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Formulation: RTU Skin-applied insect repellent
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Request: Add West Nile virus mosquito claim
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Zairi. 2000. Field Efficacy of four insect repellent products against vector mosquitoes in
a tropical environment. Journal of the American Mosquito Control Association 16(3):
241-244. Reviewer’s note: there were data submitted with the original registration that
supported West Nile virus claims as well. The U.S. Army (Debboun et al.) has also
published studies in the Journal of Medical Entomology. Yap et al. also published data in
JMCA in1998 supporting this claim.

Entomologist recommendations:

1. The existing data and published studies support a WNYV claim.
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FIELD EFFICACY OF POUR INSECT REPELLENT PRODUCTS
AGAINST VECTOR MOSQUITOES IN A TROPICAL ENVIRONMENT

B H YAPR K JAHANGIR avD 1. _th

Vector Comtrot Rescarch Unit, Sohool of Blological Sciences, Universiti Skins Moalaysio, ¥ 1800 Perang, Malaysia

ABSTRACT. Four insect repelent products (RPs) (R 1, Experimesaal Repeliont Lotion {Beynepel® 1253
KP 2. Bxpermenisl Repellont Cream [Bayrepel® S| RP 3, Off! Inscct Repellomt [i¥ Astosol [dost 159%); wnd
RE 4, O} Siintastic 1% Cream flect 7.5%)) wess evaluated simuplancoadly fior their efficacy apainst vectyt
and puizance mokquitoss. The aim of this study was 10 compare the relative efficacy of RPs based on & new
repalient compound, Bayrepel® {1 -piperidinecarboxylic scid. 2-2-hydroxyethyl)- t-methylpropylester), with dest

4 e w A

(AN~ diethy)m-oluamide)-bascd RPs, An 3-h field sfficacy of sbove rep

d against the day-

biting mosquite (Aadey albapictasy and nighi-biting mosguitacs (Culex quingugfostiaus apd Anopheles sppo.

1 with repet) ated bare limbs to mosguitoes fanding and to

Evaluation was cared otl by ¢xp

mosquitoes landing nd biting, Repelient produet 1 or 2 was applied on the Joft amn &nd log, whereas RF 3 or
4 was apglicd on the right arm ead Jeg, respectively. Application of these 4 BFs significantly redoced (7 <
£.05) the landing and the Janding and biting of day-biting snd might-biting mosquitoss. All 4 RPs were found

o be equally effecive (P < 0.05) spaingt Ae. albopicno and G guingucfasciots. Howeves, for protection

uginst Anopheles spp, RPs ) and 3 exhibtited significantly (P < 0.05) bemar repeliency effoct than RPs 7 and 4.

KEY WORDS

INTRODUCTION

The use af cepellénts o protect humans from
mosuito bites already has bean aceepted as part of
an overal] integrated mosquito-borne diseast con-
ool program (Schreek and MeGovern 1989, Alias
1995, Frances ot al. 1996, Chavassc gnd Yap 1997).
The compound deet hag been described as the most
preferred compound ased in imscet repellent prod-
weis (RPs), and os being effective against 2 brodd

crum of insects, since ts imtroductlon in 1956
{Smith 1957, Garson and ‘Wennikie 1968, Bar-Zecv
amd Bes-Tamar 1971, Rutledge et al. 1978, Gupta
and Rufledge 1994), Despile its worldwide vsage,
conoeras have existed over the safety of this cher-
icsl. The componnd deet has & possibility of cans-
ing & burning sensalion oi the skin, and it irfitates
the eyes when applicd on the fese. Purthermore,
hoavy applicaion of deet on young children was
suspecied to pregede encephalopathies (Lipsecomb:
et o. 1992, Osimitz. and Grothaus 1995, Hemgehur
et al. 1998). Other discouraging effects of deet ane
ite capability 10 act as a solvent of paints, varnishes,
same palyethylepe materials, and synthetic fatyics
(Trige 1996).

Hecunse of (hese undesirable effects of deer, re-
search was actively carried out lo find an-alternative
compoond that 3¢ safer to use and i equally of
e effective than deet (Robert st ab. 1931,
Schreck and Leonhardt 1991, Solamnar et sl 1991,
s e 8l 1006, Walker et al. 1996). Recently, Bay-
er AG (Levedasen, Germany) developed und reg-
isiered 2 pew sctive cormpound named Bayrepel®
(1-piperidinecarboxylic acid, 2-(2-hydroxyathyl)-1-
methyipropylesier, CAS No. 119515-38-7), which
is an insect repelient. This compound was previ-
ously known as KRR 3023. As reponed egrlier
(Yap et zl. 1994), this new rapellieat comptand wus

Musquilp, repeients, deet, Bayrepl®, fixld soadies

investigoted scconding to toxicolugic standards for
skin repellents under U.S. Bnvironmental Protec-
yon Agency requirements. The median lethal doses
Yor oral knd dermil acute voxicisy of this componnd
on rats were 4,743 and 2,000 mgskg, respecively.
This product also was found (o b poancursiexic
and il did pot bioaccumulale when lested oo rats
(¥ap ¢t ak 1998).

