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Malaria control with residual fenitrothion in Central
Java, Indonesia: an operational-scale trial using both
full and selective coverage treatments
S. GANDAHUSADA,l G. A. FLEMING, SUKAMTO,3 T. DAMAR,' SUWARTO,1 N. SUSTRIAYU,1
Y. H. BANG, S. ARWATI, & H. ARIFS

An operational-scale trial, using residual fenitrothion, for control of malaria was
carried out in Central Java, Indonesia, from 1980 to 1982. Two areas, each comprising
about 70 km2 and apopulation ofabout 50 000, were treated withfenitrothion (401% water
dispersible powder) at a target dosage of 2 g/m2 for 3 cycles at 6-monthly intervals. One
area was treated with full coverage (i.e., the interiors of houses and cattle shelters were
sprayed to a height of 3 m) for 2 cycles, followed by a third cycle with selective coverage
(i.e., the interiors ofhouses were sprayed with one 75 cm horizontal swath between 10 cm
and 85 cm from the floor while the cattle shelters were sprayed to a height of 3 m). The
other area was treated for 3 cycles with only selective coverage. While both treatment
methods reduced malaria rates and vector populations to very low levels, thefull coverage
treatment was more rapidly effective and also reduced the Plasmodium falciparum index.
However, the selective coverage treatment was 68%o less expensive than full coverage and
greatly reduced the degree ofcholinesterase depressions among the spraymen. The trial also
showed that a dosage of I g/m2 with full coverage was nearly as effective as the 2 g/m2
dosage.

DDT was introduced in the 1950s for malaria
control on the island of Java (Indonesia) and, since
then, the primary vector in the inland areas,
Anopheles aconitus Donitz, has become increasingly
resistailt to this insecticide,a which is no longer
effective in many areas, especially in some regencies
of the province of Central Java.

In village-scale trials in Central Java that were not
evaluated epidemiologically, fenitrothion 407o water
dispersible powder (wdp) was found to be very
effective in controlling A. aconitus in a dosage of
2 g/m2,b and only slightly less so at 1 g/m2.c This
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compound was also tested and found to be effective in
a "selective coverage" village-scale trial, i.e., apply-
ing only one horizontal swath of 75 cm (between a
height of 10 cm and 85 cm).d The rationale for such
selective treatment is that A. aconitus was found to
rest mainly on the lower portions of walls (about 80%
of them resting below 85 cm) (1) and was also found
to be zoophilic, resting mainly in cattle shelters.e At a
dosage of 2 g/m2 with full coverage (i.e., spraying to
a height of 3 m), A. aconitus was controlled for about
15 weeks and, with selective coverage, for about 9
weeks. However, the selective coverage treatment
required only about one-third of the insecticide and
half of the manpower (spraymen-days), compared
with full coverage. Selective spraying also has the
important advantage of greatly reducing the exposure
of the spraymen to insecticide.

In view of the above results of village-scale trials, a
large-scale malaria control trial was carried out (a) to
determine, under operational field conditions, the
effect on malaria transmission (in degree and length
of time) of full coverage and selective coverage with
fenitrothion 401o wdp in a dosage of 2 g/m2, and
(b) to provide operational experience and other

d BANG, Y. H. ET AL. Selective application offenitrothion for
control of the malaria vector Anopheles aconitus in Central Java,
Indonesia. Unpublished WHO document, WHO/VBC/81 .822
(1981).

e JOSHI, G. P. ET AL. Ecological studies on Anopheles aconitus
in the Semarang area ofCentral Java, Indonesia. Unpublished WHO
document, WHO/VBC/77.677 (1977).
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information which will enable rational decisions to be
taken regarding further use of this insecticide and
these methods in malaria control. We report here the
results of this trial.

METHODS

Trial area and experimental design

The trial was carried out in Regency Banjarnegara
(Fig. 1) in Central Java, where the highest malaria
rates in the province have been recorded for a number
of years. The area lies at the base of the Dieng Plateau
at an elevation of 300-500 m; the annual rainfall is
3500-4500 mm in this area, the rainy season extend-
ing from November to April. Agriculture is the main
activity and rice the principal crop. Rice cultivation is
mostly in terraced, irrigated paddies, which are the
main breeding places of the vector, and is not seasonal
in most areas because of the year-round availability of
irrigation. Mosquito breeding therefore continues
throughout the year.

