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2. N:]rratlve 

SClC!ntiGts from the 	University of Notre Dame's Vector Biology Laboratory will 
t:ndertake a three-yeJr program of research on popUlation dynamics and repro
ductive biology of ~edes aegypti. This work is preliminary to field trials 
f::>r,;;_'netic r:ontrol 	of this mosquito, Certain critical biological questions 
must be 3nswered dnd production and release techniques must be developed. 
Rc~e.l;:-ch I.ill concC!ntrate on 	 t';170 types of populations, those occurring in 
vililges in close association with man and those in feral, sylvan situations 
i.:1r E!"0'111 human hab itation. A number of premising techniques for genetic sup
pression of field populations will be investigated. Special attention will 
b~ "llJen to the introduction 	of partial sterility through chromosomal trans
lac I.i.ons, .:l method 	 first developed for this species at Notre Dame, whereby 
.;l lat2nt, lethal 'lod self-perpetuating "Achilles' Heel" is bred through sUc
ce.'!'; i Ve! gener:tt Lons 	 of this mosquito. 

A. ;Jf!i.!yot i sholl 1c1 serve as a model system to demonstrate whether this type 

~E b"ic,~cal control is feasible with other mosquitoes. Nuch of the gen

ei:ic:;, physiology and bionomics of this species are already known; mass 

production is sLr.tpLe; and a variety of genetic mechanisms for modifying its

Genet i.e ccmposlt ion have been demonstrated] a ccmbination not yet available 

Eor ot:ler mosquitoe:,. Development of an effective genetic technique would 

p.:-ovid~ a non-chemi.cal alternative or supplement for contt'olling ~. aemt1, 

cu:<:'r~ntly a pervasive .:md significnnt disease vector responsible for trana

l:! ~j: !:1ng IeHow Vever, Dengue and As ian Hemorrhagic FeveT.' in epidellic pro
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p")rt Lor..s throu-shout l<lrg~ ,Ire as of the developln:; '",orld. ::qually important, 
a ";l:~ce33i'..11 progr...un ·,.,ill both ::;tL-nulatc :md guide simllar research on Dio
b~~":..ll control of other mosquitoes, lncluding the mainrin-tr.:lnsmitting 
:\:1') 'Joe Le~. 

ii,·! [1':."0 ject I/i.11 'ue aeminiJtr:ltively centered ,lt the ne'" International Cantre 
.: ..rr In:1~ct ?hyslology nnd Ecology in Nairobi, Kenya, ~lith a majority of the 
r'-'3~arch :It a field 3cat:!.on in an area of high mosquito density, probably 
in the ~alindi-Mombasa area. 

i3. EX?A.~DED ~IARRATIVE STATEMENT 

1. (a) Jackground 

Hosquito-borne diseases such as malaria, filariasis and yellow fever continue 
r.o plague vast areas of the Norld, particularly the developing nations of the 
tcopics and subtropics. ~Nenty years ago with the appearance of long-lasting 
synthetic organic insecticides, such as DDT, control or even eradication of 
t:12 major insect disease vectors was contemplated. However, the development 
oE insecticidal-reslstance, the discovery of behavioral characteristics of 
i.nsects ':-Ihich impede control, and growing public concern over the ecological 
impact of chemical pesticides have seriously modified this optimistic outlook
and vee tor control has ag3in become one of the most important problems con
[ronting health authorities. 

During the last decade, many advances have been made in research on the con
trol 0.( insects by genetic manipulatioI\ of populations. Genetic techniques 
have a number of significant advantages over traditional chemical or source
=-~dllction (drainage of water bodies) method's of mosquito control. Geneti
c.:llly-transformed male mosquitoes will seek out residual niches and popula
tions which cannot be detect~d by conventional methods. Long-term economic 
advantages may result since the recurring costs of insecticide applications 
.;lll eit~er be eliminated ur greatly reduced. And substitution of target
specific g~netic techniques for nonspecific chemical insecticides will eli
mi:tate the environmental problems caused by biological magnification through 
the food chain of persistent chemicals such as DDT. 

The best known of available genetic techniques is the "sterile male" method 
based on the use of radiation or chemicals to induce sterility. It was first 
applied successfully to the screw-worm in 1954 and, since 1962, to at least 
eight other insect species either in the laboratory or in field trials. How
ever, attempts to apply the sterile male technique to ~osquitoes have not 
proved successful and interest in biological control ot this insect waned 
considerably after 1965. 

Other genetic transformation techniques are known and may be adaptable for 
large-scale mosquito vector control. These include cytoplasmic incompati
bility, hybrid sterility, meiotic drive; distorted sex ratios, and lethal 
iactors. In 196B, the t"~lease by WHO of males of n genetically 1nccep.t:i.bl. 
strain resulted in the elimL,ation of a small population of Culex.fatiganl 
mosquitoes from an i30lated village in BUrma. As a consequence, intereat 
in biological cont!"ol technique$ has been reawakened. 

http:1nccep.t:i.bl
http:3cat:!.on
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possible cnndi.date mosquf to species on wHich to base a 
lnt_grated program of genetic control, Aedes aegypt! is of high 

This mosquito is, first of all, a pervasive and 
vector responsible for transmittin$ mauy fatal and 

in epidemic proportions -- Yel1~~ Fever, 
and ZUta in' Africa; Yellow Pever in South 

in the Caribbean region; and Asian 
The latter has been called the most serious public health 

in Southeast Asia because neither protective vaccines, curative drugs, 
are available (WHO Symposium, Bull" WHO, 

work of the University of Notre Dame's Vector 
as the WHO International Reference Center 

Aedes mosquitoes, much is known about the physiology, behavior, bionomics, 
This mosquito can be mass-produced s~ply 

Most tmportant the Notre Dame laboratory has found at 
different genetic mechanisms which could be used in control pro

This collective wealth of scientific 
not exist at 

If genetic control of A. aegypti can be 

11 

CilikY:-l unya, Bunyarnwera, Bwamba, 

ru. ric ~nd dengue (Dreak-bone Fever) 

lie ,orrhag ie Fever. 

prob l em 

no::.- :ldequate vector control methods 

Vol. 36, 1967). 


Due in large part to t 
Biology Laboratory] which serves 
on 
and genetic makeup of!. aegypti. 
and economically. 
l eas t seven 
grams directed against this mosquito. ' 
:lnformat ion and technical and institutional capability does 
pre ent for any other mosquito. 
shmrn to be feasible] then ~petus will be given to the behavioral and gen~ 
et i c research necessary for supporting a~ilar biological control programs 
for more complex and lessunderstood species such as the malaria-transmitting 
Anopheles. 

( (b) Proiect Description 

A three-year research project involving field .s 'tudies and concurrent labor
a tory experimentation will be carried out in East Africa by the staff of the 
University of Notre Dame's Vector Biology Laboratory to determine whetner 
gene tic control of Aedes aegyPti is feasible. Field studies of the ecolog:f 
of na tural populations will be undertaken, with emphasis on popUlation dy
namics and reproductive biology. Special attention will be given to the ' 
sol ution of certain technical requirements for genetic contrQl involving 

,J 

mass production and release of mosquitoes which· are to be competitive with 
na tural populations. Concurrently, genetics of East African populations 
:.i ll e studied in the laboratory in order to discover which among several 
c urrentl~ available genetic mechanisms would be most useful for control. 

The field studies will be conducted in a region with a dense population of 
~. ae gypti, probably along the shore of the Indian Ocean. Numerous villages 
will be surveyed and approximately 12-15 sites will be chosen for year
round census of the mosquito population. The absolute number (not relative 
number) of mosquitoes present will be followed throughout the yea~ to deter
mIne natural fluctuation. Special attention will be given to l~iting £ac'" 
tors and the biotic potential; i.e., potential rate of increase. Age 
s truct.ure and dispersal habits ~.,i11 also be assayed. 

