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Abstract
Background and Aim: To effectively control dengue hemorrhagic fever (DHF), it is necessary to assess the risk of vertical 
virus transmission in Aedes aegypti mosquitoes. This study aimed to detect dengue virus (DENV) transovarial transmission 
in A. aegypti collected from DHF patients’ residences in Denpasar, Bali.

Materials and Methods: A. aegypti samples were acquired by rearing A. aegypti eggs collected from ovitraps placed in the 
homes of DHF patients. Ovitraps were installed for 7 days and viewed using a loupe to determine whether there were Aedes 
spp. eggs present. An immunocytochemical method was utilized with 200 samples, and virus detection was performed using 
a reverse transcriptase-polymerase chain reaction (RT-PCR).

Results: Of the 10 DHF patient houses fitted with ovitraps, four produced positive ovitraps from which larvae developed 
(house index=40%). Of the 50 ovitraps mounted in the 10 homes, 14 ovitraps were positive and contained A. aegypti 
eggs (ovitrap index=28%). Of these 14 positive ovitraps containing A. aegypti eggs, 10 ovitraps produced larvae. 
Immunocytochemical tests were conducted on A. aegypti eggs from the four houses under study. It was found that from the 
200 samples collected, 197 samples could be observed, and 11 samples (5.6%) were positive for DENV antigen. RT-PCR 
examination conducted on mosquitoes reared from the four houses studied obtained a negative virus content result.

Conclusion: This study found the presence of DENV antigen to be as high as 5.6%. This means that potential for transovarial 
transmission exists within DHF patients’ homes in Denpasar, Bali. Aedes control strategy in Denpasar should address this 
finding, in addition to the current approaches which have focused primarily on the elimination of larval breeding habitats 
and control of adults using insecticidal fogging during outbreaks.
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Introduction

Dengue hemorrhagic fever (DHF) remains a 
global health problem, especially for people living 
in tropical regions, including Indonesia [1], where 
dengue fever is the most common cause of hospital-
ization due to acute febrile illness in the country [2]. 
A  recent analysis of National Disease Surveillance 
data spanning five decades indicated that the inci-
dence rate (IR) of DHF appears to be cyclical, peak-
ing approximately every 6-8 years, with the latest IR 
estimated at approximately 22.55  cases per 100,000 
person-years  [3]. As the most populous country in 
dengue-endemic Southeast Asia, Indonesia has con-
sistently ranked among the top three countries with the 
most dengue cases [4]. Bali, a province of Indonesia, 

has historically high DHF IR and is almost always 
in the top five of all Indonesian provinces. DHF in 
Bali is endemic in nine districts with uneven distri-
bution, with most cases occurring in Denpasar City, 
Badung Regency, and Gianyar Regency. In 2015, the 
number of DHF cases in Bali Province was 10,759, 
resulting in 29 deaths (IR=259.1/100,000 population), 
with especially high caseloads found in Denpasar City 
and Gianyar and Badung Regencies. The IR of DHF 
in Denpasar City reached 317.7/100,000 population 
in 2016 and continued throughout the year [2,5]. In 
2019, the IR of DHF in Bali was 276.3/100,000 popu-
lation and in Denpasar City was 155.88/100,000 pop-
ulation [6]. The emergence of new cases throughout 
the year is certainly strongly associated with the exis-
tence of vectors that remain active throughout the year 
and with dengue virus (DENV) within the vectors that 
also exist throughout the year.