In Java A. aconitus is largely zoophilic to cattle,
especially water buffalo, and diurnally exophilic, rest-
ing in stream beds and the shaded banks of irrigation

canals. Although the species is exophagic when the
hosts are outdoors, the vector readily enters houses
and cattle shelters to feed.e

Three areas of similar size (72.7-76.7 km2) and
population (51 895-55 084) were selected, one of
which was treated with full coverage, another with
selective coverage, and the third left untreated as a
control, as shown in Fig. 1 and Table 1. Although a
larger area (200 km2) is usually recommended for this
type of trial, the criteria for total population was met.
The small size of each area did not in any way prove
detrimental to the evaluation. Furthermore, the
villages in the selected areas were surrounded by the
mosquito breeding sites and were within the flight
range of the vector.

For ethical reasons, some modifications had to be
made to the design of the intervention, the treatment
areas being assigned on the basis of the history of
endemicity. Thus, full coverage was applied to an
area of high transmission, selective treatment to an
area of more moderate transmission, and no treat-
ment to an area of low transmission-instead of
having more comparable endemicities for all treat-
ments. In the evaluation of the treatments, this
selection of intervention areas based on ethical

REGENCY BANJARNEGARA

Scale 1: 125.000

Fig. 1. Map of Regency Banjarnegara, Central Java, showing the fenitrothion trial areas.
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Table 1. Treatments, areas, population and dates of spraying in the malaria control trial with fenitrothion 40% wdp
at 2 g/m2 in Regency Banjarnegara, Central Java, 1981-82.

Coverage Subdistrict
(area in kM2)

Full coverage Wanadadi and
Banjarmangu

(74.6)
Selective coverage Bawang

(76.7)
Untreated Purwonegoro

(72.7)

a Government census, 1980.

25

2 0

. 1101

4 0

Population a

54 592

51 895

55 084

1979

1 st cycle
(1981)

16 Feb. to 18 May

16 Feb. to 18 May

Dates of spraying

2nd cycle
(1981)

24 Aug. to 17 Oct.

24 Aug. to 13 Oct.

1901

3rd cycle
(1982)

15 Feb. to 1 April

15 Feb. to 31 March

1062
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Fig. 2. Malaria slide positive rates (SPR), P. falciparum index, and treatment histories of the three trial areas in
Regency Banjarnegara, Central Java, 1978-82. Full coverage (*- e); selective coverage (0- 0); untreated
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considerations was taken into account.
Malaria control measures in the past have been

based on residual spraying with DDT (2 g/m2),
thermal fogging with 2% fenitrothion, and active and
passive case detection with radical treatment of posi-
tive cases. Fig. 2 shows the results of insecticide inter-
vention measures from 1978 to 1982, as indicated by
the malaria slide positive rates (SPR) and the
Plasmodium falciparum index (as a percentage of all
infections) in the three trial areas.

Spraying operations and safety
All treatments were made using a 400/ wdp for-

mulation of fenitrothion applied at a target dosage
of 2 g/m2 during the periods shown in Table 1 and
Fig. 2. The insecticide was all purchased at the same
time and met the WHO specifications before the 1st
and 3rd spray cycles. Originally only two spray cycles
were planned, but sufficient stocks of insecticide
remained for a 3rd cycle with selective coverage and
this was applied to both the selective coverage area
and to the area which previously had two cycles of full
coverage.

In the full coverage treatments all the indoor wall
surfaces were sprayed to a height of 3 m, including
ceilings, or roofs as well as the under-sides of furni-
ture. This type of insecticide application is the
standard practice of the malaria control programme
in Indonesia. The outdoor walls were treated when
the roof overhang was 1 m or more, and all cattle
shelters and other outbuildings were similarly
treated.