Knipling, E. F., et aI, 1968; C~netic Control of Insects 
Importance, Bull. Wid. Hlth. Org. pp" 421-~38. 
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J dtudie s on r eproductive bi ology will be conducted at ~he test villages. 
F.,~ oes for a ttention include hose which would determine the succeos or 
f nilurc of .a genetic control program, i.e., do the released males have a 
r~a onab l e opportunity to insemiq,ate f f e1d females? Hethods and techntques 
will oe deve opea 0 improve t lfat oppor tunity. Tliis requires ta15oracory and 
fi td t udies on iitness and competitive mating ability of released males, 
.';19 ·,.,e 11 as development of impr oved methods for mass production and re lease. . , 

St r a i:l .. of A. segypti oearing potential genetic "Achille s Heels" t.,ill be 
synt hesized in the ICIPE laboratories at Nairobi and at Not-re Dame. Dele
t erious factors such as sex-ratio-distorters and sterility-inducing chromo
s ome translocations ould be incorporated into a genetic background from the 
t est a rea. 'these st-rains would then be mass-produced. Preliminary field 
trial s involving released males would be conducted and the amount of popu
l at i on suppression would be measured. Special attention would be given to 
the poss lbility of -reinvasion by jungle forms of !. aegypti following erad
ica tion o'f the domestic foms. 

The Aedes aegypti osquito is an ideal insect species for such a project 
because of ita importance as a disease vector; mass production is simple 
and economical; the genetics, physiology and bionomics are known; and nu
me -rous genetic control mechanisms are available (viz., dominant lethality, 
chromosomal, trans locations, sex ratio distorters, conditional lethals, 
genes for inability to transmit disease). Further, unlike many mosquitoes, 
t his species is accessible because of its highly domestic habitat. 

Eas t Africa is selected as the site for this research because of (1) the 
i.rnoort ance and abundanc:e of Aedes aegypti .in the-"region; (2) the presence 
of both domestic and wild forms of the species (which will provide informa
t ion on ~'lhether jungle populations will feed ba'ck following eradication of 
the domestic fom); (3) support available from the Inte-rnational Center for 
I nsect Ecology and Physiology in Nairobi, Kenya (which will be the adminis
t r ative center) and the East African Community of Institutes; (4) presence 
of a WHO Aed~s Resea-rch Unit in Dar-es-Salaam which has conducted bionomic . 
s t udies since 1968; (5) the availability of a top level U.S. resea-rch team 
\vi th s t rong East Af rican inte-rest and experience; (6) preliminary field work 
by \~HO and the Eas t African Institute for Malaria and Vector-Borne Diseases 
i n A~ahi , Tanzania; (7) the desirability of training East Africans in modern 
med Lcal entomology; and (8) access to ecologically-isolated field populations 
for e1<perimental manipulation, i.e., both mainland villages and islands off 
t he coast. · In addition, there appears to be some scientific advantage in 
carrying out ,the investigations in the native habitat of the insect which 
subsequently sp,read to other continents. 

Throughout all phases of the ' project, opportunities for spinning off behav

ioral and genetic data to other mosquito species will be sought. Some SUD- ~~~~ 


sidiary research OF closely related mosquito disease vector wilT be con

ducted, particularly on!. impsoni '(a Yellow Fever vector which has just 

t his year been colonized by a former Notre Dame student). 
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~c;:JI03'l "md !J~~1avio'C' ot Aada.'3 :le'~yT)ti Ina~e thia 
:J ~2n~tic c~ntrol; 

v:) 	 :,,:ovide r:~... e 3.;~(!C'.!:i..tic OBi::! 2.r:d operational ;3?ring board ':or future 
[i·~lc.i ': riJ~J i 

(-1) 	 c::nt:=i::,ut:~ t:J deve"L0pment: of a ::lodel for genetic control of other insect 
?e3!:3 'mcili.3e3.se vectorJ 'tlhich should stimulata additional research 
on r:~cnniques ,..hich 'It"2 highly selective and en'Tironmentally safe; 

(.1) 	 support: ,1 :na j or research component of the International Center far 
[~sec: ~cology and Physiology (ICI?E) which should help to trigger 
financi~l and sciant:fic assistance for this institution from a vari 
ety o~ ?ot~ntial donora; 

(f) 	 pr::Jvic!e tr.:lining opportunities for African scientists and technicians, 
:13 ".,,~ 11 :lS a mechanism for immediately focusing selected African PI.Jst
doct:o':."J.t8s in medicine and genetics from Notre Dame and other U.S. 
Uni '1o.r3Ebs on major African pr:Jolems in which they will eventually 
aSSL:Il1e leader30ip roles; 

(g) 	 se':'le as il mechani3m for coor:iinating and strengthening the East 
A£dc.::m Community by affiliation '.-lith both research institutes and 
uni'lers i.ties. 

2. ~lgni~ic~nc2 to A.I.D. Objectlve~ 

The prO?03cU t'0se3rch p"oject addresses a number of A.I.D. objectives since 
it: 

(.:1) 	 :Li.!"i1e(l (:iJt.lard eradicating a primary ager.t of several major diseases 
affl<!ccing the de'leloping ',.,orId; 

(b) 	 i5 ::::!:5?cnsi"e to the growing interest of the Administration and A. I.D. 
for nonchemical pest control measures; 

(c) 	 premises to have worldTllide application to health problems outside East 
Africa; 

(d) 	 has a significant institution-building element by virtue of being ad
nin l5 tral.:ively c3nte-::ed at the ne"Nly-established International Center 
ior Insect EcoLogy a~d physiology and will cooporate with other Insti 
tut':.!::; 0: c'h"-! Zast African Community; 

(e) 	 r~ir:fut'ce3 and ccmple~ents efforts of international agencies, such as 
W·W) "'2 .:\~IO, and E~1DP; and 

http:mcili.3e3.se
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( t ) 	 wil l provida training for African scientists and technicians both in 
t he labot'atory and in the field. In addition, the pro eet will in
v'J l ve di rect participation by t.op U.S. scientists and to/lll serve as a 
model f or g_n tic control techniques ~.,hich oay be readily transferable 
to o t her in3ect pes ts 1n Africa as well as in other regions. 

It should be ted that while d i~ e ases transmitted by mosquitoes such as the 
noph l~les may be of higher priority from a health point of view} the impor

t ance £ ~. aegypti as a disease vector is unqueat'ionable ( b dependent of 
t he f .lct t hat current knowledge of this species makes it a logical starting 
point f or an economic feasibility study of genetic control of mosquitoes). 
Hemorrhagic fever in cities of Southeast Asia causes 10-30'7. mortality- and 
no L~unization or theraputic agent~ are available. Protection is accom
plished only through control of~. aegypti} as in the case of dengue which 
is another dejJilitating disease which plagues many areas of the developing 
world . 

~. aegvpti has long been referred to as the "Yellow Fever Mosquito" in the 
trop1cs and sub-tropics where it represents a major ector for this disease. 
Recent outbreaks of Yellow Fever and Dengue demonst~ate man's failure to 
e ffecti~/ely cope wit h this disease vector problem despite heavy investments 
of manpower l'.nd funds for eradication programs. In Africa, epidemics of 
Ye l low Fever continue to sweep through large areas. In 1962, 100,,000 cases 
o f Ye llow Fever with 30}OOO deaths occurred in Ethiopia. In 1960, 5,000 _ 
Cih e !1 s uddenly appeared in Senegal and tnere is a current outbreak in Nigeria 
and Upper Volta. 

