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FIELD TESTS WITH REPELLENT-TREATED WIDE-MESH NETTING
AGAINST MIXED MOSQUITO POPULATIONS!

By Roger H, Grothaus?, John M. Hirst’, H. K. Gouck* and D. E. Weidhaas*

-dAbstract:  Space repellents were tested against mixed Seld
mosquitoes by impregnating wide-mesh bed nets (8-11 threads!
cml. The bed nets were taken to the ficld where human
volunteers entered them and collected any mosqiitoes that at-
temipted to feed. Eight repelients were tosted during a 3-year
period. Ent 15510, 2.[2-(2-Butoxyethoxy)ethoxy]zthyl 3-methyl-
crotonate; Ent 20830, Diisopentyl malate; Ent 22542, N.N-
Diethyl-meta-toluamide {deet stardard); and M-1960 standard
military clothing repellent) all provided less than 903 pro-
tection after 1 month of aging. Ent 20297, o-Ethoxy-.\,\-
diethylbenzamide, and Ent 20373, 2-[(p-Methoxybenzyljoxy]
N, Ndipropylacctamide, were placed in the test in 1970 and
were still effective after 50 days of aging., Emt 20364, 1-
{o-Ethoxybenzoly)piperidine, romained  cffective 339 days
after imprcgnation. Ent 19083, o-Ethoxy-N,N-dipropylber.za-
mide was cffcctive after 787 days of aging. All of the repellents
were tested at 0.5 gmigm net weigat and 3 were also tosted at

.25 gmjg:a net weight,

The use of wide-mesh netting treated with re-
pellents for protection against disease vectors has
been shown to be both promising ana feasible
{Gouck et al. 1967a, Gouck & Mousea. 15693,
The advantages of wide-mesh netting over standard.
unircated fine-mesh netting (8-11 threadsicm) in-
clude good ventilation and improved visibility and
hearing (Grothzus & Adams 1971). The wide-
mesh netting currently under study is 0.635 cm
mesh or 4 threads per inch. Current space repel-
lents that have been tested have not proven adequate
in preventing entry of mosquitoes through netting
with openings larger than 0.635 cm.

For several years the Agriculture Researcht Service,
U. S. Department of Agriculture, Gainesville,
Florida, has been screening compounds to identify
more cffective space repellents {Gouck et al. 1967,
Gouck et al. 1971},  Their work consisted of locat-
ing promising compounds using an olfactometer.
Only chemicals which prevented Aedes aegipti (L)
from flying through nettin to reach a human host
were sclected. The most efficacious compounds

*The opinsons or awseriions contained horein are the private
ones of the authors and arc not te be construed as official or
reflceting the views of the Navy Ipartment or the naval
scrvice at large. This study was condacted unde Bureas of
Mcdicine and Surgery. Navy Deparniment work unit MFI2.-
574.009-8008BX61.

*Chicl, Entomology Division. Naval Medizal Fiedd Rosearch
Laboratory, Camp loieunc, N.C. 28342, US.A,

*Captain. USN {Ret.}

‘Entomology Research Division, Agriculture Rescarch Service,
USDA, Gainesville, Florida 32603, US.A.

were then taken to the field and tested against
wild Aedes taeniorhynchus (Wiedeinannj. These field
tests were conducted using a booth-like struchire
which holds one man. Test netting was placed
over panels in the booth. Chemicals which oroved
effective in field tests were reviewed and some of the
more promising compounds were forwarded to this
laboratory for further investigations,
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FIG. 1. Top. cottonpolvester nctting, Middle, standard
fire-nresh netting. Rottom, widesmssh knotted cotton net-
ting. Seale at et i in inches,

g Lk i

ul

T

) i

T A e U 151§

e Y




TR R

T

R

150 J. Med, Ent.

MATERIALS AND METHODS

The basic testing procedure inveleed the construc-
tion of wide-mesh {0.635 cm} fabrics into standard
sized bed nets (198 < 0.762 x 1.22m). The
nets were impregnzted with test chemicals on the
basis of the fabric weight, using acctone as a
carrier. Nets were then air dried and placed in
individual plastic bags for subsequent testing. T'wo
different fabrics were used in the study.  One type of
netting consisted of 160%], knotted cotton (riG. 1},
The second type was composed of 507, cotton and
502, polyester fiber {r16. 1}. The latter material
proved to have tensile sirength and storage life
comparable to nylon, but still ubsorbed the required
amount of repellemt. The activity of various re-
pellents was evaluated by military volunteers who
took the nets 0 the field and functioned as 1est
subjecis. This testing procedure provided in-
formation on the durability of the fabrics under
field conditions,

