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EXTERNAL APPLICATION OF PROPOXUR IN VILLAGE TRIALS
 
AGAINST ANOPHELES ALBIMANUS IN EL SALVADOR,
 

CENTRAL AMERICA 1
 

JOSEPH R. AUSTIN 2 

INTRODUCTION 

Acbin 


Alternate insecticides as substitutes for 
DDT for use in antimalaria programs are 
being sought, but few compounds have 
reached the stage of field testing in prob- 
lem areas. The Central America Malaria 
Research Station (CAMRS) in San Salva- 
dor, El Salvador, Central America, has 
tested several' materials foi use as residual 
applications to wadl surfaces in villages 
where malaria is a probl:m. 

Normally, residual-type insecticides are 
applied inside houses. DDT has '-ecn 
utilized in this manner fur mor,. than 
2o years, b,,t anopheline rcsistance to DDT 
has precluded its use in some areas 4f the 
world including much of Central Amer-
ica. Three insecticides thought to have 
prcrnise against Anopheles albimanus were 
tested by CAMRS in village trials in El 
Salvador starting in 1969. Although car-
baryl,3 fenitrothion 4 and propoxur " were 
tested, only propoxur was judged under 
the .onditions of the studies to be effec- 
tive against A. albimanus. 

Carbaryl applied at the rate of 2 g/m 
prepared from an 85 percent water dis-
persible powder (WDP) formulation was 

'From the Central America Malaria Research 
Station, San Salvador, El Salvador, Malaria Pro-
gram, Center for Disease Control, Health Services 
and Mental Health Administration, Public Health 
Service, U. S. Department of Health, Education, 
and Welfare, Atlanta, Georgia 30333. This wrk 
was supported by the Agency for International 
.Development, U. S. Department of State. 

2Formerlr Research Entomologist, Central 
America Malaria Research Station, San Salvador, 
El Salvador, Central America. 

a Carbaryl (OMS-a9) = r-naphthyl methylcar-
bamate. 

4Fenitrothion (OMS-43) = o,o-dimethyl o-
(4-nitro-m-tolyl) phomphorrthioate. 

15Propoxur (OMS-33) = o-isopropoxyphenyl 
methylcarbamate. 

applied twice to all inside wall surfaces 
the southeastern coastal village of El 

Progreso. Treatments were made in June 
and October 1969, utilizing hand com­
pression sprayers. No effect on the num­
her of A. albimanus entering the treated 
Louses nor on the biting rate was noted. 
There was only 42 percent mortality of 
mosquitoes in the treated houses one week 
after the first treatment but ioo percent 
mortality was observed the first week after 
the seco id treatment. However, residual 
effectiveness disappeared rapidly (down 
to 13 percent after 6 weeks) with nturally 
entering and departing A. albimanus. 
Hence, carbaryl was found not to be use­
ful for the residual spraying of houses 
for malaria eradication in the .eastal, 
DDT-resistant problem area of El Sal­
vadcr. 

Fenitrothion was tested in the coastal 
village of El Zapotal, also in southeastern 
El .Salvador, in June 1969. The fenitro­
thioi-, prepared as a suspension from 50 
percent WDP formulation, was applied 
at a target dosage of 2 g/m2 of technical 
material. Four weeks after treatment 
A. albimanus morning resting densities 
in the treated houses equalled or exceeded 

pretreatment levels, and by the fifth week 
there was a marked decline in mortalities 
of mosquitoes found in the houses. Some 
indication of resistance of A. albimanus 

to fenitrothion was noted and a second 
application was not made. It was con. 
eluded that fenitrotb'on ,dld not be 
useful for residual spraying of houses as 
an antimalaria measure in this coastal 

problem area of El Salvador. 
Propoxur also was studied, utilizing ex­

terior house treatment rather than the 

conventional interior treatment. At, earlier 
study of the effectiveness of spraying of 
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houses in Sabah, East Malaysia, had indi-
cated that external spraying of walls with 
DDT at 4 g/m 2 appreciably reduced in-
side contact between man and the malaria 
vector of that area, Anophel.;s balabacen-
sis (Cheng, 1968). In late 1969 a pre-
liminary study therefore was made in 
El Slivador of the effectiveness of exterior 
house treatmerts with target dosages of 
4 g/m 2 of DDT and t g/m 2 of propoxur. 
Based on all-night biting rates and early-
morning house captures, there was no 
measurable effect with the DDT treat-
ment. In two open-type houses built with 
vertical pole walls treated exteriorly with 
propoxur at 2 g/m 2 there was a 3o per-
cent to 89 percent reduction of inside bit-
ing by A. albimanus during 5 weeks and 
86 percent to ioo percent reduction in 
one closed house for a period of 8 weeks. 

These results suggested further consid-
eration of this method with propoxur and 
consequently a small village-scale trial was 
carried out in March 197 o . Because of 
the difficulty of finding adequate popula-
tions of A. albimanus in El Salvador at 
this time of year for such a test, an area 
on the shores of Lake El Jocotal, with 
a high dry-season mosquito density, was 
chosen. h, that area there are two small 
fishing villages, El Borboll6n and La Cur-
runcha, situated along the edge of El 
Jocotal. This lake is located in the south-
eastern part of El Salvador in a valley 
some 25 meters above sea level. The 
houses are small and the construction is 
mainly of the "open" type, e.g., vertical 
poles, thatch, palm. 

