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EXPFRIENCES WiTH THE EXCITO-REPELLENCY TEST BOX - MODEL OPSt
by

René G. Rachou, Milton Moura-Lima, José P. Duret, and J. Austin Kerr
(Malaria Eradication Branch, Pan American Health Organization,
Washington D.C., United States of America)

The recognition of the fact that pbpulations of ector species of anopheles
mosquitos, in several different parts of the world, now possess "evasive" habits in
respect of DDT-sprayed wall surfaces makes it desirable to have some procedure by
which the behaviour of populations of wild anopheles mosquitos can be characterized
and compared. This paper will describe and discuss the Excito-Repellency Test Box -
Model OPS, which has been developed and used in preliminary field tests by the staff
of the Pan American Health Organization, Malaria Eradication Branch (PAHO/ME) and is

considered to ve useful for the above-mentioned purpose. .

The WHO susceptibility test for adult mosquitos and the various irritability
tests of mosquiltos, even when used together, dc not provide a very good picture of
what free-flying anopheles will do when they enter houses, the walls of which have
been sprayed with a residual insecticide. It is very difficult indeed to study
the reactions of wild mosquitos in occupiéd human habitations, because of theblarge
number of variables that is involved. This has long since led to the use of test
huts of many kinds. These huts eliminate many variables, but they have the

disadvantage of -being either immobile or movable with difficulty.

A truly portable device was, therefore, greatly to be desired - portable

enough fortwo or more of them to be taken into the heart. of Amazcnia by aeroplane.

Paper presented at the Jjoint meeting of the New Jersey Mosquito Extermination
Association and the American Mosquito Control Association,- Atlantic City, New Jersey,
12-15 March 1963. (The full text of this paper will be published at a later date.)



WHO/M21/397
WHO/Vector Control/46

page 2

The prototype Excito-Repellency Test Box was consiucted in E1 Salvader and is
a cube 50 x 50 x 50 cm, made of plywood. The E-R Test Box is considered to be a
miniature house, intc which mosguitos are introduced, and allowed to leave as fast as
they wish to.l The window-trap covers a relatively large opening in the wall of the
box, 15 x 30 cm, and is not merely a narrow slit. This means that any mosquito that
does not want to‘stay in the window-trap can fly back into the interior of the box.
The provision c¢f two sliding doors for each window-trap, one for the box itself and
cne for its window-trap, makes it easy to count the number of mosquitcs that leave
in each cof the six observation r:.:.ods cof 10 minutes each. Including an initial
"conditioning" pericd of five minutes, the total length of the observation period is
65 minutes, after which all mosquitos are held for 20-24 hours to observe their
mortality. |

At lecast two identical boxes are always used simultaneously, 50 mosquitos from
‘thc/same source being placed in each box at the same time. One of the boxes is lined
with kraft-bapér wnich has previcusly been sprayed with insecticide, and the other
with identical paper that has not been sprayed. The unsyrayed box serves as the
control on the sprayed box. More than one box with insecticide can be used at the
same timé, provided that there is one person available to handle each box, and the
illumination of all the window-traps is equal. Tests have been done with four boxes
simultaneously, to compare the effect of DDT in three different amounts pcr squarc
metre. In this manner, variables of temperature and relative humidity, time of day
and illumination, can be compensated for, cven if not standardized. Tests are best

done at night.

If results of test by diffcrent persons are to be comparable it is vitally

important that the paper used to line the boxes be sprayed with known quantities of

insecticides per unit area. This makes it ncecessary to have a spraying device with

which to apply measurced amounts .. insecticides on sheets of paper that measure

50 x 100 em, or enough to line two of the inside surfaces on onc box.

1
Details of construction of the E-R Test Box are shown in figures 4, 5, 6 and 7.
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A suitable device for this purpdse is a small nasalkatomizer, after discarding
its rubber bulb. A supply of air under 10-20 p.s.i. is needed to aspirate a
previously measured portion of insecticide out of the reserveir on to the kraft-paper.
With a little prac¢tice an adgquately uniform deposit of insecticide can be applied to
each separate sheet ¢f paper. Inasmuch 'as it is desirable to keep the insecticide cn
the surface of the paper, a suspension of the insecticide in water is preferable to
a solution or an emulsion. The treated and dried paper can be fastened to the

inside of the box with tacks, staples, or two-faced adhesive tape.

Our main interest in the E-R Test Box is for the detection of Yevasive" behaviour - -
by the vector species of anopheles in a malaria eradicaticn "problem area" - one in
which the interruption of the transmission of malaria has not been attained after a
suitable number of years of efficient hcuse spraying. In such an area it is
important tc ascertain whether the reason lies in some defect in the spraying

operations or in the behaviour of the vector species of anopheles.

It has been found feasible to take a pair of E-R Test Boxes to a locality in the
problem area, make captures of the local anopheles with human or animal bait, and test

them the same night they are collected.

