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Abstract

Background. The cause of dengue fever’s endemicity is vector larvae density, with Aedes aegypti as the prime
vector. Bandung municipality is a high dengue fever endemic area. Hence, studying the habitat characteristics of
the Aedes mosquito is essential to controlling the populations of mosquitos.

Purpose. This study aimed to identify the aedes larvae breeding sites and the relationship between the breeding
risk index, hygiene risk index, maya index, and the existence of larvae with the incidence of dengue fever.
Method. The design used in this research was a cross-sectional survey. The sampling technique used simple
random sampling. The quantity of the sample was 544 directly observed houses.

Results. The entomological parameters obtained were house index (23.89%), container index (7.81%), Breteau
index (50.73%), and larva free number (76.10%). The breeding risk index, hygiene risk index, and maya index are
in the low category. The chi-square test conveyed that the breeding risk index, maya index, and the existence of
larvae were significantly associated with the incidence of dengue fever.

Conclusion. The entomological index may influence the high incidence of dengue fever. These findings and
results may help the authorities to improve mosquito nest eradication in attempts to prevent dengue transmission.
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AHHOMayus

BBeaeHue. [pUUMHON S3HOEMUYHOCTM NNXOPaAKN AEHre ABMSIETCSA NIOTHOCTb NOMYNSALMU NMYUHOK KOMEPOB-Te-
PEHOCYUKOB, OCHOBHbIM U3 KOTOpPbIX sABnAtTcs Aedes aegypti. MyHuumnnanuteT baHayHr SBnseTca SHAEMUYHBIM
panioHOM C BbICOKMM YPOBHEM 3aboneBaeMocTu nuxopaakon aeHre. CnegoBaTtenbHO, U3yYeHne XxapakTepucTuk
cpeabl 00MTaHUsi KOMapoB poaa Aedes UMEET BaXHOE 3HaYeHVe A5t KOHTPONs Nonynsumin Komapos.

Llenbro faHHOrO nccnenoBaHms Gbino BbISIBIIEHWE MECT pa3MHOXEHUS NMUYMHOK KOMapoB poaa Aedes v B3aun-
MOCBS3b MeXAY MHAEKCOM p1CKa pa3MHOXEHWUS, MHOEKCOM FMIMeHNYecKoro pucka, nigekcom Mans n Hanuumem
NIMYMHOK C 3a60MeBaeMOCTbI0 NTMXOPAAKON AEHTe.

Marepuansi u metoabl. B faHHOM nccnenoBaHMM UCMONb30Bancs METOA nepekpéctHoro onpoca. O6bEM npo-
CTow cryyarnHoun Belibopku coctasun 544 goma.

PesynbraThbl. [lonyyYeHHbIMY 3HTOMOMOrMYECKUMIY Nokasatensammu 6uinm nHaekc goma (23,89%), MHAEKC KOHTEW-
Hepa (7,81%), nHaekc bpeto (50,73%) 1 konM4ecTBO 06BLEKTOB, CBOBOAHLIX OT NMYMHOK (76,10%). Haekc pycka
Pa3MHOXEHUS, UHOEKC TMIMEHNYECKOro pycka U nHaekc Mais oTHOCATCS K HU3KOM KaTeropuu. TecT X2 nokasan,
YTO UHAEKC pUCKa Pa3MHOXEHUS, MHOAEKC Maiis u Hanmume NMYNHOK ObINn B 3HAYMTENBHOW CTEMNEHU CBSA3aHbI C
3aboneBaemMoCTbI0 NIMXOPaAKON AeHre.

3aknoyeHne. SHTOMOMNOrMYECKMIN MHAEKC MOXET BNMATL HA BbICOKYHO 3ab0oneBaeMoCTb NMXopaakon AeHre. ATu
BbIBOAbI M pe3ynbTatbl MOryT NOMOYb BNACTAM ONTUMU3UPOBATL NPOrpaMmMy no NMKBUAALUN MECT Pa3MHOXEHMS
KOMapoB C Lienbio NpefoTBpaTuTh pacnpoCTpaHeHne Nuxopaakn AeHre.

KnioueBble cnoBa: siuxopadka deHze, Aedes aegypti, pacripocmpareHue nuxopadku deHze, 3HMoMosIo2uye-

CKUl UHOEKC, NTUYUHKU KOMapos

HUcmoyHuk d)UHchupoeaHug. ABTOpr 3asaBnaT 06 OTCYTCTBUM BHeELUHEro d)I/IHaHCI/IpOBaHI/IH npun nposegeHun

ncecnenoBsaHuA.