The species of mosquito known to have the role 
as  the main vector of DHF transmission is Aedes 
aegypti [7,8]. Aedes spp. mosquito fauna studies in 
Denpasar have also found A. aegypti to be the dom-
inant species locally [9]. Specific drugs and effective 
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vaccines for DHF are still under investigation [10]; 
therefore, the prevention of DHF has, until now, 
been mainly targeted at controlling its vectors, espe-
cially A. aegypti [11]. The government of Denpasar 
in Bali Province has made various efforts to control 
A. aegypti mosquito and reduce the prevalence of 
DHF. Still, it has not succeeded because its focus is 
solely on the horizontal transmission of DENV where 
A. aegypti mosquitoes are infected with DENV from 
feeding on DHF patients. Therefore, its efforts are ori-
ented toward horizontal transmission-related actions, 
such as fogging when a new case is identified [5]. 
Some studies have shown that A. aegypti mosquitoes 
can contain viruses without ever feeding on a sick 
person but through the acquisition of the virus from 
their mother (transovarial). A. aegypti mosquitoes can 
become DHF transmitters from birth [12,13], so to 
carry out effective DHF control in Denpasar City, it is 
necessary to evaluate the possibility of virus transmis-
sion from A. aegypti mosquitoes vertically through 
transovarial transmission (TOT). It will then be pos-
sible to design a new A. aegypti eradication model, 
which is likely to be different from what is already in 
place. To develop a new response technique, research 
must determine whether the transmission of DENV 
transovarially from mosquito female to offspring is 
found in A. aegypti mosquitoes in Denpasar, Bali.

This study aimed to detect TOT of DENV in 
A. aegypti mosquitoes in Denpasar City and specif-
ically assessed evidence of DENV infection and its 
prevalence in A. aegypti mosquitoes in Denpasar 
City. Aedes control strategy in Denpasar currently 
focuses primarily on the elimination of larval breed-
ing habitats and the control of adults using insecti-
cidal fogging during outbreaks. In Denpasar, there 
remains only limited evidence of TOT. New data will 
provide a greater understanding of the field interac-
tions between DENV and its vectors and their links to 
human disease. These data can then aid in the estab-
lishment of reliable vector population target levels for 
commencing viral control and reduction strategies.
Materials and Methods
Ethical approval

Ethical committee exemption was obtained from 
the Head of the Department of Parasitology, Faculty 
of Medicine, Udayana University, because the study 
only involved invertebrates.
Study period and location

The study was conducted from September to 
December 2019. The study was conducted in the terri-
tory of Denpasar City, Bali Province, Indonesia
Collection of samples

A. aegypti samples were obtained by rearing 
A. aegypti eggs obtained from ovitraps installed in the 
homes of patients with DHF in Denpasar. Ovitraps were 
installed for 7 days and viewed using a loupe to deter-
mine whether there were Aedes spp. eggs present. The 
eggs were then soaked in water and the hatching larvae 

were allowed to develop until new pupae were trans-
ferred to a mosquito cage. The mosquitoes in the cage 
were fed 10% glucose until they reached 3 weeks old. 
They were then ready for examination for DENV within 
the mosquito bodies. The required number of samples 
for immunocytochemical examination was 200.
Immunocytochemical examination [14,15]

The squash head preparation was done by squeez-
ing the heads of Aedes spp. mosquitoes that had been 
turned and separated from their bodies and placed 
on an object-glass. Preparation was done individu-
ally. The preparations were immersed in a peroxidase 
blocking solution (PBS) (Sigma, USA) at 25-28°C for 
10 min and then washed with PBS 3  times each for 
2 min. Serum blocking solution (Sigma) was used for 
incubation at 25-28°C for 10 min, followed by incu-
bation using 1C7 antibody (1:50) for 30-60 min using 
a damp incubator tray. Washing was performed with 
PBS 2 times each for 2 min. Incubation used strepta-
vidin peroxidase conjugate for 5-10 min. After that, 
washing was again performed 3  times using PBS. 
Incubation continued using a mixture of chromogen 
substrate for 5-10  min and then was washed with 
Aquadest (Sigma). Incubation continued again with 
hematoxylin (Sigma) for 1-3  min and then a wash 
with tap water. The preparations were then washed 
with Aquadest, immersed in alcohol, and subsequently 
cleaned and immersed in xylol (Merck, Germany). 
Before examining under a microscope (Olympus, 
Japan), the preparations were placed on mounting 
media and covered with a coverslip and allowed to 
dry. Preparations indicating a brown color signified 
a positive result for the presence of DENV antigen, 
while either blue or pale indicated a negative result. In 
this study, both negative controls and positive controls 
were provided. Positive controls were infectious den-
gue mosquitoes that were reacted with primary anti-
bodies. Negative controls were noninfectious prepara-
tions that were treated with primary antibodies.
Results

Data on the presence of dengue fever patients 
who lived in Denpasar were retrieved from hospital 
information and the Denpasar Health Office. Of the 
10 patients recorded, each of their houses was fitted 
with five ovitrap units so that a total of 50 ovitraps 
were installed. Of these 50 ovitraps, only 14 positive 
ovitraps containing Aedes spp. eggs were obtained. 
Ovitrap distribution is shown in Table-1.