The village of El Borboll6n was selected 
for treatment while the nearby village of 
La Curruncha was left untreated as a 
control. The houses in both villages h.I 
previously been sprayed with DDT at 2 
g/m2 for several years as part of the Na-
tional Malaria Eradication Program (Cam. 
pafna Nacional Anti-Paludica, CNAP). 

MATERIALS AND METHODS. For the first 
treatment with propoxur (March 1970) 
the locality of El Borboll6n was divided 
into two parts. The exterior treatment of 
houses at one end of the village included 
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only the eaves and the upper half of the 
walls (Area I) while treatment of the 
remaining (Area II) houses included the 
eaves and the entirc walls. In the second 
treatment (May 1970) all of the houses 
in the El Borboll6n study were treated 
alike, i.e., the eaves and all outside wall 
surfaces were sprayed. The evaluation, 
however, continued with the village di­
vided into the designated Areas I and 
II to note any difference in results. 

INSECTICIDE TREATMENT. The village 
was treated 5 March by four spraymen 
furnished by CNAP, using conventional 
hand-operated compression sprayers. The 
standard house-spraying technique had to 
be altered due t. the open condition of 
the houses. The r iethod of facing aiid 
spraying directly against the surface would 
have allowed considerable insecticide to 
penetrate into the houses, thus extensively 
contaminating the inside. The sprayman 
was trained to spray from an angle. The 
distances and speed remained the same 
as in conventional spraying but the spray­
man directed the spray at an angle one 
way then returned in the opposite direc­
tion thus treating all outer portions of any 
round surface, such as poles, with a mini­
mum of insecticide falling inside the 
house. Twenty-one houses were treated 
with one-half coverage and 35 with the 
total outside treatment, utilizing 37 sprayer 
charges and It working hours. 

A second treatmeiat was begun on 6 
May with three spraymen from CNAP 
using the same equipment. This time all 
houses were treated equally and included 
all eaves and exterior surfaces of the walls. 
Fewer houses were treated for a total of 
52, but only 59 charges were used, obvi­
ously resulting in a considerably lower 
applied dosage of insecticide than in the 
first test. Several houses in the study 
group were left unsprayed in this second 
test as they were in the process of being 
rebj'lt. The spraying of 52 houses by 
the three men was completed in one 8. 
hour day. 

The insecticide formulation utilized 
was 70 percent propoxur WDP, prepared 
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as a 5 'percent suipension. The results of 
limited tests in three houses, in the second 
cycle, indicated variable deposits of 2 

g/m 2 to 4 g/m 2 of propoxur being ap-
2

plied, when the target dosage was 2 g/n . 
With this outside spraying technique, oc-
cupants of the houses were requested only 
to turn over bed covers, to remove ani-
mals, and to remove food or cover it well. 
It was not necessary to remove household 
furniture. No complaints were received 
from the occupants and none reported 
iliness in either test spraying. There was, 
however, in beth treatments one spray-
man who experienced nausea and had to 
rest. No further problems were reported. 

ENTOMOLOGICAL EVALUATION OF EFFEC-


TIVENESs. Evening and all-night captures 

from human bait were made week'y in 

two "fixed point" houses in the one-half 

treated area (Area I), two in the ttal 

treatment portion (Area II), and two in 

the untreated control village. The peri-

domiciliary captures began at iSao hours 

and continued until 2ooo hours when 

normally the majority of rural people go 
inside the houses. The door is usually 
closed and shortly thereafter they retire. 
The observer entered the house at 2ooo 
hours and, with the door closed, remained 
inside until o6oo hours making the mos-
quito captures directly from his exposed 
legs. Supervision had to be close as to 
the starting hour anO time ot entering 
the house as well as during the long late 
hours. 

EVENING FoUR-HOUR HUMAN BAIT CAP-

TUREs. These weekly captures were made 
from 18oo to 2ooo hours (peridomicili-
ary) and 2000 to 2200 hours (intradomi-
ciliary) for two purposes: first as a check 
to see if a shorter period could be used 
to show density changes instead of the 
long, difficult, 12 hours of overnight ob-
servations, and secondly as a check against 
the 12-hour captures that were carried 

out during the same week. 
In all human bait captures the "bait" 

was rotated among the test houses. The 
same two "fixed point" houses in the vil-
lages were utilized as in the 12-hour cap. 
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tures. The 4 -hour captures were made 
during the first test only. 

MORNING HousE REsTNG DENsITEs. 

House checks were made weekly ior live 
and dead anophelines in io "fixed point" 
houses in Area I, io in Area II of the 
treated village, and io in the control vil­
lage. There were two men to each group 
making the captures with aspirator and 
flashlight. They spent approximately 15 
minutes pc, house. The female A. albi­
manus encountered were grouped into 
bloodfeds, gravids, and nonfeds. The live 
specimens were held with sugar-water 
soaked cotton pads for 24-hour mortal­
ity observations. The men making the 
searches were rotated among the houses 
being examined. 

