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Scientists from the University of Notre Dame's Vector Blology Laboratory will
undertake a three-year program of research on population dynamics and repro-
ductive biology of Aedes aegypti. This work is preliminary to field trials
for goenetic control of this mosquito, Certain critical biological questions
must be answered and production and ralease techniques must be developed,
Reseavch will concentrate on two types of populations, those occurring in
villages in close association with man and those in feral, sylvan situations
far from human habitation., A number of promising techniques for genetic sup~-
prassion of field populations will be investigated., Special attention will
be iven to the introduction of partial sterility through chromosomal trans-
loc vions, a method first developed for this species at Notre Dame, whereby
a latznt, lethal and self-perpetuating "Achilles' Heel" is bred through suc-
cegsive generations of this mosquito,

A. aepyoti should serve as a model system to demonstrate whether this type
of biological conktrol is feasible with other mosquitoes. Much of the gen-
acics, physiolopy and bionomics of this specles are already known; mass

nroduction is simple; and a variety of genetic mechanisms for modifying its.
menetic cemposition have been demonstrated, a ccmbination not yet available
for other mosquitoes. Development of an effective genetlc technique would
provide a non-chemical alternative or supplement for controlling A. aegypti,
currently a pervasive and significant disease vector responsibla for trans=
mitting Yellow Fever, Dengue and Asian Hemorrhagic Fever in epidemic pro-
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portlons throughout large areas of the developing world., =qually important,
a4 successiul program will both stimulate and guide similar research on bio-
ftozical control of other mosquitoes, including the malaria-transmitting
Aweoneley, :

fhe project will be administratively centered at the na2w International Centre
for Insect Physlology and Zcology in Nairobi, Kenya, with a majority of the
res2arch at a fleld scation in an area of high mosquito density, probably

in the Malindi-Mombasa area,

B. EXPANDED NARRATIVE STATEMENT

1, (a) 3ackzround

Mosquito-borne diseases such as malaria, filariasis and yellow fever continue
o plague vast arezas of the world, particularly the developing nations of the
tropics and subtropics, Twenty years ago with the appearance of long-lasting
syanthetic organic insecticides, such as DDT, control or even eradication of
tae major insect disease vectors was contemplated, However, the development
of insecticidal-resistance, the discovery of behavioral characterisidcs of
insects which impede control, and growing public concern over the 2cological
impact of chemical pesticides have seriously modified this optimistic outlook-
and vector control has again become one of the most important problems con-
Zronting health authorities,

During the last decade, many advances have been made in research on the con-
trol of insects by genetic manipulation of populatioms. Genetic techniques
have a number of significant advantages over traditional chemical or source=-
reduction (drainage of water bodles) methods of mosquito control, Geneti-
cally-transformed male mosquitoes will seek out residual niches and popula-
tions wihich cannot be detected by conventional methods. Long-term economic
advantages may result since the recurring costs of insecticide applications
will either be eliminated or greatly reduced. And substitution of target-
specific genetic techniques for nonspecific chemical insecticides will eli-
minate the envirommental problems caused by biological magnltlcation through
the food chaln of persistent chemicals such as DDT.

The best known of available zenetic techniques 1is 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 mosquitoes have not
proved successful and interest in biological control of this ingsect waned
considerably after 1965.

Other genetic transformation techniques are known and may be adaptable for
large-gcale mosquito vector control. These include cytoplasmic incompati-
bility, hybrid sterility, melotic drive, distorted sex ratios, and lethal
factors. In 1968, the release by WHO of males of a genstically incompatible
straln resulted in the elimination of a small population of Culex fatigans
mosquitoes from an isolated village in Burma, As a consequence, nce, interest

in biological control tachniques has been reawakened,
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Among the numerous possible candidate mosquito species on which to base a
concerted, intagrated program of genetic control, Aedes aegyptil is of high
priority interest, 1/ This mosquito is, first of all, a pervasive and
gignificant disease vector responsible for transmitting many fatal and
debilicating viral diseases of man in epidemic proportions =-- Yellow Faver,
Chikynzunya, Bunyamwera, Bwamba, and Zika in Africa; Yellow Fever in South
America and dengue (Break-bona Faver) in the Caribbean region; and Asian
llemorrhagic Fever, The latter has been called the most serious public health
problem in Southeast Asia because neither protective vaccines, curative drugs,
nor adequate vector control methods are available (WHO Symposium, Bull, WHO,
Vol, 36, 1967).