Selective coverage treatment was the same as full
coverage, except that the house walls were sprayed
along a horizontal area between 10 cm and 85 cm
from the floor, 75 cm being the swath width of the
standard sprayer and nozzle tip. The cattle shelters
were sprayed, as with full coverage, to a height of
3 m.
The insecticide was prepackaged in plastic bags of

500 g per bag (2 bags per pump charge) and applied
with Hudson X-pert 8.5-litre compression sprayers
fitted with Teejet 8002 E HSS nozzle tips. Each spray
team consisted of 5 spraymen and a supervisor.
The spraymen were supplied with protective

clothing, including cotton coveralls with full sleeves,
canvas shoes, and broad-brim, rigid straw hats, all to
be washed daily. Also, 8-ply gauge masks were worn
and changed several times when they became wet.
Soap and towels were also provided for washing of
hands and face after each pump charge.
The cholinesterase levels of spray personnel were

monitored weekly (by the tintometric method) in the
full coverage area and fortnightly in the selective
coverage area. Spraymen who were found to have a
cholinesterase depression of at least 50%o were

withdrawn from spraying until the levels returned to
normal.

Parasitological evaluation

Parasitological evaluation consisted of surveillance
by active and passive case detection, the vast majority
of the blood samples by the former. Presumptive
treatment with chloroquine and pyrimethamine was
given and the positive cases were followed up with
radical treatment of 3-5 days' duration. The malaria
slide positive rate, rather than incidence, was used as
an indicator because the blood examination rate
varied with time and place as a result of budgetary
problems.

Entomological evaluation

Entomological evaluation of the trial was carried
out in two villages in each of the treatment areas, each
village being sampled every other week. Observations
began 2-3 months before the 1st spray cycle and con-
tinued for 6 months after the last spray cycle. The
following collections of adult female A. aconitus were
made in each village, with ovarian dissections for
parous rates made from all collections.
Nocturnal (18-22 h 00):f

(a) Indoor, landing on man (2 collectors in each of
2 houses)

(b) Outdoor, landing on man (2 collectors for each
of 2 houses)

(c) Resting in cattle shelters (2 shelters, 15
min/shelter/hour).
Morning (07-09 h 00):

(a) Resting in outdoor sites (2 men for an hour
each).

Contact and air (fumigant effect) bioassays were
done in one village in each sprayed area every fort-
night using standard WHO methods and laboratory
reared Aedes albopictus. Contact bioassays were
exposed for 30 min in the morning and air bioassays
for 4 hours in the evening.

Susceptibility tests with diagnostic dosages of 4%
DDT and 1 7o fenitrothion (one hour exposures) were
carried out before treatment, using standard WHO
methods.

RESULTS

Spraying operations and safety
Table 2 gives the number of houses sprayed and the

amount of insecticide and manpower used in each
f Resting indoors was omitted owing to the very low density

observed.
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Table 2. Comparison of spraying operations data using full coverage and selective coverage in Regency
Banjarnegara, Central Java.

Treatment
Percentage

Full Selective reduction'
coverage coverage

Total population 55 592 51 895
No. of houses 13 003 10 710

No. of houses sprayed 1%)

1 st cycle 13 003 (100) 10 710 (100)
2nd cycle 12 522 (96) 10 687 (99)
3rd cycle 12 446 (96) 10 433 (97)
Total 37 971 (97) 31 830 (99)

Kg of insecticide used (kg/house)
1st cycle 18 169 (1.40) 5 358 (0.50) 64
2nd cycle 16 850 (1.34) 5 048 (0.47) 65
3rd cycleb 6 518 (0.52) 5 090 (0.49)
Total - - 15 496 (0.49)

Manpower utilization

1 st cycle:
sprayman-days 2070 900
houses/day/sprayman 6.3 11.9 47

2nd cycle:
sprayman-days 1924 900
houses/day/sprayman 6.5 11 .9 45

3rd cycle:b
sprayman-days 960 900
houses/day/sprayman 13.0 11.6

a Compared to full coverage.
b3rd cycle with selective coverage.

cycle. As can be seen, over 950o of the houses were
treated in all the cycles and treatment areas. With full
coverage, insecticide consumption per house
averaged 1.40 kg in the 1st cycle and 1.34 kg in the
2nd cycle, against 0.50 kg and 0.47 kg with selective
coverage, the latter representing reductions of 640%
and 65%7o, respectively, compared with full coverage.
Likewise, with full coverage, in the 1st and 2nd cycles
an average of 6.3 and 6.5 houses per sprayman per
day were treated, against 11.9 houses per sprayman
per day with selective coverage, thus reducing the
manpower used by 47% and 45%, respectively, com-
pared with full coverage. These calculations of the
savings in insecticide and labour were based on the
data from two cycles, but with long-term use of the
selective spray method the percentage of savings
could be less than stated above, because of a longer
residual effect with full coverage.