OUTSIDE FUM:GANT TESTS. In an at­
tempt to ascertain if a correlation existed 
betweea the fumigant action of the in­
secticide and the results of the human bait 
captures, one "fixed point" house in Area I 
and one in Area If were used for special 
outside fumigant tests. Small round wire 
cages io cm by 7 cm were placed approxi­
mately 14 cm above the ground level and 
Io cm from the wall surface and in the 
eaves area approximately 1o cm from the 
surfaces. There two cages to awere side, 
one in the eaves the other near the ground. 
Tn to 15 blood-fed females captured in 
the nearby cattle corral were placed in 
each wire cage. The A. albinanus util­
ized were captured as blood-fed females 
the night of the test and taken to the 
village to be pl.ced around the test houses. 
The exposure began at approximately 2000 

hours and continued for 3 hours if there 
was not ioo percent mortality earlier in 
all cages. The final mortalities were re­
corded at 'K. end of the 3-hour period. 
Survivors were not held for 24-hour inor­
talitirs. Two cages were held in the ve­
hicle as controls. 

oF OUTSIDE WALL SURFACES.BIOASSAYS 
Bioassays were made once prior to treat­
ment and on weeks 2 and 6 during the 
first test, and only once on week I during 
the second test. The bioassays were made 
on wood, thatch, mud, tile and poles in 
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houses in each treated area and in the 
untreated viilage. The pole tests were 
divided into "high" and "low," as the 
higher portion under the eaves was better 
protected and the insecticide deposits 
might last longer than in the lower areas 
near the ground. A speciall,' designed 
chamber for such round surfaces was util-
ized in these tests, twc being used in each 
wall-one high and one low-for a total 
of eight chambers per house. Ten to 15 
blood-fed females from the El Jocotal cor-
ral were used in each chamber. Because 
the tests were done at o6oo hours, i.e., 
after daylight, the chambers were coy-
ered with brown paper toweling to reduce 
the admission of light which would stimu-
late the escape mechanism so apparent 
among A. albimanus at this time of day. 
At the end of the 30-minute exposure 
period the test mosquitoes were removed 
from th: chambers using CO 2 gas anes-
thesia,mortalityandreadings.held 24 hours forwere for 

RESLLTS 

EVENING/ALL NIGHT HUMAN BAIT CAP-


TURES. The results for both peridomicili-


NEws 19 

ary and intradomiciliary biting rates in 
the first and second test are summarized 
in Table x. There were four weekly ob­
nervations made prior to treatment which 
indicated a very high density in the three 
parts of the overall study area. The con­
trol village and Area II (total treatment) 
had approximately the same density with 
average intradomiciliary captures, respec­
tively, of 427 and 478 total A. aibimanus, 
while Area I (partial treatment) had less 
with 293. 

Following the treatment it was noted 
tat in the houses in which only one-half 
of the outer walls were treated 'Area I), 
a marked reduction of intradomiciliary 
biting occurred only on week I. In the 
houses with complete outside spraying 
there was a notable reduction of intra­
domiciliary biting for 3 to 4 weeks before 
returning to pretreatment levels. 

In the second test, in which the exterior 
houseshes in bothin Areas II and 11 eewereofof Ara 

treated completely, there were good re­

ductions for 4 or 5 weeks, respectively. 
EvENING FouR-HouR HUMAN BAIT CAP-

TURFs. These captures, made only in the 

i8oo to o6oo hours in and around twoTAB1. i.-Average number of A. adbimanus bites/hour from 
houses in each area. Treatments with propoxur a g/m2, El Borboll6n, 1970. 

Date Week 

15 Jan. -7 
ao Jan. -5 
12 Feb. -3 
26 Fcb. -x 

5 Mar. o 
zaMar. 1 
19Mar. 2 
24 Mar. 3 

a Apr. 4 
9 Apr. 5 

21 Apr. -2 
29 Apr. -1 
6May o 

14 May 1 
21 May 2 

2- 3 Jun. 4 
9-iojun. 5 

Area I 

Peri.* Jntra.'" 

20.7 17.4 

51.7 43.2 
105.2 2!.4 

49.0 31.4 


PartialOutside Treatment 
11.7 2.1 
29.7 i8.6 
36.7 30.6 
48.7 28.2 
92.0 40.5 
63.0 30.6 

68.5 38.1 

Total Outside Treatment 
10.0 .6 
15.5 3.4 
99.0 9.6 
50.0 21.8 

0 Peridomiciliary coL-nts made between xfloo and 2ooo hours. 
o0 Intradomiciliary counts made between 2000 and o6oo hours. 