The ovitrap index was found to be 28%, which 
means that the risk of transmission is still high in 
proximity to DHF patients. When viewed based 
on the eggs obtained from the 10 houses studied, 
seven houses had ovitraps which contained Aedes 
spp. eggs, but only four houses had eggs that devel-
oped into A. aegypti larvae (house index=40%). The 
high house index in this study does not imply that 
the potential for DHF transmission is necessarily 
so high, because the study intentionally provided 
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ovitraps (containers) which were used by A. aegypti 
as breeding places, thus increasing the index arti-
ficially. Other containers used as breeding places 
(in addition to ovitraps) are, of course, not widely 
available because the Denpasar City government 
routinely commissioned a health worker (Jumantik) 
to come to people’s homes to control and eliminate 
breeding places in the homes [3,5].
Detection of DENV antigen using immunocytochem-
ical test

Of the 200 squash head samples from randomly 
selected imago stage mosquitoes derived from four 
positive A. aegypti homes, only 197  samples were 
observed, because three samples were taken off the 
preparations. Of the 197 preparations observed, 11 
positive preparations (5.6%) were found to show 
brownish in color. A 5.6% positivity rate shows that 
the potential for TOT occurs in A. aegypti mosqui-
toes in Denpasar City. The results of various positive 
preparations, positive controls, and negative controls 
are shown in Figure-1.

Discussion

This study found that the presence of DENV 
antigen reached as high as 5.6%, which means there 
is a potential for TOT within DHF patients’ homes in 
Denpasar City. When the results of this study were 
compared with the results of the study in several other 
locations in Indonesia, this figure was found to be 
similar to studies conducted in several areas in four 
regencies in Central Java. In these areas, the detection 
of the DENV antigen using the immunocytochemical 
technique ranged from 0 to 8.77% [16]. Compared 
with research conducted in Manado, North Sulawesi, 
Indonesia, the results obtained from this study are 
lower because that research obtained a transovarial 
transmission index (TTI) of 12.2% using immuno-
cytochemical examination [17]. Another study in 
the Malalayang District in Manado shows TTI from 
DENV in A. aegypti ranging from 6.1% to 17.1% [18]. 
Another study involving five cities involved in egg 
sampling showed that there were three cities with pos-
itive results of the equivalent of 60% of the propor-
tion of transovarial events [16]. Another study found 
DENV infection through TOT in four serotypes. The 
most dominant stereotypes are DENV-4, DENV-
3, DENV-1, and DENV-2 [17]. Another TOT study 
in Yogyakarta showed the opposite results, finding 
that only three stereotypes were detected (DENV-1, 
DENV-2, and DENV-3), while TOT was not found in 
DENV-4 [19].

The presence or absence of TOT can be deter-
mined through immunocytochemical techniques. The 
immunohistochemistry results in Figure-1 show that 
the dengue antigen was detected as a brown color in 
the cytoplasm of infected cells or as brownish gran-
ular deposits scattered in positive controls and posi-
tive samples. Meanwhile, negative results are shown 
as blue or purple in the negative control and negative 
samples. The results of this study were supported by 
the results of the examination of the DENV-3 antigen 
using the immunocytochemical method on the head 
squash preparation of A. aegypti, which showed posi-
tive results with varying degrees of transovarial infec-
tion. There were 33.33% (10 of 30) positive samples 
of DENV antigen in 4-day-old mosquito samples.

Meanwhile, 40% (12 of 30) samples were pos-
itive for DENV antigen in 16-day-old mosquito 
samples [20]. Another study showed the presence of 
DENV antigen in A. aegypti mosquitoes due to egg 
stage colonization taken from the residences of four 
DHF cases in Kombos Barat Village, Singkil District, 
Manado City, using immunohistochemical techniques. 
DENV detection results showed that A. aegypti mos-
quitoes which were positive for DENV constituted 24 
of the 48 mosquitoes examined, with the average TTI 
of the four cases being 53.6% (39.1-70%) [21].

