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Potential Of Organic Infusion As a Preferred
Attractant for Mosquito Oviposition:
A Literature Review
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Abstract

This study reviews the potential of organic substances (organic infusion) as an attractant for
oviposition of gravid mosquito trap in surveillance and control of the mosquito-borne disease based
on literature indexed by Scopus and Web of Science (WOS), such as PubMed, ScienceDirect, MDPI,
Springer, Wely, SiELO, and Cochrane Database of Systematic Reviews. A total of 1,804 scientific
papers were obtained, and only 12 articles met the inclusion criteria. All selected articles were
quantitative studies (laboratory, semifield, and field studies). The results showed that the Ae. aegypti,
Ae. albopictus and various species of Culex are attracted to organic infusion. The organic infusion is
effective in attracting mosquitoes to lay eggs in traps, especially Aedes spp. It can be used as

surveillance and the best solution in environmentally friendly disease vector control.

Keywords : Organic, mosquito, trap

Introduction

Vector-borne diseases are still a global
health problem (EI Amri et al., 2020; Ligsay et al.,
2021; Sweileh, 2020). As a result, various vector
control measures have been implemented, such as
the use of insecticides and larvicides (Lamaningao
et al., 2020; Muturi et al., 2020; Raul et al., 2021).
However, continuous use of insecticides can lead to
vector resistance (Boyer et al., 2018; Li et al., 2021;
Moyes et al., 2017; Vontas et al., 2020), undesira-
ble effects on natural enemies and non-target or-
ganisms, and environmental damage (Abeyasuriya
et al., 2017; Page et al., 2014; Pinkney et al., 2000;
Su et al.,, 2014).
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The World Health Organization (WHO)
urged vector control programs to find and imple-
ment more environmentally friendly and cost-
effective strategies through Integrated Vector Man-
agement (IVM) (Mutero et al., 2020; Nurlaela &
Mardliyah, 2021; Tur et al., 2021; WHO, 2004). One
of the measures is the use of mosquito attractants
inserted into a trap called an Ovitrap (Marin, Mahi-
ba, et al., 2020; Nascimento et al., 2020). The
attractant material can be in chemicals, semi-
chemicals, or organic substances (Kim et al., 2021).

On a laboratory scale, adding various insec-
ticides into Ovitrap (Lethal Ovitrap or LO) can in-
crease the mortality by 45 to 100% for larvae and
adult mosquitos. The modification of Ovitrap with
the addition of attractants has also been devel-
oped, such as using 10% hay infusion proved to be
more effective at catching mosquito eggs than us-

ing tap water (Polson et al., 2002). However, other
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research stated no significant difference between
hay infusion and tap water (Alfiantya et al., 2018;
Noreen, 2017).

The use of organic materials to attract mos-
quitoes was developed by Allan and Kline, Diaz-
Santiz et al, and Schoelitsz et al. by fermented
hay/grass (both dry and fresh) as a base material.
The use of organic infusion to attract mosquitoes is
environmentally friendly and is considered the best
solution for vector disease control. Therefore, this
study aims to review the potential of organic infu-
sion as an attractant for the oviposition of various
mosquitoes to control disease-transmitting vectors

based on available literature.

Methods

The literature review used the PRISMA
method, which is a method that identifies, evalu-
ates, and interprets all findings on a particular re-
search topic to answer predetermined questions
(Moher et al., 2009). The review was carried out on
various articles covering attractants as a preference

for oviposition of various mosquito species. Litera-

Table 1. Inclusion Criteria for Research

ture was obtained from PubMed, ScienceDirect,
MDPI, SciELO, Springer, and Cochrane Database of
Systematic Reviews with the keywords “Attractant”
and “Preference” and “Mosquito”*.

The bibliographic references of selected arti-
cles were manually analyzed to find studies that
could be included for review. In addition, docu-
ments from gray literature, scientific articles, sys-
tematic reviews (SR), meta-analyses, and book chap-
ters that met the inclusion criteria were included as
references (Table 1).

Initial selection and screening were carried
out by the principal investigator based on the title
and abstract. Furthermore, the final selection was
made by three reviewer teams consisting of ento-
mologists in Environmental Health and experts in
scientific publications of public health. The objec-
tives and roles of each reviewer have been agreed
upon in a separate meeting. A table was created to
exclude and enter studies as needed. The review
focused on the types of organic infusion attractants,
both from grass/hay, leaves, flowers, fruits, and

other household waste.