Control 
Area II no treatment 

Pcri.0 Intra.00 PCri.0 Intra.0 

44.6
49.7 39.5 47.7 


96.7 94.3 89.7 57.3 
93.0 40.3 41.5 34.1
 
34.5 17.1 54.5 34.8 

Total Outside Treatnt 
65.2 5.9 
50.0 7.3 
21.0 8.4 
51.o 25.7 

120.0 72.2 
26.2 6.2 

48.0 12.5 

Total Outside Treatment 
11.2 X.2 
36.5 1.8 

159.7 12.5 
64.5 13.7 

72.7 98.1 
65.0 93.0 
72.2 124.0 
79.0 sao.1 
67.0 70.1 
16.7 48.6
 
35.7 60.4 

5.7 14.2 
21.2 1x.5 

111.5 59.4 
89.0 42.6 

http:Intra.00
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first test, showed a marked reduction in 
inside biting for Area I during the first 
week, followed by a steady rise; however, 
not until week 5was the biting rate equal 
to pretreatment levels. A marked reduc-
tion of intradomiciliary biting occurred 
in Area II during a 4-week period with 
pretreatment levels being reached by the 
fifth week. In general, the results of the 
short, 4-hour observation period, appeared 
to confirm the results of the longer 12-
hour captures (Table I). 

MORNING HOUSE-RESnNG DENsrrs. 
The captures of live and dead mosquiocs 
inside the to "fixed" houses in the first 
test showed a reduction in the number of 
mosquitoes entering the treated houses for 
3 weeks in both Areas I and II (Table 2). 
In the second test a reduction in the num-
ber of enw.ring mosquitoes was again 
noted during a 4-week period (Table 2) 
while the mortalities in the two areas 
were about the same. 

It is of interest that on week 4 of the 
second test, the average of the to "fixed 
point" treated houses in Area 1I was 0.7 

live A. albimanus per house. In contrast 
one untreated house within the treated 
Area II yielded 29 and the houses in the 
untreated village gave an average of 26.9 
live mosquitoes per house. On week 5, 
when the effectiveness of the insecticide 
had alppeared to "break," there were 36 
live mosquitoes in the same uat. ated 
house and the untreated village had an 
average of 32.1 mosquitoes per house. 
Although on week 5 the to "fixed" treated 
houses in Area II had an average of only 
5.r A. afbimanus per house, in one of 
these houses 40 specimens were found. 

The marked reduction of early morn­
ing house-resting densities of A. albi­
menus following each of the exterior treat­
ments with propoxur generally paralleled 
the reduction in the human bait captures 
(Table i). The early morning captures, 
therefore, in this ic-aiity are considered 
a reliable index of tie effectiveness of an 
insecticide when applied as an exterior 
treatment. 

OuTsIDE FUMIGANT TESTS. It will be 
noted in Table 3 that the decline in fumi-

TABLE 2. Average indoor resting densities of A. albimanusper house (ten "fixed point" houses in each 
ar.). Based on 30 minutes collection per house starting at o6oo hours. Treatments with propoxur 2 
gfm2, El Borbollon, 1970. 

Area I 

Female A.dbimanus 

Date Week Alive Dead 

14 Jan. -7 7.7 0 
27 Jan. -5 11.5 0.4 

so-i Feb. -3 z6.6 1.4 
5Mar. 0 Partirl Outside Treatment 

toMar. 1 o.1 7.0 
17Mar. a 4.4 0.8 
24 Mar. 3 1.7 0.7 
31 Mar. 4 5.7 2.2 
7Apr. 5 33.8 0.5 

24 Apr. -a 66.6 0.2 
6 May 0 Total Outside Treatment 

13 May 1 0 3.6 
19 May 2 0 1.3 

3 No Capture 
a Jun. 4 1.3 0.4 
9Jun. 5 6.7 2.0 

Area II 

Female A. albimanus 

Alive Dead 

7.7 0 
18.1 0 
13.5 0.7 

Total Outside Treatment 
0 6.6 
4.7 o.6 
0.! 2.6 
4.6 s.5 


13.0 o.6 
21.6 0.5 


Total Outside Treatment
 
0 2.1 
0 0.2 

0.7 0.4 
5.1 0.4 

Control
 
No Treatment
 

Female A.dbimanus 

Alive Dead 

11.2 0 
4.3 0 

z5.6 1.9 

17.8 0.x 
10.5 0.2 
8.9 0 
3.6 0.3. 

18.7 0.3 
15.3 0 

11.7 0.1 
10.3 0.3 

26.9 1.2 
32.1 1.3 

Dead-ndicates number found dead in houses and mortalities after 24-hour period of those found 
resting inside houses. 



TAaLz 3.-Percentage mortality of A. adbimanus from three hours of exposure to fumigant action of propoxur, applied to outside of dwellings, El Borboll6n, 
1970. 

AREAI AREAn' 

Cages exposed in Cages exposed in 

High position Low position High position Low position 
0 

-1. of exposure: 1 2 3 1 2 3 1 2 3 2 3 o 

Weeks afte 
-treatment 

0t(5 Mar.) Partial Outside Treatnent Total Outside Treatment z 
* 30 100 ZOO .. .. 500 I.00 100 

2 x0o 00 100 3 6 306. .. 0 45 6o 
4 20 72 77 0 2 a "8 33 67 5 47 63 
5 0 17 37 a 0 

r 
0 0 3 2 o 3 8 

0 (6 May) . Total Outside Treatment Totl Outside Treatment 
2 75 zoO zoo 33 .67 75 40 93 100 75 85 Too 
4 8 70 97 3 3 5 0 30 zoo 5 38 .62 
5 23 43 50 2 5 5 30 65 o o z 

% ' : i .,. ,, . 
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24 hours after exposure to
TABLE 4.---ercentage mortality of field collected 4. albimanu$ females 

propoxur residues on outside wall surfaces. El Borboll6n, 1970. 