There were no serious cases of intoxication among
the spraymen, although a few were hospitalized
briefly for observation because of minor complaints
which may have been associated with overexposure.
However, it was found that after 3-4 weeks of

exposure the cholinesterase levels were generally
reduced by 2507o or more, and therefore spraying was
suspended for one week after every 4 weeks. With
selective coverage, there were significantly fewer
spraymen with cholinesterase reductions of 50%o or
greater, compared with full coverage (Table 3).
Although, on average, 6.0 pump charges per spray-
man per day were applied in the areas of selective
coverage (compared with 8.8 charges for full coverage
at the same dosage of 2 g/m2), in a comparable area
(Table 3, footnote a) with full coverage at 1 g/m2
only, an assumed 4.4 charges per day were applied but
still resulted in a significantly higher percentage of
spraymen with reduced cholinesterase levels. We feel
this assumption of 4.4 charges, or one-half of 8.8
charges with 2 g/m2 (ratio of 1:2), is valid since data
from village-scale trialsg showed an even lower ratio
of 1: 2.3 pump charges with full coverage and dosages
of I and 2 g/m2. These results indicate that most of
the over-exposure of spraymen to insecticide, as
shown by the levels of cholinesterase inhibition,
occurred during the full-coverage operations.

g See footnotes b and c on page 783.



S. GANDAHUSADA ET AL.

Table 3. Percentage of spraymen applying fenitrothion using full and selective coverage,' with at least 50%
reduction in cholinesterase activity (as measured by the tintometric method) and average number of pump charges
applied per sprayman per day, Regency Banjarnegara, Central Java

Coverage, dose, Period of exposureb Total Pump
and cycle Total for for all chargesc

2 weeks 4 weeks 6 weeks 8 weeks each cycle 3 cycles per day

Full, 2 g/m2
1stcycle 2.9 (34) d 9.1 (44) 0.0 (43) 4.5(44) 4.2 (165) 6.0 (332)f 8.8
2nd cycle 3.4 (58) 14.3 (56) - 5.7 (53) 7.8 (167)
3rd cycle' 0.0 (30) 3.3 (30) - - 1.7 (60) -

Full, 1 g/m2
1st cycle - 10.2 (39) 13.9 (36) - 12.0 (75)
2nd cycle 0.0 (45) 2.2 (45) 4.4 (45) 14.6(41) 5.1 (176) 7.4 (417)' 4.4
3rdcycle 6.7(4.5) 11.1 (45) 11.4 (44) 0.0(32) 7.8 (166)

Selective, 2 g/m2
1st cycle 0.0 (15) 13.3 (15) 0.0 (15) 0.0 (16) 3.3 (61) 6.0
2nd cycle 0.0 (25) 0.0 (25) 0.0 (22) 0.0 (22) 0.0 (94) 1.8 (279)h
3rdcycle 0.0(24) 4.5(22) 5.5 (18) - 3.1 (64)

a Data for full coverage at 1 g/m2 from outside the study area; these applications were made during the same period and the
cholinesterase was monitored by the same personnel.

b One week's interval without spraying after the 4th week.
Calculated from data in Table 2. Full coverage at 1 g/m2 was assumed to be one-half of 2 g/m2.

d Figures in parentheses indicate the number of spraymen monitored.
'Selective coverage was applied in this area in the 3rd cycle.
f 1 st and 2nd cycles only.
'Not significantly different from full coverage, 2 g/m2 (P> 0.05).
hSignificantly different from both full coverage dosages (P < 0.05); includes data from 3rd cycle in the full coverage, 2 g/m2

area.

