting
jlhws, and escaping the sprayed house is

p{m*. m )- p(m b,,m )—l[p(mq.

b)* p(b, lm ) *p(m_)]. (Formula6)
¥mosquitoes die indoors, then formula 6 can be used to
apture this element of insecticide-vector interaction.
Alernatively, numbers dead inside the house can be
mcluded in formulas 7 and 8. In the Ituxi River study,
bo few females entered and fed in the sprayed house
ad no indoor deaths were observed. Additionally,
engorged females that were marked and released indoors
| mpidly escaped and none were found dead as a result of
'DDT exposure. As a consequence, the probability of
moving out of doors from the treated house was treated
suaity (i.c., p(m B,.m )= 1.0).

Letp(.r mo Z' " )bethecventthatthemosqmto
will sunuve for 24 hours after cntcnng. feeding, and
escaping from the sprayed house (p(s ., m .. b, .m_ ) for
B0t surviving), then the probability i JS

Pls, bi,m )={p(s,Im_.b,.m,)
*P( im b)‘P(b im_, )*P("l )) B

. We assume that all mosquitoes entering the control

' bouse will survive and this probability is denoted by
Pls, Im_.b_.m_)=1. Using these relationships, the
llobabnhty of rednced survival (which is equal to
Probability of increased mortality) after entering and
escaping the sprayed house can be obtained by

P(s..m_.b_m_) p(s,,m b, m,)=
lp(smbm} =1-[p(s,\m Dbm,*

p(m b) p{b im_ )‘p{m )]
(Formula 7)

The percent reduction in probabilities of 24-hour
Survival of specimens that have taken a blood meal
hside the treated house is defined as

!l-(p(s Im_.b,.m_)*p(m,im_.b,)*
Im )tp(m »]-}go {(Formula 8)

Overall cpidemiological impact of DDT residues is
described by proportional reductions in house entering,
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indoor biting, and subsequent survival. Parameters that
compose this total effect are quantified with formulas 3,
5, and 8. The singular impact of toxicity, p(s” ) D
relation to the overall impact of repellent and u'mant
actions of DDT can be defined as

{p(b,Im o) P, )]-[p(s ib,.m_ ) p(b, \m_ )
*(m_, )] —P(b Im_ )P(M_.)ll p(s, lb,.m )N

To calculate percent reduction due to mortality,

p(b, Imm)‘p(m_.')[.l-p(s’ b, FJ]‘IOO.
(Formula 9)

We used this probability model to quantify the
actions of DDT residues on four important vectors of
malaria, with emphasis on the use of formulas 1, 3, §, 8,
and 9. In the Ituxi River study, the numbers of females
entering, biting, and escaping the sprayed housc were
small, e.g., in a single night after spraying DDT, 386
females were captured in entrance and exit traps in the
control house and only six females were captured in an
equal number of trap collections in the sprayed house.
For this reason, no standard statistics, ¢.g., means or
standard deviations, are used to describe parameters of
the probability model. Regardless, the magnitude of |
differences between treatment and control arc amply
defined by probability values, and the probability values
are based on actual numbers captured.

As stated above, the numbers of specimens entering
the treated house were so small that no direct estimates
of biting rates and mortality were possible. Consequently,
we used Rozendaal’s estimate® of reduced biting in the
sprayed house. For mortality, we used Rozendaal's
estimate that 95% of all escaping An. darlingi females
died afterentering the sprayed house. We also performed
comparative calculations using an estimated mortality
of 22%, which was the mortality rate reported by Smith
and Webley (1969) for An. gambiae mosquitoes.

RESULTS

Pre-Spray Observatious in Experimental Houses

Data in TABLES 1 and 2 show that An. darlingi
females of varying physiclogical conditions routinely
entered and exited houses. Unfed females entered the
house in the early evening, whereas, blood-fed females
entered later at night. The “old™ fed females also entered
the house late al night (data not shown).