Due in large part to the work of the University of Notre Dame's Vector
Biology Laboratory, which serves as the WHO International Reference Center
on Aedes mosquitoes, much is known about the physiology, behavior, bionomics,
and genetic makeup of A, aegypti. This mosquito can be mass-produced simply
and economically. Most important the Notre Dame laboratory has found at
least seven different genetic mechanisms which could be used in control pro-
grams directed against this mosquito. This collective wealth of scientific
Information and technical and institutional capability does not exist at
present for any other mosquito, If genetic control of A. aegypti can be
shown to be feasibla, then impetus will be given to the behavioral and gen-
etic research necessary for supporting similar biological control programs
for more complex and lessunderstood species such as the malaria-transmitting

Anopheles,

. (b) Project Description -

A three-year research project involving field ,studies and concurrent labor-
atory experimentation will be carried out inm East Africa by the staff of the .
University of Notre Dame's Vector Biology Laboratory to determine whether
genetic control of Aedes aegypti is feasible, Field studies of the ecology
of natural populations will be undertaken, with emphasis on population dy-
namics and reproductive biology., Special attention will be given to the
solution of certain technical requirements for genetic control involving
mass production and release of mosquitoes which' are to be competitive with
natural populations. Concurrently, genetics of East African populations
will be studied in the laboratory in order to discover which among several
currently available genetic mechanisms would be most useful for control.

The field studies will be conducted in a region with a dense population of

A. aegypti, probably along the shore of the Indian Ocean., Numerous villages
will be surveyed and approximately 12-15 sites will be chosen for year- 7
round census of the mosquito population. The absolute number (not relative
number) of mosquitoes present will be followed throughout the year to deter=-
mine natural fluctuation. Special attention will be given to 1imiting fac-
tors and the biotic potential; i.e., potential rate of increase. Age
structure and dispersal habits will also be assayed, -
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ipling, E. F., et al, 1968; Genetic Control of Insects of Public Health
aportance, Bull., Wid, Hlth. Org. pp. 421-438, .
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Field studies on reproductive biology will be conducted at the test villages,
Fattors for attention include those which would determine the success or
fallure of a genetic control program, i,e,, do the released males have a
reagonable opportunity to inseminate field females? Methods and techniques
will be developed to improve that opportunity, This requires laboratory and
flold studies on fitness and competitive mating ability of released males,

asg well as development of improvad methods for mass production and ralease.

Strains of A, aegypti bearing potential genetic "Achille's Heels!" will be
synthesized in the ICIPE laboratories at Nairobi and at Notrz Dame. Dele-
terious factors such as sex-ratio-distorters and sterility-inducing chromo-
some translocations would be incorporated into a genetic background from the
test area, These strains would then be mass-produced. Preliminary field
trials involving released males would be conducted and the amount of popu-
lation suppression would be measured. Special attention would be given to
the posslbility of reinvasion by jungle forms of A. aegypti following erad-
ication of the domestic forms,

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

East Africa is selected as the site for this research because of (1) the
importance and abundance of Aedes aegypti .in the region; (2) the presence
of both domestic and wild forms of the species (which will provide informa-
tion on whether jungle populations will feed back following eradication of
the domestic form); (3) support available from the International Center for
Insect Ecology and Physiology in Nairobi, Kenya (which will be the adminis-
trative center) and the East African Community of Institutes; (4) presence
of a WHO Aedes Research Unit in Dar-es-Salaam which has conducted bionomic
gtudies since 1968; (5) the availability of a top level U.S. research team
with strong East African interest and experience; (6) preliminary field work
by WHO and the East African Institute for Malaria and Vector-Borne Diseases
in Amani, Tanzaniaj; (7) the desirability of training East Africans in moderm
madical entomology; and (8) access to ecologically-isolated field populations
for experimental manipulation, i.e., both mainland villages and islands off
the coast, In addition, there appears to be some scientific advantage in
carrying out. the investigations in the native habitat of the insect which
subsequently spread 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 sub-
sidiary research on closely-related mosquito disease vectors will be con-
ducted, particularly on A, simpsoni (a Yellow Fever vector which has just
this year been colonized by a former Notre Dame student).
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Cnacliteally, tho objectivay of the projects are to:

(1)  Jdiszovar wiachar fuz ecology and bahavior of Asdag azzyntl make this
nesqueito suscentilDla 1) jenenic control;

2)  daveiso cuchinalzal machiods c/nich could ba anoliad In a2 genetiz control
progTan;

wc)  provide cihe scientiric basils and operatiomal spring board Zor future
fi2id triais;

(1) comeributa to develcoment of a model for genetic control of other insect
pest3 and disease vectora which should stimulats additional research
on tzchniques which are highly selective and environmentally safe;

pport 1 major research component of the Intermational Center for
secz “cology and Physiology (ICIPE) which should help to trigger
inancial and sciantific assistance for this institution from a vari-
v oI potantial donors;

(£) provide iraining opportunities for African sclentists and technicians,
a3 w2ll 15 a mechanism for immediately focusing selectad African pust-
doctorates in medicine and genetics from Notre Dame and other U.S.
universities on major African problems In which they will eventually
assume leadersaip roles;

{(g) serve as a mechanism f[or coordinating and atrengthening the East
African Community by affiliation with both research institutes and
unL rarsitie S.

