


SEMIANNUAL RESFARCH REPORT

A. General Background

Aedes aegypti is well=known as a major vector of arbovirus disease
over most of the tropical world. In East Africa, the species is widespread
and abundant. Even minimal control is not economically feasible in most
areas. To compound the problem, there are numerous behaviorally distinct
populations ithin the species. In East Africa, one population is domestic,
breeding inside houscs and feeding on man, while another is sylvan, breeding
in treeholes and feeding on other animals, The relative importance of these
forms to disease transmission needs clarification.

In recent years, entomologists have been searching for biological
methods to regulate vector specles, in the hopes that such methods would
avoid both insecticide resistance and environmental pollution. One
biological approach is '"genetic control", the usec of genetic manipulation
to turn a speciles against itself. While the use of radiation-sterilized
males has attracted wide attention, this method has had little use for
mosquitoes; reduced fitness of irradiated males makes the method impractical.
However, there are many otl ar ways of inducing sterility; sophisticated'
methods of genetic breeding allow production of males that confer sterility
on their mating partacrs and yet are fit and competitive. Chromosome
translocations conferring semi-sterility are particularly promising, both
for Aedes aegypti and for many other pest and vector insects. This method
requires field trials; the present project is so directed.

B. Project Objectives

Stated objectives of this contract include:
1. Develop a study area for intensive research on a population
of A. acgypti.
a. Determine absolute number and population fluctuaticn.
b. Develop predictive life tables,
2, Establish 10-20 replicate sites for later use in release
experiments. Monitor ench population for at least one year.
3. Determine relationships between sylvan and domestic topulations,
4. Develop chromosome translocations for use in genetic control,
5. Develop facilities for mass production of mosquitoes.
6. Make trial releases of lab-reared mosquitoes for methods development,
7. Conduct subsidiary research on Lionomics of other Stegomyia
mosquitoces.
8. Develop a major research component, the Mosquito Biology Unit
(MBU) of the lnternational Centre for Inmsect Physiology and
Ecology (ICIPE).
9. Provide training opportunitics for African scicentists
and technicians, :
10. Serve as a mechanism to assiast In atrengthening the East African
Community by affiliation with research institutes and universities.



C. Continued Relevance of Objectives

After three years of operation, it is evident that the original
objectives (See Project Statement of March, 1971) were reasonable and
can be obtained. The funding and the three year period were adequate for
"Ecological stud’es...preliminary to :ertiec control. Additional time
and funding i required to test the genetic control concept. AID has provided
additional fu.ding for a fourth year, in order to conduct a series of
fleld releases. Thesc field releases sre the primary activity of the last
half of year three, reported hercin,

D. Accomplishments to Date

Pacilities and personnel arc {lven in Anncx 1, Visitor's Guide
to the Mosquito Biology Unit of IC.IE.

In the first half of our third vear we terminated our pure ecological
studies and the search for sultenble tianslocation strains of Aedes aegypti.
The accomplishments and findings of this perlod are covered by our
semiannual report, July to December 1973, A final experiment on dispersal
i3 reported in Annex 5.

Preparation for rclease experiments begen in January of 1974, The
production of reclease males started vith the build-up in numbers of a
marker strain and two strains heterozygous for single translocations. The
production of the relcase male itself necessitated four subsidiary crosses
between these three strains. An acccunt of the translocation homozygotes
and the genetical methods for preparing material for release is given
in Annexes two and three.

Releases began in wid=March and reached soon a peak of about 1200
males per day. A further increase was not possible, partly because of
space and working hour limitations nd partly becauge of a chronic water
shortage and repeated breakdown of the water supply due to the severe
dry seasor.

Original'y the release study was organized on the basis of two
triplats of experimental villages. Each triplet was to contain one release
village (see last semiannual report). The first triplet consisted of large
villages of near or above 100 inhabitants, the second of small villages
of around 50 inhabitants. Due to rearing difficulties our male production
did not reach the cenvisaged 2000 miles per day and we decided to concentrate
our study on the triplet of large villages alone (Fig. 1, Table 1).
Chibarani village was selected for the releases, Kwa Dzivo was used as
village for source reduction and l'ijengo was designated as reference
village rcceiving no treatment, All three villages were monitored the
same way for population denaity, sterility, and survival of translocations
and genetic markers (Table 2).
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Irable 1 I :scripticn of release villages prior to release study.