The slide positive rates and Plasmodium
falciparum index, by month, from January 1981 to
September 1982 are shown in Fig. 2 and, together with
the number of slides examined, in Table 4. In the full
coverage area the slide positive rate was progressively
reduced from 6.5% in January 1981 to 0.04%0 in
September 1982, and the P.falciparum index from
35.8% to 0.0%. The index was zero for three months
(November 1981 to January 1982) after the 2nd spray
cycle and again during May and the 3rd quarter of
1982. The selective coverage area likewise showed a
progressive reduction in the slide positive rate from
1.9% to a low of 0.03% in April 1982 immediately
after the 3rd spray cycle, after which it increased
slightly to 0.4% and 0.2% in August and September,
respectively. However, the selective coverage did not
rapidly reduce the P.falciparum index, which was
zero only in February, April, and June 1982 and
returned to over 73% during July to September 1982,
although there were only a total of 28 cases during this
period. In contrast, the slide positive rate in the
untreated area fluctuated between 6.4% and 0.8%
between January 1981 and September 1982, with
peaks in March (5.9%) and October (6.4%/) in 1981
and in July 1982 (4.4%); the P.falciparum index
remained mostly above 70%.

Entomological evaluation

Average monthly A. aconitus density indices
(number of mosquitos per man-hour) in the dif-
ferently treated areas are plotted by type of collection
in Fig. 3 (indoor and outdoor landing rates) and Fig. 4
(night, cattle shelter, resting; morning, outdoor,
resting). As would be expected, the indices in the area
of full coverage were reduced more rapidly than in the
area of selective coverage, but the indices in both
areas were reduced to (or near) zero after the 2nd
spray cycle in October 1982. In contrast, in the
untreated area the indices remained high, with peaks
in August 1981, February-March 1982 and August-
September 1982. The drop in densities in all
collections in the untreated area in November-
December 1981 was due to the rice fields being dry as a
result of closure (for repairs) of the large public
irrigation system which serves much of the area.

Post-spray parous rates were lower than in the pre-
spray period in those collections where sufficient
mosquitos were available to be dissected (Table 5).
For mosquitos landing on man, the parous rate was
reduced from 46% to 12% in the area of full coverage
and from 56%o to 39%o in the area of selective
coverage. The chi-square test showed these reductions
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Table 4. Number of slides examined, the malaria slide positive rates (SPR), and the P. falciparum index (PFI) from
January 1981 to September 1982 in the fenitrothion trial area of Regency Banjarnegara, Central Java

Full coverage' Selective Untreated
Year and month

coverage'

No. of slides SPR PFI No. of slides SPR PFI No. of slides SPR PFI

1981

January 8388 6.5 35.8 5595 1.9 48.1 1190 2.9 68.6

February 8634 5.1 38.2 5886 1.2 35.7 2789 2.2 75.4

March 8305 5.3 44.7 5687 1.9 49.5 1590 5.9 75.5

April 7114 3.7 38.4 4771 1.4 60.0 1484 4.6 76.8

May 1548 2.9 42.2 1995 0.8 40.0 1124 1.4 56.2

June 1789 3.8 30.0 1461 1.6 50.0 897 0.9 37.5

July 1309 3.1 24.4 1203 0.7 37.5 872 4.1 77.8

August 2316 2.1 18.8 1687 0.6 36.4 844 2.5 85.7

September 3322 1.7 3.6 2748 1.0 41.4 1070 5.7 88.5

October 3962 1.1 9.5 3148 0.5 25.0 1098 6.4 94.3

November 2733 1.2 0.0 2201 0.4 75.0 2309 1.3 70.0

December 1381 0.9 0.0 1196 0.2 66.7 885 3.4 93.3

1982
January 993 0.8 0.0 1013 0.3 33.3 711 1.7 83.3

February 3990 0.8 3.3 4476 0.2 0.0 3149 0.8 84.6

March 4805 0.4 5.9 4355 0.1 20.0 2871 0.8 90.9

April 4693 0.3 12.5 3577 0.03 0.0 2794 1.4 92.3

May 4661 0.2 0.0 3130 0.1 25.0 2849 1.7 89.6

June 3685 0.3 10.0 2672 0.1 0.0 1903 2.6 85.7

July 3837 0.05 0.0 2811 0.3 87.5 2425 4.4 84.2

August 4787 0.06 0.0 3452 0.4 73.3 3379 4.1 87.0

September 4473 0.04 0.0 3120 0.2 85.7 3468 3.7 90.7

a For dates of spraying, see Table 1.

to be statistically significant (P = <0.05). For
mosquitos resting in cattle shelters in the selective
coverage area, the rate was reduced from 67% to
42%, which was not statistically significant because
the numbers collected were small. However, these
small numbers indicated the efficacy of the treatment.
In the untreated area, the parous rates generally
increased in the post-spray period compared with the
pre-spray period.