Siznificancz to A.L,.D. Cujectlves

ha proposed raszarch project addresses a number of A,I,D. objectives since

(a) aimed toward sradicating a primary agert of several major diseases
affleccing the developing world;

i5 we2socnsive to the growing interest of the Administratiom and A, 1.D,
for nonchemical pest control measures;

(¢} prculses to have worldwide application to health problems outside East
Africa; -

(d) has a significant institution-building element by virtue of being ad-
ninistratively czntered at the newly-established International Center
for Insect [Fcology and Physiology and will cooporate with other Insti-
tuces 0% the Zast African Community;

(e) reinfurces and couplexzents efforts of intarnational agencies, such as
WHEO, VANO0, and UNDP; and o
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(£) will provida training for African scientists and technicians both in
the laboratory and In the field, In addition, the project will in-
volve direct participation by top U,S. scilentists and will serve as a
model for genetic control tachniques which may ba readily transferable
to other insect pests in Africa as well as in other regions.

It should be poted that while diseases transmitted by mosquitoes such as the
Anopheles may be of higher priority from a health point of view, the impor-
tance of A, aegypti as a disease vector is unquestionable (independent of

the fact that current knowledge of this species makes it a logical starting
polnt for an economic feasibility study of genetic control of mosquitoes).
Hemorrhagic fever in citiss of Southeast Asia causes 10-307% mortality and

no immunization or theraputic agents are available. Protection is accom= o
plishaed only through control of A, aegypti, as in the case of dengue which

i3 another debilitating disease which plagues many areas of the developing
world,

A, aszypti nas long been referred to as the "Yellow Fever Mosquito! in the
tropics and sub-tropics where it represents a major vector for this disease.
Recent outbreaks of Yellow Fever and Dengue demonstrate man's failure to
effectively cope with this disease vector problem despite heavy investments
of manpower &nd funds for eradication programs., 1In Africa, epidemics of
Yallow Fever continue to sweep through large areas, In 1962, 100,000 cases
of Yellow Fever witn 30,000 deaths occurred in Ethiopia. 1In 1969, 5,000
cases suddenly appeared in Senegal and there is a current outbreak in Nigetia
end lpper Volta,

Dr, Hippolyte Aye, Minister of Population and Public Health of the Ivory

Coast and President of the World Health Assembly dddressed this issue in,

his Presidential Address before the 23rd Assembly this year., He observed

that: » |

"I am sorryv, on the other hand, that I cannot be optimistic on
tha subject of Yellow Fever., During the last few months of 1969
fiva countries of West Africa experienced epidemic outbreaks of i
Yellow I'aver 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-
ation programme and also owing to the natural decrease in the num-
ber of mosquitces during the dry season, the epidemic died down,
But there is still a danger that the rainy season, which begins im
July, will reactivate 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, 1If timely action 1s to be taken
external aid is necessary.,"! 2/ : :

2/ World Health Organization Chronicle July 19, 1970, Vol. 24? No. 7, pg. 292,
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A hemisphere-wide Aedes asgynti eradication program under the aegis of the
Pan American ifealth Organlzation appears to have failed as the vector has
reappearad in Panama, Honduras, EL Salvador, Brazil and Mexico after sup-
posad eradication tan years ago, During 1964-1969, the U,S5, Public Health
Sarvico spent 3565 million for an insecticida-basad campaign in the S.E,
United States (in support of the PAHO Program) which was abandoned last year
as a delu:c. At that time, the Director, National Communicable Disease
Center, U,S5,P,H.8., pointed out that, '"Global species eradication through
mechanical and chemical means alone is doubtful ,.. the A. aegypti shows an
uncanny ability to adapt to new and changing environments,'! He asked, thera-
fora, "What ara the potentials of biological and genetic control?" 3/

It is of interest that the U,S. continues to contribute through the UNDP
to insecticidal control of A, aegypti in countries such as Jamaica even
though many experts feel that such programs ara doomed to failure because
of the svolution of resistant strains of the mosquito,