Features Inclusion Criteria
Font Type articles, book chapters, review articles
Language English

Period Unlimited / until 31% December 2020

Design Types

True-Experimental, quasi-experimental

Each article was evaluated based on: Coun-
try and year of study, type of study design, interven-
tion evaluation, mosquito species tested, type of
organic attractant used, type of traps/Ovitrap and
volume of infusion water, and the attractiveness of

the organic infusion used.

Results

A total of 1,851 journal results were ob-
tained through the mentioned keywords, and 12
articles were included in this study after screening
using the PRISMA method (Figure 1).

The selected articles matched the keywords

and met the criteria mentioned in the discussion

above (Table 1). The number of articles was reduced
to 1720 after the merger of the same articles. After
eliminating the publications of books, symposiums,
posters, and proceedings, the articles left were 307
scientific articles. Next, the elimination of titles and
abstracts resulted in 32 articles. The final selection
was based on the discussion of organic infusion
attractants in the obtained research, and 12 articles
were included as literature for this study (Table 2).
Design

The designs used to test organic infusions
are generally quantitative through laboratory bioas-
says (9,11,12), field studies (2,5,7,10), a combination

of laboratory and semifield (8), and a combination
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Figure 1. Literature Analysis Process

of laboratory and field bioassays (1,3,4,6,). The du- Trap and Atractant

ration takes for the study varies, ranging from 24
hours to 1 year for the laboratory scale and 1 to 2
years for the field scale. Meanwhile, the studies
were conducted in various countries, such as the
us (1,2,3,5,7,8,12), Florida (1,8,12) & Alabama
(5,7), Thailand (4), China (6), Brazil (9), Israel (10),
Kenya (11).
Tested Mosquito Species

The most common species used in the
study were Aedes spp (Ae. aegypti and Ae. albopic-
tus), Culex spp (Cx. quinquefasciatus, Cx. pipiens,
Cx. restuans, Cx. tarsalis), Anopheles spp (An. gam-
biae, An. quadrimaculatus). In addition, laboratory-
scale studies in studies 1, 3, 4, 6, 8, 9, 10, and 11
tested the potential for organic infusion to attract
certain mosquito species, while the other identified
the mosquitoes after the experiment was carried

out.

The materials used for infusion were de-
rived from various organic substrates or their com-
bination, such as flowers (6,10), fruits (9), a combi-
nation of flowers and fruits (10), vegetables (9),
(1,3,5,8,9, and 11),

plants/macrophyte (12), and a combination of

grasses aquatic
leaves and grasses (2,6,7,8). The organic infusion
attractant uses fresh leaves and grass then dried
(11), and some also use dry leaves (3). The attract-
ant was mixed with water and then fermented and
tested with a certain concentration. Besides plants,
the rinse water of household waste in the form of
leftover side dishes, such as waste of crab shells
and shellfish (4), was also used as an infusion mate-

rial.



VOLUME 9, NO. 3, SEPTEMBER—DESEMBER 2023

HIGIENE

148

‘wesdoud
|0J3U0D pue dJUE||IdA
-ins ounbsow x3|n)

pay23yd uayy pue sysiu
Jnoj Joy paj|eisul aiam sued
Sunseos Aayuny [pweus yae|q
‘sdnoJ3 ¢ o3ul papIAIP :pI3l4

‘uonesnp sinoy
ST ‘suonnadal 1319 ‘pased)
-94 949M sao0unbsow piaessd g

1

9yl ul juepeine ue (WIGHXOEXOE) 9Fed aypjosiau | S =sued Sunseou Apnis p|al4

se |epuajod 3|qeJapls SIIDSID] XD -100 3y3 ul paoed sem sse|S ayL A2y4n3 |pweud (% pue Ajojesoq

-uod sey ssesd jueyd snio )oe|q pu\e T pue ‘% 0T ‘%00T) (s1deu-s333) -e| :udisap

-3]9 paup jo uoisnyu| | -1asofonbuinb x3 :shesseoiq Aiojesoqe |w Q0T = Sse|9 suoisnjul ysniing Jnjel ey aABeIIUEND sn| 3