Data in TABLE 2 show that femaies of varying
physiological conditions exit houses. Only during the
sunrise period did the numbers of fed females represent
the majority of exiting specimens.
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TABLE 1.
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Summary statistics for 151 entrance trap and 208 exit trap collections of Auophek_s darlingi females in
two experimental, unspraycd houses along the Ituxi River, Amazonas, Brazil. (_:ollccuons were
conducted for two-hour intervals throughout the night and, for selected sampling regimes, two- to six-
hour sampling periods through daylight hours. Numbers represent the average number collected per trap

per collection by physiological condition of the specimen.

Entrance Trap Collections Exit_'_l'rap Collections
Recent* Late** Recent*  Late**

Time intervals Unfed fed fed (n) Unfed fed fed (n)
6:30-8:30 PM 15 0.1 0 21 9.6 0.38 0.97 29
8:30-10:30 PM 15 o 0 21 7.66 0.93 0.07 29
10:30 P.M..-00:30 A M. 13 0.1 0.1 18 7.22 0.87 0.22 23
0(:30-2:30 A M. 8.6 0 04 17 6.25 0.42 0.58 24
2:30-4:30 A M. 5.8 0.1 0.4 17 3.52 0.2 0.4 ey
4:30-6:30 A.M. 7.1 0.1 0.1 18 11.65 1.4 5.13
6.30-8:30 AM. 09 0 o 18 2.04 038 0.67 24
§:30 AM.-12:30 P.M. 0.1 0 0 12 05 0 0.22 18
12:30-6:30 P.M 1.8 0.1 o 9 3.31 0.85 0.69 13

*Blood engorged female with red blood visible in the abdomen.
**Bjood engorged female with black blood visible in the abdomen; but without the level of oogenesis as apparent

in a Sella stage 2 female (Detinova 1962).

Discrete (p) and cumulative probabilities (cump) of unfed and blood-fed Anopheles darlingi females

TABLE 2.
entering or exiting two experimental houses along the Ituxi River, Amazonas, Brazil. Probabilities
derived from collections for two-hour intervals throughout the night and, for selected sampling regimes,
two- Lo six-hour sampling periods through daylight hours. Specimens that fed during the night of capture
(specified as exiting fed) are represented by specimens that were recently fed*, late fed**, or were in
Sella's stages*** 2 or 3 (numbers in parentheses are cump).
Probabilities**** of
Time Intervals "Entering Unfed Exiting Unfed Exiting Fed
6:30-8:30 P.M. 0.22(0.22) 0.19¢0.19) 0.06(0.06)
8:30-10:30 P.M. 0.22(0.44) 0.14¢0.33) 0.04(0.10)
10:30 P.M.-00:30 A.M. 0.20(0.64) 0.14(0.47) 0.05(0.15)
00:30-2:30 AM. 0.12(0.76) 0.12(0.59) 0.08(0.23)
2:30-4:30 AM. 0.09(0.85) 0.07(0.66) 0.03(0.26)
4:30-6:30 A M. 0.11(0.96) 0.23(0.89) 0.47(0.73)
6.30-8:30 A M. 0.01(0.97) 0.04(0.93) 0.13(0.86)
8:30 AM.-12:30 P.M. 0.00(0.97) 0.01¢(0.94) 0.04(0.91)
12:30-6:30 P.M. 0.03(1.00) 0.06(1.00) 0.09(1.00)

* Blood engorged female with red blood visible in the abdomen.

** Blood engorged female with black blood visible in the abdomen; but without the level
apparent in a Sella stage 2 female.

*=* Stages _of blood digestion and egg development, see Detinova ( 1962).
#==* Probability = Average number collected by time interval/Total number collected over 24 hours.

\ofoogenesi:as
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[I:e majority of exiting specimens.