Poles 

Date Week Area Wcod Thatch Mud Tile High Low 

5 o 1 0 .. 0 3 6 2 
0 4 .2Mar. II 3 0 

5 0 Locality Treated 
Mar. 
18 2 I 100 38 100 100 46 

Mar. II too 85 63 59 100 79 
o 36 65 2166
14 6 1 

II 84 16 0 31 a6 atApr. 

6 o Locality Treated
 
May
 
12 1 I zoo .. 88 92 1oo 100 

May II 97 1oo 93 84 too 100 

minutes and the number of .4.abinmanus used ranged* The exposure period inthese tests was 30 

from 34 to 90 per tesi.
 

gant activity occurred more rapidly in the the coastal areas of El Salvador drastically 

"low" cage positions. By week 4 there reduced the number of intradomiciliary 

was an appreciable decline in mortality, bites by A. albimanus and the numbtr 

especially in the "low" positions and on of early-morning resting mosquitoes for 
week 5 reduced mortalities were obtained 3 to 4 weeks. 
in all The in fumigant Although the second treatment was ap­positions. loss 
activity appeared to be closely correlated plied to the same house several weeks after 
with the overall effectivenes, of the treat- the first treatment had lost most of its 
ments in reducing the number of mos- effectiveness, the data suggtst some addi­
quitoes entering the houses and in killing tive effect from the second cpplication. 

This additive effect app.rs to be sufficientthose which did enter. 
BIOASSAY OF OUTSIDE JALL SURFACES. to warrant further studies of this tech-

The results of the bioassays as shown in nique, with the subsequent insecticide 
Table 4 tended also to indicate that by applications being more closely timed to 
6 weeks after application the effectiveness coincide with the loss of an acceptable 
of the insecticide had decreasec to a low level of effectiveness from each previous 
level. These tests appeared to conplement treatment applied. 
the data from the other types of --valua- ACKNOWLEDGEMENTS. The author ac­
tion procedures presented previously. Dur- knowledges the valuable assistance given 
ing the post-treatment period untreated by Dr. Oscar Nave Rebollo and Ing. 
control houses showed mortalities similar Carlos Adalber- Sasso of the CNAP in 
to that in the pre-treatment. providing' personnel and equipment for 

the treatment of the selected areas. 

CONCLUSIONS 
Reference 

A single -pplicationof propoxur at the 
rate of approximately 2 g/m 2 to the eaves Cheng, F. Y. x968. Responses of AnopAeles

blabacensis to various patterns of DDT-spraying 
surfaces of shelters in Sabah, East Malaysia. Bull. WId.and the entire outside wall of 


houses of open or loose constru-tion in Hlth. Otg.38:469-477.
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VILLAGE TRIAL OF FENITROTHION AGAINST ANOPHELES ALBIMANUS 
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by 

2
 

Joseph R. Austin
 

ABSTRACT
 

Fenitrothion, formulated as a 50% 	water-dispersible powder, applied as a
 
2
residual treatment at the rate of 	2 g/m to houses in El Salvador, Central America,
 

controlled DDT-resistant Anopheles albimanus adults for approximately four weeks
 

on wood, thatch, pole, and tile surfaces. However, this period of residual activity
 
was judged to be too short to test this material further in antimalaria programmes
 

in the coastal problem areas of El Salvador.
 

Fenitrothion, (0, O-dimethyl 0-(4 nitro-m-tolyl) phosphorothioate, OMS-43), is an
 

organophosphorus insecticide which has undergone considerable study as a possible replacement
 

for DDT in residual house spraying antimalaria programmes. In a village trial during 1963
 
with fenitrothion in Nigeria, Africa, Bar-Zeev and Bracha (1965) reported anopheline densities
 
decreased to almost nil inside the treated village for the first six months after spraying.
 
Mortulity of anophelines captured 	in window traps in fenitrothion treated huts was highi for
 

seven nonths after treatment.
 

In El Salvador where vector resistance to DDT has caused serious problems for malaria
 
eradication, a substitute insecticide for DDT has been sought for many years. In 1969, an
 

entomological evaluation of fenitrothion was carried out in the village of El Zapotal, which
 
is located in the eastern part of the country. The village is situated in a valley 65 metres
 
above sea level near the foot of a low range of hills. The main Anopheles albimanus breeding
 

source is south of the village and in very close proximity to the dwellings. It is of the
 
"rainy-season" type, and 
for the most part is dry during the dry season. The rainy season
 
in this area is usually from May to November with a range of 1725 to 2570 mm of rain during
 

the year and a temperature range of 19.3°C to 37.2°C. There is extensive cotton-growing in
 
the vicinity of El Zapctal.
 

Approximately five kilometres south in the same valley at an altitude of 62 metres another
 

village, Playa Grande, was selected as a comparison village, although it was under routine
 
DDT residual spraying. An untreated village was not available as the country has been under
 

insecticide treatment for over 10 	years.
 