‘3jep

Jepua|ed pue ‘uols

-njul Jo poyiaw ‘uols

-njui Jo a3e ‘ajesysqns

uoisnjul Jo adAl syl
01 3uipJodde paLeA ‘Aep Aians pa pos ‘meuls ‘pos
sdeJ}InQ paj-uols -129]|02 249M syed 338 xa|nd ayL sseu3an|q ‘sane’|

-NJul Ul SUDNIS3J X3[ND) ‘w QT sem desiAQ 9yl usamiaq 9|dew ‘sanes| (966T

pue suaydid xajn) SNLIDUIIDS XD 92URISIP Y] "Yoed Joj BH ¥°0 eo ‘ejjejje ‘moyd Apnas p|ay “lenoN %
Aq pa1sodino syeu subnjsal ’x) | Jo eale ayl Yum suspies poom ¢ SJ9M| 9 :19¥dNnq uqqed ‘sduiddid Y :usisap uewdwen)
385 jo Joquinu ay suardid "xJ | ul sdnou3 unoj uo 3533 dUID3Id anse|d aHYM sseud 4alem de| yes 383 aanelueny SN 14
‘uolsnjul
Aey 01 mo| pue Ja1em
|los pue Jaiem Sulieal
|eate| 03 asuodsal
91eJapow e aney (%001
‘madoo o o [ Eusxsxsumpy pu st 452 %65
: : o ‘uon|ip) 431 |10S
asuodsau uonisodino “JUBLWIeaI} 4O SINOY HT
3uouls e paydIf3 Al J3)ye pajunod asam s33a ‘pajjers 13}

-Juedyiusis (Ja3em |los -ui desy e yum aged [earipurhd -em Suuieal [ease] (s66T
pue ‘431em Suieau 1dABap ay | e ulssolinbsow piness Suisesjay Apnis ‘auipy
eAle| ‘uoisnjul Aey) jw Q9 :ssp|b (%001 ® ‘%05 ‘%ST pai4 pue (sn) | B uey

suolsnjul ajueduo ||v ‘snyoidoqp *ay :Aesseolg Asojesoqer onsold yoo|g ‘9%0T) uoisnjui Aey VAONY Aiojesoqer epuol4 | 'y espues)
Apnis
(uois
uoisnpuo) oynbsopy paisal POYIBN JUdWIIEdI] 3LnjoA -nju| uepe.ny) jeu sainsealy Apnis Anuno)y jo seah
: ' uoisnyu| : sdeay : awo2nQ joadAL pue 1
-91B|Al UOLIUBAIRIU|
-youeasay

92uaJsaga.1d uonsodino o}inbsow 1oy sjueldRINE SE UOISNuUl JlUESIO JO S3sh SnoleA "7 d|qel




149

HIGIENE

VOLUME 9, NO. 3, SEPTEMBER—DESEMBER 2023

(100°0>d)
1591 pIsy ay}
ul pue (100°0>d) wn
-1Je3O3sUl Y3 Ul Y109
Ua1em dey o1 pased

adodsoJoiw
9y} ul pajunod asam sdesynQ
Apus ul paddesy ssoynbsow
j99M B U9y '91IS PUOIIS By} 1e
pajunow sdesyinQ paJ piepuels
J0 sied 9T pasn 1S9} Jejlwis e
‘AjsnosuelNWIS ‘W G—¢ UaaMIaq
paoe|d ‘(4o1em del suo pue yoea
uoisnyul Jo shep 09 B OF ‘0C)
sdesyinQ Aons jo saied 9T :plal4

jw
00S :(4e3pp pue
-pueis pue ‘pal
pJepuels ‘Ayons)