A pair of the E-R Test Boxes is shown in Figure 1. The left-hand box is ready
to te loaded with mosquitos through‘the sleeve in the screened door of the Lox. On the
top of the box is one of the two window-traps for the box. The box on the right
has been loaded with mosquitos after which it was rotated 900, so that the écreened
door has become the flcor of the box, which does not need spraying. The wiﬁdow-trap
is in position, with both shutters closed, so that the mosquitos can enjoy their five-

minute conditioning period.

There are two window-traps for each box, so that one can be removed and
immediately replaced by the second, The first window-trap is then taken to a lighted
room and the mosquitos in it removed to a gauze-covered paper cup to be held 20-24
hours to observe mortality. The window-trap is changed every ten minutes, so that
there are seven cups containing mosquitos: six from the ten-minute intervals, and the

seventh with the mosquitos that remained in the box at the end of the sixth period.
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The results of the test are summarized by calculating two simple indices: the
percehtage cf mosquitos that escaped in the 60-minute period; and the percentage that
survived 24 hours, after a variable length of stay inside the box. This is done for
both the control and the insecticide-treated boxes. In addition, the cumulative

percentage of mosquitos that escaped from the box is plotted.

The insecticide susceptibility of the population of mosquitos being studied is

determined by means of the WHO suscéptibility test for adult mosquitos.

Summaries and plots of scme E-R tests done by PAHO/ME staff in El1 Salvador on

A. albimanus and A. pseudopunctipennis are shown in Figure 2. The A. albimanus from

La Canca are highly irritable and highly resistant while those from Metallo are perhaps

even more irritable, but susceptible. A. albimanus from Moncagua are somewhat less

irritable but equally resistant, while those from Guajoyo are so susceptible that
their potential irritability dces not protect them. Lastly, it is evident that a
population of A. pseudopunctipennis is not irritable and is highly susceptible.

In Figure 3 the results of some tests on A. albimanus from four places in

Nicaragua are summarized. The marked spread in results is apparent. The transmission
of malaria has not been interrupted in the Posintepe area represented by the top line,

with highly irritable and highly resistant A. albimanus, while it has been interrupted

in the area El Carmen (bottom line), where the A. albimanus are much less irritable

and much more susceptible,

We have called the device the Excito-Repellency Test Box, on the assumption that
it would permit the study of the combined effect c¢f irritation and repellency of free-
flying mesquitoz, even if it did not measure the two phenomena scparately. The E-R
Test Box described is the prototype device. It has not yet been subjected to thorough
study in a search for possible improvements. Among the many things that are not
known zre:  the opiimum size and shape of the box and its outlet window; the optimum
number of mosquitos tc release in the box in ahy one test; the effect of the time of
day and illumination upcn the behaviour of the mosquitcs; the effect of tﬁe
rutritional state (i.e. the time elapsed since the last blood meal) of the females
being tested; the age and condition of the bvaries of the femaies; and last, but not
least, the general applicability o¢f the observations that have been méde with

A. albimanus in E1 Salvadcr.
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It would appear to be possible to use the E-R Tzsi Box tec compare insecticides in
various formulations, applied to various types of wall surfaces. DDT technical
grade could be compared with pure p-p DDT. Combinations of inéecticides could also
be tested, e.g. does malathion "neutralize" the irritant effect of DDT on anopheles

mosquitos?

Line drawings of the Excito-Repellency Test Box, and detailed instructions for
its use may be obtained upon request from the Malaria Eradication Branch of the Pan

American Health Organization, 1501 New Hampshire Avenue, N.W., Washington, D.C.

Editor's comments

The development of the OPS Excito-Repellency Test Box repnresents -a further step
towards the ideal goal of designing standard laboratory equipment in which the move-
ments of mosquitos in the presence of insecticide are sufficiently unrestricted as to
provide some indication cf natural behaviour in the field. It would be instructive

to refer briefly to earlier examples of apparatus designed with the same object.

Tay & Sheppard (1949) used an experimental chamber in which single mosquitcs were
allowed free access to both DDT-treated and untreated resting surfaces. Although
the main object of their work was to find exactly what period of contact with treated
surfaces is necessary to produce high mortality, many cf thelr techniques and

experiments have a direct bearing on principles used in the E-R Test Box.

Davidson (1953) used a simple apparatus consisting of two one-foot cube chambers,
lined with white cardboard, and Jjoined together by a perspex chamber of similar
dimensions. Mosquitos blown intc the middle had the option of flying into one
chamber or the other, one of these having its internal surface in the form of
insecticide~treated panels. Mosquitos entering the treated chamber and becoming

irritated could escape naturally into the perspex chamber,

The same general idea and design of apparatus - which allows the irritated
mosquito to escape from a cage with treated panels and settle in an untreated cage -

was used by Coluzzi (1958), and by Hecht and his cclleagues (1958-1960).
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Iore recently Ellictt (1661) has giv n a great deal of attention to the de51gn
¢ zn "eteite-ronellency” box based on that used to study blowflies by Brown & Evans
{12507, This ceonsists T a woodern box subdivided into four boxes, each 12 x 12 x 15

centinetres. the partitions betresn the boxes being pierced with a rectangular

Sowiiny TTited with e fard holile. Trhe activity or irritability of insects exposed
0o tne tpzataed compartment is assessed by the extent to which tneir subsequent
sehivivies carry them progressively into the second, third or fourth untreated

CON LT GNEN . Tnese erperinents were carried out in the dark, and the penetration of
acivated moeguitos to the untreated compartments was not assisted in any way by

T stipali.