The prescat study J¢ a continvation of a previous
study, which used oaly active ingredients (Yap e
al, 1998). The airm of this presemt ¢tudy 18 10 com-
pare tre relative Geld efficacy of Bayrepel-based
RPs with dest-based RFs on volunteers against fhe
day-biting wosquite Aedes albopictus (Skuse) and
the night-biting mosquitves Culex guingusfasciaties
Say mnd Anophsies spp.

MATERIALS AND METHODS

Test sites; Freld studicy on the RPs were carried
out at 3 separate sites with differemt compositions
of mosquito specles in the nonthwesierm coastal
area of Pepimsular Malaysia, A nighi study wes
conducied outdoors in Pagir Gebe village, Penngs,
Rutterworth, This village is a noamalaria rural res-
idential ares on sbainland Peninsular BMalayeis. 1o
this area, Anopheles specics, i particular Anophe-
les sinensis VWied., are sbundant

Another night smdy was carried out inside living
premives in & squatter area at Ujung Batu, Butier
worth, an urban @rea oo mainland Peninsular Ma-
laysia. Prewreaunent trials carded out in this ares
indicated that more tian 20% of indoor mosguites
collected were Cx. gquingueiasciaius,

A daylime stody was carried ool in @ Xyrest re-
serve al the Minden caropus, Universiti Sains Ma-
Jaysia, on Penang Jeland, adjacent o the mainiand
Pendnsalar Malaysia, where Ae. albopicrus was the
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Table 3. Troament regities for testing of repellem products (RPs).

TFrestroent

)} cfuright limbe:

Rightfleft fimbs®

A Experimental Repalient Logon
(2uyespel® 129%) = RP 1
Experimenta) Hepellent Cresom

{Bayrepel? %) = RP 2
Control No treainment

B

Off" Insect Repellent II® Azrosol
(deet 153%) = RP 3

Ofif Skomtastic II* Cream
{dest 7.5%) = RP 4

No treatyment

' Lienbrs wers shormated o cachi fial.

predominant specics biting throvphout (he day. All
3 sites are situaled in 2 wopical area with an aver-
age daity vutdour temperature of 29 2 3°C and =2
relative hurpidity of 70 « 209k year-round,

Test procedure: Four RPs with their staged acve
ingredients supplicd by Bayer AG (Germany) were
wsted. These were Experimental Repellent Lotion
(Bayrepel 12%, RP 1), Experimeatal Repellent
Cream (Bayrepel 5%, RP 2), Off! Insccl Repelient
A® Aerosol (doot 15%, RP 3), and Offt Skimastic
Ti® Cyeam (deat 7.5%, RP 4).

Human vedeabeers with bare arrms (from wnist 10
elbow) and lege (from knee 10 ankle) were nged us
baits 10 assess the effectivencss of these RPs The
exposed purface of the arms and legs of volunweers
ware ireaied with RPs following trealeent regimes
giated i Table 1.

Repellemt prodisct 1 or 2 wes applied oo the left
arm and leg, wheveas RP- 3 or 4 was applicd oa the
right arm and leg, respectively. A total of 0.73 ml
ot 0.63 g of an RP was applied en cach srm, where-
as each leg was eated with & (ol of 1.5 ml or
1.25 g of an RP. For RP 3, the aerasol was sprayed
intn a beaker and left 30 min for the propellant ©
evaporate. The remaining mixture was then applied
to the limbs, For the control experiment, the arms
and legs were nol reated with any R In order to
minuaize the effect of mdividual heman variation,
weatrient regimes were aliernated among the vol-
ynieers apd between kit and right Yimbs, Homan
voluntesrs were direcked 0 wear coton gloves, a
fong-slecved shive (folded up 16 the 21bow), socks,
and long pants (folded up to the kree) w prevent
wnwanted bites on the other pariz of the body.

Table 2.