ooqueg
ejjoudew sn1o7
sseJg aj1s1uq usain

-woJ uoisnjul sseud ep shep | deauno jo wwbgo:QExMM
-nwuag pey 1eyy sdesy 09 3 O paieadas ‘uolem dey | sauyl pue (pie (skep 09 8070Z)
pas ul s33s Sulhe pue uoisnjul Aey jo shep oz ‘(wd | -puels B AYdus) | e epNWLISg Ysal4 uonew Apnis (8002
ul  papespe  aJow 0vX0EX0E) sa8ed gz ‘@8e) uad | sdnd uonisodino -lojsuely p|ay pue ‘19 ]
2J19m snjaidogip a3y ‘snjardoqp *ay pineso T :sAesseoig Aiojesoqe] | jo sadAy omg :9AB3| JO uoIshju| (tzx)30) Alojesoqe eulyd | Sueyz) 9
(ijofn0)
pydA[)  ysning
pauield | pue ‘pipjnojuiod
'sny Sinoy pg JoYe pa1d9|od | -xo sI Jauley piodsoyoulyy (200
-p1spfanbuinb “x) :ie| pue ‘sawn xis paledldas ‘sdesy | -uod uoneusw | ‘(sasnffa  snouny) Apnis pjai4 ‘us|InN
-napJed ul “dds xajn) dds sapay | #° sadAl # jo sisisuod yooj|q | -494 ByYyr Ao | ysnu  yos uo (4w ) euape)d
10} anndeIe AJSA sem yoea ‘syoo|q xis Aq papialp ‘w | ‘paulejdxa  jou | onenbe  juaSiow3 | -esy  Asyny) :udisap (sn) -navung)
uoisnjul Aey epnwiag ‘dds xajn) | qzT Suoje pade|d sem 221n8p ayL | sI pasn deuy syl Aey epnwiiag VAONY aAlelIUEND eweqe|y ‘S
"(uop
-ouow  snapuad)
sielqey [WOO0E | umesd 281 3uelD
snolien ul pajjeisul (sozemures | = (W9 SOT 433 (snuipbpipws
pue Jajem asull upjs jadies) | ~PWeIp dor ‘Wo | cpgn) jassnw eag
suofipuod deing jo sued ozt :pjei4 | 6 WBIRH) $30d [ (pipinpun piydog)
play pue Aiojesoqe| JaMmoyy Helg | |1ays 1ad1e)
y1oq Japun sniaidoq|o ‘uonisodino 1o) pade|d aiam “(bsoupib
'3y 40j Jueloene sdeJy aAY aJaym ‘(wd OyXOPX0t) |w QO€ = (wd pIDPOUY) 159 aduey Apnis pjay (yo0z
uonisodino JO $224Nn0S 98e2 usauds e Ul pases|as | ¢T Je18wWelp ‘wd 3pood poo|g s|duniA | pue Asolesoq “le 19
2Je sasull [|3ys 12die) 2J9M (pay4-poojq Jaye shep y-€) | ST WSvy) sdno s,ueaung -e| :udissp eleney])
pue umeud 1381 1ueln snyoidoqo ay snpordogyo "ay pinesd 0ge :sqeq | ouseld  suym :JoJslemoasuly | g VAONY | ®aneiynuenp puejieyl B
(uors Apnis
uoisn|puo) olnbso paisal POYISIAl JUd WD) 3LnioA -njuj JuePeIny) |eu S3InseaN Apnas Anuno) jo seak
: : uoisnjuj : sdesy : awodnQ Jo adAL pue 4d
-91BIAl UOLIUBAIRIU]
-yoseasay




VOLUME 9, NO. 3, SEPTEMBER—DESEMBER 2023

HIGIENE

150

‘lipinbp
plajppng ‘wnajupnyd
-p|og wnuobAjod
‘snispa-snubp  xalA
‘sisuauIyod X1IoWo|
:sadAy uamopp B3