( 
Dr. Hi ppolyte Aye, Minister of Population and public Heal! th of the Ivory 
Coa3 t and President of the World Health Assembly ~ddressed this issue in. 
his P residential Address before the 23rd As'sembly this year. He observed
that: 

If I -am sorry, on the other hand, that I cannot be optimistic on 
the s ubject of Yellow Fever. During the last few months of 1969 
f i ve countries of West Africa experienced epidemic outbreaks of 
Ye llow Fever in various rural areas. It is difficult to gauge 
their exact extent but the disease killed certainly hundreds and 
perhaps even thousands of people. Thanks to an emergency vaccin
a tion programme and also owing to the natural decrease in the num
ber of mosquit es during the dry season, the epidemic died down. 
But there is still a danger that the rainy season _which begins in _-
Ju l y} will reac ivate the foci. In order to make the threatened 
region safe from further epidemic outbreaks of Yellow Fever ef-
fective vaccination and vector-reduction programmes must be 'or
ganized on a long-term basis. If timely -action is to be taken 
external aid is necessary.'i 1/ 

];.1 World Health Org.anization Chronicle July 19, 1970, Vol. 24,_ No.7, pg. 

( 
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A I cm i phere-wid~ Ae des 
n ~ r ic n l~ al t h Or~ aniza tion appears 

r p o il r \~d in anruna, H nduras) 
po _ crad lcacion tJn y'ea rs ago. 
Servic ent ~ 65 million f or nn 
United Sta t e s (in s upport of 

At the 

aegyoti eradication program under the aegis of the 

El Salvador, 
During 1964-1969) 

th2 PAHO Program) whicn was 
::1" a f~i.Lu =e. t hat time, Director, 
Cente r , U.S.P.H.S . .. pointed out tha , "Global species eradication through 
me chanical and chemical means alone is doubtful ••• the!:.. aegypti shows an 
une nny obility to adapt to new and changing environments." He asked, there
f ore, " t.[hat are the potentials of biological and genetic control?" 1.1 

It Is oE interest that the U.S, continues to contribute through . the UNDP 
to insecticidal control of~. aegypti in countries such as Jamaica even 
though many e;<perts feel that such programs are doomed to failure oecause 
of the evolution of resistant strains of the mosquito. 

3. Re lation to Existing Knowledge 

As the HHO Reference Centre for Aedes mosqUitoes, the Vector Biology Labor
atory of the University of Notre Dame has ready access to essentially all 
published literature and data on~. aegypti. Possibly a~ much as 80 percent · 
of the existing knowledge of the genetics of ~. aegypti comes from research 
workers associa~ed with the Notre Dame facility. Appendix B lists relevant 
publications by staff of the Vector Biology, Laboratory, exclusive of Dr. 
Hila Trpis, ~olho recently joined the sta.Ef from the HHO East Africa Aedes 
Re search Unit" in Dar-es-Salaam, and who has pubUshed extensively on tropi
cal mosquitoes including~. aegypti. 

Tha r~sults of past research have provided a basic understanding of the 
bionomics, behavior, physiology and genetics of !.. aegypti mosquitoes. Gen
etically} this is by f ar the best known mosquito and seven proven techniques 
ar e available to modify the insect to induce either complete or partial 
s t erility. The re is ample field evidence that genetic control ldll work in 
C ul~ mosquitoes. (USDA with chemosterilants in Florida, tayen-and WHO in 
Burma -- see pag e 9 ). For~. aegypti, Notre Dame scientists have shown 
t ha t released males ~Yill disperse and mate w,ith field females, 4/ and that 
mass production methods are available. The unanswered question-is whether 
one at" several of the existing genetic techniques can be applied success
fully and economically to control or eradicate!.. aegy'£!! populations under 
natural conditions. The inv.estigators propose an approach to this question 
~·7ith a program of basic research on dynamics of a specific field population. 
After three years} the groundwork for an operational trial of genetic control 
s hould be established. 

1/ Sencer, D.J., lJ)69, Health Protection in a Shrinking tVQrld, Amer. J. Trop. 
Hed. Hyg.) Vol. 18, No.3) pp. 341-345. 

( J Fay <lnd Craig, 1969) Mosq. Ne,07S 29(1): 12l~t27; 
Bond, Craig, and Fay, 1970, Nosq. News 30(3): 394-lH>2. 
Hausermann, Fay and k -:I:er, 1971} Hosq. News 31(l~: 
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.!~[!.~1 2::.:.:::2::1. :\.:1.9 ')eeil J::'.:di'.!rJ b the bbor.1to:-y :Jinc~ t330 nnd, today, more 
tiU:1 lj) L;i1t~~t!~lO~J ~/;.t:;'l:1 t:,~ U.S. d0:12 :l~·::! ccnd~ctii15 :'iologic~llb

':~Jt!; 1.: ~O'1J \/~':h ':h~J?~d.(:!';I, t:t~2 Ii!.l j.J:,lty r;o:!cz::':nad ~... ith in3ecti=idC! de
v., !.o~~nt. 

:",1!:' ;:.~"~:: ~"..itituc!.on5 ;It'(~ ,?r<:p~~d 1..1 t'83ear.::l1 Lln !no3quito ;jenetics. In 
3dd!':i~n :0 t~~ Universi~y aE NOt~9 Jame, they include: 

--Depart::tent: oi:'t"'Jpic.:ll :?,..:olic Hi'-31th, School ot ?ublic Health, Sc:,ool of 

Publi.: :i~alth, Harvard UniV2rsity (Dr. Andrew Spielman) 


--Uni'''~r3i.ty of C.:ll!.b!:'t1~a, Davb, California (Dr. G, A. :t. NcClelland) 

--School of pubLLc Ee.:lith, UCLA (Dr. -,\.R. ilarr) 

--Di.vision or Inte:-national Nedicine, School of Hedicine, University of 
~·!a::,yL md (Dr. ii, C. ;::~t:'nett) 

--FICl7Lda E~tcmo10gical Reaearch Center, Vera Beach, Florida (Dr. M. Provost) 

--S:hoot of Tropical t!edicine, University of Liverpool (Dr. W. W. MacDonald) 

--Dt~iJarbent of Zoology, University of Illinois, U;:-bana (Dr. J. B. Kitz;niller) 

·L'mcion School a E Hygi~ne and Tropical Hedicine (Dr:.: G. Davidson) 

--~n.';tl!.:ut Cl!:' Ge~;:!tik, C:utenberg Universitnt, l·f;:linz, Ge!T.lany (Prof. H. Laven) 

TQ tll!3 rl~y moat ~t~dlc3 of mosquito ;enetics are =3rried out to investigate 
l:l~2~.;e tc~n5mi~~ion, insect ~ehavior, effectiveness of insecticides, or 
(;,~!~2tic charact:!ristics ~l:1d :>:1ooal1'23 Cl?plicable to IH!man systems. It t'las 

n·J:: l':,E i1 L;S1, ,::J-': c;z::m? 1.:2., that Uc:iv2rsity of riotre D'.1me scientists di8
cO'l".r~rj i~:l;Jt 1.:.. ~2.:~ £C2,:lill23 arc in3eminated only once, a ~oint of obvious 
i':l:?Or.t;l!'C~ ::07 :S.2nec i.e cont'i."ol. P,..~cently, there has b·2en gr~at interest in 
:Jiclc~ical contr~l of mosquitoes. Within the past three years, many insti 
~: ... tir.l'13 1~:!"9 ini~L!t,~d pr0'5;:-ams on mosquito pathogens" p:redators, hormones, 
as ;·;,-:,':'L·.1.,) on nosqui::o ~s2n~tics. ~!any 'l,?!?li.=d caner-ol agencies nmol recognize} 
perh::l?3 belatedly,. that 3uch biol:Jgico.l methods '.1re urgently needed to sup
pb.:lt insect icicles. In the fe'. ins t.:mces ~~here ~. aegypti have been the 
Slll-,jt~ct of major bio.Logical studies, the investigations have been lIscience
ori,2nt':!d" rather than direct2d to pr.::tctical control techniques. 