Relation to Existing Knowledge

As the WHO Referance Centre for Aedes mosquitoes, the Vector Biology Labor-
atory of the University of Notre Dame has ready access to essentially all
published literaturs and data on A, aegypti. Possibly as much as 80 percent
of the existing knowledge of the genetics of A. aegypti comes from research
workers associated with the MNotre Dame facility. Appendix B lists relevant
publications by staff of the Vector Biology Laboratory, exclusive of Dr,
Milan Trpis, who recently joined the staff from the WHO East Africa Aedes

Research Unit in Dar-es-Salaam, and who has published extensively on tropi-
cal mosquitoes including A. aegyoti,

Tha results of past research have provided a basic understandina of the

ics, behavior, physiology and genetics of A, aegypti mosquitoes. Gen-
etically, this is by far the best known mosquito and seven proven techniques
ara available to modify the insect to induce either complete or partial
sterility. There is ample field evidence that genetic control will work in
Culex mosquitoss, (USDA with chemosterilants in Florida, Laven and WHO in
Burma -- see page 9 ). For A, aegypti, Notre Dame scientists have shown
that released males will dLsparse and mate with field females, 4/ and that
nass production methods are available. The unanswered question is whether
onz or several of the existing genetic techniques can be applied success-
fully and economically to control or eradicate A. aegypti populations under
natural conditions, The investigators propose an approach to this question
with a program of basic research on dynamics of a specific field population,
After three years, the groundwork for an operational trial of genetic control
should be established,

sencer, D.J., 1969, Health Protection in a Shrinking Worid, Amer. J. Trop,
Med. Hyg., Vol, 18, No. 3, pp. 341-345,

i o
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Fay and Cralg, 1969, Mosq. MNews 29(1): 121-127; \
Bond, Craig, and Fay, 1970, Mosq. News 30(3): 394 402 \
Hausermann, Fay and Iazzker, 1971, Mosqg. News 31(1): in press.
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dedos aotvardl Dlag heesa siudied in the laboratory since 1330 and, today, more
thaa 1390 insti=usions witaln the U,S. alone araz conductin bioluglca. ia-
e2atliazions with tha2 specilay, the majority concarned witn ingecticide da-
vilarmant,

K : astitucions are enziagzad La regearch on mosquito pgenetics, In
addltion o the Universicy of Notra iame, they include:

--Pepartment of Tropical Puolic Hzalth, School of Public Hzalth, School of
Publlz {izalth, Harvard Unlvarslity (Dr Andrew Spielman)

--University of Callforaia, Davis, Califormia (Dr. G, A. i, McClelland)
~=Scihool of Public Health, UCLA (Dr. A.R. Barr)

--Division of International Medicine, School of Medicine, Univeraity of
Mazyimd (Dr. i, C, Darnett)

~-Fiorida Entomological Research Center, Vero Beach, Florida (Dr. M, Provost)

--9:hool of Tropical ifedicine, Uaniversity of Liverpool (Dr. W. W. MacDonald)

--Dapartment of Zoclogy, University of Illinois, Urbana (Dr, J, B, Kitzmiller)
-London School of Hygizne and Tropical Medicine (Dg: G. Davidson)

-~Institut fur Genestik, Gutenperg Uaiversitat, Mainz, Germany (Prof, H. Laven)
To thisz day wost studies of wmosquito genetics are carried out to investigate
i 2 cransmission, dinsact behavior, effectiveness of insecticides, or
charactoeristics and ancmalizs applicable to himan systems, It was
noz unzil L557, fav exmmpla, that Uanlversity of liotre Dame scientists dis-
covared that A, zezypii fomales are inseminated only once, a point of obvious
importance fov zernecic control, Recently, therz has bzen great interest in
bictozical control of mosquitoes., Within the past three years, many insti-
tutions have iniriated programs on mosquito pathogens, predators, hormones,
as wall 13 on mosquito geneitics. tlany aoplizd control agencles now racognize,
perinans belatedly, that such biological methods ars urgently neecded to sup-
plant insecticides, 1In the few instances where A, aegypti have been the
subject of major biological studies, the investigations have been "science-
orianted" ratier than directad to practical control techniques.