1 From the Central America Malaria Research Station (San Salvador, El Salvador), Malaria
 

Program, Center for Disease Control, Health Services and Mental Health Administration, Public
 
Health Service, US Department of Health, Education, and Welfare, Atlanta, Georgia 30333,
 

United States of America. This programme is supported by the Agency for International
 

Development, US Department of State.
 

Formerly Research Entomologist, Central America Malaria Research Station, San Salvador,
 
El Salvador, Central America.
 

2 
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Most houses in both villages have grass-thotch or tile roofs 
with pole or other "open"
 

Pole wall surfaces were found to be predominant in both villages.
 
type wall construction. 


Both villages had been routinely treated for several years 
previously by the Campa? a
 

2 g/m2.
 
Nacional Anti-Palu'dica (CNAP) (National 

Malaria Eradication Programme) with DDT 
at 


During the study period the control village was again treated 
with DDT when the six-monthly
 

Prior studies had already indicated that there was no apparent

cycle came due, 2 June 1969. 


effectiveness from DDT spraying when measured with present 
entomological evaluation Lechniques.
 

MATERIALS AND METHODS
 

was treated with fenitrothion 25 June
 - The test village (El Zapotal)
Insecticide treatments 

hand operated compression
the CNAP, utilizing conventional
by six spraymen furnished by 


sprayers. Fenitrothion as a 50% water-dispersible powder (WDP) was 
applied to 83 houses by
 

of the technical material. A total of
 
inside total coverage at a target dosage of 2 g/m

2 


83 houses were treated using 87 kg of fenitrothion WDP.
 

the time of spraying had an unpleasant odour.
 
It was noted that the insecticide at 


a dizzy feeling and one complained

Several female oocupants of the treated houses complained of 


in Southern Nigeria during 1963,
 
of nausea and headache. In a toxicological study carried out 


Vandekar reported that fenitrothion was safe enough for extended field trials, providing
 

precautionary measures including use of protective 
clothing and masks, washing after exposure
 

by inhabitants be observed.
and avoidance of treated surfaces contact 


ENTOMOLOGICAL EVALUATION
 

Ten "fixed point" houses selected throughout each village
Early morning resting densities ­
to a house using aspirators and flash-lights. The time
 

were searched bi-weekly by two men 

The female A. albimanus
 

spent was approximately 15 minutes to a house beginning at 0600 hours. 


specimens found were grouped into blood-feds, gravids, and unfeds. Counts were made of dead
 

anophelines found in the houses and those females found alive were held for 24-hour mortality
 

observations.
 

frames
 
Exit trap densities and mortalities - Collapsible exit traps made of marquisette and metal 


They were fixed
 
were placed over the open wall spaces of a pole-type house 

in each village. 


in place all night. The following morning at 0600 hours
 into position by 1800 hours and left 


the traps and the house were searched for live and dead anophelines. 
The live specimens were
 

held for 24-hour mortality observations.
 

Due to the possibility of a fumigant action from the insecticide 
affecting


Fumigant tests ­
round wire cages (10 x 7 cm) containing 15 blood-fed
 the exit trap captures, special 
 One
 

A. albimanus each were placed inside the exit traps to measure 
any fumigant activity. 


Following the overnight exposures, the
 
such cage was placed on eLch side of the house 


surviving mosquitos were transferred to clean cages and 
held for 24-hour mortality determina­

tions.
 

- Bi-weekly bio-assays of the main indoor surfaces were made
 Bio-assays of inside surfaces 

The removal of
method with modifications.
using the World Health Organization (WHO. 1963) 


gas anaesthesia. There
 
the mosquitos from the surface being tested was done by the 

use of CO2 


were 10 to 15 blood-fed females per testing chamber and the exposure period was 60 
minutes.
 

A special testing chamber was developed for the testing 
of the curved pole and tile roof
 

Two houses were selected for each type of surface to be tested and three testing

suri'ces. 


The main surfaces were wood, thatch, roofing tile, pole
chambers used per surface type. 

from one in nearby
from corrals in the locality, or 


and adO.be. The A. albimanus used were 


El Jocotal where there was a constant supply of A. albimanus 
known to be resistant to DDT.
 

to the bio-assay tests and held with
 
The test mosquitos were caught blood-fed the night prior 
 0600 hours on
The bio-assay tests were made starting at 
cotton pads soaked in sugar water. 


the morning following the captures.
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least one of the causes of the poor results
Susceptibility tests - In an effort to determine at 


obtained with feni'rothion in the village spraying, susceptibility tests were conducted to
 

evaluate the possible role of A. albimanus resistance to the insecticide. Before the arrival
 

of the special fenitrothion impregnated papers supplied by WHO, an expedient technique was
 

utilized for the susceptibility tests of A. albinanus in the study area. Plywood panels of
 

30 x 30 cm covered with kraft paper were sprayed with calculated dosages of the insecticide.
 

The day following treatment the panels were bio-assayed with the WHO testing chamber. Three
 
"cones" were used for each concentration, with from 10 to 15 blood-fed fomales per chamber,
 

using a 60-minute exposure period. Th exposed A. albimanus were removed from the testing
 

chambers with the use of CO2 and held for 24-hour mortality observations.
 