¥'. Hausermann

No.

Name of No. No. No. containers with L-B catch/man-hcur
rillage Inhabitants Houses Containers larvae or pupae Total QQ
CHIBARANT 161 31 48 34 3.7 2.6
(= CHI)
KWA DZIVO 108 31 36 26 6.4 233
(= KDZ)
MAJENGO 32 28 43 32 3.6 1.4
(= MAJ)
Average 87.9 21.9 3552 19.7 3%4 2.6
15 other

Rabal villages
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FIGURE 7 (by N. Lorimer)
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TABLE 1

TRANSMISSION OF TRANSLOCATION AT 1:2 t

PERCENT . PERCENT
PARENTAL TRANSLOCAT ION PROGENY TRANSLOCATION
CROSS IN PARENT A A N IN PROGENY
£ xN; Nx 43 25 - 101 98 25
$ x 4 50 65 401 74 49
78

4 x4 75 100 76









TABLE 1

Scheme of crosses necessary for continuous caily production of 1,000 males heterozygous for two transiocations M/ f=m
1,000 males heterczvgous for one translocation ™

No. cages Expected Expected No. 1st
Cross Size per day yield of Adults yield of No. adults instars No. pans
¥ x oY (6092 x 20%) eggs required adults rneeded set per day

Preparatory crosses in genetics room:

1. MM x MMA 120 x 40 2 7,200 MMA Q 1,940 540 2,000 8

2. MMA x  M4120 x 40 2 7,200 M < 580 440 1,750 7

3. 4 mxMMA 60 x 20 1 3,600 gm 140 100 o 750 3
o Q 140 100 ¢

4. MMA x §m 300 x 100 5 18,000 g Q 1,440 1,200 4,800 1

Production cross in mass production room:

5. gmx §M 1200 x 400 20 72,000 4‘*‘(/1‘\m d 2,160 2,000 8,100 27

L M
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LE 2

TA?

Geaetic Marker Selection For Crosses

Cross Translocation Pupal Selection Adulc Selection
eye abdomen hind tarsi
1. Marker Stock (o=%2%) rust spot biack-tarsi
2. 1:2n @ M(d)* wild wild black-tarsi

1:2n @ M(c)*%* wild ————

3. 1:3f @ m(oth wild spot black-tarsi
1:3f @ m(99) wild spot black-tarsi
4. 1:3f 2 (gQ)** wild e et
5. 1:2n @ M(c9) wild T
1:2n @M/1:3f w(do) wild e

* To renew cross 2

*%* TFor use in cross 5; excess for release if necessary.



TABLE 3

Quality Control of Release Males

HATCHABILITY

DATE CROSS
PP X ot

11 April CHIBARINI (60)

x 969/1046 = 93%
CHIBARINI (25)

11 April CHIBARINT x MIXTURE 322/1021 = 32
(60) (25)

22 April CHIBARINT x CHIBARINI
(34) (17) 608/631 = 96%

22 April CHIBARINI x MIXTURE 53/158 = 34%
(37) (19)

1 May CHIBARINI x CHIBARINI 756/829 = 91%
(70) (25)
1 May CHIBARINT x MIXTURE 72/113 = 6479

(50) (25)

16 May CHIBARINI x CHIBARINI 302/305 = 99%
(70) (25)

16 May CHIBARINI x MIXTURE 162/456 = 36%
(50) (25)

16 May CHIBARINT x SINGLE

(50)

HETEROZYGOTE 180/362 = 507%
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TABLE 1

RECOVERY OF MARKED MOSQUITOES WITHIN KWA DENA

RELFASE DATE MALES FEMALES
9 NOVEMBER 773 497, 217
16 NOVEMBER 73 521 327
1 DECEMBER 73 10% 247,
12 DECEMBER 73 417 377,
29 DIECEMBER 73 287% 21%
11 JANUARY 74 53% 36%
28 JLNUARY 74 55% 37
5 FLBRIARY 74 RYA 347.

14 FIMRUARY 74 597 35%

—————t Gt -+ b ontean.  am amre s v




TABLE 2

MARKED MOSQUTTOES ENTERTNG KWA DENA

MALES FEMALES
200 w400 w 800 m 200 m 400 m 800 m

v 477 477

\Y 557 437

I 327 17. 457, 6%

IT 247, 1%, 39% 10%

VI 2% 6%

IX 0.3% 2,

VII 0% 0.9%
VITI 0.27 0.49%

AVERAGE 407 1% 0.17 427, 67 0.77.