KoHngpnukm urmepecoe. ABTOpbI [eKNapupylT OTCYTCTBUE SIBHbIX W MOTEHLUMAnbHbIX KOHMIIMKTOB WHTEPECOB,

CBA3aHHbIX C ny6n|/1|<aumel7| HacTosLEen CTaTby.

Ansi yumupoeanHusi: Sutriyawan A., Manap A., Sulami N., Setiyadi A., Mariza Riskiah D., Kurniawati Ratna D., Khari-
ri K. Analysis of entomological indicators and distribution of Aedes aegypti larvae in dengue endemic areas. )XypHan
mukpobuornoeuu, anudemuonoauu u ummyHobuonoauu. 2023;100(4):314-320.
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Introduction

Dengue is still a global public health issue, partic-
ularly in tropical and subtropical areas, including Indo-
nesia as one of the dengue endemic countries [1]. Den-
gue is a disease caused by the dengue virus which has
the fastest spread worldwide [2]. The global incidence
of dengue has risen significantly, with approximately
half of the world's population at risk. Although an es-
timated 100—400 million infections occur yearly, more
than 80% are generally milder and asymptomatic'.

Dengue is a disease which causes death due to
bleeding and hemodynamic disorders. The primary vec-
tor of dengue is the Aedes aegypti mosquito, whereas the
potential vector is Ae. albopictus. These mosquitoes are
also vectors of chikungunya, yellow fever, and zika virus
[3]. Specific medicines and vaccines that are efficacious
for dengue are still under investigation, since no particu-
lar drug is efficacious in the treatment of dengue [4].

Indonesia is a dengue-endemic country. 248,127
cases were reported in 2019. Meanwhile, until July
2020, the number of cases had reached 71,633 cases>.
An epidemiological study of dengue fever in Bandung
Municipality stated that the existence of Ae. aegypti
mosquito larvae highly influences the high number of
infection cases [5]. Prevention and management of den-

' WHO. Dengue and severe dengue; 2023. URL: https://www.who.
int/news-room/fact-sheets/detail/dengue-and-severe-dengue

2 Kementrian Kesehatan Republik Indonesia. Kemenkes R.1. Profil
Kesehatan Indonesia 2020. Jakarta;2021. URL: https:/www.
kemkes.go.id/downloads/resources/download/pusdatin/profil-ke-
sehatan-indonesia/Profil-Kesehatan-Indonesia-Tahun-2020.pdf

gue fever depends on effective vector control measures.
Sustained community involvement can substantially
improve vector control efforts.

Multiple factors have been implicated in the glob-
al resurgence of dengue fever. These include failure to
control aedes populations, uncontrolled urbanization,
and unprecedented population growth [6]. The season-
al dynamics of Ae. aegypti population sizes generally
have a positive relationship with climatic variables
such as temperature, rainfall, and relative humidity [7].
Previous studies have indicated that the distribution
pattern of dengue can be affected by various factors,
one of which is the existence of mosquito vectors that
can be assessed through entomological indexes such as:
House Index (HI), Container Index (CI), Breteau Index
(BI), and Mosquito larva Free Rate (ABJ). High dengue
disease transmission is encouraged by the high density
of Ae. aegypti mosquitoes [7, 8].

Current prevention efforts include Mosquito Nest
Eradication (Pemberantasan Sarang Nyamuk, or PSN),
but implementation still needs to be optimized. One of
the efforts that have proven effective is to reduce and
suppress the mosquito population. WHO states that ef-
fective dengue prevention is achievable by controlling
vectors from larvae to adult mosquitoes [9]. In dengue
eradication programs, the typical larval survey is the
investigation of Ae. aegypti larvae in residential and
communal areas using the single larva method [10].

With an increasing tendency of dengue incidence,
especially in Bandung Municipalities, the research fo-
cus has been on case tracing and control of Ae. aegypti.
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Therefore, there is a need to conduct a study of distri-
bution patterns based on entomological indicators. This
program will be very useful when used as basic literature.
It can also form the basis for making vector control pol-
icies more precisely targeted in an effort to prevent den-
gue fever. Vector population density can help programs
determine the rate of speed of the dengue virus spread
in a particular area [11]. This research aims to identify
the breeding sites of Aedes larvae and the association of
the Breeding risk index (BRI), Hygiene risk index (HRI),
Maya index (MI), and the occurrence of larvae with the
incidence of dengue fever. The findings of this research
can serve as a foundation for dengue fever prevention ef-
forts through effective mosquito nest eradication efforts.