AU,S, Public Health 5
[ E o

program in Florida in 1961 has provided the
only raal field i

al technique for the eradication of A,
i 2laase of radiation-sterilized males,
failad c"“plﬂL ly, probably because of radiaticn overdoses which affected
thie mosquitoes' behaviow w1rter aaveafrer, interest in genetic coantrol
wanad uatil theve blre nterest In the late 1960's,
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A WHO study of geaatic control of culicine mosquitoes is undérway in India
supported by P, L, 430 funds. The Indian situdy i3 focused on Culex mosquitoes,
with Anophalas stephensi and A, aeg)nti programmed for secondary attention.
indicattons are the rﬂlx“‘vvly low A, aspypti populations near Delhi, the
centar Eor the study, will make Field Studizs mors difffcult, iforeover, un=-
lika Africa, India lacks nondomesticated forms of A, aegyptil; thus, the threat
of junzle forms to urban eradication cannot be’ studied, Finally, the Indian
project will concentrate on chemosterilization with less effort on alternative
genetic mechanisms, Professors Craig and Ral are saxwving as consultants to
the WHO Indian Project and Craig participated in tha design of the project.
This will permit coordination of the two efforts to prevent unnecessary du-
plication and insure full utilization of discoveries,

The WHO also operates an Aedes Research Unit in Dar-es-Salaam, Tanzania,

In operation since 1968, t this Unit has accumulated a great deal of important
information on bionomics and distribution of Aedes mosquitoes in East Africa,
However, the facility has recently switched its major focus to the utiliza-
tion of chemical insecticides, The Notre Dame ICIPE project would make every
effort to coordinate with the' Dar Unit of WHO. In this respect, it is im=-
portant to note that all three of the principal scientists at the Dar Unit

in 1568-70 were associated with Notrs Dame at one time; moreover, a current
associate member of the Dar Unit, Dr. W, Kilama, received his Ph,D. from
NMotre Dame in 1970,

The following table gives the history of field trials of applied genetic
controls to mosquitoes:

ar

Published i : Results
Date Place Ingect Organization & Agent
1962 Florida Asdes aegyptl USPHS Fail -
Radiation
1962 'lorida Anopnales quad. USDA ; Fail -
Radiat ion
1263 India Culex piniens ~ Health Ministry Fail =
Radiation
1965 Califormia  Culex tarsalis State Dept. Fail -
Publ, Health  Chemosterilant
1967 Burma Culex pipiens H, Laven Success - :
and WHO . Genetic Incom=
patibility
1969 Florida Culex pipiens USDA _ Success -

Chemosterilant

ontinued)

-
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(t-Sle conutinued)

™ sl tiad 23‘13’llt3
RET ?lica TN Jrzanleation & Agent

1059 Upper Volta lnovhelas gambiae 2, Davidson Tacomplate -
ad 7O hybrid
sterility
1970 India Culazx WHO Incomplate =
Aedeg radiation,
Anophelas chemicals,
genetics
1370 Tranca Culex piniens H. Laven & Incomplete -
French Govt. chromoscme
translocation

The University of Yotra Dame, supported largely by NiH and AEC, have con-
ducced fundamental research on A, aezypti for over a decade. The following
t2ole shows rasearch support for the Vactor Biology Laboratory during 1971:

MIQ -~ Genetic and Reproductives Biology of Asdes Mosquitoes $100,000

Ml - Traianiag Grank, Mosquits Biology: Genstic, Urganismic, 40,0C0
wavirormental (Ral)

’

U3PH3- (tiatienal Communicable Disease Canter)-Biochemical Basis 31,000

of Mucants for Sterility in A, aexypti (M. Tuchs)
ALC - Radiativun-iaduced Translocations in Asdes aegypii (Rai) 33,000
Wi0 - Internacional Raference Centre for Aedes (Craig) - under
’ ' negoktiation
Joha (fulr Toundaticn ~ Supmort of fiz=ld survey in Africa for 20,000
one yaar
Total EZZQ,OOO
A number of research breakthroughs by Notre Dame scientists have been made
over the past firs years which have set the staga for a [ull field test of
enetic control techniques such as is herein proposed., These include dis-
covzry that:
(LY iLnboratory-rearad malas will inseninate fizld females as indicated by
rrvﬂqLetzﬂrL of a geunetic macker from released males to natural popu-
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(2) Insemination occurs only onca (Cralg, 1967);

U

{3) TFemales are not roceptiva to dnsemination until 42-50 hours after
smargence winich gives ralnased malas ample time to compete (Cwadz
and Craiz, 19268); and -

{4) A numbsr of mechanisms can be used to pcing about genetic transfor-
mations: sterility through chromosomal) translocations (Rai, 1968);
sterility through hybrid breakdown in Lhe cross between A, aegypti
and A, mascarensis (Harcberg and Craig, 1968); sterility through
traatment of virgin females with the monogamy-inducing phercmone,

tortion of sex-ratio with a meiotic

b

es
matrone (Craig, 15587); and. dis

Craig, 1966).

drive factor (H;ckey and Cra

Building on this fundamental knowledge, the proposed project will provide
for basic ecological studies followed by £ield tests of mosquitoes altered
by several differant technigues., Methods for inserting these altered mos~-
nitoes into natural populations will be developed so that at the end of
three years, the time should be ripe for full-scale operational trials,