TABLE 3

MARKED MOSQUITOES ENTERING KWA DENA DURING NE - MONSQON

200 m 400 m 800
/’\ /A A\
19.8%| 10.3% 2.871 0.5% 0.5% 07

82 7% { 62.3% 4.3%) 3.3% 0.871 0.5%




TABLE 4

Release Males at Chibarani

Date Colorx Number* Death Released
29 March HR 729 7
30 " HY 900 2
31 " DR 621 5
1 April DG 1086 12
2 DO 1275 13
3 DG, DR 777 7 SH only
4 DG, HR 420 4
5 HG, HR 228 0
6 HG 708 4
7 DY 795 35
8 April HR 903 15
9 ny 1000 5 (1/2 D.H. mix)
10 DR 1000 3 (1/2 D.H. mix)
11 NG 297 25
12 Do 444 5 Mix
13 DGDR 288 1
L4 DGHR 417 5
15 HGHR 1278 0
16 HG 1047 1
17 DY 963 >
19 April HR 633 3
19 HY 0 0
20 DR 420 5
21 DG 624 4
22 bo 291 3
23 DGDR 402 4
24 DGHR 657 8
25 H HR 1326 92
26 HG 1005 47
27 DY 384 2




TABLE 4 (con't.)

Date Color Number* Death Released
28 April HR 858 16
29 HY 1005 4
30 DR 1005 27

1 May DG 834 6

2 DO 804 29

3 DGDR 1000 147

4 DGHR 1059 29

5 HGHR 1140 9

6 HG 1200 3

7 DY 1002 8

8 HR 1005 9

9 HY 1590 9
10 DR 1200 4
11 DG 1020 25
12 DO & DY 450 4
13 --- 1050 0
14 .- 1325 3

* 19 March - 8 April Single M-linked heterozygotes only

9, 10 April Mixture 757-257 Single and Double

11 April - 14 May Mixture oi 507-507. Single and Double





















TABLE 1

TRANSMISSION OF TRANSLOCATION AT 1:2 t

PERCENT PERCENT
PARENTAL TRANSLOCATTION PROGENY TRANSLOCATION
CROSS TN PARENT A 4 N IN PROGENY
pxN; Nx4 25 - 101 98 25
fx 4 50 65 401 74 49

px b 75 100 76 - 78










Scheme of crosses necessary for coatinuous

. . ..

daily production of 1,000 males heterozygous for two translocations $M/ ¢m
1,000 males heterozygous for one translocation $M

No. cages Expected Expected No. lst
Cross Size per day yield of Adults yield of No. adults instars No. pans
¥ X of (60%9¢ x 2T YY) eggs required adults needed set per day
Preparatory crosses {n genetics room:
ML x MMA 120 x 40 2 7,200 MMA ¢ 1,240 540 2,000 8
2. MAx X§120 x 40 2 7,200 $M 580 £450 1,750 7
3. § o x MM 60 x 20 1 3,600 $mc 140 100 750 3
o © 140 100 ©
4. MA x 3o 300 x 100 5 18,000 §= 1,4%0 1,200 4,300 15
Production cross in mass production room:
> {2 X ¢ 1200 x 400 20 72,000 ¢ M/ =< 2,160 2,000 8,100 27
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TABLE 1

RECOVERY OF MARKED MOSQUITOES WITHIN KWA DENA

RELFASE DATE MALLS FEMALES
9 NOVEMBER 73 497 21%
16 NOVEMBER 73 527, 327
1 DECEMBER 73 107 247,
12 DECEMBER 73 41% 327
29 DECEMBER 73 28% 21%
11 JANUARY 74 53% 36%
28 JANUARY 74 55% 374
5 FLBRUARY 74 437 347,