A series of ne's containing volunteers was ar-
ranged in a singie row upwind from known mos-
quito-resting arcas.  In cach experiment, the scries
coitained an untreated net and « nst weated with
deet, in addition to dhe test nets. One subject
ree: vined outside of the netz and served as the
control. Tests were conducted 1 night a wecek for
approximately 6 weeks, mosquito populations per-
mitting, and began approximately 1/2 ir before
sunset and ended 1 hr after sunset.  Each subject
used a small penlight and an aspirator with killing
tube {Jackson & Grothaus 1971) to collect all of the
mosquitoes attempting ¢ biie him.  Collections

TABLE I. Mosquito specics cncountered during npcllent-
treuted wide-mesh netting testz in North Carolina

Aedes aflasticus Dyar and Knab
canadeniz {Theobald}
cinrreas Mcigen
fulrus failens Rows
iefrmatus Dyar and Knab
sHlicitans {Walker)*
termiorkyrckus {Wiedeminn}®
sexans {Mcigen)

Pserophiora ciliata {Fabricius)
confirnis {Lynch-Arribalzaga)
Jerex {Flumboldt)

Ansphelez barberi Coquillets
aracians Wicdemann

quadriparuletes Say

Culex araticas (Dyar and Knab}
rigripalpms Theobald
Jrpiens quingcfaeiatus Say )

salimaring Coquillett

*A. farmiotiyachus is the predominant specics at Camp
lejeune, constituting 60-707%, of the towl population. A,
sollicitazs constitutes 20-337; ot the total population.
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were made in increments of 15 min.  Specimens
were subsequentdy returned to the laboratory for
identification {TABLE 1).

All of the nets were returned 1o the laboratory
after cach test and hung in open storage at room
tem:perature. Nets remaining in the study afier
the sumnier test period were packed separately in
plastic bags and stored at room temperature {19.5-
23.0°Cy umiil the following spring.  Eight com-
pounds were studied during a 3-year period. All
compounds were applied to the neis at a rate of
0.5 gmjgm net weight and 3 of these compounds
{Ent 22542, Ent 20573, Ent 20297) were tested at
0.25 gm/gm net weight.  The compounds studied
included:

Ent 225342, N A-inethyl-mela-toluamide  Quent

standard)

Ent 15510, 2-[2-2-Butoxyethoxy)ethoxy]ethyl 3-

methyicrotonate

Ent 165083, 2-Ethoxy- N, N-dipropylbenzamide

Eat 20364, 1-{s-Ethoxybenzoylipiperidine

Ent 20830, Diisopentyl malate

Ent 20573, 2-[{p-Methoxybenzyljoxy]-N, N-dipro-

pyvlacetamide {contains 23%, orthe and 759,
para isomers)

Ent 20297, o-Ethoxy- N, N.diethvlbenzamide

M-1960, mixture composed of 309, benzyl beu-
zoate, 309, A-buylacetanilide, 30%; 2-huwl-
2-ethyl-1,3-prepanediol and 109 emulsiiier.

RESULTS AND DISCUSSION

Gouck et al. (1967a) established the criterion for
effective mosquito protection as a 9094 reduction of
mosquito penctration through treated netting as
compared with untreated netting, based on 2 suc-
cessive tes.s.  This proved to be a valid methiod of
measwring the actual cffectiveness of the chemical
compounds in our study, However, in field studies
using untreated wide-mesh bed nets, about 87%,
protection was achieved when compared with an
outside control (TABLE2). Thus, in our ficld studies,
mosquito repellency was oecurring from 2 sources.
‘The 1otal protection {average percent effzctivencss)
of the repellent/net comhination was cstablished by
comparing mosquitoes cellected from an outside
control with cach repellent net combination. The
data on the deet standard {Ent 22542) demonstrate
the difference in the comparisons {TabLe 2). ‘The
average total cffectivencss of the repellent net com-
bination was 58%, but the cfficacy of the chemieal
treatment fell below 909 after 30 days. A similar
test was conducted on deet at 0.25 gin repellent/gm
net weight, and the average total effectiveness of the
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Grothaus et al.:  Mosquito rejellent field tests

TABLE 2. Kesults of 8 repellents tested on 4-mesh bed nets when exposed to ficld mosquito populations.