Pronosed Work Plan

(a) Scope of Woxk

The project will initially involve field studies of the ecology and popu-
lation dynamics of the East African variety of A. aegypti and concurrent
investigations of mass production and genetic modification, During the
second year, experiments to identify proper release methods and mating
habits will be undertaksn. Finally, preliminary field testing to compare
tha effactiveness of alternative genetic controls will be initiated in the
tnlrd ysar, The phasing of the research follows:

Resazarch Phases

ield survey, biokope designation

ite szlection - geographic and local (island, village, forest)

rocurement - personnel, equipment; design of lab and production
Facility

Praliminary research on bionomics

At UND & ICIPE-Insert genetic mechanisms into background of E.

African mosquito populations. Study mating competitiveness

of different synthetic strains, g

FY 1972: Mapping of field sites, including bionomics of designated
populations,
Lab-tcol up f£or mass production
Lab-mosguito bioncmics, esp. product evaluation f£rom masa
production i
Fiald and 1lab ~ Release kechnology - when, where, how many?
At UMD & ICIPHE: Genatic mechanisms and cage trials

e e e A S N R SNy
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FY 1973: Fleld ecology - Year-long census in designated trlal aitas
Mass production facility fully operaticnal
Fleld evaluation of mass-produced mosquitoes - acceptability,
survival, dispersal, mating, competitivaness
Relaage technology - largs-scale experiments on effective
numbers, makting, site and time

For latar rasearch, if iadications are favorable:
Practical field rvaleases - island and village biotopes
Field comparison of efficacy of genetic mechanisms: chrcmosome
translocations, chemosterilants, 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 pnercmones and on strain variation in reproductive ccmpetitive
ability will be conducted in Nairobi. In addition, ICIPE will develop a
program to bring in consultants, using as an entree its access to the best
scientitic talent in the world in this field.

The major research effort will be centered: at a field site which remains
to be chosen. The most important requirement is availability of a dense
pooulation of Aades aegyoti, DPreliminary survey has limited the list to

the following posaibilities: o

1. tMombasa-Malindi region, coast of Kenya : i)
2. Tanga-Amani region, coast of Tanzania

3, Kisumu region, Kaunya, bordering Lake Victoria

4, South of Mt, Kenya-Embu-Ft, Hall district

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

because of the following characteristics: :

1, Heavy year-round population of A. aegypti.

2. Proximity of dcmestic (house-breeding) and feral forms of A, aegypti

3. Availability of many semi-isolated villages and islands with separate
and discrete populations of A, aeg

4, Accessibility, good roads and housln availability of space at a field
station in Malindi kept by the Zoologj Dept. of University College,
Nairobi. :

5. Availability of an African staff in the area trained in entcmological

methods,

©. Accessible to Nairobi by railroad or 6-hour drive,

7. Extensive research on A, aepypti bionomics conducted in the past by
Kenya Medical Dept.; current project by K.M.D, on mosquitoes and arbo= :
viruses in Malindi,

e e —
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Dr. Walter Hausermann of UND has bcen in Kenya gathering data on site se-
lection since 1 January 1971, A deEin;tl.e decision on site geleckion wilil
be made by Dras. lausawmann and Craig during 15-30 May 1971, following at-
tendance of Dr. Craiz at an ICIPE maating in ilairobi,

Durinz the éu:acion of tha vroleczt supportiva rasearch fundad outside of

tha projact (principally by 3Eﬂ and AEC) will ba undertaken at the Univar-
sity of .Jtre Dame., This will consigt of:

1, Development of genetic mechanisms, especially chromosome translocations
and chemosterilant-induced starility,

2, Construction of genestic stocks for use at the field site (in conjunction
with ICIPE-Mairobi).

3. Continued ressarch on genetics, reproductive biology, population dynamics
of Aades azzypti.

4, Computer simulation to dévelop predictive models and strategies for
ralease programs,

5. Training of East African and other personnel in modern medical entomol-
ogy and genetics in preparation for participation at the £field site,

The research will be carrisd out under the overall diraction of Dr. George
Craig and Dz, K. 8. Rai. Dr, Craig will bes in Xenya fox a full year beginning

rai
next September on sabbatical leave and Dr. Rai will follow in 1972 and Dr.
Trpis in 1973. Drs. Craig, Rai and Trpis all expect to spend significant :
p acts of gach of the thrae vaars at the field site, The initial field survey ;
/ill be directed by Dr, W. Hasusermann who is presently in East Africa. It
is antxc1pated that the Univarsity of Notre Dame scientists will work closely
with scientists at the University Colleges in Dar~es-Salaam and Nairobi,
tha WHO Aedes Research Unit in Dar, and the East African Institute for Malaria
and Vector-borna Diseases in Amani, The Director of the latter institution
has volunteerad space and equipment, Cooperation of theZEast African Insti-
tute of Virus Ressarch in Uganda will also be sought. 2