AU,S, t!ubllc H2d'!.th Service progr<l.'U in Florida in 1961 has provided the 
only r~al ftcld test of ~ bi010gical technique for the eradication of ~. 
"·''-'sLTJti. ThLs ~!:,o:;t":c.'U, bnJed. on r;~l~ase of r2.diation-sterilized males, 
Eail'~'l ccm;)bt~lYJ p::''Joabl.., hec:11.lse of r.:1a.iaticn overdoses which affected 
::11·! ;n.}3quitoes' b:~h~rri'J-;:: ~HttC!'", T:1c;:-eaftr.!r l interest in zenetic control 
"t!r:·~d tuti L t;l~::C ".:'1:; ·'1 ):·:!o'.t"th of int~:;:e3t in the late 1960' s. 

http:H2d'!.th
http:Uni'''~r3i.ty


( A ~~ study,of 
upp ort ed by P. L. 480 

, i t noph eles., tep 
Indications are I~ 
ce nt~r for fhe s . uaYJ 
I i ~e Airica, India 
of J un,:> le f orms to 
pr ject will concentrate 
gene tic mechanisms. 
the WHO Indian Project and 
This will permit coordination of the 
plication and insure 

The IfHO also operates 
In operat ion s· nce 
information on 
However, the 
tion of chemical insecticides. 

ge~p-tlc contro l o~ cullcine mosquitoes is und rway in India 
Eunds . The I ndIan study 13 focused on ~ mosquitoes, 

e n 1 <Ind~. aegl.El:! programmed fot' seco dary attention. 
re l ativel y lot. ~. aegypti populations ne r Delhi, the 

.,ill maKe field s tudias more difflcul!:. aoreoverJ un
1.:lC~(3 nondome8t:ica!:':!d forms of f:.. aesypti; thus, the threat 
urban eradication cannot be' studied. Finally, the Indian 

on chemoste1.'ilization ~.,ith less effort on alternative 
Proies sors Craig and Rai are ser',ing as consultants to 

Craig participated in tha design of the project. 
cwo e f forts to pre'vent unnecessary du

full utilization of discoveries. 

an Aedes Research Unit in Dar-es-Salaam, Tanzania. 
968 J this Unit has accumulated a great deal of important 

bionomics and distribution of Aedes mosquitoes in East Africa. 
facility has recently SNitched its major focus to the utiliza

1J:he Notre Dame ICIl?E project would (make every 
e H ort to coordinate yTith the' Dar Unit of lofHO. In this respect, it is im
port ant to note that all three of the principal scientists at the Dar Unit 
~n 1968-70 were associated with Notre Dame at one time; moreover, a current 
associate member of the Dar Unit, Dr. Til. Kilama, received his Ph.D. from 
Notre Dame in 1970. 

The f ollowing table gives the history of field trials of applied genetic 

controls to mosquitoes:


( 

Publis hed Results 

Da t e Place Inset.!t Organizati n & Agant 


i: 

1962 

1962 

1963 

1965 

1967 

( 

1969 

ontinued) 

Florida 

Florida 

India 

California 

Burma 

Flodda 

Ae des aegypti 

Anopheles quad. 

Cule:< plaiens 

Culex tarsalia 

Culeltpipiens 

USPHS 


USDA 


Health Hinistry; Fail -

State Dept. 
Publ. Health ' 

Laven 

.~ 

Fail - !-.~ 
~ 

Radiation \ 
; 

" 

Fail -
Radiation 

Radiation ' 

Fail -
Chemost~rilant 

-

Culex pipiena 

H. 
and WHO 

USD.! 

Success 
Genetic Incom
patibility . 



---

(t" ,1,1'J .;0:1 t: la'::!c) 

[I"'~3'll t::; 

& l~~nt 

G. j) ..rlidJon In~om,?lete 
cmd 	~,~W hybrid 

s terili.ty 

t970 India. 	 Cule:~. w1-IO Incomplete 
..:\ef~c:3 r:1cii:ltion, 
A:100hel::!s chemicals, 

genetics 

B70 Culex Diot.:!ns H. Laven & Incomplete 
French Govt. chromosome 

tr,:mslocation 

Ttl~ t'ni 1/enity of ~rotre Dame, supported largely by NIH and ABC, have COIl
Jucccd fundamental rcsea:-ch on f:.. aegypti for over a J2cade. The followil'lg 
t,ol~ ~;hCW8 researd'l 8upport for the Vector Biology 'Labor:ltory during 1971: 

~1Ilt - 1-;,~:1et i.c._'nd ~Z2~Jroducti'J'e Biology of Aedes }[osquitoes *100,000 
(·:~r ..1 ig) 

i,1 rt! - Tr31i:1i:!.6 G1."a.nL:.t ~,!o3qllit\J Biology: Ce~eticJ "urganiJmic, M,OCO 
;~:1"Tij:"or.me:1t.:11 (R.3i) 

J'.3::'ii.3- (li:-ll::i..cnal C;Jrranunicable lJi.:;edde Genter)-Biochernical Basis' 31,000 
or. i!'-~\::mt8 ::or. S:edl.it:y in !}. ae~quti (M. Fuchs) 

A2C - R:.E!L1tiJn-bducec1 Tr.:Jnslocations irt A2des aegzpti (:?ai) 33,000 

~";:-\O - l:1tQrnati'Jna1 Ra£~renc3 C·~ntr~ for Aedes (Craig) under 
negotiation 

.~ohn ;!uir :,;',)undaticn 

Total 

- Sup,?ort of ibid sur'Jey 
one year 

in Africa for 20,000 

$224,000 

A t1'.;;no<:!r of resea!"ch breal<throusns by Notre Dame scientists have been made 
o",er the past fi"J~ years ~'Thich have set the stag·::! for a full field test of 
g~netic control t(;!cnniques such as is herein proposed. These include dis
cO'J~r:y that: 

(L) 	 L'!oor:ltor.-;r-rc8.red mabs w-il1 i:1seninatc Held females as indicated by 
tr:msie':'::!nr:e 0 E a zenetic ffi.J.i:!cer frcm released males to natural popu
lac Lens (fay and Ct"aig) 1968); 

http:terili.ty


( . (2) -nseminati 

(3) Females are 
emergence w
and Craig) 

(4) A. nu.-nber of mechani.sms 
mations: 
sterility through hybrl.d breakdOTNn in 
and A. mascarensis 
treatment 
matrone (Craig) 
drive factor 

Building on 

by several differel'1t 
quitoes 

once (Cra i g, 1967); 

to i~semination until 42-50 hours after 

n occur ~ only 

no t r.ac~pti v? 
nich gives released males a.mple time to compete (Gwadz 
1968); and 

can be used to \1dng about genetic transfor
sterility through chromosoma t ..ranslocations (Rai, 1968); 

e cross betT,oieen!. aegyoti 
(Hartberg and Craig, 1968); sterility through 

of virgin females with the monogamy-inducing pheromone, 
1967); and. distortion of sex-ratio with a meiotic 

(Hickey and Craig, 1966). 

this fundamental knowledge, the proposed project will provide 
for basic ecological studies followed by field tests of mosquitoes altered 

techniques. Methods fo~ inserting these altered mos
into natural populations will be developed so that at the end of 

t hree years, the time should' be ripe. for full-scale operational trials. 

5. ProPosed Wor~ plan. II 

(a) Scope of Hork 

The project will initially involve field studies of the ecology and popu
lation dynamics of the East African variety of !. ae~ti and concurrent

( 	 investigations of mass production and genetic modifid ll:ion. During the 
second year, e:<periment!3 to identify proger release methods and mating 
habits tdll be under.taken. Finally, preliminary field testing to compare 
the effectiveness of alternative genetic con·trols will be initiated in the 
third year. The phasing of the research follows: 

Research Phases 

F,Y 1971: 	 Field survey, biotope designation 
Site selection - geographic and local (island, village, forest) 
Procurement - personnel, equipment; design of lab and production 

facility 
Pre limlna~1 research on bionomics 
At UNO &. ICIP,E-Insert genetic mechanisms into background of E. 

African mosquito popUlations. Study mating competitiveness 
of different synthetic strains. . 