' Of fed specimens exiting the house, roughly 3%
| sd fed more than 24 hours before exiting. The “old” fed
|pecimens also had a peak exit time at sunrise; 33%
sited from 4:30 to 6:30 AM. and another peak in
{ witing occurred during the afternoon. Proportionately,
ihe highest number of specimens that fed during the
| nightof collecting exited during late morning, with peak
{numbers exiting from 4:30-6:30 A M.
| Two compilations of probability (p) values and
cumulative probabilities (cionp) of house-escaping and
. {house-entering activities were developed. The first set
< |of statistics was for a 24-hour period (TABLE 3). The
second set of statistics was developed for direct
comparison with the 6:00 P.M. to 6:00 A M. observations
capaired indoor/outdoor landing collections. Graphical
rpresentations (not shown) of cump values (from
TABLE 3) showed that 50% of all females that would
enter the house over 24 hours, entered within the first 3.6
hours, and 75% entered within the first 6.8 hours. Of all
unfed females that exited the house during a full 24-hour
period, 50% had exited within the first 5.6 hours and
75% had exited within the first 9.5 hours. Of all females
that fed during the night in which they were collected,
30% exited within the first 9.8 hours and 75% within the
first 12 hours of a 24-hour period.
Graphical representations (not shown) of cump
values for indoor biting were also used to show that
highest indoor landing rates occuared eatly in the evening,
with declining rates through the remainder of the night.
Time adjusted cump values (from 6:00 P.M. to 6:00
AM.) were also calculated for house entering as defined
by entrance trap collection data. However, numbers
that entered ouse were further “adjusted” (as
describgddn M&M) Jo give a more realistic estimate of
females that both entered the house
and took a blood meal indoors. Using this adjustment,
the cump for times of house entry were calculated and
analyzed graphically (not shown), The cump values
showed that 50% of unfed females that would
subsequently bite indoors had entered the bouse within
the first 2.67 hours, compared to an average of 3.64
hours for 50% of the females to bite. For 75% of the
females to enter and bite, 4.37 and 6.8 hours were
Tequired, respectively. Based on these statistics, the
average female that fed indoors must have rested in the
house at least one hour before taking a blood meal.

Behavior in 2 DDT-Sprayed House

Summary statistics from systematic collections in
¢ach of the two houses after one of the two houses was
Sprayed were arrayed (not shown) according to the data
format presented in TABLES 1 and 2.
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Data in TABLE 4 show that the early evening surge
of house entering by unfed females did not occur in the
sprayed house (h=1.0 or A*100 =100% reduction).
DDT residues also eliminated the peak exiting activity
near sunrise.

As described in materials and methods for formula
3, the estimates of h were multiplied by the discrete p
values in TABLE 3 to obtain adjusted probabilities for
entering and exiting the sprayed house. The cumulative
adjusted probabilities are presented i CABLE X
95% fewer unfed An. darlingi f cs entered the
sprayed house compared to the unsprayed house.
Cumulative adjusted probability for blood-engorged
females to exit the sprayed house was only 0.038,

Summary probability vaiues for An. darlingi (Ituxi
River populations), along with comparable data for

4]

o

oot

.other vector populations®®, (Roberts and Alecrim 1991, By
Smith and Webley 1969) arc presented i
Normally, the impact of insecticide on biting can be i

determined by comparing the relative mix of fed and %
unfed specimens in control versus sprayed houses. <

Unfortunately, so few specimens were collected in the
sprayed house in the Ituxi River study that we could not
quantify the reduction in biting by populations that
entered the houses. As an alternative, we used
Rozendaal’s estimate of 0.56 as an estimated probability
far biting in the sprayed house, so p(b_im_ )} = 0.56.

Likewise, mortality determinations were not
possible because too few specimens escaped from the
sprayed house. For comparison, we used two different
estimates of mortality. First, we used Rozendaal’s
(Rozendaal 1990%) estimate of 95 % mortality, equating
to a p(s” ) = 0.95 or p(s) = 0.05; and we also used the
estimate of 22% mortality from the study with An,
gambiae (Smith and Weblcy 1969), equating to p(s ° ) =
0.22 or p(s) = 0.78.

