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7. SIGNIFICANT FINDINGS (If any) ThC 8Th Technical Planning and NRovicw Group whicli met 1n
November 1973 reviewed the progress of the Unit.during the {irst phase of iis
programme of work. During the past four years, work has concentrated on Culex
fatigans and Aedes acgypti and an unparalleled body of knowledge on the ccology

and on the blologlcal and technical problems of genetle control of these speciles

———has-acerucd.—-The . -major achlevements-of - the Unit arce summarized in Annex 1

8. SUMMARY OF PROGRESS ((Give concise summary of progress for this repart period. I additional space if required use P115-3567 (10-60),
“Gontinuation Sheel.) .

During the year under review, two field trials on the genetic control of
C. fatigans were carried out in the villapges around Delhi as follows:-

‘%% 1. Releases of Sterilized Males (sec map attached)

A daily release averaging from 150,000 to 300,000 chemosterilized
males was made 1n the target area of Dhulsiras from 15 February to
31 July 1973. A maximum sterility of 87.7% was rcached in the target
population.

2. Releases of (IS-31B) Males with Incompatible Cytoplasm and a
Male Linked Translocation Complex (sce map attached)

A dally relcase averaging 40,000 males was made in the target
area of Gummanhera from August to November 1973. The highest sterility
reached in the target population was G7.7%.

In both the experiments, a high percentage of sterility was not achieved
for an extended period and there was no evidence of population suppression
because of massive infiltration of mosquitos from adjolning areas, in spite
of the fact that a barrier zanc extending to 3 km was cestablished around the
target area. Contrary to the previous obscrvation, C. fatigans was found
in these experiments to fly beyond 11 kins.
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Studies on Other Integrated Stralns of Ceo fatipans Comblining Cytopiasmie
IncompatiblLity o) Transloeatlions

“xperiments have continued with three new intepgrated stralng: 52915,
15328 and IS-3%5. An average sterllity of 80% has been obscrved in them as
compared to 0 - 70% sterility In I5-31B. (In this straln there has been
a gradual reduction of sterility and, furtihermore, partlial compalbibillty _
with the Delhi strain has also becen obscrved. Both the phenomena are under
investigation). ‘

Fxperiments on Population Replacement

The release of sufficicnt males and females of a stratn cytoplasmically
incompatible with the target population is expeeted to lecad to complcete
replacement by the released slrain. The potential a‘lvantapges of replacement
by a strain sclected for its incapacity to transmlt [ilaria have boen
emphasized by computer simulations demonstrating the Lmpossibility of

cffective population suppression by any genotic method where immigration and -
densily dependent regulation have strong influencesn.

A series of cage experiments have been carried out with the Delhi strain
and the I5-31B strain. These experiments have shown that elimination of the
Dclhi strain was possible when it was in a majority provided the initial ratio
of the released males was strongly blased towards IS-J1B. 'This system would
be desirable in a fleld releasc programme to minimizc the temporary increasc
in biting population (females) which would be required to initiate the replace-
ment process.  Simultancously, a search is being made for a refract~ry strain
of C. fatigans to Wuchereria bancrofti for the replacement experiments.

Rearing of c. fatigans under Ambient Conditions

In order to reduce the expcenditure in mass production of C. fatipans,
rearing of thls spceiles under ambient conditions was investigated. Although
it 15 clear that the spccies can be recared under amblent conditions from April
to September in the north Indian climate, the pupal yicld is only about 50%
as compared to over 907 uniler controlled conditions of temperature and humidity.
Furthermorc, in other months, the larval development time is prolonged up to
26 days. Therefore, the rearing of C. fatigans under ambient conditions would
not be feasible in northern India.

IPield Studies on C. fatipans

The Oth Teechnfcal Planning andt Review Group has recommended that further
release experlinents shoul't now be carric:t out In urban arcas In Delhi, as '
well as Ina f1laria endemie arca of Tnddia. The townshlips of Fartdabad and
‘alual near Delhi are boelng sarveyed and a slte din o (flarla endente area Is
unler selection.  Oindles are also in propress on new melhodolopy or
popnlation measurement and dynamlic:s, which fnelude the Lesting of newly
deslpned trap boxed, dippers, ele. with a vicw Lo standardizing techniques
Lo be userd In the futlure.
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Studies on Lthe Transloeated Stralns of AL aepyphl

Four translocated strains oft A, acyypltl bave been developed by the
Unit In eollaboration with the UHO Collaborating Conbre on Acdes aepyptld
at the Unlverasity of Notre Dame, USA: T1 and T3 strains have 5e:-Linked
translocations, whereas T2 and T4 strains have autosomal translocations.
During the preliminary Cleld relcase experinent at Sonepat last year, it
was found that there was some contamination in T2 and ™ strains. It has
v entablishe i that TP antosonal translocatton eannot be made homozypous
apparently because of some factor in the Delhl pgenome which interacts with
T cauning lethality of the homozypotes. ALl attempts to establish a
homo:yrous line of the Th at the Unit have also been unsuccoessful.