FY 1972: Napping of field sites, including bionomics of designated 
populations. 

Lab-tool up for mass production 
Lab-mosqUito bionomics, asp. product evaluation from mass 

production 
Field nnd lab - Release technolo~l  when, where, how manx~ 
At UNO .& lCIPE: Gene·t i c m~chanisma and cage tr·ials 

' .. 
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Fl 1 7:3 : Fi l d ~cology - 'lear - Ion,., census in designated ttd.al s ttt:ss 

laS3 production f acility f ully operational 

~'Le ld valuation of ma ss -produced mosquitoes - acceptabUity, 


9 U~"lval , dispe r sal , mating, competitivene.ss 

Rei>2ase t oa chnology - 1 rg::! - s ca i e e:<per iments on effective 


number !).J mating, <; l Ee and t ime 


- or l.(lte r 	 r e se>arch, i.E Lndicetd.ens C:lre favorable : 

Practical field releases - island and village biotopes 

Field comparison of eff icac~ of genetic mechanisms: chromosome 


translocations, che osterilants, etc. 
Ongoing genetic and bionomic studies 
Evaluation, stressing financial feasibility 

The project will be administratively based in Nairobi, Kenya, at the Inter
national Center for Insect Physiology and Ecology (sited at the Chiromo 
Campus of the University College). ICIPE will provide administrative and 
logistic support, and an affiliation with physiologists, chemists, and 
ecologists required for certain aspects of the project. Laboratory research 
on mating pheromones and on strain variation in reproductive competitive 
ability ~~ill be conducted in Nairobi. In addition, ICIPE will develop a 
program to bring in consultant'S , using as an entree its access to the best 
scientific talent in the ~.,orld in this field. 

The maj or research effort will be centered' at a field site which remains 

to be chosen. The most important requirement is availability of a dense 


( 	 popUlation of Aedes aegyoti. ~reliminary surveYA has limited the list to 
th~ following possibilities: 

'\1. 	 HOtnbasa-Nalindi region, coast of Kenya , 
2. 	 Tanga-Amani r egion, coast of Tanzania 
3. 	 K ~s~u region, Kenya, bordering Lake Victoria 
4. 	 South of Nt. {enya-Embu-Ft. Hall district 

At present, there is a strong preference for the Mombasa-Malindi region 

because of the following characteristics: 


1. Henvy year-round popUlation of A. aegypci. 
2. 	 Proximity of domestic (house-breeding) and feral forms of A. 
3. 	 Availability of many semi-isolated villages and islanas with 


and discrete populations of ~. aegypti. 

4. 	 Accessibility} good roads and housing; availab~lity of space at a field 

st<ltion in Nelindi kept by the Zoology Dept. of University Conege, 
Nairobi. 

5. 	 Availability o'E an African staff in the area trained in entomological 

methods. . 


6. 	 Accessible ~to Nairobi by railroad or 6-hour driv~. 
7. 	 Extensive research on t:. aegypti bionomics conducted 


Ke nya Hedieal Dept.; current project by K.N.D. 

viruses in Malinai. 


( 
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Dr . H 11 t r H us e roann o f UNO h.,w be n ", ny :t ga t he ring da ta on a ite 5e
.Lcc t i on :I i ce 1 J U':luarr 197 t. tl H nii: i ve de c ision on site selection will 

e by Oro. i ..lUS~l1t!a nn a nd Cl:aig duri ng 15 -30 Nay 19'71, f ollowIng at 
i Dr. C a i 3 <1 :: 'In 1" L r; meeting in nll i rob1.. 

Dur in;; th\! ciur!tion of th'a r> oj ~ !.: I; s upportivE'! r~ a e.arch funded Qut:'lidl!' of 
th e 	 Pt' oj~c t (principally by N I~ ;:lnd AEC) -1.;il.l be ut'.derl!-a1 n at the Univer
s ity of lo tre Dame. T l is ~.;i l1 conslstof : 

1. 	 Development of genetic r.lechani sms, especially chromosome translocations 
and chemosterilant-induced sterility. 

2. 	 Construction of genetic stocks for use at the field site (in conjunction 
~"ith ICrPE-Nairobi). 

3. 	 Continued research on genetics, reproducti'~ biology, population dynamics 
of Aedes ae ,gypti. 'I. 

4. 	 Computer sL~ulation to develop predictive models and strategies for 
release programs. 

5. 	 Training of East African and other personnel in modern medical entomo1-
O~J and genetics in preparation for participation at the field site. 

The r e search will be ca'rried out under the overall direction of Dr. George 
Cra i g and Dr . K. S. Rai. Dr. Craig will be in Kenya for a full year beginning 
next September on sabbatical leave and Dr. Rai Hill follow in 1972 and Dr. 
Trpis in 1973. Dr s . Craig, Rai and Trpis .all expect to spend significant 
pac ts of each of t lie three y~ars at the fieltd site. The initial field survey 
wil l b~ d i rected by Dr. H. Haeusermann who is presently in East Africa. It 
is a nt i cipa t e d that the Univ~rsity of Notre Dame scientists will ~.ork closely; 
,-li t h s cientists at the University Colleges in Dar-es-Sa1aam and Nairobi, 
the 	~THO Aedes Research Unit in Dar, and the East African Institute for Malaria 
and Ve ctor-borne o.~seases in Amani. The Director of the latter institution 
has volunteered space and equipment. Cooperation of the~ East African Insti· 
tute o f Virus Rese arch i n Uganda will also be sought. 

East African scientis t s and students l.Hl be involved in both the laboratory 
and fie ld stud i es. In addition, the University of Notre Dame will train 
African students in the U.S. for subsequent work on the project. One post
doctorate and two pre-doctorate students at Notre Dame have already been 
identified for participation, and there will be a yearly increase in parti 
cipation by East Africans, as students n~N in training at liND complete their 
degree work. African 'Ph. D. -level scientis ts will be added wherever possilH e .. 

(b) Program of Hark 

The 	 s pecifics of the propos l~ d activi ties are identified in the 

( 
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Tepr (tucei.on and gaMtic mcchanistn3, . nd (3) Held testing of the behav:ior
(. of It~~ed males. Evaluation of alt~rnatlv~ genetic techniques by relea•• 

oE n t 3 durl03 trial.J und "ill,g~~ t .3t3 ~olill be initiated in the third 
year. 

Experiment: ,GlOn ",1.:11 be dedgued to evclop !lnE!'Werg to the rollO".Jing 

questLo~s for specific populations: 


POPULATION STRUCTURE 

1. 	 {hat is tne ~ number of m squitoes in a l~cal popul~t1an? 
Previous estimates, using trapping to give relative numbers, are 
of little value. 

?-. 	 How does real population size fluctuate over a year? 

J. 	 What is the age structur~ of the population? What ' is the rate of 
productivity of females? Note that most genetic control methods 
are aimed at the virgin female. 

How much movement occurs into and out of tlle population'l 

5, 	 t,1hat is the relation of domestic and feral populations? How 
much gane Elm" between. ttem? 

( 
\{nat are the limiting factors that .prevent increase? If the pop- ' 
ulation is artificially decreased, how fast will it recover, i.e., 
what is the biotic potential? 

II. 	REPRODUCTIVE BIOLOGY 

L Hher.e does the female get insemin "aid in the field? How much 
.idispersal from the breeding site? 

2. H~~ old is the female at insemination? Laboratory studies show a 
minimum o:E 2-3 days is required. What does she ·do betwee emergence 
and insemination? 

3. 	 How long does a released male remain effecti'll!ly competitive? .,r
t{hat is the attrition rate on released males? 

4. 	 t.fhat genet1c and en'Tironmental factors govern mating success :f..D 
the field? 

III. TECHNICAL REQUIRENENTS FOR GENETIC 

http:tucei.on
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2. 0 g ~ec ic co 	 ( chr omosome translocations,( .d L.. torta't':J 	 tlon) 3£ ect competitiveness of 

J . 	 Hm" should r.1 03q uil:oes be r '21 :.a ;; ed? I'Te eed eo knO',o1: When? Where? 
10"'" many'? 