14 FEBRUARY 74 59% 35%




TABLE 2

MARKED MOSQUITOES ENTERING KWA DENA

MALES FEMALES
200 m 400 m 800 m 200 m 400 m 800 m

v 477 427

Al 55% 437,

I 32% 1% 457, 6%

IT 249, 1% 39% 10%

VI 2/ 67,

IX 0.3% 27

VII 0% 0.9%
VITI 0, 2% 0.,4%
AVERAGE 407 17 0.17% 427, 6% 0.7%




TABLE 13

MARKED MOSQUITOES ENTERTING KWA DENA DURING NE = MONSQON

200 m _/_a_l‘.'l_ﬂ 1 iii_l)l_) m




TABLE 4

Release Males at Chibarani

Date Color Number* Death Released
29 March PR 729 7
30 Sl HY 9200 2
318t DR 621 5

1 April ‘DG 1086 12

2 DO 1275 13

3 DG, DR 177 7 SH only

4 DG, HR 420 4

5 HG, HR 228 0

6 HC 708 4

7 DY 795 35

8 April HR 903 15

9 1y 1000 5 (1/2 D.H, mix)
10 DR 1000 3 (1/2 D.H. mix)
11 DG 297 25 i
12 DO G444 5 Mix

13 DGDR 288 1

14 DGHR 417 5]

15 HGHR 1278 0

16 HG 1047 1
17 DY 963 5

18 April HR 633 3
19 HyY 0 0
20 DR 420 5

21 DG 624 4
22 DO 291 3
23 DGDR 402 4
24 DCHR 657 8
25 1'SHR 1326 92
26 HG 1005 47
a7 DY 384 2

-—
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Date Color

28
29
30

April HR
HY
DR
May DG
¢ DO
DGDR
DGHR
HGHR
HG
DY
HR
HY
DR
DG
DO & DY

Number*

858
1005
1005

834

804
1000
1059
1140
1200
1002
1005
1590
1200
1020

450
1050
1325

Death Released

16
4
27
6
29
147
29

o
WOoOPHHuUpoe 0w

* 29 March - 8 April
9, 10 April

11 April - 14 May

Single M~=linked heterozygotes only

Mixture 757-25% Single and Double

Mixture of 50%-50% Single and Double
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5, Modification in research desipgn

Since no suitable strains with translocation homozypotes have become
avallable for releases so far, cur release plans have changed to the release

of double heterozypotes (Annex b). With this our aim has changed from
population replacement to population suppression, which varrants the
continuous release of large nunbers of males instead of smaller numbers of
both sexes. We expect that our fneilities for continuous rearing will

suffice for the daily production of about 5000 adults or 2500 males, This
means that we will be able to cover at most two villages with releases,
The releases are planned to begin In March and to continue until the
beginning of the rains expected for late April,

Our oripinal release plan called for releases in four villages. In two
of these viilapes the native popuiations would have been removed by
conventional control and substituted by homozygous translocation populations.
Since this will not be ponsible with doublt heterozygotes, our release and
monitoring propram will extend over six villages (schedule attached).

o


















. Annexes

1, The population dynamics of larval Aedes aegypti - Raymond J. Russo

2, Fecundity of domestic A, aegypti populations - llausermann

3, Intervillage movement of mosquitoes - McDonald
Progress report - Fanara
Studies on habitat selection - Hausermann
Translocations - McDonald
Mass Production -~ 1 - McDonald
Mass Production = IT - McDonald
, Visit as temporary advisor to WHO/ICMR Unit, New Delhi, India - McDonald

Population dynamics of Aedes aegypti in East Africa in view of genetic
control - Paper given by Hausermann at Int, Congr, Trop, Med,, Athens

Comments to WHO computer survey of Stegomyia mosquitoes - Hausermann
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November 1973 these estimates vary between 30 and 36 females per house.
These per house estimates sum up to estimated village populations of 550
females for the 15 houses of Shika Adabu, 525 females for the 16 houses of
Simakeni and well over 1500 females for the large village of Rabai. These

estimates are consistent with estimates made earlier with mark-release=
recapture methods in other villages,

The method of estimating female numbers by oviposition will be used

in conjunction with mark-release-recapture methods in preparation of the
releases,
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Table l: Capture of marked mosquitoes entering Kwa Dena
Experiment Location Sex No. released Dust  Captures 7% Captured
Expt., I within d 98 DGY 48 49
? 97 DGY 20 21
200 m d 395 DGG 62 16
¢ 393 DGG 37 9
400 m d 395 DGR 2 1
b 392 DGR 5 1
Expt., II within d 65 DGY 34 52
9 93 Y 30 32
200 m d 395 DGG 49 12
§ 371 DGG 46 12
400 m d 389 DGR 2 1
? 370 DGR 12 3
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Table 2 : Captures of marked mosquitoes entering Kwa Dena from 200 meters