Materials and methods

Research design

This research used a cross-sectional design. This
study was conducted in Bandung City in March—July
2022. This study surveyed each endemic area. Each
stratification selected nine sub-districts based on a pur-
posive sampling design.

Sampling technique

The population in this research was heads of
households from all residents of Bandung City. The
sample selection of endemic sub-districts was based
on sub-districts with the highest number of cases by
considering existing incidence rate data and stratifica-
tion based on the Bandung City health office in 2021.
544 houses were taken using the Sample Size for One
Sample Test of Proportion formula (level of significance
5%, power 90%). The sample houses were chosen using
a random sampling method from the combined list of
residents owned by each sub-district. A house was sam-
pled, if selected as a sample and willing to be visited.

Entomology survey

Surveys were conducted on larvae by examining
all water storage containers accessible from respon-
dents' homes, in order to determine the most effective
and efficient types of containers for mosquito breeding.
Surveys were conducted on wet containers filled with
water at the time of the survey. Samples of larvae found
were collected using a net (tea strainer) and then placed
in small plastic jars filled with water. Each sample jar
was labeled with the identification number, date, loca-
tion, and number of larvae gathered. Breeding sites of
the mosquito species collected were recorded in pre-de-
termined survey data sheets during sample collection.
Containers were recorded as positive for Aedes, if lar-
vae were found in the water storage containers.

Containers classification

Containers were categorized into three groups
based on their purpose: Controllable containers, dis-

ORIGINAL RESEARCHES

posable containers, and under-controllable containers.
Water storage containers recorded in the survey as con-
trolled containers are places that can be maintained or
controlled, such as bathtubs, water tanks, buckets, jerry
cans, wells, flowerpots, drums, refrigerators, dispens-
ers, barrels, animal drinkers, crocks and gutters. Used
containers are waste or places that are no longer used,
such as used cans, tires, bottles, buckets, jars, glasses,
and drums. Furthermore, containers such as fishponds
and aquariums were deemed under-controllable.

Larvae identification

After being collected, the larvae were taken to the
parasitology laboratory of Bhakti Kencana University.
The larvae were identified under a microscope in the
laboratory. Species identification was finalized using
standard identification keys explained in the literature
"Pictorial keys for identifying mosquitoes (Diptera:
Culicidae) associated with Dengue Virus Transmis-
sion” [12]. Furthermore, laboratory results were then
recorded on the appropriate survey sheet.

Data analysis

Maya index and entomological index analysis were
used to illustrate the transmission risk of dengue. Dom-
inant containers were identified by data collection on
the containers with the highest number of positive lar-
vae found inside and outside the house. Containers in
this regard were grouped into two categories: controlled
containers and used containers. The Maya Index in this
research was determined using two indicators: BRI and
HRI. BRI is each house's proportion of controllable sites.
BRI is obtained by dividing the number of controllable
areas examined by the average number of containers in
the house. The HRI is each house's proportion of dis-
posable sites. HRI is calculated by dividing the number
of disposable sites in the examined homes by the aver-
age number of containers in the home [13]. BRI, HRI,
and MI values were classified into three categories:
high, medium, and low, based on Lozano's distribution
(2002). MI is determined from the BRI and HRI values
in each house arranged in a 3 x 3 matrix [14].

Entomological indicators, namely HI, CI, and
BI, are categorized based on the larval density index
according to the density figure (DF) value in the low,
medium, and high categories [17]. CI is an index used
to define the number of larvae-positive containers out
of all containers examined (Number of larvae-positive
containers x 100% / Number of containers discussed).
HI is an index used to identify the number of larvae-pos-
itive houses out of all homes inspected (Number of
larvae-positive homes x 100% / Number of homes in-
spected). BI is an index used to determine how many
larvae-positive containers out of all the homes exam-
ined (Number of larvae-positive containers x 100% /
Number of homes examined). The entomological in-
dex defines the risk of infection based on DF. The low



XKYPHAN MMKPOBMONOT W, SMUAEMUONOTUM U UMMYHOBMONOTMIA. 2023; 100(4) 317
DOI: https://doi.org/10.36233/0372-9311-406
OPUIMHATbHbIE UCCNEAOBAHMSA
Table 1. Density of Aedes Aegypti Larvae Based on DF and

Indicators of HI, Cl, and BI

DF HI Cl BI 21

1 1-3 12 -4 No DHF Case

2 4-7 3-5 5-9

3 8-17 6-9 10-19

4 18-29 10-14 20-34 23

5 30-37 15-20 35-49 PHF Cases

6 38-49 21-27 50-74

7 50-59 28-31 75-99 0 50 100 150 200 250 300 350
8 60-76 32-40 100-199 mTotal mPersentase

9 — - —

Source: Service, MW. Mosquito Ecology Field Sampling Methods.
Chapman and Hal.

density is categorized as DF 1, medium density as DF
2-5, and high density as DF 6-9 [11]. The determina-
tion of the density of index larvae based on HI, CI, and
BI taken from the MW Service can be seen in Table 1.
MI analysis is determined by identifying controlled and
uncontrolled water reservoirs, namely the categories of
controllable sites and disposable sites.