4 . 	 Can insectici c:! & be used) e i t her in n integrated program to 1m
~ro"e the odds cor re leased males or to create ba't'rier strips 
~.;hich prev~nt reinfsscation? 

I[Ost of these questions can be ns·...ered t~ith research methods already avail 
able. Population studies will depend heavily on the "capture-mark-release
r e captut-e" method (the Lincoln Index) used ·widely, in ecological studies. 
p enecic arl<era in released males will be used extensively to follow repro
ductive biology. This method was first developed in a joint project between 
Notre Dame and the U.S. Public Haalth Service. Primary tool for census ill 
be the ovitrap of the U.S. Public He lth Se~'ice. Othe~ tools will inclUde 
the black trap for adults (Fay-USPHS) and the more conventional biting, 
resting and s r.o1eeplng collections. 

7. 

The Vector Biology Laboratory of the University of Notre Dame is among the 
,.orld's leading research institutions on genetic control of mosGuitoes and 
serves as the WHO International Reference Centre for Aedes mosqui.to'es. 
(Pos:Jibly as much as 80 percent of the existing knowledge of the genetics( of ~. :legypti comes from research workers associ~ed ivith Notre Dame.) Re
search is currently supported at about *200, 000 annuall~ by NIH, AEC';:- NSF, 
lAEA; and ~mo. Serne 30 scientists, technician~, and students are affi1,iated 

'\yith the Laboratory, including 5, full-time) senior ' ;;:tculty members. " The 
Laboratory has e1,tensive eJcperience \dth !i,. aegypti: ,i~ the area of genetics., 
cy togenetics, biochemist~;:, physiology, population biology, and diseas'e ' 
tra smission. Over the past 10 years, scientists of the Vector Control 
Labbratory have published over 100 papers on Aedes mosquito (Appendix B). 
Essentially all 0 the genetic mechanisms proposed for control, of A. aegypti 
were developed .st Notre Dame. An NIH-sponsored training program will pro
vide an ongoing 'suEP1y of tvell-trained scientists for thh program. (See : 
also Section 3 of this proposal). 

Professor George Craig, co-director of the project, is one of the leading 
U.S, insect geneticists and its leading authoritY. on the genetics of ~ 
aegypti. His selection as a research director of International Centre 
for Insect Ecology' and Physiology (ICIPE) in Nairobi is indicative of his 
international standing. Profes~or K.S. Rai is Dlrector of the Mosquito 
Biology Traini'ng Program at the University of Notre Dame with extensive 
experience in mosquito cytogenetics and mutagen-ind':!ced sterility. More
over, he ,vas respons ible f or t he development of the chromosomal transloca
tions Hhich "dll be used in t his project. Dr. Hilan Trpis Has worked and . 
published e:ttensi11ely on !l1osM{uito bionomics and field collecfion and test- ' 
ingJ and 'Waa affiliat d ;vith the East African Aedes Research: Un!'t., WHO, ' , 
Dar-as-Salaam as ecologist entomologist fr 1961i-1970. Dr. Walter 



ijau.e rm nn is 5 ch~ dubd to be pc-oj ~ ,-t Fleld Direc tor for the entire project 
}ertod7 1971 -1973. Dr. ausen! no. ; 'IOrked on bionomics of blackflies in 
Tan~aniu (1965-1 968) and on ~e. roductiv~ bio 081 of mosquitoes at Notre Dame 
(1 ~68 - 970). He has been in Kenya since J nuaryJ 1971, collecting data 
neccss ty for salaction of a Held site . Hau3':!tl!lann will supply continuity 
to th~ f ield progrmn. 

Personnel involved in t he proJec ) e}:cluding East African scientiats and 
students who will be selected for pa'rticipation once the project is initiated, 
incluc'a: 

I. Personnel - University of Notre Dame 

Dr. tvalter Haeusermann - Assistant Faculty Feliow, UNO. Field 
Ecology. Worked at Swiss Tropical Institute; Ifakara, Tanzan:f:a~ 
1965-68 and at U.N.D. 1967-70. Began research at ICIPE, Nairobi in 
1971. To serve as Field Director of this project. 

Prof. G. B. Craig - Pro'fessor} UND. ICIPE Research Directo'r and 
Director, Vector Biolo~J Laboratory. Will spend year of saobatical 
leave in East Africa. Basic direction of project. Will have primary 
responsibility for studies on reproductive biology. 

Prof. K. S. Rai - Proressor, mID. Director, Hosquito Biology Training 
Program, UND. tHll spend year of sabbatical leave in Eas.t Africa. 
Co-director of project. Hill have prL-raau responsibility for studies 

( on genetic control mechanisms} especially traM1ocation's. 

Dr . Hilan Trpis - Assis tant faculty Fellow). UND. Ecology of 
mosquitoes. Hill have prima1:Y responsibility for studies on popula
tion , dynamics. Ecologbt ;,.ith ~ffiO U~it in Dar, 1968-70. 

Dr. Paul McDonald - Post-doctoral FellOi07, UNDj translocation co-devel:" 
"per. Field trials with translocation. Will work at the field site, 
beginning 1971. 

Prof. T. Crovello, UND facu1t'. bios tatistician, population dynamics, 
computer simulation through entire progrrun•. 

Prof. W. Hickey, faculty LIND (SHe), populat:J:on. dynamics and genetics, 
ent ire program. 

Dr. Paul Rodriguez) Post-doctoral Associate) UND. May work at field 
site, 1972. Research on genetico of ability to transmit disease. 

Other post-doctorale, Universit of Notre Dame and possibly~ 
Univers ity, on r.losq uito behe.vior and endoc1:inology. 

( 
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U. 	 P.:r onne - E st Ai;,ric.l 

Dr . 	 len eslau3 !{Uar.la, L c 'ur r i n P cas itology, Dept. Public He Ith) 
l~at cil"'1 Sc-bool , UnL _....slt'l 9 r-e-s·Salaam. Ph.D. Notre Dame .. 197.0. 

Ava Ullb ta 0 par tid. ate L t is p roj (~~t (I.,hen his Un1veroity is not 
in aes Jion) and to iurn!. h ;3tu nt n to wot'l( in the project. Dr. Kilama 
i nn authority on g ne ti ~ s of dbility to transmit disease in A. aegvpti. 

Dr . Louis ~Iukwaya, East African Institute for Arbovirus Disease, Entebbe, 
Uoanda. In residence a t l'lot ~e Dame, SunDller, 1968. Also, G. B. Craig 
,,,as a member of his doctoral committee at Nakerere University, 1970. 
Dr. \\.luk'Jaya is an authority on gene::i s of host choice in Aedes aegYpti. 
HUl 	'be asked 1:0 serve as Consultant. 

Dr. Graham White, East African Institute for Vector-Borne Disease, 
Amani, Tanzania. In residence at Notre Dame, summer, 1968. Authority 
on chemosterilization of mosquitoes and on ~nopheline bionomics and 
field populat ion assay. ftlill be asked to serve as a Consultant. 

Pe rsonnel of the \<THO Aedes Research Unit in Dar-es-Sa1aam will be asked 
for aavice and consultation, especially in regard to the use of in
secticides for barrier strips and for initial population reduction. 

III. 	The follo~ing Africans are no~., in training at the Vector Biology Labor
atory, • Notre Dame and may be expected to participate in the project 
l a ter ' on:

( 
Dr. Emmanuel Igbokwe, Postdoctoral Research-Associate, Nigeria (Ph.D.
Queens U., Canada). Authority on electrophot'esisfor analysis of genetic 
variability. 

Hr. V. K. Prashar, Ph.D. candidate,' on leave from Kenya Medical Department. ' 

Hr. Jad( 0'jugi, B.Sc., Hal<erere U., Uganda; begins Ph.D. studies at 
Notre Dame in September. 