-Usweulo Jo SssauaAl

sAep aAN23suod 3o 40) Aep AJ

-oeape ysiy AJsp tus| -9A9 pPaUN0d 24om paddesy sa03 Xapul Apnas p|ay (tT0C
-jodas e se 1oe sue -inbsow 3npe ‘uede w QT ‘peol 18T MmapAsuoy uopoeINy v :u8isap “le1s
-JoBJ1IE By} JO BUON snjoidogp "ay | ayy Suoje pased asam sdesy og =5$9]|130q duse|d pue ‘s3inJy ‘siIamols 1s91-1 | @Apenuenp |sess| | 49)nIN) OT
uoisnjul 3|8uls pasea|al aiam
Suiuiejuod sdedy 0} sojewsy piaess 00T ‘(421eM [IPM
pasedwod s33s aiow ¥ OYS d1 ‘OM) sdnd uoisnjul
Ajpueoayiudis s2401s (d1 Jnoj pey 98ed yoea ‘(ysiy w Jw 00z :dnd
+ QM) uolsnjul paxiiy ¥L'C X €1°7) JeN2U1D ‘saged pjal4 | ouseld yaelg playl-was
‘uonn|Ip uoisnjul PEMTVNIEIN
10 %0T °(|0JU0D Se Jd1em ||am ovsS
9UO pue uoIsnJul SUlBIUOD dUO) d1 (oT0C
auoje sdesy ¢ Jo sisisuod a8ed yoe3 OVS + OM “le 19
Jo1em ueyy s33s asow ‘(wo OE X 0E X 0€) so8ed wnu Jw 96T :dnd d1+OM (sn) | 4aneuaqQ)
$3403S Uoisnjul ay | snjoidogip-ay | -lwnje ul Aesseolg Auojesoqgeq | onseld 3oe|g OM VAONY Alojesoqe| eplioj4 ‘8
*(snipiasiy
3y pue  ‘snjoidoq
Iy -3y ‘sndjpdubiu ‘uonnadal jo HaaMm 1y3ia Joy
%) ‘s|jpsioy X3 ‘sn Y pz Joye paulwexa asom sdes) "aJnuew 1sod
-1IDUI[DS XD ‘SUDNISa -wod pue ‘(paJ0]02) (800¢
‘XD ‘snipiaspofanbuinb ‘aJenbs e ul padueuse sdeslinQ ‘pauie|d ya|NW poompuey ‘ugINN
X)) sapads  oinb  SuIeuOd X20|g Yyoe3 ‘uede | -xa Jou uMOYs paJ ‘mMel3s auld (4owresy (zv'0:drs | ® eusped
-SOW SNOLIBA 1O} dAL dds sapay w gz 1sed| 1e ‘(gyd) syoojq | 1ou sem sdesy Aanl)  wA ‘€0) (sn) -payang)
-09))9 2J9M SsuoIsnju| dds xajnH XIS OjUl POPIAIp Jom suonedo] | Jo  adAl syl ‘sones| ye0 | -ONV Aem-¢ Apnis piai4 eweqe|y Vi
(uois Apnas
uoisnjpuo) ounbso paisal POYISIAl JUBWIRD] 3wnioA -nju| Emuum._ﬁi e S3INSEIN Apnis Anunop jo teak
: : uoisnyu| : sdeay iy awo2nQ jo adAL pue 1
-9]BA\] UOLIUBAIDIU|
-Yyoueasay




151

HIGIENE

VOLUME 9, NO. 3, SEPTEMBER—DESEMBER 2023

udisag paziwopuey Aj@19|dwo) =ay)d
‘s931pul ANARDY uonisodinQ = YO ‘ssesd aunsndny “1S = OyS ‘Duid jesj3uo = d1 9.0 491 = OM ‘SMOSISAQ 98emas paulqwo) = 0SD

snip|

(papjI2qWIN
3]A10204pAH) paam
-lejjop ‘(wnonpnbo
wnjjAydoriA)
Jayieay

s,jouued, ‘(sajoupas

-napwiiponb uy (1043u0) | p1614) 29nn3] 1938 M
pa31s91 sadads saoynb jw 99¢7= Apnis (810C
-SOWw 934y} JO IN0 OM] (1) saw g1 paiedydas | AN‘SBuiluio) ] ‘(sadis Aiojesoqe| “le 1@ p
sjoeJpe 9dNNI| Jalem ndAbap ay ‘snip ‘sunoy g Joye pauaauds ‘sdesy | |Jw £G67 =xa4Ad -SpJ2 bluioyydiy) VAONY e :ugisap (sn) 9asdiuiny)
pue yiuedy Js1ep | -sofonbuinb 'x) | g pauleluod (wd QEXQEXQE) 98e) | :sse|d Jesd yjuioeAy Jajem Aem-auQ aanelueny epuo|4 T
Aey epnwuJag uonadal € yum
JO uoisnjul ue ueyj sinoy g 10} pasea|as sem 0} (%00T (sl
Jayies Jsarem dey ul -Inbsow piaeis T *(Wd QEXOEXOE) 8 0S ‘ST ‘0T pawn|ip) | -pow Jeaul|) (9102
s38a BulAe| suajaud s°'s 98ed ay3 ul paoseid auam | Jw QOT = (XaUAd) palp e sselo ‘shesse Apnis “le1d
seiqwed  sajaydouy ss apiquiob ‘uy (15931 73 j043u00) sdesy jo suied z | dno sse| epnwJag ysai4 |eJoineyaq Asojesoqe eAuay| yau3) 11
Apnis
(uois
uoisnpuo) ounbso paisal POYISIAl JUBWIERDIL SWINIoA -njuj JuePeIny) |eu Sainsean Apnis Asuno) jo seah
: : uoisnyu| : sdea) iy awonQ jo adAL pue 19
-9)e|\] UoLUBAIRU|
-y24easay