River-Brazil) data i, TABLE 6, e sce that DDT
residues reduced joint pro ities of house entering,
biting indoors, exiting, and subsequently surviving (using
95% mortality) by 99.81%, thatis (1-0.0019)*100. This
probability is reduced by 97% (versus 99.81%) whena
mortality of 22% is substituted into the equation. Using
formula 8, the joint probabilities for entering, biting,
and surviving were reduced in the sprayed house by
98.1% for An. darlingi (Suriname), by 72% for An
gambiae, by 88% far An. funestus, and by 66% for An.
punctulatus.

Reduced house entry as a result of repellency,
calculated on the basis of (I-p{m_.))*100, showed that
repellency actions were responsible for 95, 32, 60, 63,
and SO% of the overall effect of DDT sprayed walls
against An. darlingi (Ituxi River), An. darlingi

g\‘ .
€

af
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TABLE 3. Indexes (h
Anopheles darlingi
along the [tuxi River, Amazonas,

bour intervals.

values)* of reduced numbers of unfed and blood-fed™**
females that entered or exited a DDT-sprayed bouse
Brazil. Estimates are presented for two-

Indexes (h values) of Reduced Numbers of Females

Time Intervals Entering Unfed

Exiting Unfed Exiting Fed

6:30-8:30 P.M. 1.00
8:30-10:30 P.M. 0.95
10:30 p.m.-00:30 A.M. 0.95
00:30-2:30 A.M. 0.83
2:30-4:30 A M. 1.00
4:30-6:30 A M. 0.97
6.30-8:30 A M. 0.74

098 0.96
0.98 0.89
0.998 1.00

099 1.00
1.00 -0.06

1.00 1.00
1.00 1.00

*Index of reduced numbers = 1-[(axa’ Wa ' xa)]= h, with t representing the sprayed
bouse, ¢ the control house and a representing the average number entering a sprayed
house and a’ representing the average number that catered before the house was

sprayed.

**Specimens classified as recent fed (red blood visible in the abdomen), late fed (black
blood in abdomen), or in Sclla’s stage 2 or 3 (stages of blood digestion or egg

development, see Detinova (1962).

TABLE 4, Estimates of probabilities (p) and cumulative probabilities (cump) of Anopheles
darlingi females entering and exiting a DDT-sprayed house. These probabilities
are estimated from (a) the discrete, normal probability (p) of a behavioral event
occurring at a specified time in an unsprayed house (see TABLE 2 for relevant
values), and (&) the index of numbers (/-4) entering the sprayed bouse (see
TABLE 3 for estimates of A). So, (p *(I-h}) equates to the probability that the
behavioral event will occur in the sprayed house during a specific interval of
time. The value for (p * (1-h}) represents a discrete probability, the cump is
obtained by summing discrete probabilities over the whole night (values in
parentheses). Data compiled from studies of unfed and blood-fed An. darlingi
fernales that entered or exited sprayed and unsprayed experimental houses along

the Ituxi River, Amazonas, Brazil.

Discrete and Cumulative Probabilities, p and (cump)

Time Intervais Entering Unfed

Exiting Unfed Exiting Fed

6:30-8:30 P.M. © 0.0(0.0)
8:30-10:30 PM. 0.011(0.01).
10:30 PM.-00:30 AM.  0.01(0.02)
00:30-2:30 AM. 0.02(0.04)

T2:30-4:30 AM. 0.0(0.04)

4:30-6:30 AM. : 0.003(0.04)
6.30-8:30 AM. 0.0026(0.05)

0.004(0.004) 0.0024(0.0024)
0.003(0.007) 0.0044(0.0068)
0.00(0.007) 0.00(0.0068)
0.001(0.008) 0.00(0.0068)
0.00(0.008) 0.0318(0.0386)
0.00(0.008) 0.00(0.0386)
0.00(0.008) 0.00(0.0386)
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\BLE 5. Probabilities fur.vu:tnr populations to enter a DDT-sprayed house, p{m_ ); bite indoors after entering,
p(b_Im - J; survive 24 hours after exiting the house with a full blood meal, P(s,lb,.m_ ); and joint
probability of entering, biting, escaping, and surviving, P(Spum_ b, m_). o