However, TU and T5 straing bave been establishe! in pure homosyreoun
state, and at the same tinme a sex ratio distorter ;ene has been 1solated
and succeessfully linked with TL and T3 translocalttons. In the distorter
T) homonygous line, Lhinre is a strong sex ratio distortion (15 males to
1 female). Double heteroryprotes have been made by crossing distorter T1 males
to T4 females. These show 569 sterility and ser ratio distortion and appear -
to be promicing matcrial for field releases. The sensitivity of field popul-
ations of A: acgypti to the distorter gene is being studied.

Chemosterilirzation of A. aegypti

Preliminary studies on chemosterilirzation of the Dolhi laboratory strain
of A. acgyptl have indicated that th» males can be sterilized by treatment of
pupac for thrce hours at a concentration of 0.0% thiotepa. Chrmosterilized
males compete fairly well with normal males for mating with wild females in
both laboratory and ficld cage cxperiments.

.

Mass Rearing of A. acpypti

Mecelerated efforts are being made on the development of mass-rearing,
proccdures for A. aecpypti. Investipations include studies on colony size,
male/female ratlio, number of larvae prr tray and techniques for pupal
scparation. The Unit has developed the capability of producing more than
200,000 mosquitos por -lay.

Fiell Stulies with A, arpypti

-

Fleld obhgrrvations on relative density of A. arpypt! in Soncpat arca are
being made to obtain Jdata For one year. These have chinm a rdecrcass in dengity
during winber montha.,  Detailed maps ot the tarpel relrane area are under
preparation before releases are starbed in 107,

Inventirations on Anopheles stephenat

Ouing, prinnrily Lo the concentration on C. fatfprans and AL acpeypti and
bheeanse of lack of potential Intrinste ;f,'.-nut,l.r:";ﬁ"lﬁﬁ_::.xﬂ:: in this :;pn(:.l-('!;,
relatively 1I1tLle work has bheen uniertaken on An. slephenst.  Crosslng exper-
Iments with different straing from Asia and the Widdle Fast were conpleted
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b the WHO Collaboeratine Crrfpe on Anophelines in the UK, tal no grenctie
factors ot potential value have been revealed. However, prelininary studles
were mate In belhl on color ) slion Leciminues and suffleienl compebenee way
acquired in handling the sp:eies to allow a quick expansion ol work during the
next phase of Lhe program..,

The 8th meeting of the Technieal Planning and Review Group stressed the
importance of An. stephensi o a vector of malaria conpeelally in urban areas
and iniicated that a high priority should be given Lo this species during
the next few yoars,

Plan of Work During the Second Phase of the Unit's Programme (sce planning profile)

The studies on rural populations of C. fatigans will now he phased out
and {ield trials will be carrind out in uvban arcas around Delhi and
subsequently in urban sites in filaria cnilemic arcas. An intensive effort .
will b2 made to Jdevelop a conpetitive, woellemarked straln of €. fatipans
refractory to infection with Wuchereria bancrofti. TLarge-scale rolcascs of
the filaria refractory or olher selected genotic strains will be made with
continuous evaluation of the «ffeets of the rcleases.

Aedes acpypti

Studles on’A. aezypti have reached a stage where a large-scale genctic
control experiment can be conducted and such a trial is planned for 1074/75
in the town of Sonepat. There will be continuous cvaluation during 1975 and
provision is also bcing made for ecological assessment of the results to
continue during 1976. -

Anophele% stephensi

Increasing attention will be paid to this species during the next few
years, ospeceially the revelopment ol sterilization techniques and the advance
plannin;; and crolopical ovaluation necegssary for a £irld trial. FEfforts will
also be made to develop genclic strains of this speeies with translocalions.
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summary and lvaluation ot the Work So Far Carrled Oul

Cnlex fotigans

Techniques tor thre mass-rearing of C. fatipans have been developed to allow
the production of approximately one milllon mosqul tos per day. With additional
facillti.s, this number could bc increased to any desired lcevel. A new technique
for scparating the sexes in the pupal stage has been perfected and 99.8% precision
i1s routinely achieved. ;

Techninues for sterilizing male oupar, either by radiation or by chemiecals,
have bcen refined. With 0.60 to 0.445¢ Lhiotepa in a phosphate buffer, and a
3_hour exposure period, sterility of 99.9% in males is obtained. After exposure
at 6 k R in a cobalt 60 source, both pupac and adults were effeetively storilirzed.
Methods suited to the local conditions have been developed for marlking, packing,
transporting and releasing C. f2tigans males. OQuality control systems have bacen
deveclopsd to test the material wnich is released ant monitor both bthe level of
sterility and the degree of contamination with females. Furthermore, the cffects
of sterilization, marking and transport are routinely measurcdl in order to
maintain a strict control over th: quality of released mosquitos.