Contact bioassay test results (Table 6) show that
mosquito mortalities remained above 70% for the
entire period between the 1st and 2nd cycles, except in
the case of bamboo in the selective coverage area; the
maximum duration of effectiveness was 28 weeks. As
would be expected, the air bioassays showed a shorter
residual effectiveness than contact bioassays, and the
results with selective coverage were less than with full
coverage. However, in both treatments there was a
progressive increase in residual fumigant action in

successive cycles, i.e., from 8 to 17 weeks in houses
with full coverage and from 4 to 11 weeks with
selective coverage, whereas in cattle shelters the
residual activity increased from 8 to 15 weeks with full
coverage and from 4 to 11 weeks with selective
coverage.
The results of susceptibility tests carried out with

A. aconitus before treatment confirmed resistance to
DDT and susceptibility to fenitrothion: 1.3-28.67o
mortalities with DDT and 100%7o mortalities with
fenitrothion.

DISCUSSION

The above results show that residual fenitrothion
was very effective in reducing malaria when applied
at a dosage of 2 g/m2 with full coverage of interior
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Table 5. Comparison of parous rates in various collections of A. aconitus in pre- and post-spray periods with full
coverage and selective coverage, and in untreated areas in Regency Banjarnegara, Central Javaa

Pre-spray period Post-spray period

Situation and coverage Number Percentage Number Percentage

dissected parous dissected parous

Landing on man

Full coverage 465 46 49 12
Untreated 200 52 406 78

Selective coverage 591 56 69 39
Untreated 232 56 380 79

Night, cattle shelter, resting
Full coverage 45 60 1 0/1l
Untreated 55 56 1391 67

Selective coverage 270 67 12 42
Untreated 92 67 1356 66

Morning, outdoor, resting
Full coverage 251 33 10 0/1Ob
Untreated 332 40 1112 54

Selective coverage 175 48 4 3/4b
Untreated 432 42 989 53

a Till the end of September 1982.
bThese are actual numbers; the numerator is the number parous and the denominator is the number of mosquitos dissected.

Table 6. Number of weeks when the percentage of mosquitoa mortality, during the contact and air bioassay tests,
remained above 70% in areas of full coverage and selective coverage, Regency Banjarnegara, Central Java

Full coverage Selective coverage

Cycle Contact bioassay Air bioassay Contact bioassay Air bioassay

Wood Bamboo Houses shelters Wood Bamboo Houses shelters

1 28b 28 b 8 8 26b 18 4 4

2 19 19 17 15 23b 23b 7 5

3 23 23 17c 13' 23 17 11 11

0 Aedes albopictus using standard WHO methods, with 72 and 88 mosquitos per test in the contact and air bioassays
respectively. Abbott's correction was made when necessary.

b All tests showed above 70% mortality till the time of respraying.
c This cycle was treated with selective coverage.

surfaces up to a height of 3 m, or with selective
coverage of surfaces with a single swath between
10 cm and 85 cm from ground level. While selective
coverage was somewhat less effective, compared to
full coverage, in that transmission was reduced at a
slower rate and the P.falciparum index was much less
affected, the advantages of selective coverage should
be carefully considered in choosing between the two
methods. The first advantage is reduced cost, which
for the first two cycles of this trial was US$1.37 per

person protected per year, against $4.24 for full
coverage, a 68%o reduction (Table 7). Insecticide and
operational costs were reduced by 69%o and 52%o, res-
pectively, the former being the most important saving
because insecticide accounted for over 9007o of the
total costs with both methods. The second advantage
of selective coverage is the reduced exposure of the
spraymen to insecticide, as compared with full
coverage. However, insecticides like fenitrothion
should always be sprayed with proper supervision and
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Table 7. Analysis of the costs per person per year protected against malaria by 2 cycles of full and selective coverage
with fenitrothion 40% wdp at 2 g/m2, Regency Banjarnegara, Central Java, 1981