Z- BT — ey
——

Probabilities
! Survive after
] Eater Bite Survive Entering, Biting,

nfhtly populations House Indoors 24-hours  and Escaping Data Source
wopheles darlingi Unpublished data and

,n:i River study) References (Robexts et al.
z' % mortality: 0.05 0.56* 0.05* 0.0019 1987, Roberts and Alecrim
| % mortality: 0.05 0.56* 0.78+= 0.03 1991 and Rozendaal®)
tqv.ms dariingi

riname) 068" 0.56* 00s* 0.02 Rozendaal®

{

|vopheies gambiae 04° o9® 078 * 0.28 Smith & Webley 1969
‘thbeles fimestus 037" 082"° 041" 0.12 Smith & Webley 1969
r-!ophelz.: Punctulatus os* 085" 0.76 * 032 Sloof ?

' ‘Numbers of females captured exiting house were not sufficient for estimating reduction in biting due to irritant/
| non contact repellency. Estimate of 0.56 was taken from Rozendanl’s srady®.
| *Value extracted from estimates of mortality from Smith and Webley (1969) and Sloof ®.

|'Values extracted directly from published study.

juriname), An. gambiae, An. funestus, and An.
Wictulatus populations, respectively. Finally, formula
was used to show that toxic actions of DDT residues
xounted for <10% of the total impact of DDT residues
X An. darlingi (Ituxi River), An. gambiae (Tanzania),
M An. punciulatus (Irian Taya) populations. Toxicity
tcounted for 36.2% of the total effect of DDT on An.
arlingi populations in Suriname and for 18.3% of total
lf_ectonAn. funestus populations in Tanzania However,
{18 important to note that repellency and irritancy
agether, [1 - p(b,Im_ ) * p(m_ )]*100, accounted for
1.9% of the overall DDT impact on An. darlingi
ions in Suriname.

DISCUSSION

i \

1 The probability model described in this report

lates and quantifies the repellent, irritant/repellent,
’J."l toxic actions of DDT residues on vector behavior.
1Mhis model challenges the idea that residual spraying
=exts control over malaria by killing mosquitoes and
| “ducing vector population longevity. This model also

*Value derived by comparing ratio of numbers fed and unfed in sprayed and unsprayed houses.

challenges conventional approaches to collecting and
interpreting malaria control data.

The critical importance of endophagic behavior is
defined by the fact that mosquitoes have options of
multiplc hosts outdoors; but are generally limited to a
human host ance they enter a house. Field data show
that repellent actions of DDT may prevent mosquitocs
from entering and biting inside of houses. As a
consegquence, a truly endophagic vector may exhibit .
predominantly exophagic behavior when a house is
sprayed with DDT.

Studies of vectorecology and malaria cpidemiclogy
are commonly conducted in areas covered by routine
house spray programs. Under such conditions, vector
studies based on indoor or paired indoor/outdoor
collections in DDT-sprayed houses may show that the
vectors are exophagic. Epidemiological studies of
malaria in populations covered by house spray programs
may reveal age-sex distributions of cases indicative of
outdoor rtansmission. Suchresults might be interpreted
as indicating that residual spraying is not useful because
vectors bite outside and malaria cases are acquired out
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of doors. This is areasonable interpretation if DDT only
functions by killing vectors and reducing vector
population longevity. However, in both types of studies,
the indicators of exophagic behavior may resuit from
repellent and/or repellent/irritant actions of DDT
residues. In other words, out of doors biting and disease
transmission can be chemically induced. As a
consequence, the results would belie the truec endophagic
nature of the vector and the true potential for indoor
transmission. It is critically important to recxamine
claims of exophagic behaviars because if exophagy and
out of doors transmission are chemically induced, then
elimination of residual spraying will allow a return of
patural endophagic behavior, malaria transmission will
move indoors and become more cfficient, and malaria
xates will increase.