Ficld assessrnents for the siudy aguinst dedej
spp. and Culex spp. have been described by Yap e
al. (1998). However, for the present study, fewep
voluntesrs were osed. For Ui study against Ae. af
bopictus al the forest reserve, atotal of 9 volunteery:

teers were cach positoned at least 5 m away from
cach other. Assessments wers carried out belween
0900 and 170¢ b (o cofncide with the daytime bit-
ing activity of A¢. albopictus.

As for the might study against Cx. quinguefascia-
rus ot the squoatter houses, 8 otal of 15 volunteen
pariicipatod (3 persons X 2 freatment repimes X 2
ayings and 3 ohers for the control} per nighe uid.
Ogly onc velunteer was seated in the living room
inwide asch selected howss. A toaak of 15 houses,
predetermined t0 have a high mosquito population,
was ured i this study. A house was considered o
have a high musquile populstion when premealmernt
catch of a single velontecr was above 25 mesgui-
toes per howr catch for & peried of 3 h wsing the
hare Jeg caich techmique, To comgide with the bit-
ing prak of Cr. guingucfascias, the nipht study
was comducied betwean 2100 snd 0100 h. In order
o determine an 8-h efficacy of the repellent for-
mulations, 2 wams of volunkeers consisting of §
vplyntects per (eam were formed. Yolunteers in tbe
Ist team were meated with repelient formulations 4
h bafore whe initiatian of the study, wheress the olh-
er volunleers m the 2ad team were reuted at 2100
h. For the stady against Anapheles spp., the assesg-
ment procedure was the same as was conducted
agatast Cr  quingquefasciarys, but the voluntoers

Efficacy of 4 lmeset repellams sgaiogt Anophelex spp. [n ¢ roral resideniial ants on the mainkand of

Pamasolar Maluysia. Values oy the number of mosquitdes landing of Janding snd biting on exposed limbs during 4
sl of 3 night trisls.
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EPRICATY OF MOSQUITO RERLOSNT PRODUTTS ~« -+ '

“fable 3. Efficacy of 4 mzsct tepelients againg Cufex quinduefosciams in an orban squaﬁ{-,;-
Penvasalny Malsysia. Values an: the pumbes of mosquitoes landing or landing and bitdog on'y

st of 3 mght tnals,

Treatmerd

Agsatimen!
howr ¢ntreated Unireated

Prodict J

Product 2

602 66 .}
S4a a8y 2]
104 542 0d
8= 78a b
63a s db
7082 64,82 .06
95 6.1 0.3

b
o

lc

™
3b
1.2be
086

} Figares in the same rows followad by satnc lefter sre not signifeandy different {7 > 0.05).

wese scated ooidooss in ¥ open spac with a dis-
(ance of § m hetween one anathar. For each smay,
2 fotal of 3 replicated trials (3 days/nights) was con-
ducted.

Tiwe cffectiveness of the RP was agscsred tused
o the acteal nomber of mosquitees collected while
janding ot landing and biling on e trosied wyod
and Jegs at the 1,2, 4, 6, and 8 b positrealynent.
Al mosguitoes colecied by volumieess in 2l wiaks
were positively ldentped. The total norsbes of
mesyuitees colfected e each respective hour wat
wransformed Lo log{n + 1). The transformed data
were nnalyzed with Stovistical Graphic System
(Siatgraphics Yesmion 5.0 STSC Ine. 1991) for
analysis of varsance and meant CONIArisons.

RESULTS AND DISCUSSION

“fable 2 shows the efficacy of the 4 RFs BgAINS(
the predominanl Anopheles 5pp. mosguitees in Pen-
aga. Butterwerlh, “Throughowt the 3 night wdals, o
wotal of 1,316 mosquatoes way coliected, and
90.27% of the 10wl colleciion was eaught by 1
<ontral volunteers. From the tots]l contro! collec-
tion, 62.0% musquifoes wore Angphelex spp. Fol
yowed by Cir. guinguefascions (22 .6%) and Muan-
comia uniformis Thepbold (13.4%). Repellent

acts 1 and 3 provided cemplele profection
aguinst all mosquitoes with no landing o¥ Janding
and biting during the 1st bour postireaumznt.
Yhrovghout the nexu 7 & of test period, all 4 RPs