T wmould be noted that all thece methods - including the present OPS box -
aillo free wpovemsny of irritated mesguitos away from the irritant insecticide-treated
CULTOCT: Lt thz rzme +ime, trney all inTolve a peint of technique which might
fosziky ocpove Yo o o eom OLlcat71g factor, namely *hat mosquitos have to be

PR S R X

sl cially Introduecad into tne apoaratus - usually in batches. In this ccnnexion

- - > . L3 £a fang \ ! . ) 3
e aforasems Cesigied by Redid (1951; anpears te have some advanbtage in that

Nal ot
mo=gi

iLos nre allcirzd free access to the experimental box or cage from a reservoir

czge mowhien they arce fi7st allowzd a period of quiescence. When mosquitos enter
1o medn snseczaclli-treshed chamber and ¢ e irritated or activated, they have free

zeeess Lo 2 light cpenirg or windcew cage as in the OPS box, The original idea of

R213's apnupatlrs was to have the large (treated) cage provided with animal bait so

rhat The whole apperatas resembled ar ozcupied habitation in miniature. In practice,
rarever, oo s motgaites weved spentancousily inte the dimly-iit treated cage at the

perice of dheir nxtarsl iacresaseld activity at dusk.

In Thc prezent zethod, it is stated that with some oractice a fairly uniform
¢erosit ¢f ‘nsecticide can be cbtained on each sheet of paper. It is likely that
TDaaey ot I vt oo~ Sonlaodization of this
danetit might L2 necesnary 1o chiain comparable results from different workers.

Discussicrs on the method of using pre-impregnated papers or standard concentrations

e ad ace imnrs

(D

snezsicn of sheeiz of paper are now in progress.



Fig. 1. A pair of identical Excito-Repellency Test Boxes (Model OPS),
one with insecticide and the other without. The boxes are made of plywood,
with inside dimensions of 50 x 50 x 50 cm. The left hand box is ready to
be loaded with 50 mosquitoes through the sleeve in the hinged and
screened front of the box. The right hand box has been loaded and then
rotated 90 degrees so that the screened door is now the floor of the box.
Each E-R box has a single window, and two interchangeable window traps,
one of which is in place at all times during the test. )



Cumulative percentage of mosquitoes escaping from Exito - Repellency Test Box

FIG. 2

RESULTS OF EXITO-REPELLENCY TESTS (OPS)-DDT AT ONE GRAM/m2
OF Anopheles albimanus and A.pseudopunctipennis IN EL SALVADOR,

1962-1963

Tests done by PAHO/ME Epidemiological Study Team under Dr. R. Rachou.
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FIG. 3
RESULTS OF EXITO-REPELLENCY TESTS (OPS)-DDT AT ONE GRAM/m?

OF FOUR POPULATIONS OF Anopheles albimanus IN NIC_ARAGUA,
1962 |

Tests done by Dr. J. P Duret, of PAHO/ME Staff . x
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FIG. 4
DETAILS OF CONSTRUCTION OF THE 0.P.S. EXITO-REPELLENCY BOX
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FIG. 5
FURTHER DETAILS OF CONSTRUCTION OF THE 0.P.S. EXITO-REPELLENCY BOX
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FIG. 6
DETAILS OF CONSTRUCTION OF WALLS AND FLOOR OF THE 0.P.S. EXITO-REPELLENCY BOX
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FIG. 7
THE O.P.S. EXITO-REPELLENCY BOX ASSEMBLED
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The purpose of the WHO/Mal so ies § docimers is © .reefcld:

(a) to acquaint WHO staff, national institutes and individual
research or public health workeTS”witH:the'éhanging trends éf
malaria research and the prcgress of malaria eradication by

means of summaries of some relevant problems;

(b) to distribute to the grcups menticned abcve those field
reports and other communications which are of particular interest

but which would not normally be priftéd in any WHO publications;

(¢) +to make available to interested readers some papers which
will eventually appear in print but which, cn account of their
immediate interest or importance, deserve to be known withoﬁt

undue delay.

The issuc of a peper in this series does not therefore constitute formal
publication and a paper so issued may, with the agreement of the author and WHO,

be published in a WHO pericdical cr elsewhere.

Authors alone are responsible for views expressed in signed articles. The
mention of manufacturing companies or of their proprietary products does not imply

that they are recommended or endorsed by the World Health Organization.