The Chi-Square test was used for further analysis.
This test was used to analyze the relationship between
the Maya index and the occurrence of larvae with the
dengue incidence, with a significance level of 5%.

Results

This study was conducted on 544 homes and re-
sulted in an incidence rate of 41% (Fig. 1). The eleva-
tion of dengue incidence is relevant to the number of
larvae found in the houses. A total of 276 containers
containing larvae were found. The majority of mosqui-
to larvae were found in bathtubs (52), dispensers (40),
refrigerators (30), buckets (24), bottles (23), and used
tires (13). At the same time, wells, barrels, crocks, used

500
450 441 440 441
400
350
300
250
200
150

100

Controllable Container

Fig. 1. Prevalence of dengue in Bandung municipality.

jars, used cups, used drums, fishponds, and aquariums
were not found with any larvae at all. Most mosquito
larvae were found in controllable containers (Fig. 2).

The MI status is based on potential mosqui-
to breeding sites (BRI) and environmental cleanness
(HRI). MI analysis (Table 2) conveys that BRI, HRI,
and MI values di Kota Bandung are primarily in the
low category.

Entomological indicators in the form of index mea-
surement of Aedes aegypti larval density in particular
settlements are essential considerations in effective vec-
tor control. Table 3 shows that the HI was 23.89%, the
Cl was 7.81%, the Bl was 50.73%, and ABJ was 76.10%.

The effect of the Entomology Index on dengue
incidence in Bandung Municipality can be seen in Ta-
ble 4. BRI is a factor that affects the elevation in dengue
cases (p =0,001). Ml is a factor that influences the peak
of dengue cases (p = 0,001). The presence of larvae is
also a factor that causes an increase in dengue cases
in Bandung municipality (p = 0,000). Meanwhile, the
writer concludes that HRI-could not be proven to influ-
ence the increase in dengue cases.

60
50
40
30
20

10

Under Controllable

Disposable Container Countainer

B Total === |arvae

Fig. 2. Containers varieties on households in Bbandung municipality.
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Table 2. The proportion of households based on the Breeding Risk Index (BRI), Hygiene Risk Index (HRI), and Maya Index

(MI) in Bandung municipality

BRI HRI M
Category

n % n % n %

Low 428 78.7 491 90.3 420 77.2

Medium 7 1.3 7 1.3 83 15.3

High 109 20 46 8.5 41 7.5

Total 544 100 544 100 544 100
Table 3. Entomological Index writer examined different containers in respondents'
Entomological Index Result, % DF homes in Bandung Municipality and identified Aedes
House Index 23.89 7 aegypti la.rvae and.pupae. These findings are consistent
Container Ind 281 with previous studies or research [16, 17]. A significant
ontainer index ’ number of Aedes aegypti larvae were found, since the
Breteau Index 50,73 6 study site was in an urban area. Findings in Southern
Larvae Free Number 76,10 Taiwan show that Aedes aegypti almost exclusively ex-
. . ists in urban areas [18]. While the conclusions from a

Discussion

Common breeding sites observed in the study ar-
ea were bathtubs, dispensers, refrigerators, barrels, and
used plastic. Most residents in Bandung municipality
store tap water and rainwater in containers for house-
hold necessities. Based on the research results, the inci-
dence of dengue in Bandung City is quite inflated. This
result is relevant to the data of dengue in Indonesia.
Over a 50-year period, there has been a sharp increase
in the annual IR of dengue in Indonesia, from only 0.05
cases per 100,000 person-years in 1968 to 77.96 cases
per 100,000 person-years in 2016 [2]. The elevation of
dengue cases in Bandung Municipality is reciprocal to
the high number of mosquito larvae found. Thus, the

study in East Ethiopia from 405 containers were posi-
tive for mosquito larvae, 84.4% were identified as Ae-
des aegypti [19].

Nevertheless, in our research, dedes aegypti was
found to be the most dominant species to breed in artifi-
cial containers. Many containers are located near human
habitation and are potentially more durable than natural
containers [20]. In our research, no Anopheles mosquito
larvae were found. Nonetheless, Anopheles mosquitoes
inhabit old tires in Nicholas County, West Virginia [21].
The type of container, water quality, and condition of
the water container are important for breeding’.