East African scientists and students will be involved in both the laboratory
and fisld studies, 1In 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 thers will be a yearly increase in parti-
cipation by East Africans, as students now in training at UND complete their
degree work. African Ph.D,-level sclentists will be added wherever possibla.

v

(b) Program of ozl

oposed activities are identified in the description

' in the preceding section 5(a). The project involves
aly-related and overlapping pnases (1) field studies
and population dynamics; (2) laboratory research on
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reproduction and genstic machanisms, and (3) field testing of the behavior

‘of altered males, GEvaluation of altarnatlva genetic techniques by ralzase

of males durinz trials and village aats will be initiated in the third
year,

Regmarch Mathodolozy

xparimantation will be dogipned to davelop angwars to the following
questions for specific populacions:

I. POPULATION STRUCTURE

1, What is the 14al number of mosquitoes in a local population?
Previous estimates, using trapping to give relative numbers, are
of littlas value,

2. tHow does real population size fluctuate over a year?

3. What is the age structure of the population? What is the rate of
productivity of females? Note that most genetic control methods
are aimed at the virgin female,

4, How much movement occurs into and out of the population?

5, What is the relation of domestic and feral populations? How
much g2ne flow between. tham?

5, What are the limiting factors that.pravent increase? If the pop-
ulation is artificially decreased, how fast will it recover, i.e.,

wnat is the biotic potential?

IT. REPRODUCTIVE BIOQLCGY

1, Where does the female get inseminated in the field? How much
dispersal from the breeding site?

2, How old is the female at insemination? Laboratory studies show a
minimum of 2-3 days is required. What does she do betwetn emergence

and insemination?

3. How long does a released male remain effectively competitive?
What is the attrition rate on released males?

4, What genetic and envirommental factors govern mating success in
the fisld?

L. TECHNICAL REQUIREMENTS TOR GENETIC CONTROL

o |
=
-

1, What can be done by genecic engineering to improve the mosquitoes
to be releasad? Can heterosis or breeding for specific fitnmess
kraits improve either the capacity for mass production on. field
compatitiveness of malag?

L\
\
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chanigms (chromosome translocatlons, sax ratio
ilization) affect competitiveness of males?

3. How should mosquitoss be ralsased? e need to know: When? Where?

How many?

&, Can Insecticides ba used, eithar In an integrated program to im-
nrove the odds for released males or to create barrier strips
whnich prawvent reinfescation?

Most of these questions can be answered with ressarch methods already avail=-
able, Population studies will depend heavily on the !capture-mark-rzlease-
raecapture! method (tha Lincoln Index) used widely in ecological studies,
Genetic ! markers 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 Health Service. Primary tool for census will
be the ovitrap of the U.,S, Public Health Service, Other tools will include
the black trap for adults (Fay-USPHS) and the morz conventional biting,
resting and sweeping collections,

Rasearch Competance

The Vector Biology Laboratory of the University of Notre Dame is among the
world's leading research institutions on genetic control of mosquitoes and
serves as the WHO International Referesnce Centre for Aedes mosquitoes,
(Poss bly as much as 80 percent of the existing knowledge of the genetics

A, gegypti comes from research workers associated with Notre Dame.) Re-
oearch is currently supported at about $200,000 annually by NIH, AEC,.NSF,
TAEA, and WHO, Scme 30 scientists, technicians, and students are affiliated
with the Laboratory, including 5, full-iime, s;nior faculty members, . The
Laboratory has extensive experience with A, aegypti in the area of genetics,
cytogenetics, biochemistry, physiology, population blology, and disease:
transmission, Over the past 10 years, scientists of the Vector Control
Laboratory have publishsd over 100 papers on Aedes mosquito (Appendix B).
Essentially all of the genetic mechanisms proposed for control of A. aegypti
were developed at Notre Dame, An NiH-sponsored training program will pro-
vide an ongoing supply of well-trained scientists for this program. (See
also Section 3 of this proposal).