Experiment Location Sex No. released Dust Cantures . cavtured
Expt. III within d 77 DGY 8 10
q 79 DGY 19 24
NE d 79 DGR 6 8
9 77 DGR 8 10
SE d 79 HR 7 9
Q 75 HR 3 4
NW d 30 DGG 2 3
Q 30 DGG 10 13
SW d 76 HG 9 12
Q 30 HG 8 10
Expt. IV within d 157 DGY 65 Al
? 158 DGY 51 32
NE d 159 DGR 6 4
9 160 DGR 7 4
SE Jd 157 HR JAA 28
Q 156 HR 25 16
W o 160 DGG 1
Q 160 DGG 6
SW d 157 HG 71 45
159 HG 45 2
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. ; able 3 : Estimntes of moswuitoes entering Kwa Dena

Experiment Location 3ex lo. enterlng % released entering

-

Expt, I 200 m o) 126 32

Q 176 45
400 m Jd A 1
9 %
Expt. II 200 m o A 2,
Q VYA 39
400 n J A 1
Q 39 10
Expt, III 200 m o 240 76
Q 121 3
. Expt. IV 200 m d' 300 N
Q 269 L2

— —— B e I e e T ——
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Table A : Estimates of mosquitoes entering Kwa Dena from 200 meters .

Experiment Looatic1 Sex No. entering ¢ releasel entering

Expt. III NE d 60 76
Q 33 43
SE d 70 89
3 12 16
W d 20 25
Q 42 53
SW d 90 18
] 33 41
Expt. IV NE d 15 9
3 22 L,
SE d 107 67 @
] 78 50
W d 5 3
? 28 18
oW d 173 110
] 131 v
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Strain Laboratory Method and place of % recovcry‘in
+ orlgin roneration collection domestic ¢h:anber
HARA T I Ovipouition jarc H5
DOMESTIC F from inside houscs 58
RD in Rabail
F, 40
SIMAKENI P Oviposition jars 58
DOMESTIC F from inside houses 51
SD 1l in Simakeni
F 38
R
SHAURI MOYO F Larvae {rom domestic 43
n witter contaliner
MWAMSADU F Larvae from domestic 46
n wiler container
RABAL P Oviposition tins set 16
FERAL among trees in Rabal
Fz 13
SIMAKENI P Oviposition tins sot 11
FERAL among trecs in Rabal
F 13
SF 2
F 8
4
MNAZI F15 Larvae from steps in 5
feral coconul treos
TREEHCLE F12 larvac from trocholes 9
foral
LANGANO F Larvae collected by .hord 10
foral n in Langano forest,

Ethiopin
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are included as Table 7 (A). The translocation stock AT 2:3 n has on two
occasions produced progeny which have tested as homozygotes, The isolation
of the homozygous line is extremely troublesome because 1) the homozygotes
have fertility similar to heterozygotes and 2) the normal heterozygote
produces 25 percent crossovers between pseudolinked markers. Such crossovers
may produce individuals phenotypically the same as heterozygotes but not
heterozygotes for the translocation.

An experiment to determine if irradiated inbreed lines would yield
translocation homozygotes more readily is still in progress and the
results to date are included in Table 7 (B).







Table 2

Annex 6 = Page 5

Genetic testing of © (12:3) ¢ stock

- - —— —

Results
Iresuned type No. tests RN S ]
A 4  lormal Indeterninnte

onozypote 20 U 1 0 6
leteronyote a0 0 17 0 3

Control 20 : 0 20 0

a lonozyoote

4 cterozypote
Table 3 s Africanizatlion an! purification of homozygous T (2:3) ¢ stock
Gy (1) a X WA — 4114,

g, (1) 4liAy X BN — 10, (oelected)
(}3 (13) 4!'.15\2 x A —_— 4121 3 (rolected)
G, (i) 4::-m3 x MR, —> 124,  (aclected)
Gy (S5-F) SN, x 8iiA; —> AL, (selection)
06 (8-5) ME:AJ X A.‘:LA.] —> AE.‘;JJ (selection)
G Goneratlion

h = mas nnted

S=i' = pingle~-palr cated

B3 brother-niater mited

4 = llonosygote

(A mltiple mrker Afrleanised ntook

4 Hdoteroayrote
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Continuing investigation on egg collection and storage procedures
have begun and the best methods will be incorporated into the regime as
soon as the results of these experiments are knowm.