HI, CI, BI, and ABJ were relatively low. These find-
ings are consistent and in line with the study that sta-

Table 4. The effect of Entomological Index on the incidence of dengue

No Dengue Dengue Total
Entomological Index p-value
n % n % n %
Breeding Risk Index (BRI) 0,001
low 235 54,9 193 451 428 100
medium 6 85,7 1 14,3 7 100
high 80 73,4 29 26,6 109 100
Hygine Risk index (HRI) 0,378
low 285 58,0 206 42,0 491 100
medium 5 71,4 2 28,6 7 100
high 31 67,4 15 32,6 46 100
Maya Index (MI) 0,001
low 231 55,0 189 45,0 420 100
medium 63 75,9 20 241 83 100
high 27 65,9 14 34,1 41 100
Presence of Larvae 0,000
absent 224 54,1 190 45,9 414 100
present 97 74,6 33 25,3 130 100

3WHO. Chen C.D., Lee H.L., Stella-Wong S.P., et al. Container survey of mosquito breeding sites in a university campus in Kuala Lumpur,

Malaysia; 2009. URL: https://apps.who.int/iris/handle/10665/170721
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ted an overall HI of 14.2%, BI of 24.65, and CI of 5.9%
[22]. All indices indicate a high level of risk of dengue
transmission. A survey in Nepal found CI to be higher
in the transitional period than in the rainy season [17].
A recent study in Malaysia conveyed maximum HI =
13,33%, BI =13, dan CI = 19,05% [23]. In the liter-
ature, it has been criticized that this index needs more
operational value and usage in assessing transmission
risk. However, this index indicates a threat of global
transmission at the community level [17]. The majority
of Aedes aegypti larvae were found inside the respon-
dents' homes. In accordance with findings in Southern
Mexico, the frequency of larval populations was higher
inside the households (14.1%) compared to containers
found outdoors (5.1%) [24]. The writers found the most
Aedes aegypti larvae in bathtubs, comparably with find-
ings in Thailand that stated the most important risk fac-
tors for the existence of Aedes aegypti were container
type (jars and tanks), location (toilet/bathroom), and lid
status (no lid or covering) [25].

Amongst the risk factors for dengue incidence is
the MI. In order to obtain the MI, the BRI and HRI were
first calculated using the Miller formula [26]. The writers
found that MI was in a low category. Another study in
Tegal City stated that there was no difference between
low and medium index MI categories. Thus, houses with
low and medium index status have the equivalent risk of
dengue infection [27]. The writers found that the most
frequently controlled containers were bathtubs, buck-
ets, jerry cans, refrigerators, dispensers, animal drink-
ers, and drums. Research in Semarang conveyed that
mosquito larvae were primarily found in flowerpots and
buckets, while those who suffered from dengue found
the most mosquito larvae in bathtubs [28].

In this finding, BRI is in a low category, mean-
ing that the danger as a mosquito breeding site is in-
sufficient. This is consistent with other findings stating
that the city is at low risk of mosquito breeding [29,
30]. Another research in Central Java found that BRI
was at medium risk [31]. Several larvae were found
in controlled containers, and all of them were Aedes
aegypti larvae. The study in Eastern Ethiopia stated
that the mosquito larvae-positive containers were most-
ly artificial water storage containers located outdoors
(93.06%), open or partially covered (87.6%), and fully
or partially exposed to sunlight (67.86%) [19].

The existence of mosquito larvae in the home can
elevate the risk of dengue transmission. If there are
mosquito larvae around the house, either indoors or
outdoors, it will increase the risk of dengue infection.
A study in Japan indicated that the highest number of
wet containers were outdoors (56.5%), followed by in-
doors (32.2%) and roofs (11.3%). Among outdoor con-
tainers, 7.8% of containers were found to be overrun
with Aedes larvae. Among indoor and rooftop contain-
ers, 3.1% and 3.9% of containers were found positive,
respectively. The overall HI was 14.2. BI was 24.6,

and the CI was 5.9 [23]. All indexes showed that the
transmission risk rate is currently high [32, 33]. So it is
necessary to elevate efforts to prevent dengue by imple-
menting mosquito nest eradication.

Conclusion

The study detected larval density based on ento-
mological indices in the medium and high categories.
BRI, M1, and larval occurrence can significantly elevate
the incidence of dengue fever in Bandung Municipality.
The writers suggest dengue vector control through rou-
tine inspection and destruction of potential container
types both inside and outside the house as a preventive
measure for dengue fever transmission.
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