In the Imuxi River study, repellent action reduced
the probabilities that An darlingi females would eater
the house by 95%. In other words, the repellent effect
was the dominant action of DDT residucs. The females
that still entered the sprayed bouse were often stimulated
to leave without feeding. Rozendaal® showed that for
femnales that entered the house, biting was 44 % less than
for a comparable population in the control house. We
propose that reduced biting and rapid exit were due
primarily to irritant, and secondarily, to repellent actions
of DDT.

Roberts and Alecrim (1991) determined that biting
in the sprayed house along the Ituxi River was reduced
by 96.4% (this effect includes reduced bouse entry by
An. darlingi females). Similar levels of reduced
endophagic behavior were documented for the sprayed
house two months later, and there was significant
suppression of endophagic behaviors one year after the
house had been sprayed. The toxic (killing) properties
of DDT residucs produced an additional, albeit small,
overall impact.

The Ituxi River study is just one of many studies
against just one of many vectors that show dominant
excito-repellent effects of DDT residues. For An.
darlingi, excito-repellency tests by Charlwood and
Paraluppi (1978), Robertsctal. (1984), and Rozendaal®,
and experimental hut studies by Roberts and Alecrim
(1991) and Rozendaal® have all shown powerful excito-
repellent responses to DDT residues. Even carlier
investigations suggested a similar phenomenon, e.g., de
Bustamente et al. (1952) and Elliott (1972).

A high frequency of strong behavioral responses of
malaria vectors to DDT residues was suggested by
statistics extracted from field studies on populations of
An. gambiae and An. funestus in Tanzania (Smith and
Webley 1969) and An. punctulatus in Irian Jaya (West
New Guinea)’. In each case, when formulas 3, S, 8, and
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9 were used with probability data, the joint action of
repellency and irritancy were the dominant functions of
DDT residues. Rozendaal’s study in Suriname® showed
that the probability of An. darlingi females entering,
biting indoors and surviving was 0.02 in the sprayed
house. However, the joint action of repellent and irritant
actions accounted for 62% of the overall DDT impact.

We propose that reported changes in mosguito
host-seeking activities after houses are sprayed with
DDT are primarily a result of the vector's natural
behavioral responses to DDT. Repellent actions that
reduce numbers of females entering houses explain the
findings of larger oumbers biting outdoors relative to
numbers biting inside sprayed houses. This is achange
in relative proportions only, and may not result in an
increase in absolute numbers biting outside.

Contact irritancy, and secondarily, non-contact
repellency, can account for a change in time of peak
indoor biting activity. As shown for An darlingi
populations, some malaria vectors enter houses in the
early evening. However vectors will not remain indoors
in the presence of contact imritant and non-contact
repellent actions of DDT. Therefore, carly evening
biting may still occur; but biting later at night will be
eliminated. In the Ituxi River study, one year after the
experimental house was sprayed with DDT, biting
occurred in the sprayed house only in the early evening,
while biting in the control house continued throughout
the night (Roberts and Alecrim 1991). Similar behaviaral
responses have been doc

An. vesritipennis in Beli Grieco et al.

nted for An. albimanus and 3

|
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The primary goal for spraying bouses is to reduce =

the indoor transmission of malaria. Presumably, outdoor
ransmission is less affected by this control measure.
Given these relationships, a better quantification of
indoor versus outdoor behavior patterns is nceded. In
particular, it is important to systcmatically sample
populations as thcy enter and exit houses, Beyond this,
the probability model could be expanded to include
probabilitics for movement of vector populations from
sylvatic to peridomestic environments, and ensuing
probabilities for biting humans, versus other vertebrates,
outdoors. Through this process, we could begin to better
understand the dynamics of malaria transmission on a
more quantitative basis and more accurately predict the
outcome of a house spray program.

The probability model described in this report may
not be descriptive of behavioral responses of all vector
species in all environmental settings. However, the
model and underlying concepts can be used to evaluate
the frequent reports of changes in peak biting times and
the relationships of indoor to outdoor biting in the
presence of insecticide residues. Indeed, it provides a