The mechanism of TOT in dengue can occur 
through three processes, namely, (i) uninfected 
female mosquitoes engage in sexual activity with 

Table-1: Distribution of positive ovitrap that contains 
Aedes spp. eggs.

Sample 
no. 

Number 
of 

ovitrap 

Ovitrap 
positive

Percentage Develop 
into 

larvae

1 5 5 100 +
2 5 1 20 −
3 5 2 40 +
4 5 1 20 −
5 5 0 0 −
6 5 1 20 −
7 5 0 0 −
8 5 0 0 −
9 5 2 40 +
10 5 2 40 +
Total 50 14 28 4

Figure-1: (a) Positive control, (b) negative control, and 
(c) positive samples.

cc

ba
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transovarially infected male mosquitoes, resulting in 
sexual transmission of infection to female mosqui-
toes; (ii) uninfected female mosquitoes bite and suck 
a host’s viremic blood so that the virus is introduced 
and replicates in the mosquito’s body. Then, infected 
eggs are produced and develop into infected larvae; 
(iii) the ovarian tissue of female mosquitoes infected 
with the virus is passed down genetically to the next 
generation [22]. TOT was found more often inside 
houses than outside the house or in the yard (17 jour-
nals). These results contradict other studies showing 
that the ovitrap index (OI) in DHF endemic areas is 
greater outdoors than indoors. This finding is sup-
ported by a study in the Jakarta area which found that 
OI was greater in outdoor areas (36.4%) than indoor 
areas (33.5%). This is influenced by the behavior of 
A. aegypti, which prefers to lay eggs outdoors [18].

TOT is also more common in the summer than 
in the rainy season. TOT is said to increase gradually 
in the summer and peak in April-June. Meanwhile, 
dengue cases generally peak a month after entering 
the rainy season, namely, in September. Therefore, 
mosquito infections due to TOT generally occur in the 
4  months before the incidence of DHF increases in 
humans [17]. Besides being influenced by the season 
and location of houses, the results of the previous stud-
ies showed that the presence of DENV was also influ-
enced by road density, population density, and urban 
villages [23]. The finding of DENV TOT can cause an 
increase in dengue fever outbreaks and contribute to the 
persistence of dengue cases in endemic areas [22].

DENV TOT causes an area to remain endemic 
because cases will always exist and transmission will 
remain uninterrupted. A  study showed that DENV 
TOT will experience a continuous increase in fre-
quency until the seventh generation. Another study 
showed that there was a significant relationship 
between TOT and the incidence of DHF in Grogol 
District (p<0.001) [24]. The findings of TOT in var-
ious regions of Indonesia, and related descriptions of 
influencing factors, are important results for health 
program holders and will facilitate the development of 
syndromic surveillance, especially by epidemiologists. 
These surveillance data will better anticipate spikes in 
DENV so that outbreaks can be prevented [16].

The results of this study have several limita-
tions. First, there is a time constraint because DENV 
may not have been given sufficient time to replicate, 
so false-negative results were still possible. Second, 
Aedes larvae were collected only from homes willing 
to participate, so the sample was not representative of 
the overall dengue infection prevalence in Denpasar. 
Therefore, more data are needed to obtain represen-
tative results regarding transovarial dengue transmis-
sion in local vectors in the Denpasar area.
Conclusion

A. aegypti obtained through rearing from DHF 
homes in Denpasar with immunocytochemical 

examination was found to contain 5.6% DENV 
antigen which means that there is potential TOT in 
A. aegypti. The limited number of DHF cases during 
the study period resulted in a limited number of 
houses being included in the study and influenced the 
representativeness of the samples. It is expected that 
the findings of this study will aid in the control of the 
dengue epidemic through the reduction of the number 
of dengue cases in the future. In Denpasar, the pres-
ent Aedes control strategy focuses primarily on elim-
inating larval breeding areas and controlling adults 
through insecticidal fogging during epidemics. The 
discovery of TOT indicates field interactions between 
DENV and vectors and their linkages to human dis-
ease. This can help define accurate vector population 
target levels for starting viral control and reduction 
initiatives.
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