I'l. 	 Other Consultants from U.S.A.: 

Dr. Eugene Gerberg, Di rector, Insect Control & Research, Inc. Author
ity on mass production of mosquitoes. Former Acting Chief, ' WHO Aedes 
Research Unit at Dar. 

Dr. G. A. H. HcClellar..d, Assoc. Prof. Entomology, U. Calif., Davis. 
Former Chief, WHO Aedes Research nit at Dar, 1969-70. PostdoctOral 
Associate at Notre Dame, 1963-64. AutnoFity on genetics and bionomics 
of ~~ aegypti. Has wo ked extensively on!. aegypti in the Matindl 
area, 957-1960, while employed by the Virus Institu e at Enteobe. 

Dr. Keith Hartberg, Assistant Professor, Arthropodology Institute" 
Georgia Southern Co ~ ege) Statesboro, Ga • . Ph.D. Notre Dame, 1968. 
Geneticist ,·lith HHO ~ Research Unit in Dar.. 1968-1970. 

( 



i s as f o1101018: 

1'372-73 - Haeuul."rnann, R.:1i, I~bolCl>le , He'Donald, additional postdoctoral: 
part-time: Cr~ia) rrpLs 

1973-74 - Haeusermann, Trpis , Igbol~we, Prashar, additional postdoctoral 
part-time: Craig, Rai 

Contribution to Institution Building 

Foreign institutions which will be involved in the research effort include: 

(a) International Cent~e for Insect Physiology and Ecology (ICIPE), Nairobi, 
Kenya, will provide administra tive and logistical support; one of the 
scientists in this project Idll conduct research on reproductive phy

- 1 
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siology in the TCIPE laboratories; ICIPE will also provide cons.ultative 
support ~rom its research directors in genetics, physiology and chemistry. 

(b) 	 The East African Community '(.,ou d be asked to provide consultative 

support from its institutes , especially in ' Amani, Tanzania (Halaria 

and Vector-Borne Disease) and in Entebbe, Uganda (Arbovirus. Disease). 


(c) 	 Horld Health Organization Aedes Research Uni-t, Dar-es-Salaam, Tanzania, 
( 	 \.;rould pro'lida consultative~ort. 

... 
(d) 	 University College, Dar-es-Salaam, Tanzania, would provide consultative 

support. 

The on-site involvement of leading U,S. scientists will enhance the stature 
and capabilities of the East African Community of Institutes and the Univer
sity College. The opportunity to T..;ork ,dth the Notre Dame team on a compre 
hensive, integrated program of laboratory research and field testing will be 
invaluable to East African scientists and students. The sharing of informa
tion and experiences should also contribute significantly to the ongoing re
search activities of the Af rican institutions in related areas, such as 
malaria control -  as will the laboratory equipment and mass Broduction 
facilities to be acquired by ICIPE during the course of the project. 

The r esearch will also supplement the work of the WHO Aedes Unit in Dar-es
Salaam which is now focusing on insecticidal approach~mosquito control. 
It will likewise make a major contribution to launching the research pro
gram of the new International Cenl;er for Ins.ect Physiology and Ecology 
(ICIPE) in Nairobi, Kenya -  t he auministrative base for the project. 

reIPE is a ne,,,ly-i ormed inte rnational o';:ganization for basic research on 
insects, sponsored by a ,:vorldw'; de consortium of national acadefl1ies of science 
and directed by Dr. Thomas Odhiambo, Dean of Agriculture, ' UnIversttx Cotlege, 
Na. i robi. The Governing Board includes V. Wigglesworth, acknowl~dgeCl to be. . 

f. 
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foremost entomologi.st in the world; E. Knipling, Chief of Entomology, 
I vho directed the res6,arch program that led to control of the screw

.1nd Professor Carroll \Hl1iarns of Harvard University, probably the 
dist inguished insect endocrinologist in the world. Dr. Geor~e Craig 

atre Dame is a Research Director of Insect Ecology and Genetics of the 
All of the ten research directors from the U.K. and U.S. are F.R.S. 

embers of the N.A.S. and/or American Academy Arts and SC ences, re
ctively . ICIPE is to be an international center of excellence. Its 

is to gather the best talent to conduct basic research with insects 
of ec onomic importance in East Africa. Five areas of specialization have 
been selected: Tsetse lies, Ticl(s, Termites, Armyworms, and Aedes aegypti 
mosquitoes By focusing on one of the basic areas of ICIPE interest, thb 
r esea rch project rN.lll have the full support and assistance of the director
ship of the Center and should stimulate funding for other ICIPE research 
components (a number of international and national lending institutions 
have expressed interest but have not yet committed funds). However, it 
should be noted that this project is not contingent upon ICIPE funding. 

9. Utilization Plans 

The results of the research will be published in scientific journals when ' 
appropriate throughout the course of the project. The close cooperation 
of Notre Dame scientists, ICIPE, the WHO Aedes Unit, and East African 
counterparts will insure rapid exchange of data and will enhance opportuni
ties for spin-off into ongoing and proposed mosquito research around the 
Yo-orld •

.! ( 
If this research leads to a feasible method of genetic control, the informa
tion 11i11 provide the basis for an operational, control program conducted by 
a health-orie:lted institution such as the 'vlorld Health Organization. (An '. 
informa~ inquiry to WHO verified this interest). In addition, a success 

-,.,would give encouragement and direction for similar research on more complex 
mosquito disease vectors such as the Anopheles. 

" --, 

10. Budge Analysis 

. " -. ' 

Funding requirements from A.I.D. are $258, 900 'for the three-year project:
11 . 

Three-Year Funding ReqUirements 

FY 1971 
FY 1972 
FY 1973 
Total 3 years 

$ 86,300 
86,300 
86,300 

$258,900 

11 Includes 16% University of Notre Dame 

. , 
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Personnel. • • . • • . . 	 · . . . . ,. • 15,QQQ 
(1) 	 Sci~~ti3~3 (~~:1~~!1 J~l~~y, rnadic~l in3u~ancaJ 

t • ... , 

nou5Ln~ 1~~0w~n~2) 

?'Lell D~r~ct;J~, ..• .12)000 
P03td~c~urals (2) •• .13,000 
Not:'~ 1)'1:ne 3ci'2ntiJ 1:::; • .Funded by other 

sources* 
(2) 	 Supporti~g (field and laboratory helpers, 


foLlow Lng local saLary scale••• 6,000 


B. Trave 1 . . . . . . . . . . . 	 · . . · . . 10. 000. 
a. OVer3e.o1S - 5 trips, 1200/trip • • • 6,000 
b. 	 Local tr:wel and £idd livi.ng costs •• 4,000 


(includes vehicle maintenance) 


C. Equipment . . . . . . . . · . . 13 1 000· . • Vehicles (2 Toyota Land Rovers) · · · 8,000 · 
• · Nicroscopes (3 Stereo). 	 2,000· • · · Environ. Control. At'paratus • • 2,000 

Niscell:meous . . . · · 1,000• · · · 
D. E:tpendable Supplies . . . . 	 . .41 000#· · · . · · . • 

Building rental :1nd maintenance <It field site · . . . . 4;000 

F. Adminis tr<!t ive Cos t.; • • • • • • • • .'. · .. . . . · . . 71 400 
(Honey 	paid to ICIPE for purchasing, 

record-keeping, importing) etc.-10%) 


TOTAL 74,400 

Overhead - 16% University of Notre Dame 11,900 
(Standard Off-campus rate) 

86,300 

First year. • 86,300 
Second year • 86;300 
Third year •• • 86,300 

258,900 

Note: 	 In second and third year, expenditure for equipment will be 
reduced and expenditure for personnel will be increased, 
specifically by addi.ng additional scientists. 