Professor George (Craig, co-dirsctor of the project, is one of the leading
U.S. insect geneticists and its leading authority on the genetics of A.
aegypti. His selection as a research director of International Centre

for Insect Ecology and Physiology (ICIPE) in Nairobi is indicative of his
international standing, Professor K.S. Rai is Director of the Mosquito
Biology Training Program at the University of Notre Dame with extensive
experience in mosquito cytogenetics and mutagen-induced sterility. More=
over, he was responsible for zine devalopment of the chromosomal transloca-
tions which will be usad in this project, Dr., Milan Trpis has worked and
published extensively on mosquito bionomics and field collection and test-
ing, and was atfiliated with the BEast African Asdes Research Unit, WHO,
Dar-2s-Salaam as ecologist/entomologist from 1967-1970, Dr. Walter
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Hausermann Is schadulad to be projuct Field Director for the entire project
gariod, 1971-1973., Dr. Hausarmana worked on bionomics of blackflies in
Tanzania (1965-1968) and on reproductive biolozy of mosquitoes at Notre Dame
(1968-1970), He has been in Kenya since January, 1971, collecting data
necaessary for selaction of a £lald site, Hauszarmann will supply continuity
to tha field program,

Parsonnel involved in the project, aicluding East African scientists and
students who will be salascted for participation once the projact is initiated,
includa; ' ‘

I, Personnel - University of Nokre Dame

r, Walter Haeusermann ~ Assistant Faculty Fellow, UND. Field
Ecology. Worked at Swiss Tropical Institute, Ifakara, Tanzania,
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 - Professor, UND. ICIPE Research Director and
Director, Vector Biology Laboratory, Will spend year of sabbatical
leave in East Africa, Basic direction of project. Will have primary
responsibility for studies om reproductive biology.

Prof. K. S. Rai - Professor, UND, Director, Mosquito Biology Training
Program, UND, Will spend "ear of sabbatical leave in East Africa.
Co-director of project, Will have primary responsibility for studies
on ganetic contzol mechanlsms, especially tramslocations.

Dr, Milan Trpis ~ Assistant Faculty Fellow, UND. Ecology of
mosquitoes, Will have primary responsibility for studies on popula-
tion,dynamics, Ecologict with WHO Unit in Dar, 1968-70.

Dr, Paul McDonald - Post-doctoral Fellow, UND; translocation co-devel-
oper, Fleld trials with translocation. Will work at the field site,
beginning 1971,

Prof, T, Crovello, UND faculty, blostacwstician, population dynamics,
computer simulation through entire program.

Prof. W. Hickey, faculty UND (SMC), population dynamics and genetics,
entire program, _

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

Other post-doctorals, University of Notre Deme and posaibly, Harvard
University, on mosquito bzhavior and endocrinology.

.




el

(‘ II, Personnel - Easgkt Africa
Dr. Wenceslaus Kilama, Lecturer in Pacasitology, Dept, Public Health, i
Madical School, University cf Par-es-Salaam, Ph.D,, Notre Dame, 1970, o
zvallabla ko 1d—t1¢194:; {n this project (when his University 1s not i
in sagiion) and to furnish studeants to work in tha project. Dr, Kilama
i3 an authority on genstics of ability to transmit disease in A, aegypti,

Dr, Louis Mukwaya, East African Institute for Arbovirus Disease, Entabbe,
Uganda, In rasidence at Notre Dame, Summer, 1968, Also, G. B. Craig

was a member of his doctoral ccnmittees at Makerere University, 1970.

Dr, Mukwaya is an authority on genezics of host choice in Aedes aegypti.

Will be asked Lo serve as Consultant.

Dr, Graham White, East African Institute for Vector-Borne Disease,
Amani, Tanzania, In rasidence at Notre Dame, summer, 1968, Authority
on chemosterilization of mosquitoes and on anopheline bioncmics and
field population assay, Will be asked to serve as a Consultant.

Parsonnel of the WHO Aedes Research Unit in Dar-es-Salaam will be asked
for advice and consultation, especially in regard to the use of in-
secticides for barrier strips and for initial population reduction.

I1I, The following Africans are now in training at the Vector Biology Labor-
atory, U, lNotre Dame and may be expected to participate in the project
later on: %

Dr., Emmanuel Igbokwe, Postdoctoral Research Associate, Nigeria (Ph,.D.-
Queens U,, Canada), Authority on elactrophoresigfor analysis of genetic i
variability, :

»

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

ive

Mr. Jack Oyugi, B.Sc,, Makerere U,, Uganda; begins Ph.D., studies at
Notre Dame in September,

1V, Other Consultants from U,S,A.: &

Dr, Eugena Gerberg, Director, Insect Control & Research, Inc., Author-
ity on mass production of mosquitoes., Former Acting Chief,  WHO Aedes
Research Unit at Dar.

? Dr. G. A. H. McClelland, Assoc. Prof, Entomology, U. Calif., Davis.
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