152 HIGIENE

VOLUME 9, NO. 3, SEPTEMBER—DESEMBER 2023

Discussion

The selection of mosquito oviposition habi-
tat is influenced by a variety of chemical, physical
and physiological factors. The female mosquito de-
termines the appropriate place to lay eggs using
visual (color, texture, brightness) and olfactory (info
chemicals) sensors. Therefore, humans use info
chemicals to observe and manipulate mosquito be-
havior to control diseases and vectors in the fu-
ture(Schoelitsz et al., 2020). The use of organic infu-
sion as an attractant has a content that can emit
chemicals that are volatile and liked by mosquitoes
(Soonwera, 2015; Turnipseed et al., 2018).

Based on the literature review results above,
all studies inform the potential of organic infusion
as a mosquito preference for oviposition. Thus, the
use of organic infusion attractants effectively con-
trols disease-transmitting mosquitoes through vec-
tors (Marin, Tennyson, et al., 2020).

Dengue vector, Aedes albopictus, is attrac-
tive to an organic infusion from hay (Sandra A. Allan
& Kline, 1995), flowers, fruits, and honeydew
(Mdller et al., 2011), water oak (Obenauer et al.,
2010), fresh Bermuda grass (Burkett-Cadena & Mul-
len, 2007; Zhang & Lei, 2008). Meanwhile. Ae. ae-
gypti is attracted to cashew leaves infusion,(Santos
et al., 2010) and water hyacinth (Turnipseed et al.,
2018).However, Bermuda hay infusion is not opti-
mal for Anopheles (Eneh et al., 2016).

The infusion of oak leaves, pine straw, fresh
Bermuda grass attracted various Culex sp. when
applied in the field (Burkett-Cadena & Mullen, 2007,
2008; Zhang & Lei, 2008), while Bulrush infusions
can draw Culex spp both in the laboratory and field
(Du & Millar, 1999).

However, no studies have been conducted
regarding an effective container/trap combined with
an effective organic infusion attractant, such as
Ovitrap recommended by CDC (Centers for Disease
Control) with geosmin attractant (Melo et al., 2020).
Therefore, it is necessary to develop further re-
search related to first, comparing each organic infu-
sion (flowers, leaves, grasses) simultaneously to find

the most effective one (Acevedo, 2021; Burkett-

Cadena & Mullen, 2008; Lampman & Novak, 1996),
and the factors affecting its effectiveness (Obenauer
et al., 2010; Rajapaksha et al., 2021; Sant’ana et al.,
2006). Second, combining the use of effective or-
ganic infusion with the various type of trap used.
Third, it is necessary to look for a more cost-
effective and locally available container in the com-
munity.

Finally, this literature review has several
limitations. This study may have a bias in publication
selection as the initial screening by peers was not
carried out. In addition, this study only focuses on
the use of organic infusions, does not include the
combination of organic infusions with other attract-
ants (chemical and/or biological compounds). Final-
ly, the articles were explored only from six sources.
Thus, the findings related to organic infusion were

limited and needed to be explored further.

Conclusion

The review study showed that the use of
organic infusion from various substrates has the
potential as a preferred attractant for oviposition of
various Aedes spp., while the type of mosquitoes
that were mostly drawn to organic infusion at a field
scale was Culex spp. Because of this study based on
the literature review, therefore, for further research
the effectivity of organic infusion on a field scale is

needed as its information is still limited.
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