*Inc1udes C~<ligl Rai and Trpis who hold faculty appointments at Notre 
Dame (Tr?i3 is Re3earch Faculty) and are salaried by the University 
and/or by other research grants and contracts. 
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Gt!F.'::' .upoort ::):: the! ?roj~-.::: :.J to :n m:lG.~ ,lv:liiable [rC'Jl rcse_\t'ch grants 
':0 L'n~'Jer3ity of ~iotrc D;·U'nc '; !ctor Biolo'W L:.l~oratory, .:!1llountin~ to approx
;::U~'!tl ~:!OO)CUO p?r y'~dC. 7h2i? t\!nd~l Hill 00 fQ!." Univ"!rJity of ~lotre Dame 
:'l.::';l:y JcbntiJ: 'J.'lL.l::."!.':!3; :~,~3~:lrc.:h ln !:h-:! U.S.; <l:1d training of ?articipant3 
..:::~ ::h.;! V.5. (i.r.c~'~d:n~ .\':r:..::.m .1tuci.antJ) ElJr 5uo:J;!quent 'dor:c. on the project 
i~\ ..\:::!.ca. In :ldd!.:!.(;n, ':.".::! ~ J'~1n ~·t'.Ji= ?~undat!.on Con3erlation. F'Jnd, has do
~~t~d~20,OOO ~s h~l~ support for t~o years for the initial field 3urvey by 
:j;.:. ~.,. liJ.euser:nann. (S.ae S~cti.on ,~ ot thi.:J proposal.) 

Lac.li Atrican 	institutiong ~"ill ;?t'ovide limited logi3tic support, including 
t:J~ 	 JE f3cilities, and sever3~ African scientists will contribute their ser
V~C~3 to the project. If ICL?E funds become available from other sources, 
~hese '''ill go largely for post-doctoral salaries and to build ul'· the Nairobi 
Jd3e laborator; -- both or which will contribute to this project. 

}1a!:~:,i:ll included as Apoendices 

1. 	 Publication Lis t, Vector Biology Laboratory 

2. 	 Curricult:m Vita9, George B. Craig, Jr. 

J. 	 Brochure ot the Hosquito Biology Training Program, U. Notre Dame. 

4.. 	 Stock Li3t of the WHO International Reference Centre for Aedes, Univ. 
notre Dame. 

5. 	 Reprint: K...'1ipling, E. F., H. L'lven, .G. B. Craig, Jr., R. Pal, J. B. 
Kitzmiller, C. n. Smith and A. W. A. Brown. 1968. Genetic 
control of insects of !lubEc he'alth importance. Bull. Wld. 
alth. Org. 33:421-438. 

Reprint: 	 Craig, G. B., Jr. 1969. Genetic control of mosquitoes: 
progress and prospects. Proe. Naz. Accad. Lince! 128:145-154. 

http:S~cti.on
http:undat!.on
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hd E:(tarnal RevieW's , ' ; 

ihe 1'- tN Dan:e proposal was d -stribul: d in etober to all A. I.D. regional 
-bu4"caus abet. to lU !'e than t Henty cicnt:i~ t:J and progr.am administrato.rs wtthin 
and outslqe government. In ~ddition, the TA/OST Director discuased the pro
pos~d project during visita to IC1PE , the tffiO Ae des Unit} severa1 East 
African Ins titutes, and A. LD. miss ions ciuring a rec~nt trip to ~ast Africa. 

To date , comments have been received from the following institutions and 

offices: 


Nat ional Science Foundation (Office of International Programs) 
t ate Depar~ent (Office of Environmental Affairs) 

Johns Hopkins University (School of Hygiene and Public Health) 
NIH (Parasitology and Nedical Entomology Branch) 
NIH (Tropical Hedicine and Paras ito ogy Branch) 
American Academy of Arts and Sciences 
Na tional Academy of Sciences (Rutgers University Review) 
U.S.D.A. (Entomology Research Division) 

University of Illinois (Department of Zoology) 

International Centre for Insect Physiology and Ecolo~J (Nairobi) 

East Africa Office of Regional Activities (Nairobi) 

t-IHO Aedes Research Unit (Dar-es-Salaam) 

East African Community Research Institutions (EntebbeJ Amani) 

Economic Planning Ninistry (Dar-esMSalaam) 

A. 1. D. (TA/H) 

A.1.D. (NESA/TECH) 

A.I.D. (~~/TAC) 
A. 1. D. (EA/TECH) 

Outside revietoters were in agreement that Dr. Craig and the team he proposes 
to utilize are the cest in the i'TOrld on~. aegypti genetics, and there, was 
almost unanimous concurrence that the project objectives, scope of work, and 
proposed budget are sound and realistic. The African institutions consulted' 
were very enthusiastic over the prospect of the Notre Dame team conducting 
a research project of this 'nature in East Africa. -

Both the review connnents from USDA and NIH suggested certain procedures 
which should be followed in the course of the project. The present proposal 
appears to incorporate these: specifically, the need to limit the tests . 
initially to "restricted islands" (NIH); emphasis on ecology and population 
dynamics during the first two years (USDA)j and involvement of experts with 
experience in field trials (USDA). In addition} we have been assured by 
Dr. Craig that his close involvement in the WHO India mosquito project will 
prevent duplication of effort (USDA). 

Questions were raised by A.I.D. bureau personnel regarding the potential 
for transferring a successful control technique to other mosquitoes, par
ticularly the Anopheles; and the possibility of NIH funding for tiie project. 
Dr. Craig and several outside reviet"ers wer subsequently asked to comment 
seeci£ica~ly on these i sues wfth the following . conclusionB~ 

http:administrato.rs
http:progr.am
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() HhUe 

first ate? 
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E 8sible 
intensi fied 
aLnllar 

it is impossible to !Jtate unequivocally 'the probability of 
t:ansferring a suc c_ s i ul te chnique) !!. aenypti is the neces-,-sa;-y 

t~~ard large s cale genetic control of mosquitoes based 
ex isting kn~~ledga und techn quee of mosquito mass production 

nd genatic tt'an3fo:rmation .- L.f ;:;enet lc control is economically 
for _. aegyoti, ch n thB re i~ a atrong likelihoo~ that the 

rc search efiort ~'Jhich Hill be tr iggered wil l establish 
controls £01" other mosqui toes and reIated insect vectors; 

(b) 	 Hith in present NIH fu~ding limitations, and specific restrictions on 
support of research abroad which does not focus on health problems 
of direct concern to the U.S., there is virtually no possibility 
that NIH would fund this proposal in the foreseeable future. 

12. 	 Proposing Office General Evaluation 

A.I.D. has a unique opportunity to involve top scientists from an out
standing U.S. research institution in seeking solutions to a problem of 
long-standing and significan~ concern to millions of people in the devel
op ing nations. The proposed research effort is manageable in five years 
and the results, regardless if a genetic control technique is found, will 
have major implications. If successful, the path will be opened to inten
sified applied research and eradication programs based on genetic control 
which will reduce reliance on chemical pestic{des which ar~ coming under 
increasing attack by environmental-conscious people. If gene~ic manipula
tion for control of ~. aegyPti is not feasible, researchers can direct 

( 	 their efforts in other directions with assurance that genetic methodologies 
have been given a thorough trial. 

The fact that Dr. Craig will be available in East Africa next year on sab
batical and will devote himself to this project should be a major consider~ 
adon. 'Also, the propos'al provides A.I.D. with an excellent vehicle for 
assisting ICIPE get off the ground by supporting a major research activity 
within the f.ramework of the institution, while at the same time preserving 
the project's independence in the event additional lCIPE ,funding does not 
materialize. Based on the significance of the problem, the present state
of-the-art of ~. aegypti genetics, the availability of Dr. Craig to work in 
East Africa, the opportuni~J for scientific and financial support from the 
Vector Biology Laboratory at Notre Dame', and A. I.D. 's desire to assist IOIPE 
become established without supporting a general nondirected institution 
building program, it would seem that the timing is right for a project of 
this nature. 
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