Based on experience to date requirements for mass production have been
determined for two types of releases: 1) release of mixture of single and
double heterozygote males derived from two different heterozygotes and
2) releace of double heterozygote males derived from homozygotes and heterozygotes
(Table 1). The initial production has begun for the first of the two
alternatives and the current schedule calls for relcases in the middle
of March,
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Table 1 : Mass production requirements for releases of double heterozygotes

A, Mixture of single and double heterozygotes from m-linked heterozygote

x M-linked heterozygote at 2000 males per day

Eggs daily Cross

12 | MA x MM
20 | 4(m) x MMA
800 | MMA x &(m)
400 1 MMA x 4(M)
18,000 | 4(m) x 4(M)

Bs Double heterozygotes from autosomal homozygote x M-linked heterozygote

at 2000 males per day

Eggs daily Cross
1, | MMA x MM
1,310 4 x A
510 | MMA x 4(M)
22,272 Az M)

MMA . Multiple Marker Africanized

A - Homozygote
4 - Heterozygoto
(m) - m - linked

(M) M - linked






Annex 8 - Page 2

separation which left a smaller size group containing 89% of the males .
placed in the separator and of 99% male composition (Table 6).

The totel result of the larval development - pupal separator trial
was that 38 percent of first instar larvae were passed through the larval
development regime and became geparated out as males, and this is at 140 hours

post hatching.
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Table 2 ¢ Fecundity of females caged at various densities

and subject to same regime of feeding

Fenales / cage Eggs / female
10 102
10 58
20 57
20 39
30 60
30 65
40 90
40 89

Table 3 t+ Sex ratio effect on fertility and fecundity

G s/ tamte | eri

329/16 0 I 60 90 %
II 90 92
III 46 60
Average 65 84
329/ 8d I 64 68
II 43 88
III 48 , 84

Average 52 78
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Table 4 : Fecundity of females with varying times of onset of bloodfeeding

1
Age at first of Eggs per female

two bloodmeals

Group I Group II Group III

11 days (post hateh) 91 9% 103
12 35 71 63
3" 26 87 59
) VA 21 60 59

Table 5 : Fecundity with varying frequencies of bloodfeeding within five days

Bloodfeeding available

on days (post hatch) Eggs per female

12, 16 40
12, 16 21
13, 17 27
13, 17 39
12, 14, 16 58
12, 14, 16 64,
13, 15, 17 47
13, 15, 17 A

Table 6 : Pupal separntion with grid of 1.11 mm spaces

No., males No. females miafits

Pagsing through 827 9 19
o
N

Retained 103 861 11
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Table 1 & Aedes agjypti habitats on the Kenya Conat .
Resources

llabitats Key influences
Hosts Larval habitats

Feral Anlnals latural Main

Woodland rarely .an Bvaporation

Plantations

Peridomestic ‘an and Natural and 2ain

Gardens Animals ‘an-made Evaporation

Dumps

Dongstic lian Domontic water dater clorape

Yards rarely aninmals and consunption

Houses
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Tahle 3 : Endophily in A. gegyptl populations from the Kenya Coast

¢ Recaptures indoors

© Type Origin
Total 99

A, ssp. forniosus neridomestic 0.3 0.1

type form domestic 239 22.0

hybrid 34 5.8
B. ssp. formosus perldomestic 9.0 10.0

type fornm domestic 50.0 77.0

type form peridomestic 57.0 68.0
Table 4 : Site preference for oviposition in A. aegyptl

populations from the Kenya Coast

A. oepyptl
Site
% type form ‘. ssp. formosus
Treeholes R247 77.3
Oviposition tins 2.6 974
(0.3 1)
Oviposition jars 67.5 32.5

(51)
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A. aegypti transmitted viruses. If information of thiskind could be
worked into the computer program, the worldwide survey would come
closer to its goal, which I presume 1is to recognize the danger spots
and future developments.

The information could be obtained in different ways. TFor many areas
gome information is available from published national surveys.
Additional information could be obtained by means of precise question-
naires which are simple to answer. Such questionnaires could be sent
out to the field staff of cooperating ministries of health, agriculture
or eduction.