After the arrival of the fenitrothion impregnated papers from WHO, tests were done with
 

the local El Zapotal A. albimanus strain from the corral. Similar checks were made with the
 

DDT-resistant colony maintained at the Central America Malaria Research Station in San Salvador
 

and a strain collected from an additional corral (Hacienda Nueva) where there has been little
 

or no agricultural insecticide usage. The exposure period in all tests was 60 minutes.
 

DDT susceptibility tesLs, using the WHO procedure, were done employing four tubes with
 

WHO 4% DDT impregnated papers and a control, using an exposure period of 60 minutes-. The
 

mortality reading was made at 24 hours in all 
tests.
 

RESULTS
 

A series of throe of these early morning capcures were made
Early morning resting densities ­

prior to treatment, with a mean capture varying between 2.5 to 4.4 live A. albimanus per house
 

(Table 1). The first week after the fenitrothion treatment no live mosquitos were found but
 

an average of 1.4 dead females :1er house were encountered. By week 2, an average of 5.8 females
 

The captures on post-treatment week 4
 were found per sprayed house, with 4.0 of these dead. 


gave 3.9 live and 2.8 dead mosquitos per house. Beginning with week 4 the A. albimanus
 

morning resting densities equalled or exceeded pretreatment levels, and by week 5 there was a
 

marked decline in the mortalities obtained.
 

10 "fixed point" houses of the comparison village,
Similar captures were made in 


Playa Grande (Table 2). The mosquito densities appeared higher in Playa Grande from the
 

and during the nine-week period covered in the study the house-resting densities
outset 

Only in week 4 were any dead females
averaged 3.8 to 10.6 A. albimanus females per house. 


found i.nany of the houses.
 

Indoor and outdoor night-biting counts and corral counts were made in both villages to
 

These counts indicated
determine general overall population trends during the test period. 


a general population increase during the first two weeks after the fenitrothion treatment, 
a
 

subsequent decline to about pretreatment levels, arid another increase on week 9.
 

Exit trap densities and mortalities - The only post-treatment capture of this type that gave
 

100 mortality was at the end of one week. The others on weeks ', 6, and 8 gave 33, 50, and
 

From 85 to 1007 of the total female mosquitos encountered
40" mortalities, respectively. 


after treatment inside the house and in the traps were collected in the traps (Table 3).
 

I, 2, 5 and 8 in the DDT sprayed Playa Grande, like
During the post-treatment weeks 


captures in house 34A gave lower mortalities of 0 to 12% but with similarly high numbers
 

(73 to 100%) escaping into the traps (Table 4).
 

Fumigant tests - The fumigant action of fenitrothion was relatively low - only 18% mortality
 

the end of the first post­of the caged mosquitos exposed overnight in the exit traps at 


treatment week (Table 3), and no mortality on subsequent e).posures.
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Bio-assays of inside surfaces - With a one-hour exposure period on week 3, when the first post­

treatment tests were done in El Zapotal (Table 5), satisfactory 24-hour mortalities were
 

By the
obtained with fenitrothion only on wood (80%), thatch (92%), and roof tile (77%). 


fifth week all test mortalities were between 0 and 32% and subsequent tests showed a further
 

decline in mortalities.
 

All bio-assay tests done on the DDT-treated surfaces in the comparison village of Playa
 

Grande indicated 25% mortality on wood and less on all other surfaces tested.
 

Susceptibility tests - The WHO susceptibility tests indicated 	a high DDT-resistant strain of
 

A. albimanus present in the study area and comparison area (and also in the vicinity of
 

El Jocotal, which served as a collection site for some of the 	mosquitos used in the bio-assay
 

tests). This resistance (mortality less than 5% in all cases) accounted for the lack of
 

effectiveness of the DDT spraying in Playa Grande.
 

tests with the emergency Lechnique using fenitrothion,
In the preliminary susceptibility 


one-hour exposures of the mosquitos collected from the Zapotal corral to dosages as high as
 

0.031 	g/m
2 produced no mortality. Additional tests using higher concentrations produced the
 

2 2
 
following 24-hour miortalities: 29% with residues of 0.062 g/m , 73% with 0.125 g/m , 97% with
 

2 and 100% with 0.5 g/m
2 .
0.25 g/m
 

On receipt of the special fenitrothion-impregnated papers from WHO several comparison
 

tests were made with A. albimanus from Zapotal, the DDT-resistant colony in San Salvador, and
 

The results are summarized in
a non-agricultural zone of the country (Hacienda Nueva). 


Table 6.
 

The results of tnese tests indicated that the Hacienda Nueva and the DDT-resistant
 

colony strains were more susceptible to fenitrothion than A. albimanus from El Zapotal. A
 

mortality of 90 and 100%, respectively, was obtained in the Hacienda Nueva and colony mosquitos
 

in only 8 and 30% mortalities in two tests with the
with the 1.6% concentration which resulted 


The indicated resistance to fenitrothion in the mosquitos from El Zapotal
El Zapotal strain. 


the long years of usage of various different classes of insecticides in the
 may be due to 


nearby cotton fields. Methyl parathion, with a molecule similar to fenitrothion, is widely
 

used in cotton-growing areas of the country.
 