Davs or AVER, NO. AVER, NG, Aver. %
EFXFRCTIVE MOSQUITORZ MOSQUITOLS EFFECT!VENESS OF Days rrov
CHEMICAL COLLNET]  COLL.NIGHT D% REPELLENT/NET  TREATMENT TO NET
Reprtress PROTECTION! b (His o OVTSIDE CONTROL. COMBINATION LASY TEST ™vie?
M-1960* 30 3.9 165.2 497.6 {3 359+ KC
Ent 15510 30 2.6 165.2 G4 (1 359¢ KC
Ent 19083 787 0.1 126.4 99.9 (27} 787 RC
Ent 20297 50 0.1 g8 9.9 {9} 50 PC
Ent 20364 359 1.4 165.2 99.2 (9 359¢ KC
Ent 20573 50 Y 98 100.0 (9} 50 PC
Ent 20830 23 3.2 163.2 3.0 (93 3500 KC
Ent 22542 30 3 165.2 98.0 (9} 350¢ KC
Check 0 16.9 126.4 86.5 (273 0 KC
Chieck 0 13.9 107.9 37.1 (18; 0 PC
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Pay when clectiveness of the chemical decreased to 909, or s as comparad to untreated net.

e
were other specics.

» of the mosquitoes collected inside of the nets wese A taenisrhyuchus, 30%; were A. solliciians, and 109

JKC = knotted cotton: PC = 507 pelyester. 50°; cotton.

*Sandarnd militany clothing repelient.

“Total number of weekly tests shown in parentheses,

“T'est net dropped from study.

repellent/net combination was 979 for 6 weceks,
but the chemicar treatment failed on the thirty-
cighth day. Em 155310, 20530, and M-1960 im-
pregnated asts were in the same test and they also
exhibited high levels of tota! protection but provided
fess than 909 eflective chemical protection after 30
days. Ent 20830 was ineffective by ihe twenty-
third day. Ent 20364 did not fail during a 359-
day test perind.

~ Ent 20573 :.ad 20297 were placed in the test serics
in 1970 and did not fail during the test peried.
Ent 19083 was glaced in the test program in 1968
and the repellent/net combination has had only 3
mosquito penetrations in 27 weeks of tesiing.  The 3
penctrations oceurred during the first 2 tests in
1968,  Ent 20573 and 20297 were also tested ar 0.25
gmjgm net weight.  Both compounds provided
106¥, weaiment: effectiveness for 50 days and wete
retained in the study.

Mast of the field data correlated well with the
screening data obtained by Gouck et al. {(1967a,
bl. However, M-1960 failed afier 23 Jays in this
study as compared to 213 days reported by Gouck

et alm (1971).  Ent 20830 failed in 23 days as com- -

pared with 36-118 days{Gouck et al. 1967a, Gouck
ctal. 1971). Since the present tests were conducied
at different times of the yeal against mixed species
of mosquitoes, variation was anticipated. Differem
fabrics were also used and may have accounted for
some of the variation.  The study demonstrated that
most of the compounds previously screened for their
effectiveness in Florida performod similarly under
ficld conditions in North Carolina. - )
Possibly the most important data obiained relate
te the high percentage of protection cbtained be-

cause of he nateral repellency of the netting.
"This was evidenced by deet which failed to provide
909, cffectiveness after 30 days. while the com-
bination provided 989%, protection in excess of 300
days, Considering present production and develop-
ment costs, toxicity requirememnts, and general
rescarch costs, deet may have definite advantages
over newer compounde regardless of its effective
life. The authors had anticipated that under
actual ficld conditions, thn use time of a net would
be linvited to the effective life (807, level} of the
chemical. Because of the natural repellency of the
netting, it will be necessary 1o determine the life of
production items by studying the total effectiveness of
various chemicalfnet combinations. This should
grea‘ly enhance the potential of wide-mesh notting
for vector protection.

Addrarledgments: We wish to acknowledge the suppert of
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Naval Medica! Ficld Recarch Laboratory, during this studys
the Commanding Officer of the Marinz Corps Engincering
School, Marne Corps Base, Camp Lejeune, N, C. for cn-
couraging his personel to aid in the study: and Li Col. X
Steinberg, MSC, U. 8. Army, Chirl, Toxicology Division,
U. S. Army Emvironmicntal Hygiene Agency, Md. f. pro-
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