provided high repeliency aguinat all mosguilogs.
“The average nomber 6f mosquitoes caught per hout
on the limbs treated with RP ) or 3 and BRP 2 or 4
were Jess than 2 and 4, regpectively. Thase values
are Tow compared to the collsction on congry] fimibs
with an average calch of 13 mosgquitocs per hour
per person. Repellent produces | and 3 and RPs 2
and 4 were found o be egeally effective {F < 0.05)
agalpst sach of the predominant moaquitoes, Te-
spectively. Also, the efficacy of RP¢ | and 3 wes
significanfly (P < 0.05) bigher thap that of RPs 2
s0¢ 4 in repeliing the 3 predominant Mosguiocs.
1 the studies against the predominant Cx. guin-
guefasciats i Lhe living rooms of urban squaficrs,
& ol of 824 Femals mosquiboes ({c gudnguefas-
clatus, 90.45%; Ae. albopicis, 33 %), and Ae. ae-
gypti, O ASE) were collecied throughout the 3 mght
wials. OF the towab collecrion, only 0,61, 0.73, .87,
and 1,58%. wers collected on tie Jirgbs treated with
RPs . 2. 3, and 4, respectively. Results of the angl-
ysis as shown in Table 3 indicated that RPg | and
3 provided snperior protection against 2] 3 speciss
of mosguito with no landing or tanding and biting
of mesquitees up o 4 b postresiment. Repellent
prodacis 1, 2, and 3 were equally effective {F <
0.35) &nd al) were more sffective than RP 4 i re-
pelting mesquitees throughaut 8 h postizesimett.
For the day stady i the forost regacve, a (olal of
852 famale mosquitors (Ae wibopicius, 76.8%; Ar-
migeres subalbatus Coy., 20.3%: and Cx. guirgue-
fasclotus, 2.9%) were cofected during the 3 day-

Tapte 4, Efficocy of 4 msece repelients against Avdes albopicus i a foress Feserve on Penung Isiand, Malaysie.
Vatues are The punber of Nidsquitees tanding of landing and biing on exposed limbs dunag » ol of 3 night iriafs.

Treaiment'

Axsessment

laur Vntreated Untegater

Producs |

Prodnzt 2 Product 3 Prodect 4

69a 78 0s
3la 56s o
6is 75a ib
81 108a 2o
84a 78a 8b
6S.6a 79.0s 2.2b
9.2 83 15

[\: [52)] Ob
ob ab Qo
u <3 2 5b
12¢ 3 14
14h 12 43¢
5.6hc 3.48%ed 14 focd
a1 2.2 8.5

T Figures in the sama row feilowes by same betiel e 5ot significantly diftarent (P > 095)
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time trinls. From the total catch, 84.85% of the
collection was zaught on control limbs. All 4 RPs
provided compleie protection agalnst the predomi-
nant mosquitoes for ke Isl 2 b of postireatmment.
During the following & h postireatment, the iotal
collecnion of mosquitoes tanding or Janding 2nd bit-
ing on hmbs reated with RPs 1, 2, 3, and 4 were
ondy 1.29, 3.29, 2.00, and 8.57% of the (oial col-
lcciion, respectively. As exhibited in Table 4, all 4
RPs were effective (P < D05) apeinst the predom-
in2m mosqeitoes, with at least 5 times reduction jn
landing or Yanding and biting of mosguitocs.

Comparisons of Bayrepel-based RPs (RPs 1 and
2) with dect-based RFg (RPs 3 and 4) indicated
insignificant differences (2 > 0.05) of high efficacy
against Cx. guinguefasciotus (Table 3) and Ar. al-
bopicies {Table 4). However, in the study againgt
Anapheies spp. (Table 2), the liquid formulations of
Bayrepel (RP 1) and dest (RP 3) exhibited signifi-
zantly (P < 0.05) betlér repediency than the cream
formulations (RPs 2 wond 4). Such differences are
probably due o the high concentration of active
ingredients in the iquid formulatons, Overall, the
present field studies conchuded that a8 4 RPs sig-
nificantly (P = 0.03) reduced the number of mos-
quitoes landing ot landing and biting on teated
{imbs cosipared to control limbs, throughowt the 8
h of the test period.

Results obtainex) frow the present sludy were
concordant with (huse of the previous study, which
used omly active ingredients (Yap et sk 1998). Ag
repomed by Yep =t al. (1998), both KBR 3(23
(Bayrepel) spd deet formulations were found (o
provide effective protection against day-biting (As
wlbopicoey) and mght-biting (Cx quinguefascidtus)
miosquitoss, with percentage reductions of more
than 63% and 90%, respectively. throuphwout an
£-h period. Furthermore, the present stody demon-
strated the effcctiveness of Bayrepel-based and
deet-hased formulawd products as reliable mosqgui-
to repellents in the field apainst all major vector
mosquitoes in the genern Aedes, Anupheles, and
Cuilex,
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