CONCLUSIONS
 

Considering the rapid decline in the mortalities in the residue bio-assay tests, the
 

quick return by week 4 of the house-resting densities, the low mortalities in the house and
 

exit-trap captures, and the indicated r-3sistance to fenitrothion in the susceptibility tests,
 

spraying of houses as
it was concluded that this insecticide would not be useful for residual 


Salvador.
an antimalaria measure in the coastal problom area of El 
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TABLE 1. EARLY 	MORNING CAPTURES OF A. ALBIMANUS INSIDE 10 HOUSES
 

TREATED WITH FENITROTHION (EL ZAPOTAL, 1969)
 

A. albimanus females
 

Date Week 	 Total Total
 
positive
 

Alive Dead Alive Dead
 

29 May -4 	 8 27 0 2.7 0 

5 June -3 8 44 0 4.4 0 

25 June 0 9 25 0 2.5 0 

Houses treated with fenitrothion at 2 g/m
2 

25 June 	 0 


1 July 1 5 0 14 0 1.4 

L8 40 1.8 4.08 July 2 9 


23 July 4 	 9 35 25 3.9 2.8
 

6 22 2 2.2 0.2
29 July 	 5 

12 August 	 7 9 41 8 4.5 0.9 

9 7 64 1 6.4 0.126 August 


Nine houses searched 
Alive = survived 24 hours after capture 

Dead = found dead or captured alive and died within 24 hours. 

TABLE 2. EARLY MORNING CAPTURES OF A. ALBIMANUS INSIDE 10 

"UNTREATED" HOUSES (PLAYA GRANDE, 1969) 

A. albimanus females
 

No.
 

Date Week houses Total Total
 

positive
 
Alive Dead Alive Dead
 

7 64 0 6.4 ­27 May -1 


0 Locality treated with DDT at 2 g/m
2
 

2 June 


0 7.8 ­78
4 June 0 	 8 


9 102 12 10.2
1 July 4 1.2
 

106 0 
 10.6 ­
7 July 5 8 

10 73 0 7.3 ­31 July 	 8 


0 7.3 ­14 August 10 	 10 73 


38 	 3.8 ­28 August 12 	 10 0 


Alive = survived 24 hours after capture
 

Dead = found dead, or captured alive and died within 24 hours.
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TABLE 3. EARLY MORNING CAPTURES OF A. ALBIMANUS INSIDE
 

A TREATED HCAUSE AND IN EXIT TRAPS (EL ZAPOTAL, 1969)
 

% mortalityA. albimanus females
House 
 in
o.

Date Week No. Total % mort. % in traps fumigant test 

259 A 147 10 82
18 June -1 


25 June 0 Locality treated with fenitrothion
 

I July 1 259 A* 56 100 91 18 

23 July 4 317 9 33 89 0 

5 August 6 262 22 50 100 0 

19 August 8 262 20 40 85
 

House abandoned by occupants following this test, requiring a change in
 

houses for further evaluation.
 

TABLE 4. EARLY MORNING CAPTURES OF A. ALBIMANUS INSIDE AN
 

"UNTREATED HOUSE" AND IN EXIT TRAPS (PJAYA GRANDE, 1969)
 

A. albimanus females
 

Date 	 Week
 
Total % mort. % in trap
 

2 June 0 Locality treated with DDT 

2 July 4 95 3 73 

9 July 5 125 1 84 

31 July 8 26 0 100 

21 August 11 25 12 96 
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TABLE 5. PERCENTAGE MORTALITY OF FIELD COLLECTED A. ALBIMANUS 24 HOURS
 

AFTER EXPOSURE TO FENITROTHION AND DDT RESIDUES
 

(EL ZAPOTAL (FENITROTHION) AiD PLAYA GRANDE (DDT), 1969)
 

Surface
Week 
after 

fenitrothion 

Insecticide 

Wood Thatch Poles Mud Tile Adobe Palm Control 
*0 

0 Fenitrothion 17 2 2 - 5 4 - 0 

DDT 8 3 4 3 1 - 3 1 

- 77 1 - 0

3 Fenitrothion 80 92 51 


------DDT 

28 0
5 Fenitrothion 26 17 32 	 - - 0
 

5 3 ­ 7 1

DDT 25 3 	 4 


5 - 17 10 - 2
 
7 Fenitrothion 22 9 


18 2
5 6 4 -

DDT 17 7 


- 6 1 - 0

23 3 1
9 Fenitrothion 

DDT 3 2 1 6 0 - 8 1 

DDT - resistant colony strain used in O-week tests. 

TABLE 6. PERCENTAt. MORTALITY OF A. ALBIMANUS FEMALES 24 HOURS AFTER
 

EXPOSURE* TO WHO FENITROTHION-IMPREGNATED PAPERS, 1969
 

Concentration
 
Dae Mosquito _____
 

source .025% .1% 
 .4% 1.6% Control
 

2(75) 1(100) 30(100) 9(75)

25 July Zapotal 7 (100) 


68(50) 100(66) 13(45)

21 July Colony 0 (50) 0(45) 

-- -- 0(100) 8(100) 0(50)
5 August Zapotal 

-- 9(77) 90(80) 0(50)
5 August Hcda. Nueva 


Following a 60-minute exposure to impregnated papers.
 

Corrected mortalities.
 

Number of A. albimanus used.
 