The ecology of C. fatigans has bern studied qualitatively and quantitatively
to a degrec which has ncver before been attempted. Many new or poorly understood
aspects of the population dynamics of the species have been clarified. Both
immature stages and adults have ba2en studied, special attention being given to
the estimation of relative anl absolute population size, sex ratios, seasonal
loss rates and survival, disperzal, swarming and mating beshaviour. In addition,
the role of density-dependent faztors in the regulation of populations has been
studied in natural habitats. Th= ecological studies have also been extended to
urban areas to obtain estimates of the parameters which will be relevant to
subsequent release trials in towns and cities.

Strains of C. fatlgans which arc cytoplasmically incompatible with indigzsnous
populations _have been developad, reared on a large scaln, and tested in thoe field.
One such integrated strailn, I5-318, has been Ticld-tested for the first time.
Effective mecthods have been devized for tosting the mating competitiveneszs of _
sterilized males and of females of snlected genetic strains. The methods include
laboratory cage tests, field cage tests and <dircet measurements in the field.

Twelve village-scale trials have been made to test the feasibility of genetic
control methods under fiecld coniitions. The trials were as followsi-

Radiation sterilized mz2les 2 trials
Chemosterilized males 6 trials
Incompatible males 1 Ltrial

Intepgrated strain with cytoplasmic incompatibility
andi a translocation 3 trials

Males have bren released daily or on alternative days for periods ranping
from ten days to eight months.  ivaluation of their effeetiveness has been based
primarlly on the sterllity rate of the ecpp-rafts 1ajd in the target arca and of
the rafts lald by captured females.  The maximum weekly sterility rates ranged
trom 394 Lo 9% in smallascale cxperiments of 1971, whercas In larger trials
dneling 197 aand 1975, the sterlllly rates stablliael at about HOY.
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The analysls axd evaluation of the [data from theoss ficld triale is still
in progress, but already a realistic pleture is emerglng of the problems faclng
genetic control of urban populoticns ol C. tatimne, sni, at the soame time,
the expericnce gained from the studies in rural arcas 1is suggesting some of tho
ways in which problems can be tackled and overcome.

.

Acics aepypti

Methods for mass—rcaring, autoratic geparation of pupae from larvas, and
for Lhe separation of male and female are in the course of being Jdeveloped
and adapted to local conditions. Mz2thods [or marking, packing, trancporting
and relcasing A. aegypti males have been developed,

Keological studies on immature stages ani on adults have been in progress
in the township ol Sonepat for one year where ficld releases will be made. The
parameters being measured are verw similar to those listed above for C. fatigans.

Two sex-linked and two autosomal homozygous translocation strains were
made available to the Unit by the University of Notre Dawme, WHO Collaborating
Centre. These have been malntainei and thelr relative merits assessed in the
laboratory. The hybrid double heterocygotes have also been studied in cage
experiments prior to releasing thnom in field control trlals. Marker strains
and single translocation heterozygotes have also been utilized for small field
releases. Methods have been designei to measure the mating oompctltlvenoss of
any stocks of males which may be releascd.

Three field releascs have been carried out:.

(1) in a tyre dump in Shastri Nagar, Delhi;
(11) 4n a tyre dump in Model Bast, Delhi; and

(1ii) in an urban area of Sonepat, Haryana State.

In the first experiment, it was demonstrated that released mosguitos with a
semi-dominant marker could inject the character into the wild population.

In the second experiment, a hetero:yrous translocated sirain was released, and
sixtecen days after termination of the rclease, U40.797 semi-sterility was

observed in the wild females. The thlpt exXperiment, at Sonopat in 1973, was
desipgned to field test males which were double hetnrosypotes for translocations.
Unfortunatly, owling to the contamination of the stocks, tho experiment had to

be terminated after a fow weeks. Nevertheless, Jdesplte this setback, 13% of

the wild females were found to have been inseminated by the rceleased translocated
males.

A theoretical evaluation of alternative gonetic control strategles has
been conducted by computer simulation.
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