Cost component Full coverage Selective coverage Percentage savingsa

Insecticide needed for 2 cycles (kg) 35 019 10 406

Cost at US$ 6.19/kg 216 768 64 413 -

Cost/person/year (US$) 3.97 1.24 69

Operations:
No. of sprayman-days 3 994 1 800 -

Cost at US$ 1.90/day 7 589 3 420 -

Cost of equipment, supervision and misc. (US$) 6 909 3 167 -

Total cost of operations 14 498 6 587 -

Cost/person/year (US$) 0.27 0.13 52

Total costs (US$) 231 266 71 000

Cost/person/year (US$) 4.24 1.37 68

a Between full coverage and selective coverage costs.

Table 8. Malaria slide positive rates (SPR) and the
P. falciparum index (PFI) in subdistrict Punggelan,
treated with full coverage at 1 g/m2, Regency
Banjarnegara, Central Java

No. of
Year and month No. of positive SPR PFI

slides slides 1%) 1%)

1981:

January 8873 7676 8.6 43.8
February 10869 823 7.6 49.8

March 10033 707 7.0 44.8

April 8888 498 5.6 45.1

May 1038 122 11.8 52.4

June 1013 91 9.0 30.8

July 892 30 3.4 26.7

August 2183 91 4.2 35.2

September 2774 73 2.6 23.3

October 3133 45 1.4 2.2

November 2175 48 2.2 8.3

December 1115 26 2.3 23.1

1982:

January 959 28 2.9 0.0

February 3364 35 1.0 5.7

March 3364 12 0.4 0.0

April 3153 17 0.5 0.0

May 3421 12 0.4 0.0

June 3129 5 0.2 0.0

July 3757 4 0.1 0.0

August 4136 2 0.05 0.0

September 3837 2 0.05 0.0

full attention to all safety precautions.
Several neighbouring subdistricts, not included

in this study, were simultaneously treated with
fenitrothion (full coverage at 1 g/m2) and, for com-
parison, the surveillance data from one subdistrict,
Punggelan, are given in Table 8 and in Fig. 5 (plotted
with the results of full coverage at 2 g/m2 and
selective coverage). The 1 g/m2 treatment was about
as effective as that at 2 g/m2, especially after the 3rd
cycle in 1982, in which (it must be remembered) the
2 g/m2 full coverage area was actually treated with
selective coverage. It thus appears that full coverage
at a dosage of 1 g/m2 is sufficient to control
A. aconitus, thereby reducing the cost of insecticide
by 50%0 and the total cost by 39/o. This effectiveness
of spraying in 6-monthly cycles at a 1 g/m2 dosage
rate supports Fontaine et al. (2) who found that feni-
trothion at 2 g/m2 in 3-monthly cycles was very
effective in controlling malaria in A. gambiae and
A.funestus areas of Africa and suggested that this
insecticide could perhaps be used at a lower dosage or
a less frequent cycle, or both.
Damar et al. (1) have pointed out that selective

spraying methods were used as early as 1947-50 in the
Sardinian project, where A. maculipennis Meigen
rested above 1.5 m from ground level and treatments
with DDT from this height to 4 m were highly
effective, although "such selective application has
not been more widely exploited, probably for a
variety of reasons such as: (a) the relatively low cost
of DDT for many years; (b) stress on the use of
standard methods in the worldwide malaria eradica-
tion campaign in which complete coverage was
emphasized; and (c) lack of relevant entomological
information on many of the vector species".
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Fig. 5. Malaria slide positive rates (SPR) in areas treated with three different regimens of residual fenitrothion in
Regency Banjarnegara, Central Java, from January 1981 to September 1982.

