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was applied to each leg of the other treated
subject. Due to the fundamental difference in
the nature of the inert ingredients of each for-
mulation, control subjects did not receive a pla-
cebo treatment. Subjects wore long-sleeve jack-
ets with hoods, but no attempt was made to
mask the face or hands, nor was repellent ap-
plied to other body surfaces.

Subjects were seated 10 m apart in a large
(approximately 100 x 100 m) grassy field in the
center of the village. Landing mosquitoes were
aspirated from lower legs and transferred to
paper cups with net screen fastened to the top.
Cups were changed every hour and the mosqui-
toes taken to a nearby field laboratory for iden-
tification.

Tests were conducted between 2100 and 0300
h, peak biting time for An. flauirostris. In the
first experiment, repellents were applied imme-
diately prior to the beginning of the test. Treat-
ment was applied at 1800 h in the second exper-
iment, 1500 h in the third, and 1200 h in the
fourth test. Following treatment, the subjects
were told to go about their normal activities
until 2100 h, although they were asked to avoid
washing or immersion of their legs in water.

The tests were conducted during July, August
and September of 1989. The mean temperature,
mean minimum temperature, total rainfall and
mean wind speed for the 3 months were: July,
27.0'C,21.8"C, 140 mm, 2 mph; August, 27.0'C,
21.5'C,66 mm, 2 mph; September, 27.L"C,
21.8'C, 136 mm,2 mph.

Because of the relatively low biting rates,
treatments were compared using the mean num-
ber of bites received per man during the 6-h
period. Results were analyzed by analysis of
variance (ANOVA) and the least significant dif-
ference (LSD) was used to compare means.
Analyses were performed using Statgraphics
(Statistical Graphics Corporation 1987).

RESULTS AND DISCUSSION

Untreated subjects received an average of 37 .7
bites per night by An. flauirostris during the four
6-h periods. This biting rate is typical ofperiods
of moderate malaria transmission in the area
(Oberst et al. 1988).

There was no significant difference between
formulations in either the test begun immedi-
ately following treatment or the test begun 3 h
after treatment (Table 1). Between 6 and 12 h
post-treatment, significantly fewer bites were
received by subjects treated with EDRF (8.2 per
night) than those treated with the liquid for-
mulation (15.6 per night).

Repellent compounds can also be evaluated
by calculating percent protection (Lillie et al.

Table 1. Mean numbers of bites received by treated
and untreated subjects during 6-hour tests begun at

various times following application of repellents.

Hours
Post-

application

Mean no. of bites per person

Control Liquid EDRF

44.3 a* 0.9 b 0.1 b 116.11 0.000
35.2 a 6.2b 1.3 b 65.07 0.000
34.0 a 15.6 b 8.2 c 25.95 0.000
37 .2 a 25.5 b 24.6 b 5.68 0.005

P

0-6
3-9
6-t2
9-15

* Means in the same row followed by the same letter
are not significantly different by LSD, P < 0.05.

1988). As shown graphically in Fig. 1, both for-
mulations provided a high degree of protection
for 6 h. After 6 h, the effectiveness ofthe liquid
formulation began to decline, while the EDRF
provided greater than9lVo protection for up to
8 h. The greatest difference in effectiveness be-
tween the 2 formulations occurred between 6
and 12 h post-treatment. After 12 h, biting rates
were again similar for both formulations, but
the treatments were still sigrrificantly different
from controls.

Where the separate tests overlapped, the de-
gree of protection was generally slightly lower
during the initial 3 h of a test than the terminal
3 h of the test begun earlier. Activities of the
treated subjects in the precollection period may
have degraded the effectiveness ofthe repellents
somewhat.

While the EDRF provided significantly
greater protection than the liquid formulation
between 6 and 12 h post-application, the degree
of protection it provided began to decline after
8 h. To provide protection against disease trans-
mission, reapplication would be necessary before
significant degradation in protection occurred.
Thus, reapplication of the EDRF would be re-
quired at about 8 h while the Iiquid formulation
would require reapplication at about 6 h. Both
formulations come in a 2-fl. oz. container. At
the recommended rate of 2.5 ml per application,
the EDRF provides 22.7 applications per con-
tainer. Using the same amount of active ingre-
dient per application (1.1 ml), a 2 oz. bottle of
liquid formulation provides 51.6 applications.
The need to apply EDRF Iess frequently offsets
this disparity somewhat. Assuming 8- and 6-h
protection per application, respectively,2 oz. of
EDRF provides 182 "protection hours," while a
bottle of liquidprovides 310, or 70% more. Thus,
a greater bulk of EDRF would have to be carried
to provide the same protection. The packaging
of the EDRF is also less effrcient since not all
of the contents can be removed from the tube
(Gupta et al. 1987).

It should be noted that these tests were per-



JouRlrll oF THE ArrannlclN Moseurro CoNrnor, AssocrATroN V o L . 6 ,  N o . 3

\+
\ \

DURATION OF TEST
_ _  L I O U I D  6  H R
-  EDRF 6  HR
_ F

-+-

+
-+

L I Q U I D  9  H R

E D R F  9  H R

L I Q U I D  1 2  H R

EDRF 12  HR

L I Q U I D  1 5  H R

EDRF 15  HR

formed using sedentary subjects. The ability of
the 2 formulations to withstand perspiration or
exposure to water was not tested. The compar-
ative advantage provided by the EDRF may be
greater under conditions more closely resem-
bling the activities oftroops in the field.

Even with the adoption of the EDRF, the
Iiquid formulation will remain in the military
supply system as a necessary treatment for the
deet repellent jacket. Liquid deet may continue
to have its uses as a topical repellent among
troops in the field as well. At least some users
find the EDRF uncomfortably "greasy" or"sticky" (Sholdt et al. 1988). In addition to being
Iess bulky, the 2-ounce liquid-deet bottle fits
conveniently under the helmet strap. In light of
these factors, it may remain the formulation of
choice for some individuals.
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Fig. 1. Percent protection provided by 2 formulations of deet in four 6-h tests begun 0, 3, 6 and t h post-

application.
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