Recently, Shaw et al. showed in village-scale trials in
Central Java that A. aconitus could be at least
partially controlled by exploiting its zoophilism and
treating only cattle shelters with fenitrothion.h How-
ever, even when vectors do not exhibit preferential
resting habits, significant savings may be possible, as
was shown by Gramiccia et al. in Lebanon, where
DDT (sprayed on the internal walls and ceilings in
horizontal bands 30 cm wide, alternating with bands
of the same width left unsprayed) controlled the
vector species with a 30% reduction in costs (3).
The present trial has shown that all three regimens

of treatment (full coverage in two dosages and

selective coverage) are effective for malaria control in
Central Java, each having its own advantages relating
to effectiveness or cost which should be considered in
selecting one of them for use, taking into account also
such factors as the amount of transmission and the
desired rate of reduction to a level of transmission
that may be acceptable, the degree to which safety
measures can be enforced, and the availability of
funds to pay for the insecticide, etc.

h SHAW, R. F. ET AL. Residual treatment of cattle shelters for
control of zoophilic malaria vector, Anopheles aconitus, in
Indonesia: a village-scale trial (unpublished manuscript).
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RtSUMt

LUTTE ANTIPALUDIQUE AU MOYEN DU FENITROTHION A EFFET REMANENTA JAVA CENTRAL, INDONESIE:
EXPERIMENTATION, A L'ECHELLE OPERATIONNELLE, DE DEUX TRAITEMENTS, PAR COUVERTURE

COMPLETEOU SELECTIVE

L'utilisation, dans la lutte antipaludique, du f6nitrothion
a effet r6manent a fait l'objet d'essais a l'6chelle operation-
nelle a Java Central (Indonesie), de 1980 a 1982. Deux zones
d'une superficie d'environ 70 km2 et comptant chacune
quelque 50 000 habitants ont ete choisies dans la "Regence"
de Banjarnegara en vue d'un traitement par le fenitrothion
(poudre A 40% dispersable dans l'eau) A la dose de 2 g/m2, a
raison de 3 cycles d'epandage A 6 mois d'intervalle. Dans
l'une de ces zones, on a proc6d6 A une couverture totale (pul-
verisation a l'interieur des logements et des abris du betail
jusqu'A 3 m de hauteur) lors des deux premiers cycles, puis a
une couverture s6lective lors du troisieme (c'est-A-dire en
limitant la pulverisation dans les logements A une bande
horizontale de 75 cm de hauteur, allant de 10 A 85 cm A
partir du sol, tandis que dans les abris du betail on pulveri-
sait encore jusqu'a 3 m); dans la seconde zone, on s'est con-
tent6 d'une couverture selective lors des trois cycles. Le
choix du traitement par couverture selective s'explique par
le fait que le vecteur, un anophele resistant au DDT,
Anopheles aconitus, est principalement zoophile et se repose
de pr6f6rence A la partie inferieure des surfaces verticales,
puisque environ 80% de ces moustiques sont observes A
moins de 85 cm du sol.

L'essai a montre que l'epandage de fenitrothion A la dose
de 2 g/m2, par pulverisations A effet remanent sur un cycle

de 6 mois, a permis de tenir le paludisme en 6chec dans des
regions o'u le vecteur, A. aconitus, est resistant au DDT. Une
couverture totale a raison de 2 g/m2 dans tous les loge-
ments, jusqu'a une hauteur de 3 m, a donn6 les meilleurs
resultats, mais une dose de 1 g/m2, moins cofiteuse, semble
presque aussi efficace sur le plan 6pid6miologique. La
couverture selective & la dose de 2 g/m2 a 6galement ete
efficace, bien qu'avec de moins bons r6sultats que dans le
cas d'une couverture totale; mais elle a l'avantage de reduire
les co(uts de 68% par rapport a la couverture totale a la
meme dose et de 39% a la dose de 1 g/m2. Le f6nitrothion
est utilisable dans de bonnes conditions de s6curit6
moyennant certaines precautions, mais il faut noter que le
traitement par couverture s6lective s'accompagne beaucoup
moins souvent d'une depression de la cholinest6rase chez le
personnel charge des pulv6risations. Le choix de la dose et
de la methode appropri&es pour la suite de l'utilisation
operationnelle de cet insecticide devrait se fonder sur
l'examen de divers facteurs: importance de la transmission
du paludisme et ampleur de la r6duction visee, niveau de
transmission jug6 tol6rable, possibilite de faire observer les
mesures de securite et budget disponible pour couvrir l'achat
de l'insecticide et le cofit des operations de